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Executive Summary

This report presents the results and conclusions of the Final Status Survey (FSS) conducted by
GPU Nuclear, Inc. on both the exterior and upper interior of the Saxton Nuclear Experimental
Corporation (SNEC) Containment Vessel (CV). This FSS specifically provides the summary
results of structure surface measurements taken in the CV interior above the 774' elevation
(actually between the 775.2' and 805.4' elevations), areas outside the CV on the exterior shell, the
associated excavation and soil/debris piles. The FSS for these areas was started in August 2003
and completed in October 2003. In addition, this report describes the results of surveys performed
by Shonka Research Associates, Inc. (SRA) on Saxton related soil and debris piles. A portion of
this material will be used to fill the excavation area surrounding the CV.

This FSS report provides a compliment to a previous FSS report (Reference 6.8) that described the
FSS results for the CV interior below the 774' elevation (actual elevation was 775.2). Based on
GPU Nuclear's review of the data the lower CV bowl (between the 765.7' and 775.2' elevations)
was filled with clean crushed stone. In May 2003 approximately 967 tons of crushed limestone
(804 tons of #3 and 163 tons of #2RC aggregate sizes) was added to the lower CV bowl.

This FSS was performed in accordance with Revision 2 of the SNEC License Termination Plan
(LTP). The interior CV structure surfaces were divided into nine (9) survey units, three (3) survey
units for the exterior shell and one survey unit for the excavated area. There is no survey unit
designation for the debris and soil piles. Each survey unit was comprised of either metal building
structure surfaces or excavated land areas, all varying in shape and size. Survey data was
collected from each survey unit according to data collection requirements specified in the FSS
design criteria. The following types of measurements were performed:

1. Scan measurements were performed on approximately 739 m2 of CV interior and
exterior shell areas.

2. Scan measurements were performed on approximately 350 m2 of open land areas
within the CV excavation.

3. Scan measurements were conducted by SRA on approximately 5000 tons of soil and
11,200 tons of debris consisting of crushed concrete, brick, tile and mortar.

4. Static measurements were performed at 208 locations.
5. In addition, 208 supplemental smear measurements were collected on metal surfaces

to determine loose surface contamination. Although smear results are reported they
are not used for determining compliance but for adherence to LTP section 6.2.1.
Instead, they are used as a diagnostic tool to determine if the removable surface
radioactivity is less than 10% of the surface area DCGLW.

Results of the above measurements were less than the applicable action level or DCGLW value for
each of the respective survey units. The collected FSS data demonstrate that each survey unit
meets the radiological criteria for unrestricted use specified in 10 CFR 20.1402. Based on the
results of the CV final status survey, GPU Nuclear, Inc. concludes the CV interior and exterior
areas, as described in this report, meet the NRC requirements for release to unrestricted use.
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1.0 Purpose and Scope

This report presents the results and conclusions of the final status survey performed on the
following areas:

1. CV interior shell above the 775.2' and up to approximately the 805.4' elevation.
2. Six (6) W-beams welded to the interior CV shell between elevations 778.25' and

803.5'.
3. CV exterior shell that encompasses the area from 804' to 796' elevation and

approximately 280 degree circumference.
4. CV Yard area soil partially surrounding the CV, which slopes from the 796' to the 803'

elevation.
5. Approximately 5,000 tons of soil and 11,200 tons of debris surveyed by the SRA Sub-

surface Multi-spectral Contamination Monitor (SMCM).

These surveys provide the information required by 10 CFR 50.82(a)(1 1) and SNEC's License
Termination Plan (LTP) to demonstrate that these areas meet the radiological criteria for
unrestricted use specified in 10 CFR 20.1402.

This report describes the radiological data collected for the areas described above. This report
does not address the final status survey previously performed on the interior CV shell below the
774' elevation. The FSS report for this area was previously submitted to the NRC on
September 4, 2003 (Reference 6.8). Note in the Reference 6.8 report surveys were actually
performed up to the 775.2' El. The format for both of these reports follow the guidance
contained in Reference 6.1.
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2.0 Final Status Survey Designs

2.1 Description of Survey Units

2.1.1 Interior CV Shell Above 774' El and Support Beams

There are nine (9) Class I survey units specified for inside the SNEC CV above the 774' El.
(Actual start elevation is 775.2'.) The four (4) CV shell survey units (CVI-1, CV1-2, CV1-3
and CVI-4) are regions of the SNEC CV steel shell. Survey unit designation CV2-24 through
CV2-28, are W14 x 74 W-beam support beams, which are welded to the CV shell.

W-beams were radiologically clean at the time of installation. W-beam survey units CV2-25
through CV2-28 extend 360 degrees around the inner circumference of the CV shell. Two
short additional W-beams located at the 803.5' and 799.5' elevations are together,
considered one survey unit (CV2-24).

The total area for the 9 survey units is 693 M2 . A short description of each survey unit is
included below.

1. Survey unit CV1-1, is composed of portions of 10 steel plates (Gl through
G5 and Fl through F5), starting at -805.4' El, and extending down to the
-798.1' El. This survey unit is approximately 100 m2 in total area.

2. Survey unit CVM-2, is composed of portions of 10 steel plates (Fl through FS
and El through ES), starting at -798.1' El., and extending down to the
-790.4' El., This survey unit is approximately 100 m2 in total area.

3. Survey unit CVI-3, is composed of portions of 10 steel plates (El through
ES and Dl through D5), starting at -790.4' El., and extending down to the
-783.3' El., This survey unit is approximately 91.1 m 2 in total area.

4. Survey unit CV1-4, is composed of portions of 10 steel plates (Dl through
D5), starting at -783.3' El., and extending down to the -775.2' El., This
survey unit is approximately 95.1 m2 in total area.

5. Survey unit CV2-24, is two short W-beams at the -803.5' and -799.5' El.
This survey unit is approximately 33.7 m2 in total area.

6. Survey unit CV2-25, is one W-beam at the -792.5' El. This survey unit is
approximately 68.2 m2 in total area.

7. Survey unit CV2-26, is one W-beam at the -787' El. This survey unit is
approximately 68.2 m2 in total area.

8. Survey unit CV2-27, is one W-beam at the -782' El. This survey unit is
approximately 68.2 m2 in total area.

9. Survey unit CV2-28, is one W-beam at the -778.25' El. This survey unit is
approximately 68.2 m2 in total area.

Reference 6.8 describes the previous FSS submitted for the CV interior shell and support ring
below the 774' EL. The actual elevation where this survey left off was above the support ring
(survey unit CV2-23), which is the 775.2' El. CV1-4, described above, abuts this elevation
and assures there is no gap between the respective survey areas.

3



An area behind each of the W-beams, described in items 6-9 above, was cleaned and
surveyed prior to welding the beams in place on the CV shell. A summary of the survey
designs and results is provided in Table 1.

Table 1

Survey Data for Areas Behind CV Rings (Support Beams)

Elevaton of DCGL tatic
CV Rings Ext. Survey (dpnVO1W Scan DCGL_ Static DCGL_ MInT. MsmL Results Cs-137

Design Date Design Nunber (E) In (1) RequestX cm)2 (ncpm) (ncpM) Points (dpnilO er?) Fraction
31291202 690042-13 796/-804- (E) 38 1000 200 302 22 <1000 0.747
6/1212002 6900-02-017 80Z (1) 39 1000 220 290 13 <1000 1.000

612412002 6900-02-019 792.5' (l) 41 2100 450 609 9 <2100 0.995

7129202 6900-02-20 787 (1) 43 2100 450 6359 <2100 0.995
8/19/2002 690042-22 782'1) 44 2100 350 609 <2100 0.995

9V9/2W2 690002-23 778.25' (1) 45 2100 250 580 9 <2100 0.995

9126/2002 6900-02-024 774' (I) 46 2100 250 5809 <2100 0.995

Notes: I. Ludum 2350-1 Wf43-68 probe used to perform statc and scan mants. Average total efficiency = 23%

2. All areas Class 1. 100% scanned
3. Type I Decision Ernor (a) = 0.05; Type II Decision Error (P) = 0.10

Remediation of the SNEC CV began with gross decontamination and equipment removal
e.g., piping, the steam generator, the pressurizer and the reactor vessel (fall of 1998).
Extensive attempts at clean-up of the internal concrete structure indicated that the concrete
had to be removed from the facility. In order to accomplish this, ground water abatement
around the exterior of the CV was necessary and established. By the fall of 2002 the SNEC
CV internal concrete structure was removed in total. However, several external and internal
stiffener rings were necessary to maintain structural integrity. These assemblies were welded
to the steel shell to add rigidity and produce a safe working environment for remediation
crews and survey personnel. The internal surface of the CV steel shell was then cleaned to
remove radiological contamination, paint, residual concrete dirt and weld and surface scale.
Original weld areas between the sections of steel plate that make up the steel shell were
vigorously decontaminated along with apparent surface defects. Remediation efforts of the
interior CV steel surface included combinations of the following techniques:

* roto-peening
* liquid paint remover (MIRACHEM)
* surface grinding
* needle gun
* grit blasting
* wire brush
* vacuuming
* surface wipe-down

A decontamination effectiveness check was performed during the cleaning effort by means of
biased and unbiased measurements on the surface of the cleaned steel shell using a gas
flow proportional counter (GFPC). The criteria for determining when an area was acceptably
decontaminated was established at < 3 times the local background count rate as determined
by closed window readings in the area. Areas above this value were re-cleaned.
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2.1.2 CV Exterior Shell Below Grade

There are three (3) survey units specified for the CV exterior shell below grade 804'
elevation. Two (2) of these survey units are classified as Class 1. The third is classified as
Class 2. These survey units are sections of the exterior CV shell wall that extend from about
the 804' El down to about the 796' El, and along the circumference of the CV building
approximately 280 degrees.

One (1) survey unit is part of CV6, which was previously surveyed in order to allow
attachment of the exterior ring support assembly. The re-surveyed section of CV6 has been
re-designated CV6-1.

The total area for the 3 survey units is -46.4 i 2. A short description of each survey unit is
included below.

1. Survey unit CV4-1, is - 7.17 M2 and extends upward from the top edge of the
upper installed support ring assembly to about the 804' El. This survey unit was
surveyed IAW Class 1 survey criteria.

2. Survey unit designation CV6-1, is composed of the center portion of the CV6
survey unit, and is - 22.9mW_ This survey unit was re-surveyed IAW Class 1
survey criteria.

3. Survey unit designation CV5, is - 16.3 M
2 and extends down from the bottom of

the lower support ring assembly to about the 796' El. This survey unit was
surveyed IAW Class 2 survey criteria.

An area behind each of the W-beams, described in items 1-3 above, was cleaned and
surveyed prior to welding the beams in place on the CV exterior shell. A summary of the
survey designs and results is provided in Table 1.

This exterior CV area supported the CV Stabilization system, which was to provide multiple
and redundant methods to prevent flotation and/or deformation of the CV due to groundwater
and soil pressure that could be expected during the CV concrete removal project. This was
accomplished by anchoring the CV to bedrock, and by dewatering the ground in the vicinity of
the CV. Forty (40) rock bolt anchors were installed in the immediate vicinity of the CV shell,
encompassing approximately 300 degrees of the circumference. The immediate area of the
tunnel beneath the Material Handling Building was maintained intact and thus was
unavailable for anchoring space. Two (2) external annular I-beams with a vertical riser
support bracket were installed to engage the rock anchor bolts. This system (I-beam and
vertical support bracket) was designed for the radial extent of 300 degrees in order to
complete installation of the 40 rock anchors. This system was supplemented on the interior
by bridging approximately 60 degrees of the circumference with two internal annular I-beams.
This system, with a total 360 degree annular complement (including both external and
internal) was installed at elevations 802.72' and 798.72'.

2.1.3 CV Yard Soil (Excavation Area)

There is one (1) survey unit specified for the CV Yard Soil area. This survey unit is
designated OL1-1 and is classified as Class 1. This survey unit is part of the larger survey
unit OL1. This is a below grade area that is adjacent to the SNEC CV structure. It extends
upward from the 796' El (at the base of the exposed portion of the SNEC CV) to the 803' El.
This survey unit is bounded on the south side by 'wing walls" that have been added to isolate
this survey unit from the remaining section of the CV Tunnel structure and excavation area.
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The total area for OLI-1 is approximately 350 M2 . The area estimate is an assessment of the
exposed and sloped area within site grid markers AX-130, AX-128, AX-127, AY-130, AY-129,
AY-128, AY-127, AZ-130, AZ-129, AZ-128, and AZ-127 (Reference 6.1, Figure 5-1).

In 2000 soil surrounding the CV exterior was excavated to support removal of contaminated
structural and piping components. In 2001 additional soil was removed for installation of
wells and rock anchors in support of the CV concrete removal project. Soil from this
excavation was later staged and surveyed as per section 3.4.1 of this report. Radioactivity
analyses of soil samples taken after remediation of the area shows the region between
anchor bolt number 5 and proceeding clockwise to anchor bolt 40 (below the 803' El.), has
been reduced to an average of 0.82 pCi/g (Cs-137) with a maximum value of 4.5 pCi/g).
Other subsurface sample data collected in conjunction with installation of anchor bolts, grout
curtain and wells indicate radioactivity concentrations are less than 1.5 pCi/g. Reference 6.1,
Table 2-30 provides this data.

2.1.4 Debris and Soil Piles

Approximately 11,200 tons of building debris and 5,000 tons of soil was processed, batched
and monitored for use as fill for excavations that will remain following site decommissioning.
This material was classified as Class 1. It was determined that the concentration of man-
made radionuclides in the materials would be measured prior to using the soil and debris for
fill. Material with concentrations above a fraction (75%) of the DCGLW stated in the License
Termination Plan (Reference 6.1) was separated from material to be used for fill. A system of
conveyors and radiation monitors, along with sampling and laboratory analysis, was used to
determine that the material was below the DCGLW values in the SNEC LTP.

Shonka Research Associates, Inc (SRA) was contracted to build, operate, and summarize
data from the radiation monitors. SRA utilized a system called the Subsurface Multi-spectral
Contamination Monitor (SMCM), which was developed with funding from the NRC (NRC-04-
92-096. "Continued Development of a High Sensitivity Landfill Monitor: The Results of a
Phase II SBIR Grant', December 1994). The SMCM combines into one instrument the
capabilities of both scanning surveys with in-situ gamma spectrometry. The SMCM is a
scanning spectrometer.

The scanned debris and soil were separated into approximately 250-ton piles called batches.
Although there were a number of different types of materials present among the piles, each
individual pile appeared to be a homogeneous mixture of the same type of material. Each
batch was summarized in a Survey Request (SR) Report.

SR-55 (Reference 6.16) was issued to survey and sample backfill materials from the Saxton
Steam Generating Station (SSGS) Footprint and the SNEC Yard. The material was
consolidated near the SSGS Boiler Pad. SR-55, batches I through 38 consisted of building
debris. The building debris had been crushed to less than 4 inches in diameter. SR-55
batches 1- 2 consisted of garage and warehouse demolition debris. This debris consisted
mostly of brick and mortar. SR-55 batches 3 - 38 were the debris from the Saxton Steam
Generating Station (SSGS) footprint, which was excavated to allow survey of below grade
structure(s). This debris consisted mostly of brick and concrete with minor amounts of tile and
grout.

SR-62 (Reference 6.17) was issued to survey and sample debris material consolidated into
the East Soil Pile. This pile was comprised of soil/concrete/rocks from various excavations
throughout the decommissioning project including remnants of the Control and Auxiliary
Building unearthed during the Decommissioning Support Facility (DSF) excavation, the
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interceptor trench and the CV yard excavation. SR-62, batches 1 to 18 (except batch 3)
consisted of soil excavated from areas around the CV and other impacted surface soils from
the site. In SR-62 batch 3, the soil consisted of sediment pumped from the SSGS intake and
discharge tunnels.

2.2 Site Release Criteria

The site release criteria applied to the CV interior and exterior shell, excavation area around
CV and soils/debris piles correspond to the radiological dose criteria for unrestricted use per 10
CFR 20.1402. The dose criteria is met "if the residual radioactivity that is distinguishable from
background radiation results in a Total Effective Dose Equivalent (TEDE) to an average
member of the critical group that does not exceed 25 mrem/yr, including that from groundwater
sources of drinking water, and that the residual radioactivity has been reduced to levels that are
as low as reasonably achievable (ALARA).'

Levels of residual radioactivity that correspond to the allowable dose to meet the site or survey
unit release criteria were derived by analyses using either the building occupancy (surface
area) or resident farmer (volumetric) scenarios. The dose modeling for these scenarios is
explained in the SNEC LTP, Revision 2, Chapter 6. The derived concentration guideline levels
(DCGLs) determined in the LTP form the basis for satisfying the site release criteria.

Residual radioactivity sample results for non-activated surfaces inside the CV were compared
to calculate gross activity DCGLs. These gross activity DCGLs were developed using the
methodology described in SNEC LTP Section 5.2.3.2.4, based on radionuclide specific DCGLs
listed in Table 5-1 of the LTP.

As described in Chapter 6 of the SNEC LTP (Reference 6.1) a correction to the gross activity
DCGL, was made to address de-listed radionuclides and to correct for activated steel in the
SNEC CV. The SNEC facility has instituted an administrative limit of 75% for the allowable
dose (DCGL) for all measurement results. The de-listed radionuclide dose is accounted for
within the 75% administrative limit, but the activated steel dose correction is not. Based on
Microshield calculations for activated metal inside the CV, an additional 28.8% reduction was
also made for measurements taken in these regions.

2.3 Survey Designs

Survey unit designs are provided in Appendices A through D. Scan coverage measurements
were set at 100% for Class 1 areas and, at least 50% for Class 2 areas. The number of static
measurement points was determined using the COMPASS computer program (Reference 6.3).
These points were located on survey maps for each survey unit using the VSP, Visual Sample
Plan (Reference 6.4) computer code.

Survey designs use gross activity DCGLW values developed from results of samples taken in
the respective areas. These samples consisted of scrapings, soil, sediment, debris or
combinations of these media. The sample results were tabulated to determine the mean and
standard deviations of each data set. Isotopic ratios were determined from the mean plus two
standard deviations (2a) and then used to determine the effective DCGLW. This method
produces the most representative effective DCGLW value that is used as input into the
Compass computer program.

Nine of the SNEC eleven radionuclides were used in different combinations to determine mix
ratios for the various survey units. These radionuclides are Am-241, C-14, Co-60, Cs-137, H-3,
Ni-63, Pu-238, Pu-239 and Sr-90. Cs-137, H-3 and Ni-63 accounted for the majority of
radionuclides, i.e. they were each greater than 1% of the mix. In all cases Cs-137 is the
predominate radionuclide and provides the most detectable radionuclide in the various mixes.
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Table 1A presents the data quality objectives (DQOs) and other relevant information, which
went into the survey design package (Appendix A) for the Interior CV Shell Above 774' El. And
Support Beams.

Table 1A

DQOlDesign Parameter CV1-1 & CV2-24 CV1-2 & CV2-25 CV1-3 & CV2-26 CV1-4, CV2-27 &
CV2-28

SNEC Design Calc. No. E900-03-020 E900-03-020 E900-03-020 E900-03-020

MARSSIM Classification I 1 1 1

Area Size (m') 133.7 168.2 159.3 231.5

Statistical Test WRS WRS WRS WRS

Type I Decision Error (a) 0.05 0.05 0.05 0.05

Type II Decision Error (1) 0.10 0.10 0.10 0.10

LBGR (cpm) 335 340 345 345

Estimated a (cpm) 21.5 19.3 17.7 17.7

A/a 3.0 3.1 3.1 3.1

Minimum Number of Static Data 16 16 16 24
Points (COMPASS)

DCGL (dpm/100 rm') 2100 2100 2100 2100

DCGL. (ncpm) 400 400 400 400

Scan MDC (dpm/100 cm') 574 537 478 522

Static MDC (dpm/100 cm') 370 346 310 337

Sample #(s) used for nuclide mix SXSD3164 SXSD3164 SXSD3164 SXSD3164

SNEC Survey Request No. 86 & 87 88 89 90

Survey Instrument Model Ludlum 2350-1 w/43-68 Ludlum 2350-1 Ludlum 2350-1 Ludlum 2350-1
probe w/43-68 probe w/43-68 probe w/43-68 probe

Instrument Total Efficiency 0.15 0.15 0.15 0.15

Measurement Type Scan/static Scan/static Scan/static Scan/static
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Table 2 presents the data quality objectives (DQOs) and other relevant information, which went
into the survey design packages (Appendices B-D) for the CV Exterior Shell, CV Yard Soil and
Debris and Soil Piles.

Table 2

DQOIDesign Parameter CV4-1, CV6-1 CV5 OLI-1 Debris & Soil
Piles (Shonka)

SNEC Design Calc. No. E900-03-021 E900-03-021 E900-03-022 N/A

MARSSIM Classification s 2 1 1

Area Size (m') 30.1 16.3 350 N/A

Statistical Test WRS WRS WRS N/A

Type I Decision Error (a) 0.05 0.05 0.05 N/A

Type II Decision Error (0.10 0.10 0.10 NIA

LBGR (cpm) or pCVg 2263 cpm 2263 cpm 3.4 pC/g N/A

Estimated a (cpm) or pCilg 18.4 cpm 18.4 cpm 1.06 pcilg N/A

A/G` 2.0 2.0 1.04 N/A

Minimum Number of Static Data 16 8 23 N/A
Points (COMPASS)

DCGL. (dpml100 cm') 8000 8000 N/A N/A

DCGL. (ncpm) or pCig 2300 2300 4.5 pC/g 4.2 pCig

Scan MDC (dpm/100 cm") or pC/g 441 441 3.7 pCig 2.91 pCi/g

Static MDC (dpm/100 cm") 226 226 N/A N/A

Sample #(s) used for nuclide mix See Appendix B See Appendix B See Appendix C Note 3

SNEC Survey Request No. 91 & 92 91 & 92 93 55 & 62

Survey Instrument Model Ludlum 2350-1 w/43-68 Ludlum 2350-1 Ludlum 2350-1 SMCM
probe w/43-68 probe 2x2 Nal w/44-1 0

prob Note I

Instrument Total Efficiency 0.23 0.23 0.106 2.195

Note 2

Measurement Type Scan/static Scan/static Scan/Soil Samples Scan/Soil Samples

Footnotes:
1. SMCM - Subsurface Multi-spectral Contamination Monitor - A radiation detection system that is a

conveyor version of the SMCM that utilizes four-each, 5-inch (12.7 cm) diameter by 2-inch (5.1 cm)
thick thallium-doped sodium iodide (Nal (TI)) detectors.

2. SMCM calibration factor is in units of cps per pCilg.
3. Sample median value determined from SNEC sample database (42 samples).
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3.0 Final Status Survey Results

The following sections provide the survey summary results for each survey unit as required
by the respective design. Summary data was taken from References 6.9 - 6.18 which are
filed in the SNEC FSS history file.

3.1 Interior CV Shell Above 774' El and Support Beams

3.1.1 Survey Unit Results

Nine (9) survey units were developed. These survey units are designated as CV1-1, CV1-
2, CV1-3, and CV1-4 for the CV shell portion and CV2-24, CV2-25, CV2-26, CV2-27, and
CV2-28 for the beams. These survey units are described in section 2.1.1 of this report. The
FSS design for these survey units is in Appendix A. DQOs are listed in Table 1A. Surveys
were performed on the interior CV steel liner and associated beams at locations from
approximately 775.2' to 805" elevation. Surveys were performed in accordance with
References 6.9 - 6.13 (i.e. SRs 86-90). Surface scan and static measurements were
performed using a Ludlum 2350-1 "datalogger" system with a 43-68 probe.

The Gross DCGLW for all areas was 2100 dpm/100 cm 2 or 400 cpm above background
for a static measurement. A conservative mix of eight (8) radionuclides from a CV shell
scraping was used to determine the gross DCGLW. These radionuclides and mix
percentages are as follows: Cs-137 (62%), Ni-63 (22.5%), H-3 (13.4%), Sr-90 (0.6%), C-14
(0.5%), Co-60 (0.4%), Am-241 (0.4%) and Pu-239 (0.2%).

Since these areas are Class 1 scan coverage was set at 100%. The scan speed was set at
2.2 cm/second (1 detector width per 4 seconds). The action level specified for scanning
was 200 cpm above background. If this level was reached, the surveyor would stop and
perform at least a 1/2 minute static count to identify the actual count rate. NOTE: Static and
Scan MDC values are listed in the Table 1A.

A smear survey was performed in each survey unit at each static measurement point
location. These smears were obtained after static measurements were acquired. Smears
were assayed for beta/gamma and alpha contamination. A gamma scan of each survey unit
smear group was also performed.

No WRS statistical analysis is necessary for these survey units since all static
measurements are below the assigned DCGLW (i.e. 400 ncpm or 2100 dpm/100 cm2).

a. Surface Scan Measurements

100% of the surface areas for all nine (9) survey units were designed to be scanned.
However, various obstructions made scanning 100% of all surfaces within % inch
impossible. Table 3 provides information on how much of each survey unit that was not
surveyed. All surfaces (97%) that were surveyed were less than the 200 ncpm action level.
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Table 3

Area Not
Area Size Scanned % Not

Survey Unit (M) Scanned
CVI 100 1.10 1%
CV1-2 100 0.83 1%
CV13 91.1 0.83 1%
CV1-4 95.1 1.10 1%
CV2-24 33.7 1.20 4%
CV2-25 68.2 4.86 7%
CV2-26 68.2 0.92 1%
CV2-27 68.2 6.92 9%
CV2-28 68.2 6.08 9%
Total 692.7 22.84 3%

b. Static Measurements (Beta-gamma)

151 static measurements were obtained in the nine (9) survey units. Results of these
measurements are listed in Table 4. These measurements are unshielded gross counts
per minute (i.e. background not subtracted). The gross activity for all static measurements
was less than the DCGLW (i.e. 400 ncpm or 2100 dpm/1 00 cm2).

Table 4

Ludlum 2350 Static Measurements (CPM)
Points CV1-1 CV1.2 CV1-3 CV1-4 CV2-24 CV2-25 CV2-26 CV2-27 CV2-28

1 159 155 201 135 230 119 164 119 118
2 178 168 225 149 268 132 152 129 108
3 162 205 184 146 235 124 154 123 115
4 172 169 224 142 230 124 143 132 141
5 169 168 213 137 304 123 188 141 135
6 205 185 189 141 314 135 129 134 126
7 211 167 231 151 253 134 145 137 143
8 186 132 193 159 240 133 137 177 106
9 158 187 208 150 250 126 147 174 106

10 162 159 237 140 253 143 129 191 124
11 206 156 258 132 227 174 136 167 139
12 154 162 172 156 250 166 124 180 161

13 176 158 220 150 208 109 160 170

14 211 223 197 133 195 159

15 176 136 168 130
16 1 172 129 156 110

17 151 143 145 109
18 134 166 135 119

19 _ 101 157 119 111
20 132 162 105 117
21 142 140 138
22 _ X _ _ v 102 112

MEAN 179 167 213 145 255 145 142 147 127
STD DEV 21 18 23 8 28 27 19 26 19

MIN .164 132 172 132 227 101 102 105 106

'MAX 211 205 258 159 314 208 188 195 170
MEDIAN 174 167 217 146 250 134 142 140 122
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c. Loose Surface Contamination (Smear Survey)

A smear was taken at each static measurement point for a total of 151 measurements. All
results were less than minimum detectable concentration (MDC) for all beta-gamma and
alpha measurements. Isotopic analysis was performed on each group of composited
smears taken for each survey. Results are tabulated in Table 5.

Table 5

Loose Surface Contamination Results
Smear Beta-gamma Alpha Cs-137 Co-60

Survey Unit Points (dpm/10 L cm2) (dpm/100 CM2) uCi/group uci/group
CV1-1 14 <169 <12.2 <7.4E-6 <1.1E-5
CV1-2 13 <172 <12.2 <1.1E-5 <8.7E-6
CV1-3 14 <166 <12.7 <1.2E-5 <9.OE-6
CV1-4 13 <169 <12.7 <1.1 E-5 <1.3E-5
CV2-24 12 <155 <10.8 <1.1E-5 <1.2E-5
CV2-25 21 <169 <12.7 <1.OE-5 <1.OE-5
CV2-26 22 <162 <11.5 <1.5E-5 <1.4E-5
CV2-27 22 <172 <12.2 <1.2E-5 <1.1E-5
CV2-28 20 <159 <10.8 <1.3E-5 <1.1 E-5

d. Exceptions

Due to structural obstructions and CV liner gouges scans could only be performed within Y2

inch on 97% of the CV surfaces. Of the 3% not surveyed most of these surfaces were on
radiologically clean beam supports, which were installed in 2002 for CV stabilization. CV
liner surface gouges were caused during concrete removal in 2001. These gouges, and
areas immediately surrounding them, were remediated in 2002. The results of the FSS for
areas surrounding these gouges show no contamination above the DCGLW. Therefore,
there is strong justification that these areas as also less than the DCGLW.

3.2 CV Exterior Shell Below Grade

3.2.1 Survey Unit Results

Three (3) survey units were developed. These survey units are designated as CV4-1, CV6-
1 and CV5 for the CV exterior shell portion, which is below the 804' El. These survey units
are described in section 2.1.2 of this report. The FSS design for these survey units is in
Appendix B. DQOs are listed in Table 2. Surveys were performed on the exterior CV steel
liner from approximately 796' to 804' El. and along a 280 degree circumference. Surveys
were performed in accordance with Reference 6.14 (SR 91). Surface scan and static
measurements were performed using a Ludlum 2350-1 udatalogger' system with a 43-68
probe.

The Gross DCGLw for all areas was 8000 dpml100 cm2 or 2300 cpm above
background for a static measurement. A conservative mix of seven (7) radionuclides,
determined from a soil sample data set, (mean + 2cr), representing the area along the CV
exterior, was used to determine the gross DCGLW. These radionuclides and mix
percentages are as follows: Cs-1 37 (96.6%), H-3 (2.5%), Sr-90 (0.7%), Co-60 (0.07%), Am-
241 (0.02%), Pu-238 (0.05%) and Pu-239 (0.02%).
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Scan coverage was set at 100% for Class 1 areas, CV4-1 and CV6-1, and at 50% for Class
2 area, CV5. The scan speed was set at 2.2 cm/second (1 detector width per 4 seconds).
The action level specified for scanning was 1000 cpm above background. If this level
was reached, the surveyor would stop and perform at least a 1/2 minute static count to
identify the actual count rate. NOTE: Static .and Scan MDC values are listed in the Table 2.

A smear survey was performed in each survey unit at each static measurement point
location. These smears were obtained after static measurements were acquired. Smears
were assayed for beta/gamma and alpha contamination. A gamma scan of each survey unit
smear group was also performed.

No WRS statistical analysis is necessary for these survey units since all static
measurements are below the assigned DCGLW (i.e. 2300 ncpm or 8000 dpm/100 cm2).

a. Surface Scan Measurements

100% of the surface areas for CV4-1 and CV6-1 and 50% of CV5 were designed to be
scanned. For the Class I areas various obstructions made surveying 100% of all surfaces
impossible. 7.5% (0.54 M2) of CV4-1 and 3.3% (0.75 M2 ) of CV6-1 surface areas could not
be surveyed as a result of obstructions. 55% of CV5 (Class 2 area) was scanned.
Collectively 96% of Class 1 and 55% of Class 2 surfaces that were surveyed were less than
the 1000 ncpm action level.

b. Static Measurements (Beta-gamma)

57 static measurements were obtained in the three (3) survey units. Results of these
measurements are listed in Table 6. These measurements are unshielded gross counts
per minute (i.e. background not subtracted). The gross activity for all static measurements
was less than the DCGLW (i.e. 2300 ncpm or 8000 dpm/100 cm2).
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Table 6

Ludlum 2350 Static Measurements (CPM)
Points CV4-1 CV6.1 CV5

1 168 179 183

2 152 157 170

3 144 169 189

4 153 142 214

5 158 165 206

6 152 133 180

7 161 130 159

8 151 156 176

9 184 125 173

10 157 156 169

11 145 178

12 139 164

13 139 159

14 165 136

15 148 176

16 165 191

17 140 192

18 193 194

19 163 188
20 147 169

21 128 209

22 212

23 210

24 214

25 227

26 208

MEAN 158 152 186
STD DEV 11 18 22

MIN 144 125 136
MAX 184 193 227

MEDIAN 155 148 186

c. Loose Surface Contamination (Smear Survey)

A smear was taken at each static measurement point for a total of 57 measurements. All
results were less than minimum detectable concentration (MDC) for all beta-gamma and
alpha measurements. Isotopic analysis was performed on each group of composited
smears taken for each survey. Results are tabulated in Table 7.

Table 7

Loose Surface Contamination Results
Smear Beta-gamma Alpha Cs-137 Co4O

Survey Unit Points (dpm/100 cm2) (dpm/100 cm2) uCi/group uci/group
CV4-1 10 <169 <12.7 <6.6E-6 <7.8E-6
CV6-1 21 <169 <12.7 <1.OE-5 <9.5E-5
CV5 26 <169 <12.7 <9.5E-6 <1.1E-5

d. Exceptions

Due to structural obstructions from external ring installations, scans could only be
performed within %A inch on 96% of the external CV surfaces. Of the 4% not surveyed most
of these surfaces were on radiologically clean beam supports, which were installed in 2002
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for CV stabilization. For survey units CV4-1 and CV6-1 there was a total of 140 obstructions
resulting in a 1.3 m2 area that could not be surveyed. In addition, 18 static measurement
points had to be relocated due to these obstructions. The results of the FSS for areas
surrounding these obstructions show no contamination above the DCGLW. Therefore, there
is strong justification for assessing these areas as less than the DCGLW.

3.3 CV Yard Soil (Excavation Area)

3.3.1 Survey Unit Results

This survey unit is designated OLI-1 and is a part of the larger survey unit designated OL1.
This survey unit is described in section 2.1.3 of this report. The FSS design for this area is
in Appendix C. DQOs are listed in Table 2. Surveys were performed in accordance with
Reference 6.18 (i.e. SR 93). The total area for this Class 1 survey unit is -350 square
meters. This area estimate is an assessment of the exposed and sloped area within site
grid markers AX-130, AX-128, AX-127, AY-130, AY-129, AY-128, AY-127, AZ-130, AZ-129,
AZ- 28 and AZ- 27, up to the -803' El.

The effective DCGLW for sampling work is 4.5 pCi/g (Cs-137). A conservative mix of
seven (7) radionuclides, determined from a soil sample data set, (mean + 2a), representing
the CV yard area, was used to determine the effective DCGLW. These radionuclides and
mix percentages are as follows: Cs-137 (62.5%), H-3 (35.7%), Sr-90 (0.3%), Co-60 (0.4%),
Am-241 (0.6%), Pu-238 (0.3%) and Pu-239 (0.2%).

Scanning was performed using a 2" diameter by 2" long Nal detector with a Cs-137 window
setting. The window setting was -100 keV wide and will straddled the Cs-1 37 662 keV full
energy peak width. The instrument conversion factor/efficiency was -221 cpm/uR/h.

The scan speed was set at a maximum of 25 cm/sec. Scan coverage was set at 100% for
this Class 1 survey unit. The distance from the surface being scanned was no more than 4"
in accordance with the MicroShield model used to develop this MDCscan (see Appendix C,
Attachment 4-1).

Background was measured in the area and on similar background materials. Background
ranged from about 100 cpm to approximately 400 cpm. If the net count rate was greater
than the 200 ncpm (-3.7 pCi/g) then soil sampling was conducted in the area of concern.
Using a conservative background value of 100 cpm the action level was set at 300 gross
cpm.

A. Surface Scan Measurements

A 100% surface scan was performed in the grid areas listed above. Action level was 300
gross cpm.

Results: Most areas were below the action level with some exceptions. In these locations a
1-minute static measurement was performed and if >300 cpm a soil sample was obtained.
These areas are described in the next section, i.e. static measurement results.

B. Static Measurement Results

Twenty-five static measurements were obtained in response to meeting or exceeding the
scan action level. The highest reading was 454 cpm (action point #12 in Table 8). The
average of these readings was 347 cpm. Additional soil samples were taken in elevated
scan/static measurement locations. Results were all less than the DCGLW. Table 8 lists the
results.
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Table 8

OL1-1 Static Measurement & Sampling Results

LOCATION SAMPLE Lab Results Static Measurement
Results (CPM)

Cs-137(pCIIg) Co-60 (pCI/g)

API-1 SX-SL-4135 0.06 ± 0.03 '0.06 325

AP1-2 SX-SL-4136 0.1 ± 0.03 <0.05 413

AP1-3 SX-SL-4137 0.17 ± 0.04 (0.06 318

AP1-4 SX-SL-4138 0.16 ± 0.04 '0.05 370

API-5 SX-OT-4133 <0.06 '0.06 391

AP14- SX-OT-4134 <0.05 '0.06 407

API-7 SX-SL-4139 <0.06 <0.05 329

AP1-8 SX-OT-4140 <0.05 '0.06 349

AP1-9 SX-OT-4141 <0.06 '0.06 330

API-10 SX-OT-4142 0.9 t 0.1 '0.05 317

API-11 SX-SL-4143 0.5 ± 0.07 <0.05 344

AP1-12 SX-SL-4149 3.9 i 0.4 0.07 ± 0.02 454

API-13 SX-OT-4150 '0.05 <0.06 320

API-14 SX-OT-4152 <0.06 '0.07 359

API-1s SX-SL-4153 '0.05 '0.06 310

AP1.16 SX-OT-4154 <0.05 <0.06 324

API.17 SX-OT-4155 <0.06 <0.06 372

API-1S SX-SL-4156 0.14 i 0.04 '0.05 358

API-19 SX-OT-4157 0.03 ± 0.02 <0.05 330

API-20 SX-OT-4160 <0.06 '0.05 320

APl-21 SX-SL-4161 0.05 ± 0.03 <0.06 301

AP1-22 SX-SL-4162 0.04 ± 0.02 <0.06 304

AP1-23 SX-SL-4164 0.07 ± 0.03 '0.06 327

API-24 SX-OT-4165 <0.08 <0.07 395

AP2-1 SX-SL-4159 0.08 ± 0.03 '0.05 304

Sample #1 SX-SL-4170 0.09 ± 0.04 '0.07
Sample #2 SX-SL-4173 <0.08 <0.08
Sample #3 SX-SL-4171 0.09 ± 0.04 <0.06
Sample #4 SX-SL-4172 '0.08 '0.07
Sample #5 SX-SL-4174 '0.05 '0.05

Sample #6 SX-SL-4175 <0.025 '0.036
Sample #7 SX-SL-4176 0.046 ± 0.02 <0.04
Sample #8 SX-SL-4177 <0.05 c0.05
Sample #9 SX-SL-4178 '0.1 <0.09
Sample #10 SX-SL-4179 '0.05 <0.08
Sample S1l SX-SL-4180 <0.04 '0.06
Sample #12 SX-SL-4181 0.09 ± 0.03 <0.07
Sample #13 SX-SL-4182 0.12 t 0.04 <0.06
Sample #14 SX-SL-4183 '0.06 <0.06
Sample #15 SX-SL-4184 0.1 ± 0.04 '0.07
Sample #16 SX-SL-4185 '0.05 <0.07
Sample #17 SX-SL-4186 0.1 ± 0.03 '0.09
Sample #18 SX-SL-4187 <0.05 <0.06

Sample #19 SX-SL-4188 0.09 t 0.04 <0.06
Sample #20 SX-SL-4189 0.09 ± 0.04 '0.06
Sample #21 SX-SL-4190 <0.13 <0.06
Sample #22 SX-SL-4191 0.08 ± 0.04 '0.08
Sample #23 SX-SL-4192 0.19 ± 0.05 <0.05
Sample #24 j SX-SL-4193 0.08 ± 0.04 <0.05
Sample #25 SX-SL-4194 '0.05 <0.04
Sample 326 SXSL-4195 '0.05 <0.05
Sample 027 SX-SL-4196 0.28 ± 0.05 '0.06
Sample #28 1 SX-SL-4197 <0.05 <0.06

MEAN 347

STATIC 2 SIGMA 79

MEASUREMENT MIN 301

SUMMARY MAX 454

MEDIAN 330
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C. Soil Sample Results

Above Action Level Response Sampling - In response to alarms encountered during static
measurement performance, twenty-five samples were obtained (reference Table 8). The
highest result was 3.9 pCi/g Cs-137, 0.07 pCig Co-60. The range for positive results was
0.03 to 3.9 pCi/g for Cs-137. All results were less than the DCGLW.

Soil Sampling - As required by the survey unit design, twenty-eight samples were obtained
(reference Table 8). The highest result was 0.19 pCi/g Cs-137, <0.05 pCi/g, Co-60. The
range for positive results was 0.05 to 0.19 pCi/g Cs-137; typical achieved MDA for Co-60
was <0.06 pCi/g.

Samples were sent to an off-site laboratory (Teledyne Brown Engineering, Inc.) for
transuranic and hard to detect analyses (i.e. H-3, Sr-90, Am-241, Pu-238, and Pu-239/240).
All analysis results were less than minimum detectable concentration (MDC). Results are
listed in Table 9.

Table 9

CV Yard Soil Results (pCi/G)
Sample ID Sr-90 H-3 Pu-238 Pu-2391240 Am-241

SX-SL-4139 <3.46E-2 <2.21 <4.16E-2 <1.86E-2 <2.78E-2
SX-SL-4142 <3.25E-2 <2.22 <6.71E-2 <2.02E-2 <1.76E-2
SX-SL-4143 <3.16E-2 <2.23 <6.31 E-2 <3.64E-2 <2.21 E-2
SX-n--WTT§ <2.77E-2 <2.24 <4.30E-2 <3.04E-2 <2.77E-2

3.4 Debris and Soil Piles

3.4.1 Survey Results

A total of 16,195 tons of material consisting of backfill debris (11,183 tons) and soil (5,012
tons) was surveyed through a radiation detection system developed by Shonka Research
Associates (SRA). This material is described in section 2.1.4 of this report. Appendix D
provides specific information on the detector systems, survey methodology and survey
results. DQOs are listed in Table 2. SR 55 and 62 (References 6.16 and 6.17 respectively)
were referenced for survey summary results. A total of 56 batches of material, i.e. backfill
debris (38 batches) and soil (18 batches), were surveyed. Each batch has its own survey
record, which is provided on electronic medium (CD), provided as part of this report.

The effective volumetric DCGLW for the soil and debris material was calculated to be
4.2 pCi/g. A conservative mix of seven (7) radionuclides was used from SSGS debris
samples to determine this DCGLW. These radionuclides and mix percentages are as
follows: Ni-63 (69.4%), Cs-137 (28.6%), Sr-90 (0.3%), Co-60 (1.0%), Am-241 (0.5%), Pu-
238 (0.1%) and Pu-239 (0.1%). Table 10 provides the effective DCGLW calculation
information.
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The following sections provide a summary of survey results.

a. Surface Scan Measurements for Gamma Activity Using the SMCM

To assure material would not exceed the DCGL, an alarm set point was established
equivalent to 2.91 pCi/g (Cs-137). This assumed 773 pounds of material with a uniform
contamination distribution in a volume of 4 inches thick by 32 inches wide by 8.2 feet long.
Results: All measurements on soil and debris material indicated levels below the DCGLw
(4.2 pCi/g Cs-137).

b. Material Sample Results

Backfill Debris (SR 55) - Material was obtained from each truckload and composited into a
total of 38 batches. Table 11 provides a comparison between SMCM and grab sample
results. The positive Cs-1 37 samples ranged from 0.04 to 0.1 pCi/g. Non-positive samples
achieved a Cs-137 MDA of typically 0.05 pCi/g. No Co-60 was indicated in the samples.
Samples SX-SD-3389, 3390, 3399, 3416, 3418, 3427, 3444, 3475, 3498, and 3504 were
analyzed at Teledyne Brown Engineering for Carbon-14 and Tritium. All samples indicated
non-positive results. Typical MDAs were 0.15 and 1.7 pCi/g respectively. Two other
samples SX-SD-3419 & 3496 were analyzed for all eleven radionuclides attributed to
SNEC. Both samples indicated positive Cesium-137 and naturally-occurring isotopes, but
all less than MDC results for all other radionuclides.

The SMCM and lab results agree within one standard deviation. For the case of the debris
pile, the SMCM survey data agrees with the laboratory results such that the best estimate
of the total pile is 0.069 ± 0.010 pCilg. The SMCM did not alarm during the SR-55 survey.
Therefore, there is no Cs-1 37 greater than 2.91 pCi/g.
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Table 1 1

11,183 tons of Backfill Debris (Ref SR-55)
SMCM Cs-137 (pCi/g) _Cs-137 (pCifg)

I Sigma 2 sigma
Batch Mean Max StDev Lab StDev Sample ID

1 -0.04 0.18 0.1 0.067 0.063 513271
2 0.13 0.52 0.17 0.021 0.026 513274
3 -0.02 0.66 0.09 0.09 0.028 113280
4 0.01 0.19 0.07 0.052 0.026 513283
5 -0.07 0.17 0.06 0.061 0.027 513285
6 -0.06 0.11 0.05 0.047 0.025 113289
7 0 0.21 0.08 0.03 0.033 113293
8 0.1 0.31 0.08 0.081 0.03 113296
9 0.02 0.22 0.06 0.062 0.029 113300
10 0.02 0.21 0.06 0.081 0.031 113308
11 0.01 0.2 0.05 0.072 0.027 113331
12 0.05 0.43 0.11 0.057 0.031 513334
13 -0.01 0.24 0.13 0.052 0.028 113333
14 0.04 0.22 0.07 0.088 0.033 113342
15 0.11 0.4 0.07 0.104 0.034 513350
16 0.13 0.41 0.14 0.091 0.022 113354
17 -0.11 0.1 0.07 0.07 0.027 113357
18 0.08 0.35 0.06 0.101 0.04 513358
19 0 0.29 0.08 0.082 0.029 113365
20 0.07 0.24 0.06 0.068 0.019 113368
21 0.08 0.28 0.08 0.049 0.034 513371
22 0.12 0.35 0.06 0.056 0.026 113370
23 0.11 0.27 0.08 0.054 0.026 113373
24 0.19 0.53 0.08 0.062 0.029 113380
25 0.1 0.52 0.15 0.068 0.03 513386
26 -0.14 0.26 0.08 0.092 0.039 513389
27 -0.12 0.25 0.1 0.065 0.03 113400
28 -0.16 0.07 0.09 0.082 0.034 513413
29 -0.1 0.2 0.07 0.103 0.036 513428
30 -0.02 0.31 0.1 0.042 0.026 113459
31 -0.11 0.19 0.06 0.067 0.029 513456
32 -0.09 0.25 0.08 0.083 0.046 413477
33 -0.17 0.13 0.1 0.097 0.031 513496
34 -0.07 0.19 0.08 0.074 0.032 513510
35 -0.09 0.14 0.07 0.07 0.035 113547
36 -0.08 0.11 0.07 0.056 0.027 113585
37 -0.13 0.16 0.07 0.065 0.032 513584

-3-- -0.17 0.1 0.11 0.06 0.02 I136

Soil (SR 62) - 35 samples were obtained as composites from daily truckloads covering 18
batches, (typically 2 sample groups per batch). Table 12 provides a comparison between
SMCM and grab sample results. All samples indicated positive Cs-137 with results ranging
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from 0.42 to 1.0 pCilg. No Co-60 was indicated in the samples, (typical MDA was 0.08
pcilg).

For the case of the soil pile, the SMCM survey data agrees with the laboratory results such
that the best estimate of the total pile is 0.683 ± 0.085 pCi/g. When the SMCM did alarm
during the SR-62 survey, the suspect material was removed. Therefore, there is no
localized (hot-spot) volume of Cs-1 37 greater than 2.91 pCi/g.

Table 12

5,012 Tons of Soil (Ref SR 62)
Cs-I37 Results (pCi/g)

Sanple Sample
I Sigma 2 Sigma Log 2 Sigma Log

Batch Mean Max StDev Lab Val StDev Number Value StDev Number
1 1.73 2.08 0.12 0.699 0.118 513734 0.572 0.097 113752
2 1.76 2.32 0.24 1.005 0.124 513757 0.584 0.088 113774
3 1.36 1.67 0.09 0.418 0.081 413809 N/A NA N/A
4 1.29 1.56 0.07 0.553 0.096 514128 0.463 0.081 514143
5 1.52 1.83 0.1 0.556 0.088 114165 0.607 0.098 114170
6 1.64 2.04 0.18 0.617 0.094 114177 0.657 0.082 114182
7 1.89 2.29 0.18 0.717 0.112 414197 0.855 0.131 414207
8 1.84 2.21 0.12 0.704 0.106 114218 0.733 0.099 514245
9 1.83 2.19 0.14 0.732 0.099 514245 0.749 0.129 414270
10 2 24 0.11 0.811 0.097 114269 0.718 0.117 414283
11 1.78 2.39 0.12 0.768 0.095 114302 0.906 0.115 514297
12 1.8 2.08 0.09 0.721 0.089 114305 1.002 0.111 114306
13 1.87 2.23 0.11 0.728 0.099 114317 0.712 0.099 514319
14 1.74 2.62 0.35 0.768 0.1 114318 0.817 0.104 114341
15 1.63 1.89 0.11 0.67 0.889 114363 0.79 0.101 514364
16 1.45 1.84 0.21 0.695 0.086 114370 0.624 0.084 514371
17 1.6 1.89 0.12 0.641 0.086 514413 0.661 0.089 514414
18 1.68 2.05 0.16 0.696 0.087 114417 6 0 544

c. Survey Methodology

The radiation detection system is a conveyor version of the SMCM (Subsurface Multi-
spectral Contamination Monitor) that utilizes four-each, 5-inch (1 2.7 cm) diameter by 2-inch
(5.1 cm) thick thallium-doped sodium iodide (Nal (TI)) detectors. The detectors are
arranged in a line along the path of the conveyor, and are located one-half meter apart.
Spectra in the energy range from 0.1 to 3 MeV are collected every five seconds via Ortec
pAce Multi-Channel Analyzers (MCAs). The nominal conveyor speed was established at 4
inches per second (0.1 meters per second), with spectra collected every 19.7 inches (0.5
meters) of conveyor travel. The conveyor had material limited to 32 inches (0.8 m) wide and
4 inches (0.1 m) deep, with the face of the detectors located 13 inches (0.3 m) from the
surface of the conveyed material. This height was chosen to provide a reasonable
compromise between uniformity of response and sensitivity to localized sources.

The detectors were centered in 19.7 inch (0.5 meter) diameter barrels. The detectors have
thermal shielding, heaters, thermocouples and controls for temperature stabilization, and
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are shielded with approximately 4 inches (10.2 cm) of sand to reduce the radiation
background as well as reducing any variability from changes in background (due to radon in
air, moving vehicles, or changes in nearby soil and building debris piles). The detector array
is located in an enclosure above the conveyor that is also heated to provide a uniform
thermal environment without diurnal variation. The sand shielding restricts the field of view
of the detectors to a downward looking, nominal 90 degree angle cone. A 12-foot (3.6 m) by
5-foot (1.5 m) trailer served as a mobile command center (MCC). The SMCM process
computer and post-processing computer were operated from within the MCC.

e. Survey Exceptions/Resolutions

Twenty-eight alarms occurred during the survey that included 5,258 (includes 5% re-
surveyed) tons of soil. If an alarm occurred, the conveyor was stopped and the data was
investigated. The SMCM operator would review the strip chart on the SMCM process
software screen. The strip chart shows the four detectors and the diagonal mean of the 4
detectors. From the strip chart, the operator is able to determine if the alarm is a point
source or a distributed source and where along the belt the suspect material is located. The
best estimate of the source distribution was then described for investigation. Generally,
large source distributions would motivate removing dirt from the entire survey conveyor. If
the source were localized to a single acquisition, the affected acquisition and at a minimum
the two adjoining acquisitions were removed.

Following an alarm from the SMCM, a scan survey was performed on the suspect material
using a Ludlum 2350 (or equivalent) meter with a 2' by 2" sodium iodide detector. Any
material indicating activity greater than or equal to 2000 NCPM was removed and
contained. Fourteen static measurements were obtained when scans indicated >2000
cpm. Static measurements ranged from 467 to 38,312 ncpm.

f. Disposition of Suspect Material

Material causing low volume alarms was removed from conveyor belt and compiled into a
suspect pile, which was rescanned and sampled and found to be below the alarm set
points. Material causing point source alarms was removed and placed initially into a barrel
and later placed into an LSA box for future disposal.
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4.0 Data Assessment

The final status survey data has been reviewed to verify authenticity, appropriate
documentation, and technical acceptance. The review criteria for data acceptability are:

1. The instruments used to collect the data were capable of detecting the radiation of
interest at or below the investigation level.

2. The calibration of the instruments used to collect the data was current and radioactive
sources used for calibration were traceable to recognized standards or calibration
organizations.

3. Instrument response was checked before and, where required, after instrument use each
day data was collected.

4. Survey team personnel were properly trained in the applicable survey techniques, and
this training was documented.

5. The MDCs and the assumptions used to develop them were appropriate for the
instruments and the survey methods used to collect the data.

6. The survey methods used to collect the data were appropriate for the media and types of
radiation being measured.

7. Special measurement methods used to collect data were applied as warranted by survey
conditions, and were documented in accordance with an approved site Survey Request
procedure.

8. The custody of samples that were sent for off-site laboratory analysis, were tracked from
the point of collection until the final results were obtained, and

9. The final status survey data consists of qualified measurement results representative of
current facility status were collected in accordance with the applicable survey design
package.

If a discrepancy existed where one or more criteria were not met, the discrepancy was
reviewed and corrective actions taken (as appropriate) in accordance with site procedures.

The statistical test does not need to be performed for this final status survey since the data
clearly show that the survey unit meets the site release criteria. The survey units clearly
meet the criterion because of the following:

1. All measurements in the survey units are less than or equal to the DCGLw, or

2. A background reference area was used and the difference between the maximum
survey unit measurement and the minimum background reference area measurement is
less than or equal to the DCGL.
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5.0 Final Survev Conclusions

The FSS for the CV interior above the 774' elevation (actually between the 775.2' and
805.4' elevations), areas outside the CV on the exterior shell, the associated excavation
and soil/debris piles was performed in accordance with Revision 2 of the SNEC LTP and
site implementing procedures. Final status survey data was collected to meet and/or
exceed the quantity and quality specified for each survey unit as prescribed by the
applicable survey design. The survey data for each survey unit met the following
conditions:

1. The average residual radioactivity inside and outside the respective CV
areas was less than the assigned DCGLW.

2. Since all measurements were less than the DCGLW no DCGLEmc criteria
needed to be applied.

3. Remediation was performed to reduce the levels of residual radioactivity to
below the concentrations necessary to meet the DCGLs.

These conditions satisfy the release criteria established in the SNEC LTP and the
radiological criteria for unrestricted use given in 10 CFR 20.1402. Therefore, it is concluded
that the SNEC CV Interior and Exterior Shell areas, CV Yard Soil and Debris and Soil Piles
as described in this report, are suitable for unrestricted release.
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1.0 PURPOSE

1.1 The purpose of this calculation is to develop a survey design for nine (9) Class 1 survey
units located in the SNEC CV. Four (4) of these survey units have been aggressively
decontaminated by SNEC personnel using methods described in Section 4.8 of this
calculation. The remaining five (5) survey units (steel support rings), were installed new to
the CV to add structural stability to the building during concrete remediation.

1.2 The four (4) CV shell survey units (CV1-1, CV1-2, CV1-3 and CV1-4) are regions of the
SNEC CV steel shell. They are shown collectively on Attachment 1-1, and individually on
Attachments 1-2 through 1-5.

1.3 Survey unit designation CV2-24 through CV2-28, are W14 x 74 W-beam support beams
which are welded to the CV- shell. These are also shown on Attachment 1-1, and
individually on Attachment 2-1 and 2-2. Attachment 2-3 is a diagram of the W-beam
survey area. The area of the CV shell directly under W-beams has been surveyed lAW 'at
risk" survey designs (see FirstEnergy/GPU Calculation No.'s 6900-02-017, 019, 020, 022,
023 and 024, Reference 3.1 through 3.6).

1.4 W-beams were radiologically clean members at the time of installation. W-beam survey
units CV2-25 through CV2-28 extend 360 degrees around the inner circumference of the
CV shell. Two short additional W-beams located at the 803.5' and 799.5' elevations are
together, considered one survey unit (CV2-24). The total area for all 9 survey units is 693

K.> square meters. A short description of each survey unit is included below.

1.4.1 Survey unit designation QJ-1, is composed of portions of 10 steel plates (GI
through G5 and Fl through F5), starting at -805.4' El, and extending down to the
-798.1' El. This survey unit is approximately 100 square meters in total area.

1.4.2 Survey unit designation CVI-2, is composed of portions of 10 steel plates (Fl
through F5 and El through E5), starting at -798.1' El., and extending down to the
-790.4' El., This survey unit is approximately 100 square meters in total area.

1.4.3 Survey unit designation M-3, is composed of portions of 10 steel plates (El
through E5 and DI through D5), starting at -790.4' El., and extending down to the
-783.3' El., This survey unit is approximately 91.1 square meters in total area.

1.4.4 Survey unit designation CV1-4, is composed of portions of 10 steel plates (DI
through D5), starting at -783.3' El., and extending down to the -775.2' El., This
survey unit is approximately 95.1 square meters in total area.

1.4.5 Survey unit designation CV2-24, is two short W-beams at the -803.5' and -799.5'
El. This survey unit is approximately 33.7 square meters in total area.

1.4.6 Survey unit designation CV2-25, is one W-beam at the -792.5' El. This survey unit is
approximately 68.2 square meters in total area.

1.4.7 Survey unit designation CV2-26, is one W-beam at the -787' El. This survey unit is
approximately 68.2 square meters in total area.

1.4.8 Survey unit designation CV2-27, is one W-beam at the -782' El. This survey unit is
K..> approximately 68.2 square meters in total area.

1.4.9 Survey unit designation CV2-28, is one W-beam at the -778.25' El. This survey unit
is approximately 68.2 square meters in total area.
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1.5 A significant portion of this survey design has been adapted from Reference 3-7.

2.0 SUMMARY OF RESULTS

2.1 The following information should be used to develop a survey request for this survey
design:

2.1.1 The number of required static measurement points indicated for each survey unit by
Compass is listed below as 8 per survey unit. However, VSP adds additional points
in cases where the diagram is odd shaped (edge effect) and/or because of the
random starting point. Additionally, the bounded area dictates survey point spacing
which also influences the actual number of survey points. For this design, the
number of survey points ranges from 12 to 22 per survey unit (see Attachment 11-1
to 11-9).

2.1.2 The suggested starting point (0, 0) for physically locating each survey point is
typically the lower left hand corner as one faces the survey unit (see Attachment
11-1 to 11-9).

2.1.3 The scan speed is set at 2.2 cm/sec. Scan coverage is set at 100% (Class 1
areas).

2.1.4 This survey design requires the detector be in contact with the surface during all
measurement phases except in areas where this is not possible (debits, etc.).

2.1.5 Static measurement points are to be clearly marked/identified in each survey unit.

2.1.6 Scanning efforts shall be based on audible speaker output levels. Earphones are
recommended.

2.1.7 The DCGLw is 2100 dpm/100 cm2 or 400 com above background for a static
measurement.

2.1.8 The action level during first phase scanning is 200 corn above background. If this
level is reached, the surveyor should stop and perform a count of at least 1/2
minute duration to identify the actual count rate.

NOTE: Static and Scan MDC values are listed in the tables in Section 4.15 and 4.16.

2.1.9 Areas greater than the DCGLw (400 ncpm) must be identified, documented,
marked, and bounded to include an area estimate.

2.1.10 If remediation actions are taken as a result of this survey, this survey design must be
revised or re-written.

2.1.11 When an obstruction is encountered during the static measurement phase that will
not allow placement of a static survey point, contact the cognizant SR coordinator for
permission to delete that survey point. Document the reason for the deletion. Note
that up to two survey points in any survey unit, may be deleted without reducing
survey design effectiveness.

2.1.12 A smear survey shall be performed in each survey unit at static measurement point
locations. These smears shall be obtained after static measurements are acquired.
These smears shall be assayed for beta/gamma and alpha contamination. Report
results in raw uncorrected counts per minute. A composite gamma scan of each
survey units smear group shall also be performed and reported.
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2.1.13 A gas flow proportional counter (GFPC) shall be used in the beta detection mode for
this survey work (Ludlum 2350-1 with a 43-68B probe).

2.1.14 Other instruments of the type specified in 2.1.12 above may be used durin,
the FSS but they must demonstrate an efficiency at or above the value listed in
Attachment 5-1 (23.9%).

3.0 REFERENCES

3.1 SNEC Calculation No. 6900-02-017, Interior CV Weld Ring Areas - Survey Plan.

3.2 SNEC Calculation No. 6900-02-019, Interior CV Weld Ring Areas @ 792.5 ft., El.- Survey
Plan.

3.3 SNEC Calculation No. 6900-02-020, Interior CV Weld Ring Areas @ 787' El - Survey Plan.

3.4 SNEC Calculation No. 6900-02-022, Interior CV Weld Ring Areas @ 782' El - Survey Plan.

3.5 SNEC Calculation No. 6900-02-023, Interior CV Weld Ring Areas @ 778.25' El - Survey
Plan.

3.6 SNEC Calculation No. 6900-02-024, Interior CV Weld Ring Areas @ 774' El - Survey Plan.

3.7 SNEC Calculation No. E900-03-003, CV Interior, 774' El., and Below, FSS Survey Design.

K)J 3.8 Plan SNEC Facility License Termination Plan.

3.9 Compass Computer Program, Version 1.0.0, Oak Ridge Institute for Science and
Education.

3.10 Visual Sample Plan, Version 2.0 (or greater), Copyright 2002, Battelle Memorial Institute.

3.11 SNEC Procedure E900-IMP-4500.59, "Final Site Survey Planning and DQA".

3.12 Westinghouse Electric Corporation, Gilbert Associates, Inc., Drawing No. D-37798, Saxton
Reactor Project, "Containment Vessel Penetration Access", 7/21160.

3.13 GPU Nuclear, SNEC Facility, "Containment Vessel Survey", SNECRM-019, Rev 1,1/18/02.

3.14 Ryerson Structural Products Handbook, Joseph T. Ryerson & Son, Inc., 1972.

3.15 SNEC procedure E900-IMP-4520.04, OSurvey Methodology to Support SNEC License
Termination".

3.16 SNEC procedure E900-IMP-4520.06, "Survey Unit Inspection in Support of FSS Design".

3.17 NUREG-1575, "Multi-Agency Radiation Survey and Site Investigation Manual", August,
2000.

3.18 Microsoft Excel 97, Microsoft Corporation Inc., SR-2,1985-1997.

3.19 ISO 7503-1, Evaluation of Surface Contamination, Part 1: Beta-emitters (maximum beta
energy greater than 0.15 MeV) and alpha-emitters, 1988.

3.20 SNEC Calculation No. E900-03-012, Effective DCGL Worksheet Verification.

3.21 SNEC Calculation No. 6900-02-028, GFPC Instrument Efficiency Loss Study.
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4.0 ASSUMPTIONS AND BASIC DATA

4.1 A gas flow proportional counter (GFPC) will be used in the beta detection mode as the
survey instrument (a Ludlum 2350-1 with a 43-68B probe).

4.2 The Compass computer program is used to develop the number of fixed point
measurement locations to be taken within each Class 1 survey unit (Reference 3.9)

4.3 The WRS statistical testing criteria will be applicable for this survey design.

4.4 The number of points chosen by Compass is located on survey maps for each survey unit
by the Visual Sample' Plan (VSP) computer code (Reference 3.10).

4.5 VSP is used to plot random start systematically spaced fixed point survey locations on
diagrams used in the field by survey personnel. The coordinates of the survey points are
provided for each survey unit. Because of edge effects and a desire to error on the
conservative side, additional measurement points have been forced by increasing the
MARSSIM overage above the required 20%. This results in smaller bounded regions then
that calculated by Compass.

In the case of the support rings, four quadrants were stacked graphically before plotting out
the survey points. The triangular grid is spread over these four quadrants resulting in some
differences in vertical point placements between quadrants.

4.6 Reference 3.11 was used as guidance during the survey design development phase.

4.7 The construction/assembly drawings used to determine the physical extent of these areas
are listed as Reference 3.12 and 3.13. In addition, Reference 3.14 was used to establish
the surface area of a steel W-beam (see Attachment 2-3):

* Flange thickness is 0.783" (4 areas of exposed thickness are considered). Then 4 x
0.783" = 3.132".

* Top width of Flange area is 10.072" wide.

* Bottom Flange area is welded to CV.

* Four areas of exposed Flange are located adjacent to the Web. Then 4 x 4.811" =
19.244*.

* Height of Web is taken to be 14.19" - (2 x 0.783") = 12.624" x 2 = 25.248".

* Then the total vertical section is: 3.132" + 10.072" + 19.244" + 25.248" = 57.7"

The circumference of the CV is 50 ft x 12"/ft x 7c = 1885" which is at the welded area of the
W-beam (at the surface of the CV). However, since the W-beam is 14.19" in height, the
exposed top Flange area of the W-beam is only [(50 ft x 12"Ift) -(2 x 14.19")] x 7i = 1796" in
circumference.

4.8 Remediation History

Remediation of the SNEC CV began with gross decontamination and equipment removal
e.g., piping, the steam generator, the pressurizer and the reactor vessel (fall of 1998).
Extensive attempts at clean-up of the internal concrete structure indicated that the concrete
had to be removed from the facility. In order to accomplish this, ground water abatement
around the exterior of the CV was necessary and established. By the fall of 2002 the SNEC
CV internal concrete structure was removed in total. However, several external and internal

J
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stiffener rings were necessary to maintain structural integrity. These assemblies were
welded to the steel shell to add rigidity and produce a safe working environment for
remediation crews and survey personnel. The internal surface of the CV steel shell was
then cleaned to remove radiological contamination, paint, residual concrete dirt and weld
and surface scale. Original weld areas between the sections of steel plate that make up the
steel shell were vigorously decontaminated along with apparent surface defects.
Remediation efforts of the interior CV steel surface included combinations of the following
techniques:

* roto-peening
* liquid paint remover (MIRACHEM)
* surface grinding
* needle gun
* grit blasting
* wire brush
* vacuuming
* surface wipe-down

A decontamination effectiveness check was performed during the cleaning effort by means
of biased and unbiased measurements on the surface of the cleaned steel shell using a gas
flow proportional counter (GFPC). The criteria for determining when an area was
acceptably decontaminated was initially established at < 3 times the local background count
rate as determined by closed window readings in the area. Areas above this value were re-
cleaned.

A Post Remediation Survey (PRS) was conducted under the guidance of Survey Request
(SR) SR-0070, SR-0075, SR-0076 and SR-0077 (Reference 3.15). The post remediation
survey included both surface scans and static measurements. It also included a surface
smear survey. Alpha radiation measurements were also taken at select locations. Smears
were counted for both beta-gamma and alpha contamination. The results of the PRS survey
effort were reviewed before the start of the Final Status Survey (FSS). The area was then
inspected lAW criteria established in Reference 3.16, before being approved for FSS
activities.

4.9 This survey design uses an effective gross activity DCGLw value developed for these
survey units from analysis of scrape samples of the interior surface of the SNEC CV. These
samples were taken at five (5) different elevations in the CV. SNEC sample No. SXSD3164
resulted in the lowest calculated gross activity DCGLw value (3880 dpm/1 00 cM2), and was
chosen to represent all survey units identified within this calculation (see Attachment 3-1,
and 3-2). This sample result was then used as input to the Compass computer program
(see Reference 3.7 for details regarding this sample result and the effective DCGLw value
calculated for the CV shell area).

A further correction to the gross activity DCGLw is necessary to address de-listed
radionuclides and to correct for activated steel in the SNEC CV. These correction factors
are reported in the SNEC LTP (Chapter 6 - Reference 3.8). In addition, the SNEC facility
has instituted an administrative limit of 75% of the allowable dose for the area. The de-listed
radionuclide dose is accounted for within the 75% administrative limit, but the activated
steel dose correction is not. Therefore, the 3880 dpm/1 00 cm2 gross activity DCGLw is
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lowered by the fraction (25 mrem/y-7.2 mrem/y)/25 mrem/y, which results in 2763 dpm/100
cm2 as the effective limit. The 75% administrative limit is then applied as follows: 0.75 x
2763 dpm/100 cm2 = 2072 dpm/100 cm2 . This value is rounded to 2100 dnm/100 cm2. See
Attachment 3-2 and 4-1.

NOTE: Sample analysis result are decayed to 3/1/03.

4.10 Cs-1 37, H-3 and Ni-63 account for the majority of radionuclides in the above listed sample.

* SNEC Sample No. SXSD3164 (62.0% Cs-137 + 13.4% H-3 + 22.5% Ni-63) = 97.9%.

H-3 and Ni-63 provide no additional counting efficiency for this survey design. Cs-137
provides the only reasonably detectable radionuclide in this mix. Cs-137's detection
efficiency has been checked by SNEC personnel using ISO standard 7503-1 methodology
(Reference 3.19). The SNEC facility uses only the lowest reported efficiency for any of the
instruments available as input to the survey design process. Attachment 5-1 indicates an
instrument efficiency of 0.478. The ISO value of 0.5 is used as the source efficiency.
The instrument S/N used to determine this value is 126218 and the probe S/N is 95080.

Other instruments may be used durinq the FSS but thev must demonstrate an
efficiency at or above 0.478 for the instrument efficiencv.

4.11 The current version of Compass (version 1.0) does not perform correctly when using the
gross activity option. Therefore, an alternative will be implemented for this survey design.
The alternative approach involves several small changes that will not negatively impact the
survey design process. These changes are:

4.11.1 For this survey design, the efficiency will be input as follows:

* = 0.478

* = [0.5 (ISO for Cs-137 energy betas)] x [the fraction of Cs-137 in the source
area, which would be I for the Cs-137 calibration source or 0.62 for Cs-137 in
the remaining CV survey units] x [any surface condition correction factor that
impacts efficiency e.g., the impact from an increase in the average distance
between the detector and source caused by a rough surface].

4.11.2 A radionuclide will be created in the library of Compass called "Gross Activity". This
radionuclide will have the same nuclear parameters as Cs-137 (half-life, decay time,
etc.). The effect will be (when called up) that "Gross Activity" will replace Cs-137 on
the print-out from the Compass program (administrative impact only).

4.11.3 Only wGross Activity" will be used in the Compass program for this survey design.
However, the Area Factors (AF) input to Compass will be for Co-60, which is the
more conservative of all the AF values for radionuclides present in the mix. Note that
Co-60 AF values are very close to Cs-137 AF values.

4.12 The detectors physical probe area is 126 cm2, and the instrument is calibrated to the same
source area for Cs-137. The gross activity DCGLw is taken to be 2100 dpm/100 cm2 x (126
cm2 physical probe area/100 cm2) = 2646 x (0.62 disintegrations Cs-137/disintegrations in
mix) x Ei (0.478) x Es (0.5) which yields -392 net cpm above background which is then
rounded to 400 ncpm (Compass calculates 397 ncpm as the gross beta DCGLw). The
0.148 count per disintegration counting efficiency considers only the Cs-137 contaminant
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present in the sample material matrix, and is calculated by: ci (0.478) x es (0.5) x 0.62
disintegrations Cs-137/total disintegrations in mix = 0.148 cts/gamma.

4.13 No corrections for backscatter are made for the steel surfaces. Therefore, the source term
will be overestimated in all areas where there is no loss in efficiency due to surface defects.
Since all areas of the CV are rigorously decontaminated using the same technique(s), it is
assumed that areas having significant surface defects (dents, weld buildup, etc.), are well
represented by adjacent areas that do not have significant surface defects. Defect areas
represent an extremely small fraction of the total surface area of these survey units.
Therefore no additional efficiency correction factors will be applied to this survey design.

4.14 The survey units in the CV area are at different elevations below grade. Since below grade
ambient background radiation levels (shielded measurements) are lower than grade level
background levels, the Williamsburg background unshielded steel survey data will be
adjusted downward to estimate this effect. Attachment 6-1 presents these adjusted values
along with the method for making these adjustments based on initial surface measurements
in the CV area (see Attachment 6-2 through 6-5). Note that ring data is not used to
develop survey unit variability. Instead, support ring variability will be assumed the same as
the shell survey unit where the rings reside.

Attachment 6-6 through 6-9, are the adjusted Williamsburg background data files for
survey units CV1-1, CV1-2, CV1-3 and CV1-4.

4.15 The static beta-gamma MDC calculation result for the nine survey units is as shown in
Attachments 7-1 through 7-4 (using Williamsburg adjusted unshielded reading). The
results are summarized below for a 1 minute count time. The results show an adequate
static MDC for this survey work.

Survey Units Estimated Background (cts/min) MDCsTATIc (dpm/100 cm')
CVM-1 and CV2-24 201 370 (Compass = 365)
CV1-2 and CV2-25 176 346 (Compass = 342)
CV1-3 and CV2-26 139 310 (Compass = 306)

CV1-4 and CV2-27 and CV2-28 166 337 (Compass = 333)

A

4.16 The scan MDC calculation is determined based on a 2.2 cm/sec scan rate, a 1.38 index of
sensitivity (95% correct detection probability and 60% false positive), 0.148
counts/disintegration and a 126 cm2 probe area. This calculation is shown in Attachment
8-1 through 8-5. The worst case value calculated is -574 dpm/100 cm2 (Compass
calculates a value of -714 dpm/100 cm2 since it does not use the 126 cm2 probe correction
factor in the equation). Since the scan MDC is less than the gross activity DCGLw in every
case for every survey unit, there is no need to add additional survey points to these survey
designs for purposes of meeting hot spot design criteria.

Survey Units | Estimated Background (ctslmin) MDCscAN (dpml100 cm')
CV1-1 and CV2-24 l 201 | 574 (Compass = 714)
CV1-2 and CV2-25 1 176 | 537 (Compass = 668)
CV1-3 and CV2-26 139 478 (Compass = 594)

CV1-4 and CV2-27 and CV2-28 166 1 522 (Compass = 649)
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4.17 The survey units described in this survey design were inspected after remediation efforts
were shown effective. A copy of the SNEC facility post-remediation inspection report
(Reference 3.16), is included as Attachment 9-1 to 9-27.

4.18 No special area characteristics including any additional residual radioactivity (not previously
noted during characterization) have been identified in this survey area.

4.19 The decision error for this survey design is 0.05 for the a value and 0.1 for the P value.

4.20 Special measurements including gamma-ray spectroscopy are not included in this survey
design.

4.21 No additional sampling will be performed lAW this survey design.

4.22 The applicable SNEC site radionuclides and their associated DCGLw values are listed on
Exhibit I of this calculation.

4.23 The survey design checklist is listed in Exhibit 2.

4.24 The applicable Area Factors for these survey units are shown below (Co-60).

AREA (m=) AREA FACTOR
1 10.1
4 3.4
9 2
16 1.5
25 1.2
36 1

5.0 CALCULATIONS

5.1 All major calculations are performed internal to applicable computer codes or within an
Excel spreadsheet.

5.2 See attached Compass output (Attachment 10-1 to Attachment 10-28).

6.0 APPENDICES

6.1 Attachment 1-1 to 1-5, are diagrams of survey units on the SNEC CV interior shell showing
steel plate designations and stiffener ring installation locations (CV1-1, CV1-2, CV1-3 and
CV1 -4).

6.2 Attachment 2-1, is a diagram of the upper short support rings at the 803.5' and 799.5' El
(CV2-24).

6.3 Attachment 2-2 and 2-3, is a diagram of a full W-Beam support ring and the associated
survey area (CV2-25 to CV2-28).

6.4 Attachment 3-1, is Teledyne Brown sample result for sample number SXSD3164.

6.5 Attachment 3-2, is the effective gross activity DCGLw calculation for sample SXSD3164.
The sample was decayed to 3/1/03 before entry into this sheet.

K> 6.6 Attachment 4-1, is the correction factor calculation for correcting the effective DCGLw
value to compensate for other source terms in the survey area.
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6.7 Attachment 5-1, is the SNEC site calibration sheet for the radiation measurement
instrument with the lowest Cs-137 detection efficiency.

6.8 Attachment 6-1, is the estimated background count rate for the SNEC CV in different
survey units based on corrected Williamsburg background measurement data.

6.9 Attachment 6-2 to 6-5, is GFPC measurement results from four survey units within the
SNEC CV area (CV1-1, CV1-2, CV1-3 and CV1-4).

6.10 Attachment 6-6 to 6-9, is corrected Williamsburg unshielded measurement data, used to
estimate elevation effects on ambient background in the SNEC CV.

6.11 Attachment 7-1 to 7-4, is calculated static MDC values (for CV1-1, CV1-2, CV1-3 and
CV1-4) based on the corrected Williamsburg background data.

6.12 Attachment 8-1 to 8-5, is calculated scan measurement MDC values (for CV1-1, CV1-2,
CV1-3 and CV1-4) based on corrected Williamsburg background data.

6.13 Attachment 9-1 to 9-27, is the CV inspection report results for these survey units.

6.14 Attachment 10-1 to 10-28, Compass output files for the nine (9) survey units previously
described. These are further described by the following:

6.14.1 Attachment 10-1, Compass site summary.report listing applicable Area Factors.

6.14.2 Attachment 10-2 to 10-4, Compass output for CV1-1 survey unit.

6.14.3 Attachment 10-5 to 10-7, Compass output for CV2-24 survey unit.

6.14.4 Attachment 10-8 to 10-10, Compass output for CV1-2 survey unit.

6.14.5 Attachment 10-11 to 10-13, Compass output for CV2-25 survey unit.

6.14.6 Attachment 10-14 to 10-16, Compass output for CV1-3 survey unit.

6.14.7 Attachment 10-17 to 10-19, Compass output for CV2-26 survey unit.

6.14.8 Attachment 10-20 to 10-22, Compass output for CV1-4 survey unit.

6.14.9 Attachment 10-23 to 10-25, Compass output for CV2-27 survey unit.

6.14.10 Attachment 10-26 to 10-28, Compass output for CV2-28 survey unit.

6.15 Attachment 11-1 to 11-9, VSP located static survey locations plotted on survey unit
diagrams.
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Exhibit 1

SNEC Facility DCGL Values (a)

25 mrem/y Limit 4 mremly Goal
25 mremly Limit (All Pathways) (Drinking Water)

Radionuclide Surface Area Open Land Areas Open Land Areas f

(dpm/100cm 2 ) (Surface & Subsurface) (Surface & Subsurface)
(pCilg) (pCilg)

Am-241 2.7E+01 9.9 2.3
C-14 3.7E+06 2 5.4

Co-60 7.1 E+03 3.5 67
Cs-1 37 2.8E+04 6.6 397
Eu-152 1.3E+04 10.1 1440

H-3 1.2E+08 132 31.1
Ni-63 1.8E+06 747 1.9E+04

Pu-238 3.OE+01 1.8 0.41
Pu-239 2.8E+01 1.6 0.37
Pu-241 8.8E+02 86 19.8
Sr-90 8.7E+03 1.2 0.61

NOTES:

(a) While drinking water DCGLs will be used by SNEC to meet the drinking water 4 mremly goal, only the DCGL values that constitute
the 25 mremty regulatory limit will be controlled under this LTP and the NRC's approving license amendment.
(b) Usted values are from the subsurface model. These values are the most conservative values between the two models (i.e.,
surface & subsurface).



?-_ SNECE CALCULATION SHEET
Calculation Number Revision Number Page Number

E900-03 I 0 1 Page 12 of /D6

|CV Interior FSS Survey Design

Exhibit 2
Survey Design Checklist

Calculation No. Location Codes
E900-03-020 CV2-24, CV2-25, CV2-26, CV2-27, CV2-28, CV -1, CV1.2 & CV1 -3, 8 CV1-4

ITEM REVIEW FOCUS Status Reviewer
(Circle One) I ^ & Date

I Has a survey design calculation number been assigned and is a survey design summary Yes, /A o/o3
______ ~~~~~~~~description provided? C I

2 Are drawings/diagrams adequate for the subject area (drawings should have compass Yes IA
headings)?

3 Are boundaries properly identified and is the survey area classification clearly indicated? (Yes,iA

4 Has the survey area(s) been properly divided into survey units IAW EXHIBIT 10 rYes) N/A

5 Are physical characteristics of the area/location or system documented? es. IA

6 Is a remediation effectiveness discussion included? Yes, NIA

7 Have characterization survey and/or sampling results been converted to units that are
comparable to applicable DCGL values? es N/A

8 Is survey and/or sampling data that was used for determining survey unit variance included? N /A

9 Is a description of the background reference areas (or materials) and their survey and/or f /
sampling results included along with a justification for their selection? _ _

10 Are applicable survey and/or sampling data that was used to determine variability included? N/A

11I Will the condition of the survey area have an impact on the survey design, and has the
probable impact been considered in the design?

Has any special area characteristic including any additional residual radioactivity (not
12 previously noted during characterization) been identified along with its impact on survey (YesN/A
12_____ design?

13 Are all necessary supporting calculations and/or site procedures referenced or included? Ye N/A

14 Has an effective DCGLw been identified for the survey unit(s)? es, N/A

15 Was the appropriate DCGLEc included in the survey design calculation? Yes,) NA

16 Has the statistical tests that will be used to evaluate the data been identified? s /A

17 Has an elevated measurement comparison been performed (Class I Area)? Yes,

18 Has the decision error levels been Identified and are the necessary justifications provided?

19 Has scan instrumentation been identified along with the assigned scanning methodology? N/A

20 Has the scan rate been identified, and is the MDCscan adequate for the survey design? r NIA

21 Are special measurements e.g., in-situ gamma-ray spectroscopy required under this design, Ye '/
and is the survey methodology, and evaluation methods described?

22 Is survey instrumentation calibration data included and are detection sensitivities adequate? (Ye)sN/A

23 Have the assigned sample and/or measurement locations been clearly identified on a diagram Ye N/A
or CAD drawing of the survey area(s) along with their coordinates?_ _ _

24 Are investigation levels and administrative limits adequate, and are any associated actions N/A
-dearly indicated?

25 For sample analysis, have the required MDA values been determined.? Yes N/A\

26 Has any special sampling methodology been identified other than provided in Reference 6.3? Yes/A i o
NOTE: a copy of this completed form or equivalent, shall be included within the survey design calculation. \ I ,/
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CV Wall Plates and Support Rings
Four (4) CV Wall Survey Units Starting 6" Above 804.9' El (Between Red Lines)

Five (5) Ring Survey Units (Top Two Short Rings are 1 Survey Unit)
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CV_-1 100 mA2, Starts 6" Above the 804.9' El

1885"
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CVI-2 100 mA2, Starts Bottom of CVI-1
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CVI-3 91.1 mA2, Starts Bottom of CVI-2
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CVI- 4 95.1 MA2, Starts Bottom of CVI-3
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Upper 2 Support Rings - 803.5' & 799.5' El (CV2-24)
W-beam Sections are 17.22 Square Meters & 16.52 Square Meters
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C C
Internal Ring Support Beams (CV2-25, CV2-26, CV2-27, CV2-28)

W-beam Quadrant is 17.05 Square Meters - Total Area is 68.21 Square Meters per Beam

A

I
QUAD B

QUAD C
i
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C__ _-_ _ _ _ _--_ _ _ _ - I Q UAD D
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Internal Ring Support Details
W-Beam Support Shown Flattened

C

This Flange welded to CV

/Thickness (0.783")

tb Flange Area (4.811")

7-
-Web (12.624")

d x - Flange Area (4.811")

Top Flange Area (10.072")

Thickness

1�
I

C)
%M
I
0

W-Beam
From Ryerson, Product Manual

Thickness

ATTACHMENT 2. . 5
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SNEC SAMPLE RESULTS

LAB or LAB No. Location/Description

Teledyne-80204: L19215-1 CV Steel Shell Internal Scrapings @ 782' El, Building Structure

SNEC Sample No. 470

| ~ ~SXSD3164 Comments:

Other Identifier
Revised/Repeat

Analysis Date=> September 24, 2002
Isotope pCUg (soilids) or pCVII (if water) or pCi (if smears)

1 Am-241 < 0.167

2 C-14 < 0.201

3 Cm-243
4 Cm-244
5 Co-60 0.141

6 Cs-134 < 0.071

7 Cs-137 23.5

8 Eu-152 < 0.135

9 Eu-154
o Eu-155
1 Fe-55
2 H-3 5.14

3 Nb-94 < 0.0562

4 Ni-59
5 Ni-63 < 8.47

Pu-238 < 0.127

Pu-239 < 0.0735

8 Pu-240
Pu-241 < 6.64

Pu-242
1 Sb-125 < 0.26

Sr-90 < 0.223
Tc-99 _
U-234 _
U-235 ._
U-238 _

Other Isotopes pCug (soilids) or pCI/l (if water) or pCi (if smears)

On-site Analysis for Cs-137 27.7

On-site Analysis for Co-60 < 0.19

On-site Analysis for H-3 _

1-129 _

Gross Alpha -

Gross Beta
K-40 < 1.28

Ra-226 < 1.81

Th-232 < 0.349
Cm-242 _
Th-228 < 0.518
Np-237 _

Ce-144 < 0.38

ATTACHMENT .3 - I
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Effective DCGL Calculator for Cs-1 37 (dpm/1OO cmA2)

| 25.01mremly TEDE Limit

I Gross Activity DCGLw I Gross Activity Administrative Llmit! 3880 dpm/lOO cmA2 | 2072 Idpm/100 cmA2

I Cs.137 Limit | Cs-137AdministrativeUmi t -.
- 2406 |dpm/lOOcmA2 | 1285 |dpm/iOO cmA2SAMPLE NO(s) IsxsD3164. 7R2' El SNEC CV Sheil Scrane Samnle I

S SNECAL |_53% 7

Sample Input (pCUg,
uCI, etc.)

Individual Limits
% of Total (dpml100 cmA2)

Allowed dpm/100
cmA2Isotope mrem/y TEDE

Beta dpm/100
cmA2

Alpha dpml100
cmA2

I

21
3
4
6
6
7
9
S

10
11

Am-241 1.67E-01 0.445% 27 17.27 15.99 NIA 17.27 Am-241

C-14 2.01E-01 0.536% 3,700,000 20.78 0.00 20.78 NIA C-14
Co-60 1.33E-01 0.354% 7,100 13.75 0.05 13.75 N/A Co-60
CsW-137.:. . 2.33E+01 -62.008% h 28,000 2405.64 2.15 2405.6 N/A Cs-137
Eu-152 0.000% 13,000 0.00 0.00 0.00 N/A Eu-152
H-3 5.02E+00 13.367% 120,000,000 518.60 0.00 Not Detectable N/A H-3
Nl-63 8.45E+00 22.506% 1,800,000 873.12 0.01 Not Detectable NtA NI-63
Pu-238 0.000% 30 0.00 0.00 NIA 0.00 Pu-238
Pu-239 7.30E-02 0.195% 28 7.55 6.74 NIA 7.55 Pu-239
Pu-241
Sr-90 2.21E-01

0.000%
0.589%

I 100.000%

880
8,700

0.00
22.85

0.00
0.07

Not Detectable N/A
22.85 NIA

Pu-241
Sr-90S I I I

3880 25.0 - 2463 25S I I

Maximum
Permissible

dprnl100 cmA2

AITACHMENr,3 _
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C)>
AmI,

H

CV Shell Area Administrative Limit (AL)=> 75%
mrem/y

Activated Steel => 7.2
Misc. Radionuclides => Included In AL Remaining mremly Remaining mremly after AL

Total=> 7.200 17.80 13.35

Required Correction Factor
SGS &> mremly653.4%

Misc. Radlonucildes => al mremly Remaining mremiy after AL

Total=> d s 18.29
]~~~~~~ r ed Correction Factor

|NOTE. Admin. Limit Includes de-listed radionuclides dose of 0.8625 mrently
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GFPRgilla1idnl.fMe-nt~ren Mnt firitrilMent r~Afbraflil: WorkShdet;'

Perftorrr~d 11 R. J. Reheard Dote" 6124103
lntuyriztnmWNR t32NF. 21Probe SIVN 95080a

*Inv~umernt Yetidor Cal. D0,r - 7 0J`03 Ca.l Dun Date- 12120103

Arn-241 (GO 535) 3423 0025 4I18119 12:00 G3MT I 4.24 E-1 7 A.E+03
Cs-I 37 (GO 535LI 0 2_4 0.50 418(31 12:00 GMT'j 3.11 E-01 j S.E4.03 11CILZ....J

Source Radliomcilde De~cay Data
Cs-137 6124103

D~c-ay Fcter-3 9.07SE-011 I Elaps"dTime (days):n
ACtivity CIr 2.921E-01

Soumea dpnw* S.262E4OS
Source dpmjfirs Probe Area (cmA2) 5.260E405

23 Emission Ageu (3sec.1 S.253E403
Probe Area tcmA2) 21? Emtsulorn Rai* fmiin-1I 3.7 52 E+Q S

126 ~~~~~~~~~~~21t Emnission Rate in Probe Area (m~in-tI 3.1351 E+0 S

Record of 1 Minute Source -. aokron CutigReuts2 MCck rf using ISO7503-I Value
No. OW Source Crasi CPNI OW Backgrourid CPM OW Sorjrce Hof cPM RESULTS
I t.4SE+05 I81 1 .483E+05 CountstErmlsslon (El)
2 1.49E+05 203 1.490E-05 47.8%
3 1.5CE+05 lIS& 1.499E405 27t Enilsslonl~islnilgriticn (Cs)
4 11.501E+05 19a I.502E405 50.0%
S 1.51E+05 182 1.507E405 CotintsIDlslntdgratlan (~El

I 1.51E*05 164 1.508E+405 23_1
7 1.52E.05 170 1.51 52405
a 1.5124-05 177 1.513E405
9 1.52E+05 161 1.520E405 Aprvd: . V"-J,5Li'..'
10 1.52E405 162 1.515E405 _____

~C~ ,Nn= 177.9 1.50SE405 ________

cc

I-

C.
C
z

%\ rn

-F1'
Calibraticn Calculation Sheet Verification Date=:I December 02 I

, . - .

B. BroseyIP DonnachlezI December-02 I 1-.-.
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Mean
Shielded

Mean
Unshielded

Estimate of
BackgroundSurvey Unit

CV-1 190.4 214.5 201.4

CVI-2 165 170.4 176

CVI-3 128.3 140.9 139.3

CV1-4 155.3 162.7 166.3

A background estimate is provided for each SU.
The estimate assumes that the only difference
between unshielded measurements in the CV and
at Williamsburg (when no contamination is present),
is the difference between shielded measurements
at the two locations.

Support ring estimates are assumed to be the same
as the measurements of the CV shell area where the
rings reside.WIllIamsbutg n1 200 J 211

rn

mi

Background Estimate = WilliamsburgUnshielded -(Williamsburg Shielded -Survey Unit Shielded)

-o
i (A
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CV1-1 Survey Unit
37122N21 126188 RM6220 Net Shielded Unshielded

9 CV1-iF11S 8112/2003 11:39 1 1.83E+02 60 SCL 0 1.83E+02
10 CVI-1F11U 8/1212003 11:41 1 1.99E+02 60 SCL 0 16 1.99E+02
11 CV1-1F12S 8/12/2003 11:43 1 1.91E+02 60 SCL 0 1.91E+02
12 CV1-1FI2U 8/12/2003 11:45 1 2.08E+02 60 SCL 0 17 2.08E+02
13 CV1-1F13S 8/12/2003 11:47 1 1.98E+02 60 SCL 0 1.98E+02
14 CV1-1F13U 8/12/2003 11:49 1 2.21E+02 60 SCL 0 23 2.21E+02
15 CV1-1F24S 8(12/2003 11:52 1 1.59E+02 60 SCL 0 1.59E+02
16 CV1-1F24U 8/12/2003 11:53 1 1.85E+02 60 SCL 0 26 1.85E+02
17 CV1-1F25S 8/12/2003 11:56 1 1.69E+02 60 SCL 0 1.69E+02
18 CV1 -1 F25U 8/12/2003 11:57 1 1.62E+02 60 SCL 0 -7 1.62E+02
19 CV1-1F26S 8/12/2003 12:00 1 1.57E+02 60 SCL 0 1.57E+02
20 CV1-1F26U 8/12/2003 12:02 1 2.16E+02 60 SCL 0 59 2.16E+02
21 CV1-1F37S 8/12/2003 12:08 1 1.71E+02 60 SCL 0 1.71E+02
22 CV1-1F37U 8/12/2003 12:09 1 2.25E+02 60 SCL 0 54 2.25E+02
23 CV1-1F38S 8/12/2003 12:12 1 1.84E+02 60 SCL 0 1.84E+02
24 CV1-1F38U 8/12/2003 12:13 1 2.46E+02 60 SCL 0 62 2.46E+02
25 CV1-1F39S 8/12/2003 12:16 1 2.24E+02 60 SCL 0 2.24E+02

26 CV1-1F39U 8/12/2003 12:17 1 2.OOE+02 60 SCL 0 -24 2.OOE+02
27 CV1-1F41OS 8/12/2003 12:19 1 1.65E+02 60 SCL 0 1.65E+02

28 CV1-1F41OU 8/12/2003 12:21 1 2.14E+02 60 SCL 0 49 2.14E+02
29 CV1-1F411S 8/12/2003 12:23 1 2.17E+02 60 SCL 0 2.17E+02

30 CV1-1F41IU 8/12/2003 12:24 1 2.15E+02 60 SCL 0 -2 2.15E+02

31 CV1-1F412S 8/12/2003 12:26 1 1.97E+02 60 SCL 0 1.97E+02
32 CV1-1F412U 8/12/2003 12:27 1 2.39E+02 60 SCL 0 42 2.39E+02
33 CV1-1F513S 8/12/2003 12:30 1 1.85E+02 60 SCL 0 1.85E+02
34 CV1-1F513U 8/12/2003 12:31 1 2.17E+02 60 SCL 0 32 _ 2.17E+02

35 CV1-1F514S 8/12/2003 12:33 1 2.1OE+02 60 SCL 0 2.10E+02
36 CV1-1F514U 8/12/2003 12:35 1 2.19E+02 60 SCL 0 9 2.19E+02

37 CV1-1F515S 8/12/2003 12:36 1 2.07E+02 60 SCL 0 2.07E+02
38 CV1-1F515U 8/12/2003 12:38 1 2.20E+02 60 SCL 0 13 2.20E+02

39 CV1-1F516S 8/12/2003 12:40 1 2.30E+02 60 SCL 0 2.30E+02
40 CV1-1F516U 8/12/2003 12:42 1 2.46E+02 60 SCL 0 16 2.46E+02

Mean 24.1 190.4 214.5
SIgma 24.6 22.9 21.5

Minimum -24.0 157.0 162.0
Maximum 62.0 230.0 246.0

ATTACHMEN FSS1FSS Data From CV FSS-1 98
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CVI-2 Survey Unit
37122N21 126206 RM6220 Net Shielded Unshielded

5 CV1-2 F11S 8/13/2003 6:41 1 1.89E+02 60 SCL 0 1.89E+02|

6 CV1-2 F11U 8/13/2003 6:42 1 1.75E+02 60 SCL 0 -14 1.75E+02

7 CV1-2 F12S 8/13/2003 6:45 1 1.65E+02 60 SCL 0 1.65E+02
8 CV1-2 F12U 8/13/2003 6:47 1 1.74E+02 60 SCL 0 9 1.74E+02

9 CV1-2 F13S 8/13/2003 6:49 1 1.46E+02 60 SCL 0 1.46E+02_

10 CV1-2 F13U 8/1312003 6:51 1 1.53E+02 60 SCL 0 7 11.53E+02

11 CV1-2 F24S 8113/2003 6:52 1 1.53E+02 60 SCL 0 1.53E+021

12 CV1-2 F24U 8/13/2003 6:54 1 1.39E+02 60 SCL 0 -14 1.39E+02

13 CV1-2 F25S 8/13/2003 6:57 1 1.87E+02 60 SCL 0 1.87E+02

14 CV1-2 F25U 8/13/2003 6:58 1 1.66E+02 60 SCL 0 -21 1.66E+02

15 CV1-2 F26S 8113/2003 7:00 1 1.59E+02 60 SCL 0 1.59E+02

16 CV1-2 F26U 8/13/2003 7:02 1 1.83E+02 60 SCL 0 24 1.83E+02

17 CV1-2 F37S 8/13/2003 7:04 1 1.72E+02 60 SCL 0 1.72E+02

18 CV1-2 F37U 8/13/2003 7:06 1 1.81E+02 60 SCL 0 9 1.81E+02

19 CV1-2 F38S 8/13/2003 7:09 1 1.83E+02 60 SCL 0 1.83E+02
20 CV1-2 F38U 8113/2003 7:11 1 1.56E+02 60 SCL 0 -27 1.56E+02
21 CV1-2 F39S 8/13/2003 7:13 1 1.52E+02 60 SCL 0 1.52E+02
22 CV1-2 F39U 8/13/2003 7:14 1 2.24E+02 60 SCL 0 72 2.24E+02

23 CV1-2 F4 1OS 8/13/2003 7:17 1 1.54E+02 60 SCL 0 1.54E+02
24 CV1-2 F4 1OU 8/13/2003 7:19 1 1.67E+02 60 SCL 0 13 1.67E+02

25 CV1-2 F4 11S 8/13/2003 7:21 1 1.64E+02 60 SCL 0 1.64E+02

26 CV1-2 F4 1IU 8/13/2003 7:22 1 1.87E+02 60 SCL 0 23 1.87E+02

27 CV1-2 F4 12S 8/13/2003 7:24 1 1.53E+02 60 SCL 0 1.53E+02
28 CV1-2 F4 12U 8/13/2003 7:25 1 1.61E+02 60 SCL 0 8 1.61 E+02

29 CV1-2 F5 13S 8/13/2003 7:27 1 1.81E+02 60 SCL 0 1.81E+02
30 CV1-2 F5 13U 8/13/2003 7:29 1 1.65E+02 60 SCL 0 -16 1.65E+02

31 CV1-2 F5 14S 8/13/2003 9:29 1 1.44E+02 60 SCL 0 1.44E+02

32 CV1-2 F5 14U 8/13/2003 9:31 1 1.61E+02 60 SCL 0 17 1.61 E+02

33 CV1-2 F5 15S 8/13/2003 9:42 1 1.73E+02 60 SCL 0 1.73E+02

34 CV1-2 F5 15U 8/13/2003 9:44 1 1.64E+02 60 SCL 0 -9 1.64E+02
Mean 5.4 165.0 170.4

Sigma 24.6 15.0 19.3
Minimum -27.0 144.0 139.0
Maximun 72.0 189.0 224.0

DAACHMEN 6 3FSS Data From CV FSS-205
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CVI-3 Survey Unit
37122N21 126218 JG1135 Net Shielded Unshielded

2 CV1 3E2 1S 8/14/2003 7:53 1 1.26E+02 60 SCL 0 1.26E+02
3 CV1 3E2 IU 8/14/2003 7:55 1 1.27E+02 60 SCL 0 1 1.27E+02
4 CV1 3E2 2S 8/14/2003 7:59 1 1.23E+02 60 SCL 0 1.23E+02

5 CV1 3E2 2U 8/14/2003 8:01 1 1.20E+02 60 SCL 0 -3 1.20E+02

7 CV1 3E2 3S 8/14/2003 8:07 1 1.42E+02 60 SCL 0 1.42E+02
8 CV1 3E2 3U 8/14/2003 8:08 1 1.66E+02 60 SCL 0 24 1.66E+02

9 CV1 3E3 4S 8/14/2003 8:12 1 1.31E+02 60 SCL 0 1.31E+02
10 CV1 3E34U 8/14/2003 8:14 1 1.57E+02 60 SCL 0 26 1.57E+02
11 CV1 3E3 5S 8/14/2003 8:17 1 1.21E+02 60 SCL 0 1.21E+02
12 CV1 3E3 5U 8/14/2003 8:18 1 1.31E+02 60 SCL 0 10 1.31E+02

13 CV1 3E3 6S 8/14/2003 8:20 1 1.37E+02 60 SCL 0 1.37E+02 _

14 CVI 3E3 6U 8/14/2003 8:22 1 1.45E+02 60 SCL 0 8 1.45E+02
15 CVI 3E3 7S 8/14/2003 8:24 1 1.40E+02 60 SCL 0 1.40E+02

16 CV1 3E4 7U 8/14/2003 8:25 1 1.42E+02 60 SCL 0 2 1.42E+02
17 CV1 3E4 8S 8/14/2003 8:31 1 1.12E+02 60 SCL 0 1.12E+02

18 CV1 3E4 8U 8/14/2003 8:34 1 1.47E+02 60 SCL 0 35 1.47E+02
19 CV1 3E4 9S 8/14/2003 8:37 1 1.28E+02 60 SCL 0 1.28E+02

20 CV1 3E4 9U 8/14/2003 8:39 1 1.46E+02 60 SCL 0 18 1.46E+02
21 CV1 3E510S 8/14/2003 8:42 1 1.40E+02 60 SCL 0 1.40E+02

22 CV1 3E510U 8/14/2003 8:43 1 1.18E+02 60 SCL 0 -22 1.18E+02
23 CV1 3E511S 8/14/2003 8:50 1 1.34E+02 60 SCL 0 1.34E+02

25 CV1 3E511U 8/14/2003 8:55 1 1.32E+02 60 SCL 0 -2 1.32E+02

27 CV1 3E512S 8/14/2003 9:00 1 1.04E+02 60 SCL 0 1.04E+02

28 CVI 3E512U 8/14/2003 9:02 1 1.41E+02 60 SCL 0 37 1.41E+02

29 CV1 3E113S 8/14/2003 9:03 1 1.30E+02 60 SCL 0 1.30E+021

30 CV1 3E113U 8/14/2003 9:05 1 1.21E+02 60 SCL 0 -9 1.21E+02

31 CVI 32114S 8/14/2003 9:09 1 1.17E+02 60 SCL 0 1.17E+02

32 CV1 3E114U 8/14/2003 9:10 1 1.58E+02 60 SCL 0 41 1.58E+02
33 CV1 3E115S 8/14/2003 9:13 1 1.39E+02 60 SCL 0 1.39E+02 _

34 CV1 3E115U 8/14/2003 9:15 1 1.62E+02 60 SCL 0 23 1.62E+02

Mean 12.6 128.3 140.9
signm 18.4 11.2 15.7

Minimum -22.0 104.0 118.0
Maximum 41.0 142.0 166.0

A1TACHMENT ; -
FSS Data From CV FSS-213
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CVI-4 Survey Unit
37122N21 126206 BN8487 Net Shielded Unshielded

9 CV1-41S 8/1412003 10:22 1 1.40E+02 60 SCL 0
10 CV1-41U 8t1412003 10:24 1 1.73E+02 60 SCL 0
11 CV1-42S 8/14/2003 10:31 1 1.40E+02 60 SCL 0
12 CV1-42U 8/14/2003 10:32 1 1.58E+02 60 SCL 0
13 CV1-43S 8/14/2003 10:34 1 1.58E+02 60 SCL 0
14 CV1-43U 8/14/2003 10:35 1 1.54E+02 60 SCL 0
15 CV1-44S 8/14/2003 10:38 1 1.17E+02 60 SCL 0
16 CV1-44U 8/14/2003 10:39 1 1.32E+02 60 SCL 0
17 CV1-45S 8/14/2003 10:44 1 1.53E+02 60 SCL 0
18 CV1-45U 8/14/2003 10:47 1 1.79E+02 60 SCL 0
19 CV1-46S 8/14/2003 10:49 1 1.66E+02 60 SCL 0
20 CV1-46U 8/14/2003 10:51 1 1.74E+02 60 SCL 0
21 CV1-47S 8/14/2003 10:54 1 1.67E+02 60 SCL 0
22 CV1-47U 8/14/2003 10:57 1 1.84E+02 60 SCL 0
23 CV1-48S 8/14/2003 11:02 1 1.36E+02 60 SCL 0
24 CV1-48U 8/14/2003 11:05 1 1.60E+02 60 SCL 0
25 CV1-49S 8114/2003 11:09 1 1.69E+02 60 SCL 0
26 CV1-49U 8/14/2003 11:11 1 1.52E+02 60 SCL 0
27 CV1-410S 8/14/2003 11:17 1 1.61E+02 60 SCL 0
28 CV1-410U 8/14/2003 11:19 1 1.72E+02 60 SCL 0
29 CV1-411S 8/14/2003 12:54- 1 1.75E+02 60 SCL 0
30 CV1-411U 8/14/2003 12:56 1 1.61E+02 60 SCL 0
31 CV1-412S 8/14/2003 12:58 1 1.74E+02 60 SCL 0
32 CV1-412U 8/14/2003 13:00 1 1.72E+02 60 SCL 0
33 CV1-413S 8/14/2003 13:12 1 1.37E+02 60 SCL 0
34 CV1-413U 8/14/2003 13:14 1 1.55E+02 60 SCL 0
35 CV1-414S 8/14/2003 13:16 1 1.60E+02 60 SCL 0
36 CV1-414U 8/14/2003 13:18 1 1.70E+02 60 SCL 0
37 CV1-415S 8/14/2003 13:21 1 1.46E+02 60 SCL 0
38 CV1-415U 8/14/2003 13:23 1 1.67E+02 60 SCL 0
39 CV1-416S 8/14/2003 13:30 1 1.37E+02 60 SCL 0
40 CV1-416U 8/14/2003 13:31 1 1.45E+02 60 SCL 0
41 CV1-417S 8/14/2003 13:35 1 1.56E+02 60 SCL 0
42 CV1-417U 8/14/2003 13:37 1 1.71E+02 60 SCL 0
43 CV1-418S 8/14/2003 13:41 1 1.43E+02 60 SCL 0
44 CV1-418U 8/14/2003 13:43 1 1.44E+02 60 SCL 0
45 CV1-419S 8/14/2003 13:46 1 1.81E+02 60 SCL 0
46 CV1-419U 8/14/2003 13:49 1 1.66E+02 60 SCL 0
47 CV1-420S 8/14/2003 13:52 1 1.89E+02 60 SCL 0
48 CV1-420U 8/14/2003 13:54 1 1.64E+02 60 SCL 0

11.40E+02
33 1.73E+-02

1.40E+02
18 1.58E+02

1.58E+02
-4 1.54E+02

1.17E+'02
15 _______ 1.32E+02

1.53E+02
26 1.79E+02

1.66E+02
8 1.74E+02

1.67E+02
17 1.84E+02

1.36E+02
24 1.60E+02

1.69E+02
-17 1.52E+02

1.61 E+02
11 1.72E+02

1.75E+02
-14 1.61 E+02

1.74E+02
-2 1.72E+02

1.37E+02
18 1.55E+02

1.60E+02
10 1.70E+02

1.46E+02
21 1.67E+02

1.37E+02
8 1.45E+02

1.56E+02
15 _ 1.71 E+02

1.43E+02
1 1.44E+02

1.81 E+02
-15 1.66E+02

1.89E+02
-25 1.64E+02
7.4 155.3 162.7

15.9 18.1 12.9
-25.0 117.0 132.0

Mean
Sigma

Minimum
Maximuml 33.0 189.0 184.0

ATT A C H M ET 4 <FS1a2FSS Data From CV FSS-214 and 215
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Williamsburg Steel Background Measurements SR-48
37122N21 instrument9S348 RJR9291 Time Detector Counts CountTimeisec) Mode Designator FSS-004 BHB

0 BKGND 11/1412002 6:47
1 Source Check 1111412002 9:54

654E403 1600 5CL Inital Background II
SCL Source ItI 1.70E+05 60

2 STEELAIS 1111412002 10:32 1 2.13E.02 60 SCL Shielded

3 STEELA1IU 11/1412002 10,33 1 2.04E+02 60 SOL Unshieldedf

4 STEELA2S 11/1412002 10.37 1 2.03E+02 60 SCL Shielded

5 STEELA2U. 1111412002 10:38 1 2.25E.02 60 SCL Unshielded
6 STEELA3S 11/14/2002 10:39 1 1.85E+02 60 SCL Shielded 1

7 STEELA3U. 1 1/1 412002 10:40 1 2.09E.02 60 SCL Unshielded

8 STEELA4S 1 1/1 412002 10O42 1 2.03E+02 60 SCL Shielded

9 STEELA4U. 11/1412002 10:43 1 1.67E+02 60 SCL Unshielded

1 0 STEELASS 11/1412002 10.44 1 1.55E+02 60 SCL Shielded

1 1 STEELA51. 11/1412002 10-45 1 2.26E+02 60 SCL Unshielded D

1 2 STEELA6S 11/14/2002 10.46 1 1.92E+02 60 SCL Shielded

13 STEEL.A6 11/1412002 10:47 1 1.95E+02 60 SCL Unshielded

14 STEELA7S 11/14/2002 10:48 1 1.96E+02 60 SCL Shielded

15 STEELA7U 11/1412002 10:50 1 2.01E+02 60 SCL Unshielded

1 6 STEELA8S 1111412002 10:51 1 2.15E+02 60 SCL Shielded

1 7 STEELA81. 11/1412002 10:52 1 2.38E+02 60 SCL UntShIelded

158 STEELA9S 11/1412002 10:53 1 2.OOE+02 60 SCL Shielded

1 9 STEELA91. 11/14/2002 10:54 1 1.92E+02 -60 _ SCt Unshielded

20 STEELAIOS 1111412002 10:56 1 1.83E+02 60 SQ.. Shielded

21 STEELAIOU 11I11l4/2002 10:57 1 2.25E.02 60 SCt Unrshielded f
22 STEELA11S 11/14/2002 10 56 1 1.95E+02 60 SCL Shielded

23 STEELA11U. 11/1412002 1059 1 2.15E+02 _60 _ SC Unrshielded f
24 STEELA12S 11114/2002 11:00 1 1.77E+02 60 SCt. Shielded

25 STEEL.A12U 11/14/2002 11:01 1 2.34E+02 60 SCL Untshielded f
26 STEELA13S 11/14/2002 11:03 1 2.02E+02 60 SCt. Shielded

27 STEELA13U 11/14/2002 11:05 1 2-18E+02 60 SCt. Unshielded A
26 STEELA14S 11/14/2002 11:06 1 1.892.02 60 SCt. Shielded O

29 STEELA14U I11/14/12002 11:07 1 1.99E+02 60 SdL Unshielded A
30 STEELA15S 11/14/2002 11:08 1 2 16E402 60 $1..L Shielded O

31 STEELA15U 11/14/2002 11:0 1 2.15E+02 60 SCL Unshielded A
32 STEELA16S 1 1/1 412002 11:10 1 1. 88E+02 60 SCL Shielded q

33 STEELA16U 1114/2002 11:11 1 2.05E+02 60 SCL Unshielded f
34 STEELA17S 11/14/2002 11:13 1 2.122.02 60 SCL Shielded q

35 STEELA17U 11/14/2002 11:14 1 2.1I1E.02 60 SCL Unshielded

36 STEELA18S 11/14/2002 11:15 1 2.OOE+02 60 SCL Shielded

37 STEELA18U 1 1/1 4/2002 11:16 1 1 93E+02 60 SCL Unshielded

38 STEELA19S 11/14/2002 11:17 1 1.84E+02 60 SCL Shielded

39 STEELA19U 11/1412002 11:18 1 2.09E.02 60 SCL Unshielded

40 STEELA20S 11/14/2002 11:19 1 1.94E402 60 SCL Shielded O

41 STEELA20U 11/1412002 11:20 1 2. 0E+012 60 SCL Unshielded

42 STEELA21S 11/14/2002 11:22 1 2.10E+02 60 SCL Shielded q

43 STEELA21U 11/14/2002 11:23 1 1.93E+02 60 S01 Unshielded

44 STEELA22S 1111412002 11:24 1 2.015+02 60 &CL Shielded O

45 STEELA22U 11/1412002 11:25 1 1.91E+02 60 SCIL Unshielded

46 STEELA23S 11/14(202 11:26 1 1.772.02 60 S01 Shielded q

47 STEELA23U 1 1/1 41200 11:27 1 1.98E+02 60 SCt. Unshielded

48 STEELA24S 11/14/2002 11:28 1 1.88E+02 60 SC1 Shielded

49 STEELA24U 11/14/2002 11:30 1 2.44E+02 60 S01 Unshielded f
50 STEELOCIIS 11/14/2002 11:33 1 2.132+02 60 501.. Shielded

5 1 STEELOC111- 11/1412002 11:34 1 -2102.02 60 SOL Unshielded

52 STEELOC19S 11/14/2002 11:36 1 1.80E+02 60 S01. Shielded

53 STEELOO19U 11/14/2002 11:37 1 1.99E+02 60 -SCt Unshielded f
58 STEELB1S 1114/2002 13:09 1 2.25E.02 60 019C Shielded

59 STEELB1U 1114/2002 13:10 1 1.942.02 60 S01 Unrshielded A
60 STEELB2S 11/14/2002 13:12 1 1.78E.02 60 S&t. Shielded

6 1 STEELB2U. 11/14/2002 13:13 1 2.50E.02 60 501L Unrshielded ft

71 STEELB7U 14/142002 13:25 1 2.182402 60 SCl- UShielded

72 STEELB8S 11/14/2002 13:26 1 2.1 1E+02 60 SCd kSshielded

73 STEELB8U 11/14/2002 13:28 1 2.03E.02 60 &01 UShielded pD
74 STEELB4U 11I/14/202 13:29 1 1.702+02 60 S01 UShielded

75 ST2EI-19U. 11/141202 13:30 1 2.172+02 60 SCt. Unshielded p
78 STEELBIOS 11/1412002 13:41 1 2.422E02 60 501L Shieldedi

77 STEELB1OU 11/14/2002 13423 1 2.22E.02 60 S01 Unshijelded p

78 STEELOCSS 1114/2002 13:44 1 1.8012402 60 S01 Shielded

79 STEELCBSU 11/1412002 13:45 1 2.17E+02 60 501 Unshielded I

eICFtcpn,)- 9.6
Shielded Unshielded
2.13E+02 ____

1.94E2+02
2.03E+02 _____

2.15E+02
1.85E+02 _____

1.99E+02
2.03E+02 _____

1.57E+02
1.55E+02 _____

2.162+02
1.92E+02 _____

1.85E+02
1.96E+02 _____

__________1.9 12+02
2.152+02 _ _ _ _ _

2.28E+02
2.00E+02 _____

1.82E+02
1.83E+02 _____

_____ ____ 2.15E+02

1.952+02 _ _ _ _

_____ _____ 2.05E+02
1.772+02 _ _ _ _

2.242+02
2.02E402 __ ___

____ ___ ___ 2.08E+02

1.892402 _ _ _ _

1.892+02
2.16E+02 ____

2.05E+02
1.882+02 _ _ _ _ _

_____ _____ 1.95E+02

2.12E+02 ____

____ ___ ___ 2.0 1E+02

2.O0E+02
_____ _____ 1.832+02

1.84E402
_____ _____ 1.992+02

1.942+02
____ ___ ___ 2.20E+02

2.10E+02 ____

_____ ____ 1.83E+02

2.052+02 _____

1.812+02
1.77E+02 _____

1.852+l02
1.882+02

2.34E+02

2.132+02 E+0

1.802+02
_____ _____ 1.89E+02

2.25E2+02
_____ ____ 1.84E+02

1.78E+02
____ ___ ___ 2.40E+02

2.03E2+02
2.01E+02

2.03E+02 ____

_____ _____ 1.682+02

2.322+02 __ ___

_____ ____ 1.98E+02

2.22E+02 _____

_____ _____ 2.122+02

2.212+02 ____

_____ _____ 2.08E+02

2.1 82+02 _ _ _ _

____ ___ ___ 2.052+02

1.90E+02 ____

____ ___ ___ 2.07E+02

2.45E+02 _____

____ ___ ___ 2.222+02

1.81E+02
2.032+02

Minimum 1 .S5E+02 I1.67E+02
Maximum 2.46:40E 2.40E*02

Mean =~ 2 OE .2 2.O1E+02
Sloma ~ 1.BIE+01 I 1.77E+01

. 6 -A7, A C. ij Wi E N , ��
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Williamsburg Steel Background Measurements SR-48
37122N21 Instrument 96348 RJR9291 Time Detector Counts Count Time (sec Mode Designator FSS-004 BHB

- - ---
bKUNU 1111412002 b:41

Source Check 11114/2002 9:54
1 6.54E+03 iStN) SCL Innal Background 13

SCL Source 81 I 1.70E+05 60

. 2 STEELAtS 1111412002 10:32 1 2.13E+02 60 SCL Shielded

3 STEELA1U 11114r2002 10:33 1 2.04E+02 60 SCL Unshielded

4 STEELA2S 1111412002 10:37 1 2.03E+02 60 SCL Shielded

5 STEELA2U 1111412002 10:38 1 2.25E+02 60 SCL Unshielded B

6 STEELA3S 1111412002 10:39 1 1.85E+02 60 SCL Shielded

7 STEELA3U 11/1412002 10.40 1 2.09E+02 60 SCL Unshielded A
8 STEELA4S 1111412002 10:42 1 2.03E+02 60 SCL Shielded

9 STEELA4U 1111412002 10:43 1 1.67E+02 60 SCL Unshielded A
10 STEELA5S 11/1412002 10.44 1 1.55E+02 60 SCL Shielded

19 STEELA5U 1111412002 1045 1 2.26E+02 60 SCL Unshielded B

2 STEELAOS 11/1412002 1046 1 1838.02 60 SCL Shielded
13 STEELA61U 1111412002 1047 1 1.95E+02 60 SCL Unshielded B

14 STEELA7S 1111412002 10:48 1 1.96E+02 60 SCL Shielded

15 STEELA71U 1111412002 1050 1 2.01E+02 60 SCL Unshielded B

12 STEELA8S 11/142002 10.51 1 2.15E+02 60 SCL Shielded

17 STEELA8U 1111412002 10.52 1 2.38E+02 60 SCL Unshielded B

18 STEELA9S 1111412002 10.53 1 2.02E+02 60 SCL Shielded

19 STEELA91U 111412002 1054 1 1.92E+02 60 SCL Unshielded_

20 STEELA1OS 11114f2002 1056 1 1.83E+02 60 SCL Shielded
21 STEELA10U 11/1412002 1057 1 2.25E+02 60 SCL Unshielded B

22 STEELA11S 11412002 10:58 1 1.95E+02 60 SCL Shielded

23 STEELA11U 11/1412002 10.59 1 2.15E+02 60 SCL Unshielded _

24 STEELA12S 11/1412002 11:10 1 1.77E+02 60 SCL Shielded

25 STEELA12U 1111412O02 11:01 1 2.34E+02 60 SCL Unshielded B

26 STEELA13S 11/1412002 11:03 1 2.02E+02 60 SCL Shielded

27 STEELA13U 1111412002 11.05 1 2.18E+02 60 SCL Unshieded B

28 STEELA14S 11/14/2002 11:06 1 1.89E+02 60 SCL Shielded

29 STEELA14U 11/1412002 11:07 1 1 99E+02 60 SCL Unshielded B

30 STEELA15S 11114/2002 11.08 1 2.16E+02 60 SCL Shielded

31 STEELA15U 11/14/2002 11.09 1 2015E+02 60 SCL Unshielded B

32 STEELA16S 11/1412002 11:10 1 1.88E+02 60 SCL Shielded

33 STEELA16U 1111412002 11:11 1 2.05E+02 60 SCL Unshielded A
34 STEELA17S 11/1412002 11:13 1 2.12E+02 60 SCL Shielded

35 STEELA17U 111l4/2002 11:14 1 2.11E+02 60 SCL Unshielded A
36 STEELA18S 11114/2002 11:15 1 2.0WE+02 60 SCL Shielded

37 STEELA18U 11142002 -11:16 1 1.93E+02 60 SCL Unshielded A
38 STEELA19S 11/14/2002 11:17 1 1.84E+02 60 SCL Shielded

39 STEELA19U 11/14/2002 11:18 1 2.09E+02 60 SCL Unshielded

40 STEELA20S 11114/2002 11:19 1 1.94E+02 60 SCL Shielded B

41 STEELA20U 11114/2002 11:20 1 2.30E+02 60 SCL Unshielded

42 STEELA21S 11114/2002 11:22 1 2.10E+02 60 SCL Shielded

43 STEELA21U 11114/2002 11:23 1 1.93E+02 60 SCL Unshielded

44 STEELA22S 11114/2002 11:24 1 2.05E+02 60 SCL Shielded

45 STEELA22U 1114/2002 11:25 1 1.91E+02 60 SCL Unshielded

46 STEELA23S 11/1412002 11:26 1 1.77E+02 60 SCL Shielded

47 STEELA23U 11114/2002 11:27 1 1.98E+02 60 SCL Unshielded _

48 STEELA24S 11114/2002 11:28 1 1.88E+02 60 SCL Shielded

49 STEELA24U 1114/2002 11:30 1 2.44E+02 60 SCL Unshielded B

62 STEELS3S 11114/2002 11:33 1 2.13E+02 60 SCL Shelded
51 STEELOC11U 11114/202 11:34 1 2.10E+02 60 SCL Unshielded

52 STEELCC19S 11/4/202 11:36 1 1.80E+02 60 SCL Shielded _

53 STEELBC19U 11/14/202 11:37 1 1.99E+02 60 SCL Unshielded

58 STEELB1S 11114/2002 13:09 1 2.25E+02 60 SCL Shielded

59 STEELBEU 11/14/2002 13:10 1 1.94E+02 60 SCL Unshielded

60 STEELB2S 11/14/2002 13.12 1 1.78E+02 60 SCL Shielded

61 STEELB2U 11114/002 13:13 1 2.50E+02 60 SCL Unshielded _

62 STEELB3S 1111412002 13:14 1 2.03E+02 60 SCL Shielded

63 STEELB3U 11/14/2002 13:15 1 2.18E+02 60 SCL Unshielded 8

64 STEELB4S 11/14/2002 13:17 1 2.03E+02 60 SCL Shielded
65 STEELB4U 11114/2002 13:18 1 1.78E+02 60 SCL Unshielded _

66 STEELB5S 11114/2002 13:19 1 2.32E+02 60 SCL Shieded B

_7 STEELB9U 11114/2002 1330 1 2.18E+02 60 SCL Unshielded

68 STEELB6S 11114/2002 13:22 1 2.22E+02 60 SCL Shielded

69 STEELB6U 11114/02 13:23 1 2.22E+02 60 SCL Unshielded A
70 STEELB7SS 11/14/2002 13:24 1 2.21 E+02 60 SCL Shielded

71 STEELCB7U 11/14/2002 13:25 1 2.18E+02 60 SCL Unshielded _

72 STEELB85 111n4rO02 1326 1 2.18E+02 60 SCL Shekled B

73 STEELB8U 11114=202 13-28 1 2.15E+02 60 SCL Unshbieded _

74 STEELB9S 1 1 l4r2O02 13:29 1 1.90E+02 60 SCL Shieded

75 STEELB9U 11tn4rZM0 13-30 1 2.17E+02 60 SCL Unshieded _

76 STEELB10S 11114/2002 13:41 1 2.45E+02 60 SCL Shteka _

77 STEELB10U 11/14/200213-42 1 2.32E+02 60 SCL Unshietded B

78 STEELCCB55 11fW2002 13:44 1 1.81E+02 60 SCL Shielded
79 STEELQCB35U lltl4/2002 13:45 1 2.13E+02 60 SCL Unshielded B

SiteiCF(cpm)o L 35

Shielded Unshielded
2.13E+02

1.69E+02
2.03E+02 1.9OE+02

1.90E+02
1.85 E+02

1.74E+02
2.03E+02

1.32E+02
1.55E+02 _

1.91E+02
1.92E+02 1.60E+02

1.60E+02
1.96E+02

_ 1.66E+02
2.15E+02

2.03E+02
2.00E+02

1.57E+02
1.83E+02

1.90E+02
1.95E+02

1.80E+02
1.77E+02

1.99E+02
2.02E+02 1.83E+02

1.83E+02
1.89E+02

1.64E+02
2.16E+02

1.80E+02
1.88E+02

1.70E+02
2.12E+02 _

1.76E+02
2.00E+02

1.58E+02
1.84E+02

1.74E+02
1.94E+02

1.95E+02
2.10E+02

1.58E+02
2.05E+02

1.56E+02
1.77E+02

1.63E+02
1.88E+02

_ 2.09E+02
2.13E+02

1.75E+02
1.80E+02 . -

1.64E+02
2.25E+02

1.59E+02
1.78E+02

2.15E+02
2.03E+02 1.76E+02

1.76E+02
2.03E+02

1.43E+02
2.32E+02 _

1.73E+02
2.22E+02

1.87E+02
2.21 E+02

1.83E+02
2.18E+02 ._.

1.80E+02
1.90E+02

. 1.82E+02
2.45E+02

1.97E+02
1.81E+02

. 1.78E+02

= 1.56E+02 1.32E+02
2.46E+02 2.16E+02
2.00E+02 1.76E+02

= 1.81E+01 1.77E+01 I

Minimum =
Max/mum =

Mean =
Varma =

AT i . HM.Nk~ 7
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Williamsburg Steel Background Measurements SR48

3 7122N21 I nstrument 9538 RJR9291 Time Detector Counts Count Iime Isac) Mode Designator FSS-004 BHB

U EAUNU 11114rlUU:Z 1i4( b.411=4J

1 Source Check 1111412002 9:54 1 1.70E+05
1 1UU -SC inital bacikground (I

60 SCL Source B

2 STEELA1 S 1111412002 10:32 1 2.13EZ02 60 SCL Shielded

3 STEELA1U 11412002 10:33 1 2.04E+02 60 SCL UnShielded

4 STEELA2S 11114/2002 10:37 1 2.03E602 60 SC. Shielded

5 STEELA2U 1111412002 10:38 1 2.25E402 60 Sc Unshielded

6 STEELA3S 1 11412002 10:39 1 1.85Es02 60 SCL Shielded

7 STEELA3U 11)1412002 10:40 1 2.09E+02 60 SCL Unshielded

8 STEELA4S 11t1412002 10:42 1 2.03E+02 60 SCL Shielded

9 STEELA4U11 11114/22 10 43 1 1.67E+02 60 SCL Unshielded

10 STEELAS S 1114/2002 1044 1 1.55E+02 60 SCL Shielded

11 STEELASU 1111412002 1045 1 2.26EZ6+2 60 SCL Unshielded

12 STEELAs S 1111412002 10.6 1 1.92E+02 60 SCL Shielded

13 STEELA6U 11 W1412002 10 47 1 1.95E602 60 SCL Unshielded

14 STEELA7S 11114/2002 10:48 1 1.96E602 60 SCL Shielded

1 5 STEELA7U 1111412002 1050 1 2.01EE+ 2 60 SCL Unshielded -

16 STEELA8S 11/14/2002 10551 1 2.15E602 60 SCL Shielded

17 STEELA811 111412002 10.52 1 2.38E+02 60 SCL Unshielded

18 STEELA9S 111142002 10 53 1 2.20 E+02 60 SCL Shielded

19 STEELA91 1114142002 10.54 1 1.92E+02 60 SCL Unshielded B

20 STEELA100 1 114/2002 1056 1I 1.83E02 60 SCL Shielded

21 STEELA1SEL1 11142002 1057 1 2.25E02 60 SCL Unshielded

22 STEELA S 11114/2002 10.58 1 1.95E+02 60 SCL Shielded

23 STEELA11 U 11/14/2002 1059 1 2.15E402 60 SCL Unshielded O

24 STEELA12S 11114/2002 11:00 1 1.77E+02 60 SCL Shielded

25 STEELA12U 11114/2002 1101 1 2.34Et02 60 SCL Unshielded

26 STEELA13S 11114/2002 11:03 1 2.02E402 60 SCL Shielded

27 STEELA13U 11141/2002 11:05 1 2.18E.02 60 SCL Unshielded

28 STEELA14S 11/14/2002 11:06 1 1.89E.02 60 SCL Shielded

29 STEELA14U 11114/2002 11:07 1 1.99E+02 60 SCL Unshielded _ O

30 STEELA5SS 11114/2002 11:08 1 2.16E+02 60 SCL Shielded

31 STEELA15U 11114/2002 11:09 1 2.15E+02 60 SCL Unshielded

32 STEELA16S 111 4/2002 11:10 1 1.88E+02 60 SCL Shielded

33 STEELA16U 11114/2002 11:11 1 2.05E+02 60 Sc Unshielded B

34 STEELA17S 11114/2002 11:13 1 2.12E+02 60 SCL Shielded

35 STEELA17U 11114/2002 11:14 1 2.12E+02 60 SC. Unshielded _

36 STEELA18S 11/14/2002 11:15 1 2.20 E+02 60 SCL Shielded

37 STEELA18U 11114/2002 11:16 1 1.93E+02 60 SCL Unshielded

38 STEELA19S 11f14/2002 11:1? 1 1.84E+02 60 S Shielded P

39 STEELA19U 1111412002 11:18 1 2.09E+02 60 Sc Unnshielded

40 STEELA2O S 11114/2 11:19 1 1.94E+02 60 SCL Shielded

41 STEELA20U 11141/2002 11:20 1 2.30E+02 60 SCL Unshielded

42 STEELA21S 11/1412oo2 11:22 1 2.1ZE+02 60 SCL Shielded

43 STEELA21U 1 1114/202 11:23 1 1.93E+02 60 SCL Unshielded _

44 STEELA22S 11/14/2002 11:24 1 2.05E+02 60 SCL Shielded

45 STEELA22U 1111412002 11:25 1 1.91E+02 60 SCL Unshieled e

46 STEELA23S 11/1412002 11:26 1 1.77E+02 60 SCL Shielded

47 STEELA23U 11114/2002 11:27 1 1.98E+02 60 scL Unshielded

48 STEELA24S 11/1412002 11:28 1 1.88E+02 60 SCL Shied 0e

49 STEELA24U 11/14/2002 11:30 1 2.44E+02 60 ScL Unshielded

50 STEELOC11S 11/14/2002 11:33 1 2.13E+02 60 SCL Shielded

51 STEELoC11U 11I14/2002 11:34 1 2.1OE+02 60 ScL Unshielded

52 STEELOC19S 11/14/2002 11:36 1 1.80E+02 60 SCL Shielded

53 STEELOC19U 11114/2002 11:37 1 1.99E+02 60 ScL Unshielded

58 STEELB1S 11/1412002 13.09 1 2.25E+02 60 scL Shielded

59 STEELB1U 11/1412002 13:10 1 1.94E+02 60 ScL Unshielded B

60 STEELB2S 11/14/2002 13:12 1 1.78E+02 60 ScL Shielded

61 STEELB2U 1111412002 13:13 1 2.50E+02 60 scL Unshielded

62 STEELB3S 11/14/2002 13:14 1 2.03E+02 60 scL Shielded

63 STEELB3U 11114120 13:15 1 2.11E+02 60 ScL Unshielded

64 STEELB4S 11/14/2OO2 13:17 1 2.03E+02 60 SCL Shielded

65 STEELB4U 11/14/002 13:18 1 1.78E+02 60 SCL Unshielded

66 STEELBSS 11/14/2002 13:19 1 2.32E+02 60 SCL Shielded

67 STEELB5U 11/14/2002 13:20 1 2.08E+02 60 ScL Unshielded L

68 STEELB6S 11/14/2002 13.22 1 2.22E+02 60 scL Shelded

69 STEELB6U 1114/2002 13:23 1 2.22E+02 60 ScL Unshielded

70 STEELB7S 11114/22 13:24 1 2.21E+02 60 ScL Shielded

71 STEEL87U 1114/202 13:25 1 2.18E+02 60 SCL Unshielked

72 STEELB8S 11/142002 1326 1 2.18E+02 60 SCL Shelded

73 STEELB8U 11/14/22 13:28 1 2.15E+02 60 SCL Unshielded

74 STEELB9S 11114/2oo2 1329 1 1.90E+02 60 scL Shelded P

75 STEELB9U 11)14/2002 13:30 1 2.17E+02 60 SCL Unshielded

76 STEELB10S 11114/2002 13:41 1 2.45E+02 60 ScL Shielded

77 STEELB1OU 11/14/2002 13:42 1 2.32E+02 60 SCL Unshielded

78 STEELOCBSS 11114/2002 13:44 1 1.81E+02 60 SCL Shielded

79 STEELOCBSU 11/14/2002 13:45 1 2.13E+02 60 SCL Unshielded p

Ir1.p3J2E0 71.7
Shielded Unshielded
2.13E+02

1.37E+012.32E+02
2.03E202

9.53E+0_ 1.53E+02
1.85E+02.S

1.54_ _ 10.37E+02
2.03E+02

9.53E+01
1.55E+02

1 .54E+02
1.921+02 02

2.00E+02 ___ 1.23E+02
1.96E.02

1.29E+02

t2.53E+02
1.9SE+02

1.43E 16 0
t_________ .771E.+E+02

1. 1.5+022.02E+021 53+0
1.43E+02

1.77E102
1.621+02

2.02E+02
1.461E02

1.891+02
1.271+02

2.16E+02
1.431+02

1.288+02
2 1.33E +02

2.12E102
1.39E+02

2.0E+02
1.2 1+02

1.84 E+02 _____

1 .37E+02
1.94 E+02

____ ___ ___ 1.58E+02
2.120+02

. 1.9 1+02

1.77E+02
1.261+02

1.88E +02
1.72E+02

2.13.+02
1.383+02

1.80E+02 _
1.27E+02

2.25E+02
1 .22E+02

1.78E+02
1.78 E+02

2.03E+02
1.39E+02

2.03E+02
1.06 E+02

2.32E+02
1.36E+02

2.22E+02
1.50E+02

2.21 E+02
1.46E+02

2.18E+02
1.43E+02

1.90E+02
1.45E+02

2.45E+02
1.60E+02

1.81E+02
1.41 E+02

Minimum = 1.56E+02 9.53E+01
Maximum = 2.46E+02 1.78E+02

Meon [ 2.00E+02 1.39E+02
Stoma = 1.81E+01 1.77E+01

FA17AD)IMP .. 0
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Williamsburg Steel Background Measurements SR48
37122N21 Instrument95348 RJR9291 Time Detector Counts CountTimelsec) Mode Designator FSS-004 BHB

0 BKGND 1111412002 6:47 1 6 54E203 1800 SCL InitalBacd

1 Source Check 11114/2002 9:54 1 1 .70E+05 60 SCL Soul
Kground p

rCee B
2 STEELAIS 1111412002 10-32 1
3 STEELA1U 1111412002 1033 1

2.13E+02
2.04E+02

60
60

SCL Shielded L
SCL Unshielded [iA

4 STEELA2S 1111412002 10:37 1 2.03E+02 60 SCL Shielded

5 STEELA2U 11/14Q2002 10:38 1 2.25E+02 60 SCL Unshielded B
6 STEELA3S 11/1412002 1039 1 1.85E+02 60 SCL Shielded B
7 STEELA3U 11/1412002 1040 1 2.09E+02 60 SCL Unshielded B
8 STEELA4S 11/14Q2002 10.42 1 2.03E+02 60 SCL Shielded

9 STEELA4U 11/1412002 1043 1 1.67E+02 60 SCL Unshielded B

10 STEELA5S 11114Q2002 1044 1 1 55E+02 60 SCL Shielded

11 STEELA5U 11/1412002 1045 1 2.26E+02 60 SCL Unshielded

12 STEELA6S 11/1412002 10:46 1 192E+02 60 SCL Shielded

13 STEELA6U 11/1412002 10.47 1 1.95E+02 60 SCL Unshielded

14 STEELA7S 1t1/1t4002 10:48 1 1.96E+02 60 SCL Shielded B
15 STEELA7U 11/1412002 10:50 1 2.01E+02 60 SCL Unshielded B
16 STEELA8S 11tn412002 10.51 1 2.15E+02 60 SCL Shielded

17 STEELA8U 11/1412002 1052 1 2.38E+02 60 SCL Unshielded

18 STEELA9S 11/14Q2002 1053 1 2.00E+02 60 SCL Shielded

19 STEELA9U 11/1412002 10.54 1 1,92E+02 60 SCL Unshielded B
20 STEELA1OS 1111412002 10:56 1 1 63E+02 60 SCL Shielded

21 STEELA1OU 1111412002 1057 . 1 2.25E+02 60 SCL Unshielded

22 STEELA11S 11/1412002 10:58 1 1.95E+02 60 SCL Shielded

23 STEELA11U 11/1412002 10:59 1 2.15E+02 60 SCL Unshielded B

24 STEELA12S 11/1412002 11.00 1 1.77E+02 60 SCL Shielded

25 STEELA12U 11/1412002 11 01 1 2 34E+02 60 SCL Unshielded _

26 STEELA13S 1111412002 11:03 1 2.02E+02 60 SCL Shielded

27 STEELA13U 1111412002 11:05 1 2.18E+02 60 SCL Unshielded

28 STEELA14S 11/14t2002 11:06 1 1.89E+02 60 SCL Shielded

29 STEELA14U 11/1412002 11:07 1 1.99E+02 60 SCL Unshielded _

30 STEELA15S 11/1412002 11:08 1 2.16E+02 60 SCL Shielded

31 STEELA15U 11/1412002 11:09 1 2.15E+02 60 SCL Unshielded

32 STEELA16S 11/1412002 11:10 1 1.88E+02 60 SCL Shielded

33 STEELA16U 1111412002 11:11 1 2.05E+02 60 SCL Unshielded _

34 STEELA17S 11/1412002 11:13 1 2.12E+02 60 SCL Shielded

35 STEELA17U 11/1412002 11:14 1 2.11E+02 60 SCL Unshielded B
36 STEELAt8S In114t2002 11:15 1 2.00E+02 60 SCL Shielded

37 STEELA18U 1111412002 11:16 1 1.93E+02 60 SCL Unshielded B
38 STEELA19S 1111412002 11:17 1 1.84E+02 60 SCL Shielded

39 STEELA19U 11II412002 11:18 1 2.09E+02 60 SCL Unshielded

40 STEELA20S 1111412002 11:19 1 1.94E+02 60 SCL Shielded

41 STEELA20U 11/1412002 11:20 1 2.30E+02 60 SCL Unshielded

42 STEELA21S 11/1412002 11:22 1 2.10E+02 60 SCL Shielded fl

43 STEELA21U 11/412002 11:23 1 1.93E+02 60 SCL Unshielded B
44 STEELA22S 11/14/2002 11:24 1 2.05E+02 60 SCL Shied ed

45 STEELA22U 11/1412002 11:25 1 1.91E+02 60 SCL Unshielded

45 STEELA23S 11/1412002 13:26 1 2.77E+02 60 SCL Shielded _

47 STEELA23U 11/1412002 11:27 1 1.98E+02 60 SCL Unshielded

48 STEELA24S 11/1412002 11:28 1 1.88E+02 60 SCL Shielded _

49 STEELA24U 111141002 11:30 1 2.44E+02 60 SCL Unshielded

50 STEELOC11S 11/14/2002 11:33 1 2.13E+02 60 SCL Shielded

51 STEELO1U 11/1412002 11:34 1 2.114+02 60 SCL Unshielded B

52 STEELCX19S 11/1412002 11:36 1 1.80E+02 60 SCL Shielded

53 STEELOCt9U 11/1412002 11:37 1 1.99E+02 60 SCL Unshielded B

58 STEELEt1S 11/1412002 13:09 1 2.25E+02 60 SCL Shielded

59 STEELB1U 11)1412002 13:10 1 1.94E+02 60 SCL Unshielded B
60 STEELB2S 11/1412002 13:12 1 1.78E+02 60 SCL Shielded

61 STEELB2U 11/1412002 13:13 1 2.50E+02 60 SCL Unshielded P

62 STEELB3S 11/1412002 13:14 1 2.03E+02 60 SCL Shielded

63 STEELB3U 11/14/2002 13:15 1 2.184+02 60 SCL Unshielded _t

64 STEELB4S 1111412002 13:17 1 2.03E+02 60 SCL Shielded

65 STEELB4U 11/1412002 13:18 1 1.78E+02 60 SCL Unshielded _t

66 STEELB55 1111412002 13:19 1 2.32E4t02 60 SCL Shielded

67 STEELB51U 11/142002 13:20 1 2.08E+02 60 SCL Unshielded ,

68 STEELBt6S 11/1412002 13:22 1 2.22E+02 60 SCL Shideked

69 STEELBfU t1/14Q02 13:23 I 2.22E+02 60 SCL Unshieded__

70 STEELB7S 1114/2002 13:24 t 2.21tE+02 60 SCL Shieldted B

71 STEELB71U 11/1412002 13:25 1 2.13E+02 60 SCL Unshielded B

72 STEELB5S 11/1412002 13:26 1 2.t8E+02 60 SCL Shieldled _

73 STEELB8U 11/1412002 13:28 1 2.15E+02 60 SCL Unshielded _

74 STEELB39S IIII4r02= 13:29 1 1.90E+02 60 SCL Shielded _

75 STEEQB9U 1114/2002 13:30 1 2.17E+02 60 SCL Unshredd

76 STEELB10S I1U14Q002 13:41 1 2.45E+02 60 SCL Shelded _
77 STEELB10U I11/14J202 13:42 1 2.32E+02 60 SCL Unshielded _

78 STEELOCB55 11/14Q2002 13:44 1 1.81 E+02 60 SCL Shieded B

79 STEELOC85U ttJ1114Q2002 13:45 1 2.13E+02 60 SCL Unshielded Is

StieeCFfcpm) 44.7

Shielded Unshielded
2.13E402 _ _ _ _ _

1.59E+02
2.03E+02

1.80E+02
1.85E202

1.64E+02
2.03E+02

___________ 1.22E+02
1.55E+02

1.8 1E+02
1.92E+02

____________ 1.SOE+02
1.96E+02

1.56E+02
2.15E+02

1.93E+02
2.00E+02

1.47E+02
1.83E+02

1.80E+02
1.95E+02

1.70E+02
1.77E+02

1.89E+02
2.02E+02

1.73E+02
1.89E+02

1.54E+02

2.16E+02
1.70E+02

1.88E+02
1.60E+02

2.12E+02
1.66E+02

2.00E+02
1.48E+02

1.84E+02 _

1.64E+02

1.94E+02
1_ 1.85E+02

2.1OE+02
1.48E+02

2.05E+02 1.46E+02
_____ _____ 1.46E+02

1.77E+02
1.53E+02

1.88E+02
1.99E+02

2.13E+02 _ _ _ _ _

2 t3E+OZ __ 1.65E+02

1.80E+02
1.54E+02

2.25E+02 _

1.49E+02

1.78E+02 _

2.05E+02
2.03E+02

1.66E+02

2.03E+02 _

1.33E+02

2.32E+02 _

1.63E+02

2.22E+02
1.77E+02

2.21E+02
1.73E+02

2.18E+02
1.70E+02

1.90E+02
1.72E+02

2.45E+02
1.87E+02

1.81E+02
1.68E+02

1.5E+02 1.22E+02

1 A2A.46E+O2 2.06E+02
1 2.00E+02 _ 1.66E+02
=; t .81E+01 1.77E+01

Minimum.
Maximum.

Mean.
Siama:

A~T-ACHN~EV.NT
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Gross Alpha/Beta Static Measurement MDC Calculation

Use when Backeround Count Time = Sample Count Time

CVI- I,and CV2- 24

i := .478 Es := .5 .62008 A := 126 B := 201.4 T:= I

L C:= 2.33-J

L C= 33.1

L C+ B = 234.5

1 100

T e is A

Et:= gre

Calculation of critical level (page 6-34 of IAMRSSIAI)

Et= 0.148
Critical letvel

Any count above this value should be regarded as being greater than background
(page 6-37 of MARSSIM).

Calculation ofconstant "C" that includes probe area correction, source and
instrument efficiencies and counting time (page 6-37 of MARSSIM).

ADC := C-. 3 + 4.65-B

MDC = 369.466 Calculation of AIDC. Results are in dpm/100 cm2 (page 6-37 of
MARSSIM).

*where:
Lc = critical level (counts)
B = number of background counts that are expected to occur while performing an actual measurement in time T
MDC = Minimum Detectable Concentration (dpm/l 00 square centimeters)
C = constant (see above)
gi = instrument efficiency

c, = source efficiency

A = instrument probe area (in square centimeters)
T= count time (in minutes)

ATrACHMEN"."
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Gross Alpha/Beta Static Measurement MDC Calculation _

Use wshen Backeround Count Time = Sample Count Time

CVI - 2,and CV2 - 25

c i:= .478 E s:= .5-.62008 A := 126 B := 176 T:= I

L C := 2.33J4B

L C= 30.9

L C+ B = 206.9

C.= 1 100
T-r£es A

Et := c6i-.6S

Calculation of critical level (page 6-34 of MARSSIM)

Et= 0.148
Critical level

Any count above this value should be regarded as being greater than background
(page 6-37 of MA RSSIM).

Calculation of constant "C" that includes probe area correction, source and
instrument efficiencies and counting time (page 6-37 of M MRSSIM).

MDC:=C- 2 3 + 4.65 -jB

MDC = 346.43 Calculation of MDC. Results are in dpm/1 00 cm2 (page 6-37 of
MARSSIM).

where:
Lc = critical level (counts)
B = number of background counts that are expected to occur while performing an actual measurement in time T
MDC = Minimum Detectable Concentration (dpnVIO0 square centimeters)
C = constant (see above)
Ei = instrument efficiency

c, = source efficiency
A = instrument probe area (in square centimeters)
T = count time (in minutes)

ATTACHME7T T -
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Gross Alpha/Beta Static Measurement MDC Calculation _

Use when Backeround Count Time = Sample-Count Time

CVI - 3,and CV2 - 26

e i := .478 e .:= .5..62008 A := 126 B := 139.3 T:= I

L c:= 2.33-.I

L C = 27.5

L C + B = 166.8

1 100

T-eie A

Et:= Cr*s.

Calculation of critical level (page 6-34 of AMARSSIM)

Ed= 0.148
Critical level

Any count above this value should be regarded as being greater than background
(page 6-37 of MARSSIM).

Calculation of constant "C" that includes probe area correction, source and
instrument efficiencies and counting time (page 6-37 of A MRSSIM).

MDC:= CJ. 3 + 4.65-B

MDC = 309.975 Calculation of MDC. Results are in dpm/n00 cm2 (page 6-37 of
MARSSIM).

where:
Lc = critical level (counts)
B = number of background counts that are expected to occur while performing an actual measurement in time T
MDC = Minimum Detectable Concentration (dpm/l 00 square centimeters)
C = constant (see above)
go = instrument efficiency

c, = source efficiency
A = instrument probe area (in square centimeters)
T = count time (in minutes)

ATTACHMEN - 3
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Gross Alpha/Beta Static Measurement MDC Calculation

Use when Backeround Count Time = Sample Count Time

CVI- 4,and CV2- 27,and CV2- 28

e i:= .478 g :=.5-.62008 A := 126 B := 166.3 T I

L C:= 2.33-B

LC=30

L C + B = 196.3

et:= gc.e 5

Calculation of critical level (page 6-34 of MARSSIMf)

et= 0.148
Critical level

Any count above this value should be regarded as being greater than background
(page 6-37 of MARSSIW)

C:= 1 .100

T-c es A

Calculation of constant "C" that includes probe area correction, source and
instrument efficiencies and counting time (page 6-3 7 of MA RSSIM).

MDC:= C- 3 + 4.65-

A1DC - 337197 Calculation of MDC. Results are in dpm/100 cm2 (page 6-37 of
-MRSSIM).

where:
Lc = critical level (counts)
B = number of background counts that are expected to occur while performing an actual measurement in time T
MDC = Minimum Detectable Concentration (dpm/100 square centimeters)
C = constant (see above)
c; = instrument efficiency

c, = source efficiency
A = instrument probe area (in square centimeters)
T = count time (in minutes)

ATTACHME 7tN .- IL.



Beta Scan Measurement MDC Calculation

CV1- 1 and CV2- 24 6Q96-. -020

C i := .478

Wfd

- = 4
Sr

Es5 := .5*.62 b := 201.4 p := 0.5 Wd:= 8.8 Sr:= 2.2 d := 1.38

Observation Interval (seconds) Wd
Sr

A := 126

Observation Interval (seconds)

b = 60

6 :=.6re

et= 0.148

b i= 13.4 Counts in observation Interval

C:= ~~~I
A r

C F ES'sO 100P

C = 7.575

MfDCR i := . d-J i * 6
I

MDCR i = 75.8 net counts per minute

MDCR i + b = 277.25 yross counts ner minute

MDCR i
= 19

0i
net counts per minute in observation interval

MDCscan := C.MDCR i

MDCscan = 574.526 dpm per 100 cm2

A7, ACHMENT 1_
MARSSIM, Pages 6-38 to 6.43 3 8/19/2003



Beta Scan Measurement MDC Calculation
~~j4.~ D

CV1- 2 and CV2- 2s

E i = .478 es :=.s..62 b :=176 p := 0.5 Wd := 8.8 Sr:= 2.2 d := 1.38

Ifd
- = 4
Sr

Observation Interval (seconds) OW:= d
Sr

A := 126

Observation Interval (seconds)

b*°i
b * := h60

60

et:= er*Es

Et = 0.148

b i= 11.7 Counts in observation Interval

A T

C = 7.575

MDCR i:= i 60
*o.:d~~~rb~i..

MDCR i = 70.9 net counts per minute

MDCR i + b = 246.906 zross counts ner minute

MDCR i
= 17.7

°i
net counts per minute in observation interval

MDC scan:= C-MDCR -

MDC scan = S37.076 dpm per 100 cm

ATTACHMENT7 . a2
MARSSIt, Pages 6-38 to 643 3 8/19/2003



Beta Scan Measurement MDC Calculation

CV1 - 3 and CV2 - 26
1/qo - X-.0(Z

E i = .478 b := 139.3 p := o.s Wd= 8.8 Sr := 2.2 d := 1.38

d
= 4

Sr
Observation Interval (seconds)

Wd

Sr

A := 126

Observation Interval (seconds)

b-O i

60

b 1= 9.3 Counts in observation Interval

C := I
A ,fP

C = 7.s7s

.et := ct.6 .

E t = 0.148

MDCR i:= d~b ii ~60
0.i

MDCR , = 63.1 net counts per minute

MDCR i + b = 202.381 gross counts per minute

MDCR i
O_ = 15.8
0 . net counts per minute in observation interval

MDCscan := C.MDCR -MCscanI

MDCscan = 477.81 dpm per 100 cm2

A77ACHMENW 85

MARSSIM. Pages 6-38 to 643 3 8/19n2003



Beta Scan Measurement MDC Calculation

CV1- 4 and CV2- 27 and CV2- 28

£9, 4j o (0
6qWc-o.3 -e:5zO:

e i := .478 ES :=.5-.62 b :=166.3 p := 0.5

Od
S = 4 Observation Interval (seconds)
Sr

Wd

Sr

Wd:= 8.8 Sr := 2.2 d := 1.38

A := 126

Observation Interval (seconds)

b * := b-0
60

.6t := C -.

Et= 0.148

b i= 1i.! Counts in observation Interval

C :=I
A r

C = 7.575

MDCR j:= dr )I

MDCR i= 6&9 :

i

net counts per minute

MDCR i + b = 235.224 Rross counts per minute

MDCR i
= 17.2

0i
net counts per minute in observation interval

MDCscan :=C MDCCR i

MDCscan = 522.066 dpm per 100 cm

A " ACHMENT- & . '1

MARSSIM. Pages 6-38 to 643 3 8/19/2003
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wvhere:
b = background counts per minute
b,= background counts in observation interval
p = human performancefactor
Id = detector width in centimeters
Sr = scan rate in centimeters per second
d = index ofsensitivity (Table 6.5 MARSSIM), 1.38 = 95% of correct detection's, 60%false positives
MDCscan = Minimum Detectable Concentrationfor scanning (dpm/l 00 square centimeters)
C = constant used to convert MDCR to MDC
e= instrument efficiency (counts/emission)

C. =source efficiency (emissions/disintegration)

A = instrument physicalprobe area (in square centimeters)

AMTCHMENT. .. =-

MARSSIM, Pages 6-38 to 643 4 8/19/2003
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. Survey Unit Inspection in Support of FSS Design

Number I.

E900-IMP-4520.06
imental Corporation
Procedure Manual

Revision No.

0

EXHIBIT I

Survey Unit Inspection Check Sheet

' . -;ISECTION 1 - SURVEY UNIT INSPECTON DES RIPTIO
pa ,_ ., .. A ,, , . , , . . ,! . ., < ..., .. .... ,+... .. '* - . '._' ..@sx.:. -*t''.:- .--- v- :--- i' '!~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. . INPETIO DECRPTIN -. ~ *.

CD 0 Survey Unit Location fZ L WAc\ o.l- C" v \Lil

TT Time |) - 00 Inspection Team Members | Ws As

,- ,t ' .. i%,SECTION 2 SURVEY UNIT.INSPECTION'SCOPE :.-1 *,.

- . '. - ..i , *. .

Inspection Requirements (Check the appropriate Yes/No answer.) Yes No . N/A

1. Have sufficient surveys (i.e., post remediation. characterization, etc.) been obtained for the survey unit? /V

2. Do the surveys (from Ouestion 1) demonstrate that the survey unit will most likely pass the FSS?

3. Is the physical work (i.e., remediation & housekeeping) in or around the survey unit complete?
I

./,li by.

4. Have all tools. non-permanent equipment, and material not needed to perform the FSS been removed?
2/ '/U,
a>

5. Are the survey surfaces relatively free of loose debris (i.e.. dirt, concrete dust, metal filings. etc.)?

. Are the survey surfaces relatively free of liquids (i.e., water, moisture. oil. etc.)?

7. Are the survey surfaces free of all paint, which has the potential to shield radiation?

8. Have the Surface Measurement Test Areas (SMTA) been established? (Refer to Exhibit 2 for instructions.)

9. Have the Surface Measurement Test Areas (SMTA) data been collected? (Refer to Exhibit 2 for instructions.) _

10. Are the survey surfaces easily accessible? (No scaffolding, high reach, etc. is needed to perform the FSS)

11. Is lighting adequate to perform the FSS? V/

12. Is the area industrially safe to perform the FSS? (Evaluate potential fall & trip hazards, confined spaces. etc.)

13. Have photographs been taken showing the overall condition of the area?

14. Have all unsatisfactory conditions been resolved?

NOTE: If a 'No answer is obtained above, the inspector should immediately correct the problem or initiate corrective actions through the
responsible site department, as applicable. Document actions taken and/or justifications in the Comments section below. Attach additional
sheets as necessary.

Comments:

), \ ,vey Unit Inspector (print/sign) I ) (f ay. I Date | ?U03
, . . .

ISurvey Designer (print/sign)I c 1 ~ . E -. =-e os-- 2. I Date I / ~ o

A C~~ R M ~i
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Number

E900-IMP.-4520.06
rimental Corporation
Procedure Manual

!A >litie Revision No.

Survey Unit Inspection in Support of FSS Design 0

EXHIBIT 1

Survey Unit Inspection Check Sheet

SECTION 1 - SURVEY UNIT INSPECTION DESCRIPTION

Survey Unit # f I _\ Survey Unit Lccaticn r t v s

Date Time | 1,03 Inspection Team Ailembers 1 s tJ

SECTION 2 - SURVEY UNIT INSPECTION SCOPE

Inspection Requirements (Check the appropriate Yes/No answer) Yes NIc N1s.

I Have suffic:ert survevs (i e . pcst remediation. _naractenratior- etc been c:tained for the survey ujnit- I

2. Do the surveys ifrcm Question 1) Cemonstrate ,ha e surey unitvill mos: hkefy VaSS the FSS-37

~~~~~~~~~~~~~~~~~_ ._ . .. . . . . . .. _ _ ._ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ ._ _. ..... ........................._ . . . < . ..
3. ;s the chvsicai work it e remedialicn 2 housekeeping) in .:r arcurc the Survev snit rcmilete' -

4. Have ail toots. r.on-oerrnaner t equioment. anti mite ii i:iot:eedeo o oeriorm !he FSS been removea .f¼AP\/V6'L
Are the survev surfaces relatively free of loose Ceoris ii e dirt. :Oncrete tusl metal filinas. etc

-/ Are the survev surlaces reiative!y 'ree of ihouids t ie .water .cisture. oil e!.t

7. Are the survey surfaces free of all paint. which has the potential to snmelc radiaticn'

9. Have the Surface Measuremen: Test Areas (SMTA) been estatlished' RPefer , Emnitit . !or :nstruclions lo J

9. ;ave the Surface Measurement Test Areas (SMTAI data been c.-lec:eaT rPefer to Eixtibit 2 or nstruc:icns

.0. Are the survey surfaces easily accessible' iNo scaffolding. higi :each. etc is needea to perform the FSS, V

11. Is lighting adeouate to perform the FSS*

12. Is the area industrially safe to perform the FSS? (Evaluate potential fail & tno hazaros confined spaces. etc . ;

13. Have photographs been taken showing the overall condition of the area'

14. Have all unsatisfactory conditions been resolved'

NOTE: If a 'No answer is obtained above. the inspector should immediately correct the problem or initiate corrective dc:ons through the
responsible site department, as applicable. Document actions taken andlor Justifications in the 'Comments' sect:on below Attacn additional
sheets as necessary.

Comments: FeF5
Vdov btkepwimt 15S i-01 4- A R;e~-4 -S";"TtW t2 if

Survey Unit Inspector (print/sian) jDate a,

Survey Designer (print/sign)I/ e . 3i3* L6 iDate

ATrACHMM7-
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| Number

7) SAXTON NUCLEAR
Saxton Nuclear Experimental Corporation

Facility Policy and Procedure Manual E900-IMP-4520.06
F, Title Revision No.

Survey Unit Inspection in Support of FSS Design 0

EXHIBIT 3

Surface Measurement Test Area (SMTA) Data Sheet

SMTA Number |SMTA - 6VI I~ Survey Unit Number CV I -I

SMTA Location |I Wn~ve10tz -e-Mru\ \ WA oZ C V 0

Survey Unit Inspector | S L Date | 1,f103 Time ',103C

*; " SECTlON'2 - CALiPER INFORMATION & PERSONNEL INVOLVED :.. £ ,
_ __, '.__._......___ ...... _._.. ......... ... . _- . .. .

Caliper Manufacturer M ,4, lA ot C)rp j Caliper Model Number c "S

Caliper Serial Number 0 763 q 3 i Calibration Due Date (as applicable, _____

Rad Con Technician ,v4 I Date . 4 Time >'4

Survey Unit Inspector Approval Date

gttwlt~lziJ ,,j,_lAiSECTION_3_MEASU RE ENT RESULTS . * .... . ..

SMVITA Grid Map & Measurement Results in Units of mm Commjets
(Insert Results in White Blocks Below) __________

0,00,1' 0IL i 1. 1 25- 31, Z&oo k V '

00j Df I t S - v 7 4 T.. '9g;~ ,'.FX{3,Tol .'{/i4; * ii7 2-, '26 32 ' 4

0wf ca( D,6 A oi 0,7 . 0 ;

0 6 .O o( o,0 t)Pt i

W~~gM I,'A8,%iX '.'AZ+,*- Svtwer v jB -7;

Average Me surement3: .J.. mm --

A~dditional Measurements Required

CY-I-) - 3 16 .$vA

CV j-% -Cr, 5.5"V~

I ~~~AAHMN-2-3
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Number

E900-IMP-4520.06
imental Corporation
Procedure Manual

t.-

Titbe Revision No.

.Survey Unit Inspection in Support of FSS Design o

EXHIBIT I

Survey Unit Inspection Check Sheet

I-SURV;EY UNIT, INSPECTION DESCRIPTiON; m -

Survey Unit# | Survey Unit Location *RTa vg4tcQ Vw,\i° 41Sc-"45

Date I Time I LJ5 Inspection Team Members ; ZQf-I J

. i,~9;~~4LS SCTION 2 - SURVE.- I O.-S.. ..h

Inspection Requirements (Check the appropriate Yes/No answer.) Yes No N/A

1. Have sufficient surveys (i.e.. post remediation. characterization. etc.) been obtained for the survey unit?

2. Do the surveys (from Question 1) demonstrate that the survey unit will most likely pass the FSS?

3. Is the physical work (i.e.. remediation & housekeeping) in or around the survey unit complete? L

4. Have all tools, non-permanent equipment, and material not needed to perform the FSS been removed? V

5. Are the survey surfaces relatively free of loose debris (i.e.. dirt, concrete dust, metal filings. etc.)? ,

Are the survey surfaces relatively free of liquids (i.e.. water, moisture, oil. etc.)?

7. Are the survey surfaces free of all paint, which has the potential to shield radiation?

8. Have the Surface Measurement Test Areas (SMTA) been established? (Refer to Exhibit 2 for instructions.)

9. Have the Surface Measurement Test Areas (SMTA) data been collected? (Refer to Exhibit 2 for instructions.)

10. Are the survey surfaces easily accessible? (No scaffolding, high reach, etc. is needed to perform the FSS) -

11. Is lighting adequate to perform the FSS? V

12. Is the area industrially safe to perform the FSS? (Evaluate potential fall & trip hazards, confined spaces, etc.) /

13. Have photographs been taken showing the overall condition of the area?

14. Have all unsatisfactory conditions been resolved? A

NOTE: If a No answer is obtained above, the Inspector should immediately correct the problem or initiate corrective actions through the
responsible site department, as applicable. Document actions taken and/or justifications in the Comments' section below. Attach additional
sheets as necessary.

Comments:

,arvey Unit Inspector (print/sign) I 7U'l 1 - • 8 | Date I 8/W!V

j Survey Designer (print/sign)I? | 1 ; .f i s | Date o/ZP/o3

f
ATTACHM N .. 2~A~i
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N4umber

E900-IMP-4520.06
Saxton Nuclear Experimental Corporation

Facility Policy and Procedure Manual

Survey Unit Inspection in Support of FSS Design

l
Revision No.

0

EXHIBIT I

Survey Unit Inspection Check Sheet

- f. ; SECTION 1 - SURVEY UNIT INSPECTION DESCRIPTION

Survey Unit# | -2. I Survey Unit Location |eo '1z <tzScA WAIJ, ok J gCa t3

Date $, )J /41 3 | Time /iav i Inspection Team Members

SECTION 2 - SURVEY UNIT INSPECTION SCOPE

Inspection Requirements jCheck the appropriate Yes/No answer Yfs Nc .'

Have sufficient surveys ii e . post remediaNon cVaracteriz3tion etc eeon -;ctamneo for ;he suivev 'init

2. Do the surveys Ifrcrn uesticn l) demonsIrate ttha *ne survey unit wil .sB11 mosl h.cascsss le FS3

3 Is the chysical wcrk u e. remediation 3 houseze-c~nc) in 2r arcurc t*.e sur'ev 'jIiit .on-plere ,

4 Have all tools. non-Dernrianent equipment and :nmaerial not ieeaec to cerform the FSS ceen remcvec' /

; Are tre survey surfaces relatively free of loose :etris t e drt. concrete Jus: metal f:irncs etc' -

Are the survev surfaces relatively free of l'vicsuo e. water mnoisture. 0Ii. ?'C ' __.

. Are the survey surfaces tree of all paint. which nas the potential to snie'C raciat:cn'

8. Have the Surface Measurement Test Areas iS.MTA) Leen ,siabiishec' .Reie-to Eyicic t 'r:nstruc:icns V

9. Have the Surface Measurement Test Areas (SI\TA) data been c:,lected? *Reier to Ex.ribit 2 for instruc:ncns

10. Are Ihe survey surfaces easily accessible- iNc scoifolding. hitn e:cn. etc ;s :neecec to cerform :he FSS,

11. Is lighting adequate to perform the FSS- V

12. Is the area industrially safe to perform the FSSI tEvaluate rctential fall & trio nazards. ccnfinea spaces. etc 1

13. Have photographs been taken showing the overall condition of the area' V

14. Have all unsatisfactory conditions been resolve;

NOTE: If a No answer is obtained above. the inspector shoulc imnmediateiy *orrec: the proolem or initiate corrective actions through the
responsible site department, as applicable. Document actions taxen and/or justifications in the 'Comments' section below. Attach additional
sheets as necessary.

Comments:

~~~~~IsxOe" 1,W lS kp4.-tx Pb~tJit-Fs_5

"itrvey Unit Inspector (print/sign)

Survey Designer (print/sign) i
I I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

(

AITACHM FNT. aU --
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SAXTON NUCLEAR

Number

Saxton Nuclear Experimental Corporation
Facility Policy and Procedure Manual E900-IMP-4520.06

Tie Revision No.

Survey Unit Inspection in Support of FSS Design 0

EXHIBIT 3

Surface Measurement Test Area (SMTA) Data Sheet
. , '. - .1FAREM 4190 ). �; -,�-p-: - . -�.D .,'' . ... -r�'s, . -�,, -Tr' .. ?�? I --_1 - 1.� . _- . Y.

SMTA Number SMTA - OXi -Z.i Survey Unit Number

SMTA Location I teToz V2e\c4t W'z,\ CcJ 4tC(J1
.*J c. cL .

Survey Unit Inspector Date Time j /)o

,,' SECTION2 ' CALIPER INFORMATION & PERSONNEL INVOLVED .

CaliperManufacturer i Cc'"P Caliper ModelNumber

Caliper Serial Number 0 7 43 3823 , Calibration Due Date (as applicable) | A/v3

Rad Con Technician A.A4 DateM Tim 7v¶4 2
Survey Unit Inspector Approval | 5,4 ti Date

J.:.l .iJ':i ,, ;t .. ; -SECTION3-MEA UREMENT RESULTS -___ . _. |

SMTA Grid Map & Measurement Results in Units of mm Comme'its
(Insert Results in White Blocks Below)

.~~T _Vr-C . zc51Ps .- V AXE114 ^>67 J$trsi! ,13,;.,t, it:1i-0 9 25 31 Su~f~cG XC~ss &'SIT "A L4

O1I 01 6- a 0.0 0 '-k~ V'-'

0.0 O-l 0. 0,0 o-o o.L-z.

0 0 0s 0 .o 0-0
~~ ~~~ 23 ~ 29 35!

0.0 \o 0 0 07, O,0 O'

~O~ o~o 0-1 0o° , O.C

Average Measurement ;....L........ mm

Additional Measurements Required

c J I- 2.-A

6. o A'\.

7d2, 'WV- 1

GvI ?2.-F G*5,wj

ATTACHMENT I*-
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Number

E900-IMP-4520.061I

Saxton Nuclear Experimental Corporation
Facility Policy and Procedure Manual

Revision No.

Survey Unit Inspection in Support of FSS Design 0

EXHIBIT I

Survey Unit Inspection Check Sheet

.V- N - SURVEY UNIT INSPECTION DESCRIPTIOW.

Survey Unit# I C\ -3 Survey Unit Location II M-14aloiL \'. tZA% cL \vAj^ ofcC v
Date | Z 1 o3 Time I 1 O [Inspection Team Members | jsLW'

.; ..- <,1-.SECTION 2 - SURVEY. UNIT INSPECTION SCOPE -

Inspection Requirements (Check the appropriate Yes/No answer.) Yes No N/A

1. Have sufficient surveys (i.e., post remediation, characterization. etc.) been obtained for the survey unit?

2. Do the surveys (from Question 1) demonstrate that the survey unit will most likely pass the FSS?

3. Is the physical work (i.e., remediation & housekeeping) in or around the survey unit complete? l l

4. Have all tools, non-permanent equipment, and material not needed to perform the FSS been removed? -_

9. Are the survey surfaces relatively free of loose debris (i.e.. dirt. concrete dust. metal filings. etc.)?

Are the survey surfaces relatively free of liquids (i.e., water, moisture, oil, etc.)?

7. Are the survey surfaces free of all paint, which has the potential to shield radiation?

8. Have the Surface Measurement Test Areas (SMTA) been established? (Refer to Exhibit 2 for instructions.)

9. Have the Surface Measurement Test Areas (SMTA) data been collected? (Refer to Exhibit 2 for instructions.) -

10. Are the survey surfaces easily accessible? (No scaffolding, high reach, etc. is needed to perform the FSS) =

11. Is lighting adequate to perform the FSS? ./

12. Is the area industrially safe to perform the FSS? (Evaluate potential fall & trip hazards, confined spaces. etc.) /

13. Have photographs been taken showing the overall condition of the area?

14. Have all unsatisfactory conditions been resolved?

NOTE: If a No answer Is obtained above, the inspector should immediately correct the problem or initiate corrective actions through the
responsible she department, as applicable. Document actions taken and/or justifications in the 'Comments' section below. Attach additional
sheets as necessary.

Comments:

A1TA(r-IMFNT C --

9irvey Unit Inspector (printlsign) | 3'bvs16L// KQ
. .,D-

|IDatel | HoVo

| Survey Designer (printsign) I
- ___ - __ -- I -- I I -Date- '.5 . ---? &.56 4 �51zvlo 3

6
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Number

E900-IMPP4520.06
*1 -

.. J Title

Survey Unit Inspection in Support of FSS Design

Revision No.

0

EXHIBIT 1

Survey Unit Inspection Check Sheet

.-. . SECTION 1 - SURVEY UNIT INSPECTION DESCRIPTION

Survey Unit I LV 3 jSurvey Unit Locationtiorle~o.V. a c l. Ilc, CV C

Date Bl b',J3 [Time i/ljo j Inspection Team Members i %t4 J'

SECTION 2 - SURVEY UNIT INSPECTION SCOPE

Inspection Requirements (Check the appropriate Yes'Nc answer.) Yles c .,C NA

1 Have su~flc:ent surveys (i e . post remediation. c.taracterizaiion etc ) been obtained for the survey an'r.

. Do the surveys (from Question 1) demonstrate that the survev unit will most :tkerv Pass ?he FSs- I

. Is the othsical work zi e . remediation &S housekeecingl in )r arcurd the survey unit compete-e

4. Have ill tools non-permanent equipment. Ind ;naterail not needea to perform the FSS been removel -

1 Are the sunvey surfaces relatively free of loose denris (i e . dirt. concrete dust. metal filings. etc .7

Are the survey surfaces relatively free of liquids ti e .water, moisture. oil. etc .V

,. Are the survey surfaces free of all paint. which has the potential to shield raoraticr'

8. Have the Surface Measurement Test Areas iSMTA) been establishedT iRefe! to Exnibit ^ 4cr Ins:ulc-c.il. 1/

9. Have the Surface Measurement Test Areas ISMTA) data been collected? tRefer .o Exhibit 2 for nstruc rc ns7 /

10. Are the survey surfaces easily accessible' (No scaffolding. high reacn. etc is needed to perform the FSS;t

11. Is tighting adequate to perform the FSS? 1.

12. Is the area industrially safe to perform the FSS (Evaluate potential fail a trio hazards. confined spaces. etc

13. Have photographs been taken showing the overall condition of the area?

14. Have all unsatisfactory conditions been resolvec?:

NOTE: If a No answer is obtained above. the inspector should immediately correct the problem or initiate corrective 3cions thrcugh the
responsible site department, as applicable. Document actions taken and/or justifications in the 'Comments section below. Attach additional
sheets as necessary.

Comments:

Vg~t lS fr.> zf t+ SvrZt <va~-p 4 t amN

ATTACHMENT ------
b`rv'eyUnit-Inspector (print/sign) | % 3skw /4 ! Date | 0/o3

Survey Designer (prin t/sign) nt 3 > 3 - s Date j

6
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Number

E900-IMP-4520.06SAXTON NUCLEAR!
Saxton Nuclear Experimental Corporation

Facility Policy and Procedure Manual
Title Revision No.

Survey Unit Inspection in Support of FSS Design 0

EXHIBIT 3

Surface Measurement Test Area (SMTA) Data Sheet

_~~~~~~~~~~~~~!~~i _P . ..

SMTA Number SMVTA - C-V 1-3-1 Survey Unit Number CD 13

SMTA Location IwFRlaozW VetZ-V\E4,\1 W,1-oi . Rc v

Survey Unit Inspector | Date Time i)VO

- : .', SECTION'21' CALIPER INFORMATION & PERSONNEL INVOLVED ',:': '.. ~ _ , , ..................... , . ... .. .. . . . ........... .. . ........ . . ... . .

Caliper Manufactue rA oecR Caliper Mcdel Number |Cb;C

Caliper Serial Number 0 73 80t 3 Caiibral'cn Due Date (as applicable) i to___

Rad Con Technician I OuK [ate ,VA , Tir-.:e !4+

Survey Unit Inspector Approval |3Date S/8'3
q~;.:,-.;-.'* SECTION 3- EMASLJREMENRESULTS

SMTA Grid Map & Measurement Results in Units of ,nm Comments
(Insert Results in White Blocks Below) - C__mments

- S,' -4 p - - -
) 3~ ;lt2$ 7 1L' 1..3 1 r;i9:,| 25 31 3ir Ut- @th S 4

t ~ \o ~ 1.6 O\~ Ok I4Te c ~ L c t J
a r 4 . 1:" N 1'^'4I s., 2i,:o' 26 ' 32 .; ,

03 @e & o- 0 A v.\ i
0-3 OD 0 - O*\D1 .

&W ,9,~OFig; 4 "'; ,2 .ii 3i!

l- ,& O* -D,* , 0k I

mm 2|gj, ' J;2 32 29 35

°-1 1) 0 0.v a 04 ,
;~~ 26.- j, a f I i :. :'6 . . .. . .. .. 2 4 ,- t 3 3 8, : . . I ...

Average Measurement O.2- mm

Additional Measurements Required

I 1A'13-A-1 OI

CV l-3~-

c\/ I--?-F 7--7M-j

ATTACHMeNT E
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EXHIBIT I

Survey Unit Inspection Check Sheet

iJ' ;.:jSETiON I SURVEY.Ui~ ITNSETINDSRuIPTIO W...

| Survey Unit Location IIe 7-joQ M e e | %c4 h R ev CV e sgou'

Inspection Team Members
1.- .-- S.. C. ..... , -.. .S.U ... ... ... .INSECIO SOP

it: , (- .!SECTION 2 -; SURVEY UNIT INSPECTION SCOPE
.

. . .. . ; :. , :.. . - .1. i 1. : . -.1 ,n 7,

Inspection Requirements (Check the appropriate Yes/No answer.)
. . .

I Yes No N/A

1. Have sufficient surveys (i.e., post remediation. characterization. etc.) been obtained for the survey unit? |

2. Do the surveys (from Question 1) demonstrate that the survey unit will most likely pass the FSS? . V

3. Is the physical work (i.e.. remediation & housekeeping) in or around the survey unit complete?

4. Have all tools, non-permanent equipment. and material not needed to perform the FSS been removed? f
5. Are the survey surfaces relatively free of loose debris (i.e., dirt, concrete dust, metal filings. etc.)?

Are the survey surfaces relatively free of liquids (i.e.. water, moisture. oil, etc.)?

7. Are the survey surfaces free of all paint, which has the potential to shield radiation? 1

8. Have the Surface Measurement Test Areas (SMTA) been established? (Refer to Exhibit 2 for instructions.) /

9. Have the Surface Measurement Test Areas (SMTA) data been collected? (Refer to Exhibit 2 for instructions.) /

10. Are the survey surfaces easily accessible? (No scaffolding, high reach, etc. is needed to perforrn the FSS) .

11. Is lighting adequate to perform the FSS? = =

12. Is the area industrially safe to perform the FSS? (Evaluate potential fall & trip hazards, confined spaces. etc.) /

13. Have photographs been taken showing the overall condition of the area? /

14. Have all unsatisfactory conditions been resolved? 1

NOTE: If a 'No answer is obtained above, the inspector should immediately correct the problem or initiate corrective actions through the
responsible site department, as applicable. Document actions taken and/or justifications in the 'Comments' section below. Attach additional
sheets as necessary.

Comments:
tJ rt&

ATTA 0 Iq M

D' K( a6rvey Unit Inspector (print/sign) | | IDate 1 9/g/o3
I Survey Designer (print/sign) I 73 _jDa te [9126 e,3

6
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Title Revision No.

Survey Unit Inspection in Support of FSS Design O0

EXHIBIT 1

Survey Unit Inspection Check Sheet

SECTION 1 - SURVEY UNIT INSPECTION DESCRIPTION

Survey Unit I |V 1 .. |(Survey Unit Location IlJf J<a- \v#S1JiIIcxJ e

Dale |1V/c3 | Time i13/O Inspection Team Members

SECTION 2 - SURVEY UNIT INSPECTION SCOPE

Inspection Requirements (Check the appropriate YeslNo answer j Yes Nc . NIA

I Have sufficient surveys (i e post remediation .:-haracterizalicn. etc r een .,tained !or the sur.ev jnil '

-. Do the surveys (from Ouestion I) demonstrate thal the survey unil wll rrcsl likely pass the FS.^7

. Is the -hysicat work li e . remediation B housekeeping) :n or arcuna he survey :;nnt cmr.iele'

4 Have all tools. non-cermanent eauloment and matenal not needed to oerfcrm the FSS been removead

Are tlne survey surfaces relatively free of loose detns is e . dirt. ccncrete dus:. metal filings e!tc

Are tte survey surfaces relatively free of liquids Is e .water. moisture. -:il esc ;2.1
_._ ._ . .. _ .__ .................... _

7 Are the survey surfaces free of alt paint. which nas the potential to sniele raciat:cn 7 V,

8. Have the Surface Measurement Test Areas (SMTA) been established' .Refer :o Enlbtt 2. 'or instructicns:

9. Have the Surface Measurement Test Areas (SMTA) data teen collec:ed? (Refer to Exhibit 2 for Ins:ruc:ions . I-:

10. Are the survey surfaces easily accessible' (No scaffolding, high ;each. etc is needed to perform the FSS) j

11. Is lighting adequate to perform the FSSP

12. Is the area industrially safe to perform the FSS? (Evaluate potential fail S trip hazards. crnfineo spaces. etc.i i

13. Have photographs been taken showing the overall condition of the area? .

14. Have all unsatisfactory conditions been resolved'

NOTE: If a 'No' answer is obtained above, the inspector should immediately correct the problem or initiate corrective actions through the
responsible site department. as applicable. Document actions taken and/or justifications in the 'Comments' section below. Attach additional
sheets as necessary.

Comments: b& ea i si-Q ,y/e~e~' 19-S Q'1\4~ pu9 esePoQ.F55~

A1TACHMENT t *..JL.
gvtf-ey Unit Inspector (print/sign) 'j.( w / c- Date e

Survey Designer (print/sign) | 5 Date

6
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Survey Unit Inspection in Support of FSS Design 0

EXHIBIT 3

Surface Measurement Test Area (SMTA) Data Sheet

4 , J.,S~s;.eL2'z '*\*bS;,* 'SECTION -'- .:ESRIPTiON I

SMTA Number SMTA - 0V i-'1 -I Survey Unit Number Cm

SMTA Location I "T-eatorZ ' a Q.( \ 1 cA t lAWAI Qc.C < 8&F____

Survey UnitInspector Date | 1S/oj Time 13
-,~ ............. I .,. .. .. '. - .........

J$ SCTO t. PRIFOMTO PRONL NOVD; , .......................................... ' " ;,

Caliper ManufzcturerT >4 COf_ ] CaliperMcdel Number c)- 4l C$

Caliper Serial Number I o76 3 '3q I Calibraticn One Date (as applicable) ! t!/c
Pad Cor Technician I

_ w_ ~~~~~~~~~~~~~~~~~~~~~~~~I.AA4- --- ,-t ;Date : 'V4 Time .t43

Date ' 2/j/OXSurvey Unit Inspector Approval I

.. '- -R -. T...'... .4 SECTION 3 - MEM&EMENT RESULTS***,J *. *.. N 3 ;: -.. 1, '.. '. -�.-, .. .1 : :' !

SMTA Grid Map & Measurement Results in Units of mm i
(Insert Results in White Blocks Below) i

Comiments

fgr~:4 A l 'I 13 26 31

0,o 6o a \ o
mm DRY IN t l10' '26 32

o-O~~~~"

Is,9 22 29 3

0.0 O 0 ,. b,1 O~ Cc

v,( cl- O~0,7 fJ(,O. O0

SU r'JWt- ~ kjdr ~ -

� 1111
i

II

i
I -

Average Measurement 0. ( mm I
-

Additional Measurements Required
2..

CA -4 -is
c' 1 -' 1-44 - n

1,4( &w"

S3iz &.

ATTACHMENT
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Survey Unit Inspection in Support of FSS Design 0

EXHIBIT I

Survey Unit Inspection Check Sheet

b SECTION I- SURVEYUNIT INSPECTION DESCRIP TIONJ`-

Survey Unit#F C 7 .- Survey Unit Location |J Z_\ Z Cd SV?9oe-T' jZiN9 S -'O21) 7qr

Date t 1 j Time | P[ Inspection Team Members |

,--sw','SECTION 2 - SURVEY.'IkUNiT INSPECTION SCOPE - , ,.

Inspection Requirements (Check the appropriate Yes/No answer.) Yes No N/A

I. Have sufficient surveys (i.e., post remediation. characterization. etc.) been obtained for the survey unit? 1/

2. Do the surveys (from Question 1) demonstrate that the survey unit will most likely pass the FSS?

3. Is the physical work (i.e., remediation & housekeeping) in or around the survey unit complete?

4. Have all tools, non-permanent equipment. and material not needed to perform the FSS been removed?

5. Are the survey surfaces relatively free of loose debris (i.e.. dirt, concrete dust, metal filings. etc.)?

of. Are the survey surfaces relatively free of liquids (i.e.. water, moisture, oil, etc.)?

7. Are the survey surfaces free of all paint, which has the potential to shield radiation?

8. Have the Surface Measurement Test Areas (SMTA) been established? (Refer to Exhibit 2 for instructions.)

9. Have the Surface Measurement Test Areas (SMTA) data been collected? (Refer to Exhibit 2 for instructions.)

10. Are the survey surfaces easily accessible? (No scaffolding, high reach. etc. is needed to perform the FSS)

11. Is lighting adequate to perform the FSS7

12. Is the area industrially safe to perform the FSS? (Evaluate potential tall & trip hazards, confined spaces. etc.)

13. Have photographs been taken showing the overall condition of the area?

14. Have all unsatisfactory conditions been resolved?

I

NOTE: If a 'No answer is obtained above, the inspector should immediately correct the problem or initiate corrective actions through the
responsible site department, as applicable. Document actions taken and/or justifications in the 'Comments section below. Attach additional
sheets as necessary.

Comments:

I , c�_ .1 -

K) .. 4rvey Unit Inspector (printlsign) I I Date I F/zc/^3

Survey Designer (printlsign)| 3 73 S9o5tj / / | Date If i 3

AT TACHME E 3___ /3'
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Revision No.

0

EXHIBIT 1

Survey Unit Inspection Check Sheet

SECTION 1 - SURVEY UNIT INSPECTION DESCRIPTION

Survey Unit# |\ , 2| Survey Unit Location jC\Jire t s~p TQ e5 yvc5'

Date 1 1'1i | Time 'I '3o i Inspection Team lMembers

SECTION 2 - SURVEY UNIT INSPECTION SCOPE

Inspection Requirements (Check the appropriate YesNo answerj Yes Ne N,'A

1 Have suffic:ent surveys (i e.. post remediation. ctnaracterization etc %!:een ectained fcr 'he sur,ev vitt'

2. Do the surveys ffrom Question 1) oemonstrate mtat the survey unit w.il miost :ikiv nass .he FSS'-

3 Is the :lysical wcrk ee . remediation S housemeecirci !i or arcunc *he surxvey :nit ccniDlere

4. Have all ools non-permnanent ecuiomerint ar.d nater.ia *'ct reeden o cercrm t.e FSS ceen ;eaovei r

- Are the survey surfaces relativelv free of !oose lecris , eolt c ncr.CPete cus. netal filincs. etc i

Are the survey surfaces relatively tree Cf iquics .i e .water. moisture. cil. etc

* Are mte survey surfaces free of a:l naint. wfnich nas the cotential to snieid rac:atic . -C

S. Have the Surface Measurement -est Areas .NMITAt been estaci smeaT ;Refer to Ecnibit !or .nstruc:.crs

9. Have the Surface Measurement Test Areas iSWiITAI data teen cailected !PRefer to Exhibit 2 !ar instrucicnrs

10. Are the survey surfaces easily accessib e INo scztfolcing, hign reach. etc :s neeaed lo perform the 'SS;

11. Is lighting 3decuate to perform the FSS-

12. Is the area incustrially safe to perfcrm the FSS7 'Evaiuate ctentiat fail & trip hazaras. confinea scaces. etc.;

13. Have phctograchs been taken showing the overall condition of the area'

14. Have all unsatisfactory conditions ceen resolveC'7

NOTE: If a 'No answer is obtained above. the insoector should immediately correct the problem or initiate corrective acntons througn the
responsible site department, as applicable. Document actions taken and/or justifications in the 'Comments' section below Ats3cn acditicnal
sheets as necessary.

Comments:

\E,t ?.L I Ai-0 16 A- % A4ev i -.

urvey Unitnspector (print/sign) | ; JSk)4 / '?e•? I Date | /1
Survey Designer (print/sign) | 3 . 3 / Date | //

AA-.UAflZrit q - I L
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Number

Saxton Nuclear Experimental Corporation
Facility Policy and Procedure Manual E900-IMP-4520.06

p.O Title - Revision No.

Survey Unit Inspection in Support of FSS Design - O

EXHIBIT 3

Surface Measurement Test Area (SMTA) Data Sheet

. ',t , ;. O*J : , -;.;.z I SECjTlON f- D C I.Tio 1 - . -, : , .. . -,!; -Z '

SMTA Number SMTA - (\J z ' A -| Survey Unit Number| C\J 2 -Z 2J

SMTA Location |CVz%-1!Z SLe&UZ l'tIv S E5L.-F.CZ 1 -7'l

Survey Unit Inspector 3zv-Lvk I Date ' "1tl 3j Time | H30
qv .. . ~ j ~ . S E ~N . 2 . C A L I P E R . I N . . . M A TN. . . . ..if . . .PE S O. ,- . . . O L V . .*iszS t--SECT(ON CALii'ER INFORMATION & PERSONNEL INVOLVEDi ltr;. It ;

Caliper Manufacturer j /O (ooCy Caliper Model Number | -ci C5 _

Caliper Serial Number j 07 (63 !8- i Calibration Due Date (as applicable) I to/c,

Rad Con Technician / 4 Date AjA Tirne

Survey Unit Inspector Approval 7iU5tI/ >' CDate j8/5@

.4'F w'::! tij: §--1 :; ; :.- . 'SECTION 3 - ME($lfeMENT RESULTS . -.--

SMTA Grid Map & Measurement Results in Units of nm
(Insert Results in White Blocks Below) Comments

3S., I k?:'jid ;1.20 ¢ 6 32; ;\Av 4 ,
{\~a 7%{>;tf .3 1 . \9 26 °31 ,RD\U
6 D ~ cR 't' CN ° °\ °C- o '

6 \ D\ Bt c 6\ o .o 6
i,4 14,B . 1.7 )5 e t p. . , ~,23 ,; 29 . .35'

O. N o, o3 o.3 -I 0

Average Measurement O .. mm |

Additional Measurements Required

11)I
A'r.AtfU~n=N1M? Q -Is-MI I M1JFUYII�I'
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Procedure Manual

Revision No.

0

EXHIBIT 1

Survey Unit Inspection Check Sheet

NFROM. ~~~-SURVEY-.U'IT .INSPECTION-DECIO.TiN7 !,-
,ta1.e._ I *, . -i" A~Mq N I.. . . ~ - '. --. 411 & .:rl. . ' .t . *1, t *, ! . !; -

Survey Unit# CV Z-ts- _ Survey Unit Location I Lv' metTlCa- q-'
Time 1 Ai 3° Inspection Team Members 7'tOt )rj

* �.%. .-...- � .
4., -7._, ..11,_-1'1',, .,*.- . A- . . I .. m

~. ':,-j>,:. .;ISECTlON 2 - SURVEYUNIT INSPECTION SCOPE ..*-.-f : . . - . ... .

. .I., �- - Z.,. �, -., .-- .. ;.!! ;, � ii:!..Z - -,; I- .. !4..-. .1 t .�. ! -
. -

;-;�- :- , , , , " ..,

Inspection Requirements (Check the appropriate Yes/No answer.) IYes INo~ N/A

1. Have sufficient surveys (i.e.. post remediation, characterization. etc.) been obtained for the survey unit?

2. Do the surveys (from Question 1) demonstrate that the survey unit will most likely pass the FSS?

3. Is the physical work (i.e.. remediation & housekeeping) in or around the survey unit complete?

4. Have all tools. non-permanent equipment, and material not needed to perform the FSS been removed?

5. Are the survey surfaces relatively free of loose debris (i.e., dirt, concrete dust. metal filings, etc.)?

. Are the survey surfaces relatively free of liquids (i.e.. water, moisture, oil. etc.)? = =

7. Are the survey surfaces free of all paint, which has the potential to shield radiation? I"

8. Have the Surface Measurement Test Areas (SMTA) been established? (Refer to Exhibit 2 for instructions.)

9. Have the Surface Measurement Test Areas (SMTA) data been collected? (Refer to Exhibit 2 for instructions.)

10. Are the survey surfaces easily accessible? (No sffolding, high reach, etc. is needed to perform the FSS)

11. Is lighting adequate to perform the FSS?

12. Is the area industrially safe to perform the FSS? (Evaluate potential fall & trip hazards, confined spaces. etc.)

13. Have photographs been taken showing the overall condition of the area?

14. Have all unsatisfactory conditions been resolved?

NOTE: If a No answer is obtained above, the inspector should immediately correct the problem or initiate corrective actions through the
responsible site department, as applicable. Document actions taken and/or justifications in the Comments section below. Attach additional
sheets as necessary.

Comments:

A17AC~HMENT i-~ I £0
~) rvey Unit Inspector (print/sign) -| S: 5t S / I .bi. | Date| 81/2 3

| Survey Designer (print/sign) | e aey' / '* IDate 16-AWAL
i I

6
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rimental Corporation
Procedure Manual

Number

E900-IMP-4520.06
Revision No.

0

EXHIBIT 1

Survey Unit Inspection Check Sheet

r * SECTION 1 - SURVEY UNIT INSPECTION DESCRIPTION

SurweyUnit # C\J 2. . Sur.ee Unit Lccaticr. CL\J I t er _ t2.5-1 792

Date Time Inscecltcn Tearm Memers

SECTION 2 - SURVEY UNIT INSPECTION SCOPE

tns;ec:icn R.ecuirements :2.er-.e :re aocrccriate '!-sNi: answver - ' : .'

I r-ave sufc:enr sur:e-,vs e ccs; e-er a: c.- :ara c e cr -re * .::- .

_.D: he srievs drrm Cues:.r.: n a - *;':, -* S *- -- --
~_.__ ___._._ .

. Is e cr.Vs:ca .vr~rI .: * er1 .V .^ :!'c ::rr ' iJ... (: :- ..r r*-: - ::A ...... ,... --?

4 ave; 1. ris -rin-cermranerne LAcr¶e .': .; ee-: ::er **'- -z= ::P' ::ee- -- :'

-itwe ;usIriev s;;r .res :e .'.... . ....... :le: eeei. eo- ca::':rcre ? -< f S s@C'.............................

)-Ire r-e- sur aces eiative-- r-e - 5 ,.. ae -c;;
____________________________________.__ _____________________ .... .

Are *ne sur.eyv surfaces free :f adl cairt Nnicn a; .-e -cce"ai a0 so.:e c *r:3:: . '-
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _~ - - _ . . . ._ _ _ _ _ _ . .......I

'. Have :he Surface Measureme-: . s; Are3s .S:.,1A i ceeai es:aciireP e -- r-:t .- s:rc:.-:- V i

9. Have .he Surface Measurement Test Areas ,S: T; . t3 :ea n -:_ilec-e& PeFrta Eo.ricit 'Irr .ns:r.c::r1/

10 Are !!ie suriey surfaces easily access;tie ..No scasfiirc. ,:gr e*:.- ec s ee'ecerfc -enrm hte= 5.>

11 Is tigrfting acecuate to cerform the FSS^ I.

12. is the area incustnally safe to pericm the FSS- ;Evaiuate -ctentii 'a:!,l :rtc nazarcs ::nrirea soaces etc L

13 Have photcgracns been taken snowina the 'averail crea:tion of lIe area 7

14. Have all unsatistac:cr conditions ceen resctveca

NOTE: If a No answer is octainec above. :he *nscec:cr Stlculo :mmeiatey Ctrrec: :he proclem or initiate :orrec::ve ic::crs :nroucn :he
responsible site department. as applicaole. DOccument acicns taken anc/or justifications :n the C.Cmments sectior oetow Alta=c aoc:tirnal
sheets as necessary.

Comments: P '-i-v 4eIqL' , P 414 s 400CLI-el

RI WIV+ VM9 0 W , laJ4 zgu 4m ~, fv1,jJaid4(

jAdVO - ep lot4
V^X{$ lS gL~dt / I , . D at

S ey Unit Inspector (print/sicn) / Date

Survey Designer (print/sign) I iDate ,^/2os

A1TACHM2N~j
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Number

E900-IMP-4520.06
Pr,
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Title Revision No.

Survey Unit Inspection in Support of FSS Design 0

EXHIBIT 3

Surface Measurement Test Area (SMTA) Data Sheet

. .. ~... m-- e2;- *¢ ; 'SECTION ,:pDESCRIP.TiONI

SMTA Number SMTA- C \JZ-72. _) Survey Unit Number C\J 'Z

SMTA Location CV 1tT\-eYZ10 YZ IV 7 q 2._

Survey Unit Inspector Date I Bllq/o Time gt 40

4.;A,' 5SECTION2 2 CALIPER INFORMATION & PERSONNEL INVOLVED. ^ .': ,

Caliper Manufacturer ,Mt4v~oa. i Caliper M~cdel Number Cy-E CS

Caliper Serial Number 7 G 3 Calibration Due Date (as applicable) | LC/C3

Rad Con Technician j A4+ Date M I4 Time.M4

Survey Unit Inspector Approval -y5J I>, \< > .. . Date 611liq

br%!':; - SECT:ON 3 J- 3 EASUREMENT RESULTS . .. ".

SMTA Grid Map & Measurement Results in Units of mm
(Insert Results in While Blocks Below) . Comments

,6J 13 1 0, ;.i 25 -31
O~ D O 0 t~ ' 05 03 a X , Su9-rCc, ho ~ o,2\

i '4j1 1.20 '26 32 , 1STL

-0'tg0 494r i5.- '21' 27. 3 3
' i

ar 0.2. c8 o3 °2 vo

am. fatigue-:, ,, 2i3 29 35
O'7- e• S 03, 0 S i

0.0 63, Lw.j 0.0 o. 0 L

Average Measurement O3 - mm

Additional Measurements Required

11)
A1 AflwPCr7 ~ IRA

-1 ---- -
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Saxton Nuclear Experimental Corporation

SAXTON NUCLEAR Facility Policy and Procedure Manual E900-IMP-4520.06
Ti iURevision No.

Survey Unit Inspection in Support of FSS Design 0

EXHIBIT I

Survey Unit Inspection Check Sheet

g>1i Alp, rSECTION i - SURVEY;U-IT INSPECTION t N ' i- .

Survey Unit# CV | Survey Unit Location Iou lCTreuoe-. V._ E * 787'
Date r -w Time | ;'.A | Inspection Team Members 'S-A

6 ;Hr SECTION 2 -.SURVE UNIT.INSPECTION'SCOPE: .. ';

Inspection Requirements (Check the appropriate Yes/No answer.) Yes No N/A

1. Have sufficient surveys (i.e., post remediation, characterization. etc.) been obtained for the survey unit? -=

2. Do the surveys (from Question 1) demonstrate that the survey unit will most likely pass the FSS?

3. Is the physical work (i.e., remediation & housekeeping) in or around the survey unit complete? _

4. Have all tools, non-permanent equipment. and material not needed to perform the FSS been removed?

5. Are the survey surfaces relatively free of loose debris (i.e., dirt, concrete dust. metal filings. etc.)? T V
_I.

W9 a;. Are the survey surfaces relatively free of liquids (i.e.. water, moisture, oil, etc.)?

7. Are the survey surfaces free of all paint, which has the potential to shield radiation?

8. Have the Surface Measurement Test Areas (SMTA) been established? (Refer to Exhibit 2 for instructions.)

9. Have the Surface Measurement Test Areas (SMTA) data been collected? (Refer to Exhibit 2 for instructions.)

10. Are the survey surfaces easily accessible? (No scaffolding, high reach, etc. is needed to perform the FSS)

11. Is lighting adequate to perform the FSS?

12. Is the area industrially safe to perform the FSS? (Evaluate potential fall & trip hazards, confined spaces, etc.) v_-

13. Have photographs been taken showing the overall condition of the area?

14. Have all unsatisfactory conditions been resolved?

NOTE: If a No answer is obtained above, the inspector should immediately correct the problem or initiate corrective actions through the
responsible site department, as applicable. Document actions taken and/or justifications in the 'Comments section below. Attach additional
sheets as necessary.

Comments: BEAD ,F

9uK~6rvey Unit Inspector(print/sign) S 945\LYJ/ 2 2 |. Date lX j tD

I Survey Designer (print/sign) I It / 3 I Date B1/' J

A7ACHMENT
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Number

Saxton Nuclear Experimental Corporation
,----SAXTON NUCLEAR Facility Policy and Procedure Manual E900-IMP-4520.06Q> itte Revision Na,

Survey Unit Inspection in Support of FSS Design O

EXHIBIT 1

Survey Unit Inspection Check Sheet

SECTION 1 - SURVEY UNIT INSPECTION DESCRIPTION

Survey Unit ' CS/-Zb . urvevUnrtLccaticr'. C\ T-ILaz. EL 7j'7

Date g'JI91on Time I3 r lnscecicn Team .lemc.crs 3-\Jsi;1J

SECTION 2 - SURVEY UNIT INSPECTION SCOPE

;nscecticn Reauirernents :,;-.recA le acDrccriate Y--s Nt- qns.er - 'j A

* 5v'c:ert surtevs ue ccs; reerecaic :ear.c:e-:a:'cn e!: :-e? .;ir'' . :i .n

rc -:e .ri7evs !ry! Cuestrcn m. i -- .1.... e

I IS Te '. .cvcrk .a e re- 1ecs;aI:or. 2 usee::rn. 7rc.:: .*... r!- : r * /

.3 H-. ;I .:cis -icn-cerrnanere.t -ecu'cme- II-: -i:" .- :''ee :"I --:.:

are s- axi r:vuces re'. ~e r e : ee s c -s : c-c.:-..- ; 1 *-- :- -.

Jare -e *-:Fev sur aces elaitve ! *ree :: *t'us e .ate! .cs_: ze

A Are -e i,riey surfaces free -f ail tau'r vr.ic:n -as re -cter-nai lo ;.-: e c:- .

' Have :.e Surface Mleasuremen:,.'St 7 rea 3M7-s ':-eenestas -! 7E.-- I-: ..::-

S Have he Surface M'easurement Test Areas ,S-V.A * ata ceen :::lec e': -E.r:r 2 'rr.

!0. Are he survey surfaces easily accessible' No scotfcicinc. Sgz e.;c ?!- s ee-:e- .- m' .--- e -

11 Is lignctirn acecuate to cerform the FSS-

... Is the area incustriaitv safe to perfcrm the FSS- rEvaiuate :ctentiai "al & :r c iazaras :crfiiire scaces erc

3. Have rnotcgrachs been taken snowing the overail --nclticn of the are3'

14. Have ail unsatisfaccry canditions been resclvec*

NOTE: It a No answer is cbtaineo above. :he *nscec:cr souio mrnmeaareiy -crnec: he ircciern :r initiare :orrec::,e ic::cns nrcugn the
responsible site department. as acpiicaote Doc;ment ac::cns taken anclcr ustificaticns .n the 'cnmenits sec:cn oe!o.v -ttac. acdstional
sheets as necessary.

Comments: gwes 4t/Le A14-k1L0t' M~O

J t01 COJ x TtfA5 IL& 5 4,#,L%- AAX Af aqt5 e8<- ,

mffqj~apwa' A IlD 94,n a V.tL P PL'o"9W P t"-k.

Survey Unit Inspector (print/sign) 6 :O\$stW1/94Xd ' Cate! i)

Survey Designer (print/sign) 7 -,a .E \/ , (. Date

A 7 ACHMENT-O
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SAXTON NUCLEAR
Saxton Nuclear Experimental Corporation

Facility Policy and Procedure Manual

Number

E900-lMP-4520.06
Title Revision No.

Survey Unit Inspection in Support of FSS Design 0

EXHIBIT 3

Surface Measurement Test Area (SMTA) Data Sheet

. .. . I .. .*,*r I.

SMTA Number SMTA - CV-Z>, Survey Unit Number | j 7Z -(

SMTALocation C\1 k*rt-e'ZV512 . iZjtj & 7L 1 8'
Survey Unit Inspector ki JtL Date \I j4l) Time 43i j1

,.i,~--,.-!. ECTION 2 'CALIPER INFORMATION & PERSONNEL INVOLVED.. ; ' *

Caliper Manufacturer | '. %Avko,&zCo2¢CP CaliperModelNumber I c. -c C$
Caliper Serial Number 2 0763 Sq3 I Calibralicn Due Date (as applicable) |l0/03

Rad Con Technician M,/4- Date IV4- Time M4

Survey Unit Inspector Approval 371Lu|b - i Date j All

SCTION 3 - M AYUREMENT RESULTS . ...

SMTA Grid Map & Measurement Results in Units of mm Comments
(Insert Results in White Blocks Below) __,________

t$ 7§,tf 7hfj'I '1 3 "1 .s- I,.7 9 ' 25 31

§21':~~~~~~ 1-"..,4I 1 2t;t26 ' 32: 1513C il 5 '

°- IDa Dz I' .V -.S0-P, IP .dc S& n\X. I' I~i :,,',, #1 I 20', '26 32 ,:%Zc V 5 Mte u

wpe0 ". t I -. 1 .3 a)< LI. \ 0

0OO &d\ t4 t _ 0'00

oa . 0.; 0 D 1) C DIDw Zd
b#3 >'° °'s ~~-t ." 29 35! |_

Average Measurement 4O.\ mm

Additional Measurements Required

6) AT-ACH MENT 2



Saxton Nuclear Exper
SAXTON NUCLEAR Facility Policy and F
Title

~'~1 Survey Unit Inspection in Support of FSS Desiqn

63-da0 64 4 o66
Number

E900-IMP-4520.06
imental Corporation
Procedure Manual

Revision No.

0

EXHIBIT I -

Survey Unit Inspection Check Sheet

~~~~~~~~~~~ .... .. t. I v - I . .-. . -. ....... . ................. ; O 1 - . s iSECTION1 -SS EYUNIT.INSPECTION.DESCRIPTIONt.:. .- , ur.ejtil;*,.P ,.:, I, . , .1. I . . - .. I ,- . . ,v._, . . _..-2 -e . :.

I Survey Unit Location I CAi IrNTV-er1Ot IW -7 f5 --

Time j 323 |) Inspection Team Members I ja-bisktrj
;-,12 SU*E U I T .,C*, ; . Tf S , ;

.. ,U-.8, o-,f-: SECTION 2 - SURVEY UNIT.IN'SPECTION'SCOPE - :
:. . -" '. , , .- - r. 6 .- .

Inspection Requirements (Check the appropriate Yes/No answer.) Yes No N/A

1. Have sufficient surveys (i.e., post remediation. characterization, etc.) been obtained for the survey unit? -

2. Do the surveys (from Question 1) demonstrate that the survey unit will most likely pass the FSS? -

3. Is the physical work (i.e., remediation & housekeeping) in or around the survey unit complete?

4. Have all tools. non-permanent equipment, and material not needed to perform the FSS been removed?

5. Are the survey surfaces relatively free of loose debris (i.e.. dirt, concrete dust, metal filings. etc.)? -/

Are the survey surfaces relatively free of liquids (i.e., water, moisture, oil. etc.)?

7. Are the survey surfaces free of all paint, which has the potential to shield radiation? _-7

8. Have the Surface Measurement Test Areas (SMTA) been established? (Refer to Exhibit 2 for instructions.)

9. Have the Surface Measurement Test Areas (SMTA) data been collected? (Refer to Exhibit 2 for instructions.) -

10. Are the survey surfaces easily accessible? (No scaffolding, high reach, etc. is needed to perform the FSS) - -

11. Is lighting adequate to perform the FSS?

12. Is the area industrially safe to perform the FSS? (Evaluate potential fall & trip hazards, confined spaces, etc.) -

13. Have photographs been taken showing the overall condition of the area?

14. Have all unsatisfactory conditions been resolved? I

NOTE: If a No answer is obtained above, the inspector should immediately correct the problem or initiate corrective actions through the
responsible site department, as applicable. Document actions taken and/or justifications in the Comments section below. Attach additional
sheets as necessary.

Comments:

I s I

3 .,vey Unit Inspector (print/sign) IUS L%'/ >WQ ,, L.
, _ .

I Date | 10/of3
I §

Survey Designer (print/sign) IDate Zo o3

ATTACHMSr,
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Saxton Nuclear Expe
,.-SAXTON NUCLEAR Facility Policy and I

rimental Corporation
Procedure Manual

Number

E900-IMP-4520.06
. II J'itle Revision No.

Survey Unit Inspection in Support of FSS Design 0

EXHIBIT 1

Survey Unit Inspection Check Sheet

.. . SECTION 1 - SURVEY UNIT INSPECTION DESCRIPTION
Survey Unit ;ur/evUnit-ccatior.

CV 2 --L7 Survy Uit ccaronj rL__ eZ E ~L 7
Date 4'/1 /o3 Time / Z Ir lnscen:rcn Team iMemcers

SECTION 2 - SURVEY UNIT INSPECTION SCOPE

!nscecncrc Recuiremre',s t C-.ec~k rne accrccriate 'es. Nc ans-wer jA

c' : urpev-s .!rrrr :.n- I_;i.r:cr t~i *e : y j'et ..~,,d .Ir .4.'; *',: *.

- -- .,* *.s4cn.* ercsrte -i

_____ r____ C___________ re n C% p. - -.-r-.

A re *r.z S..riev, siurn.:Ps ~;invie- *"' "%A :A!" :~.:r'~ ~r~-:

- Are -re survey surfaces free :j3:1 _-airf. .vnrc:n -as :'Pe :coentiai ,c t'e'c v:.

Have 'he Surface Measuremene -.s: Are35 S.~MTA, :eenie~c~e: ~ .rr ~1

Have ~'te Surface Measurement 'rest Ar-!as cS'1A *:ata ceei1 ::lecte'.- e'i' Exn:cii 'or s:'

10. Are !!he survey surfaces easily accessicie No '!ifinrc. -ac vi: c s *ee~:el ' zer'crrn ':-

1 1 Is lighting adeauate to cerforrn the FSST

12. Is the area incustriaily safe to perfcr. :1'.e F-S5- tE-aiuate :ctentia, 'ail & :rc -azarcs ::nfirea scaces 2c I-

1'. Have pnetcgrachs been taken snowing the ^veradt =crcaicn ^fhe area' V '

14. Have ail unsatisfaccr/ c=nCiticns ceen resolvec- v
I __ -~~~~~~~~~~~~~~~~~~~~

NOTE: If a 'No answer is obtained acove. :he nsoec:cr shcuid !Mmediate!v -_rrec: :he orcolem ,r :niziate :^rrec::ve a3cucrs !hrcugn the
responsible site depanment. as aoolicaole Dccument acicns taken anclorjust:fications n the '''mments secucr cebo.v Atcaca acc:ticnat
sheets as necessary.

Comments:

1-) 1Z,?,svwA4. 5 r~-,1k 94u j~wAc- m co- 4s" a

.~11v I Init Inenimmnrr fnrint/cia-inl -- et~ , 1. A.. J /IN. )IIl
.

flnate I W/14/i6 z I
_w. ir I"' - - .. % ..... -/ ! _ JVI.L 1 .I % I - _ ! ' 0 I I I 17 I
Survey Designer (print/sign) i 3 3 / 3 I Date I'/2/o3

AV ACHWEEW ...9
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SAXTON NUCLEAR
Saxton Nuclear Experimental Corporation

Facility Policy and Procedure Manual

Number

E900-IMP-4520.06
T'tle Revisbn No.

Survey Unit Inspection in Support of FSS Design O0

EXHIBIT 3

Surface Measurement Test Area (SMTA) Data Sheet

? I Fz, 2 r .... . ii . S . . .. .. *

SMTA Number SMTA - CJ) -27 i Survey Unit Number C \- 2. 7
SMTALocation C\ IV-tCQRtcz C-. 7J'?I
Survey Unit Inspector | |Date | ime | 125

i*.:'.SECTlON'2 .: CALIPER INFeRMATION & PERSONNEL INVOLV6D !,":

Caliper Manufacturer | /1\14,a~o Co21p, Caliper Model Number I C - CS
Caliper Serial Number 07 6 Co3 I Calibration Due Date (as applicable) t1O/o3

Rad Con Technician |,AW ,? I Date v4- Time

Survey Unit Inspector Approval D f.J~1LW. Date ljo 12t/
i ~i'l: i"ftX ^i.;8-":.SECTION 3 - MEAURENT RESULTS

SMTA Grid Map & Measurement Results in Units of mm C>rnmentt
(Insert Results in White Blocks Below) __________

- - - - - -~~~~~~Vzpc F04- -Njl jid,,7,7J.4.?W;! 1" S 13,;' ';; hi : .26 31 54

1wn..'I ttI~lji 20, ,o, '26 : 3 '2 ; ,> wC|C(
D.D oi o \ 0o 00 o, 05v1 fi- ut1'T.i n i n ~~~~~~~~~~ - 2;

am ~~~~~~ WO ,! N"i,r, '5l',2wi"',7 *' 33''

o'Q 0,1 0,0 0-4 ' 2*

00A O - 0 A 0 OL 04tq

I=7 1 A IV . 16 - 22i,; 29 354-.

0. Z' Z 2 0-\ 0.O

Average Measurement C mm

Additional Measurements Required

I ~ ~ ~~~IAh -i' 2- 24
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- 63?-° 6 0 7 jj Io 60

Number
imental Corporation
Procedure Manual E900-IMP-4520.06

*1 --

Revision No.

0

EXHIBIT 1

Survey Unit Inspection Check Sheet

.- .. .. _;1 I - A. -. - . A;, -" ..- , , z '. .e 4 .
1 - SURVEY UIIT INSPECTION DESCRIPTION: .;' . - .;, ' .... , , .. . *,Ada e , , ,, I, .. _. , i - ..'_

Survey Unit Location Ic 6\ . e0 -77- I
._

Inspection Team Members I 3:T ~Qsy_ A ---- --

..;''> !'.''N ECIO2 - -SURVEY UNIT.INSPECTION'scbPE '. ' ! .: ; .":
.~~~~~~ _ _

Inspection Requirements (Check the appropriate Yes/No answer.) Yes I No N/A

1. Have sufficient surveys (i.e.. post remediation. characterization. etc.) been obtained for the survey unit?

2. Do the surveys (from Question 1) demonstrate that the survey unit will most likely pass the FS? = -

3. Is the physical work (i.e.. remediation & housekeeping) in or around the survey unit complete?

4. Have all tools, non-permanent equipment, and material not needed to perform the FSS been removed?

5. Are the survey surfaces relatively free of loose debris (i.e., dirt, concrete dust, metal filings, etc.)?

Are the survey surfaces relatively free of liquids (i.e.. water, moisture, oil. etc.)?

7. Are the survey surfaces free of all paint, which has the potential to shield radiation? -

8. Have the Surface Measurement Test Areas (SMTA) been established? (Refer to Exhibit 2 for instructions.)

9. Have the Surface Measurement Test Areas (SMTA) data been collected? (Refer to Exhibit 2 for instructions.)

10. Are the survey surfaces easily accessible? (No scaffolding. high reach, etc. is needed to perform the FSS)

11. Is lighting adequate to perform the FSS?

12. Is the area industrially safe to perform the FSS? (Evaluate potential fall & trip hazards, confined spaces. etc.)

13. Have photographs been taken showing the overall condition of the area?

14. Have all unsatisfactory conditions been resolved?

NOTE: If a No answer is obtained above, the inspector should immediately correct the problem or initiate corrective actions through the
responsible site department, as applicable. Document actions taken andlor justifications in the Comments section below. Attach additional
sheets as necessary.

Comments:

I i

) <brvey Unit Inspector (print/sign) | Sh A SLvaj '_tA /L_

I Survey Designer(printlsign) I3 S 2 o:

-Ni-i A&W-c IV,
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Saxton Nuclear Experimental Corporation
I SAXTON NUCLEAR Facility Policy and Procedure Manual

Number

E900-IMP-4520.06
Ijtte Revision No.

Survey Unit Inspection in Support of FSS Design o

EXHIBIT 1

Survey Unit Inspection Check Sheet

SECTION 1 - SURVEY UNIT INSPECTION DESCRIPTION

Survev Unit ' LxJ2-2L Survey Unit Lccaticn \ 1N <EaLV2_ ( I 3( CL 7-7 A
Date Time /J30 Inscec:icr Team Memrcers __ jst L S,

SECTION 2 - SURVEY UNIT INSPECTION SCOPE

.nscec,';cn Reauwremrents .(:-ecx :t-e .acprccriazz --s =n: ~svwer

De '!e ;ur..evs -r.r" uest~cr :e-~szr-iv~ v-- *.6 'I s*

3 is Te :,vs,c~v .vcr~ i r e r *~n': r .:. .

4 Have ;0 :.i .nernanert ?:L~cr"C- 1..i:i-- .,.*..

- i~re rke s..rjev sur-:;cas r:. * ' : * ::i,

.. I C NJ,:~~~'.

kZW11

L71

V---'

Are u-e sur;e.v surfaces Iree -f ;:I zairr vric: -as '-e :c-e! !ia r.C ;re-c 7.:¢

_ Have :he Surface Measureme.- 7e5: Areas .53MaAi cee^ es:acisr :- : .- :..

. Have t:e Surface Measurement 7est Ar'as .s-TA t i cee!a Iee e- ^Er-:cn: -r rS:r :

10 Are Ihe suri,ev surfaces easily access;ie: No icarff.c:rc. nacn eai:l e-c s !ee'eC :ericrt ne -- _.

1 Is lignttin aceauate to cerform the FSS-

12. Is the area incustriatly safe tc perdcrn the F5S7 *Evaiuaie :ctentiz 'ailt 3. r:c niaz3r.s :onfir ea scaces '!!C

*3 Have phctcgraons teen taken-sncwing the overall ccnonitcn cf the area

14. Have ail unsatisfac or, concltions ^een rescivea*

NOTE: If a No answer is octaineo acove. :he nsoec:cr shculc Tmmeciate!v -:rrec: *t-e :rcolern or .niliace :_rrec::.e ac::cns *rrcugn :he
responsible site department. as aetlicacte Document ac:icns taken and/cr justificaticns in the ..nmments se-:icr ceew ai:acn acciticnal
sheets as necessary.

Comments, i

pL'0-rooD -To b-- )241O1rew_4 4'v~o soA'fVcT utj4J,
-~ ~C4-~VL4~t /

C I~~~~~~~~~~~~~~~~~~~Dt

Survey Designer (print/sign) " .3 * -izo ,c /, 2
- r, CA -ii AMP __ f___,2K2_
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SAXTON NUCLEAR I Saxton Nuclear Experimental Corporation
Facility Policy and Procedure Manual

Number

E900-IMP-4520.06
!' \ Title Revision No.

Survey Unit Inspection in Support of FSS Design 0

EXHIBIT 3

Surface Measurement Test Area (SMTA) Data Sheet

.~~ 4.4~ - sEctioN .'I "b .1P.*ON !.

SMTA Number SMTA - C\ 2 -z2' -I Survey Unit Number CT V z- la

SMTALocation CV %N-crz utoQ t lL 77''I

Survey Unit Inspector | Date Time I3 i

J;,2,;,l,, l ~SECTION'2 ,' CALIiPER INFORMATION & PERSONNEL INVOVD ;,.: ; -.;
.. i 1" ! . . . .. ... -.. . . ..~ . . - - .

Cali er M nufa ture /A r) I
Caliper Manufacturer tA4tJk (oR4 |op Caliper Model Number I CO-6( r )

Caliper Serial Number t7 & 3 '13 | Calibration Due Date (as applicable) , l )
Rad Con Technician Date j 1- Time

Survey Unit Inspector Approval Date j P 1l'33
, ' , j :; ~18i1;;i*.:: SECTION 3 -M bAiEMENT RESULTS . . -. .. -

SMTA Grid Map & Measurement Results in Units of mm i
(Insert Results in White Blocks Below) iornments

-S$t 49"Ii ,.. 26 31

..i 2 . t..&... j - . o A o '\ o .O I - v -t

§Fj'e! rpwii&^ ;j,,iPX '.27, ! .33,I

22'. 28 34
IM9 se0 ! - .l .; 't

i<4++g PJ*7.-1..7;i.' j "23 f 29. 35!

-D 0A O.A jl/p\ #
W ~ k :{{a~f18;.5.'9;}..,24 z : %.'30,..-. * 6t

0A 0 ~ -\ 0-10 o.

Average Measurement n-. mm

Additional Measurements Required

I -- a , 2-M��
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Site Report

-7,0 4, 106

Site Summary

Site Name: Remaining CV Shell Surveys

Planner(s): BHB

Contaminant Summary
NOTE: Surface soil DCGLw units are pCVg.

Building surface DCGLw units are dprnJI00 cm2.

Screening
Contaminant Type DCGLw Value Used? Area (m2) Area Factor

Gross Activity Building Surface 2,100 No 36 1
25
16
9
4
1

1.2
1.5
2

3.4
10.1

COMPASS v1.0.0 M81152003

ATTACHMENT-1 °0 I5

Page I
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-71 '4- l(,.

Building Surface Survey Plan

Survey Plan Summary

Site:

Planner(s):

Survey Unit Name:

Comments:

Area (M2):

Selected Test:

DCGL (cpm):

LBGR (cpm):

Alpha:

Beta:

Prospective Pow

Remaining CV Shell Surveys

BHB

CV1 -1 Survey Unit - Near CV Cutoff

100

WRS

397

335

0.050

0.100

Classification:

Estimated Sigma (cpm):

Sample Size (N/2):

Estimated Conc. (cpm):

Estimated Power

EMC Sample Size (N):

1

21.5

8

13.6

1.00

8

ver Curve

_ 1

- 09

_ 0.8

: 0.6

0.5

_ 0.4

As 0.3;~ 0.4
.-

02

U 0.1

1% O

I r%
-A- .. I %N I

I I
- I I

I
I I I i I

I
I. ! I

. I 4
I

. ff I

I

. i

I
0 SO 100 150 200 250

Net Beta (cpm)

- DCGL

K lbeta

300 350 400 450

- Power
- LBGR

- - EstDnated Power

COMPASS v1.0.0 8 19 o1 003

A17ACHMENT-C H0M .

Page 1



6q6- 63;ozo -7Z 4- 106

Building Surface Survey Plan

Contaminant Summary

DCGLw
Contaminant (dpm100 cm')
Gross Activity 2,100

Beta Instrumentation Summary
Gross Beta DCGLw (dpm/100 cm):
Total Efficiency:
Gross Beta DCGLw (cpm):

2.100
0.15
397

ID Type Mode Area (cm")
3 GFPC Beta 126

Contaminant Energy' FracUon2 Inst. Eff. Surf. Eff. Total Eff.
Gross Activity 187.87 1.0000 0.48 0.31 0.1488

Average beta energy (keV) [N/A indicates alpha emission]
2 Activity fraction

Gross Survey Unit Mean (cpm): 215 * 22 (1-sigma)
Count Time (min): 1

Number of Average Standard MDC
Material BKG Counts (cpm) Deviation (cpm) (dpm/100 cm2)

Steel 37 200.9 17.7 365

COMPASS v1.0.0 811912003 Page 2

ATTACHMENTb!.-
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Building Surface Survey Plan

Survey Plan Summary

Site:

Planner(s):

Survey Unit Name:

Comments:

Area (m2 ):

Selected Test:

DCGL (cpm):

LBGR (cpm):

Alpha:

Beta:

Remaining CV Shell Surveys

BHB

CV2-24 Upper Two Short Rings

Assumes variability & other parameters of CV1-1

34 Classification:

WRS Estimated Sigma (cpm):

397 Sample Size (N/2):

335 Estimated Conc. (cpm):

0.050 Estimated Power:

0.100 EMC Sample Size (N):

1

21.5

8

13.6

1.00

8

\~J Prospective Power Curve

y 1

Zte 09
Op.

0.8
C
- 0.7

_ 0.6

* 0.5

iQ 0.4

; 03

-02

Z 0.1
O

I I I l I I \

IT II . . I1
0 . I II - -1 - I -_1 1__I

:=-=__-_____

- -_ ___ - _

. aI - _ _

I - ___ ___ -I - - - -

0 so 100 150 200 250

Net Beta (cpm)

- DCGL
* l-beta

300 350 400 4S0

- Power

- LBGR

- - Estimated Power

COMPASS v1.0.0 8/1912003 Page 1
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IL-J Building Surface Survey Plan

Contaminant Summary

Contaminant
Gross Activity

Beta Instrumentation Summary

DCGLw
(dpml100 cm')

2,100
-

._ _

Gross Beta DCGLw (dpm/100 cm'): '
Total Efficiency:
Gross Beta DCGLw (cpm):

2,100
0.15
397

ID Type
3 GFPC

Mode
Beta

Area (cm")
126

Surf. Eff. Total Eff.
0.31 0.1482

Contaminant
Gross Activity

Energy'
187.87

Fraction'
1.0000

Inst. Eff.
0.48

' Average beta energy (keV) [N/A indicates alpha emission]
2Activity fraction

Gross Survey Unit Mean (cpm): 215 * 22 (1-sigma)
Count Time (min): I

Material
Steel

Number of
BKG Counts

37

Average
(cpm)
200.9

Standard
Deviation (cpm)

17.7

MDC
(dpml1 00 cm')

365
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Building Surface Survey Plan

Survey Plan Summary

Site:

Planner(s):

Survey Unit Name:

Comments:

Area (M2 ):

Selected Test:

DCGL (cpm):

LBGR (cpm):

Alpha:

Beta:

Remaining CV Shell Surveys

BHB

CV1-2 Survey Unit

2nd SU Down

100

WRS

397

340

0.050

0.100

Classification:

Estimated Sigma (cpm):

Sample Size (N/2):

Estimated Conc. (cpm):

Estimated Power:

EMC Sample Size (N):

1

19.3

8

-5.5

1.00

8

KJ Prospective Power Curve

S

2

A.

r-

C

E

r-

-S0 0 so 100 iS0 200 250
Net Beta (cpm)

- Power - DCGL
- LBGR * 1-beta

300 350 400 450

- - Estimated Power
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MY Building Surface Survey Plan

Contaminant Summary

Contaminant
Gross Activity

DCGLw
(dpm/I 00 cm')

2,100

Beta Instrumentation Summary
Gross Beta DCGLw (dpm/100 cm2):
Total Efficiency:
Gross Beta DCGLw (cpm):

2,100
0.15
397

ID Type ____ Mode Area (cm')
3 GFPC Beta 126

Contaminant Energy' Fraction' Inst. Eff. Surf. Eff. Total Eff.
Gross Activity 187.87 1.0000 0.48 0.31 0.1482

' Average beta energy (keV) [N/A indicates alpha emission]
2 Activity fraction

Gross Survey Unit Mean (cpm): 170 t 19 (1-sigma)
Count Time (min): 1

Number of Average Standard MDC
Material BKG Counts (cpm) Deviation (cpm) (dpm/100 cm2)
Steel 2 37 175.9 17.7 342

COMPASS v1.0.0 5/19/2003 Page 2
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0 Building Surface Survey Plan

Survey Plan Summary

Site:

Planner(s):

Survey Unit Name:

Comments:

Area (m2):

Selected Test:

DCGL (cpm):

LBGR (cpm):

Alpha:

Beta:

Remaining CV Shell Surveys

BHB

CV2-25

Support Ring in CV1-2 Area

68

WRS

397

340

0.050

0.100

Classification:

Estimated Sigma (cpm):

Sample Size (N/2):

Estimated Conc. (cpm):

Estimated Power:

EMC Sample Size (N):

1

19.3

8

-5.5

1.00

8

Prospective Power Curve

co

W.

14

D-

P

C

V.

5~

-I- -

nol I I I I TITl
n~ln I I T I T

At1 P 1 1 18
v_, I It

MI I I IT IU
- ~ . . . 11 I

- i I

-ea-

-so 0 S0 100 150 200 250
Net Beta (cpm)

!r - DCGL

S 1 -beta

300 350 400 450

- Powe

- LBGR
- - Estimated Power
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Building Surface Survey Plan

Contaminant Summary

Contaminant
Gross Activity

DCGLw
(dpm/100 cm')

2,100

Beta Instrumentation Summary

Gross Beta DCGLw (dpm/100 cm2):
Total Efficiency:
Gross Beta DCGLw (cpm):

2,100
0.15
397

ID Type Mode Area (cm')
3 GFPC Beta 126

Contaminant Energy' Fraction' Inst. Eff. Surf. Eff. Total Eff.
Gross Activity 187.87 1.0000 0.48 0.31 0.1482

1Average beta energy (keV) [N/A indicates alpha emission]
'Activity fraction

Gross Survey Unit Mean (cpm): 170 ± 19 (1-sigma)
Count Time (min): 1

Number of Average Standard MDC
Material BKG Counts (cpm) Deviation (cpm) (dpml100 cm')
Steel 2 37 175.9 17.7 342

COMPASS v1.0.0 8/1912003 Page 2
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~i~) Building Surface Survey Plan

Survey Plan Summary

Site:

Planner(s):

Survey Unit Name:

Comments:

Area (m2 ):

Selected Test:

DCGL (cpm):

LBGR (cpm):

Alpha:

Beta:

Remaining CV Shell Surveys

BHB

CVI-3 Survey Unit

Third Major SU Down from Top

91

WRS

397

345

0.050

0.100

Classification:

Estimated Sigma (cpm):

Sample Size (Nl2):

Estimated Conc. (cpm):

Estimated Power:

EMC Sample Size (N):

1

17.7

8

2

1.00

8

Prospective Power Curve

o09. - - I

0.8*=c. ___

>0.7 -

0c .6_ _=_

c, 0.5 _ _ =_

c0.4 _ _ _-

03

e:,0.2

60.1 - __

0 50 100 150 200 250

Net Beta (cpm)

- Power - DCGL
LBGR * I-beta

300 350 400 450

- ~ Estimated Power
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Building Surface Survey Plan

Contaminant Summary

Contaminant
Gross Activity

DCGLw
(dpml100 cm')

2,100

Beta Instrumentation Summary
Gross Beta DCGLw (dpml100 cm2):
Total Efficiency:
Gross Beta DCGLw (cpm):

ID Type
3 GFPC

2,100
0.15
397

_ _ .

Mode __ _ Area (cm')
Beta 126

Contaminant Energy' Fraction2 Inst. Eff. Surf. Eff. Total Eff.
Gross Activity 187.87 1.0000 0.48 0.31 0.1482

Average beta energy (keV) [N/A indicates alpha emission]
2 Activity fraction

Gross Survey Unit Mean (cpm): 141 ± 16 (1-sigma)
Count Time (min): 1

Number of Average Standard MDC
Material BKG Counts (cpm) Deviation (cpm) (dpmI1OO cm2)
Steel3 37 138.9 17.7 306
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0 Building Surface Survey Plan

Survey Plan Summary

Site:

Planner(s):

Survey Unit Name:

Comments:

Area (m2):

Selected Test:

DCGL (cpm):

LBGR (cpm):

Alpha:

Beta:

Remaining CV Shell Surveys

BHB

CV2-26

CV2-26 in CV1-3 Area

68

WRS

397

345

0.050

0.100

Classification:

Estimated Sigma (cpm):

Sample Size (N12):

Estimated Conc. (cpm):

Estimated Power:

EMC Sample Size (N):

1

17.7

8

2

1.00

8

Prospective Power Curve

_ 1

I 09

c 0.8

- 0.7

t 0.6

0.5

_ 0.4

* 0.3

60.2

D 0.1

O

A
I %

t
i

I
I I

I

I
i
I
I
k

-- i

I I I i I i I

0 50 100 150 200 250 300

Net Beta (cpu)

-DCGL M M

- * -beta

350 400 450

- Power

- LBGR
Estimated Power
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Building Surface Survey Plan

Contaminant Summary

Contaminant
Gross Activity

DCGLw
(dpm/100 cm')

2,100

Beta Instrumentation Summary

Gross Beta DCGLw (dpm/100 cm2):
Total Efficiency:
Gross Beta DCGLw (cpm):

2,100
0.15
397

IC Tvoe Mode Area (cm')
126GFPC Beta

Contaminant Energy' Fraction' Inst Eff. Surf. Eff. Total Eff.
Gross Activity 187.87 1.0000 0.48 0.31 0.1482

Average beta energy (keV) [NIA indicates alpha emission]
'Activity fraction

Gross Survey Unit Mean (cpm): 141 ± 16 (1-sigma)
Count Time (min): 1

Number of Average Standard MDC
Material BKG Counts (cpm) Deviation (cpm) (dpm/100 cm')
Steel 3 37 138.9 17.7 306

COMPASS vl.O.0 8/1912003 Page 2
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@ Building Surface Survey Plan

Survey Plan Summary

Site:

Planner(s):

Survey Unit Name:

Comments:

Area (m2):

Selected Test:

DCGL (cpm):

LBGR (cpm):

Alpha:

Beta:

Remaining CV Shell Surveys

BHB

CV1-4 Survey Unit

Last Major Survey Unit

95

WRS

397

345

0.050

0.100

Classification:

Estimated Sigma (cpm):

Sample Size (N/2):

Estimated Conc. (cpm):

Estimated Power:

EMC Sample Size (N):

1

17.7

8

-3.2

1.00

8

Prospective Power Curve

,

-a

I-

P-

P
:

5

a _ I -i 1-1--

__5 =-_ . k-6:8- I=. A I

__-=-_-_4_-H =

el_ -=-

I- =-I _ __

SO 0 SO 100 150 200 250
Net Beta (cpm)

- DCGL
* 1-beta

300 3s0 400 450

- Power

- LBGR

- - Estimated Power
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I-- Building Surface Survey Plan

Contaminant Summary

Contaminant
Gross Activity

DCGLw
(dpmr/100 cm2)

2,100
_ .

Beta Instrumentation Summary
Gross Beta DCGLw (dpm/100 cm'):
Total Efficiency:
Gross Beta DCGLw (cpm):

2,100
0.15
397

ID Type
3 GFPC

Mode
Beta

_Area (cm')
126

Contaminant Energy' Fraction' Inst Eff. Surf. Eff. Total Eff.
Gross Activity 187.87 1.0000 0.48 0.31 0.1482

1 Average beta energy (keV) [N/A indicates alpha emission)
2 Activity fraction

Gross Survey Unit Mean (cpm): 163 ± 13 (1-sigma)
Count Time (min): 1

Number of Average Standard MDC
Material BKG Counts (cpm) Deviation (cpm) (dpm]100 cm')
Steel 4 37 165.9 17.7 333

COMPASS vl.0.0 8/1912003 Page 2~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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4 Building Surface Survey Plan

Survey Plan Summary

Site:

Planner(s):

Survey Unit Name:

Comments:

Area (M2):

Selected Test:

DCGL (cpm):

LBGR (cpm):

Alpha:

Beta:

Remaining CV Shell Surveys

BHB

CV2-27,i~Q 10

Corrected Report - SU in CV1-4 Area

68 Classification:

WRS Estimated Sigma (cpm):

397 Sample Size (N/2):

345 Estimated Conc. (cpm):

0.050 Estimated Power:

0.100 EMC Sample Size (N):

1

17.7

8

-3.2

1.00

8

Prospective Power Curve

S2
ut

N
W.

A.

r-

c

5-

D;! _- a I T I tl A I

_ aIT I T 11
v I .1 I

___ I T | } rH _~~~~~~~~~~~~I

-4-…1

_4. 1
Ie I

-64… _-

- -_ _

-64--I ----

SO 0 50 100 150 200 250
Net Beta (cpm)

- DCGL
* 1-beta

300 350 400 450

- Power

- LBGR

- - Estimated Power
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Blg f-e3-e Plan

Building Surface Survey Plan

Contaminant Summary

DCGLw
Contaminant (dpm/100 cm2)
Gross Activity 2.100

Beta Instrumentation Summary

Gross Beta DCGLw (dpm/100 cm2):
Total Efficiency,
Gross Beta DCGLw (cpm):

2.100
0.15
397

ID Type Mode Area (cm')
3 GFPC Beta 126

Contaminant Energy' Fraction2 Inst. Eff. Surf. Eff. Total Eff.
Gross Activity 187.87 1.0000 0.48 0.31 0.1482

1 Average beta energy (keV) [N/A indicates alpha emission]
Activity fraction

Gross Survey Unit Mean (cpm): 163 t 13 (1-sigma)
Count Time (min): 1

Number of Average Standard MDC
Material BKG Counts (cpm) Deviation (cpm) (dpml100 cm2)
Steel 4 37 165.9 17.7 333

COMPASS v1.0.0 811912003 Page 2
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Building Surface Survey Plan

Survey Plan Summary

Site:

Planner(s):

Survey Unit Name:

Comments:

Area (M2 ):

Selected Test:

DCGL (cpm):

LBGR (cpm):

Alpha:

Beta:

Remaining CV Shell Surveys

BHB

CV2-28

SU in CV1-4 Area - Last Ring Down in SA

68 Classification:

WRS Estimated Sigma (cpm):

397 Sample Size (N/2):

345 Estimated Conc. (cpm):

0.050 Estimated Power:

0.100 EMC Sample Size (N):

1

17.7

8

-3.2

1.00

8

Prospective Power Curve

V.I -

M

W.. -

r-50

0 SO 100 150 200 250
Net Beta (cpm)

- Power - DCGL

- LBGR a I-beta

300 350 400 450

- - Estimated Power
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Building Surface Survey Plan

Contaminant Summary

Contaminant
Gross Activity

DCGLw
(dpml100 cm')

2,100

Beta Instrumentation Summary
Gross Beta DCGLw (dpm/100 cm2):
Total Efficiency:
Gross Beta DCGLw (cpm):

2,100
0.15
397

ID Type
GFPC

Mode
Beta

Area (cm')

126

Surf. Eff. Total Eff.
0.31 0.1482

Contaminant
Gross Activity

Energy'
187.87

Fraction 2

1.0000

Inst. Eff.
0.48

Average beta energy (keV) [N/A indicates alpha emission]
2 Activity fraction

Gross Survey Unit Mean (cpm): 163 t 13 (1-sigma)
Count Time (min): I

Material
Steel 4

Number of
BKG Counts

37

Average
(cpm)
165.9

Standard MDC
Deviation (cpm) (dpm/100 cm')

17.7 333

COMPASS v1.0.0 811912003 Page 2
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CV Shell Survey Unit- CV1-1
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CV Shell Survey Unit - CVI-2
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CV Shell Survey Unit - CV1-3

E3 E4 E5 El E2 E3

. ___ 1 12 _7 ; +12 . 13 *14

,,. D4 D5 DI D2 D3

4
C6

ATTACHMCHME



C, C

CV Shell Surveu Unit - CV1-4
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CV Shell Support Ring m CV2-24
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CV Shell Support Ring - CV2-25
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CV Shell Support Ring - CV2-26
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CV Shell Support Ring - CV2-27
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CV Shell Support Ring - CV2-28
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i a r.1. SNEC CALCULATION COVER SHEET
CALCULATION DESCRIPTION

.alculation Number

E900-03-021

Revision Number

0

Effective Dte Page Number

, Xi e0 3, I of ' 2

Subject

CV Dome Exterior Below Grade Survey Design

Question 1 - Is this calculation defined as 'in QA Scope"? Refer to definition 3.5. Yes Z No a

Question 2 - Is this calculation defined as a 'Design Calculation-? Refer to definitions 3.2 and 3.3. Yes 0 No El

Question 3 - Does the calculation have the potential to affect an SSC as described in the USAR? Yes J No 0
NOTES: If a "Yes answer is obtained for Question 1, the calculation must meet the requirements of the SNEC Facility Decommissioning Quality
Assurance Plan. If a "Yes' answer is obtained for Question 2, the Calculation Originators immediate supervisor should not review the
calculation as the Technical Reviewer. If a 'YES' answer is obtained for Question 3, SNEC Management approval is required to implement the
calculation. Calculations that do not have the potential to affect SSC's may be implemented by the TR.

DESCRIPTION OF REVISION

APPROVAL SIGNATURES

I
.

Additional Review

dditional Review

| SNEC Management Approval



I ?__ SNEC CALCULATION SHEET J
Calculation Number Revision Number Page Number

E90003021 0 Page 2 of.2£.
1 ubject

fCv Dome Exterior Below Grade Survey Design

1.0 PURPOSE

1.1 The purpose of this calculation is to develop a survey design for three (3) survey units. Two
(2) of these survey units will be treated as Class 1 survey units. The third will be treated as
a Class 2 survey unit. These survey units are sections of the exterior CV shell wall that
extend from about the 804' El down to about the 796' El, and along the circumference of
the CV building approximately 280 degrees. Each of these survey units have been
aggressively decontaminated by SNEC personnel using methods described in Section 4.7
of this calculation. One (1) survey unit is part of CV6 which was previously surveyed in
order to allow attachment of the exterior ring support assembly (see FirstEnergy/GPU
Calculation No.'s 6900-02-013, Reference 3.1). The re-surveyed section of CV6 will be
designated CV6-1. All of these survey units are shown collectively on Attachment 1-1 and
1-2.

1.2 The total combined area for all 3 survey units is -46.4 square meters. A short description
of each survey unit is included below.

1.2.1 Survey unit designation CV4-1, is - 7.17 square meters and extends upward from
the top edge of the installed support ring assembly to about the 804' El. This survey
unit will be surveyed lAW Class 1 survey criteria.

1.2.2 Survey unit designation CV6-1, is composed of the center portion of the CV6 survey
unit, and is - 22.94 square meters. This survey unit will be re-surveyed lAW Class
1 survey criteria.

1.2.3 Survey unit designation CV5, is - 16.32 square meters and extends down from the
bottom of the support ring assembly to about the 796' El. This survey unit will be
surveyed lAW Class 2 survey criteria.

2.0 SUMMARY OF RESULTS

2.1 The following information should be used to develop a survey request for this survey
design:

2.1.1 The number of required static measurement points indicated for each survey unit by
Compass is listed below. However, VSP adds additional points in cases where the
diagram is odd shaped (edge effect) and/or because of the location of the random
starting point. Additionally, the bounded area dictates survey point spacing which
may also influence the number of survey points located on the diagrams. For this
design, the minimum number of static survey points per survey unit is 8 (see
Attachment 2-1 to 2-8).

-2.1.2 The starting point (0, 0) for physically locating each survey point is shown on the
attachments (see Attachment 3-1 to 3-3). Check the indicated attachment for the
correct location as some starting points must occasionally be adjusted for odd
shaped areas.

2.1.3 The scan speed is set at 2.2 cm/sec. Scan coverage is set at 100% for Class I
areas, and at least 50%/6 of the Class 2 area. The location of the Class 2 scanned
area must be documented. Note that scanning downward 10" below the lower beam

'v. ,, will yield at least 50% coverage for this area audgmental/systematic).
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2.1.4 If a net count rate of greater than 2300 cpm is encountered in the Class 2 survei
unit (CV5), stop and report this information to the SR coordinator. Note that a Class
2 survey unit should not show greater than the DCGLw value at any location.

2.1.5 This survey design requires the detector be in contact with the surface during all
measurement phases except in areas where this is not physically possible (debits,
etc.).

2.1.6 Static measurement points are to be clearly marked/identified in each survey unit.
2.1.7 Scanning efforts shall be based on audible speaker output levels. Earphones are

recommended.
2.1.8 The DCGLw is 8,000 dpm/100 cm2 or 2300 com above background for a static

measurement.
2.1.9 The action level during first phase scanning is 1000 cpm above background. If this

level is reached, the surveyor should stop and perform a count of at least 1/2
minute duration to identify the actual count rate.
NOTE: Static and Scan MDC values are listed in the tables in Section 4.14 and 4.15.

2.1.10 Areas greater than the DCGLw (2300 ncpm) must be identified, documented.
marked, and bounded to include an area estimate (Class I only).

2.1.11 If remediation actions are taken as a result of this survey, this survey design must be
revised or re-written entirely.

2.1.12 When an obstruction is encountered during the static measurement phase that will
not allow placement of a static survey point, contact the cognizant SR coordinator for
permission to delete the survey point. Document the reason for the deletion. Note
that at least two (2) survey points in any of these survey units, may be deleted
without reducing survey design effectiveness.

2.1.13 A smear survey shall be performed in each survey unit at static measurement point
locations. These smears shall be obtained after static measurements are acquired.
Smears shall be assayed for beta/gamma and alpha contamination. Report results in
net counts per minute. A composite gamma scan of each survey units smear
grouping shall also be performed and reported.

2.1.14 A gas flow proportional counter (GFPC) shall be used in the beta detection mode for
this survey work (Ludlum 2350-1 with a 43-68B probe).

2.1.15 Other instruments of the type specified in 2.1.14 above may be used durin,
the FSS but they must demonstrate an efficiency at or above the value listed in
Attachment 4-1 (23.9%).
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3.0 REFERENCES

3.1 SNEC Calculation No. 6900-02-013, Exterior CV Weld Area Survey Plan.

3.2 Plan SNEC Facility License Termination Plan.

3.3 Compass Computer Program, Version 1.0.0, Oak Ridge Institute for Science and
Education.

3.4 Visual Sample Plan, Version 2.0 (or greater), Copyright 2002, Battelle Memorial Institute.

3.5 SNEC Procedure E900-IMP-4500.59, "Final Site Survey Planning and DQA".

3.6 Westinghouse Electric Corporation, Gilbert Associates, Inc., Drawing No. D-37798, Saxton
Reactor Project, uContainment Vessel Penetration Access", 7/21160.

3.7 GPU Nuclear, SNEC Facility, "Containment Vessel Survey", SNECRM-019, Rev 1, 1/18/02.

3.8 Ryerson Structural Products Handbook, Joseph T. Ryerson & Son, Inc., 1972.

3.9 SNEC procedure E900-IMP-4520.04, "Survey Methodology to Support SNEC License
Termination".

3.10 SNEC procedure E900-IMP-4520.06, 'Survey Unit Inspection in Support of FSS Design".

3.11 NUREG-1575, "Multi-Agency Radiation Survey and Site Investigation Manual", August,
2000.

3.12 Microsoft Excel 97, Microsoft Corporation Inc., SR-2, 1985-1997.

3.13 ISO 7503-1, Evaluation of Surface Contamination, Part 1: Beta-emitters (maximum beta
energy greater than 0.15 MeV) and alpha-emitters, 1988.

3.14 SNEC Calculation No. E900-03-012, Effective DCGL Worksheet Verification.

3.15 SNEC Calculation No. 6900-02-028, GFPC Instrument Efficiency Loss Study.

4.0 ASSUMPTIONS AND BASIC DATA

4.1 A gas flow proportional counter (GFPC) will be used in the beta detection mode as the
survey instrument (a Ludlum 2350-1 with a 43-68B probe).

4.2 The Compass computer program is used to develop the number of fixed point
measurement locations to be taken within each Class 1 and Class 2 survey unit (Reference
3.3)

4.3 The WRS statistical testing criteria will be applicable for this survey design.

4.4 The number of points chosen by Compass are located on survey maps for each survey unit
by the Visual Sample Plan (VSP) computer code (Reference 3.4).

4.5 VSP is used to plot random and random start systematically spaced fixed point survey
locations on diagrams used in the field by survey personnel. The coordinates of the survey
points are provided for each survey unit. Because of edge effects and a desire to error on
the conservative side, additional measurement points have been forced either by increasing
the MARSSIM overage above the required 20%, or by extending the systematically spaced
static point placements over the entire length of the survey unit.
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4.6 Reference 3.5 was used as guidance during the survey design development phase.

The construction/assembly drawings used to determine the physical extent of these areas
are listed as Reference 3.6 and 3.7.

4.7 Remediation History

Remediation of the SNEC CV began with gross decontamination and equipment removal
e.g., piping, the steam generator, the pressurizer and the reactor vessel (fall of 1998).
Extensive attempts at clean-up of the internal concrete structure indicated that the concrete
had to be removed from the facility. In order to accomplish this, ground water abatement
around the exterior of the CV was necessary and established. By the fall of 2002 the SNEC
CV internal concrete structure was removed in total. With the concrete removed, several
external and internal stiffener rings were required to maintain structural integrity. These
assemblies were welded to the steel shell to add rigidity and produce a safe working
environment for remediation crews and survey personnel.

The internal surface of the CV steel shell (below about the 804' El) was cleaned to remove
radiological contamination, paint, residual concrete dirt and weld and surface scale. Original
weld areas between the sections of steel plate that make up the steel shell were vigorously
decontaminated along with apparent surface defects (dents, etc.). Remediation efforts of
the CV exterior steel surface included combinations of the following techniques:

* surface grinding
* surface scraping
* wipe-downs

Past survey experience with respect to the CV shell exterior surface (below grade),
indicated very little surface contamination existed except at elevations where systems
piping penetrated the building (well above the elevations of these survey units). This meant
that almost no remediation was necessary in these survey units. However, the exterior
below grade surface was covered with a tar like material as a rust protection. Surface
cleaning of the area was necessary to remove this material and prepare the surface for
survey work. The tar like material was scraped and/or ground off leaving a shiny steel
surface.

4.8 This survey design uses an effective gross activity DCGLw value developed from analysis
of the following SNEC samples of soil, sediment and surface scrapings taken at various
elevations below grade (-811' El) down to about the 798' El:

* SX9SLOO341 - CV Yard soil in grid AY-128 (F-7) adjacent to the CV.

* CV Tunnel composite materials - sediment collected from within the CV Tunnel
adjacent to the CV. The inside wall of the CV Tunnel was the SNEC CV steel shell.

* SXSLI281 - CV Yard soil in grid AX-1 28 (E-7) adjacent to the CV.

* SX1531, 1532 and 1533 - CV shell scrapings of tar below grade.

* SX1552 and 1553 - CV shell scrapings of tar below grade.

* SXSL1 122 CV Yard soil in grid AY-129 (F-8) adjacent to the CV, and

* SXSL1 130 CV Yard soil in grid AX-1 29 (E-8) adjacent to the CV.

I
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In all, about twenty five sample results were reviewed to determine the best representative
sample group for the below grade portion of the SNEC CV shell. This list was reduced to
the seven samples listed above (see Attachment 5-1).

The SNEC License Termination Plan (LTP) (Reference 3.2) allows the use of a 2 sigma
plus the mean treatment when combining multiple sample results to form an effective
concentration mix. This approach was used to determine the effective DCGLw for the
SNEC CV exterior shell area based on the seven samples listed previously. However, it
should be noted that the CV Tunnel composite sample is thought to be the most
representative sample in the mix because of its proximity to the CV steel shell. Additionally,
the CV Tunnel composite sediment sample exhibited detectable levels of typical SNEC site
radionuclides, whereas most other sample results did not exhibit greater than MDA values
for these same radionuclides.

Four (4) radionuclides were not considered since there was no positive values in any
sample result for these nuclides (Pu-241, C-14, Ni-63 and Eu-152). All samples were
decayed to 9/13/03 before they were combined as a single representative concentration
(see Attachment 5-1).

The decayed "2 sigma plus the mean' sample result were used as input to the spreadsheet
titled "Effective DCGL Calculator for Cs-137" (Reference 3-14), to determine the effective
DCGL value for the CV (below grade) exterior steel shell. This spreadsheet calculates a
gross activity DCGLw value of 15,131 dpm/100 cm2 (see Attachment 6-1). A further
correction to the gross activity DCGLw is necessary to address de-listed radionuclides and
to correct for activated steel from the SNEC CV. These correction factors are reported in
the SNEC LTP (Chapter 6- Reference 3.2). In addition, the SNEC facility has instituted an
administrative limit of 75% of the allowable dose for the area. The de-listed radionuclide
dose is accounted for within the 75% administrative limit, but the activated steel dose
correction is not. Therefore, the 15,131 dpm/100 cm2 gross activity DCGLw is lowered by
the fraction (25 mrem/y-7.2 mrem/y)/25 mrem/y, which results in 10,773 dpm/100 cm2 as
the effective limit. The 75% administrative limit is then applied as follows: 0.75 x 10,773
dpm/100 cm2 = 8080 dpm/100 cm2. This value is rounded to 8000 dpm/l100 cm2.

4.9 Cs-1 37 and H-3 account for the majority of radionuclides in the modified sample result.

* The SNEC modified sample is (96.6% Cs-137 + 2.5% H-3) = 99.1%.

H-3 provides no additional counting efficiency for this survey design. Cs-137 provides the
only reasonably detectable radionuclide in this mix. Cs-137's detection efficiency has been
checked by SNEC personnel using ISO standard 7503-1 methodology (Reference 3.13).
The SNEC facility uses only the lowest reported efficiency for any of the instruments
available for the survey work as input to the survey design process. Attachment 4-1
indicates an instrument efficiency of 0.478. The ISO value of 0.5 is used as the source
efficiency. The instrument S/N used to determine this value is 126218 and the probe S/N is
95080.

Other instruments may be used during the FSS but theV must demonstrate an
efficiency at or above 0.478 for the instrument efficienci.

4.10 The current version of Compass (version 1.0) does not perform correctly when using the
gross activity option. Therefore, an alternative will be implemented for this survey design.
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The alternative approach involves several small changes that will not negatively impact the
survey design process. These changes are:

4.10.1 For this survey design, the effective efficiency will be calculated using the following:

* = 0.478

* = [0.5 (ISO for Cs-137 energy betas)] x [the fraction of Cs-137 in the source
area, which would be 1 for the Cs-1 37 calibration source or 0.966 for Cs-1 37 in
the exterior CV survey units] x [any surface condition correction factor that
impacts efficiency e.g., the impact from an increase in the average distance
between the detector and source caused by a rough surface].

4.10.2 A radionuclide will be created in the library of Compass called 'Gross Activity". This
radionuclide will have the same nuclear parameters as Cs-137 (half-life, decay time,
etc.). The effect will be (when called up) that "Gross Activity' will replace Cs-137 on
the print-out from the Compass program (an administrative impact only).

4.10.3 Only 'Gross Activity" will be used in the Compass program for this survey design.
However, the Area Factors (AF) input to Compass will be for Co-60, which is the
more conservative of all the AF values for radionuclides present in the mix. Note that
Co-60 AF values are very close to Cs-137 AF values so there is little additional
impact from using Co-60 area factors.

t 4.11 The detectors physical probe area is 126 cm2, and the instrument is calibrated to the same
source area for Cs-1 37. The gross activity DCGLw is taken to be 8000 dpm/100 cm2 x (126
cm2 physical probe area/100 cm2) = 10,080 x (0.966 disintegrations Cs-137/disintegrations
in mix) x ci (0.478) x cs (0.5) which yields -2327 net cpm above background which is then
rounded to 2300 ncpm (Compass calculates 2318 as the gross beta DCGLw). The 0.23
count per disintegration counting efficiency considers only the Cs-137 contaminant present
in the sample material matrix, and is calculated by: Es (0.478) x e, (0.5) x 0.966
disintegrations Cs-137/total disintegrations in mix = 0.23 cts/gamma.

4.12 No corrections for backscatter are made for the steel surfaces. Therefore, the source term
will be overestimated in all areas where there is no loss in efficiency due to surface defects.
Since all areas of the CV shell were rigorously cleaned using the same technique(s), it is
assumed that areas having any surface defects (dents, weld buildup, etc.), are well
represented by adjacent areas that do not have significant surface defects. Defect areas
represent an extremely small fraction of the total surface area of these survey units.
Therefore no additional efficiency correction factors will be applied for this survey design.

4.13 The survey units on the exterior CV shell surface are below grade. Since below grade
ambient background radiation levels (shielded measurements) are typically lower than
grade level background levels, the Williamsburg background unshielded steel survey data
will be adjusted downward to estimate this effect. To accomplish this, the shielded
measurement data mean from the CV exterior is subtracted from the shielded Williamsburg
mean value. The difference is assumed to be the result of differences in elevation between
the two sites. This difference is then subtracted from the mean open window mean
Williamsburg result as an estimate of the real steel open window background level.
Attachment 7-1 and 7-2 presents these data sets.

Attachment 7-1, is the adjusted Williamsburg background data.



4.14 The static beta-gamma MDC calculation result for these three survey units are as shown in
Attachments 2-1 through 2-8. The results are summarized below for a 1 minute count time
and show an adequate static MDC for this survey work.

Survey Units Estimated Background (cts/min) I MDCSTAnc (dpm/100 cm')
I CV4-1, CV6-1 & CV5 | 170 (corrected WB data) I Compass = 226

4.15 The scan MDC calculation is determined based on a 2.2 cm/sec scan rate, a 1.38 index of
sensitivity (95% correct detection probability and 60% false positive), 0.23
counts/disintegration and a 126 cm2 probe area. Compass calculates a value of -441
dpm/100 cm2 but does not use the 126 cm2 probe correction factor in the equation.

Since the scan MDC is less than the gross activity DCGLw for every survey unit, there is no
need to add additional survey points to these survey designs for purposes of meeting hot
spot design criteria.

Survey Units I Estimated Background (ctslmin) I MDCSCAN (dpm/100 cm') |
I CV4-1, CV6-1 & CV5 r 170 (corrected WB data) I Compass = 441

4.16 The survey units described in this survey design were inspected after remediation efforts
were shown effective. A copy of portions of the SNEC facility post-remediation inspection
report (Reference 3.10), is included as Attachment 8-1 to 8-6.

4.17 No special area characteristics including any additional residual radioactivity (not previously
noted during characterization) have been identified in this survey area.

4.18 The decision error for this survey design is 0.05 for the ca value and 0.1 for the P value.

4.19 Special measurements including gamma-ray spectroscopy are not included in this survey
design.

4.20 No additional sampling will be performed IAW this survey design.

4.21 The applicable SNEC site radionuclides and their associated DCGLw values are listed on
Exhibit I of this calculation.

4.22 The survey design checklist is listed in Exhibit 2.

4.23 The applicable Area Factors for these survey units are shown below (Co-60). These values
were input to the Compass computer program (see Attachment 9-1). The lower limit area
factor for areas less than I square meter is the value 10.1. Area factors for values between
the values listed in the following table, may be interpolated from a curve fit of the data (see
the example on Attachment 9-2 and 9-3).

AREA (m=) | AREA FACTOR
1 10.1
4 3.4
9 1 2
16 1.5
25 1.2
36 1
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5.0 CALCULATIONS

5.1 All major calculations are performed internal to applicable computer codes or within an
Excel spreadsheet.

6.0 APPENDICES

6.1 Attachment 1-1 and 1-2, are diagrams of survey units on the exterior surface of the SNEC
CV shell showing the three survey units and their approximate elevations. (CV4-1, CV6-1,
and CV5).

6.2 Attachment 2-1 to 2-3, is the Compass output as a result of the survey design input
parameters for survey unit CV4-1.

6.3 Attachment 2-4 to 2-6, is the Compass output as a result of the survey design input
parameters for survey unit CV6-1.

6.4 Attachment 2-7 and 2-8, is the Compass output as a result of the survey design input
parameters for survey unit CV5.

6.5 Attachment 3-1 to 3-3, is the static measurement points for the three survey units as
plotted by the VSP computer program.

6.6 Attachment 4-1, is the SNEC site calibration sheet for the radiation measurement
instrument with the lowest Cs-1 37 detection efficiency.

6.7 Attachment 5-1, is the SNEC sample results for seven (7) samples used to develop a
representative mix for these survey units.

6.8 Attachment 6-1, the "Effective DCGL Calculator" spreadsheet result for the sample mix.

6.9 Attachment 7-1, is the GFPC Williamsburg steel background data and the estimated
background count rate for the SNEC CV exterior survey units.

6.10 Attachment 7-2, is GFPC measurement results from the three survey units taken to
estimate the variability of the survey units.

6.11 Attachment 8-1 to 8-6, is the CV inspection report results for these three survey units.

6.12 Attachment 9-1 to 9-3, is the area factor data used for these survey units.
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Exhibit I

SNEC Facility DCGL Values (a)

25 mrem/y Limit 4 mrem/y Goal
25 mremly Limit (All Pathways) (Drinking Water)

Radionuclide Surface Area Open Land Areas Open Land Areas (b)

(dpm/100cm2 ) (Surface & Subsurface) (Surface & Subsurface)
(pCi/g) (pcilg)

Am-241 2.7E+01 9.9 2.3
C-14 3.7E+06 2 5.4

Co-60 7.1 E+03 3.5 67
Cs-1 37 2.8E+04 6.6 397
Eu-152 1.3E+04 10.1 1440

H-3 1.2E+08 132 31.1
Ni-63 1.8E+06 747 1.9E+04

Pu-238 3.OE+01 1.8 0.41
Pu-239 2.8E+01 1.6 0.37
Pu-241 8.8E+02 86 19.8
Sr-90 8.7E+03 1.2 0.61

NOTES:

(a) While drinking water DCGLs will be used by SNEC to meet the drinking water 4 mrem/y goal, only the DCGL values that constitute
the 25 mrem/y regulatory limit will be controlled under this LTP and the NRC's approving license amendment
(b) Listed values are from the subsurface model. These values are the most conservative values between the two models (i.e.,
surface & subsurface).
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Exhibit 2
Survev Desion Checklist

Calculation No. Location Codes
E900-03-021 CV4-1, CV6-1 and CV5

ITEM REVIEW/ FOCUS Status ReviewerITEM REVIEW FOCUS ~~~~~~~~~~~~~~(Circle One), In1ias 8 Date

Has a survey design calculation number been assigned and is a survey design summary
description provided? /A

2 Are drawings/diagrams adequate for the subject area (drawings should have compass Ye/A
_______ ~~~~~~~~headings)?

3 Are boundaries property identified and is the survey area classification clearly indicated? Yes, )A

4 Has the survey area(s) been properly divided into survey units IAW EXHIBIT 10 (Yes)N/A

5 Are physical characteristics of the area/location or system documented? )N/A

6 Is a remediation effectiveness discussion included? ( s)N/A

7 Have characterization survey and/or sampling results been converted to units that are /A
comparable to applicable DCGL values? ____

8 Is survey and/or sampling data that was used for determining survey unit variance included? AYes A

9 Is a description of the background reference areas (or materials) and their survey and/or Y /A
sampling results included along with a justification for their selection? A

10 Are applicable survey and/or sampling data that was used to determine variability included?

I1I Will the condition of the survey area have an impact on the survey design, and has the f es
probable impact been considered in the design? e s , _____

Has any special area characteristic including any additional residual radioactivity (not
12 previously noted during characterization) been identified along with its impact on survey (Yes IA

design?

13 Are all necessary supporting calculations and/or site procedures referenced or included? Yes N/A

14 Has an effective DCGLw been identified for the survey unit(s)? CYe4 N/A

15 Was the appropriate DCGLmc included in the survey design calculation? (ejsN/A

16 Has the statistical tests that will be used to evaluate the data been identified? YesNIA

17 Has an elevated measurement comparison been performed (Class 1 Area)? ('Ye~s A

18 Has the decision error levels been identified and are the necessary justifications provided? Yes N/A

19 Has scan instrumentation been identified along with the assigned scanning methodology? Yes,/IA

20 Has the scan rate been Identified, and is the MDCscan adequate for the survey design? es,,)WA A

21 Are special measurements e.g., in-situ gamma-ray spectroscopy required under this design, Yes n
and is the survey methodology, and evaluation methods described?

22 Is survey instrumentation calibration data included and are detection sensitivities adequate? Yes N/A

23 Have the assigned sample and/or measurement locations been clearly identified on a diagram
or CAD drawing of the survey area(s) along with their coordinates? (YeYNA

24 Are investigation levels and administrative limits adequate, and are any associated actions
clearly Indicated?

25 For sample analysis, have the required MDA values been determined.?Yes7NA,,,

26 Has any special sampling methodology been identified other than provided in Reference 6.3? Yes N/A 9/1
NOTE: a copy of this completed form or equivalent, shall be included within the survey design calculation. U I
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Survey Plan Summary

Site:

Planner(s):

Survey Unit Name:

Comments:

Area (m2):

Selected Test:

DCGL (cpm):

LBGR (cpm):

Alpha:

Beta:

Exterior of SNEC CV Shell

BHB

Small Area Above Support Ring Assembly

CV4-1

7 Classification:

WRS Estimated Sigma (cpm):

2,318 Sample Size (N/2):

2,263 Estimated Conc. (cpm):

0.050 Estimated Power:
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vY Building Surface Survey Plan

Contaminant Summary

DCGLw
Contaminant (dpm/100 cm')
Gross Activity 8,000

Beta Instrumentation Summary

Gross Beta DCGLw (dpm/100 cm2): 8,000
Total Efficiency: 0.23
Gross Beta DCGLw (cpm): - 2,318

ID Type Mode Area (cm2)
6 GFPC Beta 126

Contaminant Energy' Fraction" Inst. Eff. Surf. Eff. Total Eff.
GrossActivity 187.87 1.0000 0.48 0.48 0.2309

Average beta energy (keV) [N/A indicates alpha emission]
'Activity fraction

Gross Survey Unit Mean (cpm): 170 t 18 (1-sigma)
Count Time (min): 1

Number of Average Standard MDC
Material BKG Counts (cpm) Deviation (cpm) (dpm/100 cm2)
Steel 37 179.9 17.7 226

COMPASS v0.0.0 91IV2003
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Building Surface Survey Plan

Survey Plan Summary

Site:

Planner(s):

Survey Unit Name:

Comments:

Area (m2):

Selected Test:

DCGL (cpm):

LBGR (cpm):

Alpha:

Beta:

Exterior of SNEC CV Shell

BHB

Middle Section of CV6

CV6-1

23

WRS

2,318

2,263

0.050

0.100

Classification:

Estimated Sigma (cpm):

Sample Size (N/2):

Estimated Conc. (cpm):

Estimated Power:

EMC Sample Size (N):

1

18.4

8

-9.9

1.00

8

K> Prospective Power Curve

V.

r-

0-5

nil | l l l l F~~~~~~~~~n

-6-

-0 I I I

V.VI ~ ~ ~ ~ ~ ~~ ~~~~~~~~~~~~~~~~~~ I l

nl I I ir

0W 0 S00 1000

Net Beta (cpm)

- DCGL

* I-beta

1500 2000 2500

- Power

- LBGR
- - Estimated Power

COMPASS v1.0.0 9/12/2003
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a-, Pe ray-q 06-03-0

My 4ABuilding Surface Survey Plan

Contaminant Summary

Contaminant
Gross Activity

DCGLw
(dpml100 cm')

8,000

Beta Instrumentation Summary
Gross Beta DCGLw (dpml100 cm'): -
Total Efficiency:
Gross Beta DCGLw (cpm):

8,000
0.23
2,318

ID Type
6 GFPC

Mode
Beta

Area (cm 2)
126

Contaminant Energy 1 Fraction2 Inst. Eff. Surf. Eff. Total Eff.
Gross Activity 187.87 1.0000 0.48 0.48 0.2309

' Average beta energy (keV) [N/A indicates alpha emission]
2Activity fraction

Gross Survey Unit Mean (cpm): 170 ± 18 (1-sigma)
Count Time (min): 1

Number of Average Standard MDC
Material BKG Counts (cpm) Deviation (cpm) (dpmll00 cm 2)

Steel 37 179.9 17.7 226

COMPASS v1.0.0 9112A2003

ATTACHMI/EN'-, ?-

Page 2
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0 B Building Surface Survey Plan

Survey Plan Summary _ _

Site:

Planner(s):

Survey Unit Name:

Comments:

Area (m2 ):

Selected Test:

DCGL (cpm):

LBGR (cpm):

Alpha:

Beta:

K.> Prospective Pov

Exterior of SNEC CV Shell

BHB

Lower Section Below Support Ring Assembly

CV5

16 Classification:

WRS Estimated Sigma (cpm):

2,318 Sample Size (N/2):

2,263 Estimated Conc. (cpm):

0.050 Estimated Power:

0.100

2

18.4

8

-9.9

1.00

ver Curve
------

A..

.5

2..

V.

0.8=

G.; I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0.1 =~~~~~~~~~~~~~1

n =

00 0 500 1000

NetBeta (cpm)

- DCG.
* l-beta

1500 2000 2500

- Power

- LBGR

- - Estimated Power

COMPASS v1.0.0 911712003 Page 1
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0, i~~~~~~~~F91,0 -o ST--a/

e Building Surface Survey Plan

Contaminant Summary

Contaminant
Gross Activity

DCGLw
(dpm/100 cm2)

8,000

Beta Instrumentation Summary
Gross Beta DCGLw (dpm100 cm2):
Total Efficiency:
Gross Beta DCGLw (cpm):

8,000
0.23
2,318

ID
6-

Type
GFPC

Mode Area (cm')
Beta 126

Contaminant
Gross Activity

Energy'
187.87

Fraction'
1.0000

Inst. EU.
0.48

Surf. Eff. Total Eff.
0.48 0.2309

I Average beta energy (keV) [N/A indicates alpha emission]
2 Activity fraction

Gross Survey Unit Mean (cpm): 170 ± 18 (1-sigma)
Count Time (min): 1

Material
Steel

Number of
BKG Counts

37

Average
(cpm)
179.9

Standard MDC
Deviation (cpm) (dpm/100 cm')

17.7 226

COMPASS v1.0.0 911212003

ATTACHMeNT'2
Page 2
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CV4-1 Area Above External Support Assembly
10 Points - Randomly Placed

Start Point 4" (0, 0) Above Top Edge of Support Ring - At Too Left Corner of Upper Survey Area

(0. 0) -1 (151, -3) _ 2 (393-1) 3(554. ))- 7 (8762912) 9(13-4-4) .
t0___ - - = - -2 ... -.. .. 9) 5 (715,.10) 6 (796,-7) 8 (91t, -5) 10 (1239.-3)A320T

ATTACHMENT 3 O



C

CV6-1 Survey Area - External Support Assembly
Random Start Systematic Spacing - First Point 13" Above Top Edge of Lower Beam

Start Point (0, 0) Top Edge of Lower Beam
per BSewn Assem&by
LIUit

3 4 5 6 7 8 9 10 11 12 13 14 15 Is 17 19

4 . 4 .. 4 .. .. *. 4 + + + + * +

c

Lower Comer of Us
Start of Survey

,P / 1

(0. 0)I I
L. i r 4

_ 2 f0 21

I

I 0

ATTACHMENT 3 - a2
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C C (Cs

CV5 Survey Area - External Support Assembly
Random Start Systematic Spacing - First Point 1" Below Bottom Edge of Support Ring

Start Point (0, 0) Top Edge of Lower Survey Unit
r Coner of Svport Rhg Asembly

otafo Swvey t Unt_

1 *2 '3 -4 -5 -1 +7 *8 *9 *1o 'it *12 *13 +14 +15 +16 +17 t8 +19 +20 +21 +22 +23 2 325 281

.50] 1
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C ( C,
(MRIGNAL

GFPC Radiation e' , i'th' Clib'rtio 'W'rk9het ' '.''

Performed By R. J. Reheard Date: |/24/03

Insrunient S/i 126218 II Prnbe SiN |5080

Instrunment Vendor Cal. at 120103 fi * Cal. Due Date: 1U120/03

~~ ii: i~~.... lSO.7tb3:ii .Y:~ Rife{-lree j........ afe i i | 5Atiii~t 6%~:i~:: i . ' ;oI ~ii~ti c 1e( ) (k$%) _

Am-241 (GO 535) S-023 0.25 41899 12:00 GMT 4.24E-01 7.43E+03

Cs-137 (00536 S-024 0.50 418199 12:00 GMT 3.11E.01 6.89E+03 9 137

Source Radionuclide Decay Date

Cs.137 | 6124103

Decay Faccrtl 9.025E-01 _ [ Elapsed Time (days): 1538

Activitt (pCl)= 2.821E-01

Source dpmrn 6.282E+05

Source dpmlin Probe Area (cmA2)o 5.260E+05

2X Emission Rate (sec-1)* 6.253E+03

Probe Area (cmA2) 21r Emlsson Rate (min-l)=: 3.752E+05

128 1i2 Emission Pate in Probe Area (mln-1): . 3.151E405

Record of 1 Minute Source & Backaround Counting Results c heck If usin ISO 7503-I Value

No. OW Source Gross CPM OW Background CPM OW Source Net CPM RESULTS

I l 1.48E405 181 1.483E+05 Counts/Emisslon (ci)

2 1.49E+05 203 1.490E405 47.8: ll

3 1.5OE+05 186 . 1.499E405 271 Emisslon/Dlsinilgratlon (63)

4 1.50E+05 193 1.502E405 50.0%

t 1.S1E405 . 182 1.507E+05 CountsiDlsintigratlon (et)

8 $ 1.51E+05 164 1.608E405 23.9%

7 1 1.52E+05 170 1.515E405

8 l 1.51E+05 177 1.513E405 H L ,, .

9| 1.52Eh05 161 . 1.520E405 A roved J) -

10 l.SZE+05 * 102 * 1.515E+05 / (>

Meann;* 177.9 | - 1.505E+OS | Date: C, -< 5

I Calltration Calculaticn SheetVeriflcaion Date| .December-02 |

I B. Brosev/P. Donnachlez.1 December-02 I
PAO<c z5 0or3a

� T 7A cWM6 tv-T L-1 - I



10/17/2003

Half-Life (days)
H-3 I sr-go Co-60 | Cs-1:37 | Am-241 I Pu-238 |Pu-239

4485.3 10446.2 1925.23 11019.61 157861 32050.7 8813848
Decay Date
9/1312003 _ Original Values

Analysis Date Elapsed (d) H-3 Sr-90 Co-60 Cs-1 37 Am-241 Pu-238 Pu-239
May 4, 2000 1227.00 30 0.03 0.0248 1.55 0.06 0.2 0.09

February 14, 2001 941.00 9.4 9.67 1.26 1250 0.18 0.55 0.22
July 26, 2001 779.00 11.52 0.03 0.01 4.38 0.031 0.016 0.007

October 11, 2001 702.00 0.04 0.0331 0.177 0.0246 0.0517 0.0231
October 11, 2001 702.00 0.04 0.0305 0.297 0.0113 0.0372 0.0131

June 29, 2002 441.00 3.44 0.0529 0.0279 4.77 0.183 0.0894 0.04
July 3, 2002 437.00 4.99 0.0648 0.0298 22.6 0.149 0.0856 0.0246

- - Decayed Values -_

Sample Numbers H-3 Sr-90 Co-60 Cs-I 37 Am-241 Pu-238 Pu-239
SX9SL00341 24.819 0.028 0.016 1.435 0.060 0.195 0.090
CV Tunnel 8.128 9.085 0.898 1178.174 0.179 0.539 0.220
SXSL1281 10.214 0.028 0.008 4.171 0.031 0.016 0.007

SXSD1531,1532, 1533 0.038 0.026 0.169 0.025 0.051 0.023
SXSD1552, 1553 0.038 0.024 0.284 0.011265 0.037 0.013

SXSL1122 3.213 0.051 0.024 4.640 0.183 0.089 0.040
SXSL1130 4.664 0.063 0.025 21.987 0.149 0.085 0.025

Mean 10.208 1.333 0.146 172.98 0.091 0.144 0.060
Median 8.128 0.038 0.024 4.17 0.060 0.085 0.025
Sigma 8.624 3.418 0.332 443.31 0.076 0.183 0.076

2Sigma+Mean 27.4551 8.169 0.809 1059.61 0.244 0.511 0.211

75 Percentile 10.214 0.057 0.026 13.31 0.164 0.142 1 0.065
Max 24.819 9.085 0.898 1178.17 0.183 0.539 | 0.220
Min 3.213 0.028 0.008 0.17 0.011 0.016 j 0.007

NOTE: Am-241 and Pu-238 have been positively detected in the vacinity of the CV and have been
included in this spreadsheet even though the representative sample mix only shows "Less Than" values.

Positively detected values depicted in yellow=> | -I

T�
Q

�N

CV DOME SAMPLES ATTACHMENT 5` 2-. Sheet3

Co \



( C C\

Effective DCGL Calculator for Cs-1 37 (dpml100 cmA2)

| 25. lmremlv TEDE Limit

. -- . . ...... ... . . s .rTs .^c
Gross ActivitY DCGLw I Gross Activity AdMinistratilLiiit -

15131 jdpml1OO cmA2 11348 _ dpml100 cmA2

I Cs.137 Limit I Cs-137 Administrative Llmt7 ....
| 14615 Idpm/100 cmA2 | 10961 |dpml1OO cmA2SAMPLE NO(s)W ICV Dome Below Grade Exterlor Samnle Results I

SNEC AL 1 75%

Sample Input (pCl/g,
uCI, etc.)

Individual Limits
% of Total (dpml100 cmA2)

Allowed dpm/100
cmA2

Beta dpml1OO
cmA2

Alpha dpml100
cmA2Isotope mrem/y TEDE

i Am-241 2.44E-01 0.022% 27 3.37 3.12 N/A 3.37 Am-241

2 C-14 0.000% 3,700,000 0.00 0.00 0.00 NiA C-14
3 Co-60 8.09E-01 0.074% 7,100 11.16 0.04 11.16 N/A Co-60
4 Cs'137;.- : O8E034r. t-;98.591% X- 2 28,000 :.,.14614.82 13.05 14614.8 NIA Cs.137-
i Eu-152 0.000% 13,000 0.00 0.00 0.00 NIA Eu-152
8 H-3 2.75E+01 2.503% 120,000,000 378.68 0.00 Not Detectable NIA- - H-3
7 NI-63 0.000% 1,800,000 0.00 0.00 Not Detectable N/A Ni-63
8 Pu-238 5.11E-01 0.047% 30 7.05 5.87 N/A 7.05 Pu-238
9 Pu-239 2.11E-01 0.019% 28 2.91 2.60 N/A 2.91 Pu-239

10 Pu-241 0.000% 880 0.00 0.00 Not Detectable N/A Pu-241
11 Sr-go 8.17E+00 0.745% 8,700 112.67 0.32 112.67 N/A Sr-90

100.000% 15131 25.0 14739 13
Maximum

Permissible
dpml100 cmA2

ATTACHMEN 4. -.(O. ____



'Giow- 03-03/

Wiliam-tbura Stool Racknround Measurements SR-48

K ,22N21 Innuemos ....- 1 Tim Crdo woum ' ou- .... ble boe -ssno Area ---
..1--.- ------ - -- - -------- --- - --- . I - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~i

- u 01-U I'll- .. ,
q-� rh-* 1111WO02 9 54 I 1 707.05 60 SO. Souirce S Shielded Unsielded NET epm

2 STEELAIS 11/14/2002 10:32 1 2.13E+02 60 SCL Shielded

3 STEELAIU 11/14/2002 10.33 1 2.04E02 60 SCL Unshielded

4 STEELA2S 11/1412002 10 37 1 2.03E+02 60 SCL Shielded

5 STEELA2U 1111412002 1038 1 2.25E+02 60 SCL Unshielded e

6 STEELA3S 11/142002 10 39 1 1.85E+02 60 SCL Shielded

7 STEELA3U 11/1412002 10 40 1 2.09E+02 60 SCL Unshielded O

8 STEELA4S 11/14/2002 1042 1 2.03E+02 60 SCL Shielded

9 STEELA4U 11/14/02 1043 1 167E+02 60 SCL Unshielded p

10 STEELA5S 11/14/02 1044 1 1.55E+02 60 SCL Shielded

11 STEELASU 11/14/2002 1045 1 226E+02 60 SCL Unshielded

12 STEELA6S 11/14/200 1046 1 1.920.02 60 SO. Shielded

13 STEELA6U 11/14/2002 1047 1 1.95E+02 60 SO. Unshelded O

14 STEELA7S 11/14/2002 10:48 1 1.96E+02 60 SCL Shielded

15 STEELA7U 11/14/2 1050 I 2.OIE.02 60 S_. Unshielded

16 STEELA8S 11/142002 10.51 1 2.15E+02 60 SCL Shielded

17 STEELA8U 11/14/02 10:52 1 238E+02 60 SCL Unshielded

16 STEELAS 11/14/202 1: 5 ZOOE+02 60 SCL Shielded

19 STEELA9U 11/14/2002 10:54 1 1.92E+02 60 SCL Unshielded

20 STEELA10S 11/14/2002 10:56 1 1.83E+02 60 SCL Shielded

21 STEELA1OU 11/1/2002 1057 1 2.25E+02 60 SCL Unshielded

22 STEELA11S 11114/202 10:58 1 1.95E+02 60 SCL Shielded

23 STEELAIIU 11/14/2O02 1059 1 2.15E+02 60 SCL Unshelded

24 STEELA12S 11/14/2002 11:00 1 1.77E+02 60 SCL Shielded

25 STEELA12U 11/14/2002 11.1 I 2.34E+02 60 SCL Unshielded

26 STEELA13S 11/14/2002 1103 1 2.02E+02 60 SCL Shielded

27 STEELA13U 11/14/02 11OS 1 2.18E+02 60 SCL Unsilded

28 STEELA14S 11/14/22 11.06 1 1.89E+02 60 SCL Shielded

29 STEELA14U 11/1412002 1107 1 1.99E02 60 SCL Unshielded P

30 STEELA15 11/14/202 11:08 1 2.16E+02 60 SCL Shielded

31 STEELA15U 11/142002 11.09 1 2.15E+02 60 SCL Unshielded

32 STEELA16S 11114/2002 11:10 1 1.88E+02 60 SO. Shielded

33 STEELA16U 11/1V42002 11:11 1 205E02 60 SCL Unshielded

34 STEELA17S 11/14/02 11.13 1 212E+02 60 SCL Shielded

35 STEELA17U 11114/2002 11:14 1 211E+02 60 SCL Unshielded p

36 STEELAIS8 11/14/2O02 11:15 1 1.9E+02 60 SCL Shielded

37 STEELAISU 1/142002 11:16 1 1.UE+02 60 SCL Unshielded

38 STEELA1SS 11/142002 11:17 1 1.84E402 60 SOL4 Shielded

39 STEELA19U 11/1I/=O2 11:18 1 209E+02 60 SCL Unshielded p

40 STEELA20S 1/142002 11:19 1 1.94E402 60 SCL Shielded

J41 STEELA20U 11/1V42002 11:20 1 2.30E+02 60 SCL Unshielded p

42 STEELA21S 11/l42002 11:22 1 2.10E+02 60 SCL Shielded

43 STEELA21U 11/142002 11:23 1 1.93E+02 60 SCL Unshielded

44 STEELA22S 11/14/2002 11:24 1 ZOSE+02 60 SCL Shielded

45 STEELA22U 11/14/02 11:25 1 1.91E.02 60 SCL Unshielded

46 STEELA23S 1V1V2002 11:26 1 1.77E.02 60 SCL Shielded

47 STEELA23U 11/14/2002 11:27 1 1.9SE-02 60 SCL Unshielded

48 STEELA24S 11/14r2002 11:28 1 1.88E+02 60 SCL Shielded

49 STEELA24U 11/142002 11:30 1 Z44E+02 60 SCL Unshided

50 STEELOC1IS 11/1V42002 11:33 1 Z13E+02 60 SCL Shielded

51 STEELOCI1U 11/14/2002 11:34 1 210.E02 60 SCL Unshelded p

52 STEELOC19S 11/14/202 11:36 1 1.80E+02 60 SCL Shielded

53 STEELCC19U 11/14/2002 11:37 1 1.99E+02 60 SCL Unshielded

58 STEELIB1S 11/14/2002 13.09 1 2.25E+02 60 SCL Shielded

59 STEELB1U 11/1V2002 13:10 1 1.94E+02 60 SCL Unshielded

60 STEELB2S 11/14/22 13:12 1 1.78E+02 60 SCL Shielded

61 STEELB2U 11/14/2O02 13:13 1 250E+02 60 SCL Unshielded

62 SEELBI35 11114 2 13:14 1 203E+02 60 SL Shielded

63 STEELS3U '1114/2002 13:15 1 211E+02 60 SCL Unshielded p

64 STrEELB45 11/1V42002 13:17 1 203E+02 60 SCL Shielded

65 STEELB4U 11114/02 13:18 1 1.78E+02 60 SCL Unshielded

66 STEELBSS 11114t2C02 13:19 1 232E+02 60 SCL Shielded

67 STEELBSU 1IV14V2002 13:20 1 2.0SE+02 60 SCL Unshielded

68 STEEL1365 1114/2002 13:22 1 2.22E+02 60 SCL Sheldd

69 STEELB6U 11/14/2002 1323 1 22?E+02 60 SCL Unshislded

70 STEELB7S 11114/2C02 13.24 1 2.21E+02 60 SCL Shielded

71 STEELB7U 11/142002 13:25 1 2.18E+02 60 SCL Unshielded

72 STEEL88S 11/14/202 13:26 1 21SE+02 60 SCL Shielded

73 STEELS8U 11/14/02 13:28 1 2.15E+02 60 SCL Unshieled

74 STEELB9S 11114/202 13:29 1 1.9E002 60 SCL Shiided

75 STEELB9U 1U1V2002 1330 1 2.17E.02 6o SCL Unsholded

76 STEELB105 11t142002 13:41 1 Z45E+02 60 SCL Shielded

77 STEELB1OU 11/14/O2 1342 1 2.32E402 60 SCL Unshielded

78 STEELCCB5S 111142002 13.44 1 1.81E+02 60 SCL Shielded

79 STEELCCESU 11/14/2002 13:45 1 213E+02 60 SCL Unshielded

1736.02 I ,

I 1 78E-02 1 7OOE-00

5.01
1 -

1 64E-02 I 2 OE6.01

2 07E.02 I 8 O0E-00

1 10.E01

1 95E602
? I 1.10E-01

187E602 7 *15OE01
1

5.01

1 74E602 I 1

.01

1 62E-02 7 3 80E.01

1099E.02 I A5ODE.00

2 10E-02

1 67E.02 I I 0OE.01

1 79E-02 3 40E.01

18 +02 i

1 63E.02
1 78E-02 I1

2 30E-012 03.E02 I

i 50E-01

1.91E-02 I 3

1 40E*01

1 90E6.2
I 1 84E-02 1 3 OE.01

140EI01

. I I162E.02 I

Mirn/ife 1.86+02 1.366+02 .A.IOE+Ot
ilwdl: 2456.02 2.1SE.02 6.70E+01
Uese- I 006.02 1 1.80E+02 I 1.99E+001

Skwrw =s 1.81E+01 I 1.77E+01 I2.65E+01
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58
CV Exterior Steel Shell (Below Grade) Variability Measurements

I -- - -

I CV41CVs Instrument 80500 BLB7173 Tim'e Detector Counts Count Time (sec) Mode Designator FSS.291 BHB

Shielded Unshielded NET cpm

2 CV-5 5S B 91912003 8:37
1 CV-5 5U B 91912003 8:39

1 1.85E+02
1 1.84E+02

60 SCL
60 SCL

Shielded
Unshielded

-_'4
5

CV-4 5S 919/2003 8:44
CV4 5U 9/912003 8:46

I 1 .WL+Urz

1 1.41 E.02 60 SCL
nShielded It

Unshielded t-O

6 CV-4 5s T 91912003 9:00 1 1.66E+02 60 SCL Shielded

7 CV4 5U T 919/2003 9:01 1 1.57E+02 60 SCL Unshielded 13

8 CV4 7S 91912003 9:05 1 1.63E+02 60 SCL Shielded

9 CV4 7U 9/192003 9:06 1 1.75E+02 60 SCL Unshielded _

10 CV4 9S 91912003 9:08 1 1.67E+02 60 SCL Shielded

11 CV4 9U 9/9/2003 9:10 1 1.70E+02 60 SCL Unshielded _

12 CV4 11S 9/9/2003 9:12 1 1.82E+02 60 SCL Shielded

13 CV411U 919t2003 9:13 1 1.71E+02 60 SCL Unshielded _

14 CV4 13S 91912003 9:15 1 1.72E+02 60 SCL Shielded _

15 CV4 13U 9/9/2003 9:17 1 1.71E+02 60 SCL Unshielded _

16 CV4 1sS 91912003 9:21 1 1.58E+02 60 SCL Shielded

17 CV4 15U /912003 9:23 1 1.75E+02 60 SCL Unshielded 1

18 CV4 17S 9/912oo3 10:02 1 1.58E+02 60 SCL Shielded

19 CV4 17U 91912003 10:04 1 1.52E+02 60 SCL Unshielded _

20 CV-5 19S 91910O3 10:07 1 1.57E+02 60 SCL Shielded

21 CV-5 19U 9/912003 10:09 1 1.70E+02 60 SCL Unshielded

22 CV4 19S T 91912003 10:11 1 1.73E+02 60 SCL Shielded

23 CV4 19U T 9192003 10:12 1 1.55E+02 60 SCL Unshielded

24 CV-5 19S B 919/2003 10:16 1 1.83E+02 60 SCL Shielded

25 CV-5 19U B 91912003 10:17 1 1.75E+02 60 SCL Unshielded

26 CV4 21S 9/192003 10:20 1 1.70E+02 60 SCL Shielded

27 CV4 21U 9)912003 10:22 1 1.67E+02 60 SCL Unshielded

28 CV4 23S 9112003 10:24 1 1.67E+02 60 SCL Shielded

29 CV4 23U S9/2003 10:26 1 1.64E+02 60 SCL Unshielded

30 CV4 25S 91912003 10:29 1 1.29E+02 60 SCL Shielded

31 CV4 25U 9912003 10:31 1 1.52E+02 60 SCL Unshielded

32 CV4 25S T /912003 10:34 1 1.30E+02 60 SCL Shielded

33 CV4 25U T 91912003 10:35 1 1.58E+02 60 SCL Unshielded

34 CV-5 25s B 919/2OO3 10:38 1 1.75E+02 60 SCL Shielded

!5 CV-5 25U B 9/912003 10:40 1 1.57E+02 60 SCL Unshielded

CV4 28S 9/S92OO3 10:42 1 1.42E+02 60 SCL Shielded

37 CV-4 28U 9/912003 10:45 1 1.64E+02 60 SCL Unshielded

38 CV4 325 9/9/2oo3 10:47 1 1.45E+02 60 SCL Shielded

39 CV4 32U 9/9/2003 10:49 1 1.SSE+02 60 SCL Unshielded

40 CV-4 343 T s992003 10:55 1 1.74E+02 60 SCL Shielded

41 CV4 34U T 9/9/2003 10:57 1 1.73E+02 60 SCL Unshielded 1

.42 CV-4 365 9/9/2003 11:01 1 1.57E+02 60 SCL Shielded

43 CV4 36U 9/92003 11:02 1 1.47E+02 60 SCL Unshielded

44 CV4 363 T 91912003 11:05 1 1.80E-+02 60 SCL Shielded

45 CV4 36U T 91912003 11.06 1 1.76E+02 60 SCL Unshielded

46 CV-5 36s B 91912003 110os 1 2.1sE+02 60 SCL Shielded

47 CV-536U B 919/2003 11:14 1 2.09E+02 60 SCL Unshielded

48 CV4 40S 9/912003 13:01 1 1.98E+02 60 SCL Shielded

49 CV4 40U 9I92003 13:03 1 1.94E+02 60 SCL Unshielded

50 CV4 403 T 9/9/O03 13:05 1 1.84E+02 60 SCL Shielded

51 CV-440UT 9/92003 13:07 1 2.11E+02 60 SCL Unshielded

52 CV-5 40S B 9/9/2003 13:10 1 2.14E+02 60 SCL Shielded

53 CV-5 40U B 9/912003 13:11 1 2.07E+02 60 SCL Unshielded

1 .85E+02
____ ____ ___ 1.84E.02 1.OOE+00

1.53E+02 ____

______ _____ 1.41E+02 1.20E+01

1 .66E+02 _ _ _ _

______ _____ 1.57E .02 9.OOE+00

1.63E+02 __ _ _ _

1.75E.02 1-1.20E+01
1 .67E4+02 I__ _ _

______ ______ 1.70E+02 1-3.OOE+00

1 .82E+02 __ __ _

____ ____ ___ 1.71 E .02 1.10E .01
1 .72E+02 _ _ _ _ _

1.71E+02 1.OOE.00
1 .58E+02 _ _ _ _

1.75E+02 -1.70E+01
1.58E+02 ____

______ _____ 1.52E+02 6.00E+00

1 .57E+02 _ _ _ _

______ _____ 1.70E.02 1*1.30E+01

1 .73E.02
______ _____ 1.55E.02 1.80E+01

1.83E+02 __ _ _ _

______ _____ 1.75E .02 8.OOE+00

1.70E+02 _ _ _ _ _ _ _ _ _

______ _____ 1.67E.02 3.OOE+00

1.67E.02 _ _ _ _

______ _____ 1.64E+02 3.OOE+00

1.29E+02 _ _ _ _ _ _ _ _ _

1 .52E+02 -2.30E+01
1 .30E+02 _ _ _ _ _

1.58E+02 -2.80E-+01
1 .75E+02 __ _ _ _ _ _ _ _ _

______ _____ 1.57E+02 1.80E+01

1 .42E.02 _ _ _ _

______ _____ 1.64E.02 -2.20E+01

1.45E .02 __ _ _ _ _ _ _ _

* ~~~1.55E+02 -1.OOE.01
1 .74E+02 _ _ _ _ _ _ _ _ _

______ ___ _ 1 .73E.02 1 .OOE+00

1.57E.02
______ _____ 1.47E+02 1.OOE+01

1.80E.02 _ _ _ _

* ~~~1.76E+02 4.OOE,+00
2.15E .02 _ _ _ _ _ _ _ _ _

* ~~2.09E.02 6.OOE+00
1.98E.02

* ~~1.94E+02 4.OOE+00
1.84E.02 _ _ _ _

___________2.1 1E+02 1-2.70E+01

2.14E.02 -

2.07E+02 I7.OOE.00

1.29E+02 1.41E+02 1.2.80E401

2.15E+02 2.11E+02 I1.8OE+O1
Minimum =
Maximum =

Mean =
Siama - p 1.691E+02 1 1.70E+02 1 -1.27E+00

2.13E.O1 I 1.84E+01I 1.35E*O1
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Number

Saxton Nuclear Experimental Corporation
SAXTON NUCLEAR Facility Policy and Procedure Manual E900-IMP-4520.06
Title Revision No.

,> Survey Unit Inspection in Support of FSS Design 0

EXHIBIT 1
Survey Unit Inspection Check Sheet

g;~"~' ~'~' ... FillSECTION 1 --SURVEY UNIT INSPECTION DESCRIPTION ;
FAVORC. TION~1fALm ~i. u

Survey Unit C | Survey Unit Location TCezrVAL 5lvcA -o PrIWa ue aP

Date. 'IIIsJS Time / Inspection Team Members dLI

I7-_~,--SECTION 2 . SURVEYUNIT.INSPECTION-SCOPE'--

Inspection Requirements (Check the appropriate Yes/No answer.) Yes No N/A

1. Have sufficient surveys (i.e., post remediation, characterization. etc.) been obtained for the survey unit?

2. Do the surveys (from Question 1) demonstrate that the survey unit will most likely pass the FSS?

3. Is the physical work (i.e., remediation & housekeeping) in or around the survey unit complete?

4. Have all tools, non-permanent equipment, and material not needed to perform the FSS been removed?

5. Are the survey surfaces relatively free of loose debris (i.e., dirt, concrete dust. metal filings. etc.)?

"./:p 6. Are the survey surfaces relatively free of liquids (i.e.. water, moisture, oil. etc.)?

7. Are the survey surfaces free of all paint, which has the potential to shield radiation? ii=
8. Have the Surface Measurement Test Areas (SMTA) been established? (Refer to Exhibit 2 for instructions.) I
9. Have the Surface Measurement Test Areas (SMTA) data been collected? (Refer to Exhibit 2 for instructions.) _ l

10. Are the survey surfaces easily accessible? (No scaffolding, high reach, etc. is needed to perform the FSS) I

11. Is lighting adequate to perform the FSS?

12. Is the area industrially safe to perform the FSS? (Evaluate potential fall S trip hazards, confined spaces. etc.)

13. Have photographs been taken showing the overall condition of the area?

14. Have all unsatisfactory conditions been resolved?

NOTE: If a 'No' answer is obtained above, the inspector should immediately correct the problem or initiate corrective actions through the
responsible site department, as applicable. Document actions taken and/or justifications in the 'Comments' section below. Attach additional
sheets as necessary.

Comments: - :

LAD>L Ofgv SCA 17\ Ie A\\h-}#CS A
50 e\r A Ze.

Survey Unit Inspector (print/sign) Z S w !, '.\/| Date 71610_
\w('Survey Designer (print/sign) |Date ;j- lo 3

ANTACHMEI
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Number

Saxton Nuclear Experimental Corporation
SAXTON NUCLEAR Facility Policy and Procedure Manual E900-IMP-4520.06

..,.*S Title Revision No.

V , Survey Unit Inspection in Support of FSS Design 0

EXHIBIT 3

Surface Measurement Test Area (SMTA) Data Sheet

SECTION 1 -.DESCRIPTIONi : ;,

SMTA Number SMTA - C\JLf Li 1 |Survey Unit Number I 'V- -L

SMTA Location | Cr - F -WA\\, 'o . ' T° c4444

Survey Unit Inspector iVuS15tJ Date | q 03 Time I 3,
-y~,.-; . SECTION 2- CALIPER INFORMATION & PERSONNEL INVOLVED

Caliper Manufacturer M ,AA0\i<0 C,,, iOJ Caliper Model Number | cO^ C
Caliper Serial Number C) o1 363 ' Calibration Due Date (as applicable) ICJD)

Rad Con Technician | Date |tA Time MA

Survey Unit Inspector Approval Date 1 - A

-v * ,'. :: . SECTION 3 - M& OREMENT RESULTS

SMTA Grid Map & Measurement Results in Units of mm Comments
(Insert Results in White Blocks Below)

'-?7t --. 13 19 25 31 Sug.RAc.C e -s.A - A

o.>- o.\ oK w-\ o~ \ Swzj~- - - - - -~~~~~~~~Svitr C o-e 95 4 CM-4

8; 14 20- 26 32

O( O _\ qA 0"q -C
- -- - - - ~~~~~~~~~~7 Lc L .50A-, -I1ee

*>3 - 9s~l a.v.;;15\X-w ;21 .i7; 33,..

0.\ LI0) 2-3 oo OA Lk S )Q SidCf( V'7

4 > - io;*10 . 18 22. 28 3.
G)\ O.J 0.\ O' cZ c e 0-

gai5-j11" 17 23 29 35

4t&#~.* 1.i2',' ,'s18 24 .: 30 36

7 .1 6 L °' a), o l

Average Measurement _ _) 4_ mm

Additional Measurements Required

cv 41 -0OvA- 7 mm( I / I '
.c ql-l -oo lA ' (I Y"&

9
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SAXTON NUCLEAR

Num b o3, ~

E900-IMP-4520.06
Saxton Nuclear Experimental Corporation

Facility Policy and Procedure Manual
Title

Survey Unit Inspection in Support of FSS Design

Revision No.

0

EXHIBIT 1

Survey Unit Inspection Check Sheet
I '�SE�T�QN '1 - SURVEY UNIT INSPECTION.DESCRIPTION �

Xi at; .. EC~o, 1 iVYU ITINSPECTION,.,ESCl.I,::;.. ^."..-Y

Survey Unit Location Fcvre74-I,4L s-W- (Let,,^j 1Lf5

b 103 Time | D.5-5 Inspection Team Members LSlr<

ISECTIO' SURVEY UN IT-iNSPECTOlUN SCOPE -. i*

Inspection Requirements (Check the appropriate Yes/No answer.) Yes No N/A

1. Have sufficient surveys (i.e.. post remediation. characterization. etc.) been obtained for the survey unit? -

2. Do the surveys (from Question 1) demonstrate that the survey unit wilt most likely pass the FSS?

3. Is the physical work (i.e.. remediation & housekeeping) in or around the survey unit complete? _ _

4. Have all tools, non-permanent equipment, and material not needed to Oerform the FSS been removed?

5. Are the survey surfaces relatively free of loose debris (i.e., dirt, concrete dust, metal filings, etc.)? | -*

6. Are the survey surfaces relatively free of liquids (i.e.. water, moisture, oil, etc.)?

7. Are the survey surfaces free of all paint, which has the potential to shield radiation?

8. Have the Surface Measurement Test Areas (SMTA) been established? (Refer to Exhibit 2 for instructions.)

9. Have the Surface Measurement Test Areas (SMTA) data been collected? (Refer to Exhibit 2 for instructions.) |=

10. Are the survey surfaces easily accessible? (No scaffolding, high reach, etc. is needed to perform the FSS)

11. Is lighting adequate to perform the FSS?

12. Is the area industrially safe to perform the FSS? (Evaluate potential fall & trip hazards, confined spaces, etc.)

13. Have photographs been taken showing the overall condition of the area?

14. Have all unsatisfactory conditions been reg6lved?

NOTE: If a No answer is obtained above, the inspector should immediately correct the problem or initiate corrective actions through the
responsible site department, as applicable. Document actions taken andlor justifications in the Comments section below. Attach additional
sheets as necessary.

Comments:

r eyUnit I tne (print/sign) | 3 Date [ /i5/C

i<,Survey Designer (print/sign) 3 , 2 Qoss \ / 3 Date 9 li7 j ° 3

6

e - _:2,�ATTAcHMENT ----
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.; . . ~~~~~~~~~~~~~~~~~~~~Number
Saxton Nuclear Experimental Corporation

SAXTON NUCLEAR Facility Policy and Procedure Manual E900-IMP-4520.06
:.,. ,-! Title Revision No.

Sursey Unit Inspection in Support of FSS Design O

EXHIBIT 3

Surface Measurement Test Area (SMTA) Data Sheet

,J.';:!. 2. - ' .'SECTION 1 -.DESCRIPTION'

SMTANumber SMTA- (-j 6-j-0 -| -\ Survey Unit Number | -

SMTA Location C \J 9 -- Tc f 2 §g l-- \\ 1 A ?eA -xeA),-et,-' S LYPCIZT f-'f-85

Survey Unit Inspector -juo•Ls 'J Date 'i 115/03 Time t 0 5 -

t- , .: ..:.! .' SECTION 2 - CALIPER INFORMATION & PERSONNEL INVOLVED

Caliper Manufacturer | M u4 6O< CO(Le| Caliper Model Number C D-C( -GS

Caliper Serial Number 10-7( 13 C calibration Due Date (as applicable) iLO 5

Rad Con Technician MA Date l.k Time A*

Survey Unit Inspector Approval ||Date | 103
,,,'.. SECTION 3 - MEASUREMENT RESULTS

SMTA Grid Map & Measurement Results in Units of mm Comments
(Insert Results in White Blocks Below)

* -1.,,. 7j , 13 *19 25 31

;o 0 0.) .O \
____O-P So4<.. 0A m ,LiW

* ~-'t 14t 20' 26 32 4A -e & SoPat4 s

0 o0 0 o 0w0 0-o o O & 1 A5 5uL- StekC

- --

X~, :;, , 75;E".2 - i-- 33s

0. 0.0 0 * °o.0 0. L,D 0. MwSu(C %

4 W.':. 10 16 22 28 4

00o ~Oo O\ v'd ° o 0'

.*e< -,,11P; 17 ;. 23 .29 35

. ,0 0,0 0# o,3 O 0

- 4 - - -~~~~I _ _
},P"- 1i2. ,. 18 . .24 . 30 36

Average Measurement o mm

Additional Measurements Required

('J6-l-cx t A Sh~ft (1/2.
M

.S 'it")

Cv 6-l 0oo 3 4 *- Ij. YC/ )
cU -1-oo3*,P 3-j" ( Y2, X (

.cv6--o -r\ /t f

9
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Number

Saxton Nuclear Experimental Corporation
SAXTON NUCLEAR Facility Policy and Procedure Manual E900-pMP4520.06
Title Revision No.

Survey Unit Inspection in Support of FSS Design 0

EXHIBIT I

Survey Unit Inspection Check Sheet

T 1- NITINSPECTION .. ~:Drvey .fit# C' ,SE -SURVEY Unitoin DESCRIPTION',' ,

Survey~nit;$| (9-°° 5 |Survey Unit Location l c- ett) S Lv a,_ tSuve Ui 0o CV Y ~- 1.) .I

Inspection Team Members I . , , .

<.d.; -<-i... i > SECTION 2 - SURV U NIT INSPECTION SCOPE ....-.:-. i.

Inspection Requirements (Check the appropriate Yes/No answer.) Yes No N/A

1. Have sufficient surveys (i.e., post remediation, characterization. etc.) been obtained for the survey unit?

2. Do the surveys (from Question 1) demonstrate that the survey unit will most likely pass the FSS?

3. Is the physical work (i.e.. remediation 8 housekeeping) in or around the survey unit complete?

4. Have all tools, non-permanent equipment. and material not needed to perform the FSS been removed?

5. Are the survey surfaces relatively free of loose debris (i.e.. dirt, concrete dust, metal filings, etc.)?

6. Are the survey surfaces relatively free of liquids (i.e., water, moisture, oil. etc.)?

7. Are the survey surfaces free of all paint, which has the potential to shield radiation? _

B. Have the Surface Measurement Test Areas (SMTA) been established? (Refer to Exhibit 2 for instructions.) J V'

9. Have the Surface Measurement Test Areas (SMTA) data been collected? (Refer to Exhibit 2 for instructions.)

Io. Are the survey surfaces easily accessible? (No scaffolding, high reach, etc. is needed to perform the FSS)

I 11. Is lighting adequate to perform the FSS?

12. Is the area industrially safe to perform the FSS? (Evaluate potential fall & trip hazards. confined spaces, etc.)

13. Have photographs been taken showing the overall condition of the area?

14. Have all unsatisfactory conditions been resolved?

NOTE: If a No answer is obtained above, the inspector should immediately correct the problem or initiate corrective actions through the
responsible site department, as applicable. Document actions taken and/or justifications in the 'Comments section below. Attach additional
sheets as necessary.

Comments:

) Survey Unit Inspector (print/sign) | ~ ) I• |t / , Date CT /$,'/3

~,_.Arvey Designer (print/sign) I T3 *TDate TiC Inl).3

A17ACHMENT c
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oration
anual E900-IMP-4520.06
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Title Revision No.

Survey Unit Inspection in Support of FSS Design O

EXHIBIT 3

Surface Measurement Test Area (SMTA) Data Sheet

SECTION 1 .DESCRIPTION.. ..'

SMTA Number SMTA- C V S-OO \ Survey Unit Number |5

SMTA Location &J E-1'.TEjGioreZ w \t ¶6L-' LL4551 AeA -r 7 c'7 6

Survey Unit Inspector 3U5tIU Date | lq5 -o3 Time | c&3o

..*. SECTION 2 - CALIPER INFORMATION & PERSONNEL INVOLVED

Caliper Manufacturer Mv~ o<& CorZP. Caliper Model Number| C- -G'1 C5y -7-t5-f3

Caliper Serial Number o-7 r, g Calibration Due Date (as applicable) 10o)

Rad Con Technician |V Date | V4. Time |4

Survey Unit Inspector Approval| "b 1b-C I Date at fe/S

......ig~g- ,- - *. . - SECTION 3 - MEASUREMENT RESULTS

SMTA Grid Map & Measurement Results in Units of mm Comments
(Insert Results in White Blocks Below)

...1, ;,,7 13 19 25 31 B SuL 7ACg 8 > H S- I

- - - - -~~~~~~~~~f ~4-0f-P (- -~a --O~~~o (7 1 t.3 O.1 ~ ~ ~ ~ ~~g I. oCo ,g C) a 9; s evE Ij
Zz @2@**s-S~t > -8- s 14 209 26 32

.9-7 O0 .0 01 ol1 1o0 ° I

.-. - 9 a _r stw 1 j5 s - 21 27; 33
C.o O Z o01 0.6 0.0 0

4t=]¢¢li-; 10 ~9 -; 16 22 28 34

6.i 0.\ H ~~0.0 O-.D O0

;.5i>2-6 11@J* tt11 sv 17. 23 - 29 35

ol 0 . - L o Do o.j
t1 12 18 - 24 -'30 36

0.b 0~ D6 00 0),j O.O) O

Average Measurement CA mm

Additional Measurements Required

(v4 '- 0o A P

6-V ~5- 0 02A-r
603.'w" 1~IL~ o~'A &-T 6 7 Ar-e (t.1/1 Ws) Lp.

I 0) T'1 t3 ,,w-eo' uV k T

9
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Site Report

Site Summary

Site Name: Exterior of SNEC CV Shell

Planner(s): BHB

Contaminant Summary
NOTE: Surface soil DCGLw units are pCig.

Building surface DCGLw units are dpm/100 cm2.

Contaminant Type DCGLw

Gross Activity Building Surface 8,000

Screening
Value Used? Area (m2) Area Factor

No 36 1
25 1.2
16 1.5
9 2
7 2.2
4 3.4
1 10.1
0.5 -.,:,10.1

'3 e3
,.j1 iC;

COMPASS v1.0.0 9/1712003
ATTACHMEN NLT.L..--

Page 1
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Co-60 Area Factor Graph
AF = 0.86694 +Ale(-(X-X)Ihl +A2e(-(x-xo) 1 2
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Co-60 Area Factor Estimator

YO= 0.86694
XO= 0
Al= 14.30323
t1= 1.45612

A2= 2.19826
t2= 13.00463

AREA (mA2) Area Factor
X= | 7.17 l 2.2C.)

I,-
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0

t\
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I Fv---r I F� � SNEC CALCULATION COVER SHEET
CALCULATION DESCRIPTION

alculation Number

E900-03-022

Revision Number

0

Effective Date

I /d 6 A
Page Number

1 of IZ

Subject

CV Yard Soil - Survey Design to El 803'

Question 1 - Is this calculation defined as 'In QA Scope'? Refer to definition 3.5. Yes C No Dl

Question 2 - Is this calculation defined as a 'Design Calculation"? Refer to definitions 3.2 and 3.3. Yes Z No Cl

Question 3 - Does the calculation have the potential to affect an SSC as described in the USAR? Yes O No |

NOTES: If a 'Yes' answer is obtained for Question 1, the calculation must meet the requirements of the SNEC Facility Decommissioning Quality
Assurance Plan. If a 'Yes' answer is obtained for Question 2, the Calculation Originator's immediate supervisor should not review the
calculation as the Technical Reviewer, If a 'YES' answer is obtained for Question 3. SNEC Management approval is required to implement the
calculation. Calculations that do not have the potential to affect SSC's may be implemented by the TR.

DESCRIPTION OF REVISION

APPROVAL SIGNATURES

Calculation Originator B. Brosey/ -3 _

Technical Reviewer P. Donnachie/ ,_

Additional Review A. Paynter/

dditional Review
I. I_ .

TSNEC Management Approval



M- SNEC CALCULATION SHEET
Calculation Number Revision Number Page Number

l , E900-3-I22 0 | Page2of Z-
of Subject

|CV Yard Soil - Survey Design to El 803'

1.0 PURPOSE

1.1 The purpose of this calculation is to develop a survey design for one (1) CV Yard area soil
survey unit. This is a below grade Class 1 open land area that is adjacent to the SNEC CV
structure. It extends upward from about the 796' El (at the base of the exposed portion of
the SNEC CV) to the 803' El. This survey unit is bounded on the South side by "wing walls"
that have been added to isolate this survey unit from the remaining section of the CV
Tunnel structure. This area has been aggressively decontaminated by SNEC personnel
using methods described in Section 4.6 of this calculation. This survey unit is designated
OL1-1 and is a part of the larger survey unit designated OL1. This survey unit is shown on
Attachment 1-1 and 1-2.

1.2 The total area for this Class 1 survey unit is -350 square meters. This area estimate is an
assessment of the exposed and sloped area within site grid markers AX-130, AX-128, AX-
127, AY-130, AY-129, AY-128, AY-127, AZ-130, AZ-129, AZ-128 and AZ-127, up to the
-803' El (see Attachment 2-1).

2.0 SUMMARY OF RESULTS

2.1 The following information should be used to develop a survey request for this survey
design:

2.1.1 Scanning shall be performed using a 2" diameter by 2" lon, Nal detector with a
Cs-1 37 window setting. The window will be -100 keV wide and will straddle the Cs-
137 662 keV full energy peak width (see Attachment 3-1).

2.1.2 The instrument conversion factor/efficiency shall be no less than the value reported
in Attachment 3-1 (-221 cpm/uR/h).

2.1.3 The scan speed is set at a maximum of 25 cm/sec. Scan coverage is set at 100%
for this Class 1 survey unit. The distance from the surface being scanned should
be no more than 4" IAW the MicroShield model used to develop this MDCscan (see
Attachment 4-1). Use a serpentine scan pattem.

2.1.4 Background has been measured in the area and on similar background materials.
Background ranges from about 100 cpm to approximately 400 cpm (see Reference
3.1). If a net count rate of greater than 200 cpm (-3.7 pCi/g - see Attachment 5-1
and 5-2) is encountered during the scanning process, stop and locate the
boundary of the elevated area. Mark the elevated area with stakes or another
appropriate marking method. Sample the elevated areas(s) IAW SNEC procedure
E900-JMP4520.04 (Reference 3-2).
NOTE: This survey design must be revised if it is shown that the true
background count rate (from natural occurinq materials) is greater than -550
counts ner minute.

2.1.5 Sampling points are to be clearly marked. identified and documented.

2.1.6 All survey personnel shall be trained to identify 200 (-3.7 PCi/q) ncpm above
background based on audible and instrument readout indicators.

2.1.7 Other instruments of the type specified in Section 2.1.1 above may be used
during the FSS but they must demonstrate an efficiency at or above the value
listed in Section 2.1.2 (-221 cpm/uRth).



SNEC CALCULATION SHEET
Calculation Number Revision Number Page Number

E900-03-022 0 Page 3 of 3Z-
Subject

CV Yard Soil - Survey Design to El 803'

2.1.8 Samples taken duinga the scanning phase should be assayed and reviewed by
the survey design team before laying out the random start systematic grid
sampling points.

2.1.9 If remediation actions are taken as a result of this survey effort, this survey design
must be revised or re-written entirely (see also 2.1.8 above).

2.1.10 The minimum number of sampling points indicated for this survey unit by the
Compass (Reference 3.3) computer program is 23. VSP (Reference 3.4) adds
additional sampling points in cases where the diagram is odd shaped (edge effect)
and/or because of the selected location of the random starting point on the drawing
or diagram. Additionally, bounded area size dictates sampling point spacing which
may also influence the number of survey points allowed. Since this survey unit is
sharply sloped exhibiting a rough surface texture, five (5) additional sampling points
have been added to this design to counter difficulties in identifying sample point
locations. Therefore, for this design, the number of sampling Points is 28 (see
Attachment 6-1 to 6-3 and 6-4 to 6-9).

2.1.11 The starting point for physically locating sample points in the excavation area is
based on key measurement points 1 to 5. 11 & 10, which are dimensioned from
the CV wall at the back of selected rock anchor bolt positions. Rock anchor bolts are
systematically spaced around the CV (1 to 40). All key measurement point locations
are marked on Attachment 6-4 through 6-9. Once the key points are located in the
survey unit, a standard triangular grid system can be laid out over the sloped survey
area. Distances should be measured over the contour of the survey unit.

2.1.12 Some starting points may need to be re-adjusted to accommodate obstructions
within the survey unit. Contact the SR coordinator to report any difficulties
encountered when layincg out the systematic grid sampling locations.

2.1.13 When an obstruction is encountered during the random start systematic sampling
phase that will not allow collection of a sample, contact the cognizant SR
coordinator for permission to delete the survey Doint. Document the reason for
the deletion. Note that (5) sample points may be deleted without reducing survey
design effectiveness.

2.1.14 The effective DCGLw for sampling work is 4.5 pCi/q (Cs-137).

3.0 REFERENCES

3.1 SNEC Calculation No. E900-03-018, "Optimize Window and Threshold Settings for the
Detection of Cs-1 37 Using the Ludlum 2350-1 and a 44/10 Nal Detector", 817/03.

3.2 SNEC procedure E900-IMP-4520.04, "Survey Methodology to Support SNEC License
Termination".

3.3 Compass Computer Program, Version 1.0.0, Oak Ridge Institute for Science and
Education.

3.4 Visual Sample Plan, Version 2.0 (or greater), Copyright 2002, Battelle Memorial Institute.

3.5 Plan SNEC Facility License Termination Plan.

3.6 SNEC Procedure E900-4MP-4500.59, 'Final Site Survey Planning and DQA".



Sto w SNEC CALCULATION SHEET
Calculation Number [Revision Number Page Number

E900-03-022 0 Page 4 ofZ
-'Subject

CV Yard Soil - Survey Design to El 803'

3.7 Westinghouse Electric Corporation, Gilbert Associates, Inc., Drawing No. D-37798, Saxton
Reactor Project, "Containment Vessel Penetration Access', 7/21/60.

3.8 GPU Nuclear, SNEC Facility, 'Containment Vessel Survey", SNECRM-019, Rev 1, 1/18/02.

3.9 SNEC Facility Historical Site Assessment, Rev 0, March, 2000.

3.10 1994 Saxton Soil Remediation Project Report, GPU Nuclear Inc., May 11, 1995.

3.11 SNEC procedure E900-IMP-4520.06, "Survey Unit Inspection in Support of FSS Design".

3.12 NUREG-1575, "Multi-Agency Radiation Survey and Site Investigation Manual", August,
2000.

3.13 Microsoft Excel 97, Microsoft Corporation Inc., SR-2, 1985-1997.

3.14 SNEC Calculation No. E900-03-012, Effective DCGL Worksheet Verification.

4.0 ASSUMPTIONS AND BASIC DATA

4.1 The Compass computer program is used to calculate the required number of random start
systematic samples to be taken in the survey unit (Reference 3.3)

4.2 The MARSSIM Sign Test will be applicable for this survey design. No background
K> subtraction will be performed under this criteria.

4.3 The number of points chosen by Compass are located on the survey map for the survey
unit by the Visual Sample Plan (VSP) computer code (Reference 3.4).

4.4 VSP is used to plot random start systematically spaced sampling points. The coordinates of
the survey points are provided for each survey unit referenced to an existing survey area
landmark (key point measurement location). Because of edge effects and a desire to error
on the conservative side, additional measurement points have been forced by increasing
the MARSSIM overage above the required 20%.

4.5 Reference 3.5 and 3.6 was used as guidance during the survey design development
phase.

The construction/assembly drawings used to determine the original physical extent of these
areas are listed as Reference 3.7 and 3.8.

4.6 Remediation History

A review of survey request data pertaining to this open land area adjacent to the CV shell
was conducted in support of this survey design. Analysis of soil samples taken after
remediation of the area (from SR-001 9), shows that the region between anchor bolt number
5 and proceeding clockwise to anchor bolt number 40 (below the 803' elevation), has been
reduced to an average of 0.82 pCVg (Cs-137) with a maximum value of 4.5 pCVg (see
Attachment 7-1). Other subsurface sample data collected in conjunction with installation of
the anchor bolts, grout curtain, and various wells within this area were also reviewed. These
data are compiled and summarized in SR-0029. The highest activity of this sample group

K...> was 1.46 pCi/g for Cs-137. Earlier remediation history in this area is reported in the SNEC
facility Historical Site Assessment document (Reference 3-9) and the 1994 Soil
Remediation Project Report (Reference 3-10).
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Remediation of the area under the MHB (south of the wing wall installations) between
anchor bolt No. 40 and No. 5, will be completed after removal of the exposed section of the
CV shell structure.

4.7 This survey design uses Cs-137 as a surrogate to bound the average concentration for all
SNEC facility related radionuclides in the survey unit. The effective DCGLw is just the
permitted Cs-137 concentration (6.6 pCi/g) lowered to compensate for the presence (or
potential presence) of other SNEC related radionuclides. In addition, an administrative limit
has been set that further lowers the permissible Cs-137 concentration to an effective
DCGLw for this radionuclide. The sample data base used to determine the effective
radionuclide mix for the CV Yard area has been drawn from previous samples that were
assayed at off-site laboratories. This list is shown as Attachment 8-1 and 8-2, and includes
over ninety (90) analysis results. Review of the data points out that several radionuclides
have not been positively identified at any concentration. These radionuclides have been
removed from the data set and will not be considered further. Radionuclides removed
include Pu-241, C-14, Ni-63 and Eu-152.

Inspection of the data also shows that Cs-137 is by far the predominant radioactive
contaminant found in this area. Sr-90 on the other hand, was positively identified in only two
(2) samples out of forty five (45) analysis. H-3 was identified as a positive contaminant in
seven (7) samples out of 31 analysis. Positively identified TRU concentrations were few as
well (12 out of 155 analyses), and were at or near minimum detectable concentration limits.

Remediation has further impacted the radionuclide concentration levels in this area.
Remediation efforts have been shown to be effective in lowering the average concentration
of Cs-137 in this survey unit to less than 4.5 pCilg (see Attachment 7-1). Therefore, the
impact of remediation must be considered in determining the effective Cs-137 DCGLw
surrogate value. Remediation of this survey unit was completed by about July of 2001.
Therefore, samples collected prior to this date have been disqualified in the final listing
which was decayed to September 20th, 2003, and is shown as Attachment 9-1. In all,
about twenty five sample results were used to determine the best representative sample
mix for the OL1-1 survey unit.

The SNEC License Termination Plan (LTP) (Reference 3.5) allows the use of a 2 sigma
plus the mean treatment when combining multiple sample results to form an effective
concentration mix. This approach was used to determine the effective volumetric DCGLw
for the SNEC CV yard area.

The decayed "2 sigma plus the mean' sample result was then used as input to the
spreadsheet titled "Effective DCGL Calculator for Cs-137" (Reference 3-14) to determine
the effective volumetric DCGLw value for OL1-1. This spreadsheet calculates a volumetric
DCGLw of 6 pCi/g (Cs-137) (see Attachment 10-1). As stated previously, a further
correction to the volumetric DCGLw is necessary to accommodate the site administrative
limit of 75%. The administrative limit address de-listed radionuclides IAW the site dose
model and provides a conservative buffer for site management. The resulting effective
volumetric DCGLw value is then 4.5 PCI (Cs-13 .

4.8 The Nal scan MDC calculation is determined based on a 25 cm/sec scan rate, a 1.38 index
of sensitivity (95% correct detection probability and 60% false positive) and a detector
sensitivity of 221 cpm/uR/h for Cs-137. Additionally, the detection system incorporates a
Cs-137 window that lowers sensitivity to background in the survey unit. The resulting range
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of background values that will be from about 100 cpm to -400 cpm. The resulting MDCscan
is -3.7 pCi/g (see Attachment 5-1 and 5-2). This value is based on the higher background
value of 400 cpm.

Since the scan MDC is less than the gross activity DCGLw for this survey unit, there is no
need to add additional survey points for purposes of meeting hot spot design criteria lAW
the Compass computer program (see Attachment 6-3).

4.9 The survey unit described in this survey design was inspected after remediation efforts
were shown effective. A copy of portions of the SNEC facility post-remediation inspection
report (Reference 3.11), is included as Attachment 11-1.

4.10 No special area characteristics including any additional residual radioactivity (not previously
noted during characterization) have been identified in this survey area.

4.11 The decision error for this survey design is 0.05 for the a value and 0.1 for the p value.

4.12 Special measurements including gamma-ray spectroscopy are not included in this survey
design.

4.13 No additional sampling will be performed lAW this survey design beyond that described
herein.

K...> 4.14 The applicable SNEC site radionuclides and their associated DCGLw values are listed on
Exhibit I of this calculation.

4.15 The survey design checklist is listed in Exhibit 2.

4.16 Area factors are not applicable in subsurface volumes. Therefore, the area factor input
requirement in the Compass computer program is 1 for both a 10,000 square meter area as
well as for a 1 square meter area (see Attachment 12-1).

5.0 CALCULATIONS

5.1 All calculations are performed internal to applicable computer codes or within an Excel
spreadsheet.

6.0 APPENDICES

6.1 Attachment 1-1 and 1-2, are diagrams of survey unit OL1-1 adjacent to the CV shell.

6.2 Attachment 2-1, is the locations of the survey unit shown on a section of the site grid map
along with SR-0019 sample results from this area.

6.3 Attachment 3-1, is a copy of the calibration data from two typical Nal radiation detectors
that will be used in this survey.

6.4 Attachment 4-1, is a MicroShield model of a soil volume used to determine the exposure
rate from a 1 pCi/g Cs-1 37 source term.

K.>J 6.5 Attachment 5-1 and 5-2, is the MDCscan calculation sheets.

6.6 Attachment 6-1 to 6-3, is the Compass output for this survey design.

6.7 Attachment 6-4 to 6-9, are the VSP designated random start systematic grid sample
locations.
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6.8 Attachment 7-1, is onsite analysis results for post remediation samples of the OL1-1
survey unit.

6.9 Attachment 8-1 to 8-2, is the initial off-site sample analysis results for the OL1-1 survey
area.

6.10 Attachment 9-1, is the final list of sample results decayed to September 20", 2003.

6.11 Attachment 10-1, is the "Effective DCGLw Calculator" spreadsheet file used to determine
the effective Cs-1 37 soil concentration for the OL1 -1 area.

6.12 Attachment 11-1, is the site inspection report for OL1-1.

6.13 Attachment 12-1, is the Compass "Site Report" listing the applicable area factors.
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Exhibit I

SNEC Facility DCGL Values (a)

25 mremly Limit 4 mrem/y Goal
25 mrem/y Limit (All Pathways) (Drinking Water)

Radionuclide Surface Area Open Land Areas Open Land Areas f

(dpm/100cm2) (Surface & Subsurface) (Surface & Subsurface)
(pci/g) (pci/g)

Am-241 2.7E+01 9.9 2.3
C-14 3.7E+06 2 5.4

Co-60 7.1 E+03 3.5 67
Cs-1 37 2.8E+04 6.6 397
Eu-152 1.3E+04 10.1 1440

H-3 1.2E+08 132 31.1
Ni-63 1.8E+06 747 1.9E+04

Pu-238 3.OE+01 1.8 0.41
Pu-239 2.8E+01 1.6 0.37
Pu-241 8.8E+02 86 19.8
Sr-90 8.7E+03 1.2 0.61

NOTES:

(a) While drinking water DCGLs will be used by SNEC to meet the drinking water 4 mrem/y goal, only the DCGL values that constitute
the 25 mremly regulatory limit will be controlled under this LTP and the NRC's approving license amendment.
(b) Listed values are from the subsurface model. These values are the most conservative values between the two models (i.e..
surface & subsurface).
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Exhibit 2
Survey Design Checklist

Calculation No. Location Codes
E900-03-0?I | £ V I

ITEM REVIEW FOCUS Status Reiewe
(Circle One) Iitials & Date

I Has a survey design calculation number been assigned and is a survey design summary e N/A/
description provided? s AV

2 Are drawings/diagrams adequate for the subject area (drawings should have compass es N/A
______ ~~~~~~~~~~headings)? (~s /

3 Are boundaries properly identified and is the survey area classification clearly indicated? Ye N/A

4 Has the survey area(s) been properly divided into survey units lAW EXHIBIT 10 es, IA

5 Are physical characteristics of the area/location or system documented? e A

6 Is a remediation effectiveness discussion included? Ys IA

7 Have characterization survey and/or sampling results been converted to units that are A
comparable to applicable DCGL values?

8 Is survey and/or sampling data that was used for determining survey unit variance included? (e. N/A

Is a description of the background reference areas (or materials) and their survey and/or
sampling results included along with a justification for their selection? esyNIA

10 Are applicable survey and/or sampling data that was used to determine variability included? (J NIA

I 1 Will the condition of the survey area have an impact on the survey design, and has the N
._____ probable impact been considered in the design? TV _ N _A

Has any special area characteristic including any additional residual radioactivity (not
12 previously noted during characterization) been identified along with its impact on survey ON/A

______ ~~~~~~~~~design?
13 Are all necessary supporting calculations and/or site procedures referenced or included?

14 Has an effective DCGLw been identified for the survey unit(s)? 6;) N/A

15 Was the appropriate DCGLEmc included in the survey design calculation? (7 N/A

16 Has the statistical tests that will be used to evaluate the data been identified? fa g N/A

17 Has an elevated measurement comparison been performed (Class 1 Area)? -

18 Has the decision error levels been identified and are the necessary justifications provided? (~ )N/A

19 Has scan instrumentation been identified along with the assigned scanning methodology? (Yey) N/A

20 Has the scan rate been identified, and is the MDCscan adequate for the survey design? (ie) NIA

21 Are special measurements e.g., in-situ gamma-ray spectroscopy required under this design,.
and is the survey methodology, and evaluation methods described?

22 Is survey instrumentation calibration data included and are detection sensitivities adequate? YesR

23 Have the assigned sample and/or measurement locations been clearly identified on a diagram zeN/A
or CAD drawing of the survey area(s) along with their coordinates? Ves; -

24 Are investigation levels and administrative limits adequate, and are any associated actions
25 For sample analysis, havedclearly indicated? _____

25 For sample analysis, have the required MDA values been determined.? Me /cr N/A/

26 Has any special sampling methodology been identified other than provided in Reference 6.3? YesNA

NOTE: a copy of this completed form or equivalent, shall be included within the survey design calculation.
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LUDLUM MODEL 44-10 HIGH VOLTAGE PLATEAU DATA SHEET
(Detector peaked using Cs137 #019454 5uCi button)

Serial Number: 196022
HIGH VOLTAGE SOURCE (10 second count)

705 34,636
706 36,264

707 37,529

708 37,718
709 38,471

710 38,124

711 37,737
712 36,616

713 N/A

714 NIA

715 N/A

716 N/A

Detector Parameters for Peaking
Parameter Setting Comments

Threshold (10mV/100) 612 Peaked for CS13 7 at
,, Window (On) 100 662keV

High Voltage 709
CPMImRIHr I 221,206 I

FWHM values performed with Threshold = 642 and Window = 40

FWHM= 680 -610 10.6%

Detector peaked for Cs' 37 using Ludlum peaking procedure and threshold setting of 612
and window setting of 100 as requested by John Duskin. 2350-1 #117566 calibration due
01122/04 used for peaking 44-10 detector.

gz4Performed By:

Reviewed By: I
~L/-d1

Date: t e :_3

Date: F_ - i _ - 0A

ATTACHMENT-----�3,--L-



C_
5ge : 1
3S File : MODEL.MS5
in Date : September 23,2003
un Time : 2:43:26 PM
uration : 00:00:02

MicroShield v5.( 15-00121)
GPU 2dk ,r C. -

File Ref:
Date:

By:
Checked:

Case Title: Cs-l 37 Soil
Description: Model for Scanning

Geometry: 8 - Cylinder Volume - End Shields

c)

I'
m+1-:

Source Dimensions
Height 15.24 cm 6.0 in
|Radius 28.0 cm 11.0 in

Dose Points
A x X | Y Z
# 1 0 cm 25.4 cm Ocm

0.0 in 10.Oin 0.0 in
Shields

Shield Name I Dimension Material Densitv
Source 3.75e+04 crr? Concrete 1.6
Air Gap Air 0.00122

Source Input
Grouping Method: Actual Photon Energies

Nucide curies becquerels UCi/crr Bq/crm'
Ba-l 37m 5.681 5e-008 2.1 022e+003 1.51 36e-006 5.6003e-002
Cs-i 37 6. 0058e-008 22221e+003 1.6000e-006 5.9200e-002

Buildup
The material reference is : Source

Integration Parameters
Radial 50
Circumferential 50
Y Direction (axial) 50

Results
Energy Activity Fluence Rate Fluence Rate Exposure Rate Exposure RateEnergy photons c MeV/crr?/sec MeV/crr?/sec mR/hr mR/hrMeV photons/sec No Buildup With Buildup No Buildup With Buildup
0.0318 4.352e+01 7.617e-06 9.220e-06 6.345e-08 7.680e-08
0.0322 8.030e+01 1.465e-05 1.784e-05 1.179e-07 1.436e-07
0.0364 2.922e+01 8. 1Be-06 1.060e-05 4.613e-08 6.024e-08
0.6616 1.892e+03 7.060e-02 1.260e-01 1.369e*04 2.443e-04

TOTALS: 2.045e+03 7.063e-02 1.261e-01 1.371 e-04 2.446e-04

4i63

0 -f



Nal Scan MDC Calculation.mcd

Nal Scan MDC Calculation E qC6- 0,- O22-

b := 400 p :=O0.5 HS d:= 5 6 SR:= 25 d := 1.38

Conv := 221 MS output := 2.473-104

HS d
_____= 2.24
SR

Observation Interval (seconds)

0 **=HSd
X* SR

Observation Interval (seconds)

b * := -0
X 60

^ //. q

M4DCR i:= d .JFb
60

Gi

MDCR i = 142.844 net counts ner minute

MDCR i
MDCR surveyor :=

FP

MDCR surveyor = 202.011

MDCR surveyor
MDER-:=

Cony

net counts per minute

NM ER = 0.914 ] gR/h

MDC scan
MDER

MS output' I 0

MDC scan = 3.696 pCi/g
. scan....

9/25/2003
ATTACHMENT ST -. L. 4 of 5
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qCO -~o3 -O~Z-
where:

b = background in counts per minute

bi= background counts in observation interval

Conv = Nal manufacturers reported response to energy of contaminant (cpmnuR/h)

d = index ofsensitivity (Table 6.5 MARSSIM), 1.38 = 95% of correct detection s 60%false positives

HSd = hot spot diameter (in centimeters)

AMDCscan, = Minimum Detectable Concentration for scanning (pCi/g)

MDCRj = Minimum Detectable Count Rate (ncpm)

MDCRSu,,or = MDCR, corrected by human performance factor (ncpm)

AMDER = Minimum Detectable Exposure Rate (uR/h)

AfS,,,p, = MicroShield output exposure rate for I pCi/g of contaminant (MR/)

0, = obervation Interval (seconds)

p = human performance factor

SR = scan rate in centimeters per second

9125/2003 ATTACHMENT 5 of 5
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Surface Soil Survey Plan

Survey Plan Summary

Site: CV Yard Area (OL1_)

Planner(s): BHB

Survey Unit Name: Yard Area Adjacent to SNEC CV

Comments: Base of CV to -803' El

Area (M2): 350 Classification:

Selected Test: Sign Estimated Sigma (pCi/g):

DCGL (pCi/g): 4.50 Sample Size (N):

LBGR (pCi/g): 3.4 Estimated Conc. (pCi/g):

Alpha: 0.050 Estimated Power:

Beta: 0.100 EMC Sample Size (N):

KJ Scanning Instrumentation: 2" by 2" Nal - Cs-1 37 W

I

1.06

23

0.8

1

23

Prospective Power Curve

- 0.8

V0.

Z,

: 0.6

c 0.4

_ 0.4
Q

at 0.2

0.1
'O.

0 1 2 3 4 5
Soil Concentration (pCi/g), including background

- DCGL - - Estimated Power
a l-beta

6

- Power

- LBGR

COMPASS v1.0.0 912512003 Page i

ATTACHMEiNH N - .L
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Surface Soil Survey Plan

Contaminant Summary

Contaminant

Cs-1 37

DCGLw Inferred
(pCI/g) Contaminant

4.50 N/A

Ratio

N/A

Modified DCGLw
(PCi/g)

N/A

Scan MDC
(pCilg)

3.7

Contaminant

Cs-1 37

Survey Unit Estimate
(Mean ± 1-Sigma)

(pCi/g)

0.82 ± 1.06

Reference Area Estimate
(Mean ± 1-Sigma)

(pCi/g)

0.28 ± 0.39

COMPASS v1.0.0 9/25/2003 Page 2

-A-CAHMEN NU(O - 2-
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Elevated Measurement Comparison (EMC)

Enter in a description for the scanning instrumentation used. Then enter a scan MDC for each
measured contaminant. Click the CALCULATE button to view the integrated survey design
results. All entered and calculated scan MDC and DCGL units are in pCi/g.

Scanning Instrumentation Description: 12" by 2" Nal - Cs-1 37 W

Contaminant I Scan MDC I
Cs-1 37 3.7

F-
NUREG-1 507

. CACLT
Statistical Design

N: | 23
Bounded Area (m): | 15.2

Area Factor: [F 1
DCGLw. | 4.50

Scan MDC Required: | N/A

Hot Spot Design

Actual Scan MDC: | 3.7

Area Factor: | N/A

Bounded Area (m5: J N/A

Post-EMC N: 23

Q No additional samples are required because the actual
scan MDC is less than the DCGLw.

P Enable Traininc
IF OI
- ---- -- ---------- ----------1. I . I IL I

A7T7AGIMENIQ..-P-
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OL1-1 POST REMEDIATION SAMPLES
Onsite analysis
Samle Number Grid Cs-137 DCi/g
r _ ** 

;

SX-SL-1281
SX-SL-1282
SX-SL-1283
SX-SL-1284
SX-SL-4076
SX-SL-4073
SX-SL-1285
SX-SL-1228
SX-SL-1229
SX-SL-1230
SX-SL-1231
SX-SL-1232
SX-SL-1 126
SX-SL-1 127
SX-SL-1 128
SX-SL-1 132
SX-SL-1104
SX-SL-1105
SX-SL-1 106
SX-SL-1 107
SX-SL-1108
SX-SL-1099
SX-SL-1 100
SX-SL-1 101
SX-SL-1 102
SX-SL-1 103
SX-SL-1075
SX-SL-1076
SX-SL-1077
SX-SL-1078
SX-SL-1079
SX-SL-1087
SX-SL-1088
[SX-SL-1089
SX-SL-1090
SX-SL-1091
SX-SL-1027
SX-SL-1028
SX-SL-1029
SX-SL-1030
SX-SL-1031
SX-SL-1233
SX-SL-1234
SX-SL-1235
SX-SL-1 121
SX-SL-1 122
SX-SL-1221
SX-SL-1222
SX-SL-1223
SX-SL-1224
SX-SL-1225
SX-SL4083
SX-SL-4082

AX-128
AX-128
AX-128
AX-128
AX-128
AX-128
AX-128
AX-130
AX-130
AX-1 30
AX-1 30
AX-130
AZ-130
AZ-130
AZ-130
AZ-1 30
AZ-129
AZ-129
AZ-129
AZ-129
AZ-129
AZ-128
AZ-128
AZ-128
AZ-128
AZ-128
AX-127
AX-127
AX-127
AX-127
AX-127
AY-127
AY-127
AY-127
AY-127
AY-127
AZ-127
AZ-127
AZ-127
AZ-127
AZ-127
AY-130
AY-130
AY-130
AY-129
AY-129
AY-128
AY-128
AY-128
AY-128
AY-128
AX-129
AX-129

4.5
0.94
3
1.4
0.9
0.07
1.5
0.48
0.15
3.7
0.49
1.25
0.36
0.64
0.22
2
0.08
0.34
0.78
0.25
0.28
1.2
0.12
10.07
0.2
0.23
0.23
0.16
0.7
0.13
0.13
0.08
0.07
0.05
0.06
0.07
0.35
0.57
0.5
0.45
0.7
0.14
0.6
1.3
0.035
4.3
0.17
1.1
2.1
2
1.75
0.3
0.14

Max 4.50
Avg 0.82
STDEV 1.06

Denotes < MDA I
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SNErC qn-1o NM I AR I. I nainnl~,..in+In M.A Q,'Af (rnAr r..IA7 An,.2Al P-,.fft P--1 P-UlA C.IA MLA3 FU,.152 Analwals Date

I o6l3 W T. 0101637t41 SSGS SoWBa#05,.OL1 or OL2 10.9 0.54 0.4 11.4 0.008 0.029 0.02 3.2 5.86 8.7 0.03 November 22, 2000
2 SX10LSL182 111063 5l4wIus SW" #17 (0 ft), AT-126, OL1 0.16 0.19 November 16, 1999
3 SX108Lw43 1111.44 SubK _ __Dh Y38 1i_ In _ Ase _ RadhO, oi i 0.18 0.17 _ _ November 18, 1999

4 SX1osL 4 1110165 SM Aoe SW!v t#37(4), OLi 0.06 0.1 November 19,1999
6 SX1S9024 111017 Subat"a #37(4,37 (44) _ _ 0.15 0.12 _ _ November19, 1999
8 sx1091t4 111018 SubWSfow Sample#39(0-n AW-133, OL1 0.09 0.07 November 19, 1999
7 SX115L9t190 111127 &SMW(N 0le#22 4AZ-122,0 01 0.15 0.33 November16, 1999
8 SX1StL092 111129 sileS #6ffa1w,0 L2 0.1 0.12 : November16, 1999

9 SXIISLO9OI3 111130 Sr l Saviuo22 4i,0= A1 01 0.06 0.07 _ ____ November16, 1999
10 CVTW** RWX C12"041 C VT" nnSn l p oe . OL1 9.4 9.67 1.26 1260 0.18 0.55 0.22 44.69 9.34 4.02 0.13 February 14, 2001
11 i49 F1e T 1: _ 40 1 i-- o='0'i- ,F3,011 O__ 0.5 0.9W8 33.1 0.01 0.01 6 2 1 November 9g 1994
12 SXSGPFIS(S) D S 1994 W Ud8 fli9(tl WjFtA " 199, FS, OLI 1.1 38.6 _4 _- November9,1994
13 S)25 1094 SO R l R R tt 071= 0.5 0.04 3.58 0.03 0.03 7 3 1 November 9, 1994
14 624S G07 . O TO* GS o diR RemitsG7,O i . 0.4 2.35 319 0.02 0.04 4 4 1 November19.1994
1a 1994 S" AtAuior J L8 _OU 04 0.03 0.45 0.04 0.08 6 3 1 November5,1994

1b DA_8X96L0921 111061 (0$)Ar0 l glig", AZ-129. 0.18 0.51 __ November 17, 1999
17 DA-SX95L99249 111021 Sub#wiac. SAmpe 136)( ) AX-13O0L1 0.19 0.36S November 19, 1999
18 WXO0519187 111125 S W 0Sb #24() 8128.01 2 0.08 0.078 _ November16 16999
19 SX101w99189 111126 Su oSam pla#34 4,AT:126, 41 0.08 0.08 November 16,1999
20 SX105L99191 111128 Stfts . Sa" U#24 (0), 80-1206 ,2 0.17 0.67 November 16, 1999
21 SXIO6.LW901 11106 S.,1.cSamipl.#24~041) 80-128, QL2 0.14 0.38 ___November 16. 1999
22 SX10L9.W225 11107 S_ .Sal #9( f0Dn AY130 01 0 I 0.19 0.16 ____- November 16,1999
23 SX11SL990053 Teledyne; L20270-1 Soil, Grid AV-127, SURFA01, OL1 1.78 0.0339 0.0321 0.0243 0.0785 0.102 0.0787 4.67 0.243 2.92 0.O85 September 28, 1999
24 SX113 21 111083 StbatutaoeS0 mpl#36(04),E-128,OL2 0.14 0.11 _ = = = November 18,1999
25 SX18109234 f 11185 sliw_*9 6 136(0-3), -e'126, 012 0.13 0.13 November 18,1999
26 SX5SD99202 111158 Actual Sample Number SX9SfL99202 (Subsurface #11 (4-6)), AZ-129, O1 0.012 0.0007 0.003 _ _ _ November 17,1999
27 SX9SL00339 114210 Grid F-8@ 809' El. (SMPRQ Soil001), OL-1 = 0.015 0.07 43 0.016 0.007 0.006 0O4 . May2, 2000
28 SX9SL00340 114211 CV Yard G-8 Loc. # 12 (SMPRQ SoiWO1),OL1 __ 0.018 0.13 3.2 0.03 0.0013 0.006 0.3 _ _ May4, 2000
29 SX9SL00341 Teledyne-TI#-38249 CV Yard F-7, Lco.# 11-9 (SMPRQ S011001), 011 30 0.03 0.0248 1.66 0.06 0 .2 0.09 S O 0-6 9 0.0A86 May4, 2000
30 114212 CVnW4G4Le o#12.Ttehu07SMPRQ S1001), OL1 0.014 0.06 5 0.03 0.007 0.006 4 _ _ May 4,12000
31 X90 T w4 0 eV Yad F1', k # 2, Tki* OMPRQO 8 1), 011 40 0.07L 0.176 210 0.1 80 2 :2 0.144 May 8,2000
32 SX9SL00347 Teledyne-TI#-38261 CV Yard Grid# F-8AY-129, (SMPRQ SoilO01), 011 5 0.07 0.104 612 008 008 0.08 60 0. 10 0-8 May 16,2000
33
3d

3

36

37
3a
39

40
41
42
43
44

45
45
47
48
49
80
$11
82
83
84

SX9SL00363 Tetedine-TW-38252 CV Yard R-2-4 (G-8 AZ-129 (SMPRQ SoilO01. 01-1 110 0.06 1 O.O8421 IS 0.06 0.07 1 0.1 So 1 04 1 6 10 066 May 17. 2000
*1* I.

Susan 114213 eCVy"Tlu0lt I
SX98t01464688 I wKt "04" I_____

44 111084 8uo

I r 012 __ 0016 0.05 0.07 0.1 0.002 0.006 0 0.5 : : May18.2000
002 j1229j0.274131J504J0.0740.02 0;04 112.3 421 91 0.23 1 March 26,2001

06ii4twKII& 00 0.08 1.5 November 16. 1999
Ax= COMA '11irm

I,- -S l.- I. vw -w

111131
CV6acd. AY.128, 011 oi 1 3.3 1 1 11 1! November 16,1999
tY11d.AY-126.01 [ _ 0.14 O.66 __I _ I [ j J [ November17, 1999
fYaid, AX1256 00 1 - - 0.19 1. _I__ II1I4I I November 17,1999
__ _ _ _ __ _ _ _ . _ _ _ .__ _ _ _._ _ _ _ _ _ _

- -: l. :.
111086

I,-
-

111107
111062_

111083 _

l 0 ~~~111:062 : ______________

I Vant AY-e 9 (V 1 0.12 OA9
w -you raw W*s

j j j 013 j 02]__1I1t 1 1 t _ Novernber 17,1999

I I____ _ 1 0.07 j 0.51 I I____ I____ Ij j I4 I- I4 I November 17,1999

November 17. 1999

Subsurfacm samnlae 11 (4X'} AZ-129 nLI 0.3 9.3 November 17.1999

=
5X6WM 11o16

-
I
c 11111W a

I I film,,,

1(712',AZ129OL 0X15 0.34 0.2 _ November 17,1999

O.1(04'), AY-12, 0110.18 0.18 II____I November 17,1999

1-1 (9-18'), AY-126 011 0.14 0.17 ______ _____ _____ ___ November 17,1999 1

11 (o3 AZ-129, 011 0.13 0.79 1 1 __II November 17, 1999
A)MX01L121(I 111I1Iq

695LOW411 111133

p9191 4111070 ______

-

Sulewac Slowp1.#10 7-12, AZ-1129, 011
6iiei~ae amle#1 (-2),A0-24, 011

Srtetlc SwrMl#21 (4-6'), AM-27, 011
.Suetfe..Smpe#9 (-3).AV-124. 011

0.09 I0.48 _== I=iI I November17. 1999
1 1 1 0.11 1 0.12 1 1 1 1 1 __ _ _ November 17, 1999

t 0.2 1.4 November 17. 1999

sxBSLO921i 111071 I 0.2 0.2 November 17. 1999
_! ; 4 11134 1
SX 21 J 111072 1
SX9L99216 111136 1

I 0111 0.11 III I November 17, 1999

_____02___ 032 J _ 1 November 17, 1999

_ 1 1 0.14j 027 j _ ____ November17, 1999
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85 6X98L99217 113
66 6XOSL99218 111073
57 8X98199219 111074
s8 8X9L0022 111078
s9 8X9L922 1111077
so 8XW81"22 1111079
611 8X98L992 I 111138
62 $X98993 11113
63 SXS192 111014
64 SK9IKI9II241 111016
65 89L94 111019

Be 8(9IS94 111020

-1 I I I 101 Om I_ November 17. 1999
I-I-1 0.04 10.11 I I I I III November 17, 1999

StbsurfAc SunpIf #29(0-6'), AY-12S, OLI
Sutaufee Stantvt #20 (4.8'), AX-124. CLI
SubimilliI0 §!n~ML #14 (485). AV-129, OLI
8s~ufgo 8" M1#8 44') AX-1126 OLI
Subsuawfa.Snafe 114 (0-4) AV-1120, OLI
Suing"nrpl#1Z(4-5') AV-127, OLI
Stjbtgfoe a~itiiisl (-4% AV-127, OLI

&twaoeSatn.4654-6),AX-130, CI
&~.wfso.mnrofe#3(0-4'). X-130. CI

~uaw~c Bnnl 38812', X-30
St=mjfao SaMWids" t0M'. AX-113M OLI

00 7 n AA November 17. 1999

Izu~~xI~~~ItT0I ___ Noeber17, 1999
I4 I1I01 1 140 0084 I I I I -I I I I November 18,1999

0 OR al A2, November 17. 1999

1 1 1 02 10;l31 211 1 . .. 1L .. [ November 18,1999
1 .9100 j jj ___1 1 November18, 1999

0 14 01I November 18B. 1999
4 .I--4-4-+-4.-�� I n � IQ~n~ol 10OM

L11 ~~0.09j_1 .l1I t...1 ...... L _ November1 1 999
I I -.6103 4 4 4 j 1 1 November19,I1999

SX98199260 111W22 0.08 0.44 November 19, 1999
68 SXSL1063 Teledyne-tiott18; L.191184-11 North CV Yard Soil BA-1 27, 812' El, Sample # 5, 01-2 4.68 0.0531 0.0192 AM88 0.0961 A0.07 0.0327 3.7 0.2i1 10.9 A0.025 June 27. 2002
69 SXSL1089 TeledyneO8001; L19184-2 North CV Yard Soil AY-127, 810 El, Sample # 3, OLI 3.03 0.0695 0.0332 1.29 0.0993 0.128 0.05 4.97 0.1 7.84 0.08 June 28, 2002
70 SXSL1 115 Teledyne-80020; 1-1918443 North CV Yard Soil AY-1 28, 804' El, Sample # 2, 01-1 4.88 0.0538 0.0243 1.6 0,24 0.138 0,0407 .1 02 7.6 0.81 June 29, 2002
71 SXSL1 122 Teledyne-80021; L19184-4 North CV Yard Soil AY-129, 798' El, Sample # 2, O1.l 3.44 0.0529 0.0279 4.77 0.183 0.0894 0.04 3,61s 0.20 8.76 00882 June 29, 2002
72 SXSL1 130 Teledyne-8022; L19184-6 North CV Yard Soil AX-129, 803 El, Sample # 4, 01-1 4.09 0.0648 0.0298 22.6 0.149 0.0856 0.0246 3,86 0.231 13.4 .09 Juy3, 2002
73 5X5L1 132 Teledyna-80023; 1-19184-6 North CV Yard Soil AZ-I130, Sample # 5, OLI 2.98 0.0715 0~035 2.89 0.164 0.0746 0.0646 57 0.218 12.80.03 July 3, 2002
7A SXSL1270 BWXT, 0108055-02 AX-129, 3-3, Soil, CV SE Side 5' Fromn CV, 800'El., O1-l 11.31 0.02 0.01 23.1 0,037 0,007 0.007 2,104 3.93 8.618 0.7 July 26, 2001
76 SXSL1281 8WXT, 0108056-01 AX-128,3-1, Soil, CVSW Side 5'FromnCV, 800'EI, 0L1 11.52 0.03 0.01 4.38 0.031 0016 0,07 1.908 417.78 0.04 July 26, 2001
76 SXSL2374 Teledyne-73293; L18076- South Eaat CV Yard, ABH 40. 30 to 40' Depth, O1.l or 0D2 1.87 0.0268 0.1 0.1 0.0585 0.019 0.0134 2.37 0.1881 184 _ _ January 3, 2002
77 SXSL2376 Teledyne-73267; L18078-2 South East CV Yard, # 40, 50 to 60' Depth, O1-l or 012 2.04 0.0323 0.08 0.07 0.0382 0.0336 0.0137 2.48 0A67 1.6 ___ January 3, 2002
78 SXSL2425 Teledyne-73286; 118076-1 East CV Yard, ABH # 33, 60 to70' Depth, O1-l or 01-2 1.99 0.0339 0.09 0.1 0.0261 0.0264 0.0118 1.71 018 16 _ January 21, 2002
79 SXSL2456 Teledyne-73289; 1-18078-4 East CV Yard, #35, 60 to 70' Depth. OLI or 012 2.02 0.0277 0.07 0.06 0.0207 0.0367 0.013 Z 0.188 .1 __ January 21, 2002
80 SXSL2484 Teledyne-73288; 1-16076-3 North CV Yard, #22, 5010o60' Depth, O1-l or 012 2 0.038 0.1 0.1 0.0273 0.0269 0.0185. 2.8 18 .4 ____ January 22, 2002
81 SXSL2610 Teledyna-73290; 1-18076-6 North CV Yard,# 21, 2010o30' Depth, a1-l or 012 1.83 0.0336 0.06 0.06 0.0259 0.0182 0.0129 2 a1s018 1.81 ___ February 11, 2002
82 SXSL2634 Teledyne-7319; 1.16077-11 WsCVYrAH#,1015Det, O1-l or 01-2 2.06 0.0287 0.1 0.1 0.0324 0.0295 0.0104 1.68 0Al 23 __ February 12, 2002
63 SXSL2649 Teledyne-73220; L18077-2 Anulus Well, A-2, 5to10 10 Depth, O1-l 2 0,0314 0.1 Wil 0.00978 0.0133 0.0216 1.7U1 S .5 __ February 13, 2002
84 SXS12655 Teledyne-73291; L1807846 Anulus Well, A-4, 010o5' Depth, O1.l 1.89 0.0497 0.09 0.09 0.0136 0.03 0.0123 1228 0. 1.94 __ February 14, 2002
88 SXSL2660 Teledyne-73292; 118076-7 Anutus Well, A-3, 151020' Depth. O1-l 1.9 0,0268 0.09 0.09 0.0372 0.00949 0~01 34 1.645 February 14, 2002
86 SXSL2662 Teledyne-73294; 1.18078-9, 120243-1 West CV Yard ABH# 10, 20 to30' Depth (SR-29), O1-l or 01-2 1.98 0.0338 0.0251 0.0213 0.041 0.0307 0.0293 1.8 0. 3Q001 February 15, 2002
87 SXSL2664 Teledyne-73221; 1.18077-3 West CV Yard ABH # 10, 401to50' Depth, a1-l or 012 1.99 0.0303 0.06 0.13 0.0216 0.0105 0.0256 .2 018 184February 15, 2002
88 SXI512871 Teledyne-71949; L17838-11 CV Area -East Yard Dirt Pile -Middle. 112 Way Up. OLI1 0.03 0.07 0.1 ____ March 6, 2002
89 SXSL2872 Teledyne-71948; 117838-10 CV Area -East Yard Dirt Pile -Bottom (also top center), O1-l 0.03 0.06 0.1 March 6, 2002
90 SXSL3133 Teledyne; 1.20326-1 Soil Pile, CV Yard, Three Feet on West Side. SR-37, 0O-1 0.0263 0.06 0.26___ August 13, 2002
91 SXSL3138 Teledyne; 120326-2 Soil Pile, CV Yard, Sis Feet on West Side. SR-37, 0O-1 0.0307 0.07 0.A August 13, 2002
92 SXSL3140 BWXT,1030-003-10-01 East CV Yard. Soil Pile @ 6' on West Side (6" Depth). O1-l 1.892 0.012 0.014 0.82 0.007 0.005 0.005 OjOB 006 A.46 .0 8/1312002, 8/30102
93 5XSL3142 Teledyne; 120326-3 Soil Pile, CV Yard. Three Feet on East Side, SR-37, O1-l 0.0295 0.07 DA ___ August 13. 2002
94 SX5L3145 BWXT,1030-003-10-01 East CV Yard, Soil Pile @ 3' on East Side (6" Depth), O1-l 1.897 0.017 0.013 1.26 0004~ 0005 0005 038 .83 3.89003 8113/2002,8/30/02
95 SXSL3149 Teledyne; 120326-4 Soil Pile, CV Yard, Six< Feet on East Side. SR-37. a1-l 0.0297 0.08 I .3 August 13. 2002
96
97
98

SXSL3153 BWXT,1030-003-10-01 r..t I'V VrnH qMi Pil. dh5 T-n (" ln-th% ()I 1 1 0'47 1 n nAl n nqAr n 2 n nn-,a 0 nn.l# onnns I OURA I On871 AA771 008il1 8 /1312002 #/30/02

SXS1264g lco"m
5X5L26I64~ yo-if

WetVAnuu WkABI't 0.4to IV DeO hSR-29. OLI Ir02 110150038 4 - - 00374' 1 1 12112001s2/13/021 "OVYr AmuSeH III , 40to W Depth, SR-V291.1o L I It 1 0015210.013817 1 1 ____I1110071112 U112001,2/13/02

NOTE 1: Yeltlow backgrauad dowan~ p"uIn matft AN
lotsa ire "1m Thaor V.akmw
INOTE 2: Red numbers Indicates on-Ite analyss

Number of Analysis Results=>
Number of Positive Analysis Results=~

Mean Concentration Including MDC Values=,.
Sigma=~

2 * sigma + Mean=..
Median Concentration Including MDC Values='.

Al I AA e7 e7 SR An 40 29 SB is

7 2 9 63 8 2 1 a 0 0 10 10
170.9-8 0.30 0.17 32.88 0.06 0.06 J0.03 9.90 1.31 j5.03 0.07
21.71 1.43 0.32 164.1 0.06 10.09 0.04 19.63 12.09 j 4.60 10.06
84.40 3.17 0.80 341.91 0.L18 0.265 0.12 149.16 8 .484J 14.2564 0.17

22

2.06 0.03 0.09 0.38 0.04 0.03 0.02 2.37 0.21 1 2.92 0.06
DCG~w Ii mCm/m(2i mnirntyi m

Mean Concentration Percentage of DCGLw-'
Maximum Value=>
Minimum Value=,

8.3% I 25.3% I 4.8% I 498.2% 0.6% 3.2% 2.2% 11.6% 1 65.6%1 0.7% 0.7%
110 ] 9.67 2.35 1250 0.24 0.56 1 0.22 1 60.00 1 9.34 120.00 1 0.23
1.781 0.01 I 0.01I 0.01 I 0.00 I 0.00 I10.00 1 0.30 1 0.081I1.00 1 0.03
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)
Decayea Values

T 1/2 T 1/2 T 1/2 T 1/2 T 1/2 T 1/2 T 1/2

Years=>
1l September 20, 2

12.28 | 28.6 | 5.271 | 30.17 | 432.2 | 87.75 | 24131
4.4853E+03 I 1.0446E+04 1.9252E+03 1.1020E+04 1.5786E+05 3.2051 E+04 8.8138E+06Days=>

Analvsis Date Etansad Time (dl H-3 Sr-90 rnAn ra-127 Am-2A1 Pu_22R Pma-23Q

July 3, 2002 444 4.659 0.063 0.025 21.978 0.149 0.085 0.025 SXSL1130

July 3, 2002 444 2.782 0.069 0.030 2.519 0.164 0.074 0.065 SXSL1132

July 26, 2001 786 10.017 0.019 0.008 21.986 0.037 0.007 0.007 SXSL1270

July 26, 2001 786 10.203 0.028 0.008 4.169 0.031 0.016 0.007 SXSL1281

January 3, 2002 625 1.698 0.026 0.080 0.096 0.058 0.019 0.013 SXSL2374

January 3, 2002 625 1.852 0.031 0.064 0.067 0.038 0.033 0.014 SXSL2376

January 21, 2002 607 1.812 0.033 0.072 0.096 0.026 0.026 0.012 SXSL2425

January 21, 2002 607 1.839 0.027 0.064 0.048 0.021 0.036 0.013 SXSL2456

January 22, 2002 606 1.821 0.037 0.080 0.096 0.027 0.027 0.015 SXSL2484

February 11, 2002 586 1.672 0.032 0.049 0.048 0.026 0.018 0.013 SXSL2610

February 12, 2002 585 1.882 0.028 0.081 0.096 0.032 0.029 0.010 SXSL2634

February 13, 2002 584 1.827 0.030 0.081 0.578 0.010 0.013 0.022 SXSL2649

February 14, 2002 583 1.727 0.048 0.073 0.087 0.013 0.030 0.012 SXSL2655

February 14, 2002 583 1.736 0.026 0.073 0.087 0.037 0.009 0.013 SXSL2660

February 15, 2002 582 1.810 0.033 0.020 0.021 0.041 0.030 0.029 SXSL2662

February 15, 2002 582 1.819 0.029 0.065 0.125 0.022 0.010 0.026 SXSL2664

March 6, 2002 563 0.029 0.057 0.541 SXSL2871

March 6, 2002 563 0.029 0.049 0.097 SXSL2872

August 13, 2002 403 0.026 0.052 _0. SXSL3133

August 13, 2002 403 0.030 0.061 0.390 SXSL3138

August 13, 2002 403 1.778 0.012 0.012 0.804 0.007 0.005 0.005 SXSL3140

August 13, 2002 403 0.029 0.061 0.585 SXSL3142

August 13, 2002 403 1.782 0.017 0.011 1.228 0.004 0.005 0.005 SXSL3145

August 13, 2002 403 0.029 0.069 0.292 SXSL3149

August 13, 2002 403 1.820 0.042 0.020 0.292 0.003 0.005 0.005 SXSL3153

1

2

3
4

5

6
7

8
9
10

11
12
13

14

15
16

17
18

19
20

21

22
23

24
25
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1. INTRODUCTION

The Saxton Nuclear Experimental Corporation (SNEC) Facility located in Saxton,
Pennsylvania accumulated approximately 11,200 tons of building debris (primarily
concrete) and approximately 5,000 tons of soils that would be suitable for use as fill for
excavations that will remain following decontamination and decommissioning (D&D).
GPU Nuclear (GPU) determined that the concentration of man-made radionuclides in the
materials would be measured prior to using the soil and debris for fill. Materials with
concentrations above a fraction of the DCGLw stated in the License Termination Plan
(LTP) (5.6 pCi/g) were separated from the material used for fill.

GPU used a system of conveyors and radiation monitors, along with sampling and
laboratory analysis, to document that the material is substantially below limits proscribed
in the facility LTP filed with the Nuclear Regulatory Commission (NRC). Shonka
Research Associates, Inc (SRA) was contracted to build, operate, and summarize data
from the radiation monitors.

SRA utilized a system called the Subsurface Multi-spectral Contamination Monitor
(SMCM), which was developed with funding from the NRC (NRC-04-92-096.
"Continued Development of a High Sensitivity Landfill Monitor: The Results of a Phase
11 SBIR Grant". December, 1994). SMCM combines into one instrument the capabilities
of both scanning surveys with in situ gamma spectrometry. The SMCM is a scanning
spectrometer. The data is processed with Noise Adjusted Single Value Decomposition
(NASVD) algorithms originally developed for sonar. This treatment of the data greatly
reduces the statistical fluctuation normally encountered in scanning surveys. Over the
past three years, the SMCM has been used in support of land area release surveys at
several nuclear power plant sites across the United States, including Forked River,
LaSalle, Nuclear Fuel Services, Point Beach, Rancho Seco, Saxton (open land areas), and
Yankee Rowe, as well as for non-power plant licensees and United States Department of
Energy (DOE) Facilities.

The conveyor system utilized a complement of four sodium iodide radiation detectors
mounted in an enclosure that was placed above a section of the conveyor. The detectors
were operated as energy spectrometers. The system measured the concentration of
cesium (Cs-137) as well as natural potassium (K-40), uranium (via Bi-214), and thorium
(via Tl-208).

The GPU survey request number 55 (SR-55) comprised 38 batches that included over
11,200 tons of building debris. Based on the data recorded the system operated with a
minimum detectable contamination (MDC) of 0.36 pCi/g Cs-137 on a batch basis
assuming a uniformly distributed contamination. The system operated with an alarm
setpoint of 2.91 pCi/g Cs-137 on a 5-acquisition (25-second) basis assuming a uniformly
distributed contamination within 7.3 cubic feet of material. No alarms occurred during
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the survey. The SMCM net potassium, uranium, and thorium showed good agreement
with the soil samples, which were collected and counted independently by GPU. Thirty-
one ten-hour days were required to survey the 38 each SR-55 batches.

The GPU SR-62 survey comprised 18 batches that included over 5,000 tons of soil.
Twenty-eight alarms occurred during the survey. The system operated with an alarm
setpoint of 2.91 pCi/g Cs-137 on a 5-acquisition (25-second) basis assuming a uniformly
distributed contamination. The SMCM net potassium, uranium, and thorium showed
good agreement with the soil samples, which were collected and counted independently
by GPU. Twenty-six 10-hour days were required to survey the 18 SR-62 batches.

2. METHODOLOGY

2.1 The Conveyor Mounted SMCM

The radiation detection system is a conveyor version of the SMCM that utilizes four-
each, 5-inch (12.7 cm) diameter by 2-inch (5.1 cm) thick thallium-doped sodium iodide
(Nal (Tl)) detectors. The detectors are arranged in a line along the path of the conveyor,
and are located one-half meter apart. Spectra in the energy range from 0.1 to 3 MeV are
collected every five seconds via Ortec iLAce Multi-Channel Analyzers (MCAs). The
nominal conveyor speed was established at 4 inches per second (0.1 meters per second),
with spectra collected every 19.7 inches (0.5 meters) of conveyor travel. The conveyor
had material limited to 32 inches (0.8 m) wide and 4 inches (0.1 m) deep, with the face of
the detectors located 13 inches (0.3 m) from the surface of the conveyed material. This
height was chosen to provide a reasonable compromise between uniformity of response
and sensitivity to localized sources.

The detectors were centered in 19.7 inch (0.5 meter) diameter barrels (see Figure 2-1 and
Figure 2-2). The detectors have thermal shielding, heaters, thermocouples and controls
for temperature stabilization, and are shielded with approximately 4 inches (10.2 cm) of
sand to reduce the radiation background as well as reducing any variability from changes
in background (due to radon in air, moving vehicles, or changes in nearby soil and
building debris piles). The detector array is located in an enclosure above the conveyor
that is also heated to provide a uniform thermal environment without diurnal variation.
The sand shielding restricts the field of view of the detectors to a downward looking,
nominal 90 degree angle cone (see Figure 2-3). A 12-foot (3.6 m) by 5-foot (1.5 m)
trailer served as a mobile command center (MCC). The SMCM process computer and
post-processing computer were operated from within the MCC (See Figure 24).
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Figure 2-2. Monitoring enclosure partially
built. The detector barrels are centered on top
of the four holes shown.

Figure 2-1. Detector assemblies inside
barrels. Three of four barrels are shown in
the monitoring enclosure.
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Figure 2-4. Completed monitoring enclosure and mobile command center (MfCC).

Prior to deployment, each MCA low level discriminator (LLD) and zero-offset were
calibrated. During SR-55 batch 25, two of the four detectors experienced a shift in their
zero-offsets of approximately -50 keV. The shift was studied and did not seriously
impact the system's real-time detection abilities. The problem is described in Appendix
G: Shift in Zero Offset. After the conveyor was relocated to process the soil piles, the
MCA calibration was repeated which restored the zero offset to zero.

Appropriate shielding calculations were performed to establish a calibration in an
equivalent manner to the method of Helfer and Miller: "Calibration factors for Ge
Detectors used for Field Spectrometry (Health Physics Vol. 55 No.1 (July), pp 15-29
1988). A full description of the calibration process is included in Appendix B: Nal
Detector Calibration Factors.

In addition to the Nal spectrometers, the conveyor mounted SMCM carried a continuous
air monitor (CAM) that monitored the levels of radon daughter products in air via a
pancake Geiger-Muller (GM) detector. The counts from the CAM were recorded during
every acquisition. Analysis of the data from the CAM confirmed that the sand shielded
detectors had no inherent response to radon. The CAM detector and data is summarized
in Appendix E: Radon Detector.

The monitoring system also included an encoder and wheel, attached to the end of a
swing arm that rolled on top of the soil. The encoder was coupled to the wheel via a
flexible drive shaft (see Figure 2-5). The encoder generates 2048 pulses per rotation.
The pulses were monitored (and the conveyor speed was calculated) every 0.5 seconds.
Average conveyor speed was recorded for every 5-second acquisition. The encoder
confirmed that the conveyor belt was traveling at 4 inches per second (0.1 meters per
second).
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The swing arm was also equipped with a level switch. The design of the switch closed a
circuit if the swing arm was riding on less than 2 inches of soil (the detector/ source
model assumed a 4 inch (0.1 m) thick volume of debris). The circuit was monitored
every 0.5 seconds and the average position was recorded for every 5-second acquisition.
When the feed hopper emptied, the conveyor rapidly emptied in less than the 5-second
interval or 19.7 inches (0.5 meters) of travel due to the material level limiter. The
material level limiter kept the material at a uniform height of 4 inches (0.1 m) on the
survey conveyor as long as the survey belt feed hopper was kept full.

All measurements were recorded to the process computer's hard drive. The survey
operator controlled the starting and stopping of the recorded data. All the recorded data
between the start and stop is called a "survey strip." Collectively, the encoder, level
switch, and computer monitoring were an extremely convenient feature of the conveyor
monitoring system. They allowed the system to be run independently of the conveyor.
Data collected when the belt was stationary or no debris present was removed. Figure
2-5 is a photo showing the swing arm and wheel encoder.

Figure 2-5. Swing arm with level switch and encoder idler wheel. The encoder
located inside the enclosure is coupled to the wheel via flexible shaft.

The SMCM was equipped with a number of alarm enunciators. When a source was
detected, the operation screen would change color. A remote day light readable monitor
was provided for the conveyor operator. The SMCM computer would also activate a
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radiation alarm light with audio that was mounted at the controls of the conveyor. A
wireless network and pocket PC were also utilized to convey alarms and other critical
system information when the operator was away from the monitoring station.

The conveyor system consisted of three major sections, each of which is hydraulically
powered. A feed conveyor was used to break up any large accumulations and to screen
out large rocks. It fed a monitoring conveyor that provided a uniform material 32 inches
(0.8 m) wide and 4 inches (0.1 m) deep that traveled at a constant speed of four inches
per second (0.1 meters per second) under the radiation detectors. The monitoring
conveyor fed a third conveyor, which was a stacker loader. The stacker loader deposited

- '- - As - l t11 A ZlA n+A ;XAo<A A d t 1-A-G-1---dg tttheA nfA .+

Figure 2-6. Layout of conveyor system.

2.2 Establishment of Survey Areas

The debris and soil were separated into approximately 250-ton piles called batches.
Although there were a number of different types of materials present among the piles,
each individual pile appeared to be a homogeneous mixture of the same type of material.
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Each pile was treated as a separate survey area or batch. Each survey area was
summarized in a Survey Release Record (SRR) report.

SR-55 batches 1 to 38 consisted of building debris from demolished structures at the
Saxton Steam Generating Station (SSGS). The building debris had been crushed to a size
of no greater than 4 inches earlier in the year. SR-55 batches 1- 2 consisted of the
demolished SSGS garage and warehouse. This debris consisted mostly of brick and
mortar. SR-55 batches 3 - 38 were the debris from the SSGS footprint which was
excavated to allow survey of the below grade structure. This debris consisted mostly of
brick and concrete with minor amounts of tile and grout.

SR-62 batches 1 to 18 (except batch 3) consisted of Multi-Agency Radiation and Site
Survey Investigation Manual (MARSSIM) "Impacted Class 1 " soil excavated from areas
around the Containment Vessel and other impacted surface soils from the site. In SR-62
batch 3, the soil consisted of sediment pumped from the SSGS intake and discharge
tunnels. These tunnels were desilted to permit survey under the FSS program. The silt
was decanted in a settling basin. The material types and the batches in which they were
present are provided in Table 2-1 below. The average lab density and moisture content
values were provided by GPU.

Table 2-1. Material types for the various batches.

Average Average

SR Batch Material Type Lab Moisture
Density Content

_(glcc) (weight %)
55 1-2 Crushed Brick and Mortar 1.42 12.5
55 3-38 Crushed Brick, Concrete, Tile and Grout 1.33 13.1
62 1-2 Red Clay and Soil 1.17 13.9
62 3 Sediment Pumped from the SSGS Tunnels 1.05 39.4
62 4-18 Red Clay and Soil 1.40 12.4

2.3 Survey Methods

The conveyor mounted SMCM collected acquisitions every five seconds as the soil and
debris was moved at 4 inches (10 centimeters) per second. During each acquisition, an
industrial computer recorded the following: a spectra and live time from each of the four
MCAs, the distance traveled by the incremental encoder, the average position of the
swing arm, and the count rate from the CAM. Periodically during the operation, the
operator recorded temperatures and other system status information. Although all of
these signals were collected and monitored during operations, the system's most
important function was the real time low-level radiation alarms based on the data
analysis. A brief description of the real time data analysis, alarms, and investigative
measures are described below.
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The spectra were converted from units of counts to count per second (cps) by dividing by
the live time. The net values in each region of interest (ROI) were determined for cesium
(Cs-137 @ 662 keV), potassium (K-40 @ 1461 keV), uranium (U-238 using Bi-214 @
1764 keV), and thorium (Th-232 using TI-208 @ 2614 keV). Calculation of net K-40, U-
238, and Th-232 are described in Appendix D: Determination of Cs, K, U, and T
Stripping Coefficients. The net Cs-137 was calculated by removing the contribution to
the Cs-137 ROI from each of the primordials: K40, U-238, and Th-232. Calculation of
net Cs-137 is also described in Appendix D: Determination of Cs, K, U, and T Stripping
Coefficients. To strip a spectrum (window) means to remove the contributions to an
energy window from radionuclides emitting gammas of higher energies. Only a fraction
of the emitted gamma photons are registered as full energy photons. Scattered photons
originating from higher energy photons will be measured in lower energy windows. The
contribution from those scattered photons is removed when stripping the spectra.

The diagonal mean is the mean of the 4 detectors for a given sample of material on the
moving conveyor. If a source were present in the soil, it would reach detector I during
acquisition 1, detector 2 during acquisition t +1, and so on. A delayed average or
diagonal mean of the net Cs values was calculated to improve the systems detection
ability. Monitoring a system with four recounts of the same material doubled the signal
to noise ratio. This data was then processed with two types of filters, a point source filter,
and a moving average filter. The output of each filter, as well as the summed pCi/g for
the current batch, was tested with alarm logic. Different alarm points were utilized for
the point source filter, moving average filter, and summed activity. The most
conservative alarm limit was applied to the moving average filtered data (uniform
moving average filter with a width of 5 acquisitions).

The regulatory limit was 6.6 pCi/g for the 11,200-ton pile for SR-55. Due to the isotopic
mix, GPU lowered the limit to 5.6 pCi/g. An administrative conservatism was declared
that lowered the limit to 75% or 4.2 pCi/g. To assure the pile would not exceed the 4.2
pCi/g limits, the real-time alarm setpoint was set to a much smaller volume than the pile.
The alarm setpoint was set to 2.91 pCi/g Cs-137 assuming a uniformly distributed
contamination of 773 pounds (350 kgs) in a volume of 4 inches (0.1 m) by 32 inches (0.8
m) by 8.2 feet (2.5 m). The detection limit is substantially lower for a truckload or entire
batch. An example operator screen included a strip chart of the data is shown in Figure
2-7.
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Figure 2-7. SMCM Operation Software.

If an alarm occurred, the conveyor was stopped and the data was investigated. The
SMCM operator would review the strip chart on the SMCM process software screen.
The strip chart shows the four detectors and the diagonal mean of the 4 detectors. From
the strip chart, the operator is able to determine if the alarm is a point source or a
distributed source and where along the belt the suspect material is located. The best
estimate of the source distribution was then described to GPU for investigation.

GPU utilized 2-inch x 2-inch (5-cm x 5-cm) portable Nal detectors attached to rate
meters to investigate alarms. Generally, large source distributions would motivate
removing dirt from the entire survey conveyor. If the source were localized to a single
acquisition, the affected acquisition and at a minimum the two adjoining acquisitions
were removed. Response to alarms and investigations is further outlined in GPU's SR-55
and SR-62 survey documents.

2.4 Quality Control

Quality control (QC) and quality assurance (QA) for the laboratory environment has been
studied for some time and is well established in the nuclear industry for radiation
detection equipment. However, QC associated with the operation of radiation detectors
in the field is not generally established with the same degree of rigor. To attain lab-like
stability in the field, rigorous QC and QA measures are required that go beyond common
practice. The following text outlines the traditional QC measures for gamma
spectrometers when operated in a laboratory environment. The remaining controls that
are imperative to proper field operation have been integrated into section 2.5 Data
Analysis.
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Prior to deploying for Saxton, the four Nal detectors were calibrated at SRA's laboratory
in Marietta, Georgia. The four MCAs were aligned to ensure a linear relationship, with a
zero offset, between channels and energy. The internal computer-controlled digital gain
in all four MCAs were adjusted to align 1461 keV (K-40 photo peak) into channel 250.
This calibration (5.844 keV per channel with 512 channels, or 0 to 3 MeV) was used in
order to resolve the 2.614 keV photon from the Tl-208 daughter product in the Th-232
decay chain. Similar calibrations are used in aerial surveys. The detectors were
calibrated to determine their intrinsic efficiency. Two National Institute for Standards
and Technology (NIST) traceable button sources, Co-60 (nominal 0.5 xtCi) and Cs-137
(nominal 9.0 piCi), were placed one meter below the front face of the detector. The NIST
traceable source certificates are provided in Appendix F: Source Calibration Certificates.
A technical description of the calibration factors is provided in Appendix B: Nal Detector
Calibration Factors.

During operation, source response checks (SRCs) were performed at the beginning and
end of each day and at least every five hours throughout the day. The SRCs were
performed by recording twenty, 5-second SMCM acquisitions while four Cs-137 (-5
jiCi) button sources were present. The four sources were mounted to a removable SRCs
fixture, which was mounted to the detector enclosure. The Cs-137 sources used for the
SRCs were not NIST traceable. The sources were only intended to act as a stable artifact
and not a means of calibration. The SRCs are the same checks as are done traditionally
with hand-held survey instruments. In the case of the SMCM, the SRCs serve as a
measure of the condition of the detectors, preamps, and MCAs. QC charts for the SRCs
are provided for each detector in Appendix C: Nal Detector Quality Control.

In addition to the SRCs, performance based checks (PBCs) were performed at the
beginning and end of each day and at least every five hours throughout the day. The
PBCs consisted of placing a Cs-137 (-9 pCi) button source on the moving conveyor as
the SMCM software recorded several acquisitions. The source was placed on the
conveyor three times per PBC. The software was operated in a manner identical to real
data collection. Although, the source was NIST traceable, the PBCs were not intended to
serve as a measure of calibration. The point source (randomly placed on the conveyor)
was different from the source geometry that was modeled to establish the detector
response. The PBCs were intended to measure the condition and operation of both the
conveyor system and detector system, including the process computer and software. The
PBCs also are a means to evaluate the conveyor speed and detector height. The SRCs
were intended to evaluate the detection system alone. QC charts for the PBCs are
provided for each detector in Appendix C: Nal Detector Quality Control. Comparing
SRCs and PBCs show that significant added variability occurs when a source is randomly
placed on a moving conveyor, as opposed to measurements taken with a source in a
source jig.
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2.5 Data Analysis

Implementation of laboratory radiation detectors in the field requires that added QC / QA
measures be taken. Some of these added measures, as the standard measures described
above in section 2.4, can be taken and evaluated a priori. However, the source of
information for the majority of these measures comes from the survey data itself. The
measures can only be evaluated aposteriori. The system description and real time data
processing are described above in sections 2.1 and 2.3, respectively. The post survey QC
measures and data processing are described below; collectively, the two are commonly
referred to as post processing.

2.5.1 Recorded Data

In order to achieve the needed detection limit and throughput, a large number of
parameters are recorded and analyzed by the SMCM system. For each acquisition, the
live time and raw spectra is recorded for each detector. During operation, a summary file
is also generated which records virtually every parameter that was collected or calculated
for each acquisition. The summary file is summarized Table 2-2.

Table 2-2. Summary file content.

Parameter Type
Belt Speed Floating
Live time (each detector) Floating
CAM count rate Floating
Material sense Integer
Condition of all Alarms Boolean
Operator Response to Alarms Boolean
Gross ROI (standard IAEA windows) Floating
Net Cs Floating
Net Cs Filter outputs Floating
Diagonal Mean values for each Filter Floating

The noise-adjusted singular value decomposition NASVD algorithms are performed
during the post processing. NASVD is a spectral component analysis procedure for the
removal of noise from gamma-ray spectra. The procedure transforms observed spectra
into orthogonal spectral components. The lower-order components represent the signal in
the original observed spectra, and the higher-order components represent uncorrelated
noise. Noise is removed from the observed spectra by rejecting noise components and
reconstructing the spectra from lower-order components. The raw spectra files are loaded
for a particular survey and the NASVD software determines the principal components.
Identification of point sources is one of the tasks for which NASVD is very efficient.
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The components are visually inspected for specific shapes. Components with no photo-
peak like structure, that is, components that are generated by noise, are discarded and the
spectra are re-assembled. Figure 2-8 and Figure 2-9 are examples of components with
and without Cs-137 photo-peak structure. The Cs-137 component data was collected by
recording a strip of data as the conveyor moved a 110 lb (50 kg) bag of 6.7 pCi/g soil past
the detectors. Next, ROIs are calculated and net K-40, U-238, Th-232, and Cs-137 are
calculated from the NASVD process data in a manner identical to the real time process.
The net Cs-137 is also filtered and the diagonal mean is calculated. Alarm logic is
performed and summarized.

The multi-channel analyzer sorts the measured gamma energies in energy intervals (like a
histogram) and the distribution of photons of different energies is seen as a spectrum.
Figure 2-8 and Figure 2-9 show the first four components. The first component (top
graph in Figure 2-8 and Figure 2-9) is the average spectral shape for all logged spectra.
The first component if inverted with an expanded scale, represents the average spectra
seen in all acquisitions. The second component explains the most dominant spectral
change between logged spectra. Each ROI is identified as "Cs", "K, "U" and "T" with
the label on the lower channel of the ROI. Comparing the second component in Figure
2-8 and Figure 2-9 show no peak in the Cs-137 window (Figure 2-8) and a relatively
large peak in Figure 2-9.
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2.5.2 Exploratory Data Analysis

The net Cs-137 data was then assessed using the four-plot methods from exploratory data
analysis (EDA) recommended by the NIST in the Engineering Statistics Handbook
(NIST/SEAM TECH e-Handbook of Statistical Methods,
http://www.itl.nist.gov/div898/handbook/, 2003.).

The cps in each of the ROIs was plotted using four different plots: 1) a time history plot
(strip chart) of the ROI given as cps vs. acquisition number, 2) a cumulative frequency
distribution (cfd) of the ROI given as cps vs. standard deviation, 3) a histogram
probability density function (PDF) of the ROI, and 4) a lag plot of the ROL. The four-
plot method was also used to analyze the conveyor speed and detector acquisition live
time for each SAB as well as the data collected from the CAM.

The four-plot method is illustrated in Figure 2-10 and Figure 2-11. Figure 2-10 is an
example of four-plot method for data showing a single distribution for the net uranium
from SR-55 batch 20 showing in the top-left and moving clockwise: 1) cps vs. acquisition
(a time history of a survey area), 2) cfd of the same survey data, 3) histogram of the same
data, and 4) lag plot of the same data.
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Figure 2-10. Four-plot of uranium for SR-55 Batch 0020.

The interpretation of a four-plot proceeded as follows. In Figure 2-10, the time history
showed a slight increase of cps as the survey proceeded. The cfd was well approximated
by a straight-line, indicating normal behavior. The histogram resembled a normal
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distribution and looked symetric, and finally, the lag plot showed a mostly uniform
spread of values inside the rectangle defined by the minimum and maximum values of the
data on both axes. These behaviors lead to the conclusion that there was no evidence of
change in this data, and that this data represents consistent background indicative of one
distribution.

In Figure 2-11 data is presented for SR-62 batch 1 truckload 10. This data from batch 1
truckload 10 shows the presence of added and non-uniform uranium in soil. The time
history plot revealed a non-uniform history. The cfd was not linear. The histogram was
asymmetric. The lag plot showed a non-uniform spread as well as strong clustering of
the data. When such behavior was observed, the data were subjected to additional
analyses in order to determine the cause of the lack of normality.

In Figure 2-11, the primordial uranium in the debris changed, presumably from a change
in the matrix being counted. If this were the Cs-137, the change could be due to added
contamination.
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Figure 2-11. Four-plot of uranium for SR-62 Batch I Truckload 10.
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2.5.3 Waterfall Plots

In addition to the four-plot method, utilization of the waterfall plots of the spectral data
gives a more general investigation of all the raw data collected. Waterfall plots are useful
because they can illustrate all of the survey data at once. Quantitative conclusions are
difficult to draw from a waterfall plot. However, the plots quickly give the user a
qualitative understanding of the survey data. Figure 2-12 shows a waterfall plot of a
short strip. Figure 2-12 shows the results of running a 110 lb (50 kg) soil sample of
approximate size 30 inches x 19 inches (0.75 m x 0.5 m) with 6.7 pCi/g of Cs-137 down
the survey conveyor. The waterfall plot shows a Cs-137 signature during acquisitions 4,
5, 6, and 7.

1.8

1.6

4

U,
Cr
*t

1.2

0.8

0.6

0.4

0.2

Figure 2-12. Waterfall plot of a short strip with Cs-137. The scale is shown to the right of the
waterfall plot and is in units of gross cps.

2.5.4 Correlation Plots

Correlation plots are yet another tool needed in analyzing SMCM data. Correlation plots
easily illustrate the presence or absence of covariance between two variables. If an
unexpected trend is found in a data set, correlation plots are generally the next step in the
data analysis. A correlation plot of Cs-137 vs. KUT and K vs. U from SR-55 batch 20 is
provided in Figure 2-13. This type of correlation plot confirms that KUT subtraction
method has the correct stripping coefficients and the underlying spectra has not shifted
with respect to the ROIs of interest.
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Figure 2-13. Correlation plot of Cs-137 vs. KUT and K vs. U from SR-55 Batch 20.

2.5.5 Post Processing Data Files

As the post processing algorithms processed the data, a number of files were generated.
See Table 2-3 for list of data files available. Many of the files were used later in the data
analysis. See Table 2-4 for types of data analysis available.
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Table 2-3. Data files available for further analysis.

. Filenames and acquisitions
* Net K, U, Th, and Cs-I 37 summary stats of mean, median, minimum, maximum, and standard

deviation.
* Net Cs-I 37 cps for each acquisition for each detector.
* Net Cs-137 diagonal mean for each acquisition:

o Moving average
o Savitsgy-Golay
o Mean

* Noise adjusted mean spectra for each acquisition.
* Noise adjusted mean for each acquisition for Net K, Net U, Net Th, Gross spectra, Gross Cs-I 34,

Gross Cs-137, and Gross Co-60.
* Noise adjusted mean for each acquisition broken down into 1000 acquisition lots for Net K, Net

U, Net Th, Gross spectra, Gross Cs-134, Gross Cs-137, and Gross Co-60.
* Radon versus Net Cs-137 for each acquisition.
. Background count rate data for each acquisition. This is the sum of the K, U, and Th windows

with each multiplied by their respective Cs-137 stripping ratio.
* Noise adjusted mean for each acquisition for Net K, Net U, and Net Th.
* Cs-137 factors generated on each of the 1000 acquisition lots.
. Noise adjusted mean broken down into 1000 acquisition lots for Net K, Net U, Net Th, Gross

spectra, Gross Cs-134, Gross Cs-137, and Gross Co-60.
* AVI file of all spectra collected.

2.5.6 Review and Analysis Process

Table 24. Data Analysis.

Description Data Analysis
Review four-plot for the following Net K, U, Th. Look for trends in the run sequence, look for non-normal
windows for each detector. Gross spectra, Gross distributions, look for correlated data.

Cs-134, Gross Cs-
137 Gross Co-60.

Review four-plot for the diagonal Net K, U, Th, and Look for trends in the run sequence, look for non-normal
mean. Cs-137 distributions, look for correlated data.
Review run sequence of the Net K, U, Th Look for correlation trends between the 3 isotopes.
diagonal mean for K, U, and Th in a
side-by-side graph.
Review It four spectral components All spectra Review I' component shape to see it looks normal with
for each detector. no unknown peaks. Look for excursions in the 2"d, 3d

and 4h components.
Review waterfall plot of gross All spectra Look for spectral shifting and no unknown peaks exists
spectra for each detector. and all ROls have uniform count rate data.
Review radon versus net Cs-I 37. Net Cs-137 Look for correlation between radon and Net Cs-137.

CAM count rate Review radon gross counts to see if they are in range.
Review four-plot for the background Look for trends in the run sequence, look for non-normal
count rate. distributions, look for correlated data. Is the mean count

rate as expected?
Review four-plot of live time for Look for trends in the run sequence, look for non-normal
each detector. distributions, look for correlated data.
Review four-plot of acquisition Look for trends in the run sequence, look for non-normal
time. distributions, look for correlated data.
Review four-plot of material sense. I _ILook for trends in the run sequence; the CFD should be
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Description Data Analysis
close to a flat straight line.

Review four-plot of belt speed. Look for trends in the run sequence, look for non-normal
distributions, look for correlated data.

Review filename, number of Review filenames for syntax and date/time stamps. Total
acquisitions in each filename, and acquisitions should be about 4000. Individual trucks
total number of acquisitions. should be about 240 acquisitions.

3. SURVEY RESULTS

Summary reports for each batch are provided in Appendix A: Survey Release Records
reports. The system operated with an alarm setpoint of 2.91 pCi/g Cs-137 on a 5-
acquisition (25-second) basis assuming a uniformly distributed contamination.

No alarms occurred during the survey of SR-55 that included 11,717 (includes 5% re-
surveyed) tons of debris. Table 3-1 below summarizes the radiological information
collected for each batch in SR-55. The data shown in Table 3-1 for SR-55 is simply
showing the background and variability of the system. Table 3-2 presents the laboratory
radiological information collected by GPU for each batch in SR-55.

Table 3-3 below summarizes the radiological information collected for each batch in SR-
62. The data shown in Table 3-3 is actual Cs-137 well above background. Twenty-eight
alarms occurred during the survey that included 5,258 (includes 5% re-surveyed) tons of
debris. Table 3-4 presents the laboratory radiological information collected by GPU for
each batch in SR-62.

Table 3-1. Summary of SMCM radiological information collected for each batch surveyed under
GPU SR-55. (The 38 batches comprise 11,183 tons of material.)

Cs-137 [pCilg]
Batch Mean Max StDev # of Alarms

1 -0.04 0.18 0.10 0
2 0.13 0.52 0.17 0
3 -0.02 0.66 0.09 0
4 0.01 0.19 0.07 0
5 -0.07 0.17 0.06 0
6 -0.06 0.11 0.05 0
7 0.00 0.21 0.08 0
8 0.10 0.31 0.08 0
9 0.02 0.22 0.06 0

10 0.02 0.21 0.06 0
11 0.01 0.20 0.05 0
12 0.05 0.43 0.11 0
13 -0.01 0.24 0.13 0
14 0.04 0.22 0.07 0
15 0.11 0.40 0.07 0
16 0.13 0.41 0.14 0
17 -0.11 0.10 0.07 0
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Cs- 37 [pCilg_
Batch Mean Max StDev # of Alarms

18 0.08 0.35 0.06 0
19 0.00 0.29 0.08 0
20 0.07 0.24 0.06 0
21 0.08 0.28 0.08 0
22 0.12 0.35 0.06 0
23 0.11 0.27 0.08 0
24 0.19 0.53 0.08 0
25 0.10 0.52 0.15 0
26 -0.14 0.26 0.08 0
27 -0.12 0.25 0.10 0
28 -0.16 0.07 0.09 0
29 -0.10 0.20 0.07 0
30 -0.02 0.31 0.10 0
31 -0.11 0.19 0.06 0
32 -0.09 0.25 0.08 0
33 -0.17 0.13 0.10 0
34 -0.07 0.19 0.08 0
35 -0.09 0.14 0.07 0
36 -0.08 0.11 0.07 0
37 -0.13 0.16 0.07 0
38 -0.17 0.10 0.11 0

Table 3-2. Summary of laboratory radiological information collected for each batch surveyed under
GPU SR-55. (The 38 batches comprise 11,183 tons of material.)

Lab [pCi/g]
Batch Value 2 Sigma Detect Sample Log Number

1 0.067 0.063 No 513271
2 0.021 0.026 Yes 513274
3 0.090 0.028 Yes 113280
4 0.052 0.026 Yes 513283
5 0.061 0.027 Yes 513285
6 0.047 0.025 Yes 113289
7 0.030 0.033 Yes 113293
8 0.081 0.030 Yes 113296
9 0.062 0.029 Yes 113300
10 0.081 0.031 Yes 113308
11 0.072 0.027 Yes 113331
12 0.057 0.031 Yes 513334
13 0.052 0.028 Yes 113333
14 0.088 0.033 Yes 113342
15 0.104 0.034 Yes 513350
16 0.091 0.022 Yes 113354
17 0.070 0.027 Yes 113357
18 0.101 0.040 Yes 513358
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Lab [pCi/g]
Batch Value 2 Sigma Detect Sample Log Number

19 0.082 0.029 Yes 113365
20 0.068 0.019 Yes 113368
21 0.049 0.034 Yes 513371
22 0.056 0.026 Yes 113370
23 0.054 0.026 Yes 113373
24 0.062 0.029 Yes 113380
25 0.068 0.030 Yes 513386
26 0.092 0.039 Yes 513389
27 0.065 0.030 Yes 113400
28 0.082 0.034 Yes 513413
29 0.103 0.036 Yes 513428
30 0.042 0.026 Yes 113459
31 0.067 0.029 Yes 513456
32 0.083 0.046 Yes 413477
33 0.097 0.031 Yes 513496
34 0.074 0.032 Yes 513510
35 0.070 0.035 Yes 113547
36 0.056 0.027 Yes 113585
37 0.065 0.032 Yes 513584
38 0.060 0.020 Yes 113603

Table 3-3. Summary of SMCM radiological information collected for each batch surveyed under
GPU SR-62. (The 18 batches comprise 5,012 tons of material.)

CsI 37 [pCi/g
Batch Mean Max StDev # of Alarms

1 1.73 2.08 0.12 4
2 1.76 2.32 0.24 1
3 1.36 1.67 0.09 0
4 1.29 1.56 0.07 0
5 1.52 1.83 0.10 2
6 1.64 2.04 0.18 2
7 1.89 2.29 0.18 9
8 1.84 2.21 0.12 1
9 1.83 2.19 0.14 0

10 2.00 2.40 0.11 2
11 1.78 2.39 0.12 1
12 1.80 2.08 0.09 2
13 1.87 2.23 0.11 2
14 1.74 2.62 0.35 0
15 1.63 1.89 0.11 2
16 1.45 1.84 0.21 0
17 1.60 1.89 0.12 0
18 1.68 2.05 0.16 0
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Table 34. Summary of lab radiological information collected for each batch surveyed under GPU
SR-62. (The 18 batches comprise 5,012 tons of material.)

____ ____ Lab ApCil
Batch Value 2 Sigma Detect Sample Log Number Value 2 Sigma Detect Sample Log Number

1 0.699 0.118 Yes 513734 0.572 0.097 Yes 113752
2 1.005 0.124 Yes 513757 0.584 0.088 Yes 113774
3 0.418 0.081 Yes 413809 N/A N/A N/A N/A
4 0.553 0.096 Yes 514128 0.463 0.081 Yes 514143
5 0.556 0.088 Yes 114165 0.607 0.098 Yes 114170
6 0.617 0.094 Yes 114177 0.657 0.082 Yes 114182

7 0.717 0.112 Yes 414197 0.855 0.131 Yes 414207

8 0.704 0.106 Yes 114218 0.733 0.099 Yes 514245
9 0.732 0.099 Yes 514245 0.749 0.129 Yes 414270

10 0.811 0.097 Yes 114269 0.718 0.117 Yes 414283
11 0.768 0.095 Yes 114302 0.906 0.115 Yes 514297
12 0.721 0.089 Yes 114305 1.002 0.111 Yes 114306
13 0.728 0.099 Yes 114317 0.712 0.099 Yes 514319

14 0.768 0.100 Yes 114318 0.817 0.104 Yes 114341

15 0.670 0.889 Yes 114363 0.790 0.101 Yes 514364

16 0.695 0.086 Yes 114370 0.624 0.084 Yes 514371

17 0.641 0.086 Yes 514413 0.661 0.089 Yes 514414
18 0.696 0.087 Yes 114417 0.623 0.080 Yes 514418

3.1 SMCM vs. Lab

The measured data indicates that there is a small bias between the SMCM and lab
reported Bi-214 and Tl-208. The possible sources of bias are discussed in Appendix H:
Comparison of SMCM Results with Laboratory-Based Measurements.

The Bi-214 and TI-208 concentration (pCi/g) levels are similar in SR-55 to SR-62. The
lab results for K-40 differed as shown in Table 3-5. The average K-40 shown for SR-55
excludes the first 2 batches that had higher K-40 content. Batches 1 and 2 where crushed
brick and mortar. Batches 3 to 38 were crushed brick, concrete, tile and grout. For SR-
62, two samples where taken per batch. Batch 3 was excluded from the K-40 average
because it was sediment pumped from the SSGS tunnels. For K-40, SMCM agreed with
the lab on SR-55 but was 23% lower than the lab for SR-62. The lower value for K-40
on SR-62 resulted in higher reported Cs-137 concentrations but well under the site de-
rated regulatory limits.

Table 3-5. K-40 comparison between SR-55 and SR-62 based on lab results.

K-40 pCOgW
SR Sample 1 Sample 2

55 9.385 N/A
62 15.666 14.910
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In general, for both SR-55 and SR-62, the SMCM consistently over-reported the Bi-214
by a factor of 2 and Tl-208 by about 30%. This over-reporting is attributed to several
sources: additional background counts come from the Bi-214 and TI-208 in the soil
underneath and around the conveyor. Another contributing factor is the use of a window
that includes some Compton scattered photons as well as the primary photons assumed in
the calibration model.

Using the SMCM, SR55 had no detectable Cs-137 and consistently reported
measurements near zero.

SR-62 had detectable Cs-137 and the SMCM over-reported the Cs-137 concentration by
about 150%. This over-reporting is largely attributed to K-40 being under-reported that
results in too little background subtraction. This can also be seen by the fact that K-40 is
correlated to Cs-137 (see Figure 3-1).
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Figure 3-1. Upper left chart shows K 40 is correlated to Cs-137.

For SR-62, the K-40 results agree within 25% of the lab measurements but show greater
variability when compared to the lab. This variability is attributed to variability in zero
offset through the course of the 5 months of measurements (see Appendix G Shift in Zero
Offset). The impact of the zero offset shift is to cause variability in the stripping
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coefficients that remove Bi-214 and TI-208 from the K-40 window (see Appendix D
Striping Coefficients).

3.1.1 SMCM vs. Lab for SR-55

GPU staff acquired and analyzed a composite soil sample for each batch of debris. A
total of 16 one-half liter soil samples were taken, corresponding to the 16 truck loads that
made up a batch. The total 8-liter composite sample was dried for 8 hours, mixed,
screened with a 0.25-inch (0.6 cm) screen to remove rocks, and used to fill a one-liter
Marinelli beaker for counting. The mean concentrations from both the laboratory
analysis and the SMCM results are plotted below in Figure 3-2, Figure 3-3, Figure 3-4,
and Figure 3-5 for Cs-137, K-40, Bi-214, and Tl-208. The measured data indicates that
there is a small bias between the SMCM and lab reported Bi-214 and Tl-208. The
possible sources of bias are discussed in Appendix H: Comparison of SMCM Results
with Laboratory-Based Measurements.

Since Cs-137 was not present, all SMCM values are below the system's MDC value.
The zero offset issue can be observed at batch 26 in Figure 3-2 and is explained in
Appendix G Shift in Zero Offset.

The K-40 results agree on average within 2%. Batches 1 and 2 were different material
than batches 3 to 38 and showed agreement within 25%.

The Bi-214 results show that the SMCM is over-reporting this value by about 100%. In
the data shown in Figure 3-5, the SMCM slightly over-reported Thorium-232 (via TI-208
which is related to Th-232 by the 36% branching ratio, or 3X the scale indicated). The
over-reporting of Th-232 is primarily attributed to failure to subtract the background
thorium measured from soil underneath the conveyor system, and to other minor causes,
such as the extrapolation from Co-60 (1.33 MeV) to the Tl-208 photon energy of 2.614
MeV. The Tl-208 results show that the SMCM is over-reporting this value by about
40%. These differences were viewed as acceptable with no further study of the issue.
See also Appendix H Comparison of SMCM Results.

3.1.2 SMCM vs. Lab for SR-62

GPU staff acquired and analyzed two composite soil samples for each batch of debris.
Each sample was comprised of 8 one-half liter soil samples, corresponding to 8
truckloads. Two each 8-liter composite samples per batch was dried for 8 hours, mixed,
screened with a 0.25 inch (0.6 cm) screen to remove rocks, and used to fill two one-liter
Marinelli beakers for counting. The mean concentrations from both the laboratory
analysis and the SMCM results are plotted below in Figure 3-6, Figure 3-7, Figure 3-8,
and Figure 3-9 for Cs-137, K-40, Bi-214, and Tl-208. The measured data indicates that
there is a small bias between the SMCM and lab reported Bi-214 and TI-208. The
possible sources of bias are discussed in Appendix H: Comparison of SMCM Results
with Laboratory-Based Measurements.
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The Cs-137 results show that the SMCM is over-reporting this value on average by about
150%. This is attributed to the under-reporting of K-40 that is subtracted to provide net
Cs-137 concentrations.

The K-40 results show that the SMCM is under-reporting this value on average by about
25%.

The Bi-214 results show that the SMCM is over-reporting this value on average by about
100%. This result is consistent with SR-55.

The Tl-208 results show that the SMCM is over-reporting this value on average by about
20%. This result is consistent with SR-55.
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Figure 3-2. SR-55 mean concentration from laboratory analysis and SMCM results for Cs-137.
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Figure 3-3. SR-55 mean concentration from laboratory analysis and SMCM results for K40.
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3.2 Productivity for SR-55

The survey of the 11,717 tons (includes 5% re-surveyed) of debris required thirty-one 10-
hour shifts to complete. A table summarizing the conveyor productivity in units of tons
and piles processed is shown in Figure 3-10.

Table 3-6 also further summarizes the system productivity. Typically, the SMCM was
surveying 7.3 hours a day. Actual survey time ranged from 1.8 hours to 7.5 hours. The
remaining time was due to administrative activities, e.g., starting conveyors, moving
dump trucks, maintaining feed pile, etc. Outside of administrative activities, the SMCM
was operated with 99% productivity. The 1% downtime was due to conveyor
maintenance or repair and investigating the shift in zero-offset.

3.3 Productivity for SR-62

The survey of the 5,258 tons (includes 5% re-surveyed) of soil required twenty-two 10-
hour shifts and four 8-hour shifts to complete. A table summarizing the conveyor
productivity in units of tons and piles processed is shown in Figure 3-11. Table 3-7 also
further summarizes the system productivity. Typically, the SMCM was surveying 6.5
hours a day in a given 10-hour shift. For the July 4th week only four 8-hour shifts were
performed. Actual survey time ranged from 4.1 hours to 7.1 hours. Assuming the same
administrative activities, e.g., starting conveyors, moving dump trucks, maintaining feed
pile, etc. stayed the same as SR-55, then typically 0.6 hours per shift were spent
investigating alarms. Alarms that occurred towards the start of SR-62 took much longer
to resolve than alarms towards the end of SR-62. Once the surveying and operating
crews became comfortable with the logistics of alarm investigation and material removal,
the time reduced to 10 to 15 minutes per event. Outside of administrative activities and
alarms, the SMCM was operated with 99% productivity. The 1% downtime was due to
conveyor maintenance or repair.
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Table 3-6. Summary of system productivity for SR-55.

Shift Date Acquisitions Survey Total Total Total Average
__________Time [hr] Tons YardSA3 Trucks Tons I Truck

1 3/12/03 1295 1.8 100 70 6 16.7
2 3/13/03 4147 5.8 320 224 18 17.8
3 3/17/03 2436 3.4 188 132 11 17.1
4 3/18/03 5000 6.9 386 270 20 19.3
5 3/19/03 4192 5.8 324 226 18 18.0
6 3/20/03 4913 6.8 380 265 20 19.0
7 3/24103 5005 7.0 387 270 20 19.3
8 3/25/03 5343 7.4 413 289 22 18.8
9 3/26/03 5319 7.4 411 287 22 18.7
10 3/27/03 5378 7.5 416 290 22 18.9
11 3/31/03 5103 7.1 394 276 21 18.8
12 4/1/03 5315 7.4 411 287 22 18.7
13 4/2/03 5339 7.4 413 288 22 18.8
14 4/3/03 5410 7.5 418 292 23 18.2
15 4/7/03 4460 6.2 345 241 18 19.1
16 4/8/03 5105 7.1 395 276 21 18.8
17 4/9/03 5397 7.5 417 291 22 19.0
18 4/10/03 5356 7.4 414 289 23 18.0
19 4/14/03 5374 7.5 415 290 22 18.9
20 4/15/03 5312 7.4 411 287 22 18.7
21 4/16/03 5154 7.2 398 278 22 18.1
22 4/17/03 5446 7.6 421 294 22 19.1
23 4/21/03 5203 7.2 402 281 21 19.1
24 4/22/03 5412 7.5 418 292 22 19.0
25 4/23/03 5190 7.2 401 280 22 18.2
26 4/24/03 5281 7.3 408 285 22 18.6
27 4/28/03 4878 6.8 377 263 20 18.8
28 4/29/03 3855 5.4 298 208 16 18.6
29 4/30/03 5330 7.4 412 288 22 18.7
30 5/1/03 5341 7.4 413 288 22 18.8
31 5/5/03 5322 _ 7.4 411 287 22 18.7

Median 5281 7.3 408 285 22 18.8
Total 151,611 210.6 11,717 8,188 628 N/A
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Table 3-7. Summary of system productivity for SR-62.

Shift Date Acquisitions Survey Total Total Total Average
Time [hr] Tons YardsA3 Trucks Tons I Truck

1 5/13/03 2952 4.1 155 108 12 12.9
2 5/14/03 1946 2.7 102 71 7 14.6
3 5/15/03 3351 4.7 176 123 12 14.7
4 5/20/03 1491 2.1 78 55 4 19.6
5 6/23/03 1547 2.1 81 57 5 16.2
6 6/24/03 3944 5.5 207 145 10 20.7
7 6/25/03 4491 6.2 236 165 11 21.4
8 6/26/03 4692 6.5 246 172 12 20.5
9 6/30/03 3303 4.6 173 121 8 21.7
10 7/1/03 3322 4.6 174 122 8 21.8
11 7/2/03 2952 4.1 155 108 7 22.1
12 7/3/03 3570 5.0 187 131 7 26.8
13 7/7/03 4725 6.6 248 173 13 19.1
14 7/8/03 4559 6.3 239 167 13 18.4
15 7/9/03 4388 6.1 230 161 13 17.7
16 7/10/03 4287 6.0 225 157 11 20.5
17 7/14/03 4816 6.7 253 177 13 19.4
18 7/15/03 5107 7.1 268 187 14 19.1
19 7/16/03 4613 6.4 242 169 13 18.6
20 7/17/03 4580 6.4 240 168 13 18.5
21 7/21/03 4658 6.5 245 171 13 18.8
22 7/22/03 4732 6.6 248 174 12 20.7
23 7/23/03 4683 6.5 246 172 14 17.6
24 7/24/03 3617 5.0 190 133 10 19.0
25 7/28/03 4299 6.0 226 158 12 18.8
26 7/29/03 3542 4.9 186 130 8 23.2

Median 4393 6.0 225 157 12 19.1
Total 100167 139.1 5258 3674 275 N/A
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3.4 Re-survey Results

The LTP required that 5% of all survey units be re-surveyed. The requirements were for
the results of the original survey and the results of the re-survey to meet the survey
performance requirements. The last truck of the day was dumped and re-run through the
system the following workday. Table 3-8 and Table 3-9 show that all resurveyed
material met the survey performance requirements. As another metric of the SMCM's
performance, this re-surveyed data was compared using K40, since the Cs-137 was often
below the detection limit of the SMCM. As shown in Figure 3-12 and Figure 3-13 the re-
survey results agreed within 1 standard deviation of the original truck. Only the standard
deviation of the original truck is shown in the figure for clarity.
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3.4.1 Re-survey Results for SR-55

The re-survey results are shown Table 3-8 and in Figure 3-12.

Table 3-8. SR-S5 re-survey results.

Re-Survey Below 2.2pCi/g Original Filename Below 2.2pCi/g
Filename Yes02-04Ye

99-01 Yes 02-04 Yes
99-02 Yes 02-06 Yes
99-03 Yes 03-01 Yes
99-04 Yes 04-04 Yes
99-05 Yes 05-04 Yes
99-06 Yes 06-07 Yes
99-07 Yes 07-11 Yes
99-08 Yes 08-16 Yes
99-09 Yes 10-05 Yes
99-10 Yes 11-10 Yes
99-11 Yes 12-14 Yes
99-12 Yes 14-03 Yes
99-13 Yes 15-08 Yes
99-14 Yes 16-13 Yes
99-15 Yes 17-01.N04 Yes
99-16 Yes 19-01.N02 Yes
99-17 Yes 20-02 Yes
99-18 Yes 21-04 Yes
99-19 Yes 23-01 Yes
99-20 Yes 24-02 Yes
99-21 Yes 26-03 Yes
99-22 Yes 28-02 Yes
99-23 Yes 29-03 Yes
99-24 Yes 30-04 Yes
99-25 Yes 32-02 Yes
99-26 Yes 33-03 Yes
99-27 Yes 34-04 Yes
99-28 Yes 35-02 Yes
99-29 Yes 36-03 Yes
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Figure 3-12. SR-55 re-survey results comparison.
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3.4.2 Re-survey Results for SR-62

The re-survey results are shown in Table 3-9 and Figure 3-13.

Table 3-9. SR-62 re-survey results.

Resurvey Filename Below 4.2pCiIg Truck Filename Below 4.2pCiIg
99-30 Yes 39-lO.NO1 Yes
99-31 Yes 40-Ol .N02 Yes
99-32 Yes 40-06.NOI Yes
99-33 Yes 42-03.N02 Yes
99-34 Yes 42-05.N05 Yes
99-35 Yes 43-04 Yes
99-36 Yes 44-OI.N02 Yes
99-37 Yes 44-03.N03 Yes
99-38 Yes 45-04 Yes
99-39 Yes 45-10 Yes
99-40 Yes 46-04 Yes
99-41 Yes 47-02 Yes
99-42 Yes 47-08 Yes
9943 Yes 48-05 Yes
99-44 Yes 56-02.N04 Yes

38



Saxton SMCMSurvey
Final Report

Executive Summary

Figure 3-13. SR-62 re-survey results comparison.
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3.5 Conclusions

The surveys for SR-55 and SR-62 showed no Cs-137 greater than sites de-rated limit of
4.2 pCi/g (See Table 3-10).

Table 3-10. Best estimate of average pile results.

SR Mean Cs-137 [pci/g] Uncertainty
55 0.069 0.010
62 0.683 0.085

3.5.1 Conclusions for SR-55

The survey of the 11,183 tons of debris had 38 1 -liter samples taken and measured by the
NIST traceable germanium lab counter. The best estimate of the total pile is the mean of
the samples or 0.069 + 0.010 pCi/g. The sample for batch 1 is not included in the mean
due to its value being a non-detect by the lab. All other lab samples detected Cs-137.
The SMCM measured 100% of the debris and showed a mean of 0.040 + 0.067 pCi/g for
batches 1 through 24. A zero offset occurred (see Figure 3-2) during batch 25 that moved
the Bi-214 609 keV peak mostly out of the Cs-137 window. Thus, reducing the
background counts in the Cs-137 window. Therefore, batches 26 through 38 all had
negative values with a mean of-0.113 + 0.042 pCi/g. The SRCs and PBCs showed that
if Cs-137 was present the SMCM was operating reliably for all batches I through 38.

The SMCM and lab results agree within one standard deviation. For the case of the SR-
55 pile, SMCM has verified that the lab sampling methodology is valid and the best
estimate of the total pile is 0.069 + 0.010 pCi/g. The SMCM did not alarm during the
SR-55 survey. Therefore, there is no Cs-137 greater than 2.91 pCi/g for a 5-acqusition
sample or 773 pounds (350 kgs) of debris. Furthermore, the NASVD data analysis
showed no indication that Cs-137 was present when comparing acquisition to acquisition.

3.5.2 Conclusions for SR-62

The survey of the 5,012 tons of soil had 36 1 -liter samples taken and measured by the
NIST traceable germanium lab counter. The best estimate of the total pile is the mean of
the lab samples or 0.683 i 0.085 pCi/g. The SMCM measured 100% of the soil and
showed a mean of 1.689 + 0.190 pCi/g for batches 1 through 18. The model used to
determine the Cs-137 calibration factor used a density of 1.6 g/cc. The average dry
density as measured by the on-site lab was 1.285 g/cc. Therefore, the SMCM results may
be reduced by 20%.

For the case of the SR-62 pile, SMCM has verified that the lab sampling methodology is
valid and the best estimate of the total pile is 0.683 L 0.085 pCi/g. When the SMCM did
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alarm during the SR-62 survey, the surrounding material was removed and not placed in
the below limits pile. Therefore, there is no localized (hot-spot) volume of Cs-137
greater than 2.91 pCi/g for a 5-acqusition sample or 773 pounds (350 kgs) of soil.
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