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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 of
Building 235 and 236 on the Mallinckrodt St. Louis site (designated as Survey
Units (SU) 235NES and 236 NSW). This report is being provided in accordance
with the Mallinckrodt C-T Project, Phase I Decommissioning Plan (D Plan). This
FSS was performed in accordance with the Field Instruction CT-FI-002 (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
this SU 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
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

' CT-FI-002, Final Status Survey Guide for Survey Unit 235NES and 236NSW.
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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. DEFINITION AND CLASSIFICATION OF SURVEY UNITS
2.1.1.  The exterior walls of Buildings 235 and 236 have been designated as two survey
units. SU-235NES consists of the north, east, and south exterior walls of
Building 235. SU-236NSW consists of the north, south, and west exterior walls
of Building 236. The missing wall surface is an interior wall common to both
buildings. Each survey unit was 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 2.1°
Survey Area Descriptions
Area | Building | Surface Location / Surface
North Exterior Wall: New drum pumping station located on north east wall of building

79 235 N fabricated from steel and FRP siding - installed 6-00. Station is approximately 26' long
and 17' wide with 10’ sloped roof. New concrete foundation and floor. Old brick of north
wall of building exposed inside south wall of filling station.

. South Exterior Wall: New oxidizer installed on southwest corner of building in 1996.

80 235 S New concrete pad for oxidizer poured above grade, 10 to 12" thick. New FRP scrubber
system installed on south wall center of building in 1998. Pad poured above grade for
scrubber.

East Exterior Wall: New 4' thick foundation and pad poured in 1998. New steel and FRP
siding structure installed over pad for hydrogenation room in 1998. Several holes core
drilled in bldg. 235 east wall for piping. Approximately 4'- 5' chase between

81 235 E hydrogenation bldg, and existing east wall. Bricks are exposed. Thirty-five feet of
exterior brick to the height of 12 feet was removed starting at the south east corner of the
building prior to the building of the hydrogenator. This work was performed in the fall of
1997.

North Exterior Wall: All windows and sills removed. New 8" masonry block walls

87 236 N installed. Two new 36" mandoors installed, one on the upper level and one on the lower
level. Both doors are located on the northeast corner of the building.

South Exterior Wall/Ledges: Windows and sills and one mandoor removed. Openings

88 236 S on windows blocked up with 8" masonry blocks. Mandoor blocked up with 8" masonry
block with brick outside.

West Exterior Wall/Ledges: Windows and sills, sliding door removed, windows blocked

89 236 w with 8" masonry block. Sliding door replaced with two new 36" mandoors and new
window above door headers for 2nd floor offices.

. Appendix A of D Plan.
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2.2.

2.3.

2.4.

2.1.3. A summary report listing all the surfaces and fixed apparatus assigned to
SU-235NES and SU-236NSW is presented in Appendix 1. Drawings of the
survey units showing the location of key fixed apparatus items are presented in
Appendix 2, Figures 1.1 and 1.2.

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.>

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
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
(dpm,/100cm?)* (dpm,/100cm?)

Brick 192.4 16.0
Concrete 354 20.1
Concrete Block 96.1 21.7
Metal 24.0 15.7

Matrix

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 roofs. 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)® was developed and was used during the FSS as if it

Mallinckrodt C-T Project D Plan Appendix D.

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

NEXTEP Tech Memo 0211, Recommendation for an Administrative Release Guideline for the Mallinckrodt
C-T Project, A .H. Thatcher, CHP.
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24.3.

were the DCGLw with certain exceptions.®

Table 2.3
Building Surface and Installed Apparatus Release Criteria

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

Elevated Measurements Criterion (EMC).

2.4.3.1. Because SU-235NES and SU-236NSW are classified as Class 2, all
measurements in these survey units must be less than the DCGLw.
Therefore, the EMC criteria do not apply to this FSS.

2.5. SURVEY INSTRUMENTS

2.5.1.

2.5.2.

2.5.3.

2.54.

2.5.5.

The instrumentation utilized 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.

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.

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.

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

L1.2221/AB-100 — The primary instrument used for the detection of surface
radioactivity was the AB-100 scintillation detector configured for beta detection.

6

Final Status Survey Design Guide (Phase I), Section 3.2, covers the rules governing use of tke ARG.
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2.6.

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"" .

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.

2.5.7. Ludlum 43-89 — 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 scaler or rate meters. Sensitivity of this instrument was
derived from experiments by Lucas and Colyott which were reported in
Attachment 4 of the D Plan.

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/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.

2.5.9.  L2221/3x3Nal - When beta measurements could not be taken, the 3x3” 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.

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

11

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 B 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.

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 I Decommissioning Plan.

CT-QA-6.1 - Calibration and Control of Measuring and Survey Equipment.
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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."2

2.6.2. The LLD requirements for the FSS have been developed in accordance with
MARSSIM "Chapter 4 guidelines. They are contained in the Design Guide and
are listed in Table 2.4.
Table 2.4
MDC Requirements for C-T FSS

Measurement Type MDC Requirement14

Direct Beta 50% of ARG
Class 2 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 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."7

2 CT-QA-6.1, Ibid.
NUREG 1575, Multi Agency Radiation Survey and Site Investigation Manual.
Requirements are stated in terms of the ARG which may be adjusted upward (not to exceed the DCGIyw) by the
area factor or paint attenuation factor as described in Section 3.2 of the Design Guide.
NEXTEP Tech Memo 0230, Technical Basis Document for Mallinckrodt Final Status Surveys, A.H. Thatcher,
CHP, (included with FSSR 2501).
MDC:s for the AB-100 are typical of those for the 43-89.
7 NEXTEP Tech Memo 0230, ibid.
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Table 2.5
LLD and Action Thresholds"™

Measurement Units Cai::ll::‘taed Required 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 cpm 2,000

2.7. INSTRUMENT SENSITIVITY, BACKSCATTER AND PAINT ATTENUATION

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

Equation 2
D= Co-Cc
PAF*S,* S, (m)*1
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 backscatter.
Sp(m) =  Backscatter factor (a function of matrix)

t Integration time in minutes.

2.7.2. No painted surfaces were surveyed. Therefore, 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

18
19

All Values given are net of background.

Investigation Threshold.

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

Table 3.1

Survey Procedures and Documents

CT Decommissioning Plan (Phase I)

CT Decommissioning Project, Final Status Survey Design Guide (Phase I)
CT-FI-002, Final Status Survey Guide for Survey Unit 235NES & 236NSW
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 was submitted to the Quality Assurance
Coordinator 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.

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 were obtained on the
wall surfaces as described in the FI. Bias measurements were taken on

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

22 NEXTEP Tech Memo 0206, 04 Data Verification for MI CT Final Status Survey Data, B. Anderson,
(included with FSSR 2501).
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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.

3.2.2. Removable Contamination Measurements:

3.2.2.1. Swipes - Removable contamination samples were collected at all of the
regular grid locations on the walls. 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 both survey units. 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 Objectives (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 235 & 236 Exterior Walls

DQO Value

Type I error 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%

2 Section 3.3 of the C-T Design Guide.
2 NEXTEP Tech Memo 0008, Verification and Validation of Applicable Portions of VSP Software, A.H.
Thatcher, CHP.
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3.3.2.

3.3.1.3. A rectangular grid was used for both survey units. The maximum grid
interval spacing (L) was calculated from the total area (A) of the 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 both SU 235NES

and 236 NSW.
Table 3.3
SU 235NES & 236 NSW Calculated Grid Point Separation
Survey Unit Class N A (f5) | L(f)
SU-235NES 2 29 7544 16.1
SU-236NSW 2 29 4025 11.8

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-FI1-004, Final Status Survey Guide for Survey Unit 2504, Attachment E.
Mallinckrodt C-T Project — Phase I Revision: 0
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3.5.

3.4.3.

3.4.4.

Table 3.4
Coordinate System Locators

Location Identifier X Y

North Wall Feet right from Feet up from floor

South Wall leftmost edge of | or the lowest point

East Wall the wall surface in the room

West Wall

Floor Feet east from Feet North of

Ceiling western most southernmost edge

DO S|min|Z

Roof edge of the surface

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 corner of the roof.
“Q2 — A/C unit” would be noted in the remarks. The surface ID would be “R”.

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.

DATA EVALUATION

3.5.1.

3.5.2.

3.5.3.

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

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
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.

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

% NEXTEP Tech Memo 0231, Validation and Verification of the C-T Database Analysis Report, B. Anderson,

(included with FSSR 2501).
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3.54.

3.5.5.

3.5.6.

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.

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, Ty, with its matrix code according to
the following equation:

Equation 4

T, (m)= BK (m)+2* o (m)

3.5.4.2. Ty is equal to the mean of the background readings (ﬁ) for a given
matrix plus two times its standard deviation (25).

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

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

DCGLw Screen.

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

Equation 5
T,(m)=T,, + DCGLw

3.5.6.2. Compare each data point in the survey unit with T4. If the survey reading
> T4 the data point fails the test. One data point failure implies failure of
the DCGLw screen test for the survey unit.

7 A more detailed explanation is provided in the Design Guide.
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3.5.7.

3.5.8.

3.5.9

3.5.10.

EMC Screen.

3.5.7.1. For each matrix code calculate and store an EMC Threshold (T¢). Teis
calculated by adding the value of EMC to Tyk. 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 DCGLgmc.

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.

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. If the
remainder is greater than DCGLw for any matrix in the survey unit, the
test fails.

Equation 6
E(m) - ﬁ(m) > DCGL,
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.

The output of the Threshold Comparison Test Report (TCTR) was used for
analysis of the data for Building 235 and 236 exterior walls 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 I of MARSSIM.
¥ 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 DCGLgwmc 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 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 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
DCGL,y, | The average of all net survey values must be less than
DCGL,,
EMC All samples must be less than DCGLgpc + 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, and sampling of
removable contamination or sludge from traps, etc. indicate that the survey unit
meets 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 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.

*® NUREG 1505, 4 Nonparametric Statistical Methodology for the Design and Analysis of Final Status
Decommissioning Surveys.
! See MARSSIM, Chapter 8, Table 8.2.
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4.2.

FSS RESULTS AND DISCUSSION

CHARACTERIZATION DATA

4.1.1.

A full set of beta direct characterization data was taken in this survey unit from
1992 to 1996. During that time, the southernmost 30 feet of the east wall was
remediated, along with the bottom of the wall and other wall portions. The data
from the remediated sections have been tagged as “R” in the database®®, while all
the remaining characterization data have been included in the FSS data set as bias
data points.

SURVEY UNIT 235NES

42.1.

4.2.2.

SU-235NES was surveyed in April 2003. Measurements were taken on the north,
east, and south walls.

Direct Beta Measurements on Building Surfaces

4.2.2.1. 125 direct beta measurements were taken on the surfaces of the survey
unit. 30 of these were included in the systematic grid. A diagram of the
survey unit layout of each wall with the beta measurements taken is
presented in  Appendix 2, Figure 4.1. Two grid locations on the east
wall and one on the north wall were inaccessible and were omitted from
the grid.

4.2.2.2. A summary of the direct measurement results is presented in Table 4.1
and shows that the maximum activity measured, net of background, was

587 dpm,/ 100cm®. The average value for the survey unit was
54 dpm,/100cm®,

Table 4.1
SU-235NES Direct Measurements Summary
(Building Surfaces Only)

Matrix Points | ‘Avg Net Activity® | Max Net Activity
(dpm,/1 00cm?) (dpm,/1 00cm?)
Brick 76 59.2 302.6
Concrete 21 106.3 587.0
Concrete Block 1 21.5 21.5
Fiberglass 1 31.0 31
Metal 19 -9.3 62
Other Non Metal 7 13.6 157.7

* DPMp refers to disintegrations per minute of the parent nuclide series

*? R-tagged records are normally excluded from the data set by the analysis software.
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4.2.3. Direct Beta Measurement on Installed Apparatus

4.2.3.1. All 9 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 values
observed ranged from —47 to 70 dpmy/ 100cm?®. All values were less than
3% of the ARG. The data confirm that essentially no residual
radioactivity levels were found on the items of installed apparatus in
SU-235NES.

Table 4.2
SU-235NES Fixed Equipment Direct Measurements Summary

. Avg Net Activity | Max Net Activity
Matrix Points
(dpm,/100cm?) (dpmy/100cm?)
Fiberglass 2 51.0 59.2
Metal 19 6.4 69.9

4.2.4. Direct Beta Measurement Distribution and Threshold Tests

4.2.4.1. A histogram of the net activity values found in SU-235NES is provided
in Figure 4.1. The distribution appears to have a single mode with the
. majority of the data centered at approximately 25 dpmy/ 100cm?. * This
is consistent with a normal distribution of background radioactivity with
a small amount of contamination just above background. All
measurements were well below the ARG.

¥ Actually this mode represents the number of occurrences where the activity fell between 0 and 50
. dpm,/100cm”.
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Figure 4.1

. 4.2.4.2. 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-235NES. The TCTR report contains a complete
listing of all the beta direct measurements taken in the Final Status
Survey within SU-235NES sorted by test failed and by activity. 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 is presented in Table 4.3.

Table 4.3
Requirements for SU Release

Test Class 2 SU-235NES
Min/Max not required” P
Background not required F
DCGL,, PASS P
DCGL,,, PASS P
EMC PASS P
Sign Test for
Pagired Data PASS P

“ Class 2 survey units which pass Min/Max may be released without
further consideration..
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4.2.4.3. 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 dpm,/100cm’. These results are consistent with a
failure of the background test only for this survey unit.

4.2.5. Measurements of Removable Contamination
4.2.5.1. 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-235NES Removable Contamination Summary
Surface | Points | Avg Net Beta | Max Net Beta | Avg Net Activity® | Max Net Activity
(Bpm/100cm?) (Bpm/100cm?) (dpmy/100cm?) (dpmy/100cm?)
N 6 2.8 18 0.6 38
E 12 -1.7 26 -0.3 5.4
S 12 1.6 29 0.3 6.0

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

4.2.5.2. The results show that removable contamination averages very near zero

dpmy,/1 00cm’ and varies between —7 and +6 dpmy/1 00cm®. The data
confirm that virtually no removable contamination is present within the
survey unit,

42.6. Beta Scan Measurements

4.2.6.1. Beta scans were performed on about 25% of the surface of the exterior

4.2.6.2.

4.2.6.3.

walls. A diagram of the areas surveyed is presented in Appendix 2,
Figure 4.2.

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°*.

All scans performed on the wall surfaces were taken on brick. 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 brick this value was 552 cpm. The average
of all open window survey readings taken on brick in this survey unit
was 610 cpm.

3 NEXTEP Tech Memo 0230, Technical Basis Document Jfor Mallinckrodt Final Status Surveys, A .H.
Thatcher CHP, (included with FSSR 235 Roof).
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4.2.6.4. During the surveys the maximum and average gross count rates were
recorded for each area scanned. The beta scan data are summarized for

SU-235NES and presented in Table 4.5.

Table 4.5
SU-235NES Scan Measurements Summary

Survey | Areas | Maximum Average Max Net | Avg Net
Unit (cpm) (cpm) | (cpm) | (cpm)
235NES 5 950 660 398 108
4.2.6.5. The maximum net scan value of 398 is well below the scan threshold of
2000 cpm. No scans were observed above the scan threshold.
4.3. SURVEY UNIT 236NSW
43.1. SU-236NSW was surveyed in April 2003. Measurements were taken on the
north, south, and west walls.
4.3.2. Direct Beta Measurements on Building Surfaces
4.3.2.1. 120 direct beta measurements were taken on the surfaces of the survey
unit. 32 of these were included in the systematic grid. A diagram of the
survey unit layout of each wall with the beta measurements taken is
presented in Appendix 2, Figure 4.3. One inaccessible grid measurement
on the west wall of Building 236 was omitted.
4.3.2.2. A summary of the direct measurement results is presented in Table 4.6
and shows that the maximum activity measured, net of background, was
452 dpm,/1 00cm?. The average value for the survey unit was
119 dpm,/100cm?.
Table 4.6
SU-236NSW Direct Measurements Summary
(Building Surfaces Only)
Matrix Points { Avg Net Activity” | Max Net Activity
(dpmy/100cm’) (dpm,/100cm’)
Brick 59 1352 451.8
Concrete 7 74.8 113.7
Concrete Block 18.2 66.2
Metal 2 -5.8 23
4.3.3. Direct Beta Measurements on Installed Apparatus

4.3.3.1. All 4 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 4.7. The values observed ranged from 27 to
116 dpm,/100cm®. All values were less than 5% of the ARG. The data
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confirm that negligible residual radioactivity levels were found on the
items of installed apparatus in SU-236NSW.

Table 4.7
SU-236NSW Fixed Equipment Direct Measurements Summary

Avg Net Activity | Max Net Activity
(dpmy/1 00cm?) (dpmy/1 00cm?)
Metal 7 17.3 115.8

Matrix Points

4.3.4. Direct Beta Measurements, Distribution, and Threshold Tests

4.3.4.1. A histogram of all the net activity values found in SU-236NSW is
provided in Figure 4.2. The distribution appears to represent a
background distribution with the majority of the data centered at
approximately 75 dpmp/ 100cm? as well as a second distribution, possibly
representing residual activity, at a slightly higher concentration interval.
The distribution is skewed to the left. All data are well below the ARG.

SU-236NSW

20 + | Mean BK

-
[8)]
)

Frequency
=

O i O D D D D D O
A N A

Net DPMp/100 sq. cm.

Histogram of Net Direct Beta Measurements
Figure 4.2

4.3.4.2. 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-236NSW. The summary pages indicate that all tests
described in the D Plan passed except background. A comparison of test
results and requirements for release of the survey unit is presented in

Revision: 0
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Table 4.8. All the tests required for release of Class 2 survey units were

. passed.
Table 4.8
Requirements for SU Release
Test Class 2 SU-236NSW

Min/Max not required® P
Background not required F
DCGL,, PASS P
DCGL,,, PASS P
EMC PASS P
Sign Test for

Paired Data PASS P

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

4.3.4.3. As the histogram in Figure 4.2 shows, some residual radioactivity exists
above the background level but far below the administrative release
guideline of 2,600 dpm,/ 100cm®. These results are consistent with a
failure of the background test only for this survey unit.

4.3.5. Measurements of Removable Contamination
4.3.5.1. Swipes were taken at each location where a direct grid measurement was
. performed. The results of the measurements are presented in Table 4.9.
Table 4.9
SU-236NSW Removable Contamination Summary
Surface .| Points | Avg Net Beta | Max Net Beta | Avg Net Activity" | Max Net Activity
(Bpm/100cm?) (Bpm/100¢m?) (dpmip/100cm?y (dpm,/1006m?)
N 9 22 26 0.5 5.4
S 9 -4.9 15 -1.0 3.1
W 14 2.8 26 0.6 54

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

4.3.5.2. The results show that removable contamination averages very near zero
dpm,/100cm® and varies between —6.0 and +5.4 dpm,/100cm®. The data
confirm that virtually no removable contamination is present within the
survey unit.

4.3.6. Beta Scan Measurements

4.3.6.1. Beta scans were performed on about 20% of the surface of the exterior
walls. A diagram of the areas surveyed is presented in Appendix 2,
Figure 4.4. :
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5.2.

5.3.
5.4.

5.5.

5.6.

5.7.

5.8.

4.3.6.2. The scan threshold used for these surveys was 2,000 cpm (net of
background) which corresponds to the ARG of 2,600 dpm,/ 100cm?,

4.3.6.3. All scans performed on the wall surfaces were taken on brick. 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 brick this value was 552 cpm. This average
of all open window beta readings taken on brick on the survey unit was

741 cpm.

4.3.6.4. During the surveys the maximum and average gross count rates were
recorded for each area scanned. The beta scan data are summarized for

SU-236NSW and presented in Table 4.10.

Table 4.10
SU-236NSW Scan Measurements Summary
Survey Unit Areas | Maximum | Average | Max Net Avg Net
(cpm) (cpm) (cpm) (cpm)
236NSW 6 1200 692 648 140

4.3.6.5. The maximum net scan value of 648 cpm is well below the scan
threshold of 2000 cpm. No scans were observed above the scan
threshold.

CONCLUSIONS

SU-235NES passed all the tests described in the D plan except background. All the tests
required for release of a Class 2 Survey unit were passed. (Par. 4.2.4.2)

No significant residual radioactivity was measured on the 9 items of installed apparatus in
SU-235NES.(Par. 4.2.3.1)

Virtually no removable contamination is present within SU-235NES. (Par. 4.2.5.2)

No beta scan data were observed in SU-235NES above the scan threshold of 2,000 cpm.
(Par. 4.2.6.5)

SU-235NES meets all the requirements of the D Plan and MARSSIM for unconditional
release.

SU-236NSW passed all the tests described in the D plan except background. All the tests
required for release of a Class 2 Survey unit were passed. (Par. 4.3.4.2)

No significant residual radioactivity was measured on the 4 items of installed apparatus in
SU-236NSW.(Par. 4.3.3.1)

Virtually no removable contamination is present within SU-236NSW. (Par. 4.3.5.2)
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. 5.9. No beta scan data were observed in SU-236NSW above the scan threshold of 2,000 cpm.
(Par. 4.3.6.5)

5.10. SU-236NSW meets all the requirements of the D Plan and MARSSIM for unconditional
release.

6. RECOMMENDATIONS
6.1. SU-235NES should be released from the license.
6.2. SU-236NSW should be released from the license.
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Appendix 1
Building Survey Unit Listing for
Buildings 235 & 236 Exterior Walls
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. Building Survey Unit Listing
Area Paint

SurfaceCode Xmax Ymax (sq.ft.) (Coats)  Description

SurveyUnitID: 235NES ‘ Class: 2
Room 999
N 120.0 23.0 2,760 0.0
S 120.0 23.0 2,760 0.0
E 88.0 23.0 2,024 0.0
Q25 0 0.0 Copper Roof Flashing
Q27 0 0.0 2 runs of 4" to 6" gray piping,

and hydrogen gasline

Q28 0 0.0 Supports for acces ladder
Q29 0 0.0 Red fire box and conduit
Q30 0 0.0 Blower and related piping
Q31 0 0.0 Vertical silver piping
Q32 0 0.0 support brackets, upper supply
lines
Q33 0 0.0 24" vertical pipe and connected
piping
Q34 0 0.0 Gray platform
. Summary for Room 999 (12 detail records) 7,544 Sq. Feet
TOTAL for Survey Unit 235NES 7,544 Sq. Feet
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. Building Survey Unit Listing
Area Paint

SurfaceCode Xmax Ymax (sq.11.) (Coats)  Description

SurveyUnitID: 236NSW Class: 2
Room 999
N 45.0 23.0 1,035 0.0
S 45.0 23.0 1,035 0.0
w 85.0 23.0 1,955 0.0
Q25 0 0.0 Copper roof flashing
Q26 0 0.0 Yellow 2" gas line
Q27 0 0.0 2 runs of 4" to 6" gray piping,
and hydrogen gasline
Q32 0 0.0 Support brackets
Summary for Room 999 (7 detail records) 4,025 Sq. Feet
TOTAL for Survey Unit 236NSW 4,025 Sq. Feet
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. APPENDIX 3
Instrument Calibration Sheets for 235 & 236 Exterior

Type S/IN Cal Date
106729/A0281 1/5/1995
Beta 117332/A0447 1/17/1995

127210/B861N 4/12/2000

131410/B860N 11/7/2002

163666/B426W 1/16/2003

1/18/1996
117362/B860N 3/5/1996
10/20/1999
Swipe 179562 11/8/2002

. 7/22/2003
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% Q7 Calibrat Ti
Calibrated by: ;i r‘]n}& // M»iﬁ/é

_ (R Mame)
Eviswsd Dy /;/(»_j %

L2221/AB-100
S/N: 127210/B861N
4/12/00

S ?5@ N2

0
s
“t
yt

Pl s £ 209,

Gross CFM:

Mes CFM: égi@.é
100 = _\_'.:3’7.7 A

El4. 10=8s

A subsictary of Thermo TermaTech Inc.,
3 Thermo Eectron company
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WA
§ B-1am .
s
CALIBRATION DATA SHEET
AB-ico —~ -
AT B&@M Property of £ S (mﬂ@
E{é&daui nst:Leadd 27412, sN_ 131410 CalExp.Date: 11-1-03
ource: et - 40y SN:lJS&P@ Activity:_"T100y  DPM
(iate of Cal.:
Source Sourpe
High Vollage {CPM) High Voltage (CPA) ou eck
800 — 1050 1455 High Voliags CPM
: leso
850 — 1100 = Op. Voltage 56 3
00 '2;’32' ALY Op. Voitage 4.3\
- N ' \ ot e}
750 206~ [ v da Op. Voltage +56 144
108 '
800 foray 1260 Ll
lozs '
850 344, 306- 1532
OHBD
900 4845 1350 ———
950 5898 1400 -
1000 AIS High.Voltage set at :_1NZ2.S volts
Efficlency: ber £
5 Minute Gross Counts: imin@d &T4Z
Vs 43
Pos A", Pos “B*; . Fmin Ble
Average (A + B2, Gross CPM:; ? Miss .
Background: CPM: 7 Neat CPM: — b3 / ™ oz o
Net CPM 2.2 2f, J_j
EFiGIENCY = e X 1005 76 % - o~
M

oP
Date of Callpration: gﬁ{' -1
7 UL Se

Callprated b

Heviewed by:

£A4.10
Rav: 2
Date: 25 Feb 99

L2241-2/AB-100
S/N: 131410/B860N
11/7/02

Pagedof 4
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For Mailinckrodt Chemical, fnc

. caNiooa ~ Thermo NUtech

NATIONAL NUCLEAR ABP-100
MATERIAL SPECIFIC CALIBRATION DATA SHEET )

ABP-100 5N: RBGON . HIGH VOLTAGE: JC)ZE v PROPERTY OF: E.S. {wma -
READOUT INST Leod 224812, SN _Lw 14410 CAL expiRE DATE: 1L -1-0° %
ABP-100 t:FF!F!ENCY 10 $rv-0 ON 47 mm Disik: 3. 7 Lo  caoars \=1-02

BACKGROUND BR SOURCE SR A
SURFACE | OPEN | SHIELD | NET | OPEM | SHIELD | NET |Source | Source
MATERIAL | Clsr min] Clsizmin] _CPM__| Gt/ min| Cta/t i _CPM_ | % 1 Adliy |
Carceele [Pl STz | 198 | Bac] | 354 1441 e-AlZ20 .
’1?0 f\’ {‘ 23213 23] 1482 \f ( zq N
: Az 32 1812 ( 25
> Y L T L R4y [ 325 [8cqzi L [ & .24.4_
B x = 3RS @ Averaga =] Z24.0
s dpﬂ' U, SdDev= 0. T in
(Wepd & = o TLzastza |Losi |-z [22eeal27
L c 1o 1o alaaz lelen| o | ( tze.

\ o 1 o | o6 [b337]33& 003! | BER
el a [ 6 T o gl3ze (eoLol & |
L¥(Z2S =22 Avatace .

%Qbﬁ ' Std Dov s | 7
. - Mecnile] o o o Acz |27 leoss
{ o T o | o Thaenledd |L070
\ o | o T o 144 295 (15
L £ = [ Age | 3 {1 B
Ahf?'“* oo T =R R 11T N 70T N Y%
: ol o T hzi&l 292 421
L e lo o | AzZil 782 v
© lo le [Men LE5
5 Average =] o€t .23 :
Sid Dey =
DATE OF CALIB .
CALIBRATED BY
REVIEWED BY: oaTe: 1] / S’,{ 22, »
¥lable Ohecks Ol
1.2241-2/AB-100
S/N: 131410/B860N
. 11/7/02
Mallinckrodt C-T Project—Phase I Revision: 0
Final Status Survey Report Building 235 and 236 Exterior Walls December 2003

42 APPENDIX 3




CT-RP-66
Chi Squared Test

Instriment Madel # 2241 ) Date: 11.14.02
instrumant Serial¥ 131410 Source Nuclide: SrYs0
Probe Model # AB 100 ‘Bource Serial # 2178-96
Proba Sorial # B86e0n Source dpm {4x) 66836
Window Satting: Efficlency (cpm/dpm): .33
Thrashold Setting: 36 mVv Background cpmy 2812
High Vaitage: 1025 b BKGD N 4
BKGD Count Time {min): 1
Srogs Gounts
Countd Observed ' Expocted Bagkarsiund Counts
1 18755 18817 253
2 18818 18817 203
3 18644 18817 288
4 18652 18817 298
§ 18873 18817 288
<] 18894 18817
7 18801 18817
8 18782 18817
9 18895 18817
10 18754 18817
11 18803 18817
12 18814 18817
13 19145 18817
14 18863 18817
16 187563 18817
16 18763 18847
17 18818 18617
18 18819 18817
1% 18850 18817
20 18650 18817
sample mean (xbar) = 18817 Mutipiier to convert
sample varance (s"2) = 14318 10 dpm: 3.0
background varance (p*2) = 28.7
sample sigma (a) = 120
(85% Confidence) 2.7529 = 330
(88Y% Confidence) 3.6158 = 433
MDA(cpm) = 82
df = et = 18 MBA(dprmy) = 249
¢hitast = pi{x<y"2) = 7.566E-01
chilsquare (¢"2) = 14.458
Acceptable Y2 min = 8.907
Acceptable "2 max = 32.852 -
"2 ieat passes (yesino)? YES
A8% Conf, Interval Test min = 18093
#5% Cont. Intarval Tagt min = 18197
Daily Sourcs Check Mean Net Counts 18526
5% Conf, interval Tast max = 18856
89% Conf. interval Tast max = 18958
Tevt parfarmed by, Steve Struck :@__ PP Oy Y-
Checked by: ( @j: Data: H., 14 02
L2241-2/AB-100
S/N: 131410/B860N
11/7/02
Mallinckrodt C-T Project—Phase I Revision: 0
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LUDLUM 2221
CALIBRATRUN DATA

Ludlum22218/N3 Wlfoperty 0

pattery Check _Q:g.,%,_&!&_@l
epleace (O A8

Thermo NUtech

A ThermeRetec Company

501 Scarbore Road
Gak Ridge, TN 37830

¢

Senaet Solutions. Pasitive Qutcomes.

(423) 4810653 Phone

High Voltage Check () ozt For
www. thermpretec.go
W Moter: Fluwleeq s/N: (Fdi0za cal Exp. Bate _Cao.,s:i_
Meter Reading Pre cal post Cal Tolerance
600 Volts blt> ﬁ 10 %
1000 vVolts 1180 10 %
1400 Volts 1540 . i 10 %

( Threshold & 10 mv) Pre Cal:

MpP—2 S/N: - Cahbratxcn Exp
Rate/ MP~2 2223 Display
400 CPM %4 480
4K CPM g0 2298
40K CPM X100 L 23A999
400K CPM  x1000 400080
Scaler:
100K CPM 0.5 sec Sepio
jook cPM  l.0.min lO0OZC .
j00K ceM  z.0min  SM0003G
L00K CPM 5.0 min 200047
Log 4005} 4K .....
Funchionel Ghack:
Ext Count____téesetwiépeakerﬁeadp

pate OF calibration: lxiGe-Q3 . Expira

calibrated By:

Reviewed By:

R

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

35 55 il post Cal: L
Date? Lo =

Display

ok Aok 400kﬁm.1s,.&

10%

10%

eaw.dight_,!_/:

A subsidiary of Thermo TeteaTech Inc.,

a Thermo Electron compasy
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Ccanioa T Thermo NUtech -
" For Maliinckrodt Chemical, Inc

NATIONAL NUCLIEAR ABP-100 _-
MATERIAL SPECIFIC CALIBRATION DATA SHEET  pyg

Teee £.5.
ABP-100SN: BAZ W HIGH VOLTAGE: g vV PROPERTY OF:
o ~O32
READOUT INST: Lud 2221 SN 1eBlatote. CAL EXPIRE DATE: _Z;;““.MM
Rl ~2 2"
ABP-100 EFFICIENGY TO $1Y-60 ON 47 mm DISK: A2.0 % CALDATE: __/
‘ : SA I E
SR
BACKGROUND BR_ SOURCE o
SURFACE | OPEN | SHIELD | NET | OPEN smst? gﬁ:‘d Sm;ms ol
MATERIAL | Cleri2mini Cls2ming  CPM 1 Cis/d n‘;in CisH min
- 75 1 (o-A |232%
A, |13 Jwes|z32
(ﬁﬂ;"c"? 5?! { J (Ei%sw? z%mw ( 4
i 1 AV (Bdt| 242 . &% % 1
N W \Y; el 236 | LS pom
3@(»}(/25 = :}% Z37s0 . el o
PM v
Weo = © e 5222
{ ! [ & o I528]
3\ o & & Sig) A
A 2} o) =) 5260 pw— =
I8 domx /RS = ZRAS | SidDev=] 3.4
; ) . 250 -5
' w1232 |80t V7 172250 <
Wesanddel o [ = S§24a 1L s e
_r o o o 1830z 1234 5002 £
i o o =) 531 ,
N o ) o) CES
178 Gt i r25 ~ 22250
Joum: o =) o Lo _
L -3 - o Sl
\ O Py & L3 1.
v/ o Fo) o SRz
A8 jeses v AXZS '
DATE OF CALIBRATION: /-2 9-63
CALIBRATED BY: it I Se //5 ;
Srelrd Moo i
REVIEWED BY: }\4\ m . DATE: [ 136 o

L2221/AB-100
S/N: 163666/B426W

1/16/03
Mallinckrodt C-T Project-Phase I Revision: 0
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instrurmant Modet #
instrumaent Serial#
Probe Model #
Probe Serlat #
Window Satling:
Trreshold Setting:
High Voltage:

Gount # {n}

QGP'\[‘J’U\AGNA

10
11
12
13
14
16
16
17
18
19
20

gample moean (xbar) =
sample variance (3°2) =
hackground variance (D*2) ®
samplo sigma {8) =

{95% Confidence) 2.762 s =
{99% Corfidence) 3.61586 =

Hzn-t=
chitest = p{x<yh2) =
chisauara (1 2) =

Accepiable x*2 min =
Accaptable ¢N2 max =
L2 test passes (yes/noy?

9% Caont. Intorval Test min =
a5% Conf, Interval Test min =
Dally Source Check Mean Not Counts
95% Conf, Interval Test max =
99%, Cond. interval Tast mex =

Test performed by: Steve Struck

Checked by:
() b

Mallinckrodt C-T Project—Phase I

CT-RP-66
Chi Squared Test
2221 ) Date:
163666 Source Nuclida:
AB 100 Source Sorlal #
B426W Sourca dpm ()
3720 Elcioncy (cpmidpm).
352 Buckground cpm:
875 : BKGD M1
BrGD Court Tima (mink
Grogss Counis
rv Expactad
15360 15546
15381 165646
16477 15646
15662 15546
15520 16648
15587 16646
18476 15546
15382 15846
16639 16648
15609 16545
15401 18546
15433 15546
15601 156546
15743 15546
15808 15546
15828 18546
16577 15546
16518 15846
15510 15546
15508 15648
15546 Muiltiplier to convert
15181 1o dpme
3.8
123
338
446
MDA (cpm) =
16 MDA {dpm) =
4.858E-01
18.854
8.807
32.852
YES
14917
15023
18363
16702
15809

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

02104/2003
8ryso
2178-88
56483
0.28
183.4
4
1

fackground Counts
185
193
179

179
184

3.6

a5
240

z,/4/o3

Date ; - ¢u§5
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1982

Date aof Calibration:

Calibrated by:

Reviawed by:

1-18-9¢

Met CFM

DFM

e fgfqﬁﬁ

<
SN TH

Expiration Date:

(Qlana

100 = 37 o v

Sites
Job #a et
AB~—-100
R g T N
CALIBRATION DATA SHEET
AB-l0O i _ B
AT G E SoonN Property of: £.4C
fleadout Inst.: :de&ﬂﬁggyi gM: /] 7362 Cal. Exp. Date: 78 s
SrN-90 . . .. e .
Alphs Sources _ 1A439/92 SN /23 9/ 92 Activity: D300  pPM
Date of Cal.: JO~] ~ G '
x CAug (@ 35 mv
Sowrce Sowrce
High Voltaone (OFM High Voltage (CFEM Background Ch
oo 1OE0 Hioh Voltaos CEM
HE0 R 5 1100 Op. Yoltage -5S0 L84
700 o s Op. Yoltage HEO
TS0 1200 Dp. Voltage +50  _S74
300 1220
SN 1200
2 2Te) 1250 -
725
GEHO 14300
775 -
LQO0 High Voltage sst at: ?343 volts
. Foonr Cwre FPos.
Efficiency: A E?O~7 e s
e - R, ReAr Lwr
5 Minute Gross Counts: " " e
Cwure 'C
IR Pos "A's 38683 4084 pas vevi_ Y0954
{9*6’C>/3 Averags F——BrAZ: _ 40/8] Gross DFM: ol 2
Background: CPM:__ 394 4 et CFMs Tl 8 N

T—18-

Q{Lﬂ’} 1‘7//!5

EAd. 10
Rexve 1
-

% b g B
ada g e

¥ o
(RN

G

L2221/AB-100

{(Gignatwre)

Date:

/- ZB-FL

S/N: 117362/B860N

1/18/96

pes a4 :
Eand, 1dads
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Sites

Job #e

AB-jeo

Gfimmciporns]
: CALIBERATION DATA SHEET

A B-100
AGmFed GH: BEo Froperty of: _EMAC

dout Inst.: _LA20 sy [173Gd.  Cal. Euxp. Date: 759

;.;,ﬁfﬁf“ Sources _OrY-g0. . =n: _Lz.iﬁ./@m Activity: _ZO3C0 Dpem

Date of Cal.: /02395

....... Hource Source
High Yoltage  (CFM) Hioh Yoltaoe ALREMD Backoroung Dhech
EO0 0 1050 B9 Hich Yaltages Cen

&G0 ‘L_,___,__._, 1100 _Lq!_@_z: Op. Voltane -50

FO0 : _/OCQN_ 1 1S f‘_f,lf_l_ Op. Voltage o L

750 99 1200 . e,
@00 Ro4R 1250

BHG 4403

1G0O0 :_7_45‘ﬂ High Yoltage set at: qé’o volts

Cfficiensys

i
= Minute Gross Dounts:

Fas “Ei“:,,,____’_‘/.lﬂww wwwww
Gross CFM: Zﬁﬁﬁwzﬁz: .....
Net CFM:_ (a4 . ..

Fos "A":_J

Average (& + B /2

Hackgroaunds CFMy
123

; Net CPM
Efficiency = ——=—w—-——- i 100 = 35_:__:%“..'/;
DF

Date of Calibratiog: 3*5’7&; Fupi
?&na/a-// H. Sells

Femt Mame)

Calibrated by:

Wl

(5 grature)

Feviewad by: Date:

g, LO—ink

L2221/AB-100
S/N: 117362/B860N
3/5/96

Mallinckrodt C-T Project—Phase I Revision: 0
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[
Thermo NUtech
A ThermoRetec Company
€01 Scarboro Road
Oak Ridge, TN 37330
3/“6/@ -7 E
P ThermoRetec
' B -tos Smart Soiuticns. Positive Qutcomes,
Aedd
CALIBRATION DATA SHEET
AB-jeo b (423} 481-0883 Phona

(4233 481-0131 Fax
thermorstac.com

£E8aT SN_ B 8o Property of: 772

Readout Inst.:_2221 SN_J17362 Cal.Exp.Date: Z{Zg[?wa
142¢:L¢_
Atsha Saurce: Se 1~ 90 SN /23842 nCdV:U.mDPM /SZecodpm
: , 12 FHs
Date of Cal.; 41/ zoifa ) ¥ (@35
PLATEAU: & Corttect Georrebry
Source Source
High Voltaae (CPMY High Voltage {CPVY “_E,icgw ground Check
600 r— 1050 a4z Hich Vgltage P
25
850 - 1100 26 Cp. Voitage -58 _ 243
700 — 1150 Cp, Voitage 2ol
o SN
780 7 . 1285 5077 Cp. Voltage #5390 Ll i
. G255 -
800 legr- ) S&52
950 fasy - L2
853 277¢ 565 b4 &
G5
e 4438 1250 224
oo
950 594 Liacin (453
/0235
1008 led 70 High Voltage set at:__ /e veiis
Efficiency:.
& Minute Gross Counts:
Pos "A" 30 4.5 Pos "B _J3/ 943
Average (A+ B2 _J/A 14 Gross CPM: Q;MZ 5
Background: CPM_2S857 3. Net CPM_ 8529 &
28¢,
Net CPM
E{fICIEN0Y = memneemnnes X 100 = 37 4 %
DPM
L
Date of Calibration:_ /¢ /20 /"(1 Expigdlien Date; /g /Zo JEr— ~
Calibrated by: 7 ;éwcza_/j{/j \fe///s ,//fé/p/////
7 (Dm '\;ame @/ (S;g atur
Revigwed by: /g‘/@ .oé/lf\ ate: 7) il
EA4.10
Rev. 2
Date: 25 Feb 99 Pagedof4
A sybsidiary of Thwmo Te ne.,
L2221/AB-100
S/N: 117362/B860N
10/20/99
Mallinckrodt C-T Project—Phase I Revision: 0
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. : CHl. LD LUUS 10iBs 314 038 LZDL MALLENGERODY #2114 2.0DS
WGl R L Tl VR It 1L . Y

: o _ e | LULLUM MIEAJUKENIEN D, NG, -
: %& 18 L Sy A o POSTGFRCE BOX 810 PH. 915-235-5494
oo | SOOMCOdPasdd CERTIFICATE OF CAUBRATION 501 OAK STREET FAXNO. 9152364672
- ) SWEETWATER, TEXAS 79554, USA
CUSTOMER IYCO/HEALTHCARE/MALUNGIRODT . ’ ... ORDER NO. 268367 / 268024
Mig. . Luclum Mecsements. foc Modal ..., ROPERNE < S - Senai No.__ /22542,
G Date SNow-2 Cal bus Dato BMay0d - Col nterval__s Months
Chack mark [ upplies fo applicoble nsl. ondjor detector AW mig, spec. T 72 °F RR R2.% A S99.8  mm Hg
T New instrument  insrument Received  [Watin Toler, +10% []10:20% [ QutotTol  [J Requitng Repatr 7] Cthar-Se0 comments
#{ Mechenical ok, 7 widow Cperation.
2 Autio ok,

Alpho Sensitvily 120 MV BetaSensivily 4 mV SeraWindow. &0 mv
[FCalitvated 1 ocooidance with LI SOP 14.8 rev 12/05/69;

{nsinagmnant Vot Set _g28 ¥ High Voltoge set with detector covwaciag,

)

] QY Readour Q ooty RetJinst._ %Y J LED V. Retinst_ stek / WV
. (EEPROM Settings)
Instrument in DEM mode. ; PO Count Tes e 2 i
Q0 mods tumed OFF. . Alpho Alarme 50000 cpm
Fimnware versicn: RS . Beto Alarm: S0000.cpm
COveriood set at 114 hum past OFF.  AlphovBeio Alan: 50000 cpm
. Battery volfoge measusd ot 2ive  Vde. . Catibrotion Due Dote:
C-14 Effciency = 2 %4 of) Net : LOC Qoss of Count) 1lme = 30 minutes (defoulfy -
REFERENCE CAL POINT INSTRUMENT RECEIVED INSTRUMENT METER READING*
Arha Channel ) :
Digitat Recdout SI0K com, W, 7&&,@_
. | 4. S — SO, ;- S
PTG ¢ 1 X'o: +« HNNIN RS N PO, °< - S,
T ¢ To:o': WA ., R S
. REFERENCE CAL POINT INSTRUMENT RECEIVED INSTRUMENT METER READING™
Bsta/Gomma Channel
Digital Readout SO 2. 1~ W D5 ) 4. SO R . 3% SO
ST T . 1. .. i 51 S
B € o1+ HOWENSE . ...} wR, . . M
e SOR OO O - S DU < » S,
BN 3 1 v o o - HG—_— BN - S . .- S
Urcarteinty wihin £10%  C.F. wilin £ 20% (O ncdicetes 01 ménute count
COMMENTS: '
5. for Th-230 s/n 2748-00. 3070cpm, read eesy in i minute = fo% Ipi
MMWMWMWWW y T bmmmnmmowuma mem X 30 iy coleotion fociiies of
St if ummmuf“ ey Tinee twons danved by 1y K350 e of Colbrefion featwiques. -
Nwmimmmwrowamwmmwwmwm . mnmmTemeWhﬂucmmNo.LO«nw
Reference inshnuments urelfor Sources: . ) ’ )
(3 Aloha SN _Zhedle 22i8-00, Aot (P a(X Sota SIN- Zofl Mi-€Y. ; 3 other
& mB500 N 134709 [ Osclioscopa S ] Mutimeter S/

Cavrared By:  Lmacaad LB Rioddn L - Dota . Zatue ol
Reviewsc By: W : e CECTRAS SEWA-L W

Wamnmcmmmmmmsmnuwwwmwmdmmmm--» } AC 8l {_-pasgsd Dislectiic (R-Pof) and Continully Test |
FORM C25-2 GS0S/X02 o : Criv [} Fefo ]

L3030
S/N: 179562
. 11/8/02
Mallinckrodt C-T Project—Phase I Reyvision: 0
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v e '. o 7-; d *‘z*‘/’ .‘-Y%WW

. : 12.1672003. 16183 314 54 Tasr
audlum Visadurenments; Ing ;

dodel 3030 ?‘.ln:m mm

-&dw—nwu.-w“ ket
R ,<¢ 2 .
Lt 25 35 A

< ieader 1: Jahn & public,
" ieadst 2: Serigl#i79563
* desder 3: SitevBuilding 1
“Jeader & m 7 mtwl
leadar 5. Hore: CW?
~Iea6.éx’ 6t )!ore me:ﬂ?

2 Dll

- e o "

.alihratim Due Date: 5/8!03

. Modsl 3030 Date: 11/8/02 . .
¥edel' 3030 Time: 10:16:33 AM- _

Ugay PC Tiper 1.0

Alpha Isotope: Pu-239 :
Alpha Source Size (dpm): 25300
aipha Scurce gize f(uc;} s U0013351351

Sern Isgtops: Te-8%
3ea Source 'Size (dpmb: 22500
3gta Source Size- {uCiy: 0.01018018

Starting Bigh Voltage: 635 -

starting Bigh Voltage: 750.
High Voltege Incremant: 25

Platesu Count Mods:, SCALER
Soaxea-Count Time (min): 0001.0
3ackyround Count Time {mini: 1.0

L B Y ey |
BV | Source {Beta) Background REf . ChossTalki Source (Alpba) Background Eff Crosatalk]

S 4 R N S A0 B R e o 9 D e - -

Lt v S 0 8 0k 0 O “wi ; sy

§25 9306 {348 1 369w 5% R P S 5 9.08
558 3467 {311 R PR 3% 1 4 v 9%. & S SR 4¢ 27.4% 0.0%
875 $632 (338} 3 38 3:0% 3 41 1. 0.0%
00 5155 (340 5. 38.7% 3i0% | RT3 REL R = 35.6¢ 0.0%
125 3627 . (267) o S 1) SRR 10 0 - SR & 3 AR - B & 1Y 3 0.0%
750 3773 (316} SRR - SR 43) <183 4l.5% 0.0%
L3030
S/N: 179562
11/8/02
Mallinckrodt C-T Project—Phase 1 Revision: 0
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<

R0l R.010

. §ooom g o e g . SO
* 3.
g « '

U

L3030
S/N: 179562
11/8/02
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LUDLUM MEASUREMENTS, INC.

Darignar and Manumdurar

oof i o G n o Sl 3
, : w S0 S pOST OFFICE BOX 810 PH. 3252355494 oo
5“”?:,‘;;:;‘;:;“’“‘“’ - CERTIFICATE OF CALIBRATION 501 OAKSTREET ' FAXNO. 325-235-4672‘ i
: . _ - T e - . - SWEETWATER, TEXAS 79556, USA,
TUCUSTOMER | TYCO/ MALLINCKRODT AL TR IR " ORDER NO. 2005461‘27400?
* kY - 3
My, Lucium Measurements, Ing, Madle! : ! 030 ' Serial No, 78D
e 225000 CalCueDate . =" 22-Jarv0d.......2 . Cal, interval __6 Monihs e
o comies fo cppicable inglr. and/or detector IAW mitg. spec. ...,..-.J\'L, TORK 39.% AW 7038 mmHg

ment  Insiument Received  [SWithin Toler. +10% [7]10-20% [JOutofTol. {JRequiing Repclr [} Other-Sas comments
[ window Opsration

Alpha Sensiivity 20 ... mV  Betc Sensitivity 4...mV BetaWindow _80___mv '
" Coivated in ccoordance with v SOP 14.8 rev 12/05/89.

instrumont Volt Set __¢JS% v High Voltage set with defector connected.
j{/ WY Readout R points)  Ref./inst. Sal / 0. ...V Ref/inst 2543 / 1800 Y
(EEPROM Settings)
{(PC) Count Time: _£ o
Afpha Alarm: Boss cpm

ﬂn Y

o 239 Beta Alam: e CPM
cad et Gt 174 tum past OFF. Alpha/Beta Alorm: .. M’? 79 GO
arv voitage measured at £JJE Vde, Cailibration Ous Dote: et /tt 100
Sficlency = 2l %4 pi) Net LOC QLoss of County Bme = 30 minutes (asfault)
) REFERENCE CAL POINT INSTRUMENT RECEIVED INSTRUMENT METER READING®
Al Srenna!
Sipial Recdout e A0 COO B o> A . o - > A
e A R 3 588L
Y s’ s (. S
RN 6. Xovi ] WO P, ...
acpm.... O - S
- = . REFERENCE CAL POINT INSTRUMENT RECEIVED INSTRURMENT METER READING*
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. £ SR £ 2. /.« S
) i) 387
A0 oom Lfve> x. oo
LI O within e JO% Oy inclicates &1 minute count

mZ230 s/n 2748-00, 3070cpm read 2377 in 1 minute = 77% 2pl

Al NG, cadifies Tor he oliive insiament Nos een culiratad by Stondords reosotse 10 he Natiinal instliuta of Stondords and Techndiogy. of 16 1o colitration faciitios of
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Dats 12 j«!w 03
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Only J Falleg: e |
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S/N: 179562
7/22/03
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: More Comments?

A
2
3
v 4: Room 7 BastWall
5
6: More Comments?

Header

Calibration Due Date: 5/3/03

Pu-239
ze {(dpm):
ize {uli):e

25200
0.011351351

22600
0.01018018

600
750
25

. ALPHA BETA
foarze (2efa) Background  BE€ CrossTalk| Source {Alpha} Background Bff Crosstalk]
0 3.7%
1 3.5%
0 3.5%
1 3.3%
g 3.2%
¢ . 2.5% .
750 9666 {356) 1 38.4% 0.8% 10028 {5) 278 43.2% 0.0%
L3030
S/N: 179562
7/22/03
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udlum Measurements,Inc.
.cd@}. 3030 MDA Ca}.cu;vatwn Data

5 “‘
Alpha :fflc ercy %: 7.6 - | ', ,
Seta Efficiency %: 28.6 - o
Cenfidance level: 95% o
Coent Tie  Alpho MDA(dpm) Beta MDA(dpm)
0.1 2.1 313.9
0.% 14.4 133.4
L 7.2 102.9
2.0 3.6 85.7
£ 1.4 74.3
oz 0.7 70.3
t.1 66.8
S 7.2 102.9
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: Monday, December 08, 2003

Survey Unit Number: 235NES Class: 2 Data Points: Beta  Grid Type: R Spacing: 16.1 ft.
SURVEY UNIT TABLE
Surface Area
Fixed Included
Bldg Rm Surface  Equipment (sq. fi) Remarks
B235 999 NSE Q25,27-34 7544 x dimension to start of B236
Total Area 7544

INITIALIZATION DATA

Measurement Types Selected: RG, Bl, CH
Date Range: All
Thresholds:

EMC: 13,000 DCGLw: 2,600

SURVEY UNIT TEST STATUS

Test Performed Status dpm,/100 cm?
Min/Max Pass Maximum Survey Vaiue C 622.2
Background Fail Minimum Background M 1.0
DCGLw Pass Difference 621.0
DCGLavg Pass Average Activity 159.5

EMC Pass Average Below DCGL 159.5
Wilcoxon Rank Sum Test N/A Average Background 77.9

Sign Test for Paired Data Pass
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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 # 235NES Building: B235
Meas. Gross Activity

Room SFC X (ft) Y (i) Mtx Type Min SID  (dpm100cm?)  Remarks Exc Res.
999 E 84.0 6.0 B CH 2 1370 495.0 (o]
999 E 72.0 60 B CH 2 1361 458.4 (o]
999 E 76.0 23 B RG 1 5499 440.8 c
999 E 78.0 30 B CH 2 1365 438.3 Cc
999 E 56.4 23 B RG 1 5498 429.8 Cc
999 E 54.0 6.0 B CH 2 1349 428.3 (o]
999 E 66.0 6.0 B CH 2 1357 391.7 (o]
999 E 60.0 6.0 B CH 2 1353 378.8 (o]
999 E 66.0 120 B CH 2 1358 360.1 (o]
999 E 52.0 50 B CH 2 1347 358.0 (o]
999 E 78.0 6.0 B CH 2 1366 346.5 (o]
999 E 36.9 23 B RG 1 5497 334.6 Cc
999 E 60.0 120 B CH 2 1354 329.3 Cc
999 E 42.0 120 B CH 2 1339 279.8 (o]
999 E 54.0 210 B CH 2 1351 261.3 (o]
999 E 36.9 148 B RG 1 5495 253.3 (o]
999 E 17.3 148 B RG 1 5494 246.7 (o]
999 E 36.0 210 B CH 2 1336 246.5 Cc
999 E 48.0 130 B CH 2 1343 240.7 (o]
999 E 72.0 120 B CH 2 1362 238.9 Cc
999 E 84.0 120 B CH 2 1371 238.9 Cc
999 E 54.0 120 B CH 2 1350 234.9 (o]
999 E 72.0 210 B CH 2 1363 231.0 (o]
999 N 94.9 94 B Bi 1 5615 309.2 window ledge (o]
999 N 23.3 220 B CH 2 1412 256.8 (o]
999 N 47.3 90 B CH 2 1403 246.5 C
999 N 15.2 164 C RG 1 5470 188.5 Cc
999 N 47.3 220 O CH 2 1405 167.7 (o]
999 N 0.0 00 C CH 2 1416 143.8 Cc
999 N 35.2 164 C RG 1 5471 130.2 C
999 N 83.3 00 C CH 2 1391 126.7 (o]
999 N 75.0 164 C RG 1 5473 120.8 Cc
999 N 59.3 00 C CH 2 1398 119.1 (o]
999 N 47.3 00 C CH 2 1402 1191 Cc
999 N 94.9 164 C RG 1 5474 117.4 C
999 N 95.3 00 C CH 2 1387 106.6 C
999 N 11.3 00 C CH 2 1413 93.5 (o]
999 N 55.1 164 C RG 1 5472 91.7 Cc
999 N 34.4 193 MBI 1 5616 86.0 old pipe near flashing C
999 N 47.3 120 O CH 2 1404 48.9 Cc
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DECOMMISSIONING PROJECT
Threshold Comparison Test Report - Buildings

MALLINCKRODT C-T

Meas Gross Activity
Room SFC X (ft) Y (ft) Mtx  Type Min SID  (dpm100cm’)  Remarks Exc Res.
999 N 23.3 120 O CH 2 1411 39.3 c
999 N 15.2 38 FG RG 1 5476 31.0 o]
999 Q25 4.0 00 M B 1 5597 86.7 c
999 Q25 2.0 00 M BI 1 5595 86.0 c
999 Q25 3.0 00 M BI 1 5596 63.7 c
999 Q27 1.0 00 M BI 1 5598 93.9 c
999 Q31 1.0 00 M BI 1 5605 58.4 c
999 Q33 1.0 0.0 FG BI 1 5609 59.2 c
999 Q33 2.0 0.0 FG Bl 1 5610 42.8 c
999 S 120.0 00 C CH 2 1454 622.4 c
999 S 72.0 90 B CH 2 1440 397.7 c
999 S 0.0 220 B CH 2 1422 368.1 c
999 S 12.0 00 B CH 2 1423 357.8 (o]
999 S 24.0 00 B CH 2 1426 338.5 (o]
999 S 9.4 41 B RG 1 5488 323.0 c
999 S 293 41 B RG 1 5489 308.8 c
999 S 9.4 167 B RG 1 5482 302.6 (o]
999 S 24.0 220 B CH 2 1428 286.4 c
999 S 12.0 220 B CH 2 1425 269.0 o]
999 S 48.0 220 B CH 2 1434 251.0 c
999 S 96.0 220 B CH 2 1445 249.0 c
999 S 69.2 41 B RG 1 5491 2429 C
999 S 0.0 00 B CH 2 1420 231.0 c
999 S 36.0 220 B CH 2 1431 231.0 (o]
999 S 0.0 120 B CH 2 1421 227.2 (o]
999 S 12.0 120 B CH 2 1424 224.6 c
999 S 109.1 167 C RG 1 5487 160.2 c
999 S 72.0 00 C CH 2 1439 153.3 c
999 S 60.0 00 C CH 2 1435 145.8 c
999 S 493 167 C RG 1 5484 121.6 o]
999 S 29.3 167 C RG 1 5483 90.8 o]
999 S 69.2 167 C RG 1 5485 88.2 c
999 S 108.0 00 C CH 2 1450 86.0 c
999 S 89.2 16.7 C RG 1 5486 82.2 c

THE FOLLOWING DATA POINTS PASSED BACKGROUND, DCGLw, AND EMC
SCREENING TESTS:

Survey Unit # 235NES Building: B235
Meas. Gross Activity

Room SFC X(f) Y(f) Mix Type Min SID  (dpm/100cm’)  Remarks Exc Res.

999 E 42.0 210 B CH 2 1340 216.9

999 E 48.0 210 B CH 2 1344 2149

999 E 60.0 210 B CH 2 1355 209.8

999 E 66.0 210 B CH 2 1359 207.9

999 E 78.0 120 B CH 2 1367 207.3

999 E 36.0 120 B CH 2 1335 204.4

999 E 17.3 23 B RG 1 5496 147.3

999 N 11.3 220 B CH 2 1415 207.9

999 N 59.3 220 B CH 2 1400 206.6

999 N 0.0 220 B CH 2 1418 204.6

999 N 55.1 38 B RG 1 5478 201.6
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MALLINCKRODT C-T
DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

CH
CH
CH
CH
CH
CH
CH
CH
CH
RG
RG
CH
CH
CH
RG
CH
CH
CH

SNNNNND2NDRDNNDRODNODNNDON A A A CQQQaAaaaaaaaaNNDNNN2NNN2NNNNONN_2NDNN=22NNNNDRDNNODNNNDN

1388
1417
1383
1397
1386
1392
1390
1399
1393
5475
5480
1408
1385
1381
5481
1382
1384
1409
1419
5477
1406
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124.2

Mallinckrodt C-T Project—Phase I

Final Status Survey Report Building 235 and 236 Exterior Walls

60

Revision: 0
December 2003
APPENDIX 4



Summary of Background Data and Thresholds Used in this Analysis

MALLINCKRODT C-T
DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

Measurement Type: BK DCGL: 2600 EMC: 13,000
Matrix Numberof Average = Sigma  Background - DCGLw EMC
- Data Points  Background Threshold Threshold  Threshold
1bk Td Te
(dpmy/100cm?) (dpmy/100cm?) (dpmy/100cm?) (dpmy/100cm?) (dpm,/100cm?)
B 30 192.4 16.0 2244 2,824 13,224
C 90 354 20.1 76.5 2,675 13,075
cB 51 96.1 217 139.4 2,739 13,139
FG 0 0.0 0.0 0.0 2,600 13,000
M 10 24.0 15.7 55.3 2,655 13,055
O 0 0.0 0.0 0.0 2,600 13,000
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MALLINCKRODT C-T
DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

STATISTICAL TEST RESULTS

Run Date: 12/8/2003 2:57:37 PM
Survey Unit Number  235NES Class: 2

Selected Test: SIGN TEST FOR PAIRED DATA
Test Status Pass
Thresholds:

EMC 13,000 DCGL 2,600

DATA SUMMARY TABLE

30 Survey points processed and 5 matrices processed

S+= 30 Wce = 20
****** The survey unit has passed the SIGN TEST FOR PAIRED DATA ******
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MALLINCKRODT C-T
DECOMMISSIONING PROJECT

Threshold Comparison Test Report — Buildings

Run Date: Monday, December 08, 2003

Survey Unit Number: 236NSW Class: 2 Data Points: Beta  Grid Type: R Spacing: 11.8 ft.

SURVEY UNIT TABLE
Surface Area
Fixed Included
Bldg Rm Surface  Equipment (sq. ft) Remarks
B236 999  NSwW Q25Q26Q27Q32 4025 x dimension includes wall between 235 and 236
Total Area 4025

INITIALIZATION DATA

Measurement Types Selected: RG, Bl, CH

Date Range: All

Thresholds:

EMC: 13,000 DCGLw: 2,600

SURVEY UNIT TEST STATUS

Test Performed Status dpm,/100 cm?

Min/Max Pass Maximum Survey Value B 644.0

Background Fail Minimum Background M 1.0

DCGLw Pass Difference 643.0

DCGLavg Pass Average Activity 264.3

EMC Pass Average Below DCGL 264.3

Wilcoxon Rank Sum Test N/A Average Background 77.9

Sign Test for Paired Data Pass
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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 # 236NSW Building: B236
Meas. Gross Activity

Room SFC X (ft) Y (ft) Mix Type Min SID  (dpmy100em®)  Remarks Exc Res.
999 N 4.5 1.0 B CH 2 1586 389.3 o]
999 N 6.5 10 B CH 2 1583 332.0 o]
999 N 6.5 70 B CH 2 1585 327.8 C
999 N 10.8 15 B RG 1 5506 307.5 o]
999 N 5.5 140 B CH 2 1591 302.1 o]
999 N 6.5 40 B CH 2 1584 295.2 o]
999 N 4.5 160 B CH 2 1592 287.0 C
999 N 43.0 95 B RG 1 5505 270.8 C
999 N 55 100 B CH 2 1589 260.8 o]
999 N 4.5 40 B CH 2 1587 256.2 o]
999 N 43.0 15 B RG 1 5508 246.8 o]
999 N 45 120 B CH 2 1590 226.8 o]
999 Q27 1.0 00 M BI 1 5619 139.9 o]
999 Q32 1.0 00 M BI 1 5622 59.1 o]
999 S 6.3 99 B RG 1 5512 401.3 o]
999 S 38.4 99 B RG 1 5514 376.1 Cc
999 S 384 18 B RG 1 5517 337.2 o]
999 S 6.3 18 B RG 1 5515 334.6 o]
999 S 22.3 99 B RG 1 5513 3224 o]
999 S 22.3 18 B RG 1 5516 2455 o]
999 S 24.0 220 B CH 2 1617 242.0 o]
999 S 435 220 B CH 2 1619 231.7 o]
999 S 22.3 180 C RG 1 5510 1491 C
999 S 6.3 180 C RG 1 5509 144.8 o]
999 S 384 180 C RG 1 5511 125.1 o]
999 W 42.5 80 B CH 2 1460 644.2 o]
999 w 425 120 B CH 2 1461 595.0 o]
999 w 75.5 40 B CH 2 1594 549.6 o]
999 w 425 40 B CH 2 1459 538.6 o]
999 w 51.5 80 B CH 2 1457 482.6 C
999 w 73.5 80 B CH 2 1600 460.5 o]
999 W 24.8 127 B RG 1 5524 453.9 o]
999 w 74.5 80 B CH 2 1599 450.0 o]
999 w 75.5 70 B CH 2 1595 448.6 o]
999 w 51.5 120 B CH 2 1458 446.3 o]
999 W 41.0 127 B RG 1 5525 436.4 o]
999 w 410 46 B RG 1 5529 432.8 o]
999 w 51.5 40 B CH 2 1456 416.4 o]
999 W 72.5 70 B CH 2 1598 375.6 o]
999 W 72.5 10 B CH 2 1596 366.4 o]
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MALLINCKRODT C-T
DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

Meas Gross Activity
Room SFC X (ft) Y (ft) Mix Type Min SID  (dpm y100cm?)  Remarks Exc Res.
999 W 355 220 B CH 2 1605 356.5 (o
999 W 41.0 208 B RG 1 5520 356.4 (o
999 W 57.2 127 B RG 1 5526 352.0 (o
999 W 248 208 B RG 1 5519 342.1 (o
999 W 75.5 1.0 B CH 2 1593 341.6 (o
999 W 73.3 46 B RG 1 5531 316.5 (o
999 W 57.2 46 B RG 1 5530 314.0 (o
999 W 8.7 208 B RG 1 5518 313.6 (o}
999 W 72.5 40 B CH 2 1597 282.4 (o
999 W 57.2 208 B RG 1 5521 275.2 (o
999 W 11.5 220 B CH 2 1608 266.4 (o
999 W 0.0 220 B CH 2 1609 263.2 (o}
999 W 73.3 208 B RG 1 5522 256.6 (o
999 W 23.5 220 B CH 2 1607 237.5 (o
999 W 8.7 127 CB RG 1 5523 162.3 (o
999 W 42.0 03 C Bl 1 5624 140.5 base of wall on (o}

THE FOLLOWING DATA POINTS PASSED BACKGROUND, DCGLw, AND EMC
SCREENING TESTS:

Survey Unit # 236NSW Building: B236
Meas. Gross Activity

Room SFC X(ft) Y(ft) Mtx Type Min SID (dom y100cm®)  Remarks Exc Res.

999 N 19.5 220 B CH 2 1612 201.4

999 N 45 70 B CH 2 1588 193.8

999 N 315 220 B CH 2 1611 187.9

999 N 7.5 220 B CH 2 1613 186.6

999 N 0.0 220 B CH 2 1614 186.0

999 N 435 220 B CH 2 1610 184.0

999 N 26.9 95 CB RG 1 5504 114.0

999 N 10.8 95 CB RG 1 5503 94.3

999 N 10.8 176 C RG 1 5500 74.5

999 N 26.9 176 C RG 1 5501 711

999 N 430 176 C RG 1 5502 66.0

999 N 26.9 15 M RG 1 5507 217

999 Q26 2.0 00 M BI 1 5618 40.7

999 Q26 1.0 00 M Bl 1 5617 8.5

999 Q27 2.0 00 M Bl 1 5620 46.6

999 Q27 3.0 00 M BI 1 5621 -2.6

999 Q32 2.0 00 M Bl 1 5623 -3.3

999 S 36.0 220 B CH 2 1618 220.1

999 S 0.0 220 B CH 2 1615 199.5

999 S 12.0 220 B CH 2 1616 180.2

999 W 47.5 220 B CH 2 1604 222.0

999 W 73.3 127 CB RG 1 5527 86.6

999 W 8.7 46 M RG 1 5528 14.7
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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 DCGL: 2,600 EMC: 13,000
Matrix Number of = Average Sigma Background DCGLw EMC
- Data Points Background Threshold Threshold  Threshold
(Thk) (Id) (Ic)
(dpmy/100cm?) (dpmy/100cm?) (dpm,/100cm?) (dpmy/100cm?) (dpm,/100cm?)

B 30 1924 16.0 2244 2,824 13,224

Cc 90 354 20.1 75.5 2,675 13,075

CB 51 96.1 217 139.4 2,739 13,139

M 10 24.0 15.7 55.3 2,655 13,055
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MALLINCKRODT C-T
DECOMMISSIONING PROJECT

Threshold Comparison Test Report — Buildings

STATISTICAL TEST RESULTS

Run Date: 12/8/2003 3:13:19 PM
Survey Unit Number ~ 236NSW Class: 2
Selected Test: SIGN TEST FOR PAIRED DATA
Test Status Pass
Thresholds:

EMC 13,000 DCGL 2,600
DATA SUMMARY TABLE

32 Survey points processed and 4 matrices processed

S+= 22 Wc = 21
****** The survey unit has passed the SIGN TEST FOR PAIRED DATA ******
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