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1. INTRODUCTION

1.1. PURPOSE

1.1.1. This Final Status Survey Report (FSSR) is being submitted by Mallinckrodt, Inc.
to the U.S. Nuclear Regulatory Commission (NRC) for the crane pad in
Building 91 on the Mallinckrodt St. Louis site (designated as Survey Unit (SU)
9101). This report is being provided in accordance with the Mallinckrodt C-T
Project, Phase I Decommissioning Plan. This Final Status Survey (FSS) was
performed in accordance with the Final Status Survey Plan (FSSP) for SU 9101'
to demonstrate that the established guidelines for unrestricted release have been
met. The results of the FSS are presented in this FSSR as justification for release
of this survey unit from License STB-401 for unrestricted use.

1.2. HiSTORICAL BACKGROUND

1.2.1. From 1942 to 1961 Mallinckrodt was involved in radiological activities outside of
the scope of this report which terminated in 1977. Mallinckrodt's facilities have
either been released from the applicable license or are being remediated by the US
Army Corps of Engineers in the affected areas. License STB-401 was issued to
Mallinckrodt in 1961 by the Atomic Energy Commission (AEC) (later the Nuclear

'Final Status Survey Plan: Survey Unit 9101: Building 91 Crane Pad.
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Regulatory Commission (NRC)) to allow extraction of columbium and tantalum
(C-T) from natural ores and tin slag, since the ores and byproducts of processing
contain uranium and thorium isotopes. Mallinckrodt has not performed C-T
extraction since 1987. On July 12, 1993, NRC amended License STB-401 to
possession-only for D&D and license termination.

2. SCOPE OF FINAL STATUS SURVEY (FSS)

2.1. DEFINITION AND CLASSIFICATION OF THE SURVEY UNIT

2.1.1. The 2nd floor crane pad of Building 91 has been designated as a single survey unit.
SU-9101 consists of the floor of the crane pad located on the 2nd floor of Building
912. It is classified as Class 2.

2.1.2. Table 2.1 below contains the description provided in Appendix A of the D Plan
for the area referenced by this FSSR. Although Appendix A of the D Plan
classified this area as Class 3, subsequent survey measurements directed
reclassification of the survey unit to Class 2.

Table 2.13
Survey Area Descriptions

Area | Surface Location / Surface

10 Floor 2nd Floor crane pad.

2.1.3. A summary report listing all the surfaces and fixed apparatus assigned to SU-9101
is presented in Appendix 1. A drawing of the survey unit showing the location of
key fixed apparatus items is presented in Appendix 2, Figure 1.1.

2.2. IDENTIFICATION OF THE RADIOLOGICAL CONTAMINANTS

2.2.1. The radionuclides on the St. Louis site under license STB-401 are the uranium
and thorium series. Both series are assumed to be in radioactive equilibrium and
to exist in a uranium-to-thorium ratio of two to one.4

2.3. REFERENCE BACKGROUND LEVELS

2.3.1. When the initial characterization (CH) surveys were performed from 1992
through 1996, beta backgrounds were determined for several matrix materials.
Where additional background measurements were required for the FSS, they were
taken on unaffected surfaces nearby or offsite. All background levels were
determined by taking direct readings on the specified matrix on unaffected
surfaces using the same methods and type equipment as were used for the FSS.

2 The crane pad floor is assigned as "room" 101 for database management purposes.
3 Appendix A of D Plan.
4 Mallinckrodt C-T Project D Plan Appendix D.
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Natural background levels for the contaminants of interest in the survey unit are
presented in Table 2.2.

Table 2.2
Background Reference Data

Matrix Mean Standard Deviation
(dpnmplOOcm 2  (dptr1OOcm2)

Metal 24.0 15.7

Concrete 35.4 20.1

2.4. RELEASE CRITERIA

2.4.1. Table 2.3 displays the Derived Concentration Guideline (DCGLw) for
measurements on building surfaces and fixed equipment. This value is the
primary release criterion from the D Plan and is applied net of background to
building surfaces such as floors. It also applies to items of installed apparatus
such as drains, HVAC units, and piping.

2.4.2. To limit the dose from residual materials as much as possible an Administrative
Release Guideline (ARG)6 was developed and was used during the FSS as if it
were the DCGLw with certain exceptions.7

Table 2.3
Building Surface and Installed Apparatus Release Criteria

Criterion (dpmp/ 100 cm2)

DCGLw 13,000

ARG 2,600

2.4.3. Elevated Measurements Criterion (EMC).

2.4.3.1. Because all the measurements within a Class 2 survey unit must be less
than the DCGLw, there is no EMC criterion applicable to this survey.

2.5. SURVEY INSTRUMENTS

2.5.1. The instrumentation used to generate FSS data was maintained, calibrated, and
tested according to the requirements of the D Plan. All procedures,
responsibilities, and schedules for calibrating and testing equipment have been
documented.

2.5.2. Maintenance information and use limitations provided in the vendor
documentation of the instruments used during this FSS were adhered to.

5 Dprnp,/100 cm2 refers to the disintegrations per minute per 100 cm2 for the combined nuclide series.
6 NEXTEP Tech Memo 0211, Recommendationfor an Administrative Release Guidelinefor the Mallinckrodt

C-T Project, A.H. Thatcher, CHP, (included with FSSR 2501).
7 Final Status Survey Design Guide (Phase I), Section 3.2, covers the rules governing use of the ARG.
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Measuring and analyzing equipment were tested and calibrated before initial use
and were recalibrated periodically and whenever previous calibrations were
invalidated. Field and laboratory equipment specifically used for obtaining final
radiological survey data were calibrated based on standards traceable to NIST.
Minimum frequencies for calibrating equipment have been established and
documented.

2.5.3. Measuring equipment were tested at least once on each day the equipment was
used for FSS. Test results were recorded in tabular or graphic form and compared
to predetermined, acceptable performance ranges. Equipment not conforming to
the performance criteria was promptly removed from service and any data
gathered in the interim evaluated for quality until the deficiencies were resolved.

2.5.4. All calibration and source check records were completed, reviewed, signed-off
and retained in accordance with the Mallinckrodt Quality Assurance Program. The
original Calibration Sheets for the instruments used in this FSS are provided in
Appendix 3.

2.5.5. L2221/AB-l00 - The primary instrument used for the detection of surface
radioactivity was the AB-100 scintillation detector configured for beta detection.
The AB-I00 detector houses a ZnS/BC-408 organic scintillator and is paired with
the Ludlum 2221 scaler/ratemeter for fixed and scan surveys. The window of the
AB-100 was modified to increase the thickness of the mylar to 7-9 mg/cm2 for the
purpose of alpha attenuations. The detector window was unshielded (open) for a
time period during counting at each sample location, and shielded (closed) for the
same time period at the same location9. The difference in the two readings is
attributable to beta emissions above 80 KeV in energy.' 0 The sensitivity of the
AB-100 was derived from experiments by Lucas and Colyott which were reported
in Attachment 3 to the D Plan." l The actual instruments used were calibrated and
normalized to the reference instrument tested by Lucas and Colyott as prescribed
in CT-QA-6.1' 2 .

2.5.6. L2241-2/AB-100 - The AB-100 detector mentioned above paired with the
Ludlum 2241-2 scaler/ratemeter was used in the same way for direct and/or scan
beta measurements.

As specified in Appendix D of the D Plan. Measurements taken with only the mylar covering the probe were
"open window" measurements.

9 The "closed window" reading was taken with a 1/8" soft Aluminum plate covering the face of the detector. It
is sufficient to exclude 0 rays from the U and Th series.

° Internal Conversion Electrons (ICE) will also be included in this number but are a second order effect and
may be ignored.

I l Energy Dependent Calibrationsfor the Bicron Model AB-1OO Beta Ray Survey Probe, A. Lucas, CHP and
L. Colyott, Ph.D., submitted as Attachment 3 to the Mallinckrodt Phase I Decommissioning Plan.

12 CT-QA-6. 1 - Calibration and Control of Measuring and Survey Equipment.
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2.5.7. L43-89 - The Ludlum 43-89 scintillation detector is a newer design that is
functionally and physically equivalent to the AB-100. It has a slightly higher
efficiency as a rule, and it may be paired on the same ratemeters and scalers.

2.5.8. L3030 - The Ludlum Model 3030 alpha/beta scaler houses ZnS(Ag) and plastic
scintillators and was used to count removable contamination collected on paper
swipes. Smear papers were counted in the laboratory and results were reported in
#Bpm/lOO cm2. Removable contamination measurements were not compared with
the release criteria for purposes of releasing the survey unit, but only to confirm
that the removable fraction was less than 20% of the DCGLw.

2.5.9. L2221/3x3NaI - When beta measurements could not be taken, the 3"x3" Sodium
Iodide (NaI) detector was used. This instrument was calibrated off site and no
modification or normalization (as was required for the AB-100) was performed.

2.6. LOWER LIMITS OF DETECTION AND DETECTION THRESHOLDS

2.6.1. The terminology adopted to reflect an instrument's measurement (detection)
capability is the lower limit of detection (LLD) or the minimum detectable activity
(MDA). It refers to the intrinsic detection capability of the entire measurement
process. The LLD, or MDA, is the smallest concentration of radioactive material
in a sample that will yield a net count, above system blank, that will be detected
with at least 95% probability with no greater than a 5% probability of falsely
concluding that a blank observation represents a real signal. It is desirable to
express the MDA as minimum detectable areal density (MDAD) or minimum
detectable concentration (MDC) in units comparable to a regulatory limit with
which a measurement may be compared. For a more detailed discussion
regarding LLD and equations involved in calculation of LLD, refer to CT-QA-
6.1.13

2.6.2. The LLD requirements for the FSS have been developed in accordance with
MARSSIM 14Chapter 4 guidelines. They are contained in the Design Guide and
are listed in Table 2.4.

Table 2.4
MDC Requirementsfor CT FSS

Measurement Type MDC Requirement's
Direct Beta 50% of ARG

Class 2 Beta Scans ARG

3 CT-QA-6. 1, ibid.
4 NUREG 1575, Multi Agency Radiation Survey and Site Investigation Manual.

15 Requirements are stated in terms of the ARG which may be adjusted upward by the area factor or paint attenuation
factor (not to exceed the DCGLw) as described in Section 3.2 of the Design Guide.
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2.6.3. The MDCs for the instruments used in the FSS were calculated according to
Appendix D of the D Plan. A comparison of the MDCs calculated for the
AB-10016 with the requirement for this FSS is provided in Table 2.5.

2.6.4. Action thresholds based upon the release criteria were calculated for each
instrument in both direct and scan modes of operation. All thresholds were based
on the ARG and are presented in Table 2.5. Details of the MDC calculations and
derivation of the action thresholds are provided in NEXTEP Tech Memo 023017.

Table 2.5
LLD and Action Thresholds'8

Irn Calculated Required
Measurement Units Value Value

BETA DIRECT Class 2
MDC T dprn100 cm2  100 1,300

Tiny 9  cpm | 2,900

BETA SCAN

MDC J dpnpI/100 cm2 
[ 760 2,600

Tinv cpm [ 2,000

2.7. INSTRUMENT SENSITIVITY, BACKSCATTER AND PAINT AT7ENUATION

2.7.1. Beta direct measurements taken in the field were converted to dpmp/I00 cm2 of
the parent nuclide series in accordance with Section 9 of the Design Guide using
the following equation:

Equation 2

AD Co - Cc
PAF * S. * Sb (m) * t

Where:

AD = Areal Density in dpmn/100 cm2 for the parent nuclides
Co = Counts measured in the open window configuration
Cc = Counts measured in the closed window configuration
PAF = Paint attenuation factor derived from the number of coats of paint applied to the

surface since C-T operations ceased.
S = Normalized Instrument sensitivity without backscatter.
Sb(m) = Backscatter factor (a function of matrix)
t = Integration time in minutes.

16 LCD calculations for the AB-I00 detector are also representative if the Ludlum 43-89 for the purpose of this
survey.

" NEXTEP Tech Memo 0230, Technical Basis Document for Mallinckrodt Final Status Surveys, A.H. Thatcher
CHP, (included with FSSR 2501).

18 All Values given are net of background.
19 Investigation Threshold.
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2.7.2. No painted surfaces were surveyed in SU-9101, so the attenuation factor (PAF)
was always equal to one.

2.7.3. Justification and calculations for separation of backscatter (as a function of the
matrix) and instrument sensitivity were presented in NEXTEP
Tech Memo 0215.20 Reference backscatter coefficients for matrices were
generated using an MCNP model and are described in NEXTEP Tech Memo
0213.21 These coefficients were stored in the Matrix table in the Database and
were used in the calculations according to the matrix upon which each
measurement was taken.

3. SURVEY METHODS

3.1. SURVEY PROCEDURES

3.1.1. The FSS conformed to the procedures and plans listed in Table 3.1. The primary
guidance for the FSS is contained in the Design Guide and the FSSP.

Table 3.1

Survey Procedures and Documents

CT Decommissioning Plan (Phase I)

CT Decommissioning Project, Final Status Survey Design Guide (Phase I)

Final Status Survey Plan, SU-9101, Building 91, Crane Pad

CT-QA-6. 1: Calibration and Operation of Measuring and Survey Equipment

CT-RP-66: Operation of Scalers, Rate Meters, and Contamination Detectors

CT-RP-39: Performance of Radiation and Contamination Surveys

CT-RP-40: Survey Documentation and Review

3.1.2. All FSS data recorded in the field were submitted to the Quality Assurance
Manager or designee for processing and review. The data collection forms and
annotated drawings were signed by the technician taking the data and reviewed by
the Radiation Protection, Health & Safety (RPHS) Manager or designee
overseeing the survey. After data entry and review, QA approved the data sheets
and filed them with the permanent Mallinckrodt records. The QA checklist 22

developed for quality verification of FSS data was used as a guide to data
verification.

20 NEXTEP Tech Memo 0215, Separation of Backscatter & Derivation of Instrument Sensitivity, A.H.
Thatcher CHP, (Included with FSSR 2501).

21 NEXTEP Tech Memo 0213, Beta Backscatter Factorsfor Several Materials at the Mallinckrodt Site, N.
Zhang and D. Wilson, (Included with FSSR 2501).

22 NEXTEP Tech Memo 0206, QA Data Verificationfor MI CT Final Status Survey Data, B. Anderson,
(Included with FSSR 2501).

Mallinckrodt C-T Project - Phase I Revision: 0
Final Status Survey Report 9101 December 2003

8



3.1.3. All the data generated by the surveys were entered into the C-T Radiation
Database (RDB) and analyzed as outlined in Section 4.4 of the D Plan.

3.2. SURVEY MEASUREMENTS

3.2.1. Beta Measurements:

3.2.1.1. Direct - A systematic grid of direct measurements was obtained on the
floor surface as described in the FSSP. Bias measurements were taken at
locations determined by the surveyor in an effort to fully characterize the
fixed apparatus.

3.2.1.2. Scans - Beta scans were performed using the same instruments used for
the direct beta measurements. Beta Scans were performed on all fixed
apparatus and within selected areas compromising approximately 15% of
each Class 2 survey unit. Scans were performed at a scan rate of less than
one detector width per second with a probe height less than one inch
from the surface being scanned.

3.2.2. Removable Contamination Measurements:

3.2.2.1. Swipes - Removable contamination samples were collected at all regular
grid locations on the floor. The swipes were counted in the laboratory
and recorded in the database. Sampling of removable contamination was
performed to confirm the assumption, used in derivation of the DCGLw,
that the removable fraction measures less than 20% of the DCGLw23.

3.3. MEASUREMENT LOCATIONS

3.3.1. Statistical Grid Data Points

3.3.1.1. The Visual Sample Plant (VSP) 24 software was used to develop a
MARSSIM grid for the survey unit. The minimum number of points
required and their spacing were calculated in accordance with the
statistical guidance given in MARSSIM Sections 5.5.2.2 and 5.5.2.5.

3.3.1.2. VSP receives the Data Quality Objective (DQO) input values necessary
to calculate the number of measurement points, N, required to satisfy
MARSSIM statistical guidance. The calculations include 20% excess to
allow for inaccessible locations. A summary of all the input parameters
used with VSP for this Report is presented in Table 3.2.

23 Section 3.3 of the CT Design Guide.
24 NEXTEP Tech Memo 0008, Verification and Validation of Applicable Portions of VSP Software, A. H.

Thatcher, CHP, (Included with FSSR 2501).
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Table 3.2
VSP Inputsfor Building 91 Crane Pad

DQO Value

Type I error rate 5%

Type II error rate 5%
Width of Gray Region 200 dpm 100cm2

Level (ARG) 2,600 dpmp/IOOcm 2

Estimated Std Deviation 200 dpmp/1OOcm2

Excess % sample points min. 20%

3.3.1.3. A rectangular grid was used for SU-9101. The maximum grid interval
spacing, L, was calculated from the area of the total survey unit and the
required number of data points, N, according to the following equation:

Equation 3

N

3.3.1.4. Table 3.3 presents the calculated values for L and N for SU -9101.

Table 3.3
SU 9101 Calculated Grid Point Separation

N A (ft2 )
Survey Unit Class Number of Data SU Area L 0(f |

___ __ _ 2_ _ 254Points_

SU-9101 2 29 542 4.3

3.3.2. Bias Measurement Locations

3.3.2.1. Bias direct measurements were taken at the discretion of the HP
technician performing the survey.

3.3.2.2. Bias surveys were also taken at hot spot locations identified by scans as
directed in the Hot Spot Protocol25.

3.4. REFERENCE COORDINATE SYSTEM

3.4.1. A unified reference system was prescribed for the location of all data points taken
on all building surfaces and on the surface of installed apparatus. A description of
the reference coordinate system is provided below.

25 CT-FI-004, Final Status Survey Guidefor Survey Unit 2504, Attachment E.
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3.4.2. A data point's unique location is specified by a combination of the following data
elements: building, room, surface ID, X, and Y. The surface ID refers to the four
walls, floor, ceiling and roof as shown in Table 3.4. X and Y are distances from
the origin measured as shown in the table. An example of X and Y axes for floors
and walls is presented in Appendix 2, Figure 3.1

Table 3.4
Coordinate System Locators

Location Identifier X Y

North Wall N Feet right from Feet up from floor
South Wall S leftmost edge of or the lowest point
East Wall E the wall surface in the room
West Wall W

Floor F Feet east from Feet North of
Ceiling C western most southernmost edge
Roof R edge of the surface

3.4.3. Systematic grid data points which fell on external surfaces of installed apparatus
were located with the primary coordinate system. The ID code of the apparatus
was recorded in the remarks. For example: Let Q2 be identified as a large air
conditioning unit. Any systematic grid measurement points for the floor surface
which landed on the air conditioner would have been identified using the X and Y
coordinates from the southwest corner of the room. "Q2 - A/C unit" would be
noted in the remarks. The surface ID would be "F".

3.4.4. All bias data points taken on installed apparatus were numbered and located on
the drawings provided. This number was recorded as the X coordinate on the data
sheet and amplifying information was entered in the remarks section.

3.5. DATA EVALUATION

3.5.1. All of the direct, swipe and scan data were entered into the C-T Radiation
Database (RDB) for easy access and analysis. The direct beta measurements are
the primary means for documenting the survey unit and justifying its release.
Therefore, a special report was programmed to perform all the tests specified in
Section 4.4.8 of the D Plan and to provide a clear report of the results for
evaluation. The calculations in this report have been validated and verified as
described in NEXTEP Tech Memo 023126.

3.5.2. The purpose of the screening software is to compare each direct beta reading
taken in the survey unit with specified threshold levels, to apply the statistical
tests called for in MARSSIM when appropriate, and to present the results in a

26 NEXTEP Tech Memo 0231, Validation and Verification of the C-TDatabase Analysis Report, B. Anderson,
(Included with FSSR 2501).
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clear and useful manner so that an analyst can accurately assess the action to be
taken or declare the survey unit meets the requirements for release.

3.5.3. Some of the screening tests apply to each record in the survey unit and failure of
one data point results in failure of the survey unit. Other tests do not apply to
each survey record but generate a single PASS/FARL verdict for the entire data set.
The tests are described in the following paragraphs27. An abbreviated summary of
these tests is presented in Table 3.5.

3.5.4. Background Screen.

3.5.4.1. For each MATRIX code in the database, calculate the mean background
reading, its standard deviation, and its minimum value. Calculate and
store the Background Threshold, Tbk, with its matrix code according to
the following equation:

Equation 4

Tbk(m) = BK (m) + 2 * Cbk (m)

3.5.4.2. Tbk is equal to the mean of the background readings (BiK)for a given
matrix plus two times its standard deviation (2a).

3.5.4.3. Compare each data point in the survey unit with Tbk. If the survey
reading > Tbk the data point fails the test. One data point failure implies
failure of the background screen test for the survey unit.

3.5.5. Min/Max Test.

3.5.5.1. Find the maximum direct survey result, in dpmp/100cm2, for the survey
data set.

3.5.5.2. Find the minimum background reading among all the background data
points having MATRIX codes that match those in the data set.

3.5.5.3. If the difference between these two values is greater than DCGLw the
MIN/MAX test fails for the survey unit.

3.5.6. DCGLw Screen.

3.5.6.1. For each matrix code calculate and store a DCGLw Threshold (Td). Td is
calculated by adding the value of DCGLw to Tbk.

Equation 5

Td(m) =Tb(m) + DCGLw

27 A more detailed explanation is provided in the Design Guide.
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3.5.6.2. Compare each data point in the survey unit with Td. If the survey reading
> Td the data point fails the test. One data point failure implies failure of
the DCGLw screen test for the survey unit.

3.5.7. EMC Screen.

3.5.7.1. For each matrix code calculate and store an EMC Threshold (T.). Te is
calculated by adding the value of EMC to Tbk. The EMC value selected
is normally dependent upon the area involved. However, if no specific
area was known, the EMC was normally set to the a priori DCGLEMc.

3.5.7.2. Compare each data point in the survey unit with T.. If the survey reading
> Te the data point fails the test. One data point failure implies failure of
the EMC test for the survey unit.

3.5.8. DCGL Average Test.

3.5.8.1. For each matrix material in the survey unit, calculate the mean activity
density, (in dpmp/100cm 2), in the survey data set. Subtract from this
value, the mean value of background activity for the same matrix. If the
remainder is greater than DCGLw for any matrix in the survey unit, the
test fails.

Equation 6

ADb(m) - iik(m) > DCGLw

3.5.9. Statistical Tests.

3.5.9.1. The statistical tests prescribed by MARSSIM operate only on the data
points of MEASUREMENT TYPE = RG (Regular Grid) and PG (Post-
Remediation Grid). The program narrows the filter to include only these
points before proceeding.

3.5.9.2. The Wilcoxon Rank Sum Test28 is applicable for survey units with
measurements on a single matrix type or on matrices with similar
background characteristics. Where more than one matrix was present,
the Sign Test for Paired Data29 was used.

3.5.10. The output of the Threshold Comparison Test Report (TCTR) was used for
analysis of the data for SU 9101 and the results are presented in Appendix 4. The
TCTR is divided into eight sections which are briefly described in the following
paragraphs to assist the unfamiliar reader.

3.5.10.1.General: date, survey unit number, class, and grid information.

28 Described in Appendix I of MARSSIM.
29 Described in NEXTEP Tech Memo 0231, ibid.
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3.5.10.2. Survey Unit Table: building surfaces included, affected fixed apparatus,
and total surface area of the survey unit.

3.5.10.3.Initialization Data: On startup of the analysis report program, the analyst
must tell the program which parameters to use while running the tests
described in this section. The Initialization Data section of the report
output displays the options that were chosen for the run. The
measurement types listed are those chosen by the analyst to be included
in the report. The date range chosen is also listed. The default value is
"All Dates". Values for DCGLw (ARG) and DCGLEMc are also specified
at the start of the run and are listed in this section. If remediated data
points are included in the run, it will be noted in this section. Normally
they will be excluded.

3.5.10.4. Survey Unit Test Status: Lists Pass/Fail status of all tests and gives a
high level summary of key activity levels in the SU.

3.5.10.5.Points that failed tests: Lists all points that failed each specified
threshold test (EMC, DCGL, and Background).

3.5.10.6. Points that passed all the tests: This includes the remainder of all the
points in the data set. These data points have passed all the tests.

3.5.10.7. SummarM of background data used in the calculations. This table
includes the matrix materials included in the survey and the thresholds
calculated for each of the tests discussed in this section.

3.5.10.8. Statistical Test Results: This page lists the results of the Sign Test for
Paired Data or the Wilcoxon Rank Sum test, whichever is selected. If the
Test Status line reads Pass then the survey unit passes the Statistical Test.
The Data Summary section lists the number of background points and the
number of survey points used from the data set. If the operator selects
the option to show all data, a table of all data points used in the test is
printed out.
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Table 3.5
Threshold Screening Tests

Test Test Criteria for PASS
Min/Max Difference between minimum background measurement and

maximum survey value less than DCGLw
Background All samples must be less than the background thresholda

DCGLW All samples must be no more than DCGL, + the background
threshold

DCGLavg The average of all net survey values must be less than
DCGLW

EMC All samples must be less than DCGLEMc + the background
threshold

Sign Test The Sign Test for Paired Data is described in detail in
for Paired NUREG 150530

Data
Wilcoxon This statistical test is described in detail in MARSSIM,
Rank Sum Appendix I.

Test
a The background threshold is equal to the mean background value plus twice OIBK-

3.5.11. Provided all additional considerations such as scan data, swipes, and sampling of
removable contamination or sludge from traps, etc. indicate that the survey unit
meet the release criteria, the release of the survey unit can be determined from the
test report according to Table 3.6.

Table 3.6
Requirements for SU Release3'

Test Class I Class 2 Class 3
Min/Max not requireda not required' PASS
Background not required not required PASS
DCGLW not required PASS PASS
DCGLavg PASS PASS PASS
EMC PASS PASS PASS
Sign Test for PASS PASS PASS
Paired Data PASS PASS PASS

' Class I or 2 survey units which pass Min/Max
may be released without further consideration.

30 NUREG 1505, A Nonparametric Statistical Methodologyfor the Design and Analysis of Final Status
Decommissioning Surveys.

31 See MARSSIM, Chapter 8, Table 8.2
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4. FSS RESULTS AND DISCUSSION

4.1. CHARACTERIZATION DATA

4.1.1. The characterization data taken in this survey unit from 1992 to 1996 was very
limited. Since the data on file in the characterization report were all taken with an
HP-210 instrument they cannot be normalized to the AB-100 calibration standards
and therefore are not included in the data set.

4.2. SURVEYUNIT9101

4.2.1. SU-9101 was surveyed in January 2003. Measurements were taken on the floor of
the crane pad and on all items of fixed equipment.

4.2.2. Direct Beta Measurements.

4.2.2.1. 31 direct beta measurements were taken on the floor of the survey unit.
All of these were included in the systematic grid. A diagram of the
survey unit layout with the beta measurements taken is presented in
Appendix 2, Figure 4.1.

4.2.2.2. A summary of the direct measurement results taken on the floor surface
is presented in Table 4.1 and shows that the maximum activity measured,
net of background, was 216 dpmp/1OOcm 2. The average net value for all
the floor data points was 123 dpmp/lOOcm 2 .

Table 4.1
SU-9101 Floor Direct Measurements Summary

Matrix Points Avg Net Activity Max Net Activity

(dpmn/IOOcm2) (dpmp/1OOcm2)

Concrete 28 135.7 215.6
Metal 3 -0.6 24.6

4.2.2.3. All 3 items of installed apparatus which are listed in Appendix 1 were
surveyed by direct beta measurements. A diagram of the survey unit
layout with the beta measurements taken (represented by numbers) is
provided in Appendix A, Figure 4.2. A summary of the measurements
taken is provided in Table 4.2. The values observed ranged from -33 to
5 dpmp/100cm2. All values were at background levels. The data confirm
that no residual radioactivity was found on the 3 items of installed
apparatus in SU-9101.

Table 4.2
SU-9101 Installed Apparatus Direct Measurements Summary

Matrix Points Avg Net DPMp Max Net DPMp
I I I (dpmJIOOcm2 ) I (dpmJ1 ,IOOcm

2
) I

10 -9.5 4.9
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4.2.2.4. A histogram of the net activity values found in SU-9101 is provided in
Figure 4.1. A majority of the survey measurements are clustered around
150 dpmp/lOOcm just above background. A smaller group of
measurements fell close to background. This is consistent with a normal
distribution of residual radioactivity concentrated just above the
background level and is well below the ARG.

SU-9101

12

10 I Mean BK

I/

0 .1

2 I

Cr I

Net DPMp/100 sq. cm.

Histogram of Net Direct Beta Measurements
Figure 4.1

4.2.2.5. All the direct measurements in the survey unit were analyzed using the
Threshold Comparison Test Report and the results are presented in
Appendix 4 for SU-9101. The TCTR reports in Appendix 4 contain a
complete listing of all the beta direct measurements taken in the Final
Status Survey within SU-9 101 sorted by test and by activity. The
summary pages indicate that all tests described in the D Plan passed
except background. All tests required for release of a Class 2 survey unit
passed. A comparison of test results and requirements for release of the
survey unit is presented in Table 4.3.
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Table 4.3
Requirements for SU Release

Test Class 2 SU-9101
Min/Max not required P
Background not required F
DCGLW PASS P
DCGLvs PASS P
EMC PASS P
Sign Test for PASS P
Paired Data __ _ _ _ _ _ _ _ _ _ _ _

* Class 2 survey units which pass Min/Max may be released
without further consideration.

4.2.2.6. As the histogram in Figure 4.1 shows, some residual radioactivity exists
above the background level but far below the administrative release
guideline of 2,600 dpmp/lOOcm 2. These results are consistent with a
failure of the background test only for this survey unit.

4.2.3. Measurements of removable contamination

4.2.3.1. Swipes were taken at each location where a direct grid measurement was
performed. The results of the measurements are presented in Table 4.4.

Table 4.4
SU-9101 Removable Contamination Summary

Survey Points Avg Net Beta Max Net Beta Avg Net Activity' Max Net Activity
Unit

(l l OOcm2 ) (Opm/'OOcm 2 ) (dpmn/IOOcm2) (dpmplOOcm 2)

9101 31 -3.1 20.6 -0.7 4.3
' Activity was converted to dpmrl00 cm2 from ,pm/l00 cm2 using an approximate figure of 4.8 betas
per disintegration.

4.2.3.2. The results show that removable contamination averages very near zero
dpmp/lOOcm 2 and varies between -6.1 and +4.3 dpmp/l00cm2. The data
confirm that virtually no removable contamination is present within the
survey unit.

4.2.4. Beta Scan Measurements

4.2.4.1. Beta scans were performed on about 25% of the crane pad floor surface.
A diagram of the areas surveyed is presented in Appendix 2, Figure 4.2.

4.2.4.2. The scan threshold used for these surveys was 2,000 cpm (net of
background) which corresponds to the ARG of 2,600 dpmp/l00cm2. The
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calculation of threshold count rate and MDC for scans is presented in
NEXTEP Tech Memo 023032. f

4.2.4.3. The average background value used for analysis of the raw data was
obtained from the average of all the open window beta readings (in cpm)
taken in the background data set. For concrete this value was 331 cpm.
This average of all open window beta readings taken on the survey unit
was 875 cpm.

4.2.4.4. During the surveys the maximum and average gross count rates were
recorded for each area scanned. The beta scan data are summarized for
SU-9101 and presented in Table 4.5.

Table 4.5
SU-9101 Scan Measurements Summary

Survey Unit Areas Maximum Average Max Net Avg Net
I (cpm) (cpm) (cpm) (cpm)

9101 3 975 860 644 529

4.2.4.5. The maximum net scan value of 644 cpm is well below the scan
threshold of 2000 cpm.

5. CONCLUSIONS

5.1. The distribution of direct survey measurements net of background in SU-9101 shows a
majority of the data centered at approximately 150 dpmp/100cm2 above mean background.
This is consistent with a normal distribution of residual radioactivity concentrated just
above the background level and well below the ARG (Par. 4.2.2.4).

5.2. SU-9101 passed all the tests described in the D plan except background. All tests required
for release of a Class 2 Survey unit passed. (Par. 4.2.2.5)

5.3. No residual radioactivity was measured on the 3 items of installed apparatus in SU-
9101.(Par. 4.2.2.3)

5.4. Virtually no removable contamination is present within SU-9101. (Par. 4.2.3.2)

5.5. No beta scan data were observed in SU-9101 above the scan threshold of 2,000 cpm. (Par.
4.2.4.5)

5.6. SU-9101 meets all the requirements of the D Plan for unconditional release.

6. RECOMMENDATIONS

6.1. SU-9101 should be released from the license.

32 NEXTEP Tech Memo 0230, ibid.
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Appendix 1
Building Survey Unit Listing for

Building 91 Crane Pad
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Building Survey Unit Listing

SurveyUnitlD: 9101

Room 101

Class: 2

Area Paint
SurfaceCode Xmnax Ymax (sq.ft.) (Coats) Description

F 34.3 15.8 542 0.0 Crane Pad

01 0.0 S Air Handler & Ducts

Q2 0.0 N Air Handler & Ducts

03 0.0 ElectrIcal Box on Floor

Summary for Room 101 (4 detail records) 542 Sq. Feet

TOTAL for Survey Unit 9101 542 Sq. Feet
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Figures
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APPENDIX 3

Calibration Sheets

Type SIN Cal Date

Beta 131410/B860N 11/7/2002

Swipe 179562 11/8/2002
7/22/2003
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* CALNIOA Thermo NUtech
For Mallinckrodt Chemicel, Inc

NATIONAL NUCLEAR ASP-100
MATERIAL SPECIFIC CALlhRATION DATA SHEET

ABP-100 SN:2jldOS HIGH VOLTAGE: JZ_.1__ V PROPERTYOF: EY4
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CT-RP.66

Instrument Model #
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Probe Serial #

Window Setting:
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2
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5
6
7
8
9
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Starting High Voltage: 600
Start-=g .igh Voltage: ?50

-- :-. ::a :rcrenent: 25

* SCALER

-e .in): 0001.0
- ackrn E- Tue (mrn): 1.h

ALPHA BETA
r-B=ea ackground Etf CrossTalk| Source lAlpha) Background Eff CrosstaliI

. .D

25
750

?-, (383 l 0 37.3%
°4 55"58) 1 37.5%
9483 (3631 0 37.6%
9536 (357) 1 38.0%
9537 (343) 0 37.8%
9618 (305) 0 38.2%
9666 (356) 1 38.4%

3.7% 1 4580 (2) 32 20.1% 0.0%
3.5% 1 5493 (3) 29 24.2% 0.0%
3.5% 1 6502 (3) 33 28.6% 0.0%
3.3% 7454 13) 36 32.8% 0.0%
3.21 8354 (0) 34 36.8% 0.0%
2.5% 9100 (6) 63 40.0% 0.1%
0.8% 10029 (5) 276 43.2% 0.0%

L3030
S/N: 179562

7/22/03
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Ludmwi Measurementa*,-c. . .4,

£odel 3030 EDA Calculation Data .. ;
-n -- - - _ e- _------ - -n - - ------- - - -- - - -

2.s.

tl a 3akP ..,-od(cPm) : 0.0
,ta Background(cpm) : 33.0 I V

A 1a.- :'_ficiency %:
3etz Efficiency %:

37.6
28.6

Ccnf'd';nce Level: 95% -

C;u.z`t ,e. Alpha MDA(dpm) Beta HflA(dpm)

0.1 72.1 313.9
0.5 14.4 133.4

7.2 102.9
2.0 3.6 85.7

1.4 74.3
0.7 70.3

¢.: c102.9

L3030
S/N: 179562

7/22/03
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APPENDIX 4

Threshold Comparison Test Reports (TCTR)
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MALLINCKRODT C-T
DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

Run Date: Wednesday, December 03, 2003

Survey Unit Number: 9101 Class: 2 Data Points: Beta Grid Type: R Spacing: 4.3 ft.

SURVEY UNIT TABLE

Fixed

Equibment

Surface Area

Included

(sa. ft)Bida Rm Surface Remarks

B91 101 F Q1Q203 542

542

Floor only

Total Area

INITIALIZATION DATA

Measurement Types Selected: RG, BI

Date Range: All

Thresholds:

EMC: 13,000 DCGLw: 2,600

-

SURVEY UNIT TEST STATUS
Test Performed Status

Min/Max Pass M2

Background Fail Mi

DCGLw Pass Dii

DCGLavg Pass Ay

EMC Pass Av

Wilcoxon Rank Sum Test NIA Av

Sign Test for Paired Data Pass

domI100 cm2

3ximum Survey Value C

nimum Background M

iference

'erage Activity

'erage Below DCGL

verage Background

251.0

1.0

250.0

122.1

122.1

34.2
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MALLINCKRODT C-T
DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

THE FOLLOWING DATA POINTS FAILED THE EMC TEST:

NONE

THE FOLLOWING DATA POINTS FAILED THE DCGLw TEST:

NONE

THE FOLLOWING DATA POINTS FAILED THE BACKGROUND TEST:

Survey Unit # 9101 Building: B91

Meas.

Room SFC X (ft) Y (ft) Mbc Type

Gross Activity

Min SID (dpmJn1wcm
2

) Remarks Exc Res.

101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101

18.4 14.5 C RG
9.6 14.5 C RG
5.2 1.3 C RG

14.0 14.5 C RG
31.6 5.8 C RG
22.8 1.3 C RG
0.8 5.8 C RG
5.2 5.8 C RG
5.2 10.1 C RG

14.0 10.1 C RG
27.3 14.5 C RG
22.8 10.1 C RG
31.6 14.5 C RG
0.8 14.5 C RG

18.4 10.1 C RG
14.0 5.8 C RG
9.6 1.3 C RG
0.8 10.1 C RG
9.6 5.8 C RG

27.3 5.8 C RG
18.4 1.3 C RG
18.4 5.8 C RG
31.6 1.3 C RG

5.2 14.5 C RG
27.3 1.3 C RG

9.6 10.1 C RG

5263 251.0
5261 233.9
5283 220.2
5262 212.4
5282 208.2
5287 203.9
5275 201.3
5276 194.5
5268 191.0
5270 189.3
5265 189.3
5272 187.6
5266 186.7
5259 183.3
5271 180.7
5278 176.5
5284 172.2
5267 168.8
5277 165.3
5281 161.9
5286 158.5
5279 154.2
5289 150.8
5260 135.3
5288 134.5
5269 119.9
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MALLINCKRODT C-T
DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

THE FOLLOWING DATA POINTS PASSED BACKGROUND, DCGLw, AND EMC

SCREENING TESTS:

Survey Unit # 9101 Building: B91

Meas.

Room SFC X (ft) Y (ff) Mix Type

Gross Activity

Min SID (dpmi1oocrn) Remarks Exc Res.

101 F 27.3 10.1 C RG
101 F 22.8 14.5 M RG
101 F 22.8 5.8 M RG
101 F 14.0 1.3 C RG
101 F 31.6 10.1 M RG
101 01 3.0 0.0 M Bl
101 01 2.0 0.0 M Bl
101 01 1.0 0.0 M BI
101 02 2.0 0.0 M Bl
101 02 5.0 0.0 M Bl
101 Q2 3.0 0.0 M Bl
101 Q2 1.0 0.0 M B1
101 Q2 4.0 0.0 M B1
101 03 1.0 0.0 M Bl
101 Q3 2.0 0.0 M Bl

1
1
1
I
I
1
I
I
I
1
1
1
I
I
1

5273 53.1
5264 48.6
5280 20.4
5285 6.0
5274 1.3
5292 22.3
5291 21.0
5290 13.1
5294 23.6
5297 15.8
5295 11.8
5293 7.2
5296 -8.5
5298 28.9
5299 9.8
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MALLINCKRODT C-T

DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

Summary of Background Data and Thresholds Used in this Analysis

Measurement Type: BK

Mat ri Number of

Data Points

DCGL: 2,600 EMC: 13,000

Average

Background

Sigma Background

Threshold

(Tbk)

DCGLw

Threshold

(Td)

EMC

Threshold

(Tc)

(dprrm100cm
2
) (dprrV100cm

2
) (dpJ1 00cm

2
) (dpml/100cm2

) (dpnm10DcM
2
) (dprfr100cm

2
)

C 90 35.4 20.1 75.5 2,675 13,075

M 10 24.0 15.7 55.3 2,655 13,055
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V.

MALLINCKRODT C-T

DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

STATISTICAL TEST RESULTS

Run Date: 12/3/2003 7:55:02 PM

Survey Unit Number 9101 Class: 2

Selected Test: SIGN TEST FOR PAIRED DATA

Test Status Pass

Thresholds:

EMC 13,000 DCGL 2,600

DATA SUMMARY TABLE

31 Survey points processed and 2 matrices processed

S+ = 31 WC= 20

****** The survey unit has passed the SIGN TEST FOR PAIRED DATA
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