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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 floor of Building 240
on the Mallinckrodt St. Louis site (designated as Survey Unit (SU) 2401). This
report is being provided in accordance with the Mallinckrodt C-T Project,
Phase I Decommissioning Plan (D Plan). This Final Status Survey (FSS) was
performed in accordance with Field Instruction (FI) CT-FI-0051 to demonstrate
that the established guidelines for unrestricted release have been met. The results
of the FSS are presented in this FSSR as justification for release of this survey
unit from License STB-401 for unrestricted use.

1.2. HISTORICAL BACKGROUND

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

CT-FI-005, Final Status Survey Guidefor Survey Unit 2401: Building 240 Floor.
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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 surfaces of Building 240 have been designated as a single
survey unit see paragraph 2.1.3. SU-2401 consists of the interior floor and
doorways of Building 240. SU-2401 is classified as Class 2.

2.1.2. Table 2.1 below contains the description provided in Appendix A of the D Plan
for the areas referenced by this FSSR.

Table 2.12
Survey Area Descriptions

Area Surface Location/Surface l

170 F Floor/Doorways|

2.1.3. A summary report for each survey unit listing all the surfaces and fixed apparatus
assigned to SU-2401 is presented in Appendix 1. A drawing of the survey unit
showing the location of key fixed apparatus items is presented in Appendix 2,
Figure 2.1.

2.2. IDENTIFICATION OF THE RADIOLOGICAL CONTAMINANTS

2.2.1. The radionuclides on the St. Louis site under license STB-401 are the uranium
and thorium series. Both series are assumed to be in radioactive equilibrium and
to exist in a uranium-to-thorium ratio of two to one.3

2.3. REFERENCE BACKGROUND LEVELS

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

2 Appendix A of D Plan.
3 Mallinckrodt C-T Project D Plan Appendix D
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Table 2.2
Background Reference Data

Mean Standard Deviation
Matrix(dpmp/l OOcm2)4  (dpmp/l 00cm2)

Concrete 35.4 20.1

Metal 24.0 15.7

Vinyl Tile 15.1 24.0

Wood 13.4 24.0

2.4. RELEASE CRITERIA

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

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

Table 2.3
Building Surface and Installed Apparatus Release Criteria

Criterion (dpm/1OO cm2)

DCGLw 13,000

ARG 2,600

2.4.3. Elevated Measurements Criterion (EMC).

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

4 Dpmpl/00 cm2 refers to the disintegrations per minute per 100 cm2 for the combined parent nuclide series.
5 NEXTEP Tech Memo 0211, Recommendation for an Administrative Release Guideline for the Mallinckrodt

C-TProject, A.H. Thatcher, CHP, (included with FSSR 2501).
6 Final Status Survey Design Guide (Phase 1), Section 3.2, covers the rules governing use of the ARG.
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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 for the instruments used during this FSS were adhered to.
Measuring and analyzing equipment were tested and calibrated before initial use
and were recalibrated periodically and whenever previous calibrations were
invalidated. Field and laboratory equipment specifically used for obtaining final
radiological survey data were calibrated based on standards traceable to NIST.
Minimum frequencies for calibrating equipment have been established and
documented.

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

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

2.5.5. L222 1 /AB-100 - The primary instrument used for the detection of surface
radioactivity was the AB-I00 scintillation detector configured for beta detection.
The AB-1 00 detector houses a ZnS/BC-408 organic scintillator and is paired with
the Ludlum 2221 scaler/ratemeter for fixed and scan surveys. The window of the
AB-100 was modified to increase the thickness of the mylar to 7-9 mg/cm2 for the
purpose of alpha attenuation7. 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.9 The sensitivity of the
AB-100 was derived from experiments by Lucas and Colyott which were reported
in Attachment 3 to the D Plan.'0 The actual instruments used were calibrated and

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

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

9 Internal Conversion Electrons (ICE) will also be included in this number but are a second order effect and
may be ignored.
Energy Dependent Calibrations for the Bicron Model AB-IO Beta Ray Survey Probe, A. Lucas, CHP and L.
Colyott, Ph.D., submitted as Attachment 3 to the Mallinckrodt Phase I Decommissioning Plan.
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normalized to the reference instrument tested by Lucas and Colyott as prescribed
in CT-QA-6.1 " .

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

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

2.5.8. L3030 - The Ludlum Model 3030 alpha/beta scaler houses ZnS(Ag) and plastic
scintillators and was used to count removable contamination collected on paper
swipes. Smear papers were counted in the laboratory and results were reported in
flpm/100 cm2. Removable contamination measurements were not compared with
the release criteria for purposes of releasing the survey unit, but only to confirm
that the removable fraction was less than 20% of the DCGLw.

2.6. LOWER LIMITS OF DETECTION AND DETECTION THRESHOLDS

2.6.1. The terminology adopted to reflect an instrument's measurement (detection)
capability is the lower limit of detection (LLD) or the minimum detectable activity
(MDA). It refers to the intrinsic detection capability of the entire measurement
process. The LLD, or MDA, is the lowest level of radioactivity that will yield a
net count, above system blank, that will be detected with at least 95% probability
with no greater than a 5% probability of falsely concluding that a blank
observation represents a real signal. It is desirable to express the MDA as
minimum detectable areal density (MDAD) or minimum detectable concentration
(MDC) in units comparable to a regulatory limit with which a measurement may
be compared. For a more detailed discussion regarding LLD and equations
involved in calculation of LLD, refer to CT-QA-6.1.' 2

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

Table 2.4
MDC Requiremsentsfor CT FSS

Measurement Type MDC Requirement'4

Direct Beta 50% of ARG
Class I Beta Scans ARG EMC

Class 2 or 3 Beta Scans ARG

" CT-QA-6. 1 - Calibration and Control of Measuring and Survey Equipment.
12 CT-QA-6.1, Ibid.
3 NUREG 1575, Multi Agency Radiation Survey and Site Investigation Manual.
4 Requirements are stated in terms of the ARG which may be adjusted upward by the area factor or paint

attenuation factor as described in Section 3.2 of the Design Guide.
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2.6.3. The MDCs for the instruments used in the FSS were calculated according to
Appendix D of the D Plan. A comparison of the MDCs calculated for the AB-100
with the requirement for this FSS is provided in Table 2.5.

2.6.4. Action thresholds based upon the release criteria were calculated for each
instrument in both direct and scan modes of operation. All thresholds were based
on the ARG and are presented in Table 2.5. Details of the MDC calculations and
derivation of the action thresholds are provided in NEXTEP Tech Memo 023O'5.

Table 2.5
LLD and Action Thresholds' 6

1|1 Calculated RequiredMeasurement Units Value Value

BETA DIRECT Class 2
MDC dpnpI/100 cm2  100 1,300

Tinv" cpm 2,900
BETA SCAN_

MDC dpm,/100 cm2  760 2,600
Tinv cpm 2,000

2.7. INSTRUMENT SENsInvITY, BACKSCATrER AND PAINT ATTENUATION

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

Equation 1

AD= Co - Cc
PAF * Si * Sb (n*t

Where:

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

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

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

16 All Values given are net of background.
17 Investigation Threshold.
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2.7.2. No painted surfaces were surveyed in SU-2401, so the paint attenuation factor
(PAF) was equal to one for all surfaces.

2.7.3. Justification and calculations for separation of backscatter (as a function of the
matrix) and instrument sensitivity were presented in Nextep Tech Memo 0215.18
Reference backscatter coefficients for several matrix materials were generated
using an MCNP model and are described in Nextep Tech Memo 0213.19 These
coefficients were stored in the Matrix table in the Database and were used in the
calculations according to the matrix material upon which the measurement was
taken.

3. SURVEY METHODS

3.1. SURVEY PROCEDURES

3.1.1. The FSS conformed to the procedures and plans listed in Table 3.1. The primary
guidance for the FSS is contained in the Design Guide and the FI, which
implemented the requirements contained in the D Plan.

Table 3.1

Survey Procedures and Documents

CT Decommissioning Plan (Phase I)

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

CT-FI-005, Final Status Survey Guide for Survey Unit 2401

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 checklist20

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

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

20 NEXTEP Tech Memo 0206, QA Data Verifi cation for MI CT Final Status Survey Data, B. Anderson,
(included with FSSR 2501).
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developed for quality verification of FSS data was used as a guide to data
verification.

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

3.2. SURVEY MEASUREMENTS

3.2.1. Beta Measurements:

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

3.2.1.2. Scans - Beta scans were performed using the same instruments used for
the direct beta measurements. Beta Scans were performed on the floor
surface at a scan rate of less than one detector width per second with a
probe height less than one inch from the surface being scanned.

3.2.2. Removable Contamination Measurements:

3.2.2.1. Swipes - Removable contamination samples were collected at 100% of
all regular grid locations. The swipes were counted in the laboratory and
recorded in the database. Sampling of removable contamination was
performed to confirm the assumption, used in derivation of the DCGLw,
that the removable fraction measures less than 20% of the DCGLw21.

3.3. MEASUREMENT LOCATIONS

3.3.1. Statistical Grid Data Points

3.3.1.1. The Visual Sample Plant (VSP)22 software was used to develop a
MARSSIM grid for SU-2401. The minimum number of points required
and their spacing were calculated in accordance with the statistical
guidance given in MARSSIM Sections 5.5.2.2 and 5.5.2.5.

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

21 Section 3.3 of the C-T Design Guide.
22 NEXTEP Tech Memo 0008, Verification and Validation of Applicable Portions of VSP Sofnvare, A. H.

Thatcher, CHP.
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Table 3.2
VSP Inputs for Building 240 Floor

DQO Value

Type I error rate 5%

Type II error rate 5%

Width of Gray Region 200 dpm/l 00cm2

Level (ARG) 2,600 dpmp/l00cm2

Estimated Std Deviation 200 dpmW/I00cm2

Excess % sample points min. 20%

3.3.1.3. A rectangular grid was used for SU-2401. The grid maximum interval
spacing, L, was calculated from the total area of the survey unit, A, and
the required number of data points, N, according to the following
equation:

Equation 2

L< fA
ON

3.3.1.4. Table 3.3 presents the calculated values for L and N for SU2401.

Table 3.3
SU-2401 Floor Calculated Grid Point Separation

3.3.2. Bias Measurement Locations

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

3.3.2.2. Bias surveys were also taken at hot spot locations identified by scans as
directed in the Hot Spot Protocol23.

3.4. REFERENCE COORDINATE SYSTEM

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

23 CT-FI-002, Final Status Survey Guidefor Survey Units 235NES & 236NSIV, Attachment E.
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3.4.2. A data point's unique location is specified by a combination of the following data
elements: building, room, surface ID, X, and Y. The surface ID refers to the four
walls, floor, ceiling and roof as shown in Table 3.4. X and Y are distances from
the origin measured as shown in the table. An example of X and Y axes for floors
and walls is presented in Appendix 2, Figure 3.1

Table 3.4
Coordinate System Locators

Location Identifier X Y

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

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

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

3.4.4. 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 mounted on the floor. Any systematic grid measurement points
for the floor surface which landed on the air conditioner would be identified using
the X and Y coordinates from the southwest corner of the room. "Q2 - A/C unit"
would be noted in the remarks. The surface ID would be "F".

3.4.5. 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.

3.5. DATA EVALUATION

3.5.1. All of the direct, swipe and scan data were entered into the C-T Radiation
Database (RDB) for easy access and analysis. The direct beta measurements are
the primary means for documenting the survey unit and justifying its release.
Therefore, a special report was programmed to perform all the tests specified in
Section 4.4.8 of the D Plan and to provide a clear report of the results for
evaluation. The calculations in this report have been validated and verified as
described in NEXTEP Tech Memo 023124.

24 NEXTEP Tech Memo 0231, Validation and Verification of the C-TDatabase Analysis Report, B. Anderson,
(included with FSSR 2501).
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3.5.2. The purpose of the screening software is to compare each direct beta reading
taken in the survey unit with specified threshold levels, to apply the statistical
tests called for in MARSSIM when appropriate, and to present the results in a
clear and useful manner so that an analyst can accurately assess the action to be
taken or declare the survey unit meets the requirements for release.

3.5.3. Some of the screening tests apply to each record in the survey unit and failure of
one data point results in failure of the survey unit. Other tests do not apply to
each survey record but generate a single PASS/FAIL verdict for the entire data set.
The tests that were performed are described in the following paragraphs 25. An
abbreviated summary of these tests is presented in Table 3.5.

3.5.4. Background Screen.

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

Equation 3

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

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

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

3.5.5. Minl/Max Test.

3.5.5.1. Find the maximum direct survey result, in dpmp/1 00cm2, for the survey
data set.

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

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

3.5.6. DCGLw Screen.

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

25 A more detailed explanation is provided in the Design Guide.
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Equation 4

Td (m) = T., (m)+ DCGLw

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

3.5.7. EMC Screen.

3.5.7.1. For each matrix code calculate and store an EMC Threshold (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.

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

3.5.8. DCGL Average Test.

3.5.8.1. For each matrix material in the survey unit, calculate the mean activity
density, (in dpmr/100cm2), 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 5

AD(m)- iik(m) > DCGLw

3.5.9. Statistical Tests.

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

3.5.9.2. The Wilcoxon Rank Sum Test26 is applicable for survey units with
measurements on a single matrix type or on matrices with similar
background characteristics. Where more than one matrix was present,
the Sign Test for Paired Data27 was used.

3.5.10. The output of the Threshold Comparison Test Report (TCTR) was used for
analysis of the data for the Building 240 interior and the results are presented in

26 Described in Appendix I of MARSSIM.
27 Described in NEXTEP Tech Memo 0231, ibid.
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Appendix 4. The TCTR is divided into eight sections which are briefly described
in the following paragraphs to assist the unfamiliar reader.

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

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

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

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

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

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

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

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

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

DCGL4vg The average of all net survey values must be less than
DCGLW

EMC All samples must be less than DCGLE&IC + the background
threshold

Sign Test The Sign Test for Paired Data is described in detail in
for Paired NUREG 150528

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

Test
' The background threshold is equal to the mean background value plus twice GBK-

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

Table 3.6
Requirementsfor SU Release 2 9

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

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

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

29 See MARSSIM, Chapter 8, Table 8.2.

Mallinckrodt C-T Project-Phase I
Final Status Survey Report Building 240 Interior

Revision: 0
December 2003

15



4. FSS RESULTS AND DISCUSSION

4.1. CHARACTERIZATION DATA

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

4.2. SURVEY UNIT 2401

4.2.1. SU-2401 was surveyed in May 2003. Measurements were taken on the floor and
on the doorways.

4.2.2. Direct Beta Measurements on Building Surfaces.

4.2.2.1. 42 direct beta measurements were taken on the floor surfaces of the
survey unit.30 28 of these were included in the systematic grid. A
diagram of the survey unit layout of the floor with the beta measurements
taken is presented in Appendix 2, Figure 4.1.

4.2.2.2. A summary of the direct measurement results taken on floor surfaces is
presented in Table 4.1 and shows that the maximum activity measured,
net of background, was 121 dpmp/l 00cm2. The average value for the
survey unit was -4.7 dpm,/l OOcm 2 after background subtraction.

Table 4.1
SU-2401 Direct AMeasurements Summary

Matrix Points Avg Net Activity Max Net Activity

(dpmp/ 100cm2) (dpnVI00cm2)

Concrete 24 -15.0 43.9
Vinyl Tile 18 9.0 120.6

4.2.3. Direct Beta Measurements on Installed Apparatus

4.2.3.1. All 19 items of installed apparatus which are listed in Appendix 1 were
surveyed by direct beta measurements. A summary of the measurements
taken is provided in Table 4.4 sorted by matrix. The values observed
ranged from -48 to 65 dpmW/100cm 2. All values were less than 3% of the
ARG. The data confirm that no significant residual radioactivity was
measured on the 19 items of installed apparatus in SU-2401.

30 Excluding measurements on installed apparatus.
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Table 4.2
SU-2401 Fixed Equipment Direct Measuremelnts Sumnary

Matrix Points Avg Net Activity Max Net Activity
(dpnVlOOcm2 ) (dpmpl1O0cm2)

Metal 14 -16.6 19.3
Wood 23 , 0.1 65.4

4.2.4. Direct Beta Measurement Distribution and Threshold Tests

4.2.4.1. A histogram of the net activity values found in the survey unit is
provided in Figure 4.1. The distribution appears to have a single mode
with the majority of the data centered at approximately -1o31
dpmr/nlOOcm 2. This is consistent with a normal distribution of
background radioactivity. One point fell slightly outside of the
background distribution. All measurements were well below the ARG.

SU-2401

30 I

I I Mean
25 -"

~15 I

r.r
0 0

0w ,@ i I , R, nq,,1r1

Net DPMp/100 sq. cm.

Figure 4.1
Histogram of Net Direct Beta Measurements

4.2.4.2. All the direct measurements in the survey unit were analyzed using the
Threshold Comparison Test Report and the results are presented in
Appendix 4 for SU-2401. The TCTR report contains a complete listing

31 Actually this mode represents the number of occurrences where the activity fell between -25 and 0
dpmn100cm2 .
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of all the beta direct measurements taken in the Final Status Survey
within SU-2401 sorted by activity. The summary pages indicate that all
tests described in the D Plan passed except background. All tests
required for release of a Class 2 survey unit passed. A comparison of test
results and requirements for release of the survey unit is presented in
Table 4.3.

Table 4.3
Requirementsfor SU Release

Test Class 2 SU-2401
Min/M ax not required' P
Background not required F
DCGLW PASS P
DCGL.vg PASS P
EMC PASS P
Wilcoxon Rank
Sum Test PASS P

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

4.2.4.3. As the histogram in Figure 4.1 shows, the survey unit surfaces are at
background levels with the exception of one measurement. These results
are consistent with a passing of all tests except background for this
survey unit.

4.2.5. Measurements of removable contamination

4.2.5.1. Swipes were taken at each location where a regular grid measurement
was performed plus at selected bias locations. The results of the
measurements are presented in Table 4.4.

Table 4.4
SU-2401 Removable Contamination Summaryt

Surface Points Avg Net Beta Max Net Beta Avg Net Activity' Max Net Activity
(pnvilOOcm 2) (OpmnIOOcn 2) (dpmpI1OOcm 2) (dpmrp/1OOcm 2)

F 41 -15.8 22.0 -3.3 4.6

'Activity was converted to dpmp/1 00 cm2 from fipm/II00 cm2 using an approximate figure of 4.8 betas
per disintegration.

4.2.5.2. The results show that removable contamination averages near zero
dpmr/lOOcm 2 and varies between -15.6 and +4.6 dpmp/IOOcm 2. The
data confirm that virtually no removable beta contamination is present
within SU-2401.
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4.2.6. Beta Scan Measurements

4.2.6.1. Beta scans were performed on about 15% of the surface of the floor. A
diagram of the areas surveyed is presented in Appendix 2, Figure 4.2.

4.2.6.2. The scan threshold used for these surveys was 2,000 cpm (net of
background) which corresponds to the ARG of 2,600 dpmp/I OOcm2. The
calculation of threshold count rate and MDC for scans is presented in
NEXTEP Tech Memo 023032.

4.2.6.3. All scans performed on the floor surface were taken on concrete or vinyl
tile. The average background value used for analysis of the concrete raw
data was obtained from the average of all the open window, direct beta
readings (in cpm) taken in the survey unit. This value was 211 cpm. The
average of all open window survey readings taken on concrete in the
background data set was 331 cpm. For vinyl tile, the average of all the
open window, direct beta readings in the background data set was used.
This value was 161 cpm. The average of all open window direct beta
survey readings taken on vinyl tile in the survey unit was 252 cpm.

4.2.6.4. During the surveys the maximum and average gross count rates were
recorded for each area scanned. The beta scan data are summarized for
SU-2401 and presented in Table 4.5.

Table 4.5
SU-2401 Scan Measurements Summary

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

Concrete 3 400 266.6 189.3 56.0
Vinyl Tile 4 650 317.5 489.4 156.9

4.2.6.5. The maximum net scan value of 489 cpm is well below the scan
threshold of 2000 cpm which corresponds to the ARG. No beta scan
data were observed in SU-2401 above the scan threshold.

5. CONCLUSIONS

5.1. SU-2401 passed all the tests described in the D Plan except background. All tests required
for release of a Class 2 Survey unit passed. (Par. 4.2.4.2)

5.2. No significant residual radioactivity was measured on the 19 items of installed apparatus in
SU-2401.(Par. 4.2.3.1)

5.3. Virtually no removable beta contamination is present within SU-2401. (Par. 4.2.5.2)

32 NEXTEP Tech Memo 0230, ibid.
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5.4. No beta scan data were observed in SU-2401 above the scan threshold of 2,000 cpm which
corresponds to the ARG. (Par. 4.2.6.5)

5.5. SU-2401 meets all the requirements of the D Plan for unconditional release.

6. RECOMMENDATIONS

6.1. SU-2401 should be released from the license.
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Appendix 1

Building Survey Unit Listing for

Building 240 Interior
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Building Survey Unit Listing
Area Paint

(sq.fi.) (Coats) DescriptionSiirfaceCode Xinax Ynma

SurveyUniitID: 2401 Class: 2

Room 101

F 9.0 9.0 81 0.0
01 0.0 door/doorway

Summary for Room 101 (2 detail records) 81 Sq. Feet

Room 102

F 9.0 9.0 81 0.0

QI 0.0 doorldoorway

Summary for Room 102 (2 detail records) 81 Sq. Feet

Room 103
F 14.0 9.0 126 0.0

01 0.0 door/doorway

Summary for Room 103 (2 detail records) 126 Sq. Feet

Room 104
F 9.0 9.0 81 0.0

01 0.0 door/doorway

Summary for Room 104 (2 detail records) 81 Sq. Feet

Room 105

F 9.0 9.0 81 0.0
Q1 0.0 door/doorway

Summary for Room 105 (2 detail records) 81 Sq. Feet

Roonm 106

F 14.0 24.6 296 0.0
Q1 0.0 doorldoorway

Summary for Room 106 (2 detail records) 296 Sq. Feet
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Building Survey Unit Listing
Area Paint

SurfaceCode Xnax In'max (sq.ft.) (Coats) Description

Room 107

F 10.0 9.0 90 0.0
Q1 0.0 door/doorway

Summary for Room 107 (2 detail records) 90 Sq. Feet

Room 108

F 10.0 9.0 90 0.0

01 0.0 door/doorway

Summary for Room 108 (2 detail records) 90 Sq. Feet

Room 109
F 9.0 9.0 81 0.0

Q1 0.0 door/doorway

Summary for Room 109 (2 detail records) 81 Sq. Feet

Roomi /10
F 10.0 14.0 126 0.0

01 0.0 door/doorway

Summary for Room 110 (2 detail records) 126 Sq. Feet

Room 111

F 20.0 24.0 330 0.0
01 0.0 door/doorway

Summary for Room 111 (2 detail records) 330 Sq. Feet

Room 112
F 9.0 16.0 144 0.0

Q1 0.0 door/doorway

Summary for Room 112 (2 detail records) 144 Sq. Feet
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Building Survey Uni t Listing

Area
(sq.ft.)

Paint
(Coats) DescriptionSurfaceCode Xina iv n ax

Rooni 113

F 11.0 8.0 88 0.0
01 0.0 door/doorway
02 0.0 Valve box In floor

Summary for Room 113 (2 detail records) 88 Sq. Feet

Room 114

F 4.0 8.0 32 0.0
01 0.0 door/doorway
02 0.0 floor drains (1)

Summary for Room 114 (3 detail records) 32 Sq. Feet

Roonm 1 15

F 38.0 50.0 1.900 0.0
01 0.0 doors/doorways (3)

Summary for Room 115(2 detail records) 1,900 Sq. Feet

Room 116

F 14.0 4.0 52 0.0

Summary for Room 116 (2 detail records) 52 Sq. Feet

Room 117
F 27.0 47.0 405 0.0

01 0.0 doors/doorway

Summary for Room 117(2 detail records) 405 Sq. Feet

TOTAL for Survey Unit 2401 4,084 Sq. Feet
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APPENDIX 2

Figures
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Figure 2.1
SU-2401 Floor Only
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Coordinate System

Figure 3.1
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APPENDIX 3

Calibration Sheets

Type SIN Cal Date

Beta 131415/188704 6/17/2003

163666/B426W 1/16/2003

Swipe 179562 11/8/2002
7/22/2003

179577 2/26/2003
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CALNOOA, Thermo NUtech
For Mallinckrodt Chmrnical. Inc

NATIONAL NUCLEAR ABP-100
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CALNiOoA Thermo NUtech
For MaIlInckrodt Chemical. Inc

NATIONAL NUCLEAR ABP-100
MATERIAL SPECIFIC CAL1IRATION DATA SHEET
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3 New beu.nt Itsruent Rectmd 2WMIh Toter. .- 1 0% Q1>20 Q Out of Tot. 0 ReutkVfg Repoir Q Olher-See corrtnls

tectoa.*ot ott. Wwo Operaticon
AV-. ck.

A haSe.r y 12D mV Beta Senilmty 4 mV Beta IAndow 9 mv
9C-a9ated In occordrnco wtth LMI SOP 14.8 rev 12/tM10Q.

k'rurnettVVottSeot.tZr V RghVotlope etwilcfetectorcomected

Kd W Readout C2 poha) Ro JlLut. qf I V Retllnst. /iX' I 1500 V

(tEPOM Sotflcs)
Instiurwt In DPM mode. (PC) Count lxne: L e
6C r-ode htred OFF. AVhaAkan5c cprn

Firmware vee*n A / 8etartBelaAkntm t crn

Overtoad set ct 114 tun Pat OFF. A'hPaKBJ1 Abn= 60 cprn

B.atteryvoftloan ocnozdct.t yvoVdc. C otIon Due Date: 1

C-l flctency. .9 %(4 pi) Nei LOC (Los0sotfCount)ttne - 30 nuite3 (detuto

A~trh Chinnel
D gtc Readcout

REFEE.NaE CAL POINT

a;0K rrnm

CK rc-n

t nrrdi

VCRMT RECE IVED

6thn

INS~TIUEN METER READING'

J7Szw

N*t7
,W.,

REFERENCE CAL POWT
Beta/crnrncw Chcnnetr
Dtolta Readout 4d0K rnrn

40K cr-rn
4K rmm

n etnm

L)-c'CurrwNn*em 0% C.?.WVM*20

INSIRUMENT RECEVED In

lqr

V00

6!a c u

STRUMENT METER READING'

:ftM V.v

:1(4,

,nS9t

!Vo

COMNENTS:
Zlf. Scr Th-230 a/n 2748-00,. 3070cm, read v.r in 1 minute - tDI 2pi

-6- hfo..wmerM e iwwu rV . wo rv"wrrhmQ~cmr, dD OWV o= so ~we maex, Wra* of pavaa W 1.CTwhog.or o W* catal rm.a of

Rehrence Irhumrdens and/orSweurer:

ED AGa S/N 7 eo Nr-92.L eta S/N 7e;-~`et Q Otnet __________

e, am S/N 134709 0 osctoscNesjn Q )Mt oter SiN

Coytra -.d Br. 7 D. Date _ _ _ _ __L

Retest y:{\~4~Dcte 1 ,- 0 -) O

. a cn rctroto. wp00.Cd , ' LA. -*W W. .~ Wor" e .Luek" WetJVM~ft . c
RM Z-Z2 OM= =

I C m ctc offol Ol Cw aty et I
01 ___ ____._ ____F c___ __ .___

L3030
S/N: 179562

11/8/02
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.-Di612003. 16:,53.34;61 i2 5 i koim 9;---XQ.ri-

!fodal,3o0 10 t .t;s+,t
_______.. _ __ ____ _ _______ _ ____________.___________

' 1.;- 102 ~. :
!::25:35 Ali

.:ader 1: o n Public,

' *der~ 5: IfsrCammua?52. -.eadar '6: 'Siter -uildxiu
3eddr St IJt".-a:61 ?

:alibratiioawe Datet '5/8103

. iodu1 3030 Dat.: 1110/02
I Mcdel 3030.Tim: 10l6t23 AM

User PC Tires 1.0

Alpha isotope: * u-239
Alpha Source Size (dW:p 25200
Alpha scurce Size locl): 0.0113S1351

3eta Isotope: Tc-99
3eta Source'Size (di): 22500
3e~a Source Size (JCl): .0l0180I8

Startirg High Voltage: 625
Stating kigh Voltaig: 750..
High Voltag" Increwnt: 25

Plateau Couut>14da:, SCUER
Sojr=e Count T1= min): 0001.0
3ackground Cout Time (in): 1.0

HV; Source (Beta) 3acXround Iff CZoigTaik1 Soisrce (Alpbil Background ff Crosstk|

625 9306 (348) 1 36. 9 3.5%. 5347 10) 25 23.5i 0.0
65^ 9467 (3111 . 2. 37.6% 2.9% . 243 (4) 40 27.4% 0.0%
675 9632 (328) 3 38.2% 3.;D%: 7209 (3) 41 31.7% 0.0%
700 9755 (3401 5. .38.7% 3r0% 8087 '.(I). 43 35.61 0.0%
725 9627 . (267)5 . 2 . *382 * 211I . 8928 (31 d8 39.2 0.0%
750 9773 (316)- 3> 38.8% '., 64 (3) . 1B3 41.9V 0.OM

L3030
SIN: 179562

11/8/02
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a;.u ;6ŽQ3 §•~f~12114 P.010.

fl[-se ~f oos -s

* 4.',;*. ';,;.'w'..ew .znq.cqsitu, ,ei;;. ,; " I ~ . , ;*. '.!

A663 .... ..ayt.A ,J...>Ž,z .
.; . . . . . .. ...

C l: P ./01) 02t 8 };2.5t.:. ; .,,,:.S. ;..-.

1: J /. 0

Fina Sttu SurveyReport2 Buldn 24 Interior reeme 200
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}}.v -. w.. .n,- *.--@,.- -- t- , 4- .. 4-'*-..- . .'+ 4 -4f.4. ,.',- . -.- 4. --. 4- ............................-.... - ;--D E I - V
0i f v J Y ".:. LUDLUM MEASUREMENTS, IC

I ,~Sntticank~dulilo -* ER TFI C TE F CAUBRA1ONPOSTOFFICEBOX810 :.PH.3252559 2
. 6 E7F1AEO AURT0 01 OAK SMET FAX NO:253-47

4, ~ - . .-. . .SWEETWATER. 7EX(AS 79556. U.SA.

CUSTOMER TYCO/ MALINCKRODT *ORDER NO. 246f274002*:

ki'g. 1ud'urnMeasurernents lnc. Model - 3030 - SorddlNo. /7Sti. -. '."
* * x ;-:* - , -- . - * . - -. . - . *- e -

-e-Jut13 Cal Due Date 22-04 Cal. Intenrol 6 Months.-..-
* fc ~< soses to cp~ccble histr. anid/or defector UAW mfg. spec. T. 73 F R 9 % Alt 703. flsn H9

N%? isr rrre-.t InstumrnentReceived jVlMthlnToer. +-lO 010-20% Q Out of ToL. 3 Reqlrkg Repair 0 Other-See comments

We-hcn1claI ck. 3 Vlnndow Operation
V; A~eocc.

Alpha Sensiltvily 170 mV Beta Senslt~lty 4 mV Beta Wlndow 50 mV

M Ccftmed In accordance wilh UAI SOP 148 rev 12105/89.

Ir'stmont Volt set C-b V High Voltage set wIth detector connected.

iHVreoout(2points) Ref/nst st .. / 60 VV Ref/inst. /S*/ Z 1is0 V

CEEPROM Settings)
(PC) Count Time: / o

CC --:-9 t-9e- CFF. Alpha Alarm: .wYf• . Cpm

B-.t-l var.m: JL4z*,o Detalcym: ?qqq9l cam

.aood se't Ct 114 turn past OFF. Alpha/BetaAiarn: 9f!71y cpm

Ec efyv'ftogemteasurod at LL.YeVdc. ColbrollonDueDate: f /tt"/Zoo¶

C 9 eency = 7.1 %(4 pO Net LOC (LOsS of Count) nimo = 30 minutes (defoult)

REFERENCE CAL POINT INSTRUMENT RECEIVED INSTRUMENT METER READING-
A!- 4 c CcwCnnel
-!=!...Recdaut 400K cm 1P7P9OI _7_____

AQlK rprm ;f9? t 5 iC
4K cnm ;4,w7ss
40tQ rpm g'oo

40 cDmYo

REFERENCE CAL POINT INSTRUMENT RECEIVED INSTRUMENT METER READING'
3-'o/tGoma Channel

D - - .eccouS .Ksaprn _________ ________

40K c=m 74f9rz

4K enm 7;f 7 __ _f_7

4nn rnm V,2!2

40 cnm 5A ..
C- .--- :-_.c.h2 (0 hKScol IS rnkajt. count

:_ Th--.0 3/n 2748-00, 3070cpQ read 2377 in 1 minute - 77% 2pi

4x'J' KeO-"mt9 M Cuto% InOt OW 4~ku4ant1 31s beefr c csreb rby nls ( C OCSOOa lo re Ntxwn 00ftfit of siao5 t Co U w 3e Ch es

-F -. ~ - lothI'' .Jerwasfj dof AN!SR ZS31-l194 ond AG t3I2- _-7& Stole O( Texr rCarallon tLke No. LO-1%3

R9e. renco Ins'nurnenlt and/or Sources: , . .. - - - .. ,

0 AbchaSIN - E BetaSIN - - - - - Othert :

:j 5-50 S/N 134709 , Osclloscope StN_- Multmeter SIN 5739M013

Cc" It B-'Ev ____ Date |L .L2ZVew, -C 9 ;Gt -q :. .; r Dat* 83
.AI O=-oi ord e hoee h - | C I. Pwmd Difeclila rdCo-t w mlt -

L3030
SIN: 179562

7/22/03
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* i-. v-^a. rE... - t In.
.--- 0 .:_-Plfa;teau Data -' ,

' s,' / l . . Z ' .~- i - .-- - - o 2 ; . .:**

7 2

id?: lr' ih Q Pu~blic
adetr2:2.;Se: a'f1,9562 ' . .~* 1

.:eader;3:.Si:e:Building I
'.iede: 4: Room 7 EastWall

.,Header 5: More Conments?
Header 6: More Coments?

-e.'ibra:'on Due Date: 5/8/03

.oce; 3 39 Da:e: 7/19/04
.= t s:32:16 AM

*;e .:T'.c: '..C

A.Zha :sotce: Pu-239
.iplJ 3S^:-ce Size c(pm): 25200
.'J SO::c° S:ze (aCi): 0.011351351

~e :so:coe: Tc-99
of E::-ce S:_e (dpr.): 22600

_cCa -: e Sie (gCi): 0.01018018

Starting High Voltage: 600
Strti.g Yich Voltage: 750
y -. ! V:.:age :zrcrernent: 25

^ --e SCA!E
- -. -e (-4nh 0001.0

-c .~ TiZ'e (run): 1.0

ALPHA I BETA
-: e ea Background Eff CrossTalkl Source (Alpha) Background Eff Crosstalk|

93'C !383! 0 37.3% 3.7% | 4580 (2) 32 20.1% 0.0%
2- 9435 358) 1 37.5% 3.5% I 5493 (3) 29 24.2% 0.0%

'-? 9G83 (3631 0 37.6% 3.5% 6502 (3) 33 28.6% 0.0%
.7 9536 (357) 1 38.0% 3.3% 7454 (3) 36 32.8% 0.0%

^C 9537 (343) 0 37.8% 3.21 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%

L3030
SIN: 179562

7/22/03

Mallinckrodt C-T Project-Phase I Revision: 0
Final Status Survey Report Building 240 Interior December 2003
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tJ Iode '303 0 ,3A ~Calcu1 ati Data .' . .

.".lI-- Z*hf O i'' i! . - e,,. , ..

A .ia 3-:ou a(cpm) . 0.0
'ta ;^lckgrourc(cpm1 33.O *0

** : ; . 's ; .. .. -. '*:. . . .. -

Ai.; > 3 'iciercy %: 37.6 . .6 . ..

3eta EfFiciency %: ,28.6 ..

Ccnf dsnce Level: 95%

r-uzt 7. e ,Alpha MDA Idpm) Beta MDA (dpmn)

0.1 .72.1 313.9
Q.S 14.4 133.4
1.G -7.2 102.9
2.0 3.6 85.7

1.4 74.3
0.7 70.3
; . *66.8

102.9

L3030
S/N: 179562

7/22/03

Mallinckrodt C-T Project-Phase I Revision: 0
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~--*~~~*POSOFR)CEB0X8I0 CPH.915-235.5494~j tech~d~7rI EPIPICTEO ~UBR1ON~.?. 601 OAK STREET :~P(O915,-2354672~
~"..-,VEE1WA1ER.TEXAS 79556. U.SA., ,

CUSTOMER .YCO/MAIUNCKRODT ORDERNO. 29249 270031

M tg. lur*,rn Measurerents hc Model S ** 30 So Na - 7*

* ct. e 2SFeb-3 Cal Duo Date' 26Aur3 - CcL Intovl 6Monhs ,,

:hsc,( rn 5cp3pres to oppicoble Instr. and/or detector LAW mfg. qec. T. 72 F RH.m 20 % Alt 701, FmmHg
*r. N.?rs.srent In trenttRecived WVlthhnToIer.+-10% Q I D-2% QOutaoftl. QReqruirng Repair QOther-See comrnents

V MechroIcd ck. Window Operatton
V, Auc o ck.

Alpha Sesitivity 120 mV Beta SensliMty 4 mV Bela Wndow E0 mV

QCalbroted naccordonce 1t1h LMI SOP 14.8 rev 1215/87.

ns'e- Vot Set Set7zyr V High Voltage sot wIth detector connectedc

e)iVReadout(2points) Ret/.ht. <! / 500 V RetJtnst. J4'Ib I 1(W) V

^C r--,e turned OFF.

r.W:_e verson: 3904#/o
Ove- ood set at 114 turn post OFF.

Battery voltage measured at L&L27 Vdc.

. Efflcency a . %(4 pi) Net

CEEPROM Settings)

(PC) Count Tjme: A.O
Alphno Alam 999?9? cpm

Beta Alarm: ____r_? cpm

Alpha/Beta Alarn: NY9.99 cpm

Colbrratan Due Date: e7/zt/2.eo

LOC (Loss of Count) tIme * 30 mtnutes (default)

Alcho Channel
D taz ;esut

REFERENCE CAL. POINT

400K crm
40K corn
4tK CD=

400 camn

40 cnm

INSTRUMENT RECEIVED INSTRUMENT METER READING

2aw,y
3799iry

t ~s
4AP0

4D/

J7943y/V/
3W ,9

S/Ocy

REFERENCE CAL POINT
Beto/Gaamrna C hanel

INSTRUMENT RECEIVEC

D'g tol Readout 40CK com rn9 Y;q

40Kcpr 35rvr
4K Cam clOm

-40 corn
Cr2 hwNSlN Cez fftn

J6 t$M

74-0.h>:8 XA z L~§wtft> *:vZ<

D INSTRUMENT METER READING

1 9?5Yi9
_ ~5'9fYJ9

" 4, 00
_ YCo

hute Ccuni

nmm Ua wn r, cw Mot ev w ax-em ruwt' rm men Oa byr1 r,1ed e m to Ww= Pws:raof Sw =csd am oWrs rooe. t to re4 C1 erm -f
zntwt rS r rt c_ tefa 3et ta~r e~q bocct O. _ oors~O cztS tc c~t~l or ye, t esn Ceava 1w rotttOe r Ucdn .':*u

Z~eF~-t^W12Srft.el~ - T- n eAr L%--rM. tro *9

Retemence Instnuments and/or Sources: su. ;- .. ; .-. . .

C-/A6' N i-zSI - .?(I 7 A8 tL-. -UN Other

mrn=sr4 134709 0 Osclostcope SO - 3 MuimteterSIN

Cc a=By: Dait e97 . te .. -;

fzv/ewed By: Dat;

. ..3 10r= -, ,O. L] -.-

L3030
S/N: 179577

2/26/03
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A .. .iv U.JL LVJJ ±Ulf J11 UJ% 14JI - #2114 P.007

Mcedal 3030 21ateau Data

* 2/25/03
*1:36:53 EN-

Header 1: Johl Q Public
Reader 2: Seria]6179577

Zeade: 3: Slte:Building 1
reader 4: Roon 7 EastWall
gead~r 5: more cornants?
r e 6: more CcTments?

r-~ .- _ e Date: 2/26104

V'_-e' 3C30 Date: 2/26/03
cTde' 3C30C Te: 11:42:00 AM

t;ser PC Time: 1.0

Alpha Isotope: Pu-239
Alpha Scurce Size (dpm): 365000
Alpba Source Size (pCi): 0.164414414

3eta Isotope: Tc-99
3eta Source Size (dpm): 22600
3e:a Source Size (ACi): 0.01018018

Sta:-inc High Voltage: 675
.t r.. Z.-!. Voltage: 80C

r.-z- .r:tace _cre:_ : 25

- atsax r;:= :Mcde: SCALER
- .C:r. ' -e 1n): 0001.0

Sac.gumund Count Time (minl: 1.0

ALPHA | BETA
Source MBeta) Background Eff CrossTalki Source (Alpha) Backgrrund Eff Crosstalki

675 137685 (3889) 0 37.7% 2.8% 6010 (1) 36 26.4% 0.0%
700 137877 13657) 0 37.8% 2.6% 6966 (1) 45 30.6% 0.0%
-2; :39563 (2500) 2 36.0% 1.8% 7969 (1) 49 35.0% O.0%

14 :3725: (143) 0 37.8% 1.0% 8551 (3) 50 37.6% 0.0%
.5 :37CC- f1071) 1 37.5% 0.7% 9470 (1) 70 41.6% 0.C%

.8 3- r5 (783) 1 37.6% 0.4% 1 10082 (2) 203 43.7% 0.0%

L3030
S/N: 179577

2/26/03

Mallinckrodt C-T Project-Phase I Revision: 0
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~-AuuuJwU~m~a5,j~uI Y 1ULW...;$~(~ ..- ':~* §t

de UCalculation Dt ~. .c-

~2/2S/D ~ XI-:- -.Q-v- -. - -.- -

.4.~pa 3c~roznd(cpm):2.
.Se a Backgrotrd(cpm): 49.0

De. Efficiency %:.35.0 -

cnfidence Level: 95%.

ZoUnt Tildne Alpha MDAUPtQM1 Beta MDA(UpMnJ
... ... ....

0.1
0.5
;.0
2.)0

5 P1

5 r O

5: - 1
-4, taIds

111.9
35.5
24.4
18.6
14.8
13.6
12.5
24.4

295.7
129.5
100.8
84.5
73.6
69.8
66.5
100.8

L3030
S/N: 179577

2/26/03
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MALLINCKRODT C-T
DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

Run Date: Wednesday, December 03, 2003

Survey Unit Number: 2401 Class: 2 Data Points: Beta Grid Type: R Spacing: 11.9 ft.

SURVEY UNIT TABLE

Bldg

B240
B240
B240
B240
B240
B240
B240
B240
B240
B240
B240
B240
B240
B240
B240

\.> B240
2240

Rm

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117

Surface

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

Fixed
Equipment

01
01
Q1
Q1
01
01
01

01
01
Q1
01

01
Q1Q2
Q1Q2
Q1
01
01

Surface Area
Included

(sq. ft)

81
81

126
81
81

296
90
90
81

126
330
144
88
32

1900
52

405

Remarks

Total Area 4084

INITIALIZATION DATA

Measurement Types Selected: RG, B8

Date Range: All

Thresholds:

EMC: 13,000 DCGLw: 2,600

SURVEY UNIT TEST STATUS

Test Performed Status dpmd100 cm2

Min/Max Pass Maximum Survey Value VT 136.0

Background Fail Minimum Background VT -26.0

DCGLw Pass Difference 162.0

DCGLavg Pass Average Activity 16.9

EMC Pass Average Below DCGL 16.9

Wilcoxon Rank Sum Test NIA Average Background 30.9

Sign Test for Paired Data Pass

Mallinckrodt C-T Project-Phase I
Final Status Survey Report Building 240 Interior

Revision: 0
December 2003
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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 # 2401 Building: B240

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

Gross Activity
SID tdomJ1io0ro) Remarks Exc Res.

103 01 10.0 0.0 W SI
108 01 26.0 0.0 W 81
110 F 2.1 5.5 VT RG
115 F 31.3 32.6 C RG

I
1
I
I

5978 77.5
5994 78.8
5950 135.7
7329 79.3

C
C
C
C

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

Survey Unit # 2401 Building: B240

Meas.
Y (R1) Mtx Type

Gross Activity
Min SID (domrnoocm?) RemarksRoom SFC X (ft) Exc Res.

101
101
101
102
102
102
103
103
104
104
104
105
105
106
106
106
106
106
107
107
107
108
108
109
109
110
110
111
111

F
01
01
F
Q1
01
F
Q1
F
01
01
01

F
F
F
01
01
F
01
01
F
01
F
01
01
01
F
F

5.4
6.0
5.0
3.7
8.0
7.0
6.2
9.0
6.2

12.0
11.0
14.0
13.0
6.2
6.2
6.2

36.0
35.0
0.2

27.0
28.0
2.1

25.0
0.2

21.0
23.0
24.0
12.1
12.8

2.9 VT RG
0.0 W Bl
0.0 W Bl
2.9 VT RG
0.0 W 81
0.0 W 81
2.9 VT RG
0.0 W Bl
1.9 VT RG
0.0 W Bl
0.0 W Bl
0.0 W B8
0.0 W Bl

12.8 VT RG
24.6 VT RG

0.8 VT RG
0.0 M B8
0.0 M 81
7.4 VT RG
0.0 W B8
0.0 W Bl
7.4 VT RG
0.0 W Bl
8.9 VT B8
0.0 W B8
0.0 W B8
0.0 W Bl
6.7 VT RG

17.3 VT RG

5941 -2.6
5974 11.6
5973 -3.9
5940 -18.1
5976 60.7
5975 2.6
5939 20.7
5977 -6.5
5943 42.6
5980 20.7
5979 12.9
5982 5.2
5981 1.3
5951 33.6
5947 0.0
5955 -16.8
6004 2.3
6003 -16.2
5953 -14.2
5995 23.3
5996 15.5
5954 42.6
5993 -3.9
5949 42.6
5989 25.8
5991 -22.0
5992 -34.9
5946 40.1
7319 36.0
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MALLINCKRODT C-T
DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

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

111
111
111
111
112
112
112
113
113
113
113
114
114
114
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
117
117
117

F
F
01
01
F
Qi
01
F
01
01
02
01
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
01
01
01
Q1
01
01
F
01
01

15.4
0.2
4.0
3.0
4.5

19.0
20.0

7.8
15.0
16.0
1.0

17.0
18.0
1.0

32.6
31.3
20.7

7.3
7.3

31.3
32.6
20.7
19.2
20.7

8.7
32.6
32.6
19.2
19.2

7.3
8.7

19.2
7.3
8.7

31.3
20.7

8.7
32.0
34.0
29.0
31.0
30.0
33.0

8.0
1.0
2.0

18.7 VT 81
6.7 VT RG
0.0 M 81
0.0 M B1
7.4 VT RG
0.0 W Bl
0.0 W BI
2.1 VT RG
0.0 W 81
0.0 W Bl
0.0 M Bl
0.0 W B1
0.0 W B1
0.0 M Bl

11.3 C Bl
8.6 C RG

11.3 C Bl
8.6 C RG

32.6 C RG
44.6 C RG
35.3 C B8
47.3 C B1
44.6 C RG
23.3 C 81
11.3 C 81
47.3 C BI
23.3 C 81
32.6 C RG
20.6 C RG
44.6 C RG
47.3 C 81
8.6 C RG

20.6 C RG
23.3 C 81
20.6 C RG
35.3 C B8
35.3 C B1
0.0 M B1
0.0 M B1
0.0 M Bl
0.0 M B1
0.0 M 81
0.0 M B1
6.7 VT RG
0.0 M B8
0.0 M Bl

Min

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

Gross Activity
SID (dpxn1oocrr?) Remarks

5942 18.1
5945 6.5
5972 13.9
5971 5.4
5952 29.7
5987 9.0
5988 -10.3
5948 6.5
5983 23.3
5984 0.0
5968 2.3 Valve Box
5985 31.0
5986 -7.8
6005 43.3 Drain
5967 69.6
7323 57.5
5966 43.4
7321 39.6
7327 39.6
7332 37.1
5961 34.3
5957 33.3
7331 28.1
5963 27.3
5965 19.2
5958 14.1
5964 13.1
7328 12.8
7325 9.0
7330 6.4
5956 3.0
7322 1.3
7324 -3.8
5962 4.0
7326 -16.6
5960 -25.2
5959 -28.3
6000 15.5
6002 12.4
5997 9.3
5999 8.5
5998 6.2
6001 -3.9
5944 29.7
5969 6.2 Entrance
5970 -0.8

Exc Res.
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MALLINCKRODT C-T
DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

Summary of Background Data and Thresholds Used in this Analysis

AJenasurentent Type: BK DCGL: 2,600 MIC. 13,000

Matrx Number of . Average Sigma Background DCGLt EMC

- - Data Points Background Threshold Threshold Threshold

(Tbk) (Td) (Tc) -

(dpnVlrOarc) (dprViOOcnm) (dpnIVOcn) (dpv7V100cm
2) (dpn>Vc1000n) (dpcrT100Tan)

C

M
VT
w

90
10
10
10

35.4
24.0
15.1
13.4

20.1
15.7
24.0
24.0

75.5
55.3
63.0
61.3

2,675
2,655
2,663
2,661

13,075
13.055
13,063
13,061
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MALLINCKRODT C-T
DECOMMISSIONING PROJECT

Threshold Comparison Test Report - Buildings

STATISTICAL TEST RESULTS

Run Date: 1213/2003 9:50:42 PM

Survey Unit Number 2401 Class: 2

Selected Test: SIGN TEST FOR PAIRED DATA

Test Status Pass

Thresholds:

EMC 13,000 DCGL 2.600

DATA SUMMARY TABLE

28 Survey points processed and 2 matrices processed

Sf = 28 WC= 18

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