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August 7, 2003

Mr. John T. Buckley
U.S. Nuclear Regulatory Commission
Low-Level Waste & Decommissioning Projects Branch
Division of Waste Management
Office of Nuclear Material Safety & Safeguards
11545 Rockville Pike
Rockville, Maryland 20852

Re: Docket No. 04006563; License No. STB401
Final Status Survey Report (FSSR) for Survey Unit 235 Roof

Enclosure: (1) FSSR Survey Unit 235 Roof

Dear Mr. Buckley:

Enclosed is Mallinckrodt Inc.'s FSSR for Survey Unit 235: Building 235, roof.

Due to some leakage and safety concerns of leakage getting worse, we really need to maintain
and replace our roof and therefore, we have decided that we need to have this area released
similar to Building 250 Locker Rooms. We need to perform this work before we get into
winter weather and October 15 to November 1 approval would work perfect with our
schedule.

Please contact me at 314-654-1344 if you have any questions

Sincerely yours,

Mark Puett
Project Director
Mallinckrodt CT Project
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MALLINCKRODT, Inc.
C-T PROJECT-PHASE I

FINAL STATUS SURVEY REPORT

Building 235 Roof

Executive Summary

A final status survey (FSS) was performed on the roof of building 235 in
accordance with requirements within the Mallinckrodt C-T Decommissioning
Plan (D Plan). FSS data and detailed analyses are presented within the
attached document. Initial surveys performed in March, 2003 indicated
contamination between the upper asphalt layer and roof decking surface which
exceeded the surface release criteria established in the D Plan. Mallinckrodt
made the decision to remediate the entire western section of roof on building
235 rather than to remove only those sections which were above the release
criteria. FSS performed during and subsequent to remediation operations
demonstrate compliance with all release criteria, at levels which are similar to
background in the remediated areas. The survey unit meets all criteria for
release.
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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 roof of Building 235
on the Mallinckrodt St. Louis site (designated as Survey Units (SU) 235R and
235R1-235R5). This report is being provided in accordance with the
Mallinckrodt C-T Project, Phase I Decommissioning Plan. This FSS was
performed in accordance with the Field Instruction CT-FI-001 (FI)1 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. Mallinkrodt's facilities have
either been released from the applicable license or are being remediated by the US

I CT-F1-001, Final Status Survey Guidefor Survey Unit 235R: Building 235 Roof.
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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
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.

1.2.2. Initial surveys during the month of May, 2003 revealed elevated levels of
contamination on the western half of the roof of building 235. Surveys were
discontinued and the roofing material in the affected areas was removed. During
removal operations the exposed concrete and steel roof deck materials were
surveyed.

2. SCOPE OF FINAL STATUS SURVEY (FSS)

2.1. DEFINITION AND CLASSIFICATION OF SURVEY UNITS (SU)

2.1.1. The roof of building 235 has been divided into six survey units (SU). SU-235R1
through SU-235R5 consist of the areas that were remediated due to elevated levels
of radioactivity discovered early in the FSS process. All the roofing material in
these areas was removed for disposal and, during the remediation process, beta
surveys were performed on the concrete and steel deck material beneath. These
survey units were classified as Class 1.

2.1.2. SU-235R consists of the remaining portion of the roof that was not remediated. It
was classified as Class 2.

2.1.3. A summary report listing all the surfaces and fixed apparatus assigned to SU-
235R and 235R1 through 235R5 is presented in Appendix 1. A drawing of the
survey units showing the location of key fixed apparatus items is presented in
Appendix 2, Figure 1.1.

2.1.4. These survey units cover the entire roof of Building 235 and all affected fixed
equipment on the roof.

2.1.5. Table 2.1 below contains the descriptions provided in Appendix A of the D Plan
for the areas referenced by this FSSR. Although Appendix A of the D Plan
classified both areas as Class 2, subsequent survey measurements directed
reclassification of areas toward the western end of the roof. These areas are now
classified as Class 1.

Mallinckrodt C-T Project - Phase I Revision: 0
Final Status Survey Report 235R July 2003
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Table 2.12
Survey Area Descriptions

Area Surface Location / Surface
Roof Piping and Equipment: several new roof penetrations since CT operations. New piping

82 Roof and conduit installed across roof on supports with sleepers for hydrogenation room
expansion.

83 Roof Roof

2.2. IDENTIFICATION OF THE RADIOLOGICAL CONTAMINANTS

2.2.1. Based upon the knowledge of the C-T extraction process and C-T project
operations, 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.3

2.3. REFERENCE BACKGROUND LEVELS

2.3.1. When the initial characterization (CH) surveys were performed from 1992
through 1996, beta backgrounds were determined for several matrix materials.
Where additional background measurements were required for the FSS, they were
taken on unaffected surfaces nearby or offsite. All background levels were
determined by taking direct readings on the specified matrix on unaffected
surfaces using the same methods and type equipment as were used for the FSS.
Natural background levels for the contaminants of interest in the survey units are
presented in Table 2.2.

Table 2.2
Background Reference Data

IatrixMean Standard Deviation
_________ (Dpmp/I1 Ocm2)4 (Dpmp1 O00cm2)

Asphalt 74 49
Concrete 36 19

2.3.2. Gamma background. Nal gamma background was collected on Building 25
Roof.5 The average and standard deviations were 4,079 cpm and 196 cpm
respectively. These values were used for both direct and scan gamma surveys.

2 Appendix A of D Plan

3 Mallinckrodt C-T Project D Plan Appendix D
4 Dpmrp/100 cm2 refers to the disintegrations per minute per 100 cm2 for the combined nuclide series.
5 See Appendix A of NEXTEP Tech Memo 0230, Technical Basis Documentfor Afallinckrodt Final Status

Survey. A.H. Thatcher, CHP.
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2.4. RELEASE CRrTERIA

2.4.1. Table 2.3 displays the Derived Concentration Guideline (DCGLwv) 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)6 was developed and was used during the FSS as if it
were the DCGLw with certain exceptions.7

2.4.3. In SU-235R, since gamma values recorded in the field exceeded the ARG, the
release criterion used was the DCGLw although the ARG was still used for the
investigation threshold.

Table 2.3
Building Surface and Installed Apparatus Release Criteria

Criterion (Dpmd/1OO cm2)

DCGLw 13,000

ARG 2,600

2.4.4. Elevated Measurements Criterion (EMC).

2.4.4.1. The magnitude by which the concentration of radioactivity within a
small area can exceed the DCGLw while maintaining compliance with
the release criterion is defined as the area factor. It is calculated as the
ratio of two composite dose factors and is presented graphically in
Appendix C to the D Plan as a function of area. The area curve has been
reduced to a calculation in the CT Design Guide8. Using the derived
equation from the Design Guide a localized release limit for elevated
concentrations was defined as:

Equation 1

DCGLEAfC = 23.4 * DCGLw * AO 0 672'

Where AO is the area, in square meters containing the elevated level of
radioactivity.

2.4.4.2. The smaller the area of contamination the higher the permissible value
for DCGLEMC up to a maximum of 10 times9 the DCGLw.

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

7 Final Status Survey Design Guide (Phase I), Section 3.2, covers the rules governing use of the ARG.
8 Final Status Survey Plan Design Guide (Phase 1), Section 5.4.
9 D Plan, Appendix C.
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2.4.4.3. The area factor was also applied to the ARG to produce an administrative
release guideline, ARGEMC, for elevated concentrations above the ARG.
in the same manner. Equation 1 was used substituting ARG for DCGLw.

2.4.4.4. For Class I survey units, an "a priori DCGLEMC" was specified based
upon the area of the largest circle that could be drawn within the grid of
direct measurements without including a direct measurement. This limit
(or it's corresponding ARGEmc) was used for determining the ability of
scan instruments to detect elevated areas of contamination which were
not picked up by the grid measurements.l0

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,
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 normalized sensitivity (AB-I00 only) calculated for each
instrument at each calibration cycle.

2.5.5. L222 1 /AB-I 00 - The primary instrument used for the detection of surface
radioactivity was the AB-I 00 scintillation detector configured for beta detection.
The AB-1 00 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 2 for the

10 Final Status Survey Plan Design Guide (Phase I), Section 5.4.
Mallinckrodt C-T Project - Phase I Revision: 0
Final Status Survey Report 235R July 2003
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purpose of alpha attenuationi 1. 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 locationl2. The difference in the two readings is
attributable to beta emissions above 80 KeV in energy.13 The sensitivity of the
AB-100 was derived from experiments by Lucas and Colyott which were reported
in Attachment 3 to the D Plan.14 The actual instruments used were calibrated and
normalized to the reference instrument tested by Lucas and Colyott as prescribed
in CT-QA-6.115 .

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. 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
Ppm/i 00 cm2. Removable contamination measurements were not compared with
the release criteria for purposes of releasing the survey unit, but only to confirm
that the removable fraction was less than 20% of the DCGLw.

2.5.8. L2221/3x3NaI - 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-1 00) was performed.

2.6. LOWER LIMITS OF DETECTION (LLD) AND DETECTiON THRESHOLDS

2.6.1. The terminology adopted to reflect the measurement (detection) capability is the
lower limit of detection (LLD) or the minimum detectable activity (MDA); it
refers to the intrinsic detection capability of the entire measurement process. The
LLD, or MDA, is the smallest concentration of radioactive material in a sample
that will yield a net count, above system blank, that will be detected with at least
95% probability with no greater than a 5% probability of falsely concluding that a
blank observation represents a real signal. It is desirable to express the MDA as
minimum detectable areal density (MDAD) or minimum detectable concentration
(MDC) in units comparable to a regulatory limit with which a measurement may
be compared. For a more detailed discussion regarding LLD and equations
involved in calculation of LLD, refer to CT-QA-6.1.16

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

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

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

14 Energy Dependent Calibrations for the Bicron Model AB-I 00 Beta Ray Survey Probe, A. Lucas, CHP and
L. Colyott, Phd., submitted as Attachment 3 to the Mallinckrodt Phase I Decommissioning Plan.

15 CT-QA-6.1 - Calibration and Control of Measuring and Survey Equipment
16 Ibid.
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2.6.2. The LLD requirements for the FSS have been developed in accordance with
MARSSIM 17Chapter 4 guidelines. They are contained in the Design Guide and
are listed in Table 2.4.

Table 2.4
MDCRequirementsfor CTFSS

Measurement Type MDC Requirementl8
Direct Beta 50% of ARG

Class I Beta Scans ARGEMC
Class 2 or 3 Beta Scans ARG

2.6.3. The MDCs for the instruments used in the FSS were calculated according to
Appendix D of the D Plan.19 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 Appendix 4.

17 NUREG 1575, Multi Agency Radiation Survey and Site Investigation Manual.
18 Requirements are stated in terms of the ARG which may be adjusted upward by the area factor or paint

attenuation factor as described in Section 3.2 of the Design Guide.
19 NEXTEP Tech Memo 0230, Technical Basis Documentfor Mallinckrodt Final Status Surveys, A.H. Thatcher

CHP.
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Table 2.5
LLD andAction Thresholds2 0

Measurement f Units Calculated Required Value

BETA DIRECT _ Class 1 Class 2
MDC Dpmz/100 cm2  100 1,300 j 1,300

Tinv21 cpm ___ _ |_ 2,900 2,900

BETA SCAN ]

MDC | DpmrV1O0 cm2 | 760 13,000 | 2,600

Tinv cpm 2,000 2,000

GAAIAfA DIRECT

MDC (non-Gravel) DpmnVI00 cm2  950 1,300 1,300

Tinv (non-Gravel) cpm 1,950 1,950

GAAMMA SCAN

MDC (Gravel) DpnmVI00 cm2  1,200 13,000 2,600

Tinv (Gravel) cpm 800 800

2.7. INSTRUMENT SENSITIVTrY, BACKSCATIER AND PAINT ATTENUATION

2.7.1. Beta direct measurements taken in the field were converted to dpmr/100 cm2 of
the parent nuclide series in accordance with Section 9 of the Design Guide using
the following equation:

Equation 2

AD= Co-CcAD = c S Sn
PAF*Si *S,,(m)*t

Where:

AD

Co

Cc

PAF

Si

Sb(m)

t

= Areal Density in dpm.p/100 cm2 for the parent nuclides

= Counts measured in the open window configuration

= Counts measured in the closed window configuration

= Paint attenuation factor derived from the number of coats of paint applied to the
surface since C-T operations ceased.

= Normalized Instrument sensitivity without backscatter.

- Backscatter factor (a function of matrix)

= Integration time in minutes.

20 All Values given are net of background.
21 Investigation Threshold
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2.7.2. No painted surfaces were surveyed on the roof of building 235 so 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 0215.22
Reference backscatter coefficients for several matrix materials were generated
using an MCNP model and are described in Nextep Tech Memo 0213.23 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 Fl.

Table 3.1

Survey Procedures and Documents

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

CT-FI-001, Final Status Survey Guide for Survey Unit 235R

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

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

23 NEXTEP Tech Memo 0213: Beta Backscatter Factors for Several Materials at the MallinckJrodt Site, N.
Zhang and D. Wilson. (Included with FSSR 2501)
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3.1.2. All FSS data recorded in the field was submitted to the Quality Assurance
Coordinator 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 checklist24 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 CT 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
roof surfaces as described in the FL. For the five Class 1 survey units,
direct beta measurements were collected on the metal deck beneath the
old roof after the roofing material was removed. Bias measurements
were taken on building surfaces and fixed apparatus at locations
determined by the surveyor and to more fully characterize the fixed
apparatus.

3.2.1.2. Scans - Beta scans were performed using the same instruments used for
the direct beta measurements. Beta Scans were performed on all fixed
apparatus and all Class 1 survey units. 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. Gamma Measurements:

3.2.2.1. Direct - Because the roof of building 235 had been at least partially
replaced and was covered with gravel, it was not possible to detect
residual contaminants beneath the surface with beta detectors. Instead, a
3"x3" Sodium Iodide (Nal) gamma detector was used in both the direct
and scan modes to survey the roof in SU-235R. For direct measurements
the detector was placed on the roof surface after the loose gravel had
been cleared away and counts were taken for 1-minute.

24 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
Final Status Survey Report 235R July 2003

13



3.2.2.2. Scans - Gamma Scans were peiformed in straight lines 5 cm above the
surface of the roof in SU-235R with each scan line separated from the
next by 1 meter. The scan rate did not exceed 1 f/s.

3.2.3. Removable Contamination Measurements:

3.2.3.1. Swipes - Removable contamination samples were collected at 10% of all
Class 2 regular grid locations on the roof. In Class 1 survey units,
removable contamination samples were collected at every location where
a direct grid measurement was taken. 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 DCGLw25.

3.3. MEASUREMENT LOCATIONS

3.3.1. Statistical Grid Data Points

3.3.1.1. The Visual Sample Plan® (VSP)26 software was used to develop a
MARSSIM grid for all six 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 contains the Data Quality Objectives (DQO) input values and
assumptions necessary to calculate the number of measurement points,
N, required to satisfy MARSSIM statistical guidance. The calculations
include 20% excess to allow for inaccessible locations. A summary of
all the input parameters used with VSP for this Report is presented in
Table 3.2.

Table 3.2
VSP Inputs for Building 235 Roof

DQO Value

Type I error rate 5%

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

Level (ARG) 2,600 DpmW/100cm 2

Estimated Std Deviation 200 DpmW/lOOcm 2

Excess % sample points min. 20%

25 Section 3.3 of the CT Design Guide.
26 NEXTEP Teclunemo 0008, Verification and Validation of Applicable Portions of VSP Software, A. H.

Thatcher, CHP.
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3.3.1.3. A rectangular grid was used for all six survey units. The grid interval
spacing, L, was calculated from the area of the total SU and the required
number of data points, N, according to the following equation:

Equation 3

L< 4
N

3.3.1.4. Table 3.3 presents the calculated values for L and N for each survey unit
on the roof of building 235.

Table 3.3
SU235 Calculated Grid Point Separation

Survey Unit Class N A (ft) L (1ft)
______Number of Data Points (SU Area) L(1

SU-235R 2 29 5,789 18.527

SU-235RI 1 29 932 5.7

SU-235R2 1 29 961 5.8

SU-235R3 1 29 725 5.0

SU-235R4 1 29 968 5.8

SU-235R5 1 29 924 5.6

3.3.2. Bias Measurement Locations

3.3.2.1. Bias direct measurements (gamma on Class 2 roof surfaces, beta on
Class I roof surfaces, and beta on fixed apparatus) 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 Protocol28.

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

27 Based upon the original Class 2 survey unit area of 9,925 sq. ft. When the Class 1 survey units were broken
off of SU-235R, the grid spacing was not changed and the data already collected was used.

28 CT-FI-004, Final Status Survey Guide for Survey Unit 2504
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walls, floor, ceiling and roof as shown in Table 3.2. X and Y are distances from
the origin measured as shown in the table. An example of X and Y axes for floors
and walls is presented in Appendix 2, Figure 3.1

Table 3.2
Coordinate System Locators

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

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

3.4.3. The surface ID for a roof applies only in the case when measurements are being
made on the exterior surface of a building. In this unique case the "room"
assigned has the special number "999".

3.4.4. For the roof of building 235, the roof surface had to be divided into six surfaces in
order to accommodate the smaller area requirement for Class 1 survey units.
However, to facilitate the collection and plotting of the data, the origin of the
coordinate system for all six survey units remained in the southwest corner of the
building.

3.4.5. Systematic grid data points which fell on external surfaces of installed apparatus
were located with the primary coordinate system. The ID code of the apparatus
was recorded in the remarks. For example: Let Q2 be identified as a large air
conditioning unit. Any systematic grid measurement points for the 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".

3.4.6. 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 CT 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
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evaluation. The calculations in this report have been validated and verified as
described in NEXTEP Techmemo 023129.

3.5.2. The purpose of the screening software is to compare each direct beta reading
taken in the survey unit with specified threshold levels, to apply the statistical
tests called for in MARSSIM when appropriate, and to present the results in a
clear and useful manner so that an analyst can accurately assess the action to be
taken or declare the survey unit meets the requirements for release.

3.5.3. Some of the screening tests apply to each record in the survey unit and failure of
one data point results in failure of the survey unit. Other tests do not apply to
each survey record but generate a single PASS/FAIL verdict for the entire data set.
The tests are described in the following paragraphs30. An abbreviated summary
of these tests is presented in Table 3.5.

3.5.4. Background Screen.

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

Equation 4

Tk(m) = BK(m) + 2 * a (m)

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

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

3.5.5. Min/Max Test.

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

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

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

3.5.6. DCGLw Screen.

29 NEXTEP Techmemo 0231, Validation and Verification of the C-TDatabase Analysis Report, B. Anderson
(included with FSSR 2501)

30 A more detailed explanation is provided in the Design Guide.
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3.5.6.1. For each matrix code calculate and store a DCGLw Threshold (Td). Td is
calculated by adding the value of DCGLw to Tbk-

Equation 5

T (m) = Tb + DCGLw

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

3.5.7. EMC Screen.

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

3.5.7.2. Compare each data point in the filtered survey unit with Te. 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 dpm1lO00cm 2 ), in the survey data set. Subtract from this
value, the mean value of background activity for the same matrix. If the
remainder is greater than DCGLw for any matrix in the survey unit, the
test fails.

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). The program
narrows the filter to include only these points before proceeding.

3.5.9.2. The Wilcoxon Rank Sum Test3 1 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 Data32 was used.

3.5.10. The output of the Threshold Comparison Test Report (TCTR) was used for
analysis of the data for the building 235 roof and the results are presented in
Appendix 5. Each TCTR is divided into eight sections which are briefly
described in the following paragraphs to assist the unfamiliar reader.

31 Described in Appendix I of MARSSIM.
32 Described in NEXTEP TechMemo 0231, Verification of the Mallinckcrodt CTDatabase Analysis Report,

B.P. Anderson.
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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.

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

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

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

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

3.5.10.7. Summarv 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 thresholda

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

DCGL,,, The average of all net survey values must be less than
DCGLWv

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

Sign Test The Sign Test for Paired Data is described in detail in
for Paired NUREG 150533

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 Oat. .

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 unit
meet the release criteria, the release of the survey unit can be determined from the
test report according to Table 3.6.

Table 3.6
Requirements for SURelease34

Test Class 1 Class 2 Class 3
Min/Max not requireda not required' PASS
Background not required not required PASS
DCGLW not required PASS PASS
DCGLVI, PASS PASS PASS
EMC PASS PASS PASS
Sign Test for PASS PASS PASS
Paired Data PASS PASS PASS

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

33 Nureg 1505, A Nonparametric Statistical Methodology for the Design and Analysis of Final Status
Decommissioning Surveys.

34 See MARSSIM, Chapter 8, Table 8.2

Mallinckrodt C-T Project - Phase I
Final Status Survey Report 235R

Revision: 0
July 2003

20



4. FSS RESULTS AND DISCUSSION

4.1. CHARAcTERIzAnoN DATA

4.1.1. The characterization data taken in this survey unit from 1992 to 1996 was very
limited. Since the data on file in the characterization report were all taken with an
HP-210 instrument they cannot be normalized to the AB-I00 calibration standards
and therefore are not included in the data set. Also, much of the roof surface
covered by the characterization data has recently been removed and replaced
which would render the old data set for these surfaces inapplicable.

4.2. CLASS I SURVEY UNITS

4.2.1. The five Class 1 survey units were surveyed as the roof material was removed
during remediation. Measurements were taken directly on the concrete deck
below the tar and gravel materials.

4.2.2. Direct Beta Measurements.

4.2.2.1. 160 direct beta measurements were taken on the newly remediated roof
surfaces of Building 235 before the new roofing material was laid down.
Almost all of these were included in the systematic grid. A diagram of
the roof layout with the beta measurements taken in each survey unit is
presented in Appendix 2, Figure 4.1. Points depicted as circles were part
of the regular MARSSIM grid and were included in the statistical
calculations. Points depicted as triangles were bias data points. No bias
readings were taken on the fixed equipment since all of the installed
apparatus on the roof was included in SU-235R.

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
160 dpmp/l 00cm2 for the Class 1 survey units. The average value for the
five Class 1 survey units was 76 dpmp/100cm2.

Table 4.1
SU-235 Roof Direct Measurements Summary

Survey Unit Points Avg Net Activity' Max Net Activity

(DpmrIIOOcn12) (Dpn O4ocrn2)

235R 18 1,421 4,556

235R1 33 78.9 149.1

235R2 33 75.6 160.1

235R3 30 71.5 143.6

235R4 32 68.7 120.3

235R5 32 87.1 121.0

aDPMp refers to disintegrations per minute of the parent nuclide series
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4.2.2.3. A histogram of the net activity values found in the five Class 1 survey
units is provided in Figure 4.1. The distribution appears to be bimodal
wi majority of the data centered about a mode at approximately

A~3 4 3 1m3 33pm/l Ocm2 above mean background with a second mode at 13
tdpmf1O1cm 2. This is consistent with a normal distribution of residual

radioactivity concentrated just above the background level and well
below the ARG.

4.2.2.4. The lower mode is most likely representative of the actual background on
this roof, which is approximately 13 dpmp/lOOcm 2 higher than the
average background for concrete in the background data set
(37 dpmp1/lOOcm 2). Therefore the average background activity for
concrete on this roof is most likely approximately 50 dpmp1 /lOOcm2.

4.2.2.5. Since it is more conservative to use the background data on file, unless
otherwise stated, the 50 dpm,/l00cm2 figure will not be used. All TCTR
reports were run using the lower background data set.

SU-235R1 - 235R5

70 .

Mtean BK
60

50

U40
Ci

30

U-

20

10

Net DPMpI100 sq. cm.

I_

Histogram of Net Direct Beta Measurements
Figure 4.1

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

35 Actually this mode represents the number of occurrences where the activity fell between 100 and 125
dpnrVI00cm2 .
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Appendix 5 for each survey unit. The TCTR reports in Appendix 5
contain a complete listing of all the beta direct measurements taken in the
Final Status Survey within the Class 1 survey units sorted by test failed
and by activity. The summary pages indicate that all tests described in
the D Plan passed except background. All tests required to release the
Class 1 survey units in accordance with the Mallinckrodt license and D
Plan were met. A comparison of test results and requirements for release
of the survey unit is presented in Table 4.2.

Table 4.2
Requirements for SURelease

Test Class 1 SU-235R1 SU-235R2 SU-235R3 SU-235R4 SU-235R5
Min/Max not required' P P P P p
Background not required F F F F F
DCGL, not required P P P P P
DCGLvg. PASS P P P P P
EMC PASS P P P P P
Sign Test for PASS P P P P
Paired Data _

a Class I survey units which pass Min/Mfax may be released without further consideration.

4.2.2.7. As the histogram in Figure 4.1 shows, some residual radioactivity exists
above the background level but far below the administrative release
guideline of 2,600 dpmp/I OOcm 2 and even farther below the release
criteria of 13,000 dpm,/lOOcm2 given in the D Plan.

4.2.3. Measurements of removable contamination

4.2.3.1. Swipes were taken at each location where a direct grid measurement was
performed. The results of the measurements are presented in Table 4.3.

Table 4.3
SU-235 Roof Removable Contamination Summary

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

(Ppn'lOOcrn 2) (fpm/nOOcm2) (Dpm/1OOcm2) (Dpm,/1OOcm2)

235R 2 -2.95 2.90 -0.61 0.60
235R1 33 -4.76 22.00 -0.99 4.58
235R2 31 -0.74 28.00 -0.15 5.83
235R3 28 0.00 31.00 0.00 6.46
235R4 32 -2.75 33.00 -0.57 6.88

235R5 32 -1.59 31.00 -0.33 6.46
Activity was converted to dpmp/100 cm2 from lpm/100 cm using an approximate figure of 4.8 betas
per disintegration.

4.2.3.2. Removable contamination measurements from the laboratory are
expressed in terms of IBpm/l 00cm2 rather than Dpmp/l OOcm 2. An
approximate comparison may be made by dividing the beta value by 4.8.
The results show that removable contamination averages very near zero
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dpmp/l 00cm2 and varies between -8.8 and +6.9 dpmp/1 00cm2. The data
confirm that virtually no detectable removable contamination is present
within the survey unit.

4.2.4. Beta Scan Measurements

4.2.4.1. Beta scans were performed on 100% of the roof surface in each Class 1
survey unit. Diagrams of the areas surveyed are presented in Appendix
2, Figures 4.4 through 4.8. Since the entire survey unit was scanned in
each case the drawing was annotated with the maximum readings every
five feet.

4.2.4.2. The scan threshold used for these surveys was 2,000 cpm (net of
background) which corresponds to the ARG of 2,600 dpmp/1 OOcm 2. The
calculation of threshold count rate and MDC for scans is presented in
Nextep TechMemo 023036.

4.2.4.3. The average background value used for analysis of the raw data was
obtained from the average of all the open window beta readings (in cpm)
taken in the background data set. For concrete this value was 377 cpm
and it compared favorably with the average open window reading for
beta measurements in the survey units (394 cpm).

4.2.4.4. During the surveys the maximum and average gross count rates were
recorded for each area scanned. The beta scan data are summarized for
SU-235RI through R5 and presented in Table 4.4.

Table 4.4
SU-235 Scan Measurements Summary

Survey Unit Points Maximum Average Max Net Avg Net
(cpm) (cpm) (dpmp/ 100cm 2) (dpmp1 00cm2)

235Ra 1 8000 6315 5,228 2,981
235R1 1 280 200 7.9 -46.9
235R2 1 260 200 -5.8 -46.9
235R3 1 200 180 -46.9 -60.6
235R4 1 250 190 -12.7 -53.8
235R5 1 260 200 -5.8 -46.9

8 Gamma (cpm) measured using shielded 3" x 3" Nal detector in 235R only

4.2.4.5. The maximum net beta scan value in the Class I Survey Units of 7.9 is
essentially at background level.

36 Ibid.
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4.2.5. The scan summary data in Table 4.4 confirm that the scans performed in SU-
235RI through R5 indicated that residual radioactivity is very close to background
levels. No scan data were observed above the beta scan threshold of 2,000 cpm.

4.3. CLASS 2 SURVEY UNIT

4.3.1. SU-235R is the remnant of the roof left over when the five Class 1 survey units
were broken off for remediation. The original roof affected by CT operations has
been at least partially covered with new roofing material and gravel. Therefore,
beta detection methods are not adequate to characterize the survey unit and
gamma methods were employed instead.

4.3.2. Direct Gamma Measurements.

4.3.2.1. 18 direct gamma measurements were taken on the unremediated portion
of the roof of Building 235. All of these were included in the systematic
grid. A diagram of the roof layout with the gamma measurements taken
in the survey unit is presented in Appendix 2, Figure 4.2.

4.3.2.2. Gamma direct measurements were converted to dpm,/lOOcm2 using a
conversion factor calculated for l/2 inch asphalt binder overlaying the
contamination as described in NEXTEP TechMemo 022937. The
conversion factor was 0.75 cpmn/dpmp. This conversion factor was used
because all direct measurements were made with the gravel on the roof
surface scraped away and the detector standing directly on the asphalt
binder material underneath.

4.3.2.3. A summary of the direct measurement results for SU-235R is presented
in Table 4.1 and shows that the maximum activity measured, net of
background, was 4,556 dpmp/100cm 2. The average was
1,421 dpm/l OOcm 2.

4.3.2.4. Four of the 18 gamma measurements exceeded the ARG value of
2,600 dpmp/100cm2 but all were less than 35% of the DCGLw.
Inspection of Figure 4.2 in Appendix 2 shows that the elevated
measurements occurred on the edge of the survey unit closest to the
remediated areas.

4.3.2.5. All the direct measurements in the survey unit were less than the
DCGLw. Therefore the direct measurements in SU-235R pass all the
tests except background and min/max. A comparison of test results and
requirements for release of the SU-235R is presented in Table 4.5.

37 NEXTEP TechMemo 1229, MCNP Gamma Modeling ofMallinckrodt RoofSurfaces, N.Zhang
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Table 4.5
Requirementsfor SU Release

Test Class 2 SU-235R

Min/Max not required' F
Background not required F
DCGLW, PASS P
DCGLavg PASS P

EMC PASS P
Sign Test for PASS
Paired Data

a Class I survey units which pass Min/Ma may be released without
further consideration..

4.3.2.6. The direct gamma measurements show that SU-235R passed all the tests
required for release of a Class 2 survey unit.

4.3.3. Measurements of Removable Contamination

4.3.3.1. Swipes were taken at 10% of the locations where a direct measurement
was performed. The results of these measurements are presented in
Table 4.3. The results show that removable contamination in SU-235R
ranges between -0.61 and +0.60 dpmplO0cm2 and averages very near
zero dpm/l 00cm2. No significant removable contamination is present in
SU-235R.

4.3.4. Installed Apparatus

4.3.4.1. All 23 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 4.6 sorted by matrix material. The values
observed ranged from -16 to 216 dpmp1 /lOOcm2 . All values were less
than 10% of the ARG and less than 2% of the DCGLw. The data
confirm that no significant residual radioactivity was found on the 23
items of uninstalled apparatus in SU-235R.

Table 4.6
SU-235R Fixed Equipment Direct Measurentents Sumnmay

Matrix Points Avg Net DPMp' Max Net DPMp

(Dpmp/IOOcm 2) (Dpmp/1 00cm2)

Fiberglass 14 19.3 59.7

Metal 52 19.7 59.2

Plastic 6 6.0 24.2

Tar/Roofing 2 213.8 215.7

Wood 6 40.6 61.9

DPMp refers to DPM of the parent nuclide series
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4.3.5. Gamma Scan Measurements

4.3.5.1. Gamma scans were performed on 100% of SU-235R. A diagram of the
area surveyed is presented in Appendix 2, Figure 4.3. Since the entire
survey unit was scanned the drawing was annotated with the maximum
readings every five feet.

4.3.5.2. The scan threshold used for these surveys was 800 cpm (net of
background) which corresponds to the ARG of 2,600 dpmp/l OOcm2.

4.3.5.3. The average background value used for analysis of the raw data was
4,079 cpm as described in paragraph 2.3.

4.3.5.4. During the surveys the maximum and average gross count rates were
recorded for each area scanned. The gamma scan data for SU-235R are
summarized and presented in Table 4.4.

4.3.5.5. Both the average and maximum scan readings exceeded the ARG-based
investigation threshold of 800 cpm above background which is consistent
with the presence of residual activity above the ARG discussed in
Section 4.3.2. Using a conversion factor of 0.44 cpm/dpmp for scans
over gravel38, the scan threshold which corresponds to the DCGLw is
5,720 cpm above background. The maximum net scan value observed in
SU-235R was 3,921 cpm. The scan data show that all scan readings
taken in SU 235R were less than 69% of the DCGLw (converted to cpm
for gamma scans.)

5. CONCLUSIONS

5.1. The distribution of direct survey measurements net of background in the Class 1 survey
units is bimodal with the majority of the data centered about a mode at approximately
113dpmp/100cm2 above mean background with a second mode at 13 dpmp/IOOcm 2. This is
consistent with a normal distribution of residual radioactivity concentrated just above the
background level and well below the ARG (Par. 4.2.2.3).

5.2. The Class I survey units passed all the tests described in the D plan except background.
All the tests required for release of a Class 1 Survey unit were passed. (Par. 4.2.2.6)

5.3. Virtually no removable contamination is present within the Class 1 survey units. (Par.
4.2.3.2)

5.4. No beta scan data were observed in the Class 1 survey units above the scan threshold of
2,000 cpm. (Par. 4.2.7)

5.5. Scans performed in the Class 1 survey units indicated that residual radioactivity is very
close to background levels. (Par. 4.2.7)

38 NEXTEP Tech Memo 0229, ibid.
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5.6. SU-235R1 through R5 meet all the requirements of the D Plan and MARSSIM for
K.. unconditional release.

5.7. The Class 2 Survey Unit (SU-235R) passed all the tests described in the D Plan except
Min/Max and background. All the tests required for release of a Class 2 survey unit were
passed. (Par 4.3.2)

5.8. Four of the 18 gamma measurements on SU-235R exceeded the ARG but all were less than
35% of the DCGLwv. (Par 4.3.2.4)

5.9. No significant residual radioactivity was measured on the 23 items of installed apparatus in
SU-235R.(Par. 4.3.4.1)

5.10. Virtually no removable contamination is present within the Class 2 survey unit. (Par.
4.3.3.1)

5.11. Although some gamma scan readings exceeded the ARG-based threshold, all scan readings
taken in SU-235R were less than 69% of the DCGLw (converted to cpm for gamma scans).
(Par. 4.3.5.5)

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

6. REComNMENDATIONS

6.1. SU-235R, SU-235R1, SU-235R2, SU-235R3, SU-235R4, and SU-235R5 should be
released from the license.
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Building Survey- Unit Listing

A I-ea P~aint
SuilreeCode Vi,,av )Yt av (.q j.) (COu:aN) DeBScrip;iioi

Sur'L UlznidfD: 235R Class: 2

Roomi 999

R 77.0 83.0 5,789 0.0 Class 2 portion only

Q1 0 0.0 Access stairwell and
associated supports to B236 roof

02 0 0.0 Piping and supports that run
North/South

Q3 0 0.0 Large pipe and supports -1'off
roof

04 0 0.0 Exhaust fanlelectrical box
05 0 0.0 A/C unit and associated

penetrations/supports and piping
06 0 0.0 Green shelter
07 0 0.0 Northern side ladder and

railing
Q0 0 0.0 Piping/pipe supports
09 0 0.0 Abandoned Vent Pipes (18 In

the Northeast comer of roof)
011 0 0.0 Small mechanical device
012 0 0.0 Roof Drain
013 0 0.0 Piping and supports
014 0 0.0 Southern access ladder and

associated caging
Q15 0 0.0 Roof curbing and Steel framing

(total of 4 locations)
016 0 0.0 A/C unit and associated

penetrations/supports and ducting
Q17 0 0.0 Large diameter piping,

mechanicals, supports
018 0 0.0 Next set of piping running in

North/South direction
019 0 0.0 Eastern most set of pipes
020 0 0.0 Piping near Q17
021 0 0.0 Existing vents
022 0 0.0 Yellow >2' piping and valves
023 0 0.0 Yellow 2" pipe

Summary for Room 999 (23 detail records) 5,789 Sq. Feet

TOTAL for Survey Unit 235R 5,789 Sq. Feet
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Building Sitv'eJy Unit Listing
Iliea Paint

(sq.ff.) (Coalsv) Dem-r l itionSitiifaceCsode ',X'x Im );nax

Surve!UnitfilD: 235R1 Class: I

Row,, 999R1

R 62.0 15.3 949 0.0

Summary for Room 999R1 (1 detail record) 949 Sq. Feet

TOTAL for Survey Unit 235R1 949 Sq. Feet
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Building Survey Unit Listing

(sq.]!.) (Conitisv) Deseri/tio nnSi rfact-Coih' Vnifix YntIa'i-(

Sun,,ieWrUifID: 235R2 Class: 1

RI0oom 999R2

R 62.0 15.3 949 0.0

Summary for Room 999R2 (1 detail record) 949 Sq. Feet

TOTAL for Survey Unit 235R2 949 Sq. Feet
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Bulildintg Sul rvey Uniit Listing

.4rell, Paint

SuirfractiComh Xnt, ax Y ntax (.xq.Ji.) (Co tilv) De.scription

Surlc! ,UlitID: 235R3 Class: 1

Room 999R3

R 50.0 14.5 725 0.0

Summary for Room 999R3 (1 detail record) 725 Sq. Feet

TOTAL for Survey Unit 235R3 725 Sq. Feet
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Bulilding SuJ'vey Un it Listing

alir-e Paint

(.vquff.) (Co'ts) De'wveriuifinirSutrfaceCade Aira .v I tvax

Su'wrU'titiu : 235R4 Class: 1

Rownt 999R4

R 44.0 22.0 968 0.0

Summary for Room 999R4 (I detail record) 968 Sq. Feet

TOTAL for Survey Unit 235R4 968 Sq. Feet
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Buildinig Suri'ey Unit Listing
,,Ire'a ri;fl

(sq.ft.) (Coals) Deswr i oihniStuiifac'Cne'e A'ntax Y 'n ax

Stlrlc!UldflD: 235R5 Class: I

Roomi 999R5

R 44.0 16.3.0 719 0.0

Summary for Room 999R5 (1 detail record) 719 Sq. Feet

TOTAL for Survey Unit 235R5 719 Sq. Feet
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Figure 1.1

Building 235R
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Survey Unit- 235R Gamma Scans (cpm)
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Survey Unit- 235R2 Beta Scans (cpm)
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Survey Unit-235R4 Beta Scans (cpm)
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Survey Unit-235R5 Beta Scans (cpm)
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Instrument Calibration

Instrument: CH-L2000/AB-1 00 Cal 6 Months

Interval:

Serial Calibration Date Sensitivity

281 1/5/1995 0.814

B861N 4/12/2000
9/18/1999

12/15/1997
12/16/1996
7/18/1996
1/18/1996
2/23/1995
1/18/1995

1.150
1.188
1.153
1.156
1.130
1.130
0.937
0.947

Instrument: CH-L2221/AB-1 00 Cal 6 Months

Interval:

Serial

446

447

448

Calibration Date

10/21/1999
1/17/1995

10/21/1999
1/10/1997
1/18/1996

11/15/1995
1/17/1995
10/6/1996
2/22/1996
1/17/1995
9/7/1999

12/16/1997
12/16/1996
1/18/1996

1/6/1995
4/12/2000

Sensitivity

1.022
0.770
0.921
0.889
0.739
0.553
0.675
0.721
0.759
0.730
1.092
1.153
1.147
1.080
0.921
1.182

B859N

B860N

Thursday, July 17, 2003 Page 1 of 3
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B860N 10/20/1999
9/18/1999

12/15/1997
1/8/1997
9/5/1996
3/5/1996

1/18/1996

1.139
1.150
1.144
1.109
1.026
1.026
1.089

Instrument: CH-L2350/AB-1 00 Cal 6 Months

Interval:

Serial Calibration Date Sensitivity

B244W 1/1/1996 0.244

Instrument: L 3030 Cal 6 Months

Interval:

Serial Calibration Date Sensitivity

179562
179577

11/8/2002
2/26/2003

Instrument: L2221/3X3 Cal 6 Months

Interval:

Serial Calibration Date Sensitivity

157020 11/8/2002

Instrument: L2221/AB-1 00 Cal 6 Months

Interval:

Serial Calibration Date

117362/425W
127210/1426W
127220/B426W
163666/1426W

Thursday, July 17, 2003

10/20/1999
4/12/2000
10/6/1999
1/16/2003
3/21/2002
9/12/2001

Sensitivity

1.089
1.199
1.211
1.140
1.013
0.916

Page 2 of 3
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163666/13426W 9/14/2000 1.208

Instrument: L2241-2/43-89 Cal 6 Months

Interval:

Serial Calibration Date Sensitivity

131410/188707 4/16/2003 0.560

Instrument: L2241-2/AB-1 00 Cal 6 Months

Interval:

Serial Calibration Date

131410/B860N
131415/B426W

11/7/2002
5/15/2002
4/11/2001

Sensitivity

1.340
1.128
1.147

Instrument: L2350/AB-1 00 Cal 6 Months

Interval:

Serial

110648/B425W

Calibration Date

5/17/2000
5/10/1999
2/11/1998
11/5/1996

Sensitivity

1.156
1.179
1.049
1.086
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IMOTllO PIUC

A hermoRetec Company
6M Scarbmi Road

LUDLUM 222i 01N37c3

CALIBR2ADC5 DATA.

Ludlum222IS/N: l Pr operty

Battery Check 4- a*
Hich Volt~ae Check (423)481-O63Phone

(SZ3) 481-01 Fax

.Ha Heter: S. : &Z4A10XI Cal *7
Meter Readin2 . Pre Cal Post Cal Tolerence

600 Volts £ 42 * 10 %
1000 Volts . L1 .. £0 %
1400 Volts

Input Sensitivity: £0 t

( Threshold a 10 mv) Pro Cal: 3ZS r0 , Post Cal: 3.5 mhJ
MP-2 S/N: L".A Calibration Exp. Date: 1*q-O .
Rate/ MP-2 Z22 Display Display IQL

Heter -

400 CPM -x

4K CPM xlO

40K CPM x100

400K CPM x1000

Dintal

QScjc

399A .

. sq 9q 4

Analoa

4 .- 10%

>lOS10%

4Q 10

10%

Scaler:.
lOOK CPM

* 100K CPH

10OK CPH

lOOK CPM

0.5 90C
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2.0 min

4%W IQ

ii

Nbos5

16C0 10%

.r10%

10%

10%

400k IC

es X:Ltsht k::f_
;t . _ .. _

Log 4001 ..' 4K 4 Y. 40K '4n
Functional Check:

Ext Count_'sReset..._.~ Speakerj•7Heac

Date Of Calibration:l[-lG1&-tN.. Expirat"

Calibrated By: I

Reviewed By:_ ___ Da

i subskdby coThenso Temlend Inc.
* a Thermo Ilctn coemany
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MATERIAL SPECIFIC CALIBRATION DATA SHEET Ots
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ABP-1 KtEFFICIENCY TO SrY-90 ON 47 mm DISK Z. % CAL DATE: /-Z2 63

BACKGROUND BR SOURCE |SR SA |Effiwnc
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K) NEXTEP Environmental
808 Lyndon Lane, Suite #201

Louisville, KY 40222

Phone: (502) 339-9767

Fax: (502) 339-9275

TECHNICAL MEMORANDUM 02-30

June 18,2003

Originator: A.H. Thatcher, CHP, Senior HP Scientist

Subject: Technical Basis Document for Mallinckrodt Final Status Surveys

Revision: 2

ENDORSEMENT: This document contains the results of research and technical analysis which have been reviewed
and approved for publication by the Technical Director, NEXTEP Environmental, Inc. All calculations have been
reviewed and confirmed in accordance with CT-QA4.2.

Harry J. Newman, CHP, Technical Director Date

Introduction:

This document provides the technical basis for calculations for the Final Status Survey Plan for
building surfaces. This document specifically addresses the following issues:

* Required and calculated MDC for direct beta measurements

* Required and calculated scan MDC for beta measurements

* Investigation thresholds for direct and scan beta measurements

* Required and calculated MDC for direct gamma measurements

* Required and calculated scan MDC for gamma measurements

* Investigation thresholds for direct and scan gamma measurements
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Calculated and Required MDC for Direct Beta Measurements

For Class 1, 2, and 3 survey units, the required MDC for direct beta measurements is 50% of the
Administrative Release Guideline (ARG), or 1,300 dpmn/100 cm2 . Direct beta measurements for
final status surveys will include an open and closed window measurement at the location of
interest and a matrix specific background open and closed window measurement. The formulas
for calculating the MDC are provided in Attachment 6.1-2 of CT-QA-6.1. In most instances for
final status surveys, background count times will be greater than the sample count times.
Equation 1 provides the formula for unequal count times for an AB-100 detector39:

Equation 1

3 +3.29 Rb t3 4 1+ )

MDC= 5 S =100dpmp /100cm2

i b s+b

Where:

Rb = Sum of open and closed window background counting rates (cpm), 552 cpm
and 354 cpm, respectively40

Sb = Matrix Specific Backscatter Factor (1.0 for brick)41

Si = Instrument sensitivity for the AB-100 (cpm/dpmp/100cm2)= 1.099742

tb = Background count time (5 minutes)

ts+b = Sample count time (1 minute)

The formula was applied to the background data on file for a brick matrix (the matrix with the
highest background count) and therefore represents a conservative estimate of MDC. The
resulting MDC for beta measurements assuming a brick matrix is 100 dpmp/1 00 cm2 and is less
than the required MDC of 1,300 dpmn/100 cm2.

Investiaation Threshold for Direct Beta Measurements

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

40 The open and closed window cpm are the site average of 30 open and closed window background
measurements recorded for a brick matrix material. These data were collected using 5 minute count times.

41 NEXTEP Tech Memo 0213, Beta Backscatter Factors for Several Materials at the Mallinckrodt Site, N.
Zhang and D. Wilson.

42 NEXTEP Tec Memo 0215, Separation of Backscatter Factor and Derivation of Instrument Sensitivity, A.
H. Thatcher. 1.0997 is the average instrument sensitivity for the brick matrix background data set on file.
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The investigation threshold for direct beta measurements for a class I or 2 Survey Unit is simply
the ARG in dpm/100 cm2 converted to cpm by taking into consideration the matrix specific
backscatter factor and the instrument sensitivity. For the brick background used in the
calculations, the result is:

Equation 2

Investigation Threshold for direct beta measurements = ARG * Si * Sb = 2,900cpm

The 2,900 cpm investigation value is net of background.

The Investigation threshold for a class 3 survey unit is the greater of the mean background (in
cpm) plus two standard deviations or the MDC.

Scan MDC for Beta Measurements

For Class 1 survey units, the required MDC for beta scan measurements is equal to the ARGEMC
(13,000 dpmr/100 cm2). For Class 2 and 3 survey units, the required MDC should be equal to or
less than the ARG, or 2,600 dpmp/100 cm2. The formula for calculating the Scan MDC (for a
brick background) for the same detector is given by Equations 3 and 4:

The minimum detectable net count rate (MDCR) of a scanning instrument43 is

K>/ Equation 3

MDCR = d'4a- 180 cpm

Where for the AB-100:

MDCR = minimum detectable net count rate (ct/min)
d' = 1.38 when decision error, (a) = 0.60, and correct decision fraction, (1-) =

0.9544
i = observation interval (sec) = (detector area)" 2/scan speed45 =2 sec
bi = background counts in observation interval (552 cpm/(2/60) 18.4 cts) 46
60 = conversion, 60 (sec/min)

43 Abelquist. E.W., et.al., Minimum Detectable Concentrations with Typical Radiation Survey Instruments for
Various Contaminants and Field Conditions, NUREG-1507, §6.1, Dec. 1997.

44 Abelquist, E.W., Table 6.1 p 6.23

45 Using the most conservative detector area of 1Ocm2 and a scan speed of 5.1 cm/sec, i -= 2 sec
5.1

46 552 cpm is the average open window count rate for background measurements on file that were taken on a brick
matrix material.
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Based upon the calculated MDCR of 180 cpm, the Scan MDC for the AB-100 is:

Equation 4

Scan MDC MDCR = 760 dpmp /100cm 2

,jpF Si Sb E,

Where:

p = Surveyor efficiency, assumed47 to be 0.5.

Es = Surface Efficiency (0.3)48

Given a probe observation interval of 2 second (representing a first pass scan), the corresponding
Scan MDC equals 760 dpmr/100cm2 and is less than the lowest required Scan MDC of 2,600
dpmp/I 00cm2.

Investigation Level for Beta Scans

The investigation threshold for a class 1 or 2 survey unit is the direct measurement investigation
threshold multiplied by surveyor efficiency. For the AB-100 on a brick matrix, the calculation of
the investigation level is as follows:

Equation 5

Investigation Threshold for beta scan measurements (Class 1 or 2) =

ARG * Si * S, * Vp; = 2,000 cpni

For a class 3 survey unit, the investigation threshold is the greater of the MDC or the matrix
mean background plus two standard deviations. The background threshold would generally be
the greater value (in cpm). For a brick background, this is approximately 700 cpm49.

Direct MDC for Gamma Measurements on Buildin2 Surfaces

For Class 1, 2 and 3 survey units, the required MDC for direct measurements is 50% of the
Administrative Release Guideline (ARG), or 1,300 dpm1 f100 cm2. Several building roofs and

47 Abelquist, E.W., et.al., §6.7.1.

48 Table 5.3, NUREG 1507. 0.3 represents a beta source efficiency for a distributed source on sealed concrete.

49 Using the brick background open window average value of 552 cpm +(2*71 cpm) = 700 cpm.
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internal surfaces are covered by material that makes it necessary to determine compliance by
gamma measurements as opposed to beta measurements. Using the most conservative derived
gamma conversion factor for direct measurements50, the calculated direct MDC for gamma
measurements is as follows:

The calculated MDC for gamma measurements uses a modified Equation 1:

Equation 6

2.71 +3.29*ab I1

Calculated Gamma Direct MDC= FgtM+, _ ( 1pmcm2)

Fg s t~b

Where:

Crb = Shielded gamma background sample standard deviations1 (196 cpm)

Fg = gamma conversion factor52

tb = Background count time (5 minutes)

ts+b = Sample count time (1 minute)

The estimated Direct MDC for a gravel roof is 1,500 dpmp/100 cm2 and is slightly greater than
50% of the ARG53. For a configuration without the gravel, equation 6 results in an estimated
Direct MDC of 950 dpm,/100 cm2, well less than 50% of the ARG.

Investigation Threshold for Direct Gamma Measurements

50 NEXTEP Tech Memo 0229, MCNP Gamma Modelingfor Mallinckrodt Roof Surface, N. Zhang and D.
Thatcher. And NEXTEP Tech Memo 0317, Use of the 3 " x 3 " Nal Detector for Measurement of
Contamination on Concrete through Vinyl Tile and Carpet, N. Zhang.

51 The sample standard deviation is based upon 5 measurements obtained on Building 25. See Appendix A.

52 0.48 cprm/dprnrIOcm2 for a gravel roof; 0.75 cpmfdprnp/lOOcm 2 for anon-gravel roof.

53 Although the roof configuration slightly exceeds the criteria of 50% of the ARG, the actual requirement is
50% of the DCGL,.. The Direct MDC is 11.5% of the DCGLW.
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The investigation threshold for direct gamma measurements for a class 1 or 2 survey unit is the
ARG in dpm/lO0 cm2 converted to cpm by using the gamma conversion factor. For the most
conservative conversion factor from TM 0229 of 0.48 cpm/dpmt/100 cm2:

Equation 7

Investigation Threshold for roofs without a gravel layer for direct gamma measurements for a
class 1 or class 2 survey unit =

ARG * Fg = 1,9S0 cpm

The Investigation threshold for roofs with a gravel layer is similarly calculated as 1,250 cpm for a
Class 1 or 2 survey unit.

For a class 3 survey unit for roofs without a gravel layer, the investigation threshold will
generally be the calculated MDC of 950 cpm as this will be greater than the mean background
plus two standard deviations value.

Scan MIDC for Gamma Measurements

The required MDC for gamma scan measurements for class I or 2 survey units should be equal
to or less than the ARG, or 2,600 dpmrp/1 00 cm2. The calculations below utilize the background
from building 25 and the lowest conversion factor for scan measurements derived from TM 0229
or TM 031754 and can therefore apply to all gamma scans performed. The formula for
calculating the Scan MDC is provided by equations 9 and 10 and is as follows:

Equation 8

MDCR = d'4b- '

Where:

MDCR = minimum detectable net count rate (ct/min) = 376 cpm
d' = 1.38 when decision error, a = 0.60, and correct decision fraction, 1-J =

0.9555
i = observation interval56 (see) = (detector area)1n/scan speed = 3.33
bi = background counts in observation interval57 (4080 cpm/(60/3.3) = 224 cts)

54 NEXTEP Tech Memo 0229: MCNP Gamma Modeling for Mallinckrodt Roof Surface. N. Zhang and D.
Thatcher. November 2002; and NEXTEP Tech Memo 0317: Use of the 3" x 3" NaI Detector for
Measurement of Contamination on Concrete through Vinyl Tile and Carpet. N. Zhang. March 2003.

55 Abelquist, E.W., Table 6.1 p 6.23.

56 The observation interval is based upon a scan speed of 30 cm/s and an effective detector area of 10,000 cm2

(see TM 0229).

57 The background value is the mean measurement from building 25 and is the lowest available background for
the surfaces under consideration for the gamma surveys.
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60 = conversion, 60 (sec/min)

The MDCR is calculated as 376 cpm.

Equation 9

Scan MDC = MDCR
FgX

Where:

p= surveyor efficiency, assumed58 to be 0.5

Fg= gamma conversion factor for scans59

The shielded NaI probe is assumed to be set up at a fixed height of 5 cm above the roof surface,
moving at a speed of 30 cm/s yielding an observation interval of 3.3 seconds for an assumed
contaminated area of 1 m2 in size. The corresponding Scan MDC for a roof with a gravel surface
equals 1,200 dpmp/100cm2 and is less than the required Scan MDC of 2,600 dpmp/lOOcm 2.
Similarly, the Scan MDC for a roof without a gravel surface is estimated as 830 dpmr/l OOcm 2.

Investi2ation Threshold for Gamma Scans

The investigation threshold for a Class 1 or 2 survey unit for a roof without a gravel layer over
the contamination is calculated as follows:

Equation 10

Investigation Threshold for gamma scan measurements (Class 1 or 2) =

ARG*Fg by = 1,200 cpm

Where:

Fg= the conversion factor (0.64) for a non-gravel roof

The investigation threshold for gravel roofs for a Class I or 2 survey unit is similarly calculated
as 800 cpm.

58 Abelquist, E.W., et.al., §6.7.1.

59 0.44 for gravel roof; 0.64 cprm/dpin/l 00 cm2 for a non-gravel roof.
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For a Class 3 survey unit on a roof with or without a gravel surface, the investigation threshold is
the greater of the calculated MDC or the mean background plus two standard deviations. The
class 3 investigation threshold should be calculated for each roof surface.

The investigation threshold for Class 1, 2 and 3 survey units for roofs with a gravel layer over the
contamination are limited by the calculated Scan MDC of 1,200 dpm/l OOcm 2.

For a class 3 survey unit, the investigation threshold is the greater of the MDC or the matrix
mean plus two standard deviations. Depending upon the background, scan speeds for a class 3
survey unit may need to be significantly reduced in order to achieve sufficient statistics in order
to discern slightly elevated counts from background.

Conclusions and Recommendations

Table 1 summarizes the information calculated above. In all cases, the calculated value under the
assumed conditions is less than what is required as shown in Table 1.

In the event that measurements are performed in areas with elevated background, the
calculations in this memorandum may not be conservative. In such cases, recalculation of
the MDCs and scan thresholds must be performed and validated. Investigation thresholds
for all Class 3 surveys units should be calculated for each surface as appropriate.
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C' C-
Table 1

Summary of Calculations6O

Measurement Units Calculated Required Value

BETA DIRECT Class I Class 2 Class 3

MDC | DprnJ100tcm2  100 1,300 1,300 1,300

Tinv61 cpmr 2,900 2,900 MDC orTbk62
BETA SCAN

MDC DprnWl00 cmj 760 13,000 2,600 2,600

Tinv cpm 2,000 2,000 MDC or Tbk

GAMAMA DIRECT

MDC (Gravel) DpmJ/100 cm2  1,500 6,50063 6,500 6,500

Tinv (Gravel) cpm 1,250 1,250 MDC or Tbk

MDC (non-Gravel) Dpmn100 cm2 950 1,300 1,300 1,300

Tinv (non-Gravel) cpm 1 ,950 1,950 MDC or Tbk

GAMMA SCAN

MDC (Gravel) Dpnm/100 cm2  1,200 13,000 2,600 2,600

Tinv (Gravel) cpm 800 800 MDC or Tbk

MDC (non-Gravel) Dpmn/100 cm2  830 13,000 2,600 2,600

Tinv (non-Gravel) cpm _ 1,200 1,200 MDC or Tbk

60 All Values given are net of background.
61 Investigation Threshold
62 Background threshold, Tbk, is a standard term used in the CT Radiation Database for mean background plus 2 standard deviations.
63 Because the calculated value of the MDC is greater than 50% of the ARG, the higher limit of 50% of DCGLW is recognized.
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APPENDIX A

BUILDING 25 SUPPORTING DATA

Individual counts for Building 25 roof, 3" x 3" Nal detector in a shielded configuration, 5
minute count time

19242

21511

21316

19863

20034

4078.64 Average (cpm)

195.87 Std deviation
(cpm)
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APPENDIX 5

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

: ).-'r Wednesday, July 16, 2003

S "v,- 'n *' e';, -'-e, 235R1 Isr I Rii Po'rtq. Beta Grid 'ype R Spacirg 5.7 ft

SURVEY UNIT TABLE

Fixed
Bld Rm Surface Equipment
B235 999R R

-

Surface Area
Included

(sq. ff)

949

949

{ 8w...rR.A.v

Total

INITIALIZATION DATA

@1 *", .- rr-sS' s! RG, PR, B1,CH

:5. iI-re All

* I ._..' :(!S

EVC. 29,317 )CG(:-v 2,600

SURVEY UNIT TEST STATUS
Test Performed Status

". , -o, Pass ':
Q i*':r I I- Fail

.ct, Pass Di
DY.. -vg Pass tv

=F ' -r. Pass "

-

Mtx

C
C

wv-l4io Siir'ey

'fe-er.r

vercje \c.'vrty

1 e3C1' !34- r4'

Qpm,01 OOcrn'

186.0
2.0

183.0
115.5
115.5

36.6* ., . , In, I .. ' es Pass
N/A

.. r v.-! I.- t,.;rei -'
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MALLINCKRODT C-T DECOMMISSIONING 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

.1 1 .' - 235R1 B Bd B235

Meas.
Room SFC X (ft) Y (ft) Mtx Tvne

Gross Activity
Min SID vmrtooii Remarks r-Exc PAC.

999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R
999R1 R

8.7 6.8 C RG
20.0 1.0 C RG
20.0 6.8 C RG
8.7 1.0 C RG

14.3 6.8 C RG
25.7 12.3 C RG
42.7 6.8 C RG

8.7 12.3 C RG
3.0 12.3 C RG

54.0 12.3 C RG
31.3 6.8 C RG
25.7 1.0 C RG
37.0 6.8 C RG
31.3 12.3 C RG
42.7 1.0 C RG
59.7 12.3 C RG

3.0 6.8 C RG
54.0 6.8 C RG
48.3 1.0 C RG
14.3 1.0 C RG
37.0 12.3 C RG
31.3 1.0 C RG
59.7 6.8 C RG
37.0 1.0 C RG
20.0 12.3 C RG
14.3 12.3 C RG
42.7 12.3 C RG
48.3 6.8 C RG
3.0 1.0 C RG

25.7 6.8 C RG

5885 185.7
5898 165.8
5887 159.0
5896 154.2
5886 147.3
5877 143.9
5891 138.4
5874 132.3
5873 131.6
5882 130.2
5889 130.2
5899 129.5
5890 122.7
5878 122.7
5902 121.3
5883 119.2
5884 117.9
5893 115.1
5903 111.0
5897 104.9
5879 102.8
5900 102.8
5894 101.4
5901 101.4
5876 101.4
5875 91.8
5880 87.7
5892 85.0
5895 84.3
5888 80.2
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

THE FOLLOWING DATA POINTS PASSED BACKGROUND, DCGLw, AND

EMC SCREENING TESTS:

!' 235R1 B Id>g B235

02m ecrr V 141
NWII ;r A -11

999R1
999R1
999R1

R
R
R

54.0
59.7
48.3

Y (ft) Mtx
1.0 C
1.0 C

12.3 C

Meas.
Type
RG
RG
RG

Min
1
1
I

SID
5904
590C
5881

Gross Activity
(dmr/1oOacr?) Remarks

67.2
5 65.1
1 58.9

Exc Res.
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

Summary of Background Data and Thresholds Used in this Analysis

,Matrix.v ,Ani,,ber of'
Dawl

PointS,

BK D ( (;LI: 2,600 -.'.1IC: 29,317

.,Irera-e iS,,,1111l BIa-r'.' ~ I)C(;I.'1-
B7'k-r1,un Trehiddl 7TI rs.hold

(7-ThA) (Ttd)
(do mrn10Ocm1) (dp r 1J00CM) IdP mr!'O0Cm (dp mr/10crmi)

36.6 19.3 75.1 2,675

7I, 11(yhold

(7'(g')
2d 9,39 on2 - l

29,392C 60
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

STATISTICAL TEST

7/16/2003 3:42:36

S V tnI 235R C' ss 1

;' ".'!'1 Tes: WILCOXON RANK SUM TEST

Pass

EVC 29,317 D''3L 2,600

DATA SUMMARY TABLE

60 Background Points 33 Survey points processed

Wr = 3810 WC = 3025

****** The survey unit has passed the WILCOXON RANK SUM TEST ******

Mallinckrodt C-T Project- Phasel
Final Status Survey Report Building 235 Roof

Revision: 0
APPENDIX 5
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

'' ' Wednesday, July 16, 2003

J:, Ir - N' - Pv 235R2 '. ISF- 1 DV.V Pirr. Beta r-ld -vYe R Saa'nrra 5.8 ft

SURVEY UNIT TABLE

Fixed
Bid Rm Surface Equipment
B235 999R R

Surface Area
Included

(sq. fi)
949

949

Remarks

Total

INITIALIZATION DATA

; 'y.', e x e RG, PR. 81, CH

7 r* ; All

=%,(. 28,639 )CG _v 2,600

SURVEY UNIT TEST STATUS
Test Performed Status

'' Pass

I I-: I, ! Fail
" : -L - Pass
'K-:; . Pass ;

Pass A.

v "-I, 's - -O;

...... Il...,,

" Irj '

- Irie ,,, ! wh

f-qr 11ger,> (-,

Mtx

C
C

Dpmrn,1OOcm'

197.0
2.0

194.0
119.4

119.4

. 1, , - --- �-,r- S rr -�s!
1:1 -,-- -, <1 10, r - .11"

Pass
N/A

.;,. 4-3 t7- e.}0 36.6

Mallinckrodt C-T Project- PhaseI
Final Status Survey Report Building 235 Roof

Revision: 0
APPENDIX 5
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MALLINCKRODT C-T DECOMMISSIONING 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

"' 235R2 Pd 'g B235

Meas.
Pnnm SFC Y fI Y MI MY Tvne

Gross Activity
1-_ lt12 vM-A-IaA._ -or% CYP 13--

... . >l . Co n.- l-. al r} -rse r s -s e.-. vw - . .{ .. 1 {.XZ .... . I- ._ I v . -IV..f

999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R
999R2 R

31.0
2.3
8.0
8.0

36.8
36.8
13.8
31.0
13.8
54.0
31.0
54.0
48.3
25.3
48.3
59.8
54.0
13.8
59.8
8.0

42.5
19.5

2.3
36.8
59.8
19.5
48.3

2.3
25.3
19.5

22.5 C
22.5 C
22.5 C
16.8 C
16.8 C
22.5 C
28.3 C
28.3 C
16.8 C
22.5 C
16.8 C
16.8 C
22.5 C
22.5 C
16.8 C
16.8 C
28.3 C
22.5 C
22.5 C
28.3 C
16.8 C
16.8 C
28.3 C
28.3 C
28.3 C
22.5 C
28.3 C
16.8 C
28.3 C
28.3 C

RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG

5825
5820
5821
5832
5837
5826
5811
5814
5833
5829
5836
5840
5828
5824
5839
5841
5818
5822
5830
5810
5838
5834
5809
5815
5819
5823
5817
5831
5813
5812

196.7
175.4
170.6
163.1
143.2
143.2
143.2
141.2
139.1
130.2
124.7
124.0
122.7
122.0
121.3
119.9
114.4
113.8
112.4
109.6
109.0
103.5
100.7
100.1
98.0
94.6
90.5
88.4
83.6
79.5

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

Mallinckrodt C-T Project- Phasel
Final Status Survey Report Building 235 Roof
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

THE FOLLOWING DATA POINTS PASSED BACKGROUND, DCGLw, AND

EMC SCREENING TESTS:

S -- i @ff 235R2 FR, d 'g B235

Meas.
Room qFC Y (ftM V ftMI MtY Tvno

Gross Activity
SID (dDrWJ1oocr) RemarksMin Exc Res.\ t vw

999R2 R 25.3 16.8 C RG 1 5835 23.3

Mallinckrodt C-T Project- Phasel
Final Status Survey Report Building 235 Roof

Revision: 0
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

Summary of Background Data and Thresholds Used in this Analysis

Ibnu' "#Z~rreflI 117)10: BK I) ( (./.: 2.600 / (. 28,639

Damt flacktromill, 71hrt.vhIIg hirshoid 1hr 1it 1d
Poinis (T7h1k) (i7d1 , (hT)

_(d m,.I00rcn) (dp '100cm'1 (do m',lOOcm1' (dp m,/IOcm ) (dp m2!1fOcm )

C 60 36.6 19.3 75.1 2,675 28,714

Mallinckrodt C-T Project- Phasel
Final Status Survey Report Building 235 Roof

* Revision: 0
APPENDIX 5
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

STATISTICAL TEST

I . 5 i 7/1612003 4:03:32

Ad. I' 1235R (. .s 1

*,. ,. -,, Tp F WILCOXON RANK SUM TEST

, A , St I'Pass

- .'(,I c

FF Pr. 28,639 D' do. 2.600

DATA SUMMARY TABLE

60 Background Points 31 Survey points processed

Wr = 3690 WC = 2956

****** The survey unit has passed the WILCOXON RANK SUM TEST ******

Mallinckrodt C-T Project- PhaseI
Final Status Survey Report Building 235 Roof
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

R Te Wednesday, July 16, 2003

R - r ' I r.'e 235R3 C'oa-s B tr Th~t- Beta r*d -ype R Spaeinr 5 rf

SURVEY UNIT TABLE

Fixed
Bld Rm Surface Equioment
B235 999 R

-

Surface Area
Included

(sq. fl)
725

725

Remarks.. ... _ _

Total

INITIALIZATION DATA

'' .. . : .-'.et RG, PR, Bl,CH

ThN'. e ce All

vr. 34,963 D)Cr-~v 2,600

SURVEY UNIT TEST STATUS

Test Performed Status

','- I; Pass s k;

Fail ''

'( !;;v, Pass

ivg Pass '

E' C. Pass

,,_...,'Is

n 1Cq ''V!v

-' 1ne to r%..

MIx

C

C

Qpmn/ 1 OOcm'

180.0

2.0

178.0

115.8

115.8

. I-renr :,Rark S ,v -n

Sr) Te'S 'o' FPIed ',1/,

Pass

N/A

A '(".1rie 36.6

Mallinckrodt C-T Project- Phasel
Final Status Survey Report Building 235 Roof
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MALLINCKRODT C-T DECOMMISSIONING 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

- o' 235R3 P '-q B235

Meas.
Room SFC X (ft) Y (ft) Mtx Tvne

Gross Activity
Min SID (dft1O0a)A Remarks Exc Res.

999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R
999R3 R

29.8
19.8
19.8
29.8
14.8
24.8
24.8
34.8
39.8

4.8
19.8
14.8
34.8
29.8
39.8
14.8
9.8
4.8

44.8
44.8
9.8

24.8
49.8
34.8
39.8
49.8

9.8

31.8 C RG
36.8 C RG
41.8 C RG
36.8 C RG
31.8 C RG
36.8 C RG
31.8 C RG
31.8 C RG
31.8 C RG
31.8 C RG
31.8 C RG
41.8 C RG
41.8 C RG
41.8 C RG
41.8 C RG
36.8 C RG
31.8 C RG
41.8 C RG
41.8 C RG
36.8 C RG
41.8 C RG
41.8 C RG
41.8 C RG
36.8 C RG
36.8 C RG
36.8 C RG
36.8 C RG

5778
5766
5756
5768
5775
5767
5777
5779
5780
5773
5776
5755
5759
5758
5760
5765
5774
5753
5761
5771
5754
5757
5762
5769
5770
5772
5764

180.2
162.4
159.7
153.5
152.8
148.0
147.3
126.1
124.0
122.7
122.7
122.0
115.1
113.1
109.6
106.2
106.2
100.7
98.0
95.9
93.9
89.1
88.4
87.0
84.3
81.6
78.1

Mallinckrodt C-T Project- PhaseI
Final Status Survey Report Building 235 Roof

Revision: 0
APPENDIX 5

July 200383



MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

THE FOLLOWING DATA POINTS PASSED BACKGROUND, DCGLw, AND

EMC SCREENING TESTS:

s -*v , 235R3 P 'd"'g 8235

-

Room SFC X (ft)

999R3 R 4.8

Meas.
Y (ft) Mtx Tvpe

36.8 C RG

Min

I

Gross Activity
SID (dpm.1oocrm') Remarks

5763 73.3

Exc Res.

Mallinckrodt C-T Project- Phasel
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

Summary of Background Data and Thresholds Used in this Analysis

W-111'11-0 1rt,0 71-tt BK I)((;I.: 2,600 1-./( 34,963

Malatiri iv iu,,,l,'r {a .Ntimther 4 SS (u1 Backl -rinrd DCGLw. 1 I ISIC
Mmktr, i, d 7, re.4, ohi Tie resle old TIdTre .I:hll

Poh,,ia (7bh) (7t!) {(t)
edro mlO1O0cm2) (dp rl 00cmr) (dp r,'100cm') (d fmr!'TC0rmi (dio \

C 60 36.6 19.3 75.1 2,675 35,038

Mallinckrodt C-T Project- Phasel
Final Status Survey Report Building 235 Roof
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

STATISTICAL TEST

r T,, 7/16120034:13:36

235R C,s, s 1

WILCOXON RANK SUM TEST

*c . IM Pass

EVC 34,963 DC.GL 2,600

DATA SUMMARY TABLE

60 Background Points 28 Survey points processed

Wr = 3510 WC = 2854

****** The survey unit has passed the WILCOXON RANK SUM TEST ******

Mallinckrodt C-T Project- PhaseI
Final Status Survey Report Building 235 Roof
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

:- .-te Wednesday, July 16, 2003

S -. : 'N .'. 235R4 r.s'- 1 D P' P)u-ts Beta r -cvpe R Soacina 5.8 ft

SURVEY UNIT TABLE

Fixed
Bld Rm Surface Equinment
8235 999R R

-

Surface Area
Included

(sq. ff)
968

968

Remarks

Total

INITIALIZATION DATA

"..!;1. e ! RG, PR, Bl, CH

2 ., n8 63 2 All

F' ' '" 28,639 -)C";.v 2,600

SURVEY UNIT TEST STATUS
Test Performed Status

'' ' , "-Pass .
' . ;* - I Fail

- .- Pass

- : . : Pass A

Pass Al

.. '.' *'f ;I !~ V

Mix

C

C

D2r'p/100cm

157.0

2.0

155.0

105.3

105.3

. R.- - ,rr- 9 -- -, !-

Sz '-s. ! In - f,

Pass

N/A

I" t)n .,70 36.6

Mallinckrodt C-T Project- Phasel
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MALLINCKRODT C-T DECOMMISSIONING 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

'Z. ; 235R4 B Id - B235

Meas.
Room SFC X (fl) Y (ft) Mtx Tvne

Gross Activity
Min SID idrnJ1orm2 ) Remarks Exc Res.

999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R
999R4 R

43.6
3.2

14.7
20.5

8.9
32.0

3.2
26.3
26.3

3.2
14.7
14.7
26.3
20.5
32.0
14.7
26.3
37.8

8.9
3.2

37.8
43.6
32.0

8.9
20.5
37.8
43.6

54.7 C
48.8 C
60.4 C
54.7 C
48.8 C
54.7 C
66.2 C
54.7 C
66.2 C
60.4 C
48.8 C
54.7 C
48.8 C
66.2 C
66.2 C
66.2 C
60.4 C
66.2 C
66.2 C
54.7 C
54.7 C
66.2 C
48.8 C
54.7 C
48.8 C
48.8 C
48.8 C

RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG

5712
5713
5699
5708
5714
5710
5689
5709
5693
5697
5715
5707
5717
5692
5694
5691
5701
5695
5690
5705
5711
5696
5718
5706
5716
5719
5720

156.9
139.1
135.7
132.3
129.5
125.4
119.9
119.9
117.2
115.1
114.4
112.4
111.7
110.3
109.6
109.6
106.9
106.9
106.9
106.2
101.4
100.7
98.0
97.3
93.2
80.9
80.2

Mallinckrodt C-T Project- Phasel
Final Status Survey Report Building 235 Roof
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

THE FOLLOWING DATA POINTS PASSED BACKGROUND, DCGLw, AND

EMC SCREENING TESTS:

! ;e 235R4 n 'd"a B235

-

Room
999R4
999R4
999R4
999R4
999R4

SFC
R
R
R
R
R

X (fIl
32.0

8.9
20.5
43.6
37.8

Y (ft) Mtx
60.4 C
60.4 C
60.4 C
60.4 C
60.4 C

Meas.
Type
RG
RG
RG
RG
RG

Min
I
I
I
I
I

Gross Activity
SID (dorrnJoocm') Remarks

5702 73.3
5698 72.6
5700 71.3
5704 63.7
5703 51.4

Exc Res.

Mallinckrodt C-T Project- Phasel
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

Summary of Background Data and Thresholds Used in this Analysis

l/ 1v%1'.I enti,, f Ii't le, : BK D ( ;1.: 2.600 I.1/(* 28,639

MI/ci.v Nur of A' ttr(we '!1 B!.we *S-t
Data 8B:wk-,ro,,,,,d 71T h rbsvnld

Points (Thk)
=dp mnI1nr0Cr" ) (dp Mt, lnOcrlv1 (do M. 'ntcrn-)

C 60 36.6 19.3 75.1

DCGI,,-
71T hT.rhipl(l

(7-d)
(rrl'n nl0 l rnncem

2,675

I."I IC

(7;r)
Wdn m. orrm' 1

28,714

Mallinckrodt C-T Project- PhaseI
Final Status Survey Report Building 235 Roof
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

STATISTICAL TEST

%, -, , 17/16/2003 3:39:35

1r ." In,' 235R C.!ss 1

-~ rh,~ 1n~

- s. .

WILCOXON RANK SUM TEST

Pass

E 'r. 28,639 DC'S. 2,600

DATA SUMMARY TABLE

60 Background Points 32 Survey points processed

Wr = 3750 WC= 2991

****** The survey unit has passed the WILCOXON RANK SUM TEST *****

Mallinckrodt C-T Project- Phasel
Final Status Survey Report Building 235 Roof
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

P-?, A Wednesday, July 16, 2003

S - - '' r 235R5 .;ass 1 Dara Poi-%v Beta Grid Type. R Soacing 5.6 ft

SURVEY UNIT TABLE

Fixed
Bid Rm Surface Equipment
8235 999R R

-

Surface Area
Included

(sq. ft)
719

719

Remarks

Total

INITIALIZATION DATA

1¶i-nE-1-ef'- 't - .eS #., .t RG, PR, 81, CH

All

-- ' '(^ 30,022 z)Crv_ 2,600

SURVEY UNIT TEST STATUS

Test Performed Status

"-- ^ ^0.1Y Pass L
rL V - L'' ! Fail

Pass .)I
' ,r A"' Pass A%

- 'Pass

lattttStLIvey

fewenc,

frnage Actvity

,erage 'Ielow

Mtx

C

C

Dpmrnp 1 OOcm

158.0

2.0

155.0

87.1

87.1

:-I ; -vv e-'

C. "r '. 45! -, , . -'! .H~

N/A

Pass

Avrragrv Backgroi-! 36.6

Mallinckrodt C-T Project- Phasel
Final Status Survey Report Building 235 Roof
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MALLINCKRODT C-T DECOMMISSIONING 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

;-i I-,' 235R5 : efig B235

Meas.
Room SFC X (ft) Y (ft) Mtx Tvoe

Gross Advity
Min SID 1dnmJ1ooma Remarks Exc Res.

999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5
999R5

23.9
12.6
18.3
40.8
18.3
1.3
7.0

35.2
1.3

35.2
29.5
23.9
7.0

12.6
1.3
7.0

18.3
29.5
40.8

7.0
12.6
1.3

40.8
29.5
23.9
18.3

76.2 C
76.2 C
70.5 C
76.2 C
76.2 C
70.5 C
70.5 C
76.2 C
76.2 C
70.5 C
76.2 C
70.5 C
81.8 C
70.5 C
81.8 C
76.2 C
81.8 C
70.5 C
81.8 C
83.4 W
83.4 W
83.4 W
83.4 W
83.4 W
83.4 W
83.4 W

RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG
RG

5645
5643
5652
5648
5644
5649
5650
5647
5641
5655
5646
5653
5634
5651
5633
5642
5636
5654
5640
5626
5627
5625
5632
5630
5629
5628

157.6
150.8
143.2
143.2
137.1
135.0
130.2
130.2
109.6
109.0
108.3
106.2
105.5
100.1
98.7
95.9
85.7
82.2
78.8
71.9
54.4
43.9
36.0
17.5
16.7
12.3
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

THE FOLLOWING DATA POINTS PASSED BACKGROUND, DCGLw, AND

EMC SCREENING TESTS:

ow . 1 235R5 1 B235

Meas.
V (fl) Mtx Tvno

Gross Activity
SID (dDTJ1oocni RemarksRnnm SFCr ) IX ft) Min Exc Res.v v tww | tl-f wS * svw *}|6|-

999R5
999R5
999R5
999R5
999R5
999R5

R
R
R
R
R
R

35.2
29.5
40.8
12.6
23.9
35.2

81.8 C
81.8 C
70.5 C
81.8 C
81.8 C
83.4 W

RG
RG
RG
RG
RG
RG

1
I
1
I
1
1

5639
5638
5656
5635
5637
5631

72.6
69.9
63.7
62.4
61.7
-4.4

Mallinckrodt C-T Project- PhaseI
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

Summary of Background Data and Thresholds Used in this Analysis

BK D( (;.: 2,600 EIIC:[ 30,022

Ma.tirix Viiinb~er q/ 'Iur~( Si,,',nu, Iacki,-ro,,id DCGI't1 h'JIC
Daut Back-'rviFd Thri rvh/nld 77tresheIld Thri rthold

(do n,~,i I0cm') (dp r.'1C1cm'l Qfrn m, lflOnrrn', (di' IOC kr)m,'i 1 (dr 'vi. 'i'Ocrr

C 60 36.6 19.3 75.1 2.675 30,097

w 0 0.0 0.0 0.0 2,600 30,022

Mallinckrodt C-T Project- PhaseI
Final Status Survey Report Building 235 Roof
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MALLINCKRODT C-T DECOMMISSIONING PROJECT
Threshold Comparison Test Report

STATISTICAL TEST

!Zrr ?atr: 7116/2003 3:37:11

'I1 235R5 C I>- 1

"r'r t' SIGN TEST FOR PAIRED DATA

Pass

Elr 30,022 D(IG; 2,600

DATA SUMMARY TABLE

32 Survey points processed 2 matrices processed

S+ = 32 WC= 21

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

Mallinckrodt C-T Project- PhaseI
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Revision: 0
APPENDIX 5

July 200396


