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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 interior surfaces of
Building 250 on the Mallinckrodt St. Louis site (designated as Survey Units (SU)
2502, 2503, and 2504). 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 Field Instruction (FI) CT-FI-003' and CT-Fl-
0042 to demonstrate that the established guidelines for unrestricted release have
been met. The results of the FSS are presented in this FSSR as justification for
release of these survey units from License STB-401 for unrestricted use.

1.2. HISTORICAL BACKGROUND

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

CT-FI-003, Final Status Survey Guidefor Survey Units 2502 and 2503.
2 CT-FI-004, Final Status Survey Guidefor Survey Unit 2504.
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Regulatory Commission (NRC), to allow extraction of columbium and tantalum
(C-T) from natural ores and tin slag, since the ores and byproducts of processing
contain uranium and thorium isotopes. Mallinckrodt has not performed C-T
extraction since 1987. On July 12, 1993, NRC amended License STB-401 to
possession-only for D&D and license termination.

2. SCOPE OF FINAL STATUS SURVEY

2.1. DEFINITION AND CLASSIFICATION OF SURVEY UNIT

2.1.1. The affected interior walls and floors on the 2nd floor of Building 250 excluding
the stairwells have been designated as 2 survey units, SU-2502 and SU-2503. The
affected interior walls and floors on the 1st floor of Building 250 including the
stairwells, have been designated as a single survey unit, SU-2504. Each survey
unit has been classified 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 2.13
Survey Area Descriptions

Area Survey Unit Location I Surface

1st Floor - Rm 101 Closet: Area remodeled for entrance to lobby area. Walls are
studded and drywalled on north side. South side masonry painted with epoxy

273 2504 coating.

Ist Floor - Rm 103/A/B Doors: Removed and area remodeled for new conference
274 2504 room. Walls are studded and drywalled.

275 2504 1st Floor - Rm 110 Desk Drawer: Removed and disposed of.

Ist Floor - Rm 115 Doorways: Removed and disposed of. New walls installed.
Area is studded and drywalled for labs and office cubicles on north side. New drop

276 2504 ceilings.

280 2504 1st Floor - East Stairwell-original

281 2504 1st Floor - West Stairwell-original

282 2504 1st Floor - CT Lead Well

I st Floor CT Lab Office - Interior Walls-mostly drywall covered post CT
283 2504 operations, block walls original and covered with one coat of epoxy paint since CT.

I st Floor CT Lab Office - Floor: removed and replaced with linoleum post CT
284 2504 operations.

1st Floor CT Lab Office - Ceiling: all new ceiling tiles post CT, drop ceiling
285 2504 structural components accessible.

3 Appendix A of D Plan.
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Area Survey Unit Location / Surface

1st Floor CT Lab Hall - Interior Walls: drywall post CT except areas of exposed
286 2504 block. Exposed block painted with one coat epoxy paint.

287 2504 1st Floor CT Lab Hall - Floor: replaced with new tile post CT operations.

1 st Floor CT Lab Hall - Ceiling: all new ceiling tiles post CT, drop ceiling
288 2504 structural components accessible.

289 2504 1 st Floor CT Lab Count - Interior Walls: all drywall covered post CT operations.

290 2504 1 st Floor CT Lab Count - Floor tile replaced post CT operations.

292 2504 1st Floor CT Lab Count - Ceiling Drain Pipes-original

293 2503 2nd Floor Rm 201 - Countertops/Sinks: original

294 2503 2nd Floor Rm 201 - East Hood: original

297 2503 2nd Floor Rm 201 - North Wall: Painted with epoxy coating.

298 2503 2nd Floor Rm 202 - Floors: New inlaid linoleum installed.

299 2503 2nd Floor Rm 202 - Interior Walls: Repainted with epoxy coating.

303 2502 2nd Floor Rm 205 - East Wall: Repainted with epoxy coating.

305 2502 2nd Floor Rm 207 - Staging Area: floor under sink remediated post CT operations

308 2502 2nd Floor Rm 209 - Countertops: original

309 2502 2nd Floor Rm 209 - Drains: original

310 2502 2nd Floor Rm 209 - Floors: original

311 2502 2nd Floor Rm 210 - Floors: original

312 2502 2nd Floor Rm 210 - North and West Walls: original

2nd Floor Rm 210 - Mechanical Room Equipment: Vacuum hold tank, air
313 2502 compressor, air handler, and chiller unit - original.

314 2502 2nd Floor Rm 211 - West Hood: original

315 2502 2nd Floor Rm 211 - Countertops: original

316 2502 2nd Floor Rm 211 - Drain: original

317 2502 2nd Floor Rm 211 - Cabinets: original

2.1.3. A summary report for the survey units listing all the surfaces and fixed apparatus
assigned to SU-2502, SU-2503, and SU-2504 is presented in Appendix 1.
Drawings of the first and second floor of Building 250 showing the location of the
rooms that were surveyed are presented in Appendix 2, Figures 2.1 and 2.2. The
blue numbers in the drawings represent rooms that were surveyed as part of the
FSS.4 Where possible, the original room number was used. When necessary, new

4 Rooms 102, 103, and 120-123 were surveyed and reported separately under survey unit 2501.
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numbers were created to identify each space that was surveyed. Walls shown with
dashed lines are walls which have been removed since 1985 and which could not
be surveyed. Walls shown in red have been constructed since the C-T era and
need not be surveyed since they are unaffected. Some rooms have been outlined
in blue to clarify the old boundaries of the rooms that were surveyed in the current
building configuration.

2.1.4. Details of the laboratory rooms on the second floor are illustrated in Appendix 2,
Figures 2.3 through 2.9 showing the location of all items of installed apparatus not
part of the ceiling.

2.2. IDENTIFICATION OF THE RADIOLOGICAL CONTAMINANTS

2.2.1. The radionuclides on the St. Louis site under license STB-401 are the uranium
and thorium series. Both series are assumed to be in radioactive equilibrium and
to exist in a uranium-to-thorium ratio of two to one.5

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 matrices. For
matrices where no background data were available, a value of zero was used.

2.3.2. 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.
Background levels for the contaminants of interest are presented in Table 2.2.

5 Mallinckrodt C-T Project D Plan Appendix D.
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Table 2.2
Background Reference Data

Standard

Matrix Code Mean Deviation
(dpml OOcm 2)6  (dpmp /100cm2)

Asbestos Tile AT 0 0
Asphalt A 78 52
Brick B 192 16
Carpet CPT 0 0
Celotex Ceiling Tile CTX 153 15
Ceramic Tile CT 214 40
Concrete C 35 20
Concrete Block CB 96 22
Counter Top - Lab (Bldg 250) CTP 144 29
Giberglass FG 0 0
Glass G 0 0
Gypsum Board GB 0 0
Metal M 24 16
Other Non Metal 0 0 0
Plastic P 0 0
Red Clay Tile R 0 0
Rubber Base RB 0 0
Tar/roofing TR 78 52
Transite Wall Panels TS 0 0
Vinyl Tile VT 15 24
Wood W 13 24

2.3.3. Gamma background. The average of the gamma background levels recorded in
the rooms where gamma measurements were taken is presented in Table 2.3

Table 2.3
Gamma Background Reference Data*

Room Ambient BKRoom (cpm)

lOiC 7,000
103AB 6,500

110 7,000
115 6,770**
127 6,500
139 6,500
140 6,500

* 3" x 3" shielded Nal detector
** Average of 4 readings.

2.3.4. The average value for the building was 6,700 cpm and standard deviation (a) was
250 cpm. For all net gamma scan measurements, the average gamma background

6 Dpmdl10 cm2 refers to the disintegrations per minute per 100 cm2 for the combined nuclide series.
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of 6,700 cpm was used. For direct measurements the local background value
from Table 2.3 was used.

2.4. RELEASE CRITERIA

2.4.1. Table 2.4 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. It also applies to items of installed apparatus such as vents, air
handlers, and piping.

2.4.2. To limit the dose from residual materials as much as possible an Administrative
Release Guideline (ARG)7 was developed and was used during the FSS as if it
were the DCGLw with certain exceptions.8

Table 2.4
Building Surface and Installed Apparatus Release Criteria

Criterion (dpm, /100 cm )

DCGLw 13,000

ARG 2,600

2.4.3. Elevated Measurements Criterion (EMC).

2.4.3.1. Because the units surveyed in this FSS were Class 2, all measurements
are required to be less than the DCGLw. Therefore, the EMC criteria do
not apply to this FSS.

2.5. SURVEY INSTRUMENTS

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

7 NEXTEP Tech Memo 0211, Recommendationfor an Administrative Release Guidelinefor the Mallinckrodt
C-TProject, A.H. Thatcher, CHP.

s Final Status Survey Design Guide (Phase I), Section 3.2, covers the rules governing use of the ARG.
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2.5.3. Measuring equipment were tested at least once on each day the equipment was
used for FSS. Test results were recorded in tabular or graphic form and compared
to predetermined, acceptable performance ranges. Equipment not conforming to
the performance criteria was promptly removed from service and any data
gathered in the interim evaluated for quality until the deficiencies were resolved.

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

2.5.5. L2221/AB-100 - The primary instrument used for the detection of surface
radioactivity was the AB-100 scintillation detector configured for beta detection.
The AB-I00 detector houses a ZnS/BC-408 organic scintillator and is paired with
the Ludlum 2221 scaler/ratemeter for fixed and scan surveys. The window of the
AB-100 was modified to increase the thickness of the mylar to 7-9 mg/cm2 for the
purpose of alpha attenuation9. 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 locations. The difference in the two readings is
attributable to beta emissions above 80 KeV in energy." l The sensitivity of the
AB-I00 was derived from experiments by Lucas and Colyott which were reported
in Attachment 3 to the D Plan.'2 The actual instruments used were calibrated and
normalized to the reference instrument tested by Lucas and Colyott as prescribed
in CT-QA-6.1' 3 .

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. L43-89 - The Ludlum 43-89 scintillation detector is a newer design that is
functionally and physically equivalent to the AB-100. It has a slightly lower
efficiency as a rule, and it may be paired on the same ratemeters and scalers.

2.5.8. L3030 - The Ludlum Model 3030 alpha/beta scaler houses ZnS(Ag) and plastic
scintillators and was used to count removable contamination collected on paper
swipes. Smear papers were counted in the laboratory and results were reported in
Opm/100 cm2. Removable contamination measurements were not compared with

9 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 0 rays from the U and Th series.

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

12 Energy Dependent Calibrationsfor 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.

13 CT-QA-6.1 - Calibration and Control of Measuring and Survey Equipment.
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the release criteria for purposes of releasing the survey unit, but only to confirm
that the removable fraction was less than 20% of the DCGLw.

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

2.6. LOWER LIMIT OF DETECTION

2.6.1. The terminology adopted to reflect the measurement (detection) capability of an
instrument is the "Lower Limit of Detection" (LLD) or the "Minimum Detectable
Activity" (MDA). It refers to the intrinsic detection capability of the entire
measurement process. The LLD, or MDA, is the lowest level of radioactivity that
will yield a net count, above system blank, that will be detected with at least 95%
probability with no greater than a 5% probability of falsely concluding that a
blank observation represents a real signal. It is desirable to express the MDA as
minimum detectable areal density (MDAD) or minimum detectable concentration
(MDC) in units comparable to a regulatory limit with which a measurement may
be compared. For a more detailed discussion regarding LLD and equations
involved in calculation of LLD, refer to CT-QA-6. 1."

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

Measurement Type MDC Requirement

Direct 50% of ARG
Class 2 Scans ARG

2.6.3. The MDCs for the instruments used in the FSS were calculated according to
Appendix D of the D Plan. A comparison of the MDCs calculated for the AB-100
and the NaI gamma detector with the requirements is provided in Table 2.5.
Details of the MDC calculations for the AB-100 are presented in NEXTEP Tech
Memo 0230.16

14 CT-QA-6.1, Ibid.
'5 NUREG 1575, MultiAgency Radiation Survey andSite Investigation Manual.
16 NEXTEP Tech Memo 0230, Technical Basis Documentfor Mallinckrodt Final Status Surveys, A.H. Thatcher,

CHP (included with FSSR 235 Roof).
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Table 2.5
Minimum Detectable Concentration (MDC) Comparison' 7

Calculated Required
Measurement MatrixMDC MDC

(dpmd100 cm2) (dpmJ/100 cm2)
BETA DIRECT Brick 100 1,300
BETA SCAN Brick 760 2,600

GAMMA DIRECT Vinyl Tile 1,170 1,300
Carpet 1,090

GAMMA SCAN Vinyl Tile 1,130 2,600
Carpet 1,030

2.6.4. MDCs for the 3"x3" shielded NaI Gamma Detector were calculated using
Equation 118. The conversion factors, Fg, for direct gamma readings taken
through carpet and vinyl tile over concrete were calculated in NEXTEP Tech
Memo 031719 and are presented in Table 2.6.

Equation 1

2 .7 1 + 3 .29 *rb *

Calculated Gamma Direct MDC = (dpmp /lOOcm2)

Where:
crb = Shielded gamma background sample standard deviation2 0 (250 cpm)
Fg = gamma conversion factor (Table 2.6)
tb = Background count time (5 minutes)
ts+b = Sample count time (1 minute)

17 All Values given are net of background.
18 NEXTEP Tech Memo 0230, Equation 6.
19 NEXTEP Tech Memo 0317, Use of the 3 " x 3 " Na! Detectorfor Measurement of Contamination on Concrete

through Vinyl Tile and Carpet, Ning Zhang
20 Section 2.3
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Table 2.6
Gamma Conversion Factors2 '

Measurement Type and Conversion Factor
Floor Covering (cpm/dpm/lOOcm 2)

Vinyl Tile 0.77

a Carpet 0.83

C Vinyl Tile 0.60

W Carpet 0.66

2.6.5. Scan MDCs for the 3"x3" shielded Nal Gamma Detector were calculated using
Equation 2 which is the combination of Equations 8 and 9 from NEXTEP Tech
Memo 023022. The background value from Section 2.3 and conversion factors
from Table 2.6 were used in the calculations.

Equation 2

Scan MDC = -. 8.3 a
Fg P* i ,

Where:

d' = 1.38 when decision error, a = 0. 60, and correct decisionfraction, 1-fl =0.9S53

i = observation interva?4 (sec) = (detector area)"2 /scan speed = 3.33sec
BK = background (cpm)= 6,700 cpm
60 = conversion, 60 (sec/min)
p = surveyor efficiency, assumed2 5 to be 0. 5
Fg = gamma conversionfactorfor scansfrom Table 2.6

2.7. ACTION THRESHOLDS

2.7.1. Action thresholds based upon the release criteria were calculated for each type of
instrument used in this FSS and the results are presented in Table 2.7.

2.7.2. The action threshold for beta scans is derived in NEXTEP Tech Memo 023026 and
is based upon the ARG.

21 NEXTEP Tech Memo 0317, Ibid.
22 NEXTEP Tech Memo 0230, Ibid.
23 Abelquist, E.W., Table 6.1 p 6.23.
24 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).
25 Abelquist, E.W., et.al., §6.7.1.
26 NEXTEP Tech Memo 0230, ibid.

Mallinckrodt C-T Project-Phase I Revision: 0
Final Status Survey Report Building 250 Interior March 2004

11



2.7.3. The action thresholds for both direct and scan gamma measurements were
calculated using equations presented in NEXTEP Tech Memo 023027 and gamma
conversion factors, Fg, from Table 2.6. Since gamma readings were occasionally
at or above the ARG, these thresholds were based upon the less conservative
DCGLw.

2.7.4. The calculation for the direct gamma action threshold is given by Equation 3.

Equation 3
Tft,= DCGLw * Fg

Where:
TrnV = The investigation threshold. (cpm)
Fg = The directgamma conversion factor (Listed in Table 2.6)

2.7.5. The calculation for the gamma scan action threshold is given by Equation 4.
Equation 4

Tinv = DCGLw * Fg * V;

Where:
Fg = The gamma conversion factorfor scans. (Listed in Table 2.6)
p = surveyor efficiency (assumed to be = 0.50)

Table 2.7
Action Thresholds28

Measurement Floor | (ov
Covering (cpm)

BETA SCAN NA 2,000

GAMMA DIRECT Vinyl Tile 10,000
Carpet 10,800

GAM CN Vinyl Tile 7,080
GAM CNCarpet 7,630

2.8. INSTRUMENT SENSITIVITY, BACKSCATTER AND PAINT ATTENUATION

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

27 NEXTEP Tech Memo 0230, ibid.
28 The Class 3 action threshold is always equal to the greater of the TBK or the MDC of the instrument used. TBK is

defined for each matrix as mean background plus two standard deviations (2a) as described in Section 3.5.4.
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Equation 5

AD= Co - Cc
PAF*Si *Sb(m)*t

Where:

AD = Areal Density in dpml/)00 cm2 for the parent nuclides
Co = Counts measured in the open window configuration
Cc = Counts measured in the closed window configuration
PAF = Paint attenuation factor derivedfrom the number of coats ofpaint applied to the

surface since C-T operations ceased.29

S. = Normalized Instrument sensitivity without backscatter.
Sb(m) = Backscatterfactor (a function of matrix)
t = Integration time in minutes.

2.8.2. Justification and calculations for separation of backscatter (as a function of the
matrix) and instrument sensitivity were presented in NEXTEP Tech Memo
0215.30 Reference backscatter coefficients for several matrices were generated
using an MCNP model and are described in NEXTEP Tech Memo 0213.31 These
coefficients were stored in the Matrix table in the Database and were used in the
calculations according to the matrix 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.

29 When the majority of the data used were FSSE data taken in the 1990's, zero coats of paint were assumed to
cover those measurements and PAF was set to 1.0 for the entire surface.

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

31 NEXTEP Tech Memo 0213, Beta Backscatter Factors for Several Materials at the Mallinckrodt Site, N.
Zhang and D. Wilson, (Included with FSSR 2501).
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Table 3.1

Survey Procedures and Documents

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

CT-FI-003, Final Status Survey Guide for Survey Units 2502 and 2503

CT-FI-004, Final Status Survey Guide for Survey Unit 2504

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
Manager, or designee for processing and review. The data collection forms and
annotated drawings were signed by the technician taking the data and reviewed by
the Radiation Protection, Health & Safety (RPHS) Manager or designee
overseeing the survey. After data entry and review, QA approved the data sheets
and filed them with the permanent Mallinckrodt records. The QA checklist32

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. SPECIFIC SURVEY METHODS

3.2.1. Rooms 110 and 115

3.2.1.1. Only portions of the original rooms 110 and 115 remain in place. Each
room consists of the floor, 1 wall, and small items of equipment attached
to the ceiling. The floor has been at least partially recovered with vinyl
tile since CT operations ceased and approximately 4 coats of paint exist
on the concrete block walls. Therefore, characterization surveys were the
primary source of data in the rooms. Rooms 110 and 115 contain 9 and
26 FSS measurements on wall and floor surfaces respectively. Of these,
only 2 regular grid (RG) points in each room were taken during the FSS
surveys in 2003. Therefore, the surfaces in these two rooms were coded
for zero paint (PAF=1.0) to reflect the condition of the surfaces when
characterization data were collected.

32 NEXTEP Tech Memo 0206, QA Data Verifcation for Ml CT Final Status Survey Data, B. Anderson,
(Included with FSSR 2501).

Mallinckrodt C-T Project-Phase I Revision: 0
Final Status Survey Report Building 250 Interior March 2004

14



3.2.1.2. Four coats of paint (PAF=0.10) would have the effect of inflating the
four RG readings by a factor of 10. Since all four RG measurements
were less than 45 dpmp/100cm 2 the affect of the additional paint would
raise the values to something less than 450 dpm/100cm2 and would not
affect the outcome of the analysis performed.

3.2.1.3. J scans were taken on the exposed concrete block to cover at least 10%
of the total wall area and 100% of the floor area was scanned with a
shielded Nal gamma detector.

3.2.2. Room 103AB

3.2.2.1. Only portions of the original rooms 103A and 103B remain in place.
The middle partition between them has been removed, and the rooms
have been consolidated into one room, 103AB. The affected areas
consist of the floor, 2 walls, and small items of equipment attached to the
ceiling. The floor has been recovered with carpet since C-T operations
ceased and the walls have been studded and drywalled.

3.2.2.2. Existing FSSE measurements were used for the FSS. Bias 3
measurements were also collected on the equipment attached to the
ceiling and on any exposed portion of the original walls above the
suspended ceiling.

3.2.2.3. J3 scans were taken on exposed concrete block to cover at least 10% of
the total wall area and 100% of the floor was scanned with a shielded
Na! detector.

3.2.3. Room 101C

3.2.3.1. Room 1IOC consists of the floor, 4 walls, and a sink. The walls have
been painted with two coats of paint and the north wall has been studded
and drywalled. The floor covering was assumed to be new.

3.2.3.2. Direct P3 measurements were taken on the grid locations where possible.
Bias direct J measurements were collected in the sink basin, and on the
light and vent.

3.2.3.3. f scans were taken on at least 10% of the exposed concrete block on the
walls, and 100% of the floor was scanned with a shielded NaI detector.

3.2.4. Rooms 139 and 140

3.2.4.1. Rooms 139 and 140 each consist of the floor, 4 walls, and small items of
equipment attached to the ceiling. The floor of room 139 has been
recovered with vinyl floor covering and the floor of room 140 with tile.
Most wall surfaces have been studded and drywalled. Remaining
exposed concrete block on non-drywalled walls has been painted with 1
coat of paint since C-T operations.
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3.2.4.2. Room 139 has 54 FSS measurements on the walls and floor. Of these
only 2 RG data points were taken in 2003. Therefore the surfaces of this
room were coded for zero paint (PAF=1.0) to reflect the condition of the
surfaces when characterization data were collected. One coat of paint
(PAF=0.357) would have the effect of inflating these readings by a factor
of about 3. Since both RG measurements were less than 55
dpmp/100cm 2, the effect of the additional paint would raise the values to
something less than 165 dpm/100cm2 and would not affect the outcome
of the analysis performed.

3.2.4.3. All but 2 of the direct beta measurements recorded on the building
surfaces in room 140 were FSSE measurements from the characterization
program. Therefore the walls were also coded for zero paint. The 2 bias
measurements taken in 2003 were below 88 dpm/100cm2 . The affect of
paint on these points would raise the values to something less than 265
dpmW/lOOcm 2 and would not affect the outcome of the analysis
performed.

3.2.4.4. Direct 0 measurements were also taken on small pieces of equipment
attached to the ceiling including the fire sprinkler system and the
electrical track in room 139.

3.2.4.5. J scans were taken on at least 10% of the exposed concrete block on the
walls and 100% of the floor was scanned with a shielded Nal detector.

3.2.5. Room 127

3.2.5.1. Room 127 consists of the floor, 4 walls, and small items of equipment
attached to the ceiling. The floor has been recovered with floor tile since
CT operations ceased and the walls have been studded, drywalled, and
mostly covered by wall lockers.

3.2.5.2. Portions of a drain line running through the ceiling of Building 250
above room 127 were removed during decommissioning remediation
activity in the period between February and March 2003. The connecting
pipes that were cut to allow removal of the main line were surveyed with
direct beta measurements and capped off.

3.2.5.3. A full compliment of FSSE measurements were taken on the original
surfaces, and those measurements were used for the FSS. For this
reason, the coats of paint on the wall surfaces of room 127 (which were
applied post C-T operations) were set to zero as shown in Appendix 1.
Bias measurements were also taken on installed apparatus.

3.2.5.4. f scans were taken on at least 10% of the exposed concrete block on the
walls and 100% of the floor was scanned with a shielded Nal detector.
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3.3. SURVEY MEASUREMENTS

3.3.1. Beta Measurements:

3.3.1.1. Direct - A systematic grid of direct beta measurements was obtained on
the wall and floor surfaces as described in the FI. Direct beta
measurements were collected on the surfaces of the survey units. Bias
measurements were taken on building surfaces and on fixed apparatus at
locations determined by the surveyor in an effort to fully characterize the
fixed apparatus.

3.3.1.2. Scans - Beta scans were performed using the same instruments used for
the direct beta measurements. Beta Scans were performed on the wall
surfaces and on the floor surfaces except in rooms lOiC, 103AB, 110,
127, 139, and 140. 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.

3.3.2. Gamma Measurements:

3.3.2.1. Direct - Direct gamma measurements were taken on the floor of room
115 which was covered with new vinyl tile. A 3"x3" Sodium Iodide
(Nal) gamma detector was placed on each location on the surface and the
count was taken for one minute.

3.3.2.2. Scans - Gamma Scans were performed in straight lines 5 cm above the
surfaceofthefloorinrooms lOiC, 103AB, 110, 115, 127, 139,and 140
with each scan line separated from the next by 1 meter. The scan rate did
not exceed 1 ft/s.

3.3.3. Removable Contamination Measurements:

3.3.3.1. Swipes - Removable contamination samples were collected at all regular
grid locations on the surfaces of each survey unit. 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 DCGLw33.

3.4. MEASUREMENT LOCATIONS

3.4.1. Statistical Grid Data Points

3.4.1.1. The Visual Sample Plan© (VSP)34 software was used to develop a
MARSSIM grid for all three survey units. The minimum number of

33 Section 3.3 of the C-T Design Guide.
34 NEXTEP Tech Memo 0008, Veriication and Validation of Applicable Portions of VSP Software, A. H.

Thatcher, CHP.
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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.

3.4.1.2. VSP uses the Data Quality Objective (DQO) input values to calculate the
number of measurement points, N, required to satisfy MARSSIM
statistical guidance. 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 250 Interior

DQO Value

Type I error rate 5%

Type II error rate 5%

Width of Gray Region 200 dpm/1 00cm2

Level (ARG) 2,600 dpmp/100cm2

Estimated Std Deviation 200 dpm/100cm2

3.4.1.3. The minimum required number of grid measurements for all survey units
was 24. The number 29 was used for survey planning to account for
approximately 20% inaccessible or unusable locations.

3.4.1.4. A rectangular grid pattern was used for all three survey units. Grid
spacing varied from room to room wherever FSSE data taken during
previous surveys was used for the FSS. For all cases the spacing of old
data points was less than that called for by VSP. The number of grid
points actually recorded for each survey unit is presented in Table 3.3.

Table 3.3
Grid Points Recorded by Survey Unit

Survey Unit Class (actual)

SU-2502 2 31

SU-2503 2 28

SU-2504 2 68

3.4.2. Bias Measurement Locations

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

3.4.2.2. Bias surveys were also taken at hot spot locations identified by scans as
directed in the Hot Spot Protocol35.

35 CT-FI-004, ibid.
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3.5. REFERENCE COORDINATE SYSTEM

3.5.1. 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.

3.5.2. A data point's unique location is specified by a combination of the following data
elements: building, room, surface ID, X, and Y. The surface ID refers to the four
walls, floor, ceiling and roof as shown in Table 3.4. X and Y are distances from
the origin measured as shown in the table. An example of X and Y axes for floors
and walls is presented in Appendix 2, Figure 3.1.

Table 3.4
Coordinate System Locators

Location Identifier X Y

North Wall N Feet right from Feet up from floor

East Wall E leftmost edge of or the lowest point
West Wall W the wall surface in the room

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

3.5.3. 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".

3.5.4. 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".

3.5.5. 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.

3.6. DATA EVALUATION

3.6.1. All of the direct, swipe and scan data were entered into the C-T Radiation
Database (RDB) for easy access and analysis. The direct beta measurements are
the primary means for documenting the survey unit and justifying its release.
Therefore, a special report was programmed to perform all the tests specified in
Section 4.4.8 of the D Plan and to provide a clear report of the results for
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evaluation. The calculations in this report have been validated and verified as
described in NEXTEP Tech Memo 023136.

3.6.2. 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 that the survey unit meets the requirements for release.

3.6.3. 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/FAL verdict for the entire data set.
The tests are described in the following paragraphs37. An abbreviated summary of
these tests is presented in Table 3.5.

3.6.4. Background Screen.

3.6.4.1. 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 3

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

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

3.6.4.3. 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.

3.6.5. MinlMax Test.

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

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

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

36 NEXTEP Tech Memo 0231, Validation and Verification of the C-T Database Analysis Report, B. Anderson,
(included with FSSR 2501).

37 A more detailed explanation is provided in the Design Guide.
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3.6.6. DCGLw Screen.

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

Equation 4

Td(m) = Tbk (m) + DCGLw

3.6.6.2. 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.

3.6.7. EMC Screen.

3.6.7.1. For each matrix code calculate and store an EMC Threshold (T.). 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.

Equation 5

T (m) = Tbk (m)+ EMC

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

3.6.8. DCGL Average Test.

3.6.8.1. For each matrix material in the survey unit, calculate the mean activity
density, (in dpmp/1 00cm2), 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

AD(m) - BK(m) > DCGLw

3.6.9. Statistical Tests.

3.6.9.1. 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.

3.6.9.2. The Wilcoxon Rank Sum Test38 is applicable for survey units with
measurements on a single matrix type or on matrices with similar

38 Described in Appendix I of MARSSIM.
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background characteristics. Where more than one matrix was present,
the Sign Test for Paired Data39 was used.

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'

DCGLw All samples must be no more than DCGLw + the background
threshold

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

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

Sign Test The Sign Test for Paired Data is described in detail in
for Paired NUREG 150540

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

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

3.6.10. The output of the Threshold Comparison Test Report (TCTR) was used for
analysis of the data for the interior of Building 250 and the results are presented in
Appendix 4. The TCTR is divided into eight sections which are briefly described
in the following paragraphs to assist the unfamiliar reader.

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

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

3.6.10.3.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". If remediated data points are included in the run, it will be
noted in this section. Normally they will be excluded.

39 Described in NEXTEP Tech Memo 0231, Ibid.
40 NUREG 1505, A Nonparametric Statistical Methodologyfor the Design and Analysis of Final Status

Decommissioning Surveys.
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3.6.10.4. Values for DCGLw (ARG) and DCGLEMc are also specified at the start
of the run and are listed in this section. Normally, the values for
DCGLw and DCGLEMC are initialized to 2,600 and 13,000 dpmp/100cm2

respectively. If, however, measurements within the survey unit exceeded
the ARG value of 2,600 dpm/1 00cm2, the DCGLw initialization value
was increased as necessary up to 13,000 dpmI,/lOOcm 2, the actual limit
stipulated in the D Plan.

3.6.10.5. 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.

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

3.6.10.7. 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.

3.6.10.8..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.

3.6.10.9. 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.

3.6.11. 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 SU Release4 '

Test Class I Class 2 Class 3
Min/Max not required' not required' PASS
Background not required not required PASS
DCGLw not required PASS PASS
DCGL.EL PASS PASS PASS
EMC PASS PASS PASS

Sign Test PASS PASS PASS
Paired Datfao I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

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

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

4.1. CHARACTERIZATION DATA

4.1.1. Characterization data taken in these survey units from 1992 to 1996 with an HP-
210 instrument cannot be normalized to the AB-100 calibration standards and
therefore are not included in the data set.

4.1.2. Data were taken in 9 rooms from 1995-1999 with an AB-100, and those data are
included in the data set. In rooms where the original surface has since been
covered with new vinyl tile, drywall, or carpet, survey measurements were taken
from these data. All measurements included from characterization that were not
counted as grid measurements were treated as bias measurements.

4.2. SURVEY UNIT 2502

4.2.1. Direct Beta Measurements on Building Surfaces

4.2.1.1. SU-2502 was surveyed in January 1995, April and July 2003. Sixty-nine
direct beta measurements were taken on the floor and wall surfaces. 31
of these were included in the systematic grid. Diagrams of the room
layouts of the walls and floor with the beta measurements taken are
presented in Appendix 2, Figures 4.1 - 4.2.

4.2.1.2. A summary of the direct measurement results is presented in Table 4.1
and shows that the maximum activity measured, net of background, was
526 dpmp/1 OOcm 2. The average value for the survey unit was 150
dpmp/OOcm2 .

Table 4.1
SU-2502 Direct Measurements Summary

(Building Surfaces)

Matrix Points Avg Net Activity Max Net Activity

(dpmW/100cm 2 ) (dpmpl 00cm2 )

Brick 6 177.4 353.7
Concrete 17 8.0 278.2

Concrete Block 33 224.7 526.2
Fiberglass 1 260.4 260.4

Metal 1 -15.3 -15.3
Other Non Metal 6 224.3 311.6

Plastic 1 -175.4 -175.4
Vinyl Tile 4 76.7 92.2

*Dpmp refers to disintegrations per minute of the parent nuclide series.

4.2.2. Direct Beta Measurements on Installed Apparatus

4.2.2.1. All items of installed apparatus assigned to SU-2502 (listed in
Appendix 1) were surveyed by direct beta measurements. A summary of
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the measurements taken is provided in Table 4.2 sorted by matrix. The
net values observed ranged from -175 to 139 dpm/lO0cm2. All values
were less than 6% of the ARG.

Table 4.2
SU-2502 Direct Measurements Summary

(Installed Apparatus)

Avg Net Activity Max Net Activity
Matrix Points 10M).OC2

(dpm/ I00cm2) (dpnylo0cmp

Asbestos Tile 4 95.3 139.1
Celotex Ceiling Tile 2 12.1 127.7
Counter Top - Lab 20 -75.2 62.6

Fiberglass 1 31.0 31.0
Glass 7 22.5 58.0
Metal 55 3.3 117.6

Other Non Metal 2 68.7 104.7
Plastic 2 39.7 62.3

4.2.3. Direct Beta Measurement Distribution and Threshold Tests

4.2.3.1. A histogram of all the beta direct net activity values found in SU-2502 is
provided in Figure 4.1. The distribution appears to have two modes, one
at background and the other centered about 250 dpmp/100cm2. This is
consistent with a normal distribution of background radioactivity with
some residual radioactivity. All measurements were well below the
ARG.
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4.2.3.2. All the direct measurements in the survey unit were analyzed using the
Threshold Comparison Test Report (TCTR) and the results are presented
in Appendix 4 for SU-2502. The TCTR report contains a complete
listing of all the beta direct measurements taken in the Final Status
Survey within SU-2502 sorted by room, surface, and activity. The
summary pages indicate that all tests described in the D Plan passed
except for the background test. All tests required for release of a Class 2
survey unit 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-2502
Min/Max PASS PASS

Background PASS FAIL
DCGLw PASS PASS

DCGLavg PASS PASS
EMC PASS PASS

Sign Test for Paired Data PASS PASS
*Class I or 2 survey units which pass Min/Max may be
released without further consideration.

4.2.4. Measurements of removable contamination

4.2.4.1. Swipes were taken at each location where a direct grid measurement was
performed and on some fixed equipment. The results of the
measurements are presented in Table 4.4.

Table 4.4
SU-2502 Removable Contamination Summary

Surface Points Avg Net Beta Max Net Beta Avg Net Activity. Max Net Activity
(OpmnOOcm 2) (ppm/lOOcm2) (dpmpl DOcm2 ) (dpmp/iOOcm2 )

N 5 9.2 29.0 1.9 6.0
E 6 5.0 21.0 1.0 4.4
S 9 -1.2 18.0 -0.3 3.8
W 5 12.8 20.0 2.7 4.2
F 8 -4.1 12.0 -0.9 2.5

Q2 2 15.5 17.0 3.2 3.5
Q3 2 4.5 6.0 0.9 1.3
Q9 2 -6.0 -6.0 -1.3 -1.3

Q10 2 -1.0 6.0 -0.2 1.3
Q12 18 7.6 36.0 1.6 7.5

Activity was converted to dpmpl00 cm2 from Ppm/100 cm2 using an approximate figure of 4.8 betas
per disintegration.
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4.2.4.2. The results show that removable contamination averages near zero
dpmp/lOOcm 2 and varies between -3.5 and +7.5 dpmp/IO0cm2. The data
confirm that virtually no removable contamination is present within SU-
2502.

4.2.5. Beta Scan Measurements

4.2.5.1. Beta scans were performed on about 15% of the surfaces of the walls and
floor. Diagrams of the areas surveyed are presented in Appendix 2,
Figures 4.9 through 4.13.

4.2.5.2. The scan threshold used for these surveys was 2,000 cpm (net of
background) which corresponds to the ARG of 2,600 dpmp/100cm2. The
calculation of threshold count rate and MDC for scans is presented in
NEXTEP Tech Memo 023042.

4.2.5.3. All scans performed on the wall and floor surfaces were taken on
concrete, concrete block, and vinyl tile. The average background value
used for analysis of the concrete and concrete block raw data was
obtained from the open window, direct beta readings (in cpm) taken in
the survey unit. This value was 244 cpm for concrete and 301 cpm for
concrete block. The average background value used for analysis of the
vinyl tile raw data was obtained from the open window, direct beta
readings (in cpm) taken in the background data set. This value was
161 cpm. The average of all open window survey readings taken on
concrete and concrete block in the background data set were 331 cpm
and 412 cpm respectively. The average of all open window, direct
survey readings taken on vinyl tile in the survey unit was 262 cpm.

4.2.5.4. During the surveys the maximum and average gross count rates were
recorded for each area scanned. The beta scan data are summarized for
SU-2502 and presented in Table 4.5.

Table 4.5
SU-2502 Scan Measurements Summary

Matrix Areas Maximum Average Max Net Avg Net
(cpm) (cpm) (cpm) (cpm)

Concrete 9 350 239 19 -92

Concrete Block 6 400 300 -12 -112

Vinyl Tile 5 300 170 139 9

4.2.5.5. The maximum net scan value of 139 cpm is well below the scan
threshold of 2000 cpm. No beta scan data were observed in
SU-2502 above the scan threshold.

42 NEXTEP Tech Memo 0230, Ibid.
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4.3. SURVEY UNIT 2503

4.3.1. Direct Beta Measurements on Building Surfaces

4.3.1.1. SU-2503 was surveyed in February 1996, December 1999 and July 2003.
One hundred and thirty-nine direct beta measurements were taken on the
floor and wall surfaces. 28 of these were included in the systematic grid.
Diagrams of the room layouts (walls and floor) with the beta
measurements taken are presented in Appendix 2, Figure 4.3.

4.3.1.2. A summary of the direct measurement results is presented in Table 4.6
and shows that the maximum activity measured, net of background, was
1054 dpm/100cm2. The average value for the survey unit was 299
dpmp/100cm2 .43

Table 4.6
SU-2503 Direct Measurements Summary

Matrix Points Avg Net Activity' Max Net Activity

(dpmp/100cm 2 ) (dpm/lOOcm2)

Asbestos Tile 1 201.8 201.8
Ceramic Tile 1 -43.4 -43.4

Concrete 24 81.3 992.7
Concrete Block 86 447.2 1053.9

Counter Top - Lab 1 185.2 185.2
Metal 10 -29.9 77.8
Plastic 3 118.7 209.8

Vinyl Tile 13 51.6 102.8

'Dpmp refers to disintegrations per minute of the parent nuclide series.

4.3.2. Direct Beta Measurements on Installed Apparatus

4.3.2.1. All items of installed apparatus assigned to SU-2503 (listed in
Appendix 1) were surveyed by direct beta measurements. A summary of
the measurements taken is provided in Table 4.7 sorted by matrix. All
net values observed ranged from -221 to 3,473 dpmp/100cm2 and, except
for one, were less than the ARG.

4.3.2.2. One elevated value was measured on the laboratory countertops in Room
201. The activity measured, 3,473 dpmp/100cm2, exceeded the ARG but
is still less than a third of the DCGLw.

43 Since all of the walls are coded for 3 coats of paint, the characterization data points have been biased high
because they were taken before some (or all) of the paint layers were applied and have been amplified by the
paint attenuation factor (PAF) in equation 2.
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Table 4.7
SU-2503 Fixed Equipment Direct Measurements Summary

Matrix Points Avg Net Activity Max Net Activity

(dpmp/1OOcm 2) (dpmiplOOcm2)

Asbestos Tile 2 70.4 126.0
Celotex 2 0.4 56.8

Counter Top 15 148.6 3472.9
Glass 4 -1.3 38.7
Metal 9 -19.1 -3.4

4.3.3. Direct Beta Measurement Distribution and Threshold Tests

4.3.3.1. A histogram of all the beta direct net activity values found in SU-2503 is
provided in Figure 4.2. The distribution appears to have two modes with
the majority of the data centered at approximately 0 dpmp/lOOcm2 and
450 dpmWI/00cm 2 . This is consistent with a normal distribution of
background radioactivity and low levels of residual radioactivity. The
single elevated measurement on the countertop in Room 201 appears far
to the right of the rest of the data. All measurements were below the
DCGLw.

SU-2503

40- I

35 I Mean BI

30 I

~25

20

2-15

10 I

0 ii 1 i i 1 til i i I I4

Net DPMp/100 sq. cm.

Histogram of Net Direct Beta Measurements
Figure 4.2
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4.3.3.2. All the direct measurements in the survey unit were analyzed using the
Threshold Comparison Test Report (TCTR) and the results are presented
in Appendix 4 for SU-2503. Since a measurement in this survey unit
exceed the ARG, the TCTR limits for SU-2503 were initialized at 5,000
and 13,000 dpmp/lOOcm2 instead of the normal values as described in
paragraph 3.6.10.4. The TCTR report contains a complete listing of all
the beta direct measurements taken in the Final Status Survey within
SU-2503 sorted by room, surface, and activity. The summary pages
indicate that all tests described in the D Plan passed except for the
background test. All tests required for release of a Class 2 survey unit
were passed. A comparison of test results and requirements for release
of the survey unit is presented in Table 4.8.

Table 4.8
Requirements for SU Releasea

Test Class 2 SU-2503
Min/Max Not required PASS

Background Not required FAIL
DCGLW PASS PASS

DCGLavg PASS PASS
EMC PASS PASS

Sign Test for Paired Data PASS PASS
a Class 1 or 2 survey units which pass Min/Max may be
released without further consideration.

4.3.4. Measurements of removable contamination

4.3.4.1. Swipes were taken at each location where a direct grid measurement was
performed and on some fixed equipment. The results of the
measurements are presented in Table 4.9.

Table 4.9
SU-2503 Removable Contamination Summary

Surface Points Avg Net Beta Max Net Beta Avg Net Activity Max Net Activity
(pniIIOOcm 2) (Ppm/OOcm2) (dpm1,I OOcm 2) (dpmp/1OOcm 2)

N 3 9.3 17.0 1.9 3.5
E 7 -9.3 19.0 -1.9 4.0
S 3 11.3 20.0 2.4 4.2
W 8 -12.9 3.0 -2.7 0.6
F 9 7.8 28.0 1.6 5.8

Q2 3 -4.7 0.0 -1.0 0.0
Q7 4 5.5 25.0 1.1 5.2
Q9 5 0.0 25.0 0.0 5.2

' Activity was converted to dpmW/100 cm2 from Opm/100 cm2 using an approximate figure of 4.8 betas
per disintegration.
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4.3.4.2. The results show that removable contamination averages near zero
dpm/I 00cm2 and varied between -7.5 and +5.8 dpmp/IO0cm2. The data
confirm that virtually no removable contamination is present within
SU-2503.

4.3.5. Beta Scan Measurements

4.3.5.1. Beta scans were performed on about 15% of the surfaces of the walls and
floor. Scans were also performed on the casework in the survey unit.
Diagrams of the areas surveyed are presented in Appendix 2, Figures
4.14 and 4.15.

4.3.5.2. The scan threshold used for these surveys was 2,000 cpm (net of
background) which corresponds to the ARG of 2,600 dpm/1 00cm2."

4.3.5.3. All scans performed on the wall and floor surfaces were taken on
concrete, concrete block, and vinyl tile. The scans performed on the
casework were performed on counter top and metal. Background values
for beta scans were calculated from the open window measurements in
either the survey unit or the background data set for each matrix. The
averages of these open window measurements are presented in Table
4.10. The lower of the two averages was used in each case when
calculating net scan values.

Table 4.10
Beta Scan Background Data

(Open WindowAverages)

Survey Unit Background
Matrix Data Set Data Set

__ __ __(cpm)

C 378 331*
CB 373* 412
VT 286 161*
CT 379* 706
M 238 167*

*Background count rate used for calculation of net scan readings.

4.3.5.4. During the surveys the maximum and average gross count rates were
recorded for each area scanned. Net scan values were obtained by
subtracting the background count rate obtained from Table 4.10 for each
matrix. The beta scan data are summarized for SU-2503 and presented
in Table 4.11.

44 NEXTEP Tech Memo 0230, Ibid.
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Table 4.11
SU-2503 Scan Measurements Summary

Matrix Areas Maximum Average Max Net Avg Net
(cpm) (cpm) (cpm) (cpm)

Concrete 1 850 700.0 518.8 368.8
Concrete Block 1 175 150.0 -236.8 -261.8

Counter Top - 1 2000 1000.0 1293.7 293.7

Metal 2 125 100.0 42.2 -67.2
Vinyl Tile 2 250 150.0 89.4 -10.6

4.3.5.5. The maximum net scan value of 1,294 cpm is below the scan threshold
of 2,000 cpm. No beta scan data were observed in SU-2503 above the
scan threshold.

4.4. SURVEY UNIT 2504

4.4.1. The original floor of rooms lOiC, 103AB, 110, 115, 127, 139, and 140 have been
covered with carpet or vinyl tile since CT operations ceased. Therefore, beta
detection methods are not adequate to characterize these portions of the survey
unit and gamma methods were employed instead for scan measurements and to
focus on elevated areas. The characterization data adequately covered the grid
requirements, so the only direct measurements taken on the floor of these rooms,
were bias measurements.

4.4.2. Direct Beta Measurements on Building Surfaces

4.4.2.1. SU-2504 was surveyed in February and March 1995, July 1996, August
2003, and November 2003. Two hundred and seventy direct beta
measurements were taken on the floor and wall surfaces. 68 of these
were included in the systematic grid. Five bias measurements were taken
in response to the elevated gamma scan reading described in
paragraph 4.4.3. Diagrams of the room layouts (walls and floor) with the
beta measurements taken are presented in Appendix 2, Figures 4.4
through 4.8.

4.4.2.2. A summary of the direct beta measurement results is presented in
Table 4.12 and shows that the maximum activity measured, net of
background, was 811 dpm/l 00cm2 . The average value for the survey
unit was 12 dpmp/l00cm .
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Table 4.12
SU-2504 Direct Measurements Summary

Building Surfaces

Matrix Points Avg Net Activity Max Net Activity

(dpmp/ I00cm2) (dpm/1 00cm 2)

Concrete 5 -0.3 31.1
Concrete Block 115 27.8 810.8
Gypsum Board 32 18.7 66.6

Metal 23 -24.7 67.9
Other Non Metal 2 -8.2 27.8

Rubber Base 19 10.9 43.1
Vinyl Tile 74 -4.2 27.6

4.4.3. Direct Gamma Measurements on Building Surfaces

4.4.3.1. Gamma direct measurements were taken to augment the data set of beta
points and to confirm the scan results. The NaI readings were converted
to dpmWl OOcm 2 using conversion factors calculated for carpet and vinyl
tile overlaying the contamination as described in Table 2.6.

4.4.3.2. Eight direct gamma measurements were collected from the floor of
Room 115. Five of these were to confirm an elevated gamma scan
reading which was obtained over the carpeted portion of the floor.
Figure 4.5 of Appendix 2 shows the layout of both gamma and beta
confirmation samples, The insert in the figure shows a close- up of the
offsets along with the values for both sets of readings. Although the
maximum gamma count rate translated to a maximum value of
8,001 dpmp/1OOcm 2, confirmation by beta measurement after removal of
the carpet revealed that the elevated spot measured approximately 67
dpm 1/1OOcm 2 and was less than about one foot in diameter. The beta
result is considered to be the most accurate and applicable reading for
purposes of the FSS. However, both readings were substantially less
than the DCGLW.

4.4.3.3. A summary of the gamma direct measurement results for SU-2504 is
presented in Table 4.13 and shows that the maximum activity measured,
net of background, was 8,001 dpm/1 I00cm2. The average for the survey
unit was 1,672 dpm0/lOOcm2 . All the direct gamma measurements in the
survey unit were less than the DCGLw.
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Table 4.13
SU-2504 Direct Gamma Measurements Summary

Building Surfaces

Matrix Points Avg Net Activity' Max Net Activity

(dpmW/100ccm 2) (dpmp/l 00cm2)

Carpet 5 1787 8001
Vinyl Tile 3 1480 1923

' Dpmp refers to disintegrations per minute of the parent nuclide series.

4.4.4. Direct Beta Measurements on Installed Apparatus

4.4.4.1. All 17 items of installed apparatus assigned to SU-2504 (listed in
Appendix 1) were surveyed by direct beta measurements. The CT lead
well in Room 127 had been previously removed and disposed of and was
therefore not surveyed. A summary of the measurements taken on the
installed apparatus is provided in Table 4.14 sorted by matrix. The net
values observed ranged from -45 to 89 dpmW1/OOcm 2 . All values were
less than 4% of the ARG.

Table 4.14
SU-2504 Direct Measurements Summary

Installed Apparatus

Avg Net Activity Max Net Activity
Matrix Points

(dpmp1lOOcm2) (dpmp/lOOcm 2)

Metal 25 -1.9 88.7

4.4.5. Direct Beta Measurement Distribution and Threshold Tests

4.4.5.1. A histogram of all the beta direct net activity values found in SU-2504 is
provided in Figure 4.3. The distribution appears to have a single mode,
with small amounts of residual activity out to a maximum of
811 dpmp/100 cm2. This is consistent with a normal distribution of
background radioactivity with some residual activity above background.
All measurements were below the ARG.
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Figure 4.3

4.4.5.2. All the direct beta measurements in the survey unit were analyzed using
the Threshold Comparison Test Report (TCTR) and the results are
presented in Appendix 4 for SU-2504. The TCTR report contains a
complete listing of all the beta direct measurements taken in the Final
Status Survey within SU-2504 sorted by room, surface, and activity. The
summary pages indicate that all tests described in the D Plan passed
except for the background test. All tests required for release of a Class 2
survey unit were passed. A comparison of test results and requirements
for release of the survey unit is presented in Table 4.15.
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Table 4.15
Requirements for SU Release'

Test Class 2 SU-2504
Min/Max Not required PASS

Background Not required FAIL
DCGLW PASS PASS

DCGLavg PASS PASS
EMC PASS PASS

Sign Test for Paired Data PASS PASS
' Class 1 or 2 survey units which pass Min/Max may be
released without further consideration.

4.4.6. Measurements of Removable Contamination

4.4.6.1. Swipes were taken at all of the locations where a direct grid
measurement was performed on the walls. Swipes were also taken at
locations determined by the surveyor on the floor. The results of these
measurements are presented in Table 4.16. The results show that
removable contamination in SU-2504 averages near zero and ranges
between-5 and +12 dpmp/1O0cm2 . No significant removable
contamination is present in SU-2504.

Table 4.16
SU-2504 Removable Contamination Summary

Surface Points Avg Net Beta Max Net Beta Avg Net Activity' Max Net Activity
(ppmI1OOcm 2) (ppm/I OOcm

2) (dpm./lOOcm2) (dpmpIlOOcm 2)

N 8 4.9 33.0 1.0 6.9
E 7 14.6 31.0 3.0 6.5
S 8 6.8 25.0 1.4 5.2
W 6 12.0 19.0 2.5 4.0
F 12 21.4 59.0 4.5 12.3

aActivity was converted to dpmp/100 cm2 from ,3pm/100 cm2 using an approximate figure of 4.8 betas
per disintegration.

4.4.7. Beta Scan Measurements

4.4.7.1. Beta scans were performed on about 15% of the accessible surfaces in all
rooms except 103AB and 115. Some beta scans were also performed
under the carpet of room 115. Diagrams of the areas surveyed are
presented in Appendix 2, Figures 4.16 through 4.26.

4.4.7.2. The scan threshold used for these surveys was 2,000 cpm (net of
background) which corresponds to the ARG of 2,600 dpmp/l 00cm2. The
calculation of threshold count rate and MDC for scans is presented in
NEXTEP Tech Memo 023045.

45 NEXTEP Tech Memo 0230, Ibid.
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4.4.7.3. All scans performed on the wall and floor surfaces were taken on brick,
concrete, concrete block, and vinyl tile. Background values for beta
scans were calculated from the open window measurements in either the
survey unit or the background data set for each matrix. The averages of
these open window measurements are presented in Table 4.17. The
lower of the two averages was used in each case when calculating net
scan values.

Table 4.17
Beta Scan Background Data

(Open WindowAverages)

Survey Unit Background
Matrix Data Set Data Set

(cpm)(cpm)

B 314* 552

C 244* 331

CB 301* 412

VT 262 161 *
* used for beta scan background

4.4.7.4. During the surveys the maximum and average gross count rates were
recorded for each area scanned. The beta scan data are summarized for
SU-2504 and presented in Table 4.18.

Table 4.18
SU-2504 Beta Scan Measurements Summary

Maximum Average Max Net Avg NetMatrix Areas (cpm) p (cpm) (cpm)

Brick 1 300 250 -252 -302
Concrete 8 270 172 -61 -159

Concrete Block 11 275 180 -137 -232
Vinyl Tile 2 230 165 69 4

4.4.7.5. The maximum net scan value of 69 cpm is well below the scan threshold
of 2000 cpm. No beta scan data were observed in SU-2504 above the
scan threshold.
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4.4.8. Gamma Scan Measurements

4.4.8.1. Gamma scans were performed on portions of rooms I01C, 103AB, 110,
115, 127, 139, and 140. Diagrams of the areas surveyed are presented in
Appendix 2, Figures 4.16 - 4.26.

4.4.8.2. The scan thresholds used for these surveys are presented in Table 2.7.
They correspond to the DCGLw of 13,000 dpm/100cm2 using
conversion factors derived in NEXTEP Tech Memo 0317 and the
threshold equation from NEXTEP Tech Memo 0230.46

4.4.8.3. The average background value used for analysis of the raw data was the
average ambient background described in section 2.3.

4.4.8.4. During the surveys the maximum and average gross count rates were
recorded for each area scanned. The gamma scan data for SU-2504 are
summarized and presented in Table 4.19.

Table 4.19
SU-2504 Gamma Scan Measurements Summary

Matrix Points Maximum* Average* Max Net Avg Net
(cpm) (cpm) (cpm) (cpm)

Carpet 2 14,000 7,000 7,300 300

Concrete 2 8,000 7,000 1,300 300

Vinyl Tile 4 8,000 6,500 1,300 -200

* Gross readings

4.4.8.5. One scan measurement was elevated considerably above the others and
came close to the gamma scan threshold. This elevated measurement
was examined and resolved by beta and gamma direct measurements as
described in paragraph 4.4.3.2.

4.4.8.6. No net gamma scans were above the gamma scan threshold equivalent to
the DCGLw.

5. CONCLUSIONS

5.1. SU-2502

5.1.1. SU-2502 passed all the tests described in the D Plan except background. (Par.
4.2.3.2)

5.1.2. No residual radioactivity was measured above 6% of the ARG on the items of
installed apparatus in SU-2502. (Par. 4.2.2.1)

46 ibid.
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5.1.3.

5.1.4.

5.1.5.

5.2. SU-250

Virtually no removable contamination is present within SU-2502. (Par. 4.2.4.2)

No beta scan data were observed in SU-2502 above the scan threshold of 2,000
cpm. (Par. 4.2.5.5)

SU-2502 meets all the requirements of the D Plan for unconditional release.

5.2.1. SU-2503 passed all the tests described in the D Plan except background. (Par.
4.3.3.2)

5.2.2. All direct beta measurements in SU-2503 were below the ARG except one. The
one elevated location on a lab countertop was less than one third of the DCGLW.
(Par. 4.3.2.1 and 4.3.2.2)

5.2.3. Virtually no removable contamination is present within SU-2503. (Par. 4.3.4.2)

5.2.4. No beta scan data were observed in SU-2503 above the scan threshold of 2,000
cpm. (Par. 4.3.5.5)

5.2.5. SU-2503 meets all the requirements of the D Plan for unconditional release.

5.3. SU-2502

5.3.1.

5.3.2.

5.3.3.

5.3.4.

5.3.5.

5.3.6.

4

SU-2504 passed all the tests described in the D Plan except background. (Par.
4.4.3.4)

No residual radioactivity was measured above 1% of the DCGLW. (Par. 4.4.4.1)

No significant removable contamination is present within SU-2504. (Par. 4.4.5.1)

No beta scan data were observed in SU-2504 above the scan threshold of 2,000
cpm. (Par. 4.4.7.5)

No gamma scans were above the DCGLw threshold. (Par. 4.4.8.5)

SU-2504 meets all the requirements of the D Plan for unconditional release.

6. RECOMMENDATIONS

6.1. Survey Units 2502,2503, and 2504 should be released from the license.
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Appendix 1

Building Survey Unit Listing for

Building 250 Interior
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Building Survey Unit Listing
Area
(sq.ft.)

Paint
(Coats) DescriptionSurfaceCode Xmax Ymax

SurveyUnitiD: 2502

Room 205

Class: 2

F

N

S

E

W

01

15.8

15.8
15.8
8.7
8.7

8.7
10

10

10

10

Q2
Q3
04

Q5
06

Summary for Room 205 (11 detail records)

138 0.0
158 2.0

158 2.0
87 2.0
87 2.0

0.0 Ceiling light fixture, piping and
ducting above drop ceiling

0.0 sink and glass drain line

0.0 sink counter
0.0 Supply lines near floor

0.0 Dishwasher
0.0 Ventilaton filter

628 Sq. Feet

Room 207
F

N
S

E

W

01

02
Q3

04

6.83
6.83
6.83
18.1
18.1

18.1
14
14
14
14

124
96
96

253
253

0.0

2.0
2.0

2.0
2.0
0.0 Ceiling light fixture, ducting,

piping, horizontal support
surfaces

0.0 All cabinetry in room
0.0 Light switch and piping, pipe

along south wall
0.0 Towel holder on North wall

Summary for Room 207 (9 detail records) 822 Sq. Feet
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Building Survey Unit Listing
Area Paint

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

Room 209

F
N
S

E
W

01
Q2

03

04

05

06
07
08
09

Q10

011
012

18.4

18.4

18.4

28

28

28
10

14
10

10

515
184

258
280

280

0.0

2.0
2.0

2.0
2.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Drop ceiling, sprinkler system

E. Hood and ducting
East sink and glass drain

East counters
SS cabinets on E and W wall, 1"
conduit on S wall
Island counters
West counters
West sink and glass drain lines
W. Hood and ducting

East and West glass lines
Chalk board on Northern wall

Vacuum Line Fixtures (11)

Summary for Room 209 (17 detail records) 1,517 Sq. Feet
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Building Survey Unit Listing
Area

(sq.fA)
Paint

(Coats)SurfaceCode Xmax Ymax Description

Room 210

IF
N

S

E

W

01

02

03

Q4

05

Q6
Q7

08

Q9

010

40.35
40.35
40.35
26.33

26.33

26.33

14
14

14

14

1,062

565
565

369

369

0.0

1.0

1.0

1.0

1.0

0.0 Ceiling lights and associated
supports

0.0 Vent chase (2) and electrical
panel in NW comer of room

0.0 Motor Housing North central
location in room

0.0 Tank North central location in
room

0.0 Compressor and electrical motor,
North eastern portion of room

0.0 Exhaust fan on ceiling
0.0 Pressure tank North eastern

portion of room
0.0 Misc piping, North eastern portion

of room
0.0 Cooling filter, louvered vent,

North eastern portion of room
0.0 Misc. piping - extends from east

wall south of blowout panel to
several feet onto south wall

0.0 Electrical panels (6) In South
west comer of room

0.0 MCC unit, Western side of room
nearwall

0.0 Old chase to roof attached to
new ductwork

Q11

Q12

013

Summary for Room 210 (18 detail records) 2,930 Sq. Feet
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Building Survey Unit Listing
Area Paint

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

Room 211

F
N

S

E
W

01

02

Q3

04

05
06.

Q7

Q8

Q9
010

011
Q12

20.33
20.33
20.33

28
28

28
10

14

10

10

569

203
285
280
280

0.0

2.0

2.0
2.0
2.0
0.0 Drop ceiling, lights, sprinklers,

vent. Ducting
0.0 Cylinder rack on Northern wall

0.0 E. Hood and ducting
0.0 Eastern sink and glass drain line

0.0 Eastern counters

0.0 Glass line on Eastern wall, vent
pipe on southern wall

0.0 Island counter
0.0

0.0

0.0

0.0

0.0

Western counters
Western sink and glass drain line

W. Hood and ducting
Chalk board on northern wall
Vacuum Line Fixtures (10)

Summary for Room 211 (17 detail records) 1,617 Sq. Feet

TOTAL for Survey Unit 2502 7,514 Sq. Feet
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Building Survey Unit Listing
Area
(sq.ft)

Paint
(Coats)SurfaceCode Xmax Ymax Description

SurveyUnitID: 2503 Class: 2

Room 201

F
N

S

E
W

QI

Q2

Q3

20 29
20 10
20 14

29 10
29 14

544

200

280

290

406

0.0

3.0
3.0
3.0
3.0
0.0 ceiling light fitures, sprinkler

system
0.0 north fume hood duct work

0.0 glass drain/vents, N, 8, & W
warls (3)

0.0 Island casework & countertopQ4

05

06

07

08

Q9

0.0

0.0

0.0

0.0

0.0

West sink
West casework
South sink

South casework
Vacuum line fbdures (11)

Summary for Room 201 (14 detail records) 1, 720 Sq. Feet

Mallinckrodt C-T Project-Phase I
Final Status Survey Report Building 250 Interior

Revision: 0
March 2004

APPENDIX 145



Building Survey Unit Listing
Area Paint
(sq.fl) (Coats) DescriptionSurfaceCode Xmax Ymax

Room 202

F
N
S
E
W
01

20
20

20
26.5
26.5

26.5

14
10

10

14

560 0.0
280 3.0

200 3.0

280 3.0
392 3.0

0.0 Ceiling light fixture, sprinkler
system, ventilation ducting (top)

0.0 E. Sink
0.0 E. Casework
0.0 Center Casework

0.0 W. Sink

0.0 W. Casework
0.0 Vacuum Line Fixtures (9)

02
03
04

05
06
Q7

Summary for Room 202 (12 detail records) 1, 712 Sq. Feet

TOTAL for Survey Unit 2503 3,432 Sq. Feet
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Building Survey Unit Listing
Area Paint

(sq.ft) (Coats) DescriptionSurfaceCode Xmax Ymax

SurveyUnitlD: 2504

Room lOJC

F

N
S

E

w

01
02

Class: 2

3.3 6.1
3.3 14
3.3 14

6.1 14
6.1 10

20 0.0
46 2.0
46 2.0

85 2.0

61 2.0
0.0 Light and vent

0.0 sink

Summary for Room 101C (7 detail records) 259 Sq. Feet

Room 103AB

F 21 13 273 0.0

S 21 12 252 0.0

W 13 12 156 0.0

01 0.0 Small equipment attached to
ceiling

Summary for Room 103AB (4 detail records) 681 Sq. Feet

Room 110

F 10 11 108 0.0
N 10 10 100 0.0
01 0.0 Small equipment attached to

ceiling
02 0.0 Fire sprinkler system

Summary for Room 110 (4 detail records) 208 Sq. Feet
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Building Survey Unit Listing
Area Paint

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

Room 115

F 39 17 663 0.0
S 34 12 408 0.0

01 0.0 Small equipment attached to
ceiling

02 0.0 Fire sprinkler system

Summary for Room 115 (4 detail records) 1,071 Sq. Feet

Room 118

F 10.8 5.88 64 0.0

N 7.5 14 105 2.0
S 10.8 14 151 2.0
E 5.88 14 82 2.0

W 5.88 14 82 2.0
01 0.0 Heater

Summary for Room 118 (6 detail records) 484 Sq. Feet

Room 119

F 3.92 4.5 18 0.0
N 3.92 14 55 2.0

S 3.92 14 55 2.0
E 4.5 14 63 2.0

Summary for Room 119 (4 detail records) 190 Sq. Feet

Room 127

F 15.5 10 155 0.0
N 15.5 14 217 0.0
S 15.5 14 217 0.0

E 10 14 140 0.0
W 10 14 140 0.0
Q1 0.0 Small equipment attached to

ceiling

Summary for Room 127 (6 detail records) 869 Sq. Feet
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Building Survey Unit Listing
Area Paint

(sq.ft.) (Coats) DescriptionSurfaceCode Xmax Ymax

Room 139

F

N
S

E

w

01

Q2
03

5.9 5.6

5.9 14
5.9 14

5.6 14
5.6 14

33 0.0
83 0.0
83 0.0

78 0.0

78 0.0
0.0 Small equipment attached to

ceiling
0.0 Fire sprinkler system
0.0 Electrical trac - south and west

walls

Summary for Room 139 (8 detail records) 355 Sq. Feet

Room 140

F

N
S

E
w

Q1

Q2

4.3 10

4.3 14
4.3 14
10 14
10 14

43

60
60

140
140

0.0

0.0

0.0

0.0

0.0

0.0 Fire sprinkler system

0.0 Small equipment attached to
ceiling

Summary for Room 140 (7 detail records) 443 Sq. Feet

Room 218

F 10.83 19.92 170 0.0

N 10.83 28 220 2.0
S 10.83 28 162 2.0

E 19.92 28 375 2.0
W 19.92 28 315 2.0

Summary for Room 218 (5 detail records) 1,242 Sq. Feet
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Building Survey Unit Listing
Area
(sq.ft.)

Paint
(Coals) DescriptionSurfaceCode Xmax Ymax

Room 219

F
N

S

E

W

20.4 14

20.4 28

20.4 28

14 28

14 28

223
416

0.0

2.0 Entire north wall, both levels,
minus Rm 119 contribution

01
02
03

Summary for Room 219 (8 detail records)

415 2.0

299 2.0

372 2.0

0.0 Heater

0.0 Ladder - upper stairwell

0.0 Lights (2)

1, 725 Sq. Feet

TOTAL for Survey Unit 2504 7,527 Sq. Feet
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Room 201
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Figure 2.4

Room 202
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Figure 2.5

Room 205
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Figure 2.6

Room 207
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Room 209
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Room 210
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Room 211
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Figure 4.9
Beta Scans Room 205
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Figure 4.10
Beta Scans Room 207
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Figure 4.11
Beta Scans Room 209
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Figure 4.12
Beta Scans Room 210
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Figure 4.13
Beta Scans Room 211
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Figure 4.14
Beta Scans Room 201
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Figure 4.15
Beta Scans Room 202
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Figure 4.16
Beta and Gamma Scans Room JOJC

a,b: beta
c: gamma
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Figure 4.17

Gamma Scans Room 103AB
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Figure 4.18
Beta and Gamma Scans Room 110

a: beta
b: gamma
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Gamma Scans Room 115
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Figure 4.20
Beta and Gamma Scans Room 127

a,b: beta
c: gamma
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Figure 4.21
Beta and Gamma Scans Room 139

a,b: beta
c: gamma
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Figure 4.22
Beta and Gamma Scans Room 140

a: beta
b: gamma
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Beta Scans Room 118
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Beta Scans Room 218
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Figure 4.25
Beta Scans Room 119
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Figure 4.26
Beta Scans Room 219

Mallinckrodt C-T Project-Phase I
Final Status Survey Report Building 250 Interior

Revision: 0
March 2004

APPENDIX 287



APPENDIX 3

Calibration Sheets

Type S/N Cal Date Sensitivity

106729/A0281 1/5/1995 0.777

131415/188704 6/17/2003 0.611

163666/B426W 1/16/2003 0.774

131410/188707 4/16/2003 0.450

115126/B861N 1/18/1996 1.078

126509/B859N 1/18/1996 1.031
Beta 131415/B426W 5/15/2002 1.073

106729/B859N 1/6/1995 0.879

117332/A0446 1/17/1995 0.735

117332/A0447 1/17/1995 0.644

117332/A0448 1/17/1995 0.697

117362/B860N 1/18/1996 1.039
3/5/1996 0.979

10/20/1999 1.089

138368/201774 11/4/2003
Gamma 157020/020429-6 4/26/2003

179562 11/8/2002
7/22/2003

Swipe

179577 2/26/2003
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a SWv9r-a

Therma Analytical

Si te:
60 &qwboo Rd. Job t: _
Oak rdge, TN 37830
(615) 481 -0683 Fax x615)48345621

42lP -I lo

CALIBRAtION DATA SHEET -

#4P-lao
tl- _-' --s: 4 oZ / Property of: £BCtlINV /N s FE

ise-.iout Inst.: 4O ZZ~o SN: /06L&VI Cal. Ex:p. Da-: _

Source: J2sRY99 0 SN: IZ3q /7Z Activity: ZZoy F-r

a t, -I r C1 .:_a- _;i*

F>.FEU FCAlLlffRAryo <2 3Sl t.L..

Som rce Source
IO:c h V, lerae (Cpt1) Hich Voltsoe (CPM) Eackorout- Ch-ei.

ALOM; 4 I_ | Brj 8i1 o iO50 Zct3 1,979 /87 Hiah Vol.a':e _F-r

t'- ;'l Ao 1 t0 ZZ. 71v Z3 0 op. Voltage --0 P A j

-0/'8X lS i <oo j 5  'S2. op. Volta.e -|--

. fD _ O= 13 FLt33 . - + W:_ t

2 1r77- .23 lZoo __ 63 9oF. 2-"' _

-_ O - Ccf4 1c G&O 7 C.

O6YZ4 I¶Y7 High Vcltage set at: //_ _ _____

r- i _ : ~en/: 4 p.3 Q l1RwAAO CNrA Po;.

3 Minute Gross Counts: B Peo , t Z t P~r,

F~os A,,.l 3YI3zFo ":Z30.
Average (A + -E)/2: 334T/.o Gross CPM ti:1..z_

:Cf. roun.: CFM: 7O0,z 7 Net CPr!: g foa. t _

Net CPM
Efficiency - --------- I i ? e*

DpM

Date of Calibration: , _ _____ E::oiration Date: 7_-_5_-_95 __

Calibrated by: / _ _ _ _ __r_________-

(Frint Name) (Signatu -i

Reviewed byDate _

EA-4. I0
Rev: 1

e. __ Jan Ga ,; 6-

L2200/ABP-1 00
S/N: 106729/A0281

1/5/95

Mallinckrodt C-T Project-Phase I Revision: 0
Final Status Survey Report Building 250 Interior March 2004
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C)
45 6'I
%SN: SN; 14

readout Inst.: 41-

JP4i source:s.F5 r-9
:ate of Cal.: , b - 4

'lATEAUP
Source

600

650

700

750

800

850

AUBRATION DATA SHEET

Property f- AiLr

SN:l134.&45 - Cal.Exp.DatS:6L7Z:6 4

SN: 2.1LCA/%4 AdGvy:. 170(2-OPM

Source
Hioh Voltaoe I:M) Ba'

o.HIq V

sfee 2,•ZF op. Vc

i0so Z631 p. VC

Sc ZS fop. vo

we~e5 4z35

1350 =

1400

High Voltage set

Po$ . d
Gross CPM

Net CPMj .

900 7

950 454 Z

1000 5 ff -

_Mdcfency:
5 Minute Gross Counts:

Pos WA+: _ ,
Average (A + SB . -I-
3ackground: CPM ; --

kqround ChecI

2Le Om

1ltage ,,0"

Itage 4.6' S
'ollage~s -Tf! -

(4*. 3Z/j.
'*Ed /65

Net CPM
EtHiciency = --- xt0 I %00 JLL%

DPM

EA4.10
iev: 2
Date: 25 Fbb 99 Page 4 of 4

L224-2/L43-89
S/N: 131415/188704

6/17/03
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CALN100A Thermo NlUtech
For Mat inekrodt ChemIcal, Inc

NATIONAL NUCLEAR ABP-100
MATERLAL SPECIFIC CALIBRATION DATA SHEET

- s -t -l MAIM - I- I - voLTAGEv t V PROPERTY OF: ifln
READOUTINST: 2241 -Z SN: J/VSl . CAL EXPIRE DATE: JZfZ9 23
ABP-4OU EFFICIENCY TO SrY40 ON 47 mm DISKIW IB.L% CAL DATE: I-

i_ ilBACKG ROUNIND 8 R SOUWRCE SR
SURFACE OPEN SHIELD NET OPEN' ISHIEED | E Sourcouet'
MIATERIAL CW2 an Cts/2min CPM CtsJ1 milm Cts-l m;in CPI # AJ :

W h4 667 71 224

: -

_ ___ .___ L L J.2 Zi 3 L ?
14Stld D at's

- Avac -.'

SW DaivL

. .

i I r

L224-21L43-89
S/N: 131415/188704

6/17/03
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Pr

Wh

Thto
I,

CT-RP-66
Chi Squared Test

lent Model I 2241 Data:
rimt Sedat4 131415 Somre Nucflde
Wfbe Model # 43-89 Sorce Serw R
be Seia l 188704 ocunre dpm (4xX

dow Selint: Effil4ncy (cpm1dpmY
hold Seating: Oa und eprn;
Ugh Voltage; 925 BKGD N-1

EKOD Count rime (mln)
fgM Cmnt

Coun nI Obearvod ExNZed
1 10358 10449
2 10405 10449
3 10502 10449
4 10336 10449
6 10281 10449
a 10198 10449
7 10620 10440
8 10468 10449
9 10454 10449

10 10328 10440
11 10625 10449
12 10403 10449
13 10382 10449
14 10418 10449
16 10471 10449
15 10E69 10449
17 10652 10449
18 10690 10440
12 10392 10449
20 10525 10449

06Q24R00

2178S6 of-
56039
0.19
135.2

4
1

121
130
122
148
156

sample memn (xba1)
WanVpl$ varance (c^2) t

badcgrwnd vdrance (b2 D
sampl sIgma (a)-

(95% Confidence) 2.752 5 -
(9% Connce) 3.616 5 s

df a n-I m
chltest U P(CXA2)'

chsquare (XAZ) S

Aacaptabe x^2 mnum
Acceptable %A2 nax-

2A2 lest p6sses (yo5hc)7

10449
1N903
239.7

127
350
459

19
6.727E-02

28919

6.007
32.852

YES

Mjtlero Conoer
t0 dpmn:

MDA(cpcs) u
MDA(dpm) a

4

57
308

99% Conf. Interval Test mmn a 0854
95% Conf. Interval Test mnin a 984

0aily Source Check Moan Not Counts 10313
05% Coanf. 'tervl Tet rwax 10683
99% Conf. kIterval Test max ° 1073 o

Teot paeroned by Sten Stmc*

ChNdkd by- 0Oe

L224-2/L43-89
SIN: 131415/188704

6/17/03
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Therino NUtech
A ThermoRktac CoMpanY
am Scarbom bad
Oak R1dge, TM 37630

LUDL*UKw 2221
CALIBRATON DATA

LudlumW22?1Ibe:aoperty C

Battery Check 223rv9n

Hish Voltage check (423) 48-08 tax

HV Moter: E l
Meter Readina

600 Volts
1000 Volts
1400 Volts

input SensitiviAtv

S/N: 4&e5rld&X Cal Exp;DaLA0
Prfk Cal, Pos t Cal W o r aWnc

10 %

EA 1#> 10 t

( Threshold a 10 mv) Pre Cal: AS pW,

MP-2 S/N;I bAA Calibration Exp.
Rate/ MP-2 221 DisPlaY

400 CPM x1

4K CPM XIQ

40K CPM X1.Q0

400K CPM xlQ000

Digtal

4&0

.3CIP'CA

.4 onaao

Slq I!

9 lCaq

Post Cal tfik&L
Dates 1-2-C3.~

Ana logt

10%

104
4:1~ 10%

10%

r 10%

10%

400k A k

pbopea.•LichtX

Scaler:
100K

1lOOK

100K

100K

CPM

CPM

CPM

CPM

L -Qnin

ZQ min

Lou 400Ad ... 4K .4 . 40K -41C
Functignal check:

Ext Count V'Reset e/speakorHea

Date Of Calibratkon2 1 Expi

Calibrated BIL

Reviewed Bys

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

1/16/03

Revision: 0
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CALNiOOA Thermo NUtech
For Mallnckrodt hemical, Iru:

NATIONAL NUCLEAR AP-100-
MATERIAL SPECIFIC CAL1RATION DATA SHEET e"

AlP-100 SN: AZ6W - H10H VOLTAGE: .1 V PROPERV OrS: gT66 eS.

READOUT INST: LA zzz ,SN: J a CAL EXPIRE DATE: 7-

ABP-100 EFFICIENCY TO SrY-90 ON 47 mmDISK, % CALDATE /-ZZ~M -

I - BACKGROUNDO BR SOURE I S -

SURFACE 1iinWiDHI NET IOP N I SHW-LD INE Sourc Sourc -
MATERIAL e Ot2 CPM [ Clsl1 Acl | Cl mn C L

41l( 5 L- 3 cLJ

ZLQ~sI2do 3 Ao1).:Sid Dov aO
6 _ _ 22 Ac__1.

*- -_ o zfi

rv8 do L ot 5 Z.t lAS-C: AvAve =
Std Da:6j'' &.Lj :4o

.T__ oZ . o.. .
6 Q

~i~ ~1ta IA~~~tOSW Daya .

_ 45
/74Si

./76~0,7jr75 XZZ5o
Std Dov - ' =

DATE OF CAUBRATION: J _ ____ 5_3

OALCSRTED BY, / / M.

REVIEWED EIY: DATE.

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

1/16/03
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CT-RP-66
Chi Squared Test

Insrument Model #
Instrument Sorlal#

Probe Mol #
Probe Seroal f

Wbidow Setting:
Threshold Sing:

High Voltage;

1

2
3
4
5

7

AS
04B

.21 Owte:
W6 Source Nudltdo:
100 SoLurcOeI Ie #
toW S9U= dp8n (44x
20 Elhclncy (opm~dpmr)
52 eadcgoundc m:
76 BKOD N-1

DKGD Count Time (mIn):

Q0rvd Epce
16360 16646
16381 1#i46
15477 164
18662 16548
15520 15648
15587 15648
15476 1540
15302 1554
16639 16546
15609 16546
16401 156
lU33 16546
15801 1554/
15743 15545
15066 16546
16828 16648
16577 15546
15518 15548
16610 1554
16550 15646

0212003

2178-96

0.28
1834

4
1

Backrud Couns

193
179
179
1S1

9
9

10
11
12
13
14

16
17
1e
19
20

sample men (ebar) a
sample variance (sA2) a

background variance (02) u
samplo Ima (0)2

(95% Confidence) 2.752 a a
(99% Conildeose) 3.AI6s -

dfln-1 -
chilest w p(xcXA2) =

chisquao (zX2) '

Acceptable X42 mina
Acceptable ZA2 max-

XA2 test psos (yes/no)?

S9% Cord. Interva Test min =
95% Cont. Interval Test min =

Daily Source Check Mesn Nol Counts
95% Conf. Intorvav Tet max w
99% Conf. Interval Test max z

15546
15181

34.8
123
339
446

19
4I65SE-01

18A54

8.07
32.852

YES

14917
16023
536

15702
15809

Mltlplier to convert
to dpm:

MDA (cpnM)
MDA (dpm)l

3.6

66
140

WA4/03
Test performed by: seve Struck

Checkyd b DaW. 1 ? Sx 3
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LUd

rAS- AAH
C-ALIBRATION DATA SHEEFT

=SN: I hS-TO1

Readout Inst...LJ 2Z4 1i.

Ahpfe Source: Sr .et,

Date ofCal.- 10-24 -00

PLATEAU:
Source

HIh Voltage PM

800 -

650 -

700

750 gecAQ

800 4a)4b

850 A

900

950
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Efficiency:
5 Minute Gross Counts:

Pos tAO
Average (A *B)2
Background: CPM,. .

Propertyo ft1UiLT~

SN 3 4 1h

SN:2159fo

Cal.ECDatejo-Jl0 3

:AclS>:D.!1In pm

Source
HIgh Vdbtsa ICPk Backarotnd Check

7E6 hs~. Op. Voltage 4-1 1

t1l Op. Voltager1,q6 4 lo
qw- a a Op. Voftage . u54

1250 J3 jig...

1300 1 C~on 4&c.r4 G

1350 \ CctW.r o

1400

High Voltage atuv volts

Neost CPMn Blc6 .2

Net CPM
Efficiency - - x 100 = - %

DPM

an; 4- W°3- 0ta O S °

k Ow.4 II . Se I Is /

Date of Callsw

Calibrated by+
(Pint ae

Reviewed by:. I I

.. A4.10
Rev: 2
Date: 25 Feb 99 Page 4 of 4

L2241-2/L43-89
S/N: 131410/188707
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CALNIOA Thermo NUtech
For Mallinckrodt Chemical, Inc

NATIONAL NUCLVAR ABP-100
MATERIAL SPECIFIC CALIBRATION DATA SHEET

4A V
M- SJ: J!L.o7 HIGH VOLTAGE ..11... V PROPERTYOf: .f0LIL

READOLrr INST: Le, 2 4.i-,. s3. [A 1t4 I
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- A - -

i a a t9J_1 6- , l- .. L - ±aZ2.j405LLI

Int JAI-ItA -,
I V I 0 I A I A A.-0 I IQC d,f [J 72.fS I

L~ I " _ *"- j A@~30 I L=y §-_7r R .

Avmr s4 c Z J
Sld Dev 1

WATEOFCALIBRA 41N: 4- I21 03

CALIBRATEDDr.1 dnLI t.Sell
EXP48M^

, ATE. #i,REVIEWED By%
-5--BU F-0t U ^

L2241-2/L43-89
S/N: 131410/188707

4/16/03
Mallinckrodt C-T Project-Phase I
Final Status Survey Report Building 250 Interior

Revision: 0
March 2004
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CT-RP-66

Instrument Model #
Instrument Sarial#

Probe Model U
Probe Serial 8

Window Setting:
Threshold Sttng:

lgh Voltage:

QW12 0 In)
1
2
3
4
5
6
7

0
10
11
12
13
14
15
1e
17
18
19
20

Chl.'
131
43

181

35
7

squared Test
241 Oa2tG
1410 Source Nudide:
-89 SOUr Seral
1707 Souroe dpm (4x)

Effcidency (cpm/dpm)
mV :Bafctround cprn;
70 BKGD N-1

BKGO Count Tlme (mln)
Qam CQ1=rd

7885 7848
7914 7848
7M 7848
8038 7848
7901 7848
7851 7848
7923 7848
7889 7848
7693 7848
7800 7848
7874 7 148
7831 7m48
7929 7848
7881 7848
7700 7848
7852 7648
7828 78
7861 7848
7724 7848
7805 7548

04J2812003
SrY9o

2178-96
55268
0.14

4
1

82
7o
B0
82
76

ernpte mean (xbor) a
sample varlance (6A2) a

bakground variance (bA2)
sample sigma (s)-

(05% Contidence) 2.752 a =
(09% Confidence) 3.6156 a

df a 1 -
chitesi v P(x<A2)

chiequare (A2)

Acceptabe x^2 min
Acceptable x42 max

x42 test passaa (yes/no)?

99% Conf. Interval TeeS minm
96% Con?. Interval Test min c

Dally Sourc Chec Mean Not Counts
95% Cont. lintemal Test max a
99% Cono. Inwrval Test max

7848
7273

8.2
85

235
308

19
6.4876-01

17.809

8.907
32.852

YES

7459
7533
778
8003
8076

Muliplier to convert
to dpm:

FEB NormlIzkton
St.

MDA(cpm) a
MADA(dpfn) -

72

0.287

45
20

Test performed by: Steve Struck

Checked by: 4 6.
11 C I,-,o I

V- -..2 18e, -0 3

L2241-2/L43-89

S/N: 131410/188707
4/16/03

Mallinckrodt C-T Project-Phase I
Final Status Survey Report Building 250 Interior

Revision: 0
March 2004
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Site:
Job#: _

AG S7
CALIBRATION DATA SHEET

AG- ' SN: B 8I Al Property of: _ _ __C

Readout Inst.: LUJ~v.M p22/ SN: 115 LLi. Cal. Exp. Date: 7-8-94
f Source: S_______SN: 1?3 /f Activity: .?03 O O DPN

Date of Cal.: _ _ _ _ _ _ _ _

PLATEAU: *

Hiah Volteoe

600

650

700

750

800

650

900

97SO950

1000

Eff iciency

CbL I8 @
Source
(CPM)

.?I 30

(13 87
'7041
-s-T7 7
'Baos

R0117

.3Srn V

Hioh Volteae

1050

1100

1150

1200

1250

1300

1350

1400

High Volt

A
Efficensv

Source
(CPM)

8754

Backoround Check

Hioh Voltaoe

Op. Voltage -5:

Op. Voltage

Op. Voltage +-50

CPM

1?0

315

voltsage set at: _

Fzovr Cvre A %.
a. -E, 0'm PoS.

/ > G O

5 Minute Gross Counts:

Pos "Al' 40 7,A/ q/1/87 Pos 'B. s 1 "0
Wl3 Average (a?+-D), 1c'3 Gross CPM: 8w 4.

Background: CPM: 3 Net CPM: 797dR

Net CPM
Efficiency - --------- x 100 = 29,0 *

DPM

Date of Calibrations _1_8-_ _ _

Calibrated by: ISARA S ,Hq
/)(Print Name)y

Reviewed by: : _ __ ____. z J

EA4.10
Rev: 1
Date: 25 Jan SS

Expiration Date: 7.

Z , G Arrn 4
(Signature)

Date: /-Z3 94.

- I8 -9&

EA4.10-6o

L2221/AB-100
S/N: 115126/B861N

1/18/96

Mallinckrodt C-T Project-Phase I
Final Status Survey Report Building 250 Interior

Revision: 0
March 2004
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Site:_
Job #:

- 13- /00

- ~CALIBRATION DATA SHEET

Ae- - SN: 5 8 59 AV Property of: _

Readout Inst.: Ltu4J 14 -221 SN: -x.& 569 Cal. Exp. Date: 7-8-9(o

A*p1is Source: 5. Y IL SN: 0 .12 Am Activity: a?0300 DPM

Date of Cal.: __ _ _ _ _ _ _

PLATEAU: * c)( @ mv

Source
Hiah Voltage (CPM)

600

650 ___.

700

750 .

800 _ 705

850 49fO

900 68v7
917 7o 05
950 788!.1
f7s -7977

1000 _____

Source
Hich Voltage (CPM)

1050 8____

1100

1150

1200

1250

1300

1350

1400 _

High Voltage set at:

Background Check

High Voltage

Op. Voltage -50

Op. Voltage

Op. Voltage +50

CPM

.423

1256

.3)7

volts

Efficiency:

5 Minute Gross Counts:

Pos "A": _86_3_

at)a Average (A 1 f4-2; 39/O L7
Background: CPM: 2ot4-

/C293

qR- Fewfr CAM. % S.I
',. Re2R Ovr* s.

CtR -c"
- 3923 Pos "B": 399V7

Gross CPM: 78 do. ?3
Net CPM: 75&., 3.3

Net CPM
- Efficiency - ----- x 100 = 37,3 z

DPM

Date of Calibration: I-)8-9? Exp

Calibrated by:. _ A Ap 5m rr

WPrint Ae

Reviewed by: 0 Ef

EA4.10
Rev: 1
Date: '5 Jan SS

ziration es e:

(Signature)

Date& 1'Z3 -i6

7- !8-94

-

EA4. 10-66,

L2221/AB-100
SIN: 126509/B859N

1/18/96

Mallinckrodt C-T Project-Phase I
Final Status Survey Report Building 250 Interior

Revision: 0
March 2004

APPENDIX 3100



CAL

AG- .SN:

Feadout Inst.: ZZ4 I 2-

AphSource:, Sr8-4-

Date of Cal.: b -Z4 -4

PLTEAU:
Source

Hiah Voltaae LQEMm

600

650 96

700 3 --A

750 54iz,
S00 S - e

850 laSC)

900 23rS

950

1000 '_ -

Efficiency:
5 Minute Gams nfir

Pos "A-
Average (A + B)/ 2:
Background: CPMN..

AC-3-7
.IBRATION DATA SHEET

Property of: E-. S .

SN: 131j415 Cal.Exp.Date:SJI5.•3

SN: Zi~e>| Activity: j8S DPM

Source
Hiah Voltaae LCPM)

1050

*+&t-5 -59C1Z

"% eeeb 1,,2

v8aaz '735&,

1350

1400

High Voltage set at: :7.5

Pos 'B:-
Gross CPM :-

Net CPM;2

Backaround Check

Hiah Volltae CPM

Op. Voltage -se 244-is-
Op. Voltage 2Z77.

4 zs
Op. Voltage +f4 .353

@Thc&be c2at~e~c

volts

I ;f C4 7054
I min Bk -5 r,

1%9/1 Jf

359 eLNet CPM
Eflidency = - x I00 = %

DPM

on: S-IS-- E02ate:_ _____

?nU-t1 .SeIk 1 o
Date of Calibratic

1 4.10
Rev: 2
Date: 25 Feb 99

3'6'

0OLAtr VMkdcSdr- Page 4 of 4

L2241-2/AB-100
S/N: 13145/B426W

5/15/02

Mallinckrodt C-T Project-Phase I
Final Status Survey Report Building 250 Interior

Revision: 0
March 2004

APPENDIX 3101



CALN;OOA Thermo NUtech
For MallinckrQdt Chemical, Inc

NATIONAL NUCLEAR ABP-100
MATERIAL SPECIFIC CALIBRATION DATA SHEET

ABP-100 SN: BHZ(7\4) HIGH VOLTAGE: 2.5 V PROPERTY OF:ES____

READOUT INST: 224 IZ. SN: l3 14 Is CAL EXPIRE DATE:
0C A

CAL DATE S5 - I 5 no Z-AsP-100 EFFICIENCY TO SrY-90 ON 47 mm DISK -

_ BACKGROUND -SBR _ SOURCE I SR I SA EfflceinC)
SURFACE OPEN S SHIELD SET | Source. SR-SRI
t ATERIAL Jt n Cts/2 min C In CPM | i Acfivity SA

_~ate QA 1AaAsc I.4
_ _ _ _ _ f- rYg vt .2.

t3ZSO Average. 25*Z
Std Dav= b*3

T 16C _ _-

-- I.L-- tt ___?X
IZSK 178 Z Average 26.

Std DGv

c keA 1 -04 A-L S M3-tYW Z.7-
.1 b GI SSsl Z&4:, 16M6-1 tIrlZ>

-_5 LAs-" 2,75- psl .aq. \ ze
_ , {; e_- 4z( I ;mo4 1Laszz1 ze3.-4

126. 17t4fo 'n '_ ZZ Z&o Average =|ZS.a
4S tdD-v 4 _ _

____ 0 45 nZA(.5 ' I 51- ' 171S6e M 2225 3z.L l.,
-| g|g 15t, VP- g= z S 1Z-7 -

I lg I eZr I\ 1 I27 1 -4zw iLfr _ I~ zxjz s6fegn17A @13 ''
I-z sK l18jpw% - ZZZSe5 AvGraga -

SW Dev =
13Z.4.1'':

i.P. .

DATE OF CALIBRATION: S- IS;-C_

CAUSRAT EDBYCD i WIta 9. Se Is 1

EXPyU3ATION OATE: 5- I'S _

REVEWED BY: . 0jV )2J• DATE:

. U ;(9
L2241-2/AB-100

S/N: 13145/B426W
5/15/02

Masl-..n A, -A#r"-l '- Prn . L- --- T

Final Status Survey Report Building 250 Interior
Revision: 0

March 2004
APPENDIX 3102



TMA
Thermo Analytical

TAMA/Ebtine
601 Scurbm Rd
Oak erag, TNS7B30
t616)48f4683 Fax (61$) 48f34621

Site: __ _
Job 0: -

A'g-100

A AT N 7
CALIBRATION DATA SHEET

fle -1 ° °
{, o s1: B Fs,) N Property of: _ _ C_

Readout Inst.: LLO ZZ00 SN: 106 2z7 Cal. Exp. Date: - _

So 5unce: 59Y-9c0 SN: 31AL - Activity: ZZ6° DFr-

Date of Cal.: Jo-3-9 I

rLgfiLA.EA cAt,1. 0i 3S 5' I.
Source

HiahtVoltane (CF'M) Hinh Voltage

-750 t297 L922 .2i 1200

600 M" 8 3 Z0 1250

650 4ZZ esI:I 3o1 1400Lq(:N) 7s3 807 a S 1so

Source
(CPM)

4

Backaround Check

Hioh Voltaoe C~rI

Op. Voltage -50 _

Op. Voltage

Op. Voltage 450

lya-M: J LflB sTOU 09 °"'Nof P V'4Ptv / ,q oo7v .477C--VAJ7C WfLpiq

corrrff&-reW lo tow

CO~7- 1~,w.' 1 0 110'crnVept

,JSY ovarS si ?9s0 OP'.

10 oO High Voltage set at: _ _ _

Eff ciencv: /foiv

5 Minute Gross Counts: P P

Pos "A": -. 3____6_
Average (A + B)/2: .29?7.0
Background: CPm: 31fS 8

157Y,

b Fc~ax.41° ce i-03.

IR4 C c.t7?t f.bs.

Pos "B': 371,Fs7 _
Gross CPM: !27A.4 -

Net CPM: '259.F

Net CPM
Efficiency - ----- ~--- 100 = 3E B *.

DPM

Date of Calibration; /- 4< 75S Exp

Calibrated by: Av.Li h Y - A
//(Print Name).

Reviewed by: f A X42

EA4.1o
Rev: 1

Dartion Date: 1I-9

Tina ur~

_Date: i-i-9 --S _

L2200/AB-100
S/N: 106729/B859N

1/6/95

Mallinckrodt C-T Project-Phase I
Final Status Survey Report Building 250 Interior

Revision: 0
March 2004

APPENDIX 3103



TMA
Thermo Analytkia

. TIA/Ebortine
f01 Scbom Rd.
0A Nfde, d IN 37&
(615)481-0.3 Fav (615) 483L462

-r,14s Ac'qv

5ite: t&ALr-s
Job #: ___

^A8p_;oo

CALIBRATION DATA SHEET

Property of: F

F.ejadout Inst.:4L9.ODo p2Z21 SN: /1033L Cal. Exp. Date: 7z5

Arj-ha Scurce: /Z55/ Z SN: ___°__2____ As:tivity: 2Z°° DFI,

Date ot Cal.:

F'LATEEU: -K

It3oh Voltane

6c0)

/o -3? -9 V

CALId
Source
(CPM)

.. 750

300

Hioh Voltaae

1050

1100

1150

1200

1250
I2.15
1300
1)1S
1350
t fiT
1400

Source
tCPM)

ZSL 7-

qzsu

EBackoround Check

High Voltage

Op. Voltage. -JO
-S°0

Op. Voltage

Op. Voltage 40-o

CF1_I

UrS
- __

Z63

_1U_

6/' t19iq

£ 76 7 ar4s7o* Z.ss

6`Z3 - Z63
-,lo 13. - 2U950

1 0:0O

Elfi'iencv:

5 Minute

High Voltage set at: 3Z5
fr- Fo1?WA2O cg Poc.
5 ir4n t14V? : cx

is CHTFl

, i ' ts

Gross Counts

Pas 'Al's Z199s.? 7-12B Pas, "B" -!11§L
Average h; - Et- :-.RI:Z.o Gross CPM:_3_py
Backgrouna: CPM: 2Q5L Net CPM:_AgXB&. _

Net CPM
Efficiencyx - - l0- = Z'.' *;.

DPM

DaCt. of Calibrations /-/7 -5S

Calibr-ated by: 4mtirra MRPfY
(Print Name)

Reviewed by: a22fi " MefhLIQ

Expiration Date: 7-7 -9.S

AA _ ,.
(Signature)

Date: - |_ t7-q5

EA4. I0
Rev: 1
0*e: _'- JiAn SB E.-.4. . ' . .

L2221/ABP-100
S/N: 117332/A0446

1/17/95

Mallinckrodt C-T Project-Phase I
Final Status Survey Report Building 250 Interior

Revision: 0
March 2004

APPENDIX 3104



TMA
Thenno Analytical

_tA/Eb&Wlne
_ 601 SCwtm Rd

Oak RdJ79, 7N.s78
(615)481.0S8 Fhx(615)4834621

Si te: .- s _
Job #: -

AO-1D S

CALIBRATION DATA SHEET

g IP-%o
'-: e- Si14: A og . . Property of; TAC.

f-eadout Inst.: Ltt'0±1_ ZZ2 SN: 11133. Cal. Exp. Date: 7-175_

Aih Source: 5RY~-° SNv It /Lz Activity: ZZt8 01_DFh

Date of Cal.: _ _ _ _ _ _ _ _

FLhTELAU:

I iCh Vo9ltage

cALI. G 3?SMO

Source
(CFM) HiQh Voltaae

- 1050

_ 1100

- 1150
"ils

- 1200
12Aq

- 1250

o650

Source
(CPM) Bac

-31 C'm Hiel

Y8z Op.

Sla- (Bs Op.
.5,5LI *Z33 ,
g 40 op.

13'15- I
'136q

karound Check

h Voltaoe

Voltage -14D
- CC

Voltage
+ 50

Volt age -t

LF,11

74-
ass

'do?
, 75(

... J,

' IT

I z1

2118

1300

1350

1400

1 t)4:1)( High Voltage set at: /MOO

Eef ic iencv: j4 FoI?.,A(D cHMT PaS
S5 Minute Gross Counts: C t cwrTg fpJ

Fos -A"a 259Y3 _zqJ. Pos,"B": Z8411
Average (A + B)/2: 277¶3.D Gross CPM: .

Sac koround: CPM: 2SZ.V Net CPM: S

Net CPM
Efficiency - --------- . 100 = Z33 3

DPM

Date 0i Calibration: I0 -9S-

Calibrated by: ANw7tJ7)1W 1 tJ
(Print Name)

Exoiration Date: Z-L 7-Z .

(Sionature)

Reviewed by: 02fV_6t fl2kAkJYVP Dater LL 7--T3 __
E 4. I10
Rev: 1
Da te: jf an 8s a ,;4. 1 -z -,

L222 1/ABP-100
S/N: 11 7332/A0447

1/17/95

Mallinckrodt C-T Project-Phase I
Final Status Survey Report Building 250 Interior

Revision: 0
March 2004

APPENDIX 3105



TMA
ThermoAna&-tkal

Pl/Eberfine
eot Scarboro Rd.

Site: M A4 Lr.-
Jobh: _ _

Oak ffdge, TN 37630
(615)481083 Fax (615) 483-4621

p48P-10c

CALIBRATION DATA SHEET

,48P-Ic
4 A costs Dla Property of: S jC

-Rdeidogt Inst.: LpVQL 2 ?.ZZ SN: _11J3SL Cal. Exp. Date: 7Z-A7S

A4-e*Zt Soutce: 5g -lo- SN: IZ9/LL- Activity:

Dcte of Cal.: in --3 -9iY

;LJ,'EAU: -X (A4.US e 35s-V

iiI 1ch Vol t sce

600

650

_ 750

.00

10 I00

°?50

1 000

Source
(CFM)

ZLJ3

Hioh Voltage

1050

1100

1150

1200
1 !LSX.
1250

1300

1350

1400

High Volt.

Source
(CPM) Background Ch.eck

Z19YI High Voltaae

Y8OO Op. Voltage -W -

.. Z? Op. Voltage -

Op. Voltage +-40

age et at:

£ 3

9363

Efft .ciencv: Az FRarr. CNrR pLj.
5 Minute Gross Countst ga gVIL CNI pbi.

care

Pos A.R": 0/7 Z. 318fS Pos, "S": 214035
Average (A + B)/1: gqgS8.33 Gross CPM: 51gl6-

3ackground: CFP: 2ZV.C Net CPM: TIY3.61
lZYo i

Net CPM
Etficiency --------- x 100 = Z5.

DPM

Date of Calibration: I-l7-9 S Expiration Date: _Z17-1K__

Calibra~ted by: f ine 4S tS/h-/g -_
(Print Name) (Signaturei '

Re 'iewed by: / ff w Date: ______________.

EA4. IC;
Jnev 1

D1;r C-I 21 Jan as

L2221/ABP-100
S/N: 117332/A0448

1/17/95

Mallinckrodt C-T Project-Phase I
Final Status Survey Report Building 250 Interior

Revision: 0
March 2004

APPENDIX 3106



Site:
Job # : -

CALIBRATION DATA SHEET

A13 -10Co
Ae-3-1 SN: 8&O /V Property of: C C
Readout Inst.: Zdlum 2221 SN: /11 73&i Cal. Exp. Date: 7____

Alph Source: ;3 91,7 SN: i 3- 92 Activity: ;703- DPM

Date of Cal.: 10--1- 5

PLATEAU: -X

HiQh Voltane

600

650

700 -

750

800

850
875
900

950
7 5

CAuLJ1 &
Source

(CPM)

35 oiV

7338
775a
ER00s
C9 II -

Hiah Voltage

1050

1100

1 150

1200

1250

1300

1350

1400

Source
(CPM) Backoround Check

Hioh VoltaQe

Op. Voltage -50

Op. Voltage

Op. Voltage +50

CPM

587

S74

1000 8 (b High Voltage set at: rsL volts

,9;~ ,?ovrOAM P 5.
Efficiencv: e Asor CwR ,%s

5 Minute Gross Counts: . ts

Pos "A": , ____ Pos "B": 9954
(A+6C)/5 Average (-A4-D)-f2: Y8 / Gross CPM: 8B3O .2

Background: CPM: 396.4 Net CPMa 7439. 8
I 8.

Net CPM
Efficiency = ---- -- x 100 = 37.P %

DPM

Date of Calibration: 1_I 8_9 6 Exp

Calibrated by: . " H 5T

Reviewed by: N-me)

EA4. /
Rev: 1
Date: 25 Jan S3

ir'tion Date: 7-

2I>4 Q1

(Signature)

Date: - -Z 3-'?

i8-�(o

EA4. 10-66

L2221/AB-100
S/N: 117362/B860N

1/18/96

Mallinckrodt C-T Project-Phase I
Final Status Survey Report Building 250 Interior

107

Revision: 0
March 2004

APPENDIX 3



Site:
Job #:

CALIBRATION DATA SHEET

Readout Ins

A'& Sourc

Date of Cal

t.: _a2 _ . SN:

e: _ %5 _.-Z2 SN:

IA-o5- 5-95,

_ Property of: 4AC

/173IZ& Cal. Exp. Date: 7-9 -9G

I2- /q?, Activity: DPM

. . . _ ,

PLATEAU:

High Voltage

600

650

700

750

800

850

900

950

1000

Soarce
tCPM)

.0

z

/OC1

/,goq

.4403
62as
'7'69

-79q5c

Source .
High V.oltage (CPM)

1 050 A759 t

1100 I:S/CZ- I

1 150 AJ.4 1

1200 I

1 50

1.300

1t50 _

1400 _

High Voltage set at:

Backaround Check

High Voltage

Op. Voltage -50

Op. Voltage

Op. Voltage +50

950

CPM

volts-

Efficiency:

5 Minute Gross Counts:

Poas A". 37127/
Average (A + B+/2: A _
Background: CPM: 241T.

Pos "B":
Gross CPM: 34

Net CPM: *71EA.4

I Net CPM
Efficiency = --------- x 100 = 35.4 '.

DPM

Date of Calibrat' : 3 -5 .q&,

Calibrated by: Z ja&tI 91 Se/l/
(Print Name)

Eapi a on Date: f-5 -7

(Si4naturel

Reviewed by: Date:-

EA4. 10
Rev: 1
Date: 25 Jar, aS EA4. 10-66

L2221/AB-100
S/N: 117362/B860N

3/5/96

Mallinckrodt C-T Project-Phase I
Final Status Survey Report Building 250 Interior

Revision: 0
March 2004

APPENDIX 3108



4A -c -CA

AG-^-7 SN: 13 R&O I

Readout Inst.: 22 Z I

APha Source: Se ' -'Io

Date of Cal.:_4 z<>/1i c;

PLATEAU:
Source

Hiah Voltage (CPM1

e6o :_

650 -

700

750 '

800 ___6 __

850 27Z6

900 4__ _ _

SSO .5s e4

1000 .4 7o

Efficiency-.
S Minute Gross Counts:

Pos"A": .3o 49s
Average (A + B)/2: J /1L 14
Background: CPM: A5,7- I

/S2,

0S';azc t

o4d -Aao

ALIBRATION DATA SHEET

Property of:. 7i

Thermo NUtech
A ThermoRetec Company
601 Scarboro Road
Oak Ridge, TN 37830

The rm oRetec
Snwrt Solutions. PosiH.S Ourcomes.

(423) 481-06a3 Phone
(423) 481-0121 Fax

.. -hermoretec.com

SN:I2& 173C Cal.Exp.Date: 71/&LZOCs

SN: /Z39ci Z- Activity: OPM,2 /5oo a5'COp-

/cc,

Source
Hiah Voltace fCPM) -Background Check

1050 W 4Z- High Voltage CPM

1100 e7/3& Op. Voltage -5W 2 4S

1150 Op. Voltage 2 CI
25

- So77_ Op. Voitage + ..2c--
qzs

ieee /nO4Co.9

1 SZ4

High Voltage set at: /6c volts

Pos 'B"':LA.3
Gross CPM: (s24Z.-9

Net CPM-. 5Uft. (

Date of C;

Calibrated

Reviewed

Net CPM
Efficiency= x 100 = 394-+ %

DPM 7?

atibratlon: 10/70 1495 Expsp~4ae benc/goo _

by: ia /1. s-e //5 _
!I(P ame) (Sigatur

by: Ia t l ate: /0/ 2 ?9

,e

EA4.10
Rev: 2
Date: 25 Feb 99 Page 4 of 4

A subsidiary of Thermo TenrTech Inc.,
a Thermo Electron company
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Certificate of Calibration
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Certificate of Calibration
Ratemeter I Seakir Certikfatt ofCaItbruthn

ahlPcarcis nt uLoLOM. LI:
1a220 AMY De Viu, NE
AJbwquqw .NM Pll
(20S 291-432

Manutacwamt Lumm Modal 2221 serw No.:

Al] Ranscs Calibmted Elcyrouky. Ltdha Palsnr Ociera S.N. 97743

R.cet 'Audio lcchaonl PSawr WindmOpiatio --

Iligh'Voltuac SOOv.100av -'ISOOv -

Inu5ent bund within lolfana (' t IK) l 9O No

Refer ce Settiop.

400 Kcpm

I00 Kcpm

40 Kcpm

IO Kcpm

4 Kcpm

I Kcpm

400 cpm

100 cpm

_--.LcM- i,YA

_ 0
4",t

'As foand =dindse

_ .. *--

_ . e.44Jb

-M1Ae"
.. -- It

%; A^

.. ..

a4"o

caence Setting

400 Kcpm

40 Kqpm

4 Kcpm

400 cpmn

Itatosd. Couats
fi-mimute mo.O

tli ' A/L.
Y fI i_

I? fr

L" scate
Count Rate

YCÆK ......1

I<A

'As fbtUd rudmC^

- vtfA
_ . J r

_.._- 24fmD

.
. .. 

. .
_

-

Calibrated By: 4£_

Rrviwed By ;

Cl1hbrai Dat , Zft -

Caibrasti i=ue PbO Z_ $
Lksc:_V
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CT-RP-66
Chi Squared Test

Instrument Model #
Instrument Seriat#

Probe Model #
Probe Serial #

Window Setting:
Threshold Setting:

High Vottage:

2;
131

3
201

It

Count # In)
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

221 Date:
3368 Source NuclIde:
x3 Source Serial #

1774 Source dpm (4l):
Efficiency (cpmtdpm):

Background cpm:
000 BKGD N-1

BKGD Count Time (min):
9

Obgrd Expced
29749 29733
29919 29733
29500 29733
29688 29733
29999 29733
29908 29733
29779 29733
29505 29733
29771 29733
29534 29733
29892 29733
29462 29733
29937 29733
29599 29733
29341 29733
29728 29733
29743 29733
29885 29733
29888 29733
29853 29733

11/112003
cs-137

2538-99
228860

0.13
351.4

4
1

Beckground Counts
3559
3525
3508
3476
3486

sample mean (xbar) -
sample variance (sA2) =

background variance (bA2) -
sample sigma (s) a

(95% Confidence) 2.752 s e
(99% Confidence) 3.615 s -

df- n-1 I
chtest - p(XAe2) .

chisquare (XA2) -

Acceptable xe2 mnh -
Acceptable XA2 max a

X 2̂ test pssese (yes/no)?

99% Conf. Interval Test min a
95% Conf. Interval Test mnh -

3iy Source Check Mean Not Counts
95% Conf. Interval Test max =
99% Cond. Interval Test max=

29733
34474

1119.8
189
519
682

19
2.828E-01

22.030

Multiplier to convert
to dpm:

MDA (cpn) a
MDA (dpm) =

7.7

27S
2142

8.907
32.852

YES

25540
25703
25223
26742
26906

Test performed by: Dirk Hartman
Checked by Drew Thatcher Date: 11,11/20
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_ ~ MDt 1IJI, IWDWM MEASUREMENTS, I. -

SIvufri CERT61CA LRAW01 OAK( STMEW FAX NO. 325-23672
S9EETWA1ERt TEXAS 79M66 USA

riJsTOmER TYCOIMAUJNCIRO SI LOUIS ORDERNO. _ ..296103122

.J _. Ludkxnt Model M_ . ?2T SiriNo NoS 1 0 L_
Mfg. Ludhi Meosananth hnc. MOdl X3 Setlol No. .0 .CL..
Co. Oate 26-A . _ Cal Due Date C44 Cal Intwlt Mf year_. e _. .

.hecki mark 6ppiiosz o oppocb I.nift. and detodor lAW ft. qec. T. - L77 I RH %. M- ;

D- NvA,1rutrmnt Itntw t Rgv..d fftinnTed.- 1% ia uO.m% Ouotf Toi. fl Roqiehlngoraer C O'Jwr-S.;- .-
' MWchornal Ck [a MUotrZeroed Q B*grcdSuboot Ir WPut Sem L Uac t

F2' fHS Rasp. Ck 2 Ret Ck, 2' WlrKow Ooro*on 2 Geobopb
66 0 ek, Q. Alarm Setth Ci W. ck. (Min. Vo4IY J2Q VDC
[YL ctrot.O in ocordonco wit LMI SOP 14.8 rev 121/09. CakPted n o=cordance Wlti LMI SOP 149 fev 02/07W97.

4trwunrt Volt Set Conim+- V Inout Senstarem dsmV Dot. Opw.Co mot V at C191.1°

36HV R8doqA(2pants) Ref./nrst.- 5 I V Rert-Ift.. 2 . I.. . .... _. V.

COMMENTS:
Peak aettingS Gross Cownts H odal 2221 currontly set

ri gh Voltaqe: 4*3is 650v for cjroSS Ceorsq
Ttireshold dia-: 642 lOOlOirtv) High voltago sot with detectcr

iindow dial: 40 ft/ connocrod.
Wirndow Pogition: "1'V XUT.

Resolutcor. for Cs137: 10 I n/a rirmwara:,26 1iD 10

iit1eJts10,3, G01o~ bisloesr kvHeXb ,t1l ble d leehe w,
REFERENCE iNSTRUMENT RECD INSTRUMENT

RANGE/MULIPUER CAL POINT *AS FOUND READING' METER READiNG'
1 _l . _ Kr tO

X I I 10 Kcpm _,. _1

X 10jA LKC _ . I -
xi Am It=

.XT1_ .. _ _ . lfXIcpnm 100 , / .

'Wecrtoaevwitrw lo% C) AWiit*2f% A.~ ALL Rang.QC.2 old"eC*ftWlOC1Y
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTIRENT mRUMiKT
CAL POINT RECEIVED M[TER READING' CAL POINT RECEIVED METER RZANS'

4O3dOm UcIK to) .IX &cprn LQ TPI i50KeLm SA ,
4 K corn t 1 3 ; n .S

40 cp7m. _.t)c-

N'. N'NSofNi0N. Cftpiolonivotor gObi~00fn'e@CI5 lB.O �d aeaec it l~u bn' 'bd> byVi Nb 0iC W OCO _; '

Referne. Iatnumonts and/tj Sourcas:
C:.137aCwresN DI1o2 0leG12 O[uoa 08e6 0TICaMOsa'9 Qei2 OE6SI 0N1otrr241 BoS.-

nAOSN _ S/N _0 or" °-

, MOS/N 8y1 4 K oscrops ' neterS/ 3.

C*botod By r I -Dote jApI ||

RevlewedEB: Daeft 30 By

gas.' en' OK&w00VmVOIXVVX3WW titwcp3dfU10 .O~f M AC Ii Paged DO C"adCA1x.,_
a 4oD3, tYI Fo__. . . . . . . . . ............ _-..

L2221/3x3
S/N: 157020/020429-6

4/26/03

Mallinckrodt C-T Project-Phase I Revision: 0
Final Status Survey Report Building 250 Interior March 2004

113 APPENDIX 3



Dw~ger aid orumzkarh
~WLfOfl~

LUJDLUM MEASUREMENTS, INC.
PCSTOW~Ci OX 510 PH.3S25235&8494-
801 OAK( S1TMET FAX NO0. 328-238.472
SWENA1EIZ TDMA 79%86 USA

Bench Test Data For Detector

Detector . X3 $*Adc No. 2CNXo-&

Custome TYCO/MAWNaKRODT ST LOUIS

Cownter 2221 Serial No. 7 C t..

Cournt lrne __________

Order I. 2961-'.L7V

- Counter Input Sensftfvty ._ Q... my

- Disonce Source to Detector v &~

HIgh
Voltage

isoopeIsotope
sie8&~t soz ____

Isotope, e .. is otope ~
size Size__-Background

4.50 I i. ".A Av 94
4 -

,500

(oOO

I a A /
4 - - ~.L 4 -I. A'C. .- 4.4.- - - ---I -

' .- 5.
I &

7 2 13 , L4/J
*0�

1',' J7-2Ak -4.

100
16.87 -4. .4

i-i zq lu 4!
zs3 0`47

-4.

*. P 7
,252Z1

.Olq 37I
4 -- -- -4 .-

.'k 'jq

____ I ________ ___

________ ____ _____________ I. -

_____ _______ -I �.-- _________ ______-I _____________ ____________ ____________________ ________________ ____________

- 1 ______ __��1 _____

_____ I � ________

4- 4. 4 4-

S l n o U r 1 1 LL. fI : 1 J 1 a It y L

COW CAA ".=

cote 2 m

a Serfv*V Me Nuclear k uSly Since 1%2 a
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CT-RP 66

Instnjment Mode! #
Instrument Slal*#

Probe Model N
Probe Serial I

Window Setting:
Threslold SattIng

High Voltage:

count K (n)

2

Chi E
22

167
Nal

0204
37

es

3
4
S
6
7
8
9

10
11
12
13
14
is
16
17
18
19
20

)quared Test
21 Da2e:
020 Source Nucldq:
34 Source Serla) ID
429- Source dpmn (4*):
r0o ji 4,, Effilioncy (crpmdpm)
'mV/Oa Background cpnv
OV BKGD N-1

BKGD Count Time (mhnk
GrosGQu ut:

22K601 227889
227276 227689
2282S1 227689
227614 227689
228344 227639
228847 227689
227259 227689
22778 227689
227278 227689
227004 227689
227520 227689
227619 227B89
228808 227689
228689 227689
227778 227689
227078 227689
227672 227689
227573 227689
227B41 227689
227443 227689

06507i2003
Cs137
2558

21534000
0.01

3676.2
4
1

13ackoround Counts
3624
3830
3810
3701
3616

sample mean (xbtar)
sample variance (sA2) =

background variance (2) z
sample slgma (a) a

(95% Confidence) 2.752 a s
(99% Confidence) 3.616 am

df a n-I
chitest a pcx.XA2) '

chisquare (ex2) =

Acceptable X^2 min w
Acceptgbio XA2 max o

X- 2 test passes (yesio)?

99% Con6. Intrval Test min a
96% Conf. Interval Test min m

Daily Source Check Mean Not Counts
95% Conf. Interval Test max a
99% Conf. Interval Test max =

Test pertormed by, 8 Struck

Check8d by:

227689
334344
8750.2

685
1612
2117

10
8.637E-02

27.000

Muhipiler to Convert
to dpm:

MDA (cpm) r
* MDA (dpm) =

94.B

285
26948

e.o07
32.652

YVS

221895
222401
224013
2Z5625
226 8130g

J;5f, st, 7- R,�"03

L2221/3x3
S/N: 157020/020429-6
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CT-RP-66

Instrument Model #
Instrument Serial#

Probe Model #
Probe Serial #

Window Setting:
Threshold Settina:

Hgh Voltage:

Count # (n}
1
2
3
4
56

7
e
6

10
11
12
13
14
15
16
17
18
19
20

Chi t
22

157
Nal

0204
30

104
65

3quared Test
21 Date:
'020 Source Nujilde;
3x3 Source Serial 0

429-a Source dpim (4x):
o80 Efficlency (cpmidpm):

,mV background CM!
OV ; 3KGO N-1

BK6D Count Tlimo (mln)
CGouts

ObservedEx
28742 28492
25702 28492
28477 28492
28166 28492
28711 28492
28701 28492
28491 28492
28304 28492
28412 28492
28867 2848Z
28084 28492
28349 28492
28087 28492
28460 28492
28454 28492
28882 28402
28441 25492
2871e 28492
25506 28492
28592 28492

06/04/2003
Cu137

2538&-
2288800

0.01
3985.8

4
1

Rookatnd C::u=t
4a19
4066
3976
3904
3964

cample moen (xbar) =
sample variance (sA2) -

background variance (bA2) =

sample sigma (a) W
(95% Confidence) 2.762S a
(99% Confidence) 3.615sa

df = n-1u
chitest a p(xcX2) -

chisquare (X2) e

Acceptable XA2 mln a
Acceptable X2 max =

XA2 test posore (yeslno)?

09% Conf Intarval Test minm
96% Cont. Interval TeSt n a

Daily Source Check Mean Net Counts
95% Conf. Interval Test max c
99% COnf. Interval Test max -

Test perfolrned by: S Struck

CheCked bY:

28492
44336
3699.2

210
603
792

19
5.769E-02

29.568

WIliplier to Oonvert
to dpn:

MODA (cpm) -
MDA (dpm) z

80.S

297
23801

8.007
32.852

YES

23714
23903
24506
25110
26269

46~z-
Date;

L2221/3X3
S/N: 157020/020429-6
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Acock A~ams8nlll 12* mV seto swgmly ... j. rnV solo mdow. an mV
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BWeryvoftO mesued otJ.JyVdc. Cdmolton DUe D ots
C-141 itclency * (4 pO Not LOC 6o of Count) *no a30 Xtnhul (detOM

AWo Channel
01gfta Readout

REFERECE CAL POINT

&K F om

m eem

,In epm -.

N!;;R RECE'-D

-ft .
7s4e42
j&itn

PETRUM METER READIN

_ . 9
-7"S

Vdaf

REFERENCE CAL POINTI
BeOT/Gomnam Chosml wA
DWt Readout AK ep

4K rv.

.'V4=rtO~w1M*1 C..Wn

rJStRUMENrREC9U'D IN

-'.4.-
. 1 c
Jovim
:lb

SIRUMENT METER READMG

ea-

COMMEN1S:
SM fOr Th-230 s/n 2748-00. 3070cPm, read a& in 1 minute - Oo 2pi

at~ matnb..n .d drmb wcl~wfficahwar wg lwS~dbc a dn
O__.zJ rtmw1d w _mat dT.bm 1tei V LO-

Roletence lr#Jnnb ad/orlcis:

s SJN tw o - Q--. taetoh 7cvIE
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'M tw .r,~j

um.~/02.'

iZ~ad*r Is .4ii Q hhlc,

25 SWif736 .C

Mai _.*b',s:A,~'

310dol,3030 Wats . 11903
9 330 ?iS: fldtRA.3 AW

UNOZV% k1 flU) 4.1

Alpha Isotopes. 1a±239
hlpbha loirce Size Cdma 252C0
Alibam Source Wie tacitI @.011-3W41$

3ota xsotope: To-SO
3e~ SorceS~z (ez)~22600

Beta Souirce Size Ca±:0~4l

Starting Ni1gh -ft~tap, 62S

. .. ....

I 1. . . . . I

flateau CoimvIoda&., SCAMf
50S=O-ac owt Tim (win):1 0001.0.
!;ackgrougd. oot Las WMini 2. .0

I . m

.I
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; _ . _, _ ..NV I Scumc Ioputa)
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I

3 38.4% 3.0%, w 723 41
5 3.4% Is0t 1 $C87 ''a 43
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OBPROM settings)
(PC) Count Tkne:
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30f97

Iff

REFERENCE CAL. POINT
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420K cnm
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_;7! dzi -30 -Ilateau. Data

* de1 .""obuiPublic 
. . ..fade-, 2: ,2Se_`ia1f1795 62

.Jea e 3 .S:-e:-Building I'
:Heade- 4: Ronm 7 EastWall
aeader 5 Xore Co'4e-t, ?
Header 6: Xore Couvients?

C.Uibration Dus Date: 5/8/03

de 350- Date; 7/19/04
1,:V2 .Tnr'e: B:32:16 AN

-ser ._ Ta. ;.0

A: ha1 sotpce: Pu-239
.; Sa -ce Size (dpm): 25200

A: P .- So"-ce Size (ICi): 0.011351351

-:*ia :_o:ope: Tc-99
std :u-ce Size Cdpm): 22600

-zea S3:-ce Size (AMi)t 0.01018018

Starti.g Nigh Voltage: 600
Stertif.g High Voltage: 750

V- .r. .:agr Tr.crement: 25

SCADER
- e n): 0001.0

.-- - o=- Time (mIn): 1.0

ALPHA BETA5'-,- '3eta) Background Eff Cross'alk Source (Alpha) Background Eff Crosstalki

.C 9371 (383) 0 37.3% 3.7% 4580 (2) 32 20.1% 0.0%
<23 9455 73S8) 1 37.5% 3.5% 5493 (3) 29 24.2% 0.0%r~O 9483 (3631 0 37.6% 3.5% 6502 13) 33 28.6% 0.0%:75 9586 (3571 1 38.0% 3.3% 7454 (3) 36 32.8% 0.0%'0 9537 (343) 0 37.8% 3.2% 8354 (0) 34 36.8% 0.0%
25 9618 (305) 0 38.2% 2.5% 9100 (6) 63 40.0% 0.1%750 9666 (356) 1 38.4% 0.8% 10029 (5) 276 43.2% 0.0%
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4T!e :3030 RADA~ Caciuatio Data * . . . 47|
- - -- - - .- - - - -- ; v - ^ " -- - - -

tG^.. ' . -. ..............-:

A. 3a _ac buhrd(cm '0 0
ta ,ack4,urd(cpm) -330 . ':. * *

Aap; Zfficiency : 37.6
.Btea EficiencyT% : :28.6

Ccnf'd'mce Level: 95%

a -MA (w&pm) Beta M#DAdpm)

02. '2.1 313.9
0.5 14.4 133.4

7..2 102.9

2.0 3.6 85.7
1.4 74.3
0.7 70.3
U..C. 66.8

w7.2 102.9
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Ovirooadselatl/11umenpast OFF. Alphofftto Alcmm X-999 pm
3latefy v~olge measured at L&ZJL._Vdc. CaIfrotlon Due Dote: 0Lgj~~fl
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>2<.<# u-4.16t2003 16:52 314 654 1251

* -' eI: 3030 Plateau Data

.2/26/03
# 1:38:5: Ph4

'II

- Eoader 1: Join g Public
Reader 2: Seriall79577

v ad 3: Site:Building 1
der 4: Roan 7 EastWall

:%"der 5: Vone Comentu?
Feade: 6: More Coments?

:lfALLIKCKRODT-' '< S'U;:-.' 2114 P.0OO

._________________________ft ------------

rg: ~at .. %e Date: 2/26104

Eodel 3C30 Date: 2/26/03
!ode. 3C30 Tie: 11:42:00 AM

lser PC Tine: 1.0

Alpha Isotope: Pu-239
Alpha Source Size (dm): 365000
Alpha Source Size (jiCi): 0.16441(414

3eta Isotope: Tc-99
3e a Source Size (dWp): 22600
3e:a Source Size (Mci): 0.01018018

Shar~ing High Voltage: 675
St .ir:.c Fh Vo.tage: 800

V-_: o'-:e-,, :ncre::eat: 25

.a- a - '- t Mode: SCALER

'acs~:.g. Cocnt Tim (minl: 1.0

I:,, I
ALPHA

Background Ef£ CrossTalk1 Source (Alpha)
BETA

BackgroundSource IBeta) Eff Crosstalk|

_-- - .- -_ _--- -__---_- - _- - _--- __- -- _--___- _----_--_---__ _-- -- _-- __--- _-- -_
675
700

25
_;0

., 5

137685
137877
;38583
:37E5'
:37C4:
' ':3C5

13889)
13657)
12500)
(1483)
(1071)

(783)

0 37.7%
0 37.8%
2 38.0%
0 37.8%
1 37.5%
1 37.6%

2.8%
2.6%
1.8%
1.0%
0.7%i
0.4%

6010
6966
'969
8551
9470

10082

(1)
(1)
(1)
(3)
(1)
(2)

36
AS
49
50
70

203

26. %
30.6t
35.0t
37.6%
41.6%
43.7t

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
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rt ffi F WUlUaSaeS.dmrabU

44

-^ Wfa i :;:nx' 7

i ,(:2.o : A, 
.: . . '..,-;

- -. - -i - - - 1. - - - - - - -: - - -; - - - - - - -

-Setm Backqrotmd(cpmnh 49.0.

z'EfficiM %;38.0
bafiiec% 3.: .. : =0 ., ' ,f................. ' . . _. : ..

:Cfidece Lvel: 95% 9..

Cout Time "llpha NA(dpm) Beta MDA(dp).
...... . . .......... . . . . .. . .. . .. . .. .. .. .. . .. . .. .. . .. . . . . . . . .

0.1 .11.9 295.7
0.5 35.5 129.5

' 24.4 100.8
2.0 18.6 84.5
5.0 14.8 73.6

13.6 69.8
1;2.5 66.5

.C ;1. 24.4 100.8
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MALLINCKRODT C-T DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

Run Date: Wednesday, December 24, 2003

Survey Unit Number: 2502 Class: 2 Data Points: Beta Grid Type: R

SURVEY UNIT TABLE

Fixed

Bldq Rm Surface Equipment

Surface Area

Included

(sq. ft) Remarks

B250 205 FNSEW Q1-6 628 Dishwashing Room

8250 207 FNSEW Q1-4 822 Storage Room. Had contaminated sink that was

B250 209 FNSEW 01-12 1517 Lab

B250 210 FNSEW 01-13 2930 Mechanical Room

B250 211 FNSEW 01-12 1617 Lab

Total Area 7514

INITIALIZATION DATA

Measurement Types Selected: RG, B1, CH

Date Range: All

Thresholds:

EMC: 13,000 DCGLw. 2,600

SURVEY UNIT TEST STATUS
Test Performed Status dnm O/100 cm2

Min/Max Pass Maximum Survey Value CB 622.0

Background Fail Minimum Background VT -26.0

DCGLw Pass Difference 648.0

DCGLavg Pass Average Activity 119.4

EMC Pass Average Below DCGL 119.4

Wilcoxon Rank Sum Test NIA Average Background 87.7

Sign Test for Paired Data Pass
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Final Status Survey Report Building 250 Interior

Revision: 0
March 2004

APPENDIX 4127



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 # 2502 Building: B250

Meas.
Type

Gross Activity
Min SID (dpmJlOOcm2 )Room SFC X (ft) Y (ft) Mtx Remarks Exc Res.

205
205
205
205
205
205
207
207
209
209
209
209
209
209
209
209
209
209
209
209

E
N
Q2
04
04
S
w
w
F
F
N
Q10
010
011
Q2
Q2
08
09
09
S

6.5
1.2
2.0
2.0
1.0

14.0
10.4
0.3

11.8
11.8
11.8
2.0
1.0
1.0
3.0
2.0
2.0
2.0
1.0
6.7

2.5
0.0
0.0
0.0
0.0
6.8
3.0
5.5

20.5
9.2
3.9
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.3

CB Bl
CB RG
G BI
P B6
P BI
CB RG
CB RG
CB RG
VT RG
VT RG
CB RG
G BI
G Bl
0 BI
AT Bl
AT Bl
G B1
AT Bl
AT B6
CB RG

1 6460
1 6458
1 6465
1 6469
1 6468
1 6459
1 6476
1 6478
1 6542
1 6543
1 6539
1 6571
1 6570
1 6572
1 6551
1 6550
1 6564
1 6566
1 6565
1 6544

330.4
622.3

7.1
62.3
17.0

236.8
490.1
192.7
91.7
75.3

230.2
58.0
38.7
32.7
68.7
55.6
55.4

139.1
117.8
167.4

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
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MALLINCKRODT C-T DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

Meas.
Room SFC X (Rf) Y (if) Mix Type

Gross Activity
Min SID (dpmitoOcm2 ) Remarks Exc Res.

209
209
209
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
211
211
211
211
211
211
211
211
211
211
211
211
211

S 6.7 10.6 CB RG I
W 20.5 8.0 CB RG I
W 9.2 8.0 CB RG 1
E 5.1 12.3 B RG I
E 16.6 12.3 C RG 1
N 6.0 6.0 CB CH 2
N 6.0 0.0 CB CH 2
N 29.6 6.5 B RG 1
N 6.0 3.0 CB CH 2
N 12.0 6.0 0 CH 2
N 6.5 6.5 FG RG I
N 12.0 0.0 0 CH 2
N 12.0 3.0 0 CH 2
N 16.0 0.0 0 CH 2
N 16.0 6.0 0 CH 2
N 16.0 3.0 0 CH 2
01 1.0 0.0 M el 1
01 2.0 0.0 M Bl 1
01 3.0 0.0 M Bl 1
06 1.0 0.0 M B1 1
06 2.0 0.0 M Bl 1
S 10.8 1.8 B RG 1
S 33.9 13.4 B RG I
S 10.8 13.4 B RG 1
W 24.0 3.0 CB CH 2
W 6.0 0.0 CB CH 2
W 24.0 6.0 CB CH 2
W 12.0 3.0 CB CH 2
W 6.0 3.0 CB CH 2
W 18.0 0.0 CB CH 2
W 18.0 3.0 CB CH 2
W 12.0 6.0 CB CH 2
W 0.0 3.0 CB CH 2
W 6.0 6.0 CB CH 2
W 0.0 6.0 CB CH 2
W 12.0 0.0 CB CH 2
W 24.0 0.0 CB CH 2
E 8.8 5.1 CB RG I
F 16.0 8.4 VT RG 1
F 3.2 19.2 VT RG I
N 16.0 2.6 CB BI 1
01 2.0 0.0 CT Bl 1
01 1.0 0.0 M BI I
010 2.0 0.0 M Bl 1
011 1.0 0.0 0 BI 1
04 2.0 0.0 G Bl 1
06 2.0 0.0 FG Bl 1
08 2.0 0.0 CT Bl 1
S 17.2 3.0 CB RG 1
W 8.4 6.2 CB RG I

6545 153.5
6540 355.8
6541 313.9
6494 455.7
6497 313.6
2103 509.8
2101 506.1
6491 491.8
2102 394.5
2123 311.6
6490 260.4
2121 257.6
2122 246.8
2124 221.6
2126 169.3
2125 138.7
6502 141.6
6503 128.4
6504 118.4
6512 93.6
6513 71.9
6499 546.1
6500 405.0
6501 343.6
2141 435.9
2131 426.9
2142 374.7
2135 367.5
2132 340.4
2137 336.8
2138 333.2
2136 329.6
2129 302.6
2133 300.8
2130 300.8
2134 270.2
2140 237.8
6727 319.4
6724 107.2
6726 93.0
6722 391.0
6730 280.4
6729 78.1
6751 62.7
6755 104.7
6739 19.3
6743 31.0
6747 206.7
6728 517.6
6723 280.8

C
C
C
C
C
C
C
C
C
C
C
C
G
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
C
C
C
C
C
C
C
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MALLINCKRODT C-T DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

THE FOLLOWING DATA POINTS PASSED BACKGROUND, DCGLw, AND EMC

SCREENING TESTS:
Survey Unit# 2502 Building: B250

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

Gross Activ ty
SID (dpmmtooai

2
) RemarksMin Exc Res.

205
205
205
205
205
205
205
205
205
207
207
207
207
207
207
207
207
209
209
209
209
209
209
209
209
209
209
209
209
209
209
209
209
209
210
210
210
210
210
210
210
210
210
210
210
210
210
210

Q1 2.0
01 1.0
01 3.0
Q2 1.0
Q3 2.0
Q3 1.0
05 1.0
05 2.0
06 1.0
E 7.7
E 17.8
Q1 2.0
01 1.0
01 3.0
03 2.0
03 1.0
Q4 1.0
01 1.0
01 3.0
01 2.0
02 4.0
02 1.0
03 1.0
03 2.0
04 2.0
04 1.0
05 1.0
Q6 1.0
06 2.0
Q7 1.0
07 2.0
08 1.0
09 4.0
09 3.0
F 24.0
F 30.0
F 29.6
F 30.0
F 30.0
F 24.0
F 18.0
F 6.5
F 30.0
F 18.0
F 18.0
F 24.0
F 23.0
F 29.6

0.0 M B1
0.0 M BI
0.0 M BI
0.0 CT BI
0.0 CT Bl
0.0 CT B1
0.0 M Bl
0.0 M BI
0.0 M Bl

10.5 CB RG
10.5 CB RG
0.0 M BI
0.0 M B1
0.0 M BI
0.0 M Bl
0.0 M 81
0.0 M BI
0.0 CT BI
0.0 M Bl
0.0 M B1
0.0 M B1
0.0 M B8
0.0 CT B8
0.0 G B8
0.0 CT BI
0.0 CT BI
0.0 M 81
0.0 CT Bl
0.0 CT B1
0.0 CT Bl
0.0 CT B1
0.0 CT Bl
0.0 M 81
0.0 M B1
0.0 C CH
0.0 C CH
9.7 C RG

10.6 C CH
24.0 C CH
12.0 C CH
22.0 C CH
9.7 C RG

18.0 C CH
12.0 C CH
18.0 C CH
24.0 C CH
18.0 C CH
21.3 C RG

1 6462 34.0
1 6461 24.0
1 6463 16.2
1 6464 45.2
1 6467 71.1
1 6466 58.1
1 6470 28.6
1 6471 16.2
1 6472 15.5
1 6477 82.6
1 6479 11.0
1 6481 40.2
1 6480 22.4
1 6482 20.9
1 6484 38.7
1 6483 13.2
1 6485 49.5
1 6546 49.1
1 6548 26.5
1 6547 4.9
1 6552 19.6 Blower Motor
1 6549 -2.0
1 6554 -1.6
1 6555 -14.2
1 6557 135.8
1 6556 132.6
1 6558 32.3
1 6559 19.6
1 6560 1.6
1 6561 173.5
1 6562 163.7
1 6563 -29.5
1 6568 49.0 Blower Motor
1 6567 -5.9
2 2108 75.4
2 2113 74.9
1 6496 73.7
2 2115 50.3
2 2117 49.3
2 2110 39.2
2 2106 25.6
1 6495 24.2
2 2116 13.1
2 2104 11.1
2 2105 5.0
2 2112 2.5
2 2111 1.0
1 6493 -2.0
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MALLINCKRODT C-T DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

Meas.
Y (ft) Mtx Type

Gross Activity
SID (dpmJ1loco 2 ) RemarksRoom SFC X (ft) Min Exc Res.

210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211

F
F
F
010
Q10
010
011
011
011
012
Q2
Q2
Q2
Q3
03
Q4
05
Q7
08
08
08
09
09
S
W
Q1
010
Q10
010
02
03
03
03
03
04
05
05
06
07
07
08
09
09
S

24.0
30.0

6.5
2.0
1.0
3.0
1.0
3.0
2.0
1.0
2.0
1.0
3.0
2.0
1.0
1.0
1.0
1.0
2.0
3.0
1.0
1.0
2.0

33.9
18.0
3.0
4.0
1.0
3.0
1.0
3.0
4.0
2.0
1.0
1.0
2.0
1.0
1.0
1.0
2.0
1.0
2.0
1.0
4.3

6.0 C CH
6.0 C CH

21.3 B RG
0.0 M Bl
0.0 M B6
0.0 M BI
0.0 M B6
0.0 M BI
0.0 M BI
0.0 M Bl
0.0 M B1
0.0 M Bl
0.0 M BI
0.0 M BI
0.0 M Bl
0.0 M Bl
0.0 M Bl
0.0 M Bl
0.0 M Bl
0.0 M BI
0.0 M B6
0.0 M B6
0.0 M B6
1.8 M RG
6.0 P CH
0.0 M Bl
0.0 M B1
0.0 M 61
0.0 M Bl
0.0 M B6
0.0 M Bl
0.0 M Bi
0.0 M Bl
0.0 M B6
0.0 CT Bl
0.0 CT B6
0.0 CT Bl
0.0 G B6
0.0 CT B6
0.0 CT B6
0.0 CT B6
0.0 CT Bl
0.0 CT Bl

13.8 CB RG

2 2109 -9.0
2 2114 -11.1
1 6492 -23.3
1 6521 27.1
1 6520 26.3
1 6522 16.2
1 6523 26.3
1 6525 -6.2
1 6524 -10.1
1 6526 16.2
1 6506 13.9
1 6505 -4.6
1 6507 -9.3
1 6509 35.6
1 6508 -7.0
1 6510 -8.5
1 6511 16.2
1 6514 48.0
1 6516 44.1
1 6517 37.1
1 6515 28.6
1 6518 -0.8
1 6519 -38.7
1 6498 8.7
2 2139 -175.4
1 6731 19.3
1 6753 28.6
1 6750 9.3
1 6752 -6.2
1 6732 25.5
1 6735 20.9
1 6736 16.2
1 6734 11.6
1 6733 -10.8
1 6738 18.1
1 6741 156.3
1 6740 84.0
1 6742 -7.1
1 6744 42.6
1 6745 28.4
1 6746 122.7
1 6749 -20.7
1 6748 -31.0
1 6725 121.2

Blower Motor

Blower Motor
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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

AT

B

C

CB

CTP

CTX

FG

G

M

0

P

VT

___1__1-__-_1_11r____.__

Number of A verage Sigma.' '. .Background DCGIw

DataPoints Background, Threshold Threshold

(dpmWI10Ocm2) (dpm,11 Wcm
2 ) (dpnV1O0cm2 ) (dpmp/10Ocm 2) (dpmlOO=cm2 )

0 0.0 0.0 0.0 2,600

30 192.4 16.0 224.4 2,824

90 35.4 20.1 75.5 2,675

51 96.1 21.7 139.4 2,739

10 144.1 29.2 202.4 2,802

30 152.6 15.1 182.9 2,783

0 0.0 0.0 0.0 2,600

0 0.0 0.0 0.0 2,600

10 24.0 15.7 55.3 2,655

0 0.0 0.0 0.0 2,600

0 0.0 0.0 0.0 2,600

10 15.1 24.0 63.0 2,663

EMC

Threshold

(dprmJ1 00cm2)

13,000

13,224

13,075

13,139

13,202

13,183

13,000

13,000

13,055

13,000

13,000

13,063
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MALLINCKRODT C-T DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

STATISTICAL TEST RESULTS

Run Date: 12124/2003 10:34:08

Survey Unit Number 2502 Class: 2

Selected Test: SIGN TEST FOR PAIRED DATA

Test Status Pass

Thresholds:

EMC 13,000 DCGL 2,600

DATA SUMMARY TABLE

31 Survey points processed and 6 matrices processed

S4 = 31 WC = 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: Wednesday, December 24, 2003

Survey Unit 2503 Class: 2 Data Points: Beta Grid Type: R

SURVEY UNIT TABLE

Surface Area

IncludedFixed

Bldg Rm Surface Equipment (sq. ft) Remarks

B250 201 FNSEW Q1-9 1720 CT Lab. Highest contamination of upstairs labs

B250 202 FNSEW Q1-7 1712 Test production Lab. FSS data already taken.

3432Total Area

INITIALIZATION DATA

Measurement Types Selected: RG, BI, CH

Date Range: All

Thresholds:

EMC: 13,000 DCGLw: 5,000

SURVEY UNIT TEST STATUS

Test Performed Status

Min/Max

Background

DCGLw

DCGLavg

EMC

Wilcoxon Rank Sum Test

Sign Test for Paired Data

Pass

Fail

Pass

Pass

Pass

N/A

Pass

Maximum Survey Value CTP

'AN

dpm,/10 cm2

3,617.0

-26.0

3,643.0

MVInimIIIUmII DdLcU4UU11U vI

Difference

Average Activity

Average Below DCGL

Average Background

329.0

329.0

111.3
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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 TEST:

Survey Uni # 2503 Building: B250

Meas.

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

Gross Activity

Min SID (dpm,1iOOcm') Remarks Exc Res.

201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201

E 8.5
E 2.5
E 2.5
E 5.5
E 11.5
E 8.5
E 2.5
E 11.5
E 2.5
E 25.8
E 17.8
E 5.5
E 8.5
E 8.5
E 11.5
E 11.5
E 5.5
F 9.7
F 9.7
F 13.1
F 13.1
F 13.1
F 14.0
F 17.0
F 11.0
F 14.0
F 14.0
F 11.0
N 13.1
N 20.0
N 17.0
N 17.0
N 17.0
N 20.0
N 14.0

0.0 CB CH
0.0 CB CH
3.0 CB CH
3.0 CB CH
3.0 CB CH
6.0 CB CH
6.0 CB CH
6.0 CB CH
9.0 CB CH
9.3 CB RG
9.3 CB RG
6.0 CB CH
3.0 CB CH
9.0 CB CH
9.0 CB CH
0.0 CB CH
0.0 CB CH

11.7 C BI
13.3 C BI
19.3 VT RG
3.2 VT RG

11.3 VT RG
23.5 VT CH
25.3 VT CH
23.5 VT CH
25.3 VT CH
20.5 VT CH
25.3 VT CH
6.5 CB RG
3.0 CB CH
0.0 CB CH
6.0 CB CH
3.0 CB CH
0.0 CB CH
3.0 CB CH

2 2487 747.4
2 2481 730.5
2 2482 713.7
2 2485 674.3
2 2491 564.7
2 2489 508.5
2 2483 458.0
2 2492 452.4
2 2493 415.8
1 6608 393.0
1 6605 393.0
2 2486 354.0
2 2488 348.4
2 2495 281.0
2 2496 264.1
2 2490 255.7
2 2484 179.8
1 6612 1,028.0
1 6611 714.8
1 6601 117.8
1 6607 96.6
1 6604 94.9
2 2476 90.0
2 2472 88.3
2 2479 82.3
2 2475 81.0
2 2477 78.4
2 2478 77.5
1 6596 775.4
2 2498 590.0
2 2501 581.6
2 2503 564.7
2 2502 542.3
2 2497 519.8
2 2506 407.4
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MALLINCKRODT C-T DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

Meas.
Room SFC X (if) Y (ft) Mtx Type

Gross Activity
Min SID (dpmti1oocmn) Remarks Exc Res.

201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202

N 14.0 9.0 CB CH
N 14.0 6.0 CB CH
N 20.0 6.0 CB CH
N 14.0 0.0 CB CH
N 17.0 9.0 CB CH
01 1.0 0.0 CT BI
Q2 3.0 0.0 AT BI
Q2 2.0 0.0 AT BI
Q3 2.0 0.0 G BI
03 3.0 0.0 G BI
Q4 3.0 0.0 CT BI
S 6.9 12.9 CB RG
S 6.9 4.8 CT RG
W 27.4 3.0 AT RG
W 3.2 3.0 M RG
W 19.3 3.0 M RG
E 2.0 0.0 CB CH
E 12.9 2.0 CB CH
E 18.5 2.0 CB CH
E 24.1 2.0 CB CH
E 19.2 8.7 CB CH
E 7.4 2.0 CB CH
E 23.1 8.7 CB CH
E 3.5 8.7 CB CH
E 18.4 5.6 CB RG
E 1.9 2.0 CB CH
E 15.2 8.7 CB CH
E 2.5 5.6 CB RG
E 11.3 8.7 CB CH
E 10.4 5.6 CB RG
E 7.4 8.7 CB CH
E 3.0 0.0 CB CH
E 26.3 5.6 M RG
F 1.0 0.0 C CH
N 8.0 13.5 CB RG
N 1.6 9.8 CB CH
N 9.5 9.8 CB CH
N 10.8 2.3 CB CH
N 8.0 5.5 CB RG
N 13.5 9.8 CB CH
N 5.0 9.8 CB CH
N 16.4 2.3 P CH
N 5.2 2.3 P CH
N 9.5 13.5 M CH
N 17.4 13.5 M CH
N 17.4 9.8 P CH
S 10.2 5.2 CB CH
S 14.8 5.2 CB CH
S 10.5 9.5 CB CH
S 2.6 9.5 CB CH
S 14.4 9.5 CB CH
S 3.6 5.2 CB CH
S 18.4 9.5 CB CH
S 10.3 6.3 CB RG
S 6.5 9.5 CB CH
W 19.1 11.9 CB CH
W 24.6 0.3 CB CH
W 11.3 11.9 CB CH
W 13.6 0.3 CB CH
W 15.2 11.9 CB CH

2 2508 373.7
2 2507 373.7
2 2499 351.2
2 2505 199.5
2 2504 179.8
1 6613 209.5
1 6618 126.0
1 6617 14.7
1 6620 38.7
1 6621 6.4
1 6625 3,617.0
1 6610 648.0
1 6609 329.3
1 6597 201.8
1 6606 101.8
1 6600 76.3
3 2659 956.9
3 2662 820.5
3 2661 772.2
3 2660 738.6
3 2690 679.9
3 2663 631.6
3 2689 610.6
3 2694 587.5
1 6683 573.6
3 2664 518.3
3 2691 459.5
1 6677 456.8
3 2692 455.3
1 6680 446.1
3 2693 402.9
3 2688 381.9
1 6686 95.4
2 2644 97.0
1 6673 679.8
3 6819 666.3
3 6821 644.2
3 2711 642.1
1 6674 552.4
3 6822 545.9
3 6820 519.8
1 2712 209.8
1 2710 82.8
1 6826 75.7
1 6828 75.7
1 6823 63.4
3 2666 646.3
3 2665 591.7
3 2697 572.0
3 2699 545.9
3 2696 521.8
3 2667 518.3
3 2695 447.5
1 6687 308.0
3 2698 301.0
3 2705 1,149.9
3 2674 927.5
3 2703 842.9
3 2671 816.3
3 2704 814.8

No Paint

Window
Window
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202 W 24.6 5.9 CB CH
202 W 8.0 0.3 CB CH
202 W 19.1 0.3 CB CH
202 W 7.3 11.9 CB CH
202 W 4.0 0.0 CB CH
202 W 3.4 11.9 CB CH
202 W 25.5 7.9 CB RG
202 W 23.0 11.9 CB CH
202 W 19.1 5.9 CB CH
202 W 1.7 7.9 CB RG
202 W 13.6 5.9 CB CH
202 W 24.6 0.3 CB CH
202 W 8.0 5.9 CB CH
202 W 2.4 0.3 CB CH
202 W 2.4 5.9 CB CH
202 W 17.6 7.9 CB RG
202 W 6.0 0.0 C CH
202 W 9.6 7.9 CB RG

3 2708 814.2
3 2670 797.4
3 2672 778.5
3 2702 752.6
3 2668 751.2
3 2701 686.4
1 6675 648.0
3 2706 616.1
3 2678 614.8
1 6684 573.6
3 2677 558.2
3 2707 503.6
3 2676 430.2
3 2669 379.8
3 2675 375.6
1 6678 329.3
2 2700 326.9
1 6681 318.7

C
G
C
C
C
G
C
C
C
G
G
G
G
G
C
C
C
C

THE FOLLOWING DATA POINTS PASSED BACKGROUND, DCGLw, AND EMC

Screen Tests:
Survey Unit # 2503 Building: B250

Meas.

Room SFC X (ft) Y (fl) Mtx Type Min

Gross Activity

SID (dpmloocrn2) Remarks Exc Res.

201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201

E 5.5 9.0 CB CH
E 9.7 9.3 M RG
F 20.0 20.5 C CH
F 17.0 20.5 C CH
F 11.0 20.5 VT CH
F 17.0 23.5 C CH
F 20.0 23.5 C CH
F 20.0 25.3 C CH
N 20.0 9.0 CB CH
Q1 2.0 0.0 M BI
01 3.0 0.0 M BI
02 1.0 0.0 M Bl
03 4.0 0.0 G BI
03 1.0 0.0 G BI
04 1.0 0.0 CT BI
04 2.0 0.0 CT BI
05 1.0 0.0 CT BI
05 2.0 0.0 M BI
06 1.0 0.0 CT BI
06 2.0 0.0 CT BI

2
2
2
2
2
2
2
2
2
1
1
I
1
I
I
I

.1
I
1

2494 104.0
6602 -216.3
2471 73.7
2474 66.3
2480 54.5
2473 48.0
2470 37.2
2469 27.1
2500 104.0
6614 3.9
6615 2.0
6616 7.8
6622 -23.2
6619 -27.1
6623 72.0
6624 -22.9
6626 111.3
6627 7.8
6628 198.0
6629 198.0
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MALLINCKRODT C-T DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

Meas.
Room SFC X (ft) Y (Rf) Mtx Type

Gross Activity
Min SID (dpmi1ooami) Remarks Exc Res.

201
201
201
201
201
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202

07 1.0
07 2.0
08 1.0
08 2.0
W 11.3
F 8.0
F 5.2
F 16.4
F 10.8
F 10.8
F 5.2
F 10.8
F 10.8
F 8.0
F 16.4
F 16.4
F 5.2
F 5.2
F 10.8
F 16.4
F 16.4
F 5.2
F 8.0
F 8.0
N 5.6
N 13.5
N 1.6
01 2.0
01 3.0
Q1 1.0
Q2 1.0
Q2 2.0
03 1.0
03 2.0
05 1.0
Q5 2.0
06 1.0
06 2.0

0.0 CT Bl
0.0 M SI
0.0 CT Bi
0.0 CT B1
3.0 M RG
1.7 CT RG
2.4 C CH
2.4 C CH
8.0 C CH

24.6 C CH
8.0 C CH

19.1 C CH
13.6 C CH
25.5 VT RG
24.6 C CH
13.6 C CH
19.1 C CH
24.6 C CH
2.4 C CH
8.0 C CH

19.1 C CH
13.6 C CH
17.6 VT RG
9.6 VT RG

13.5 M CH
13.5 M CH
13.5 M CH
0.0 CT BI
0.0 M B1
0.0 M BI
0.0 CT BI
0.0 M Bl
0.0 CT Bl
0.0 CT BI
0.0 CT Bl
0.0 M Bl
0.0 CT BI
0.0 CT BI

1 6630 26.2
1 6631 4.9
1 6632 112.9
1 6633 108.0
1 6603 -209.9
1 6685 170.2
2 2645 64.0
2 2653 57.6
2 2650 47.0
2 2658 28.8
2 2646 27.7
2 2652 26.5
2 2651 25.8
1 6676 22.9
2 2709 19.7
2 2655 15.5
2 2648 15.2
2 2657 14.8
2 2649 13.3
2 2654 12.1
2 2656 7.6
2 2647 6.8
1 6679 6.5
1 6682 -24.5
1 6825 -10.8
1 6827 -14.4
1 6824 -32.4
1 6689 96.6 Ceiling Tile
1 6690 19.6 Piping
1 6688 -13.7 Light
1 6691 44.2
1 6692 20.6
1 6693 -1.6
1 6694 -76.9
1 6695 11.5
1 6696 -8.8
1 6697 13.1
1 6698 -21.3
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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: 5,000 EMC: 13,000

mMatrr of Average Sigma- Background DCGLw EMC

Data Points :Background Threshold Threshold Threshold

(dPmp/100u2) (dprV100crr) (dpmV100cm2) (dpmp/100cm2) (dpmny1 00cm2) (dpmOI10Ocn 2)

AT

C

CB

CT

CTP

CTX

G

M

P

VT

0

90

51

77

10

30

0

10

0

10

0.0

35.4

96.1

213.6

144.1

152.6

0.0

24.0

0.0

15.1

0.0

20.1

21.7

39.5

29.2

15.1

0.0

15.7

0.0

24.0

0.0

75.5

139.4

292.7

202.4

182.9

0.0

55.3

0.0

63.0

5,000

5,075

5,139

5,293

5,202

5,183

5,000

5,055

5,000

5,063

13,000

13,075

13,139

13,293

13,202

13,183

13,000

13,055

13,000

13,063
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MALLINCKRODT C-T DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

STATISTICAL TEST RESULTS

Run Date: 12/24/2003 10:59:02

Survey Unit Number 2503 Class: 2

Selected Test: SIGN TEST FOR PAIRED DATA

Test Status Pass

Thresholds:

EMC 13,000 DCGL 5,000

DATA SUMMARY TABLE

28 Survey points processed and 6 matrices processed

SF = 28 WC = 18

***** 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, January 12, 2004

Survey Unit Number: 2504 Cl ass: 2 Data Points: Beta Grid Type: R

SURVEY UNIT TABLE

Bldq
B250
8250
B250
B250
B250
B250
B250
B250
B250
B250
R250Q

Rm
101C
1 03A
110
115
118
119
127
139
140
218
219

Surface
FNSEW
FSW
FN
FS
FNSEW
FNSE
FNSEW
FNSEW
FNSEW
FNESW
FNSFW

Fixed
Equipment
Q1Q2
01
Q1Q2
Q1Q2
Q1

Q1
Q2Q3Q1
Q1Q2

010203

Surface Area
Included

(sa. ff)
259
681
208

1071
484
190
869
355
443

1242
1725

3 7527

Remarks
Janitoes closet

Floor of eastern stairwell to first tread
Upper stairwell hallway, only floor to stairs, no
CT Laboratory
CT lab office
CT hallway
Upper stairwell East. Ind. All treads, risers, walls,
Unner stairwell West Inel All treads risers walls,

Total Area

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 domJ1 00 cm2

Min/Max

Background

DCGLw

DCGLavg

EMC

Wilcoxon Rank Sum Test

Sign Test for Paired Data

Pass

Fail

Pass

Pass

Pass

NMA

Pass

Maximum Survey Value CB

Minimum Background VT

Difference

Average Activity 54.3

Average Below DCGL 54.3

Average Background 52.3

907.0

-26.0

933.0
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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 # 2504 Building: B250

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

Gross Activity
Min SID (dpmt1oocr

2) Remarks Exc Res.

101C E
103AB 01
103AB W
103AB W
110 Q2
115 S
115 S
115 S
118 E
118 S
118 W
119 E
127 E
127 E
127 E
127 E
127 E
127 E
127 E
127 E
127 E
127 E
127 E
127 E
127 N
127 N
127 N
127 N
127 N
127 S
127 S
127 S
127 S
127 W
127 W
127 W
127 W
127 W
127 W
127 W

3.1
2.0
9.0
7.1
1.0

24.3
39.0
21.9
3.1
3.3
2.8
0.5
7.0
1.0
7.0
7.0
4.0

10.0
1.0

10.0
2.0

10.0
1.0
4.0
9.0

12.0
15.0
6.0
0.0

15.5
0.5
6.5
3.5
3.0
0.0
0.0
9.0
9.0
3.0
7.0

4.2 CB RG
0.0 M BI
1.0 GB Bl
7.5 GB RG
0.0 M Bl
4.4 0 RG
1.0 GB CH
7.4 GB CH

10.7 CB RG
11.2 CB RG
6.5 M RG
8.1 CB RG
8.0 GB CH
3.0 GB CH
6.0 GB RG
0.0 RB CH
6.0 GB CH
6.0 GB CH
6.0 GB RG
3.0 GB CH
9.0 GB CH
0.0 RB CH
0.0 RB CH
0.0 RB CH
0.0 RB CH
0.0 RB CH
0.0 RB CH
0.0 RB CH
0.0 RB CH
0.0 RB CH
0.0 RB CH
0.0 RB CH
0.0 RB CH
3.0 GB RG
3.0 GB CH
0.0 RB CH
3.0 GB RG
0.0 RB CH
0.0 RB CH
9.0 GB CH

1 6921 146.5
1 6919 56.8
3 7955 25.5
3 7950 20.7
1 6979 112.7
1 6984 27.8
3 2823 17.5
3 2822 15.8
1 6831 509.2
1 6832 286.0
1 6829 91.9
1 6850 327.9
2 2004 50.2
2 2002 33.5
2 1997 24.5
2 1995 24.5
2 2000 19.3
2 1994 14.8
2 2003 12.2
2 1993 10.3
2 2005 9.0
2 1992 7.1
2 2001 5.1
2 1998 0.6
2 1981 27.0
2 1984 24.5
2 1987 23.2
2 1977 18.0
2 1971 10.9
2 2006 43.1
2 2022 9.7
2 2016 5.8
2 2019 5.1
2 2031 43.8
2 2028 39.3
2 2027 19.3
2 2037 10.9
2 2036 8.4
2 2030 7.7
2 2040 3.9

Vent

Fire Sprinkler
Drywall
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MALLINCKRODT C-T DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

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

Gross Activity
Min SID (dpmloocW') Remarks Exc Res.

127
139
140
140
140
140
140
140
140
140
140
140
140
140
218
218
218
218
218
218
218
219
219
219
219
219
219

W 2.0 8.0 GB CH
Q2 1.0 0.0 M Bl
E 1.0 3.0 GB CH
E 7.0 6.0 GB CH
E 7.0 3.0 GB CH
E 7.0 7.0 GB CH
E 10.0 3.0 GB CH
E 10.0 0.0 GB CH
E 10.0 6.0 GB CH
E 7.0 0.0 GB CH
E 1.0 6.0 GB CH
E 1.0 0.0 GB CH
W 3.0 6.0 CB CH
W 0.0 6.0 CB CH
E 14.9 22.6 CB RG
E 0.9 22.6 CB RG
N 5.3 27.1 CB RG
N 5.3 13.1 CB RG
S 5.4 23.4 CB RG
W 18.6 22.7 CB RG
W 4.6 22.7 CB RG
N 1.3 4.8 CB RG
N 15.3 18.8 CB RG
N 1.3 18.8 CB RG
S 17.9 9.2 CB RG
S 3.9 23.2 CB RG
S 17.9 23.2 CB RG

2 2039 1.9
1 6909 88.2
2 2074 66.6
2 2069 50.1
2 2068 40.4
2 2076 39.8
2 2065 25.6
2 2064 23.3
2 2066 22.2
2 2067 19.9
2 2075 11.4
2 2073 4.6
2 2090 156.4
2 2087 150.7
1 6858 411.6
1 6855 265.1
1 6851 830.1
1 6852 460.4
1 6860 565.0
1 6853 906.9
1 6856 258.1
1 6875 851.1
1 6874 341.8
1 6872 279.0
1 6889 272.1
1 6891 272.1
1 6890 244.2

Fire Sprinkler

THE FOLLOWING DATA POINTS PASSED BACKGROUND, DCGLw, AND EMC
SCREENING TESTS:
Survey Unit # 2504 Building: B250

Meas.
Room SFC X (ft) Y (ft) Mtx Type Min

Gross Activity
SID (dpmJ1oXc') Remarks Exc Res.

101C 01 1.0 0.0 M Bl
101C 02 1.0 0.0 M B8
101C W 3.0 6.5 M RG
103AB F 2.0 8.8 VT RG
103AB F 8.8 2.0 Vr RG
103AB F 15.6 2.0 VT RG
103AB F 8.8 8.8 VT RG
103AB F 2.0 2.0 Vr RG
103AB F 15.6 8.8 Vr RG
103AB 01 1.0 0.0 M Bl
103AB S 10.0 6.4 CB BI
103AB S 5.3 6.4 CB RG
103AB S 18.0 6.4 CB RG
103AB S 21.0 1.0 CB Bl
103AB S 10.0 1.0 CB Bl
103AB S 11.1 1.0 CB BI
103AB W 4.6 6.4 CB CH
103AB W 9.3 1.0 CB CH
110 F 1.7 6.5 Vr RG
110 F 62.9 41.0 Vr CH
110 F 62.0 41.5 Vr CH
110 F 62.9 35.2 VT CH

1 6922 40.2 Light
1 6923 -3.9 Sink
1 6920 -33.4
4 4942 22.3
4 4941 21.6
4 2513 12.0
4 4943 10.7
4 4940 10.0
4 2514 -17.9
1 6918 -10.8 Light
3 2556 128.0
3 2557 113.8
3 2541 113.2
3 2540 111.0
3 2555 96.2
3 2542 61.2
3 2531 76.1
3 2532 60.6
1 6977 40.9
3 2870 7.4
2 2543 6.1
3 2866 3.1
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MALLINCKRODT C-T DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

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

Gross Activity
Min SID (dpmiloocm2 ) Remarks Exc Res.

110
110
110
110
110
110
110
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
118
118
118
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127

F
F
N
N
N
01
02
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
01
02
02
S
F
01
01
E
E
F
F
F
F
F
F
F
F
F
F
F
F
F
F

68.6 35.2 Vr CH
68.6 41.0 Vr CH
59.9 1.0 CB CH
59.9 4.7 CB CH

1.7 9.5 CB RG
1.0 0.0 M BI
2.0 0.0 M BI

10.0 12.0 C BI
10.0 11.0 C El
11.0 12.0 C BI
0.8 9.6 Vr BI

32.7 2.3 Vr RG
1.9 10.0 Vr RG

10.0 13.0 C BI
23.6 8.4 VT CH
15.9 0.7 Vr CH
23.6 0.7 Vr CH
25.0 10.0 Vr RG

8.4 10.0 Vr RG
16.2 10.0 Vr RG

1.9 2.3 Vr RG
8.4 2.3 Vr RG
9.0 12.0 C Bl

32.7 10.0 VT RG
16.0 11.0 Vr BI

1.0 11.0 Vr Bl
25.0 11.0 Vr Bl
10.0 12.0 CP Bl
9.0 12.0 CP Bl

10.0 11.0 CP El
10.0 13.0 CP El

1.0 11.0 CP Bl
11.0 12.0 CP Bl
25.0 2.3 Vr RG
28.8 9.6 Vr Bl
15.9 8.4 VT CH
16.2 2.3 Vr RG
1.0 0.0 M BI
2.0 0.0 M BI
1.0 0.0 M El

10.3 4.4 0 RG
7.5 2.8 Vr RG
2.0 0.0 M BI
1.0 0.0 M El
4.0 3.0 GB CH
7.0 3.0 GB CH
0.0 3.0 VT CH
9.0 6.0 Vr CH

15.0 9.0 Vr RG
9.0 9.0 VT RG
3.0 0.0 Vr CH

15.0 0.0 Vr CH
3.0 9.0 VT RG
6.0 3.0 VT CH
0.0 9.0 Vr CH
9.0 0.0 Vr CH

12.0 3.0 VT CH
12.0 0.0 Vr CH
12.0 6.0 VT CH
15.0 3.0 Vr RG

3 2867
3 2871
3 2842
3 2841
1 6924
1 6978
1 6980
1 7909
1 7912
1 7911
1 6981
3 2804
3 2801
1 7913
3 2815
3 2812
3 2813
3 2805
3 2808
3 2810
3 2800
3 2807
1 7910
3 2806
1 6989
1 6991
1 6990
1 7846
1 7845
1 7843
1 7842
1 7345
1 7844
3 2803
1 6983
3 2814
3 2809
1 6986
1 6988
1 6987
1 6985
1 6830
1 6834
1 6833
2 1999
2 1996
2 1947
2 1960
2 1970
2 1961
2 1950
2 1966
2 1953
2 1955
2 1949
2 1958
2 1963
2 1962
2 1964
2 1968

1.0
-7.7

106.7
87.9
42.6

2.0 Vent
32.3 Fire Sprinkler
66.5 gamma hot spot
47.3 South 1
38.4 West 1'
34.4 New Flooring
26.6
23.2
21.7 North 1'
21.0
18.7
15.8
11.8
10.9
10.9
8.7
7.4
1.3 East 1'
0.9
0.0
0.0
0.0
0.0 Hotspot @ Center
0.0 West of Hotspot 1
0.0 South of Hotspot V
0.0 North of Hotspot 1'
0.0 Local Scan
0.0 East of Hotspot 1'

-2.4
-4.9 New Flooring
-9.5

-18.9
21.6 Lght
23.5 Fire Sprinkler
21.6 Fire Sprinkler

-44.2 Drywall
-6.5
9.8
0.0

-10.3
-10.9
40.5
38.0
34.7
32.2
30.2
27.7
27.0
26.4
25.1
18.0
17.4
17.2
15.8
14.8

x
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MALLINCKRODT C-T DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

Meas.
Room SFC X (if) Y (ft) Mtx Type

Gross Activity
Min SID (dpmntofcm') Remarks Exc Res.

127 F
127 F
127 F
127 F
127 F
127 F
127 F
127 F
127 F
127 F
127 F
127 N
127 N
127 N
127 N
127 N
127 N
127 N
127 N
127 N
127 N
127 N
127 N
127 N
127 N
127 N
127 Q1
127 S
127 S
127 S
127 S
127 S
127 S
127 S
127 S
127 S
127 S
127 S
127 S
127 S
127 S
127 S
127 S
127 W
127 W
127 W
127 W
127 W
127 W
139 E
139 E
139 E
139 E
139 E
139 E
139 E
139 E
139 E
139 E
139 E

3.0 3.0 VT RG
6.0 0.0 VT CH
3.0 6.0 VT CH
6.0 6.0 VT CH
0.0 1.0 VT CH

12.0 9.0 VT CH
9.0 3.0 VT RG
6.0 9.0 VT CH

15.0 3.0 VT CH
0.0 6.0 VT CH

15.0 6.0 VT CH
9.0 6.0 CB RG
3.0 3.0 CB CH
6.0 3.0 CB CH

15.0 3.0 CB CH
12.0 3.0 CB CH
0.0 6.0 CB CH
6.0 6.0 CB CH

12.6 7.0 CB CH
5.0 9.0 CB CH
3.0 6.0 CB RG
9.0 3.0 CB CH

15.0 6.0 CB RG
12.0 6.0 CB CH
0.0 3.0 CB CH
3.0 0.0 RB CH
1.0 0.0 M BI
9.5 3.0 CB CH
6.5 3.0 CB RG

12.5 6.0 CB CH
0.5 6.0 CB CH

15.5 6.0 CB CH
3.5 6.0 CB CH
1.5 9.0 CB CH
6.5 6.0 CB CH
9.5 6.0 CB CH
0.5 3.0 CB RG
3.5 3.0 CB CH

11.5 8.0 CB CH
15.5 3.0 CB CH
12.5 3.0 CB RG

9.5 0.0 RB CH
12.5 0.0 RB CH
6.0 6.0 M CH
6.0 0.0 M CH
3.0 6.0 GB CH
0.0 6.0 GB CH
6.0 3.0 M CH
9.0 6.0 GB CH
2.6 7.0 CB CH
5.6 7.0 CB CH
0.0 7.0 CB CH
2.6 3.0 CB CH
1.6 7.0 CB CH
0.0 3.0 CB CH
5.6 0.0 CB CH
2.6 0.0 CB CH
4.6 4.4 CB RG
0.0 0.0 CB CH
5.6 3.0 CB CH

2 1951 12.2
2 1954 7.2
2 1952 7.1
2 1956 5.7
2 1946 4.3
2 1965 1.9
2 1959 1.3
2 1957 -7.1
2 1967 -7.7
2 1948 -12.2
2 1969 -19.9
2 1983 120.3
2 1975 93.3
2 1978 88.8
2 1988 85.6
2 1985 81.7
2 1973 75.3
2 1980 75.3
2 1991 74.0
2 1990 72.1
2 1976 70.8
2 1982 63.7
2 1989 50.8
2 1986 32.2
2 1972 10.9
2 1974 -13.5
1 6917 15.7
2 2014 122.9
2 2017 88.8
2 2011 84.9
2 2024 80.4
2 2008 77.2
2 2021 70.8
2 2026 70.8
2 2018 65.6
2 2015 64.4
2 2023 63.7
2 2020 55.3
2 2025 54.1
2 2007 37.3
2 2010 8.4
2 2013 -9.0
2 2009 -10.3
2 2035 21.2
2 2033 -3.1
2 2032 -6.4
2 2029 -7.7
2 2034 -20.4
2 2038 -24.5
2 1918 116.9
2 1917 111.9
2 1919 68.9
2 1915 58.8
2 1941 53.4
2 1916 45.9
2 1911 38.7
2 1912 28.7
1 6907 26.2
2 1913 25.1
2 1914 7.9

Light Fixure
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MALLINCKRODT C-T DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

Meas.
Room SFC X (fl) Y (fl) Mtx Type Min

Gross Activity
SID (dpmW1ooar 2) Remarks Exc Res.

139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140

F 0.0
F 0.0
F 5.9
F 5.9
F 0.0
F 3.0
F 3.0
F 5.9
F 3.0
N 5.9
N 0.0
N 0.0
N 3.0
N 5.9
N 3.0
N 5.9
N 3.0
N 0.0
N 5.6
Q1 1.0
02 2.0
Q3 1.0
S 0.0
S 5.9
S 2.9
S 0.0
S 0.0
S 5.9
S 2.9
S 3.9
S 2.9
S 5.9
W 3.0
W 0.0
W 3.0
W 0.0
W 1.0
W 5.0
W 3.0
W 0.0
W 5.6
W 5.6
W 5.6
E 4.0
E 4.0
E 4.0
F 3.0
F 0.0
F 3.0
F 0.0
F 3.0
F 0.0
F 3.0
F 0.0
N 2.0
N 0.0
N 3.5
N 0.0
N 0.0

0.0 VT CH
3.0 VT CH
0.0 VT CH
5.6 VT CH
5.6 VT CH
3.0 VT CH
0.0 VT CH
3.0 VT CH
5.6 VT CH
0.0 CB CH
3.0 CB CH
7.0 CB CH
0.0 CB CH
6.0 CB CH
6.0 CB CH
3.0 CB CH
3.0 CB CH
0.0 CB CH
8.0 CB CH
0.0 M Bl
0.0 M Bl
0.0 M Bl
3.0 CB CH
6.0 CB CH
7.0 CB CH
0.0 CB CH
7.0 CB CH
0.0 CB CH
3.0 CB CH
8.0 CB CH
0.0 CB CH
3.0 CB CH
7.0 CB CH
0.0 CB CH
0.0 CB CH
6.0 CB CH
3.7 CB RG
8.0 CB CH
3.0 CB CH
3.0 CB CH
3.0 CB CH
7.0 CB CH
0.0 CB CH
6.0 M CH
0.0 M CH
3.0 M CH
6.0 VT CH
9.0 VT CH
9.0 VT CH
6.0 VT CH
0.0 VT CH
3.0 VT CH
3.0 VT CH
0.0 VT CH
7.0 CB CH
6.0 M CH
0.3 CB Bl
3.0 M CH
0.0 M CH

2 1892 42.7
2 1895 30.8
2 1894 29.5
2 1900 28.0
2 1898 14.8
2 1896 2.2
2 1893 -17.9
2 1897 -21.5
2 1899 -27.3
2 1908 77.6
2 1903 76.2
2 1904 70.1
2 1905 66.0
2 1910 57.1
2 1907 37.4
2 1909 37.4
2 1906 35.4
2 1902 26.5
2 1940 18.7
1 6908 -20.6 Cabinet
1 6910 28.4 Fire Sprinkler
1 6911 5.9 Electrical Track
2 1927 118.4
2 1922 102.0
2 1925 96.6-
2 1926 93.9
2 1928 87.8
2 1920 85.7
2 1924 74.1
2 1942 65.0
2 1923 38.1
2 1921 24.5
2 1935 107.5
2 1929 72.1
2 1933 66.0
2 1932 61.9
1 6906 54.0
2 1939 48.9
2 1934 46.9
2 1931 40.8
2 1937 36.1
2 1938 15.0
2 1936 -8.8
2 2072 19.1
2 2070 7.8
2 2071 -4.4
2 2053 42.1
2 2054 42.1
2 2055 27.9
2 2052 17.9
2 2049 14.2
2 2050 -18.2
2 2051 -19.9
2 2048 -20.2
2 2063 84.3
2 2058 18.4
1 6912 11.5
2 2057 10.2
2 2056 10.2
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MALLINCKRODT C-T DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

Meas.
Room SFC X (fl) Y (Rf) Mtx Type

Gross Activity
SID (dpm,,1oocm2 ) RemarksMin Exc Res.

140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
218
218
218
219
219
219
219
219
219
219
219

N
N
N
01
01
02
S
S
S
S
S
S
S
S
w
w
w
w
w
w
w
w
w
w
w
F
F
N
E
F
01
Q1
02
02
03
w

3.0 0.0 M RG
3.0 6.0 M CH
3.0 3.0 M CH
2.0 0.0 M BI
1.0 0.0 M BI
1.0 0.0 M BI
1.3 8.0 CB CH
1.3 3.0 CB RG
1.3 6.0 CB CH
0.8 3.8 CB BI
1.3 0.0 CB CH
4.3 6.0 M CH
4.3 0.0 M CH
4.3 3.0 M CH
0.0 3.0 CB CH
9.0 6.0 CB CH
9.0 0.0 CB CH
9.0 3.0 CB CH
3.0 3.0 CB CH
3.0 0.0 CB CH
0.0 0.0 CB CH
7.0 7.0 CB CH
6.0 6.0 M CH
6.0 0.0 M CH
6.0 3.0 M CH
5.3 4.6 VT RG
5.3 18.6 VT RG
7.5 10.9 M BI
9.2 10.1 M RG
1.3 4.8 Vr RG
2.0 0.0 M BI
1.0 0.0 M BI
2.0 0.0 M BI
1.0 0.0 M BI
1.0 0.0 M BI
4.8 12.8 M RG

2 2059 3.1
2 2061 1.7
2 2060 -1.0
1 6916 17.6 Fire Sprinkler
1 6915 2.9 Fire Sprinkler
1 6914 18.6 Light
2 2084 119.0
2 2081 112.1
2 2082 99.0
1 6913 88.4
2 2080 29.6
2 2079 20.4
2 2077 12.6
2 2078 2.7
2 2086 129.7
2 2096 124.6
2 2094 114.9
2 2095 113.2
2 2089 111.5
2 2088 100.1
2 2085 67.1
2 2097 61.8
2 2093 14.0
2 2091 3.7
2 2092 -10.9
1 6857 13.1
1 6854 6.5
1 6835 20.9
1 6888 -142.0
1 6886 -1.6
1 6902 38.2 Heater
1 6901 12.7 Heater
1 6904 18.6 Ladder
1 6903 13.7 Ladder
1 6905 5.9 Light
1 6883 -58.5
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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

er oi rg S'gma Bakgrnd DCGLw
'EMC

Data Points Backgrouind Threshold Threshold Threshold
. -(b) -Td (T:c)

(dpmpf1O0cmT') (dP1p/~100-n1) (dpn,1100crn) (dpV~1O0cm2) (dprIl00cm2) (dpmJlO0ctn)

C

CB
CPT
GB
M
0
RB
VT

90
51
0
0
10
0
1

10

35.4
96.1
0.0
0.0

24.0
0.0
0.0

15.1

20.1
21.7

0.0
0.0

15.7
0.0
0.0

24.0

75.5

139.4

0.0

0.0

55.3

0.0

0.0

63.0

2,675

2,739

2,600

2,600

2,655

2.600

2,600

2,663

13,075
13,139
13,000
13,000
13,055
13,000
13,000
13,063
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MALLINCKRODT C-T DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

STATISTICAL TEST RESULTS

Run Date:

Survey Unit Number

Selected Test:

Test Status

Thresholds:

111212004 4:38:38 PM

2504 Class: 2

SIGN TEST FOR PAIRED DATA

Pass

EMC 13,000 DCGL 2,600

DATA SUMMARY TABLE
68 Survey points processed and 5 matrices processed

S+ = 68 WC = 41

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