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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 exterior walls and roof

of Building 240 on the Mallinckrodt St. Louis site (designated as Survey Unit
(SU) 240NER). This report is being provided in accordance with the
Mallinckrodt C-T Project, Phase I Decommissioning Plan. This FSS was
performed in accordance with Field Instruction CT-FI-006 (FI)! 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 these survey
units 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

! CT-FI1-006, Final Status Survey Guide for Survey Unit 240NER..
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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

2.1. DEFINITI

ON AND CLASSIFICATION OF SURVEY UNITS

2.1.1.  The affected exterior surfaces of Building 240 have been designated as one survey
unit. SU-240NER consists of the roof and the north and east exterior walls of
building 240. SU-240NER 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 areas referenced by this FSSR.
Table 2.12
Survey Area Descriptions
Arca | Surface Location / Surface
168 E East Exterior Wall/Ledges
169 N North Exterior Wall/Ledges
171 R Roof: Repairs in 2000, new A/C unit in 1999,
2.1.3. A summary report for SU-240NER listing all the surfaces and fixed apparatus

assigned to it is presented in Appendix 1. Drawings of the survey unit showing
the location of key fixed apparatus items are presented in Appendix 2, Figures 2.1
and 2.2.

2.2. IDENTIFICATION OF THERADIOLOGICAL 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.>

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 comparable matrices. 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. Natural background

2 Appendix A of D Plan.
3 Mallinckrodt C-T Project D Plan Appendix D.
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levels for the contaminants of interest in the survey units are presented in Table

2.2,
Table 2.2
Background Reference Data
. Mean Standard Deviation
Matrix 24 g
{dpm,/100cm°) (dpm,/100cm*)

Concrete Block 96.1 21.7

Metal 240 15.7

Tar/Roofing 77.7 51.6

2.4. RELEASE CRITERIA

24.1. 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 roofs. It also applies to items of installed apparatus such
as drains, HVAC units, and piping.

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

Table 2.3
Building Surface and Installed Apparatus Release Criteria

Criterion (dpm,/100 cm?) .
DCGLw 13,000
ARG 2,600

2.4.3. Elevated Measurements Criterion (EMC)

2.4.3.1. Because the survey unit is Class, all measurements are required to
be less than the DCGLw. Therefore, the EMC criteria do not apply
to this FSS.

2.5. SURVEY INSTRUMENTS

2.5.1. The instrumentation utilized to generate FSS data was maintained, calibrated, and
tested according to the requirements of the D Plan. All procedures,

4 Dpm,/100 cm? refers to the disintegrations per minute per 100 cnt’ for the combined nuclide series.

5 NEXTEP Tech Memo 0211, Recommendation for an Administrative Release Guideline for the Mallinckrodt
C-T Project, A.H. Thatcher, CHP.

®  Final Status Survey Design Guide (Phase I), Section 3.2, covers the rules governing use of the ARG.
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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.
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 along with a calibration summary report from the C-T Radiation
Database showing the efficiency or normalized sensitivity calculated for each
instrument at each calibration cycle.

2.5.5. L2221/AB-100 — The primary instrument used for the detection of surface
radioactivity was the AB-100 scintillation detector configured for beta detection.
The AB-100 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/cm? for the
purpose of alpha attenuation’. 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 location®. The difference in the two readings is
attributable to beta emissions above 80 KeV in energy.’ The sensitivity of the
AB-100 was derived from experiments by Lucas and Colyott which were reported
in Attachment 3 to the D Plan.!® The actual instruments used were calibrated and
normalized to the reference instrument tested by Lucas and Colyott as prescribed
in CT-QA-6.1'".

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

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

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

' Energy Dependent Calibrations for the Bicron Model AB-100 Beta Ray Survey Probe, A. Lucas, CHP and L.
Colyott, Ph.D., submitted as Attachment 3 to the Mallinckrodt Phase 1 Decommissioning Plan.

CT-QA-6.1 - Calibration and Control of Measuring and Survey Equipment.
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2.5.6.

2.5.7.

2.5.8.

2.5.9.

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.

L43-89 — The Ludlum 43-89 is a newer scintillation detector very similar in form
and function to the AB-100. It was used in the same manner and was paired with
the same scalers or rate meters. Sensitivity of this instrument was derived from
experlizments by Lucas and Colyott which were reported in Attachment 4 of the D
Plan.

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/100 cm®. 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.

L.2221/3x3Nal - When beta measurements could not be taken, the 3”x3” Sodium
Iodide (Nal) 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.

2.6.2.

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 lowest level of radioactivity 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-6.1.1

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

2 Energy Dependent Calibrations for the Ludlum 43-89 Beta Ray Survey Probe, A. Lucas, CHP and L. Colyott,
Ph.D., submitted as Attachment 4 to the Mallinckrodt Phase I Decommissioning Plan.
¥ CT-QA-6.1, Ibid. ,
\_/ ¥ NUREG 1575, Multi Agency Radiation Survey and Site Investigation Manual.
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Table 2.4
MDC Requirements for C-T FSS

Measurement Type | MDC Rvequil;cmentl5

Direct Beta 50% of ARG
Class 1 Beta Scans ARG gMmc
Class 2 or 3 Beta Scans ARG

2.6.3. The MDC:s 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-
100"7 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 0230.'

Table 2.5
LLD and Action Thresholds"’

Measurement Units Calculated Required

Value Value

BETA DIRECT Class 2

MDC dpm;/100 cm’ 100 1,300

Tinv® cpm 2,900
BETA SCAN

MDC dpm,/100 cm? 760 2,600

Tinv ¢pm 2,000

2.7. INSTRUMENT SENSITIVITY, BACKSCATTER AND PAINT ATTENUATION

2.7.1.  Beta direct measurements taken in the field were converted to dpmy/100 cm? of
the parent nuclide series in accordance with Section 9 of the Design Guide using
the following equation:

3 Requirements are stated in terms of the ARG which may be adjusted upward (not to exceed the DCGLw) by the

area factor or paint attenuation factor as described in Section 3.2 of the Design Guide.

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

7 MDCs for the AB-100 are typical of those for the L43-89.

'* NEXTEP Tech Memo 0230, ibid.

' All Values given are net of background.

® TInvestigation Threshold.
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Equation 2

D= Co-Cc
PAF*S,*S,(m)*t

Where:
AD = Areal Density in dpm/100 cm? 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 backscater.
Sy(m) =  Backscatter factor (a function of matrix)
t = Integration time in minutes

2.7.2.  Since no painted surfaces were surveyed on the roof or exterior walls of Building
240, the paint 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 0215.2' Reference backscatter coefficients for several matrix
materials were generated using an MCNP model and are described in NEXTEP
Tech Memo 0213.2 These coefficients were stored in the Matrix table in the
Database and were used in the calculations according to the matrix material upon
which the 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 Field Instruction.

2l NEXTEP Tech Memo 0215, Separation of Backscatter & Derivation of Instrument Sensitivity, A.H. Thatcher
CHP, (included with FSSR 2501).

2 NEXTEP Tech Memo 0213, Beta Backscatter Factors for Several Materials at the Mallinckrodt Site, N.
Zhang and D. Wilson, (included with FSSR 2501)
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3.2

Table 3.1

Survey Procedures and Documents

CT Decommissioning Plan (Phase I)

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

CT-FI-006, Final Status Survey Guide for Survey Unit 240NER

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,

3.1.3.

All FSS data recorded in the field was 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®®
developed for quality verification of FSS data was used as a guide to data
verification.

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.

SURVEY MEASUREMENTS

3.2.1.

Beta Measurements;

3.2.1.1. Direct — A systematic grid of direct measurements were obtained on
the roof and wall surfaces as described in the FI. Bias measurements
were taken on building surfaces and fixed apparatus 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. 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.

2 NEXTEP Tech Memo 0206, QA Data Verification for MI CT Final Status Survey Data, B. Anderson,

(included with FSSR 2501).
Mallinckrodt C-T Project—Phase I Revision: 0
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3.2.2. Removable Contamination Measurements:

3.2.2.1. Swipes - Removable contamination samples were collected at 100%
of both survey units’ regular grid locations. 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 DCGLw*.

3.3. MEASUREMENT LOCATIONS

3.3.1. Statistical Grid Data Points

3.3.1.1. The Visual Sample Plan® (VSP)*® 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 uses the Data Quality Objective (DQO) input values 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
Table 3.2
VSP Inputs for Building 240 Exterior Walls
DQO Value
Type I crror rate 5%
Type Il error rate 5%
Width of Gray Region 200 dpm,/100cm?
Level (ARG) 2,600 dpm,/100cm?
Estimated Std Deviation 200 dpm,/100cm?
Excess % sample points min. 20%

3.3.1.3. A rectangular grid was used for both survey units. The maximum
grid spacing (L) was calculated from the area (A) of the total survey

2 Section 3.3 of the C-T Design Guide.
# NEXTEP Tech Memo 0008, Verification and Validation of Applicable Portions of VSP Software, A.H.
Thatcher, CHP.
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units and the maximum required number of data points (N)
according to the following equation:

<[
N

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

Equation 3

SU-240NER.
Table 3.3
SU-240NE & 240R Calculated Grid Point Separation
Survey Unit | Class | N A (1) L (ft)
SU-240NER 2 29 6,346 14.8

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 Protocol®®,

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.

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

2 CT-FI-004, Final Status Survey Guide for Survey Unit 2504, Attachment E.
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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 A\ Y
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 located on the roof. Any systematic grid measurement points
for the roof surface which landed on the air conditioner would have been
identified using the X and Y coordinates from the southwest comner of the roof.
“Q2 — A/C unit” would be noted in the remarks. The surface ID would be “R”.

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 02317,

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 resultsin a
clear and useful manner so that an analyst can accurately assess the action to be
taken or declare that 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

27 NEXTEP Tech Memo 0231, Validation and Verification of the C-T Database Analysis Report, B. Anderson,
\_/ (included with FSSR 2501).
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each survey record but generate a single PASS/FAIL verdict for the entire data set.
The tests are described in the following paragraphs®®. An abbreviated summary of
these tests is presented in Table 3.5.

3.5.4. Background Screen.

3.5.4.1. Foreach MATRIX code in the database, calculate the mean
background reading, its standard deviation, and its minimum value.
Calculate and store the Background Threshold, Ty, with its matrix

code according to the following equation:
Equation 4

Ty (m) = BK(m)+2*0,, (m)

3.5.4.2. T is equal to the mean of the background readings (ﬁ;) fora
given matrix plus two times its standard deviation (20).
3.5.4.3. Compare each data point in the filtered survey unit with Tpi. If the

survey reading > Tpx 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 dpm,/ 100cm?, 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. Ifthe 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 (Tj).
Ty is calculated by adding the value of DCGLw to T.
Equation 5

T,(m)=T,, + DCGLw

3.5.6.2. Compare each data point in the survey unit with Tq. If the survey
reading > T the data point fails the test. One data point failure
implies failure of the DCGLw screen test for the survey unit.

2 A more detailed explanation is provided in the Design Guide.

Revision: 0
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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 Tyx. The EMC value
selected is normally dependent upon the area involved. However, if
no specific area was known, the EMC was normally set to 13,000

dpm,/100 cm?.
3.5.7.2. Compare each data point in the filtered survey unit with T.. If the

survey reading > T, 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 dpmy/ 100cm?, in the survey data set. Subtract
from this value, the mean value of background activity for the same
matrix. Ifthe remainder is greater than DCGLw for any matrix in

the survey unit, the test fails.
Equation 6

AD(m)- BK(m)> DCGL,,

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) or PG
(Post-Remediation Grid). The program narrows the filter to include
only these points before proceeding.

3.5.9.2. The Wilcoxon Rank Sum Test? 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 Data®® was used.

3.5.10. The output of the Threshold Comparison Test Report (TCTR) was used for
analysis of the data for the Building 240 exterior walls and roof, and the results
are presented in Appendix 4. Each 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.

3.5.10.2. Survey Unit Table: building surface included, affected fixed
apparatus, and total surface area of the survey unit.

¥ Described in Appendix 1 of MARSSIM.
3 Described in NEXTEP Tech Memo 0231, ibid.
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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
DCGLgpmc 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 survey unit.

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. Summary of backgeround 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 Sign Test for Paired Data. 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 threshold®

DCGL,, | All samples must be no more than DCGL,, + the background
threshold !
DCGLayg | The average of all net survey values must be less than
DCGLy
EMC All samples must be less than DCGLgpmc + the background
threshold
Sign Test | The Sign Test for Paired Data is described in detail in
for Paired | NUREG 1505%!
Data
Wilcoxon | This statistical test is described in detail in MARSSIM,

Rank Sum | Appendix I.
Test

* The background threshold is equal to the mean background value plus twice g.

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

Table 3.6
Requirements for SU Release®™

Test Class 1 Class 2 ‘Class 3
Min/Max not required® | not required® PASS
Background not required | not required PASS
DCGL,, not required PASS PASS
DCGL,,, PASS PASS PASS
EMC PASS PASS PASS
Sign Test for
Paired Data PASS PASS PASS

* Class 1 or 2 survey units which pass Min/Max may be released
without further consideration.

3! NUREG 1505, 4 Nonparametric Statistical Methodology for the Design and Analysis of Final Status
Decommissioning Surveys.
32 See MARSSIM, Chapter 8, Table 8.2
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4, FSS RESULTS AND DISCUSSION
4.1. CHARACTERIZATIONDATA

4.1.1. The characterization data taken in SU-240NER 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. SURVEY UNIT 240NER

4.2.1. Direct Beta Measurements on Building Surfaces

4.2.1.1. SU-240NER was surveyed in May 2003. 36 direct beta
measurements were taken on the survey unit walls and roof. 35 of
these were included in the systematic grid. A diagram of the survey
unit with the beta measurements plotted on it is presented in
Appendix 2, Figure 4.1.

A summary of the direct measurement results taken on building
surfaces is presented in Table 4.1. It shows that the maximum
activity measured, net of background, was 79 dpm,/ 100cm®. The
average value for the survey unit was 5.0 dpm,/ 100cm?.

Table 4.1
SU-240NER Direct Measurements Summary
(Building Surfaces)

42.1.2.

Matrix

Points

Avg Net Activity
(dpm,/100cm?)

Max Net Activity
(dpm,/100cm?)

Concrete Block

9

-37.9

-9.5

Metal

2

2.7

8.5

Tar Roofing

25

21.1

78.8

4272, Direct Beta Measurements on Installed Apparatus

4.2.2.1. All 16 items of installed apparatus which are listed in Appendix 1
were surveyed by direct beta measurements. A summary of the
measurements taken is provided in Table 4.2 sorted by matrix
material. The net values observed ranged from -39 to 137
dpmy/1 00cm?. All values were significantly less than the ARG.
The data confirm that no significant residual radioactivity was
measured on the 16 items of installed apparatus in SU-240NER.

Revision: 0
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Table 4.2
SU-240NE Fixed Equipment Direct Measurements Summary

Avg Net Max Net
Matrix Points Activity Activity
(dpm,/100cm?) { (dpm,/100cm?)
Metal 29 11.0 136.9
Tar/Roofing 2 914 135.8

42.3. Direct Beta Measurement Distribution and Threshold Tests

4.2.3.1. A histogram of all the net activity values found in SU240NER is
provided in Figure 4.1. The distribution appears to have a single
mode with the majority of the data centered at approximately -10>>
dpm,/100cm?. This is consistent with a normal distribution of
background radioactivity. Although several measurements appeared
slightly above the level of background, all measurements were well

below the ARG.
SU-240NER
25
I MeanBK
|
20 - -
L
> 1
o 15 ¢
c e
m .
= |
e 10 4 I
- I
5+ l
LoLALILLL
0 :;%:r+n++i|"r+%;;n%:::'ﬁ
& P S R O PP “o&
Net DPMp/100 sq. cm.

Histogram of Net Direct Beta Measurements
Figure 4.1

4.2.3.2. All the direct measurements in the survey unit were analyzed using
the Threshold Comparison Test Report and the results are presented

33 Actually this mode represents the number of occurrences where the activity fell between 0 arl -20

dpm,/100cm’,
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in Appendix 4. The TCTR contains a complete listing of all the beta
direct measurements taken in the Final Status Survey within SU-
240NER sorted by test failed and by activity.

4.2.3.3. The summary pages indicate that all tests described in the D Plan
passed except background. All the tests required for release of Class
2 survey units were passed. A comparison of test results and
requirements for release of the survey unit are presented in Table

) 4.3.
Table 4.3

SU-240NER Test Results

Test : Class 2 SU-240NE
Min/Max not requred P
Background not required F
DCGL,, PASS P
DCGL,., PASS p
EMC PASS P
Sign Test for
Paired Data PASS P

* Class 1 or 2 survey units which pass Min/Maxmay be
released without further consideration.

42.3.4. Asthe histogram in Figure 4.1 shows, the survey unit is at or
slightly above background levels. These results are‘consistent with
passing all tests except background.

42.4. Measurements of Removable Contamination
4.2.4.1. 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-240NE Removable Contamination Summary
Surface | Points | Avg Net Beta | Max Net Beta Avg Net Activity® | Max Net Activity
(Ppm/100cm?) (ppnx/lpqgmi) (dpAm,;/100cm’) (dpm,/100cm?)
E 7 -1.6 17.0 -1.6 3.5
N 3 -14.7 -3.0 -3.1 -0.6
R 25 7.9 31.0 1.7 6.5

* Activity was converted to dpm,/100 cm? from Bpm/100 cm’ using an approximate figure of 4.8 betas
per disintegration.

4.2.4.2. The results show that removable contamination averages near zero
dpm,/100cm? and varies between —5.8 and +6.5 dpm,/100cm®. The
data confirm that virtually no removable contamination is present
within SU-240NER.

Revision: 0
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4,2.5. Beta Scan Measurements

4.2.5.1. Beta scans were performed on about 15% of the surface of the
exterior walls and roof of Building 240. Diagrams of the areas
surveyed are presented in Appendix 2, Figures 4.2 and 4.3.

4.2.5.2. The scan threshold used for these surveys was 2,000 cpm (net of
background) which corresponds to the ARG of 2,600 dpm,/1 00cm’.
The calculation of threshold count rate and MDC for scans is
presented in Nextep Tech Memo 0230%,

4.2.5.3. All scans performed on the wall surfaces were taken on concrete
block. The average background value used for analysis of the raw
data was obtained from the average of all the open window direct
beta readings (in cpm) taken in the survey unit. For concrete block
this value was 225 cpm. The average of all open window survey
readings taken on concrete block in the background data set was 412
cpm. The lower, more conservative value was used for the FSS
measurements.

4.2.5.4. All scans performed on the roof were taken on tar/roofing. The
average background value used for analysis of the raw data was
obtained from the average of all the open window direct beta
readings (in cpm) in the background data set. For tar/roofing this
value was 267 cpm. The average of all open window survey
readings taken in the survey unit on tar/roofing was 305 cpm.

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

Table 4.5
SU-240NER Scan Measurements Summary

Matrix

Areas
Scanned

Maximum
(cpm)

Average
(cpm)

Max Net
(cpm) -

Avg Net
(cpm)

Concrete Block

4

190

155

-35

-70

Tar/Roofing

1

180

150

-87

-117

4.2,5.6. The maximum net scan value of -35 is well below the scan
threshold of 2000 cpm. No beta scan data were observed in SU-
240NE above the scan threshold.

3% NEXTEP Tech Memo 0230, ibid.
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5. CONCLUSIONS

-/ 5.1. SU-240NER passed all the tests described in the D Plan except background. All tests
required for release of a Class 2 Survey unit passed. (Par. 4.2.3.3)

5.2. No significant residual radioactivity was measured on the 16 items of installed apparatus in
SU-240NER. (Par. 4.2.2.1)

5.3. Virtually no removable contamination is present within SU-240NER. (Par. 4.2.4.2)

5.4. No beta scan data were observed in SU-240NE above the scan threshold of 2,000 cpm.
(Par. 4.2.5.6)

5.5. SU-240NER meets all the requirements of the D Plan for unconditional release.

6. RECOMMENDATIONS

6.1. SU-240NER should be released from the license.

-/
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Appendix 1
Building Survey Unit Listing for
Building 240 Exterior

-/
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A . 3 . [ .
\—  Building Survey Unit Listing
Area Paint
SurfaceCode Xmax Ymax (sq.f1)  (Coats) Description
SurveyUnitID: 240NER Class: 2
Room 999
N 48.5 13 631 0.0 North Wall Bldg 240 Exterior
E 101 12 1,212 0.0 East Wall Bldg 240 Exterior
R 48.5 101 4,503 0.0
Q1 0.0 Piping support brackets
Q2 0.0 Lights (4) - two on North wall,
two on East wall
Q3 0.0 Awning for entrance (2) - one on
North wall and one on East wall
Q4 0.0 Roof flashing
Q5 0.0 Ladder (including portion on roof)
Q6 0.0 Old wiring and support brackets
under roofline
Q7 0.0 Overhang along roof line
({contains piping, wiring) and
associated electrical connections
Q8 0.0 Iron beam attached to SE corner
i Q9 0.0 Red piping running NS (2)
\/ Q10 0.0 Blue piping running NS (1)
Q11 0.0 Yellow piping near blue piping (2)
Q12 0.0 Rusted yellow piping running NS
)
Q13 0.0 Mounting brackets for A.C. unit
Q14 0.0 3 penetrations
Q15 0.0 2 roof penetrations
Q16 0.0 Dome vent
Summary for Room 999 (19 detail records) 6,346 Sq. Feet
TOTAL for Survey Unit 240NER 6,346 Sq. Feet
/
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Figures
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Figure 2.1
SU-240NER Exterior Walls
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Figure 2.2
SU-240NER Roof
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Figure 4.2
Survey Unit 240NE Wall Scans
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APPENDIX 3
Calibration Sheets

Type SIN Cal Date
163666/B426W 1/16/2003
Beta 131410/188707 4/16/2003
131415/B426W 5/15/2002
Swipe 179577 2/26/2003
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. Thermo NUtech )
A A ThermoRetec Company f
601 Scarboro Road

2! , TN
LUDLUM 2221 0ak Ridge. TH 37830

CALIBRADODN DATA

Ludlum22216/N: 13l Property ONE C
. Smart Solutions. Positive (utconss.
Battery Check ﬁ_@ﬁnﬂg
telace L& (423) 481-0683 Phcne
Hieh Voltage Check (623) 421:0121 Fan
mthcnn retec.£0
HY Moter: Flulce2q s/N: {S410232 cal Exp. Da o ftEn ~on
Meter Readina Bre Cal Post Cal Iclerance
600 Volts bt {f& 10 %
1000 Volts oa 10 %
1400 Volts dS40 i 10 =
Ioput Sensitivitys:
( Threshold @ 10 mv) Pre Cal: 35S mu Post Cals BE p~0
MP-2 S/N: LR A calibration Exp. Date: 1=23-O5
Rate/ Mp=2 2221 Digplay Display iol
Motor, - Rigtal Analog
400 cPM  x1 480 Fle o X 10%
4K CPM X10 299 Aoy 10%
40K CPM  x100 . 29999 40000 10%
aook cPn  xio00 AO0oBe  A0Coon 1o
Scaler: .
10CK CPM 0.5 sec "SOnlo loccoo. 10%
100K CPM 1.0 min locozes 10%
100K CPM 2.0 min  JOGGIS 10%
100K CPM 5,0 nin . Soorl'Y Lo

Log 400300 4K_¢g.___. sok 4ok 400kAos e
Eunctional Check: .
/Reset ‘/Speaker /Haadp es__»%xght [yl

e —

Lt ona

Ext Count

Date Of Calibration:l-l1G=QO% _ Expira
Calibrated By:

Reviewed By:

L2221/AB-100
S/N: 163666/B426W
1/16/03
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© CALNTOOA

Thermo NUtech -
For Malllnckrodt (?hemical, Inc

NATIONAL NUCLEAR ABP-100
MATERIAL SPECIFIC CALIBRATION DATA SHEET

ABP-100SN: BAZ (W

READOUT INST: Lad 2221

ABP-100 cr«‘mcmncv TO $rY-90 ON 47 mm DISK Az_g,%

BHs

HIGH VOLTAGE: @] v PROPERTYOF eo LS.

CAL DATE: _/~2Z°43

SN: _@1{.&_&_ CAL EXPIRE DATE: “7={lo -E3

BACKGROUND BR SOURCE SR SA__JEficooav]
SURFAGE | OPEN [ SHIELD | NET | OPEN | SHIELD | NET |Sourco | Soursa | £3-
MATERIAL | Clszmin] Ciszmin]  cPM_ | Clsl min{ CtsH min| _CPM #_] Actvity + T
naelel5hl AL [ A3 [Lesd |zsz |L62s [ oA [28z30 [19.5 |
| ( { / Les3 | 240 | Lbo ) | ( 19

1\ W LBl zAz Lol L\ 9.9
L | go Y | L7784l 230 | L34S s iqcs- :
26 - vorage = B
clpﬁxms % g Stdbev=| (. ) ¢
d o ) o 152221238 [43p4 IM-2 !
o & G & s7a1 1240  [5oal ( 3
\ e o 6 |glg) 1224 _jaqs7 | ) \__lzz. X
J [ o [2] Eoci| 254 | S04 J < 22. 5
178 dsm X /25 = ZARASO ; Averugas]| 22.87
SidDov=]_ Q.4
Vesanilel 6 S & a1 232 | S 17 1 22250
i o =S & 530z |z234_180La) [ C :
\_ o 0 & [5311 |7z48 |50663] \ y
A o o D 1530123 15130 1 ¢ &
178 om - ' . Averezs =i o,
Bdpmuarszs ~ 22250 S
A\m-gq o) o o Ir3y 728 -1Sanla IM-2 12220 26
; > o () SloEH X34 15410 { 14 I e
\ 2) ) 2] loi3 {248 (SIS |\ A\ 2?;-‘?3
WO ) > Sofp | 229 1 56LSL VY | ¥ AN
ALY/ - : Avorage =i 25.5 " o
A KES 2 ZXZ50 S dPev=y L --:}'._..
DATE OF CALIBRATION: /-2 943
GALIBRATED BY: ;cm:/AJI /. 5://5
©¢lnt Nomo
REVIEWED BY: _ }V\ \'\\7\ pate: 1 | B fo~——

1.2221/AB-100
S/N: 163666/B426W

1/16/03
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Instrument Model #
Ins:rument Soriald
Probe Modet #
Probe Serial #
Window Satting:
Threshold Setling:
High Voltage:

£
[ P A O O e E
COOUADVAWNACTOR@NAO &L

samplo moan (xbar) =
sample variance (s*2) =
tackground varanse (b*2) =
samplo sigma (s) =

(95% Conf.dence) 2.752s =
(99% Confidence) 3.615¢ =

dfends
chitast = p(x<y*2) =
chisquara (Y*2) =

Acceptetle x*2 min =
Accaptable ¢*2 max s
x*2 tost passas (yes/no)?

£9% Conf. Intarvel Testmin s
95% Conf, Interval Test min 2
Dally Source Chack Mean Net Counts
5% Conl. Interval Test max =
96% Conf. Intoval Test max =

Tost porformed by: Steve Struck

CT-RP-66

Chi Squared Test
2221 . Date:
163888 Source Nuclide:
AB 100 Sourca Serlal #
8426w Source dpm (4x):
3720 Efficlency {cpmidpm).
352 Byckground cpm:
B7S . BKGD N-1
BKGD Ccunt Time (min):
Gross Cotnls
Qbsorved
15330 16546
15381 15646
15477 15548
16662 15546
15620 15846
15587 16546
15476 15548
16392 15548
15633 15548
15609 15546
15401 15546
15433 15548
15601 15546
15743 15548
15808 15548
15828 15546
16577 15548
15518 155468
16510 15548
155689 15545
15548 Muitiplier to convert
15181 to dpm:
s
123
339
446
MDA (cpm) ©
19 MDA (dpm) «
4,858E-01
18.654
8007
32.852
YES
14917
15023
15383
15702
15808

02/04/2003
8rvo0
2178-98
56439
0.28
1834
4
1
Backaround Corts
185
193
178
179
181
s
86
240

hod>- ek

Cmcm%'ﬂ 0 ﬁ / Dmtﬂ-l%-Oa

L2221/AB-100

S/N: 163666/B426W

1/16/03
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\-//.

Led : '
432 - eq - )
CAUBRATION DATA SHEET
4309 -
AB37 SN_IBSTOTT Property of,_(Y1A LT
Readout stelad 22417z sNRIAVD - CalExpDate 10l VS
B
Mp%a%ource: SrM-00 SN 2158 ’Q(o ‘Aciivity_IT1OO  DPM
Dato of Cal.:_10-24 -5 '
PLATEAU;
Source Source
High Voltage cPM) Hiah Voltage (CP_M) ackaroun ec
600 —_— kiR 2657 High Voltage cem
: - -10
850 - 4100 2Raq Op. Voltage 58 1077
N Zo)
700 |320 1165 31 op.voltage  _t41
R 6 ' 4 1o 4
750 Z2AD ?%g&; 38ig Op. Voltage +6&_13Q
800 4040 1250 % AT sam Sowre c.
850 N[A 1300 @ Contact Ges -
900 ! 1350 Cenler of P’
950 — 1400
1000 Y High Voltage set at:__'1"10 volts
Efficlency;
5 Minute Gross Counts: o ~Imia G+ 3t14a6
Average (A + 8)/2; Gross CPM;, : R
~ Background: CPM'£ Net CPM: E .%; 30194 ( ias o
H - av—— e
Net CPM : ECGEA
Efficiency = vveee—m—a x {00 = _ — %
OPM
" Date of Ca!lgfgﬁon:ﬁjb 03 pate: o =16 ~03
- Callbrated by 3N Qunn H . M&éW
fe
Revlewed by: m Date:;,
<A4.10 ‘
Rev: 2
Date: 25 Feb 99 ) Pago4ofd
1L2241-2/L43-89
S/N: 131410/188707
4/16/03
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caNooA Thermo NUtech -
" Far Mallinckrodt Chemical, inc

-

NATIONAL NUCLEAR ABP-100 - .
% d MATERIAL SPECIFIC CALIBRATION DATA SHEET
z-0G —
ABP-185 SN: _ 1801077 HIGH VOLTAGE: 110V  PROPERTY OF: MBLT —
READOUTINST: Lind 2241-2 sN: 121410 CAL EXPIRE DATE: 10-16-53

ABP-100 EFFICIENCY TO SY-90 ON 47 mmDigK: 1.1 %  CALDATE: A-)le=03

BACKGROUND 8R SOURCE SR SA_tEheos
SURFACE OPEN SHIELD NET OPEN SHIELD NET Source bc%‘:a PEs ;
MATERIAL | Clsra min| Cistzmin] cpM | Cy/t min] Cidi min]  CPM # Activity | U
(Taocreld 264 [ 230 17 14355 1277|3416 |le=A | 258a: ;: i
(. { { (1497 130l 1AST6 L ( Sl
\ | \_. Aan 297 [4S14 \L 15t
L \ v v [49as [31s  14X0 P i‘{;-ﬁ
" N verage =] 11+ 1
254 x oo = 259a0 . Sid Dav = 7

Wead 0 a o 3775 250 (3469 M-z [1nd0a 119.2 |
¢ o o o 43 1336351 ( ! e
1 o o o _13sa\l2z3 258 |\ JEEL
A 0 o o 3344 | & 330G [N LN
174x 100 = M40 : L4 Averaga=|_[9.2.
» StdDov=] 0L |}
Musnilel o o e l|3cac [3ye  [33za M-z [ 174001 I
( o o [ 3113|1324 _133ag]) | |
\ & o o 3725 319 [3dje] A 1} i
L o 0 S [BenoIS27 132731 & L
. Average =t .-
1S lave
X ) o 5 33 1183 1dnlo -2 [1535es ‘.;_. k
£ o =) o A188¥) 201 398 \ ) 25
\ o ) P2) AUa l1az 3936, 2
R o 0 0 4r23 | 195 [ 39281 8 2
| Average =12¢. o
Siboyej foS -
DATE OF CALIBRATION: <]-171- 03 . expdrfoNpATE: _10-11-O3 .
- ‘::/(/
CMBRA’ED BY: Pt 1o N - . . sxennlw
REVIEWED BY: 10/&10 Tj 9&% DATE: ‘f""/ 22/,
1.2241-2/L.43-89
S/N: 131410/188707
4/16/03
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CT-RP-66

Chi Squared Test
Instrumont Model ¥# 2241 Data: 04/28/2003
Instrument Seraty 131410 Source Nucllde: Sryop
Probo Mode! # 43-89 Source Serlal # 217608
Probo Sonal # 188707 *Source dpm {4x): 56268
Window Setting: Effidency (cpm/dpm); 0.14
Threshold Satiing: Smv :Background cpm: 798
High Veltage: 770 ) BKGD N-1 4
BKGD Count Time (min): 1
Oross Counts
Count it (o) Observed ’ Expectod Backaround Counts
1 7885 ) 76848 82
2 7914 7848 80
3 7726 7848 BO
4 8036 7648 82
5 7901 7848 75
6 7851 . 7848
7 7923 7848
8 7883 7848
9 : 7693 7848
10 7890 7848
1" 7874 7848
12 7831 : 7048
13 7929 7848
14 7881 7848
15 7700 7848
16 7852 7848
17 7828 7848
18 7861 7848
19 7724 7848
20 7805 7848
samgple mean (xbar) = 7848 Muitiptisr to convent
sample varlance (s42) = 7213 : 10 dpm: 7.2
background varlance (042) = 82 :
sample sigma (s) = 85 FS8 Normallzation
(95% Confidence) 2.752s = 235 §= 0.287
(99% Confidence) 3.815 = 308 i
MDA(cpm) = 45
dlenis 19 MDA(dpm) = 320
chltest s p(x<x*2) = 5.487€-01
chisquare (y*2) < 17.609
Acceptedle y*2 min = 83.907
Acceplabla x*2 max = 32,852
"2 tostpasses (yes/no)? YES
€9% Conl. Intarval Tost min = 7459
85% Conl. Interval Yest min & 7633
Dally Source Check Mean Net Counts 7768
$5% Conf. Interval Tast max = 8003
$9% Cent. Interval Test max = 8076
Test performed by; Steve Struck ¢ev-032
Chockod by: g“" & Dre: 2B O
12241-2/1.43-89
S/N: 131410/188707
4/16/03
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. AC-3-7 ) -
) CALIBRATION DATA SHEET
AB-ts0 —
AG-3+7 SN; B AZ6\A) Property of_ £ - =
eadout Inst.;_2Z4 (-2 sn_13141S Cal.Exp.Date: S-S ©O3

fe
A&p:aSource: Sev-90 SN: Zl5§|9b Activity: IT1SOO  pPMm

Date of Cal.._l0 =24 >

PLATEAU:
Source Source
High Voliage {CPM) High Voltage {CPM) Background Check
600 - 1050 High Voltage CcPM
650 q9s_ H“Hee T SY4q2. Op. Voltage z? 244
700 @ 30OS3 6 Lbl2 op. Voltage4 2732
- . zs
750 2427 oeszs WA9q Op. Voltage +6& 393 _
800 LAB 126085 1358 % 1
Conlec Geofnebu(
850 S50 1365-B1S 28N
. “obe Cenle—
900 Z330S 1350
; , 950 - 1400
AN —_— )
1000 — High Voitage set at : &Lﬁ volts
Efficiency:
S MinuteGrass Counts:
. : Hos4
Pos "A"; Pos "B : M "BC';‘- Z25¢
Average (A + B)/2; Gross CPM; min Bl &6
Background: CPM; Net CPM: (oqqg/l"IS: - lem -
Net CPM 396
Efficlency = ceeeeemeeeee x 100 = o - ngg efo 4_44’
DPM

Date of Calibration,_S=1S-072_ Explra

Calibrated by:

st/gna! r
Reviewed by: /L S /0Y)

C
. 410 )
Rev: 2 ¥ Qcokxc\e_cl r\f\ner €
. N Page 4 of 4
Date: 25 Feb 99 ou*v,m\(qu_ age4o
1.2241-2/AB-100
S/N: 13145/B426W
, 5/15/02
\/’

Mallinckrodt C-T Project—Phase 1 Revision: 0
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\_ CALNTO0A . Thermo NUtech -
’ _ For Mallinckrodt Chemical, Inc

NATIONAL NUCLEAR ABP-100
MATERIAL SPECIFIC CALIBRATION DATA SHEET

ABP-100 SN:.BﬂZ_@lA.L__ HIGH VOLTAGE: £Y25__ Vv PROPERTY OF: E.5 - .
READOUTINST: _ 224 1-2 sN: 1B31A1S CALEXPIRE DATE: S=1S -g§

ABP-100 EFFICIENCY TO SrY-90 ON 47 mm DIsk: _39.0 % CALDATE: _S-(S-~-n2Z

BACKGROUND B8R SOURCE SR sA Efficioncy
SURFACE OPEN SHIELD NET OPEN SHIELD NET Sourco Sou.xrf:o SR-BR/
MATERIAL | Cts2 min{ Ctsi2min] CPM | Cis/imin| Cts/i min] CPM # Activity SA

Conceele | L4 |sS0 g |gna4l 294 | e4sall-A {33250 25.4
( ( e r NAe| 2391953971 ( (_ 128.3
\ N 1\ lesezlzaz [2220] | \ [24.8]
¢ . v U |8cq71 294 (8463 W 55 2
Aveorage = .
1zsx gtaéeeolpm : 33250 AN o
Ubad & & T o I1htall Z51 1iads -z |222s0]za-9
: C ( 1 r L1712l 2ez | kdaol ¢ (__lza.1
: _ 11\ L7a3] 20 | LSO3 \ 29.2
\ iR J S58] 283 | 20S] J R ig.‘:;s
T Average = .
‘ ‘25’_(!7.5 2ezo StdDev={ .4
MNerride | O o o Loz | Bod lm31eiM-2_|22250(28.7
) C Ia N b63S | Zea |71 (__12&.
1\ \_ ltas1| 275 [lSsey| | \_lza.s
N g v [ btoz2e | 304 [o3z22] Loz
12Z5% 178dpm = 22 2SS0 - ] Average=| 285,85
+Sid Dav= O.
Ao miaanl o o o TFALe | Biz 7156 IM-2 22250 |32.2
- L . ( HSHAl Boo (727001 C C 232.7
\ \ \ HAN | B 1oL | ) \ 3. .
Ny v 12 Y 1 1sca 290 [Tzee] L 3271,
TIZ25X 1T8dem = 2225 ‘ Average=| 3Z. T
' sbev=| Q.4 | -
DATE OF CALIBRATION: 55=I5-072_ EXPJRATION DATE: S-S~ = o
cALBRATED BY: [NOwidle l‘ 1. | - e E}‘:&s;ﬁ?m uﬁm f __‘Q%"
REVIEWED BY: J%w 5)% DATE: <5:/ /Sb&
1.2241-2/AB-100
S/N: 13145/B426W
5/15/02
_/
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s oo
A 211450 006" o
NIWUKENICNI#, lN\r

POST OFACE BOX 810 ;'PH 915-235:5494 2
601 'OAK STREET

-

. Shectmik gcwmmmuem ondlorde?edorlAWmfg ipec. r__z;_-r THRMC 20 % M_ZQLﬁ_mmHg
- - Ne W InguTant l"s‘rumentl?ecehfod E\Mmlnloler 4—10% [:]10-20% [:IOu'ochl DRequmg Repdr Domor-See commen:

7 Macaarical ck @ Window Operation
E Auce ck

AlphaSensitvity _120  mV BefoSensitMiy
TJCalbrated In accordance with LMI SOP 14.8 rev 12/05/89,

~surent Volt Set_22¢ V High Voltoge set with detector connected.
¥ HvReadout @ points)  Ret/inst.___ %497 / 500

mV BetaWindow _50__mv

V Refnst.___zv& 3 1500 v
(EEPROM Satiings)
PC)CountTime: _Le '
2T roe fumed OFF, Alpha Alarm: 8993992 _cpm
v vosen: JP0L242 Bata Alarm: 22799 _______cpm

Cve: ocd sat et 174 tum past OFF,
Aattery voltoge mecturod at 22,22 Vde,
Gty Efidlency=_ M1 %(4p)HNet

Alpha/Betc Alom: _229999 ____cpm
Caolbration Due Date; ¢8/2L /2007
LOC (Loss of Count) tme = 20 minutes {detaulr

REFERENCE CAL POINT INSTRUMENT RECEIVED INSTRUMENT METER READING*
Athg Chanrel
Tein’ Reccout A% com 2991 299514t
40K com J994% Isspy
4K cpm 2895 S ;) S——
— 40com - S —_——e
—_—a0com JENE. - —_——
REFERENCE CAL POINT INSTRUMENTRECEVED  INSTRUMENT METER READING™
Beta/Gemma Channel ]
Dig'tal Reacout —L0Kcom 2 L b S ——2P2Y29
AKepm S, 5 SR )’ 4 7 S
' aK.com J995 L3798
—40com 00 —too
40 com Yo — Yo

“onzass o w i ng 10%  CF within s 20% (0 incicates 0.1 minute count

lf/% frﬁ'ﬁ‘" $n VoI, WDlgrm, reve LETR 1 ave avwufe s COX 2
L. Jor T30 2m D1e8-00 , 3070 qom , oS LYY i ove minde T SO0 7.

SANGICE ITCOChd 10 e Aeriond NI of SIoNaarcs ¢na 19CHN0 OgY. Of 10 19 CORMTHCN factnes & -
rrmboq.evhcwMewwhnmumdnmgummummmwmnmmdw

UM MOCESOMeNnts, INC. Ce10t NC NG CDCMO NsTLMant hes boon cotorarad by
- wrﬂmu\ds:mowum rechrCues.
e of ANSINCSE 2540 11964 ond ANG NY31978 ° St of Taren Cosamton LUcensn N lO-!OA! -

k‘efsnance lmtmmonh cndlor SOmoe:

L3030
S/N: 179577
2/26/03
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Y

" Header
Header

| ¥sadar

- eawluwGw

-Eeader

vvleal LVVY 1UJEL 1% UYL 14VL

;:fuh-x;z rsasurenancs,;nc.;g;;.
" "'c.cl 3030 ?lateau Data - '

- 2026003
£.-1:36:50 24

: John @ Public

: Serial#l79577

: Site:Building 1
: Rocm 7 EastWall
: ¥Yore Comments?
: Yore Co*nents?

Zeader

N U & 1) ) 0

L’;pd;—
-*li::a:--. Due Date: 2/26/04

:aal 3030 Date: 2/26/03
adel 3030 Time: 11:42:00 AM

HAa it b — e

© Gser 3C Time: 1.0

Alpha Isotope: Pu-239
Alpha Source Size (épm):
Alpba Source Size {uCi):

365000
0.164414414

3eta Isotope: Tc-99
3esa Source Size (dpm):
3oa Source Size (pCi):

22500
0.02013018
Starzing H‘g‘t Voltage: 675
Zieh Yoltage: 800

.el.ace Increrent: 25

-

iy Touns Mede:  SCALER
unt Time {mdn): 0001.0
ouné Count Time {(min): 1.0

© FMALLINUKRUUL -

! ALPHA

X7 | Source (Beta) Background  Eff

675 137685 ({3889) 0 37.7%
796 137877 {3657) 0 37.8%
T25 128883 (2300) 2 38.0%
352 :37552 {1483) 0 37.8%
TTS O L3TCET (1Y) 1 37.5%
3% LI7.05 0 {783) 1 37.6%

#2114 2.007

- 0 e e 0 B P e -

BETA
CrossTalk| Source [Alpha) Background Eff Crosstalk
2.8% 6010 {1) 36 26.4% 0.0%
2.6% 6966 {1} 45 30.6% 0.0%
1.8% 79€9 (1} 49 35.0% 0.0%
1.0% 8551 (3) 50 37.6% 0.0%
0.7% 9470 (1) 70 41.6% 0.C%
0.4% 10082 (2) 203 43.7% 0.0%
L3030
S/N: 179577
2/26/03
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A-caa -ff:c;.e-xcy %. 38 0 ST
j:ne:a E‘ficiency % 35.0 -

_.uonfzden Level BS%A RS SR

Count Tixe j Alpha MDA{dum} Beta MDA(dUm)

-------------.--———----——----—-———----------—

0.1 111.9 295.7
0.5 35.5 ©128.5
2.0 ' 24.4 100.8
2.0 18.6 - B4.5
5.2 14.8 73.6 :
BN 13.6 69.8
5.8 12.5 65.5
{0 24,4 100.8
L3030
S/N: 179577
2/26/03
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APPENDIX 4
Threshold Comparison Test Reports (TCTR)
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report -

Run Date: Monday, December 08, 2003

Survey Unit Number: Class: 2 Data Points: Beta Grid Type: R Spacing: 14.8 ft.
SURVEY UNIT TABLE
Surface Area
Fixed Included
Bldg Rm__Surface __Equipment (sq. ft) Remarks
B240 999 RNE Q1-16 6346 North wall, East wall and Roof
Total Area 6346

INITIALIZATION DATA

Measurement Types Selected: RG, Bl
Date Range: All

Thresholds:
EMC: 13,000 DCGLw: 2,600

SURVEY UNIT TEST STATUS

Test Performed Status

Min/Max Pass Maximum Survey Value TR 214.0
Background Fail Minimum Background M 1.0
DCGLw Pass Difference 213.0
DCGLavg Pass Average Activity 65.5

EMC Pass Average Below DCGL  65.5

Wilcoxon Rank Sum Test N/A Average Background 81.6

Sign Test for Paired Data Pass

Mallinckrodt C-T Project—Phase 1 Revision: 0
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MALLINCKRODT C-T ECOMMISSIONING PROJECT
Threshold Comparison Test Report -

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 # 240NER Building: B240
Meas. Gross Activity

Room SFC X(ft) Y (ft) Mtx  Type Min SID  (dpmyt00cm’)  Remarks Exc Res.
999 Q14 1.0 00 M Bl 1 6091 89.7 C

999 Q3 1.0 00 TR Bl 1 6070 213.5 (o4

999 Q4 3.0 00 M Bl 1 6074 160.9 C

999 Q4 2.0 00 M Bl 1 6073 1416 Cc

999 Q4 1.0 00 M BI 1 6072 128.4 C

THE FOLLOWING DATA POINTS PASSED BACKGROUND, DCGLw, AND EMC

SCREENING TESTS:

Survey Unit # 240NER Building: B240
Meas. Gross Activity

Room SFC X (ft) Y (ft) Mtx  Type Min SID  (dpmy100cm?’)  Remarks Exc Res.
999 E 49.0 66 CB RG 1 6041 86.6
999 E 91.0 66 CB RG 1 6044 85.3
999 E 35.0 66 CB RG 1 6040 78.8
999 E 77.0 66 CB RG 1 6043 49.1
999 E 240 66 M Bl 1 6097 325
999 E 21.0 66 CB RG 1 6039 323
999 E 7.0 66 CB RG 1 6038 284
999 E 63.0 66 M RG 1 6042 10.1
999 N 27.8 61 CB RG 1 6036 86.6
999 N 13.8 61 CB RG 1 6035 56.8
999 N 41.8 6.1 CB RG 1 6037 19.4
999 Q1 20 00 M Bl 1 6067 36.4
999 Q1 1.0 00 M BI 1 6066 24.8
099 Q10 2.0 00 M Bl 1 6084 17.8
999 Q10 1.0 00 M Bl 1 6083 147
999 Q11 2.0 00 M BI 1 6086 30.2
999 Q11 1.0 0.0 M BI 1 6085 224
999 Q12 20 00 M Bl 1 6088 147
999 Q12 1.0 00 M BI 1 6087 13.9
999 Q13 1.0 00 M Bl 1 6089 20.9
999 Q13 2.0 00 M Bl 1 6090 -13.2
999 Qi4 3.0 00 M Bl 1 6093 48.7
999 Q14 20 00 M BI 1 6092 147
999 Q15 2.0 00 M Bl 1 6095 29.4
999 Qi5 1.0 00 M BI 1 6094 9.3
999 Q16 1.0 0.0 M BI 1 6096 101
999 Q2 20 00 M Bl 1 6069 18.6
999 Q2 1.0 00 M Bl 1 6068 -9.3
999 Q3 2.0 00 TR Bl 1 6071 124.8
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MALLINCKRODT C-T ECOMMISSIONING PROJECT

Threshold Comparison Test Report -

Meas. Gross Activity
Room SFC X(ff) Y(ft) Mix Type Min SID  (dpm #100cm?) Res.
999 Q5 1.0 00 M Bl 1 6075 45.6
999 Q5 20 00 M Bl 1 6076 39.5
999 Qb6 2.0 00 MBI 1 6078 54.2
999 Q6 1.0 00 M BI 1 6077 30.2
999 Q7 2.0 00 M Bl 1 6080 11.6
999 Q7 1.0 00 M Bl 1 6079 -1.5
999 Q9 20 00 M BI 1 6082 255
999 Q9 1.0 00 M BI 1 6081 -14.7
999 R 16.2 203 TR RG 1 6061 156.6
999 R 30.2 76.3 TR RG 1 6050 148.9
999 R 16.2 483 TR RG 1 6055 138.0
999 R 442 63 TR RG 1 6425 134.5
999 R 30.2 63 TR RG 1 6065 123.7
999 R 30.2 903 TR RG 1 6047 118.3
999 R 442 483 TR RG 1 6422 119.3
999 R 442 623 TR RG 1 6421 117.9
999 R 30.2 483 TR RG 1 6056 115.0
999 R 30.2 343 TR RG 1 6059 113.9
999 R 30.2 203 TR RG 1 6062 112.8
999 R 16.2 343 TR RG 1 6058 101.8
939 R 2.2 763 TR RG 1 6048 99.6
999 R 16.2 903 TR RG 1 6046 94.2
999 R 22 623 TR RG 1 6051 90.9
999 R 442 76.3 TR RG 1 6420 87.4
999 R 16.2 623 TR RG 1 6052 854
999 R 16.2 63 TR RG 1 6064 85.4
999 R 442 343 TR RG 1 6423 80.4
999 R 30.2 623 TR RG 1 6053 734
999 R 2.2 483 TR RG 1 6054 64.6
999 R 442 903 TR RG 1 6419 63.8
999 R 22 90.3 TR RG 1 6045 63.5
999 R 16.2 76.3 TR RG 1 6049 43.8
999 R 442 203 TR RG 1 6424 374
Mallinckrodt C-T Project-Phase I Revision: 0
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" EMC -

MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report -

Summary of Background Data and Thresholds Used in this Analysis

1

Measurement Type: BK DCGL: 2600 EMC: 13,000

“ ' Matris Number of " Average " "Sigma’ " "Background = *DCGLw "

" Data Pomts '{B&&kﬁoﬁhd E '”‘“" i T quésl:bitl' :Tl;fé.s;]:oI‘d LT )@résl;olll ';
R R R I - I

(dpm,#100cm?) (dpmy/100cm?) (dpm,/100cm?) (dpmy/100cm’) (dpmy/100cm?)

cs 51 96.1 21.7 139.4 2,739 13,138
M 10 24.0 15.7 55.3 2,655 13,055
TR 42 77.7 51.6 181.0 2,781 13,181
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report -

W,

STATISTICAL TEST RESULTS

Run Date: 12/8/2003 5:45:10 PM
Survey Unit Number  240NER Class: 2
Selected Test: SIGN TEST FOR PAIRED DATA
Test Status Pass
Thresholds:

EMC 13,000 DCGL 2,600
DATA SUMMARY TABLE

35 Survey points processed and 3 matrices processed

S+= 35 Wec= 22
****** The survey unit has passed the SIGN TEST FOR PAIRED DATA ******

U
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