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CMU Amendment Request

Section 9. Facilities and Equipment.

CMU requests the removal of the following buildings from the NRC license {located in line 10 of the
license):

1. Brooks Hall
2. CART Building (Rooms 102 and 111)

The close out radiological surveys for both buildings are attached.
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INTRODUCTION

Central Michigan University (CMU) has decided to permanently cease licensed activities
within the CART building located at 2625 Denison Drive on the CMU campus in Mount
Pleasant, MI 48859. CMU will decommission the CART building, listed as an authorized
usage area under NRC license number 21-01432-02, and release for unrestricted use. A site
satellite photo is presented in Appendix A.

Radioactive materials used at the facility consisted of beta emitting radionuclides for
research. Based on an analysis of the default screening values (DSVs), quantities used,
physical forms, half-lives, and receipt and distribution records, only C-14 and H-3 are of
concern for decommissioning.

CMU contracted Chase Environmental Group, Inc. (Chase) to perform third party
verification of closeout procedures. The survey design was developed using the guidance
provided in NUREG 1757, “Consolidated NMSS Decommissioning Guidance”; and
NUREG 1575, “Multi-Agency Radiation Survey and Site Investigation Manual”
(MARSSIM). Final status surveys (FSS) were designed to implement the protocols and
guidance provided in MARSSIM to demonstrate compliance with NRC default screening
values (DSV). These methods ensured technically defensible data were generated to aid in
determining whether or not the facility meets the release criteria for unrestricted use
specified in 10 CFR 20 Subpart E.

CMU established conservative ALARA goals for building structural surfaces and systems
based on the release criteria specified in NUREG 1556, Volume 7, Table Q.2, “Acceptable
Surface Contamination Levels for Equipment.” Specifically, the following surface
contamination goals were used:

5,000 dpm/100 cm? total surface contamination
e 200 dpm/100 cm’ removable surface contamination

On-site activities were performed on December 14, 2016. No elevated activity above the
investigation levels were identified during facility characterization surveys.

This report presents sufficient data to conclude the facility is suitable for unrestricted release
in accordance with NRC requirements. Final status surveys demonstrate that building
structural surfaces and systems included in the scope of this report are below release criteria
and are suitable for unrestricted release. All final status surface activity measurements were
a small fraction of the DSVs. Based on the Building Occupancy Scenario of NRC DandD
dose modeling software Version 2.1, the Total Effective Dose Equivalent (TEDE) to an
average member of the critical group is 0.003 mrem/year (<0.012% of the release
criterion of 25 mrem/yr).
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FACILITY DESCRIPTION AND HISTORY

2.0

The CART building is located on the campus of Central Michigan University at 2625
Denison Dr. The facility was constructed in 2001 and is a single-story steel frame building.
Interior walls are made of sheetrock. Floors are poured concrete covered with vinyl
sheeting. A mezzanine mechanical room houses heating, ventilation and air conditioning
equipment.

Licensed activities at the facility commenced in August 2013 and were limited to rooms 102
and 111. Tracer studies using sodium bicarbonate and leucine were conducted in room 102.
Room 111 was used for radioactive waste storage only. A total of 880 uCi C-14 and 3,300
puCi H-3 were used/stored in the rooms, and there is no history of prior spills or uncontrolled
releases.

Room 102 is fitted with two fume hoods (each with two exhaust ducts and two cup sinks),
laboratory casework and one sink. Room 111 contains an autoclave with an exhaust duct
and drain.

Drains discharge directly from the building without retention or treatment. There is no
central vacuum system. Exhaust ventilation is provided primarily via the fume hood
exhausts. The hood exhaust ducts combine into a common plenum for the entire building
and the flow from the hoods is a very small fraction of the building exhaust flow.

A building floor plan is provided as Appendix B.

2.1 Potential Contaminants

The table below lists the nuclides used in dispersible form.

Table 2-1: Radionuclides Used in Dispersible Form

C-14 5.7E+03 Low Energy Beta

H-3 1.2E+01 Low Energy Beta

2.2 License History

The facility has been in operation under a radioactive materials license since the mid
1960’s. The current license was renewed in entirety on May 8, 2012, and is currently on
Amendment 39 dated August 18, 2016 with an expiration date of May 31, 2022.

2.3 Previous Decommissioning Activities

There are no previous decommissioning activities.
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3.0 CURRENT/FUTURE USE

CART building is currently partially occupied as a result of occupants moving to a newly
constructed research building and no licensed activities are being performed at the facility.
CMU plans to retain CART building for future non-radioactive materials use after
decommissioning.

4.0 FACILITY RELEASE CRITERIA

The radiological release criteria are specified in NRC 10 CFR 20 Subpart E. Specifically,
impacted areas of the facility were surveyed in accordance with the guidance contained in
MARSSIM to demonstrate compliance with the criteria of 10 CFR 20.1402, “Radiological
Criteria for Unrestricted Use.” The criteria are that residual radioactivity results in a TEDE
to an average member of the critical group that does not exceed 25 mrem per year, and the
residual radioactivity has been reduced to levels that are as low as reasonably achievable
(ALARA).

5.0 NUCLIDES OF CONCERN

After considering quantities used, half-lives, and dates of usage of licensed materials, only
C-14 and H-3 are of concern for decommissioning.

D

(Y
C-14 5.7E+03 Low Energy Beta

H-3 1.2E+01 Low Energy Beta

6.0 DERIVED CONCENTRATION GUIDELINE LEVELS

The NRC has published DSVs in NUREG 1757, Volume 1, Appendix B for commonly used
radionuclides. Screening values for the nuclides of concern are provided in the table below.

Table 6-1: Default Screening Values for Nuclides of Concern

C-14 5.7E+03 Low Energy Beta 3.7E+06

H-3 1.2E+01 Low Energy Beta 1.2E+08

The DSV’s are the basis for developing the derived concentration guideline levels
(DCGL’s). The DCGL is the radionuclide specific surface activity concentration that could
result in a dose equal to the release criterion. DCGLy is the concentration if the residual
activity is essentially evenly distributed over a large area. For this project, DCGLw is equal
to the DSV. In the case of non-uniform contamination, MARSSIM allows for evaluation of
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7.0

8.0

higher levels of permissible activity over small areas using the DCGLgyc. Due to the
radiological cleanliness of the facility, DCGLgmc is not used. Additionally, due to the
conservative ALARA goal, application of the unity rule for multiple radionuclides is not
required to demonstrate compliance with the release criteria.

An important assumption of the dose model is that removable contamination is <10% of
total contamination. Historical survey results as well as characterization, final status and
quality assurance (QA) survey results confirm that removable contamination levels are very
low and meet this assumption. H-3 cannot be accurately detected directly by field
instrumentation due to its low energy. Therefore, H-3 contamination was evaluated by
removable contamination measurements only.

ALARA GOALS (INVESTIGATION LEVELS)

CMU established conservative ALARA goals based on the release criteria for equipment
and materials specified in NUREG 1556, Volume 7, Table Q.2, “Acceptable Surface
Contamination Levels for Equipment.” Specifically, the following surface contamination
limits were used:

e 5,000 dpm/100 cm” total surface contamination
e 200 dpm/100 cm® removable surface contamination

Because of the conservatism of the ALARA goals, these criteria were applied to gross beta
measurements and the unity rule was not applied. The number of measurements required by
MARSSIM to demonstrate compliance with the release criteria was calculated using the
DCGLy.

ALARA ANALYSIS

Due to the extremely low doses associated with residual radioactivity at the facility, a
quantitative ALARA analysis was not required. Default screening values were used to
establish DCGLs.

NUREG 1757, Volume 2, Appendix N states in part: “For ALARA during
decommissioning, all licensees should use typical good-practice efforts such as floor and
wall washing, removal of readily removable radioactivity in buildings or in soil areas, and
other good housekeeping practices. In addition, licensees should provide a description in the
Final Status Survey Report (FSSR) of how these practices were employed to achieve the
final activity levels. In light of the conservatism in the building surface and surface soil
generic screening levels developed by NRC, NRC staff presumes, absent information to the
contrary, that licensees who remediate building surfaces or soil to the generic screening
levels do not need to provide analyses to demonstrate that these screening levels are
ALARA. In addition, if residual radioactivity cannot be detected, it may be assumed that it
has been reduced to levels that are ALARA. Therefore, the licensee may not need to conduct
an explicit analysis to meet the ALARA requirement.”
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SURVEY INSTRUMENTATION

9.1

9.2

9.3

Instrument Calibration

Laboratory and portable field instruments were calibrated within the previous year with
National Institute of Standards and Technology (NIST) traceable sources to radiation
emission types and energies to provide detection capabilities similar to the nuclides of
concern. Portable instrument calibration records are included as Appendix C.

Functional Checks

Functional checks were performed at least daily when in use. The background, source
check, and field measurement count times for radiation detection instrumentation were
specified by procedure to ensure measurements were statistically valid. Background
readings were taken as part of the daily instrument check and compared with the
acceptance range for instrument and site conditions.

Daily functional checks of the liquid scintillation counter consisted of performing the
instrument’s automatic quality assurance protocol that utilizes H-3 and C-14 sources as
well as a background standard.

Minimum Detectable Concentrations

Minimum counting times for background determinations and measurement of total and
removable contamination were chosen to provide a minimum detectable concentration
(MDC) that met the data quality objectives (DQOs). MARSSIM equations relative to
building surfaces have been modified to convert to units of dpm/100 cm®. Count times
and scanning rates are determined using the following equations:

9.3.1 Static Counting

Static counting Minimum Detectable Concentration at a 95% confidence level is
calculated using the following equation, which is an expansion of NUREG 1507,
“Minimum Detectable Concentrations with Typical Radiation Survey Instruments
for Various Contaminants and Field Conditions”, Table 3.1 (Strom & Stansbury,

1992):
3+3.29 fB, 1, .(1+;—f)
MDC,,,. = !

static A
R D e ———
* T 100em?®
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Where:
MDC a1 = minimum detectable concentration (dpm/100 cmz)

B,  =background count rate (counts per minute)

f, = background count time (minutes)

ts = sample count time (minutes)

E,; = total detector efficiency for radionuclide emission of interest
(cpm/dpm)
A =detector probe area (cm?)

A typical static MDC calculation for C-14 using the Ludlum Model 43-68 gas
flow proportional detector is shown below:

0.1
3+ 3.29\/(500)(. 1)[1 + a)

MDCypre = =3,799 dpm/100cm’

126
0.1)(0.075) ——
(0.1(0.075 7=

9.3.2 Ratemeter Scanning

Scanning Minimum Detectable Concentration at a 95% confidence level is
calculated using the following equation, which is a combination of MARSSIM
equations 6-8, 6-9, and 6-10:

(e

MD men = E A |
P B 00em?
Where:
MDCcan = minimum detectable concentration (dpm/100 cm?)
d’  =desired performance variable (1.38)
b; = background counts during the residence interval (counts)

i = residence interval (seconds)
p = surveyor efficiency (0.5)
E = total detector efficiency for radionuclide emission of interest
(cpm/dpm)
A =detector probe area (cm?)
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A typical MDCgcan calculation for C-14 using the Ludlum 43-37 gas flow
proportional detector is shown below:

i=133cm 2R S _ 262 sec
2.54cm 20inch
b, =0.262 sec - 1500 counts minute _ 6.55 counts

minute 60 sec

1.38\/'63(—6(L)

0.262

o5 )(0.075)(?%3)

MDC.,, = = 2,612 dpm/100 cm*

9.3.3 Smear Counting
Smear counting Minimum Detectable Concentration at a 95% confidence level is
calculated using the following equation, which is NUREG 1507, “Minimum
Detectable Concentrations with Typical Radiation Survey Instruments for Various
Contaminants and Field Conditions”, Table 3.1 (Strom & Stansbury, 1992):

b

3+3.29\[B, 1, -(1+i—3)

MDC =
smear ts . E
Where:
MDCg.., = minimum detectable concentration level (dpm/smear)

B, = background count rate (counts per minute)

ty = background count time (minutes)

ts = sample count time (minutes)

E  =instrument efficiency for radionuclide emission of

interest (cpm/dpm)

The liquid scintillation counter was setup to count samples in three channels as
described in Section 14.4. The MDC calculation for each LSC channel using
conservative parameters is shown below. Even though channel 3 results were used
qualitatively, the MDCR was calculated for evaluation of survey results. To use
the same MDC equation for all three LSC channels, the efficiency for Channel 3
is set to 1 to report MDCR in cpm.
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’ 1
3+3.29 |1 5)(1)(1 + I)
"HMDC = =35 dpm
SMEAR (1)(0.6) p
3+3.29 /(25)(1)(1 + 3
“CMDC = =33 dpm
SMEAR 1)0.8) p

3+3.29 (50)(1)(1 + 3

Channel3MDC gk = 00 =36 cpm

Because the counting efficiency is different for each LSC measurement depending
on quench characteristics, and in consideration of the errors associated with wipe
counting (i.e., area wiped, wiping pressure, etc.), the a priori estimates of smear
MDCs calculated above are applied to all removable contamination
measurements.

9.4 Uncertainty
The uncertainty for each static measurement is calculated using equation 6-15 from

MARSSIM:
c=196 C‘*‘; +C—‘;
Ts+b Tb
where:
o = uncertainty

1.96 = multiplier to achieve a 95% confidence level
Cs+» = gross sample counts
T;+» = sample count time (min.)

C, = gross background counts

T, = background count time (min.)

Uncertainties presented with total surface activity results are additionally corrected for
detection efficiency and probe area for presentation in the same units as total surface
activity results.
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9.5 Instrumentation Specifications

The instrumentation used for facility decommissioning surveys is summarized in the
following tables.

Table 9-1: 1

Ludlum Gas Flow 5 | Ludlum 0.8

43-68 Proportional 126 em” | o413 mg/cm® 7.5 % (C-14)
Ludlum Gas Flow > | Ludlum 0.8

4337 Proportional | “0¢ ™ | 22413 | mglem? | 0 %14
Packard Liquid 60% (H-3)
TriCarb | Scintillation | VA | NA N/A 80% (C-14)

Table 9-2: T perating Parameters and Sensitivities

pical Instrmet (§)

it A A

: Ludlum - 5 N o
Surface Scans 43-68 in/sec. N/A 500 4,297 (C-14)
Ludlum 20
Surface Scans 4337 in/sec. N/A 1,500 2,612 (C-14)
Total Surface Ludlum 6
Activity 43-68 N/A sec. 500 3,799 (C-14)
Total Surface Ludlum 6
Activity 43-37 N/A sec. 1,500 1,370 (C-14)
Removable Packard N/A 60 15 (H-3) 35 (H-3)
Activity TriCarb sec. 25 (C-14) 33 (C-14)

9.6 Efficiency Determination

ISO 7503-1 methods were used for the limiting nuclide (C-14) to determine field
concentrations for final status data and calculation of resultant doses from residual
radioactivity. MARSSIM protocols for building structures use ISO-7503-1 methodology
that takes into account the texture of the surface and the 2r detector efficiency. Under
MARSSIM, the default surface efficiency for beta emitters with maximum energies less
than 400 keV is conservatively set at 0.25.

9.7 Datalogging

Structural surface scans and static measurements were performed using datalogging
instrumentation. While scanning, in addition to the surveyor listening to the audible
output, integrated counts were recorded. Logged data were downloaded and processed
using data management software to perform data analyses and reporting. Reporting

! Maximum scan rates are calculated based on the instrument MDCs, Actual scan rates were much slower.




Central Michigan University CART Building
NRC License Number 21-01432-02 Final Status Report
January 17,2017 Page 10 of 25

includes graphical (4-plot) presentation of scan data as well as summary statistics
functions. The 4-Plot is described in the NIST e-Handbook of Statistical Methods
(http://www.itL.nist.gov/div898/handbook/index.htm).

A 4-plot consists of the following:

A run sequence plot presents logged data in chronological order, providing a time
history of the survey data.

A lag plot checks whether a data set or time series is random or not. Random data
should not exhibit any identifiable structure in the lag plot. Non-random structure
in the lag plot indicates that the underlying data are not random.

A histogram plet graphically summarizes the distribution of a univariate data set,
showing center (i.e., the location) of the data, spread (i.e., the scale) of the data,
skewness of the data, presence of outliers, and presence of multiple modes.

A probability plot is a goodness-of-fit test used to verify the distributional model.
The normal probability plot is a graphical technique for assessing whether or not a
data set is approximately normally distributed. The data are plotted against a
theoretical normal distribution in such a way that the points should form an
approximate straight line. Departures from this straight line indicate departures
from normality

10.0 DATA QUALITY OBJECTIVES (DQO)
The following is a list of the major DQOs for the survey design:

Static measurements were taken to achieve an MDCyyy- of less than the ALARA
goal of 5,000 dpm/100 cm™.

Scanning was conducted at a rate to achieve an MDC,, of less than the ALARA
goal of 5,000 dpm/100 cm?.

Removable contamination measurements were counted to an MDCg.qr Of less
than 200 dpm/100 cm? in each channel.

Individual measurements were made to a 95% confidence interval.

Decision error probability rates were set at 0.05 for both o and .

The null hypothesis (Hp) and alternative hypothesis (H,) are that of NUREG 1505
scenario A:

e Hj is that the survey unit does not meet the release criteria

e H, is that the survey unit meets the release criteria

Characterization and remedial action support surveys were conducted under the
same quality assurance criteria as final status surveys such that the data may be
used as final status survey data to the maximum extent possible.
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11.0 AREA CLASSIFICATIONS

Based on the facility operational history, facility areas were classified as impacted or non-
impacted.

11.1 Non-Impacted Area
Non-impacted areas were areas without residual radioactivity from licensed activities and
were not surveyed during final status surveys. The following areas were classified as non-
impacted:

Structural surfaces above a two meter height

Internal surfaces of positively pressurized systems (air, gas, water, etc.)
Surface and subsurface soils of outside grounds

Areas with no history of radioactive materials usage

Laboratory work was performed on benchtops or within fume hoods and no volatile
work was performed; therefore, there is no reasonable probability for residual
radioactivity above a two-meter height. Based on historical operations, a potential
existed for residual contamination from spills or tracking on surfaces less than two
meters in height. Thorough surveys of impacted area entrances/exits and ventilation
exhausts were conducted during characterization to provide adequate assurance that any
residual contamination was contained within impacted areas.

11.2 Impacted Areas
Impacted areas were those areas that had potential residual radioactivity from licensed
activities. Impacted areas are subdivided into Class 1, Class 2 or Class 3 areas. Class 1
areas have the greatest potential for contamination and therefore receive the highest
degree of survey effort for the final status survey using a graded approach, followed by
Class 2, and then by Class 3. Impacted sub-classifications are defined as follows:

11.2.1 Class 1 Area

Areas with the highest potential for contamination, and meet the following
criteria: (1) impacted; (2) potential for delivering a dose above the release
criterion; (3) potential for small areas of elevated activity; and (4) insufficient
evidence to support classification as Class 2 or Class 3.

There are no Class 1 areas.

11.2.2 Class 2 Area

Areas that meet the following criteria: (1) impacted; (2) low potential for
delivering a dose above the release criterion; and (3) little or no potential for small
areas of elevated activity.

Areas with a history of radioactive materials usage were classified as Class 2.
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11.2.3 Class 3 Area

Areas that meet the following criteria: (1) impacted; (2) little or no potential for
delivering a dose above the release criterion; and (3) little or no potential for small
areas of elevated activity.

There are no Class 3 areas.

11.3 Survey Units

A survey unit is a geographical area of specified size and shape for which a separate
decision is made whether or not that area meets the release criteria. A survey unit is
normally a portion of a building or site that is surveyed, evaluated, and released as a
single unit.

The number of discrete sampling locations needed to determine if a uniform level of
residual radioactivity exists within a survey unit does not depend on the survey unit size.
However, the sampling density should reflect the potential for small elevated areas of
residual radioactivity. Survey units were sized according to the potential for small
elevated areas of residual radioactivity. Recommended maximum survey unit sizes for
building structures, based on floor area, is Class 1: up to 100 m?, Class 2: 100 m? to 1000
m? and Class 3: no limit.

Survey Unit Numbering Protocol

Each survey unit is assigned a unique number consisting of the building number followed
by a dash and a four digit identifier. The four digit identifier consists of one digit for the
elevation, one digit for the classification, and two digits as a numerical identifier in the
event the first 2 digits are the same for two or more survey units using the format below:

Building Number — Elevation/Classification/Numerical Identifier
The default numeric identifier is 01

Buildings:
CRT = CART Building

Elevations:
1 = 1% Floor

Building systems survey units were arranged by building and system type. There are two
types of systems — ventilation and drain. Each system survey unit encompasses all of a
certain type within impacted areas of the building.

Systems Components:
DR - Drain
VE - Ventilation



12.0

Examples:

Central Michigan University
NRC License Number 21-01432-02
January 17,2017

CRT-1201 is CART building, first floor, Class 2
CRT-DROI is CART building drains

CART Building
Final Status Report

Page 13 of 25

Survey unit classifications and designations were determined from the historical site
assessment and are listed in the tables below. Survey unit designations are presented on
the building floor plans presented in Appendix B and listed in the tables below.

Table 11-1: Building Structural Survey Units

; Percent of
, ; BN Floor Area Maximum
Survey Unit Description (ftz) Recoriraenden
; Floor Area
CRT-1201 Rooms 102 & 111 696 6.5
Table 11-2: Building Systems Survey Units
Survey Unit Description
CRT-DROI Drain System
CRT-VEOI Ventilation System

CHARACTERIZATION SURVEYS

The survey protocol for building surfaces consisted of performing the scanning portion of
the final status survey protocol, with judgmental smears and static measurements on areas of
highest probability for residual radioactivity. Judgmental static measurements and smears
were taken on vertical surfaces as part of the Class 2 final status survey protocols described
in section 14.3.5.

The purpose of scanning was to identify locations of elevated activity. The minimum scan
percentages are presented in section 14.2. Scanning was performed by moving the probe
over surfaces at a distance of approximately 0.5 cm or less and at a rate less than the
maximum allowable scan rate necessary to achieve DQOs.

The survey protocol for building system surveys consisted of performing removable
contamination measurements of accessible internal surfaces of ventilation and drain
systems. Fume hood baffles were removed, and static measurements performed in addition
to the removable contamination measurements. Static measurements were not possible in
drain systems due to geometry.

No elevated activity above the investigation levels were identified during facility
characterization surveys.
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13.0 REMEDIATION

No elevated activity was detected during characterization scan surveys of building structural
surfaces or building system surveys, therefore no remediation was performed.

14.0 FINAL STATUS SURVEYS

Final status surveys were performed using the DQO process to demonstrate that residual
radioactivity in each survey unit satisfied the predetermined criteria for release for
unrestricted use. Final status surveys were conducted by performing the appropriate
combination of scan surveys, total activity measurements and removable activity
measurements as discussed further in this section. All final status surveys were performed
according to written instructions. Survey data were documented on survey maps and/or
associated data information sheets.

14.1 Background Determination

The use of reference background areas or paired background comparisons was not
necessary. Material and ambient background values were not significant in comparison
to the DCGLs or ALARA goals. For direct measurements, an ambient background was
determined for each survey, was subtracted from gross measurements, and was used to
calculate the actual survey MDCs and associated count errors. Material-specific
background determinations were not performed. The background count rate for
removable activity measurements was automatically subtracted by the LSC.
Removable results are reported in net dpm/100 cm’ for H-3 and C-14. Channel 3
results are reported in net cpm/100 cm’.

14.2 Surface Scans

Scanning was used to identify locations within the survey unit that exceed the
investigation level. The table below summarizes the minimum scan percentage of
accessible building structural surfaces based on classification.

Table 14-1: Scan Survey Coverage by Classification

Floors 75%
Fume Hoods 75%
Other Structures 25%

For surfaces that received less than 100% scan survey, the surfaces scanned were those
with the highest potential to contain residual radioactivity at the discretion of the
surveyor.

14.3 Total Surface Activity Measurements

Direct surveys (static measurements) for total surface activity were taken on building
surfaces in impacted areas utilizing instrumentation of the best geometry based on the
surface at the survey location. Static measurements were taken in impacted areas at each
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identified sample location. Scaler count times were determined to achieve the detection
sensitivities stated in the DQOs. Field measurements were converted to activity
concentrations using the following equation:

Reyp — R
Activity (dpm/100 cm?) = stb Z
Etotat X 100 cm?
Where:

Rsip = The gross count rate of the measurement (cpm)

Ry = The background count rate (cpm)
Eoa = Total Efficiency (cpm/dpm)

A = Area of the detector window (cmz)

14.3.1 Determining the Number of Samples
The minimum number of samples required for the Sign Test was calculated using
equations in Section 5 of MARSSIM. A conservative estimate of the standard
deviation of total surface activity measurements was used. The LBGR was set at
one half of the DCGL. The calculations performed to determine the required
numbers of samples are provided below.

14.3.2 Determination of the Relative Shift

The number of required samples depends on the ratio involving the activity level
to be measured relative to the variability in the concentration. The ratio to be used

is called the Relative Shift, A/Os, and is defined in MARSSIM as:

Alo, = DCGL - LBGR
O-S
Where:
DCGL = derived concentration guideline level (dpm/100 cm?)

LBGR = -concentration at the lower bound of the gray region. The LBGR is the
average concentration to which the survey unit should be cleaned in
order to have an acceptable probability of passing the test (dpm/100

2
cm”)

Oy = an estimate of the standard deviation of the residual radioactivity in
the survey unit (dpm/100 cm®)

The actual calculation is provided below:

_3.7E6-1.85E6

Alog 1,000

=1,850
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Since MARRSIM Table 5.5 does not include relative shifts above 3 and the
number of samples required decreases with an increasing relative shift, the
relative shift was conservatively set at 3.

14.3.3 Determination of Acceptable Decision Errors
A decision error is the probability of making an error in the decision on a survey
unit by passing a unit that should fail (o decision error) or failing a unit that
should pass (B decision error). The decision errors are 0.05 for both o and B.

14.3.4 Determination of Number of Data Points (Sign Test)
The number of direct measurements for a particular survey unit, employing the

Sign Test, is determined from MARSSIM Table 5.5, which is based on the
following equation (MARSSIM equation 5-2):

(Zl—a + Zl—ﬂ )2

4(SignP -0.5)

Where:
N = number of samples needed in the survey unit
Zig = percentile represented by the decision error o
Z,5 = percentile represented by the decision error §
SignP = estimated probability that a random measurement will be less than

the DCGL when the survey unit median is actually at the LBGR
Note: SignP is determined from MARSSIM Table 5.4

MARSSIM recommends increasing the calculated number of measurements by
20% to ensure sufficient power of the statistical tests and to allow for possible
data losses. MARSSIM Table 5.5 values include an increase of 20% of the
calculated value. The approach for this project was to predetermine a number of
samples to be applied to all survey units. This approach provides sufficient power
for the statistical test while streamlining the survey planning process. The
following calculations were made to determine this number:

(1.645+1.645)° "

N = -
4(0.998650—-0.5)

7., and Z,_p are equal to 1.645 using the error rate of 0.05 from MARSSIM Table
5.2. SignP is equal to 0.998650 from MARSSIM Table 5.4. Adding an additional
20% to account for data losses resulted in a value of 14.

Therefore, the determined number of samples per survey unit for the final status
surveys for planning purposes was 14.
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14.3.5 Determination of Sample Locations

Class 2 survey units generally consist of multiple rooms. The process to identify,
map and locate measurement coordinates in survey units with many rooms is
complicated due to the noncontiguous nature of the survey unit once walls are
“folded-out”. Therefore, the MARSSIM sample measurement locations (i.e.,
random static and wipe measurements) were determined only on horizontal
surfaces as determined on floor plans. This protocol increases the sample density
on the surfaces with the highest probability for residual contamination (floors,
benchtops, fume hood working surfaces, etc.). The appropriate percentage of all
survey unit surfaces (including vertical surfaces) was scanned according to the
survey unit classification. In laboratory areas, permanent counter tops and other
horizontal surfaces that block floor surfaces were included as a replacement to the
blocked floor surface. Internal surfaces of permanent furnishings (i.e., drawer or
cabinetry interior surfaces) were not included in the systematic measurement
location placement. However, these surfaces were included in the scan surveys.

As part of characterization, the survey technician judgmentally selected ten
locations with the highest probability of contamination on vertical surfaces for a
static measurement and smear, such as light switches, door knobs, door pulls,
push plates, and other locations. These measurements were in addition to and
were not included in the statistical analysis of the locations selected by
MARSSIM protocols.

Determination of Class 2 survey unit sample locations was accomplished by first
determining sample spacing and then systematically plotting the sample locations
from a randomly generated start location. Sample spacing was determined from
MARSSIM equation 5-8:

fA
L =_/— for asquare grid
N q g

Where:

L  =sample spacing interval

A =the survey unit floor area

N = number of samples needed in the survey unit

A random starting point was determined using computer-generated random
numbers coinciding with the x and y coordinates of the total survey unit. A grid
was plotted across the survey unit surfaces based on the random start point and
the determined sample spacing. A measurement location was plotted at each
intersection of the grid. Maps of final status survey locations for all survey units
are included in Appendix D.
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14.4 Removable Contamination Measurements

Removable contamination measurements were collected by wiping an area of
approximately 100 cm® on structural surfaces, ventilation systems, and drain systems.
The smears/swabs were counted to achieve the detection sensitivities stated in the DQOs.
The LSC was set up for three channels with background subtraction at the following

energies:
Channel 1 (3H dpm): 0-18.6keV
Channel 2 (**C dpm): 18.6 — 156 keV
Channel 3 (cpm): 156 — 2,000 keV

Channel 3 results were used to verify that H-3 and C-14 are the only nuclides of concern.

14.5 Surveys of Building Mechanical System Internals

Surveys of various building system components were performed. Survey design for these
systems is out of the scope of MARSSIM. For the purposes of identifying potential
residual contamination within these systems, a survey protocol was established and is
presented in the table below.

Table 14-2: System Survey Coverage

Fume 00d Vent Ducts MlﬁOO%
Drain Openings/Traps 100%

Surveys of building systems consisted of scan surveys, total activity measurements and
removable contamination measurements of accessible openings and at locations of
potential collection or buildup. Scan surveys and static measurements were not possible
at some locations (such as drain pipe internals) due to small geometry.

The hood baffles were removed and the internal surfaces of each exhaust duct were
surveyed. Because the fume hood exhaust flow is a very small fraction of the total flow
from the building and no elevated activity was identified in the lab, hoods, or exhaust
duct inlets, the building exhaust system was not shut down to accommodate surveys of
the exhaust fans.

14.6 Survey Documentation
A survey package was developed for each survey unit containing the following:

Survey Unit number (e.g., Building and Room Number, System Number, etc.)

Survey Instruction Sheets

General survey requirements

Percentage of surfaces requiring scan surveys

Number of total and removable contamination measurements required, instrument
requirements with associated MDCs, count times and scan rates
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Overview maps detailing survey locations and placement methodology
Survey Data Sheets

Any additional specific survey instruction

Signature of Data Collector and Reviewer

To ensure proper data management and organization, a unique location code system was
used so that survey data could be properly entered and organized in the Final Status
Survey Database. A breakdown of the location code and specific code components are
provided in the table below.

Table 14-3: Location Code Description

A unique location code was assigned to each individual survey location to ensure proper data
management of the survey results. The following format was used to ensure consistency
throughout the final status survey process:

BBB-RRRR-SS-M-LLL

(Where:
BBB: = Building Code. This field represents the building number. (3 characters)
CRT: CART Building 2625 Denison Dr
RRRR: = Survey Unit Number. This is the assigned survey unit number.
(4 characters)
SS: = Structural Surface Code. This field represents the structural surface such as floor,
wall, ceiling, etc. (2 characters)
B1 = Benchtop D1 = Fume Hood Drains E1 = Hood Exhaust Duct
F1 = Floor D3 = Sink Drains ES = Local Exhaust Vent
H1 = Fume Hood D4 = Other Drain
M: = Structural Material Code. This field represents the type of structural material on
which a particular measurement is taken. (1 character)
M = Miscellaneous
LLL: = Numerical Identifier. This field represents the survey location number. The field

“001” means survey point location number 1. Numerical identifiers are unique
within a survey unit. (3-characters)
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15.0 SURVEY RESULTS AND DATA QUALITY ASSESSMENT

The statistical guidance contained in Section 8 of MARSSIM was used to determine if areas
are acceptable for unrestricted release and whether additional surveys or sample
measurements were required.

15.1 Data Validation
Field data were reviewed by the Project Manager and validated to ensure:

Completeness of forms

Proper types of surveys were performed

The MDCs for measurements met the established data quality objectives
Independent calculations were performed on a representative sample of data
sheets

e Satisfactory instrument calibrations and daily functionality checks were
performed as required

Additionally, all final status survey data were entered into the Final Status Survey
Database. This provided the means to sort survey data, verify activity calculations, and to
compute the associated MDC and counting errors. Once data entry for a survey unit was
complete, a verification report was printed and compared to original data sheets to ensure
correct data entry.

15.2 Preliminary Data Review
A preliminary data review was performed for each survey unit to identify any patterns,
relationships or anomalies. Additionally, measurement data were reviewed and compared
with the DCGLs and investigation levels to confirm the correct classification of survey
units.

The following preliminary data reviews were performed for each survey unit:

Review of the 4-Plot graphs of scan data
Calculations of the survey unit mean, median, maximum, minimum, and standard
deviation for each type of reading

e Comparison of the actual standard deviation to the assumed standard deviation
used for calculating the number of measurements

e Comparison of survey data with applicable investigation levels

The actual standard deviation for all survey units were less than the assumed standard
deviation used for calculating the number of measurements, therefore an adequate
number of samples were collected for each survey unit.

15.3 Building Structural Surfaces Scan Data

No elevated activity was identified by listening to the audible detector response.
Additionally, a 4-Plot was produced of scan survey data for the survey unit. The 4-Plot
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graphs indicate that the data has a perceivable bimodal distribution, but these two
distributions are tightly grouped with significant overlap. This is likely due to the
differences in material composition between the floors and other structures. The scan
data indicates that surface contamination levels are significantly less than the
investigation level of 5,000 dpm/100 cm®. 4-Plot graphs of scan results are provided in
Appendix E.

15.4 Data Summary Tables
All calculations of means, standard deviations, minimum and maximum values and
comparisons between survey data and investigation levels are presented in the following
tables. Building structural surface activity reports for each survey unit are included as

Appendix F. Reports for building systems surveys are presented in Appendix G.

Table 15-1: Structural Surfaces Total Beta Surface Activity Summary

g iy Any Result
Survey ik | Mean | MDC Sta'.‘dérd Min. Max. Mveatipation Exceeding
. Sample f ~ | Deviation ; Level S
Unit : Investigation
Locations Tevel?
(net dpm/100 cm®) :
CRT-1201 18 412 | 3,104 | 706 | -664 [ 1,660 | 5,000 NO
Table 15-2: Building Structural Surfaces Removable H-3 Summary
, ol vl Any Result
Survey Fo Mean Stal.ld?rd Min. | Max. TrcERation Exceeding
i Sample Deviation Level GO
Unit : Investigation
Locations Lovel?
(net dpm/100 cm®) !
CRT-1201 18 e N 200 NO
Table 15-3: Building Structural Surfaces Removable C-14 Summary
ety Any Result
Survey : ok Mean Stal.ld?rd Min. | Max. Anyesigation Exceeding
: Sample Deviation Level AT
Unit . Investigation
Locations Level?
(net dpm/100 cm®) ;
CRT-1201 18 S e N TN 200 NO
Table 15-4: Building Structural Surfaces Removable Channel 3 Summary
| - Ailen Any Result
Survey o, Mean Stal.‘di?rd Min. | Max. Invesnigation Exceeding
: Sample Deviation Level v,
Unit ; Investigation
Locations Lével?
_(net cpm/100 cm”) ;
CRT-1201 18 0 | I HIEES 200 NO
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Table 15-5: Building Systems Total Beta Surface Activity Summary

Sy L : ki Any Result
Survey #of Mean | MDC Stm}d‘?rd Min. | Max. investgation Exceeding
A Sample o Deviation Level A
Unit Lotat ; Investigation
ocations Lovalo
(net dpm/100 cm’) ‘
CRT-VEOI 5 288 | 3004 | 200 | 553 | 0 [ 5000 NO
Table 15-6: Building Systems Removable H-3 Summary
. e Any Result
Survey ot Mean Stal}d?rd Min. | Max. Inveatigation Exceeding
: Sample Deviation Level L
Unit Lecati Investigation
ocations Looal?
(net dpm/100 cm”) ;
CRT-DROI 6 31 15 7 49 200 NO
CRT-VEO1 5 14 14 0 37 200 NO
Table 15-7: Building Systems Removable C-14 Summary
# of Standard : ~ Investigation ANy Bl
Survey Mean iy Min. Max. Exceeding
: Sample Deviation Level e
Unit : Investigation
Locations , Level?
(net dpm/100 cm”) !
CRT-DROI 6 5 5 0 15 200 NO
CRT-VEO1 S A 3 £ 12 200 NO
Table 15-8: Building Systems Removable Channel 3 Summary
k o Any Result
Survey pot Mean Stal}da}rd Min. Max. festioaion Exceeding
: Sample Deviation Level g2
Unit : Investigation
Locations Level?
(net cpm/100 cm”) ¢
CRT-DRO1 6 1 2 0 4 200 NO
CRT-VEO1 5 0 1 0 2 200 NO

15.5 Determining Compliance for Building Surfaces and Structures

All total and removable surface activity results on building structural surfaces were less
than investigation levels and a small fraction of the DCGL, and an adequate number of
samples were obtained; therefore the survey unit passes the Sign test.

The results of the data quality assessment and calculations of the dose from each
structural surface survey unit are presented in the table below.
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Table 15-9: Structural Surfaces Total Beta Surface Activity Dose Calculations

, el W . . Calculated
Survey | Stal.ld?rd # Samples | Actual Adequate ‘Mean | Annual
 Deviation | .7  #of  #of 2, 2
Unit 1 (@pm/100 em?) | Re9Ured | gomples | Samples? | (9PmV100cm?) | TEDE

Lo SRR e R R (mrem/yr)
CRT-1201 706 11 18 YES 412 0.003

All measurement results are less than the DCGL and an adequate number of
measurements were taken; therefore the null hypothesis is rejected and the survey unit
meets the release criterion and is suitable for release for unrestricted use.

15.6 Determining Compliance for Building Systems

All building systems final status survey results are less than the investigation levels and a
small fraction of the DCGL

All total and removable surface activity measurement results are less than the applicable
DCGL; therefore all systems survey units meet the release criteria and are suitable for
release.

16.0 QUALITY ASSURANCE SURVEYS

Quality assurance surveys consisted of re-performing the FSS protocol for building
structural surfaces to achieve a minimum of 5% duplication of scans, static measurements
and smears. QA surveys were implemented by re-performing judgmentally selected survey
locations as survey unit CRT-QAO1. The locations of QA survey total and removable
surface activity measurements are presented in the table below.

Table 16-1: QA Survey Locations

. QASurvey Locatmn | FSSLocation

CRT-QAO01-H1-M-001 CRT-1201-H1-M-012

16.1 QA Survey Results

All QA survey results were similar to FSS data and the conclusions were the same as
those based on the initial surveys. QA survey results are presented in Appendix H and are
summarized in the tables below.

* The TEDE shown is conservatively calculated by multiplying 25 mrem/yr by the ratio of the mean total
surface activity to the C-14 DCGL of 3.7E6 dpm/100 cm’,
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Structural Surfaces Total Activity Summary

: o - C el 2L Any Result
Survey ol Mean MDC Stal.ld?rd Min. | Max. Hvestigation Exceeding
: Sample : Deviation Level Sy
Unit it Investigation
ocations 1 vl
(net dpm/100 cm®) ;
CRT-QAO01 1 553 | 3004 ] WA 1555 553 | 5,000 NO
Table 16-3: QA Survey Building Structural Surfaces Removable H-3 Summary
. sl Any Result
Survey o Mean Star.nda}rd Min. | Max. fnve tigetion Exceeding
: Sample Deviation Level e
Unit Locati Investigation
ocations Lovel?
(net dpm/100 cm”) :
CRT-QAO01 1 ¥ . N& ) 3.4 3 | 200 NO
Table 16-4: QA Survey Building Structural Surfaces Removable C-14 Summary
L Any Result
Survey y.of Mean Star.ndzfrd Min. | Max. e Rkaion Exceeding
: Sample | Deviation Level .
Unit Locad Investigation
ocations : foval?
(net dpm/100 cm®) ;
CRT-QAOI I g. .. N&& g e 200 NO
Table 16-5: QA Survey Building Structural Surfaces Removable Channel 3 Summary
i Any Result
Survey e Mean Stal.ldagrd Min. | Max. myestizaton Exceeding
- Sample | Deviation : Level e
Unit : . Investigation
Locations 1 evel?
, (net cpm/100 cm”) -
CRT-QA01 I 43 | w47 4 | 200 NO
17.00 REFERENCES

(MARSSIM)

Central Michigan University NRC radioactive materials license number 21-01432-02
NRC Regulations 10 CFR 20 Subpart E
NUREG-1575, “Multi-Agency Radiation Survey and Site Investigation Manual”

NUREG-1757, Volume 1, Rev. 2 “Consolidated NMSS Decommissioning Guidance:

Decommissioning Process for Materials Licensees,” September, 2006

NUREG 1507, “Minimum Detectable Concentrations with Typical Radiation Survey

Instruments for Various Contaminants and Field Conditions”
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* ISO-7503-1, “Evaluation of Surface Contamination — Part 1: Beta Emitters and Alpha
Emitters.” 1988

e NUREG 1556, Volume 7, Table Q.2, “Acceptable Surface Contamination Levels for
Equipment,” December 1999
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SEC INSTRUMENTATION SERVICES

10512 Lexington Drive SEC Corporate
Suite 200 2800 Solway Road
Knoxville, TN 37932 Knoxville, TN 37931

Model 2241 -3 CALIBRATION FORM
Serial number : “267113 % Customer Name : Chase 1. o o L7 i
Previous due date : 1/28/2017 : P.O Number : .
Date : - '6/30/2016 - Technician : Carl Hall .
Reason For Callbration : REPAIR '™

) INSTRUMENT(S) USED DURING CALIBRATION
Model Number: 500-2 Serial Number: - 132896 Calibration Due date: - :6/20/2017 -
Model Number: =~ -5 Serial Number: “& i Calibration Due date: = i = 7k
Instrument Condition Threshold ‘ i Battery indicator
As Found AsLeft | [~ As Found | As Left T AT
S OK G QK A0 40
SCA/RATE Switch
Set Voltage :I-ﬁgh Voltage F{;—nge T AT
Detector # As Found As Left As Found As Left
1 A B .UNSAT:'*"' 2 SAT
2 "UNSAT. | o SAT ]
3 SUNSAT TSATL | ﬁeproduc:bmty
4 rUNSgA]T‘. SKT'—_ x.1 or x1 Scale

x1 or x10 Scale

Target As Found %Error As Left %Error = 2500 .50 2800 2] L2500
250 e = 0.00% 2805 0.00% x10 or x100 Scale .
2,500 0.00% [ 2500 -] 0.00% CTUREK ] 6K ] o 28K
25,000 0.03% 26,0070 0.03% x‘l 00 or x1000 Scale
250,000 |[-:250,072::: 0.03% 250, 072 0.03% E wERB0K
QK :1s the As Found Data within 20% of the set point?

Are the individual counts within 10% of the average?
ast / Slow response switch functions properly?
.Does Instrument meet final Acceptance Criteria?

-, Calibration sticker attached?

Push Buttons
RESET
Audio Switch

. . : . Light
Married with: 7650V DET1  Wiodel: 4368 Serlal Number:  PR285700
, 1800V DET2  Model: ' 43-37.::Serial Number: PR286836 |
1325V DET 3 Model: /43-68 ' Serial Number: PR285700 .
Comments : 1350V DET 4 Model 43 37,5 Serial Number: :PR286836 .

!nstrument calibrated per SEC—!S 423, .
5 fool cable use or the 43-68
10 foot cable used for the 43-37..

Dat, rument is due for next hb atron 6/30/2017 - -
Performed by : = Date! "% Reviewed by: - Date: 7-4" -/

Printed name : - car Hall - /

1,500 volts.




Safety and Ecology Corporation SEC PROCEDURE# SEC-iS-417 Rev 4

2800 Solway Road, Knoxville, TN 37931 Page 1 of 1

Calibration Certificate 613012016
Calibration Certificate for 43-68,Serial # PR285700, Bar Code # ,Property # Chase53
Date: 06/30/16 Date Last Cal. Explres: 01/28/17 Technician: Carl Hall

Locatlon 102624, Reason For Calibratlon Due for Callbratlon

EQUIPMENT USED DURING CAL]BRAT]ON MODEL 2241.3 SERIAL# 267113 CAL DUE 06/30/17
NIST TRACEABLE SOURCES USED SOURCE ISOTOPE ACTIVITY 2 ASSAY DATE
Efficiencies from last calibration 5744-06 Sr-80 16834 dpm 11,811 cpm 1/1/2016
Pu-239:  20.86 % 5746-08 Tc-99 31900 dpm 20,000 cpm 1712016
Tc-99: 2509 % 5747-06 Pu-239 25798 dpm 13,099 cpm 1/1/2016
Th-230:  19.46 % 5748-06 Th-230 34899 dpm 17,700 cpm 1112016
SrY-90:  33.17 ¢
AS FOUND DATA AS FOUND instrument Condlﬂon SAT » AS LEFT Instrument Condltlon SAT
Calibration Setpoints AS LEFT DATA after repair, HV adfust or Plateau
HV (Apha); 1325V HV (Beta): 1650V Threshold: 4mV JHV(Alpha):1325 V HV (Beta): 1650 y Threshold: 4 mV
Back Alpha Beta  AF 4 nEfficlencies | Back Alpha Bota AL4mEfficiences
ground: 0  CPM 0 CPM ground: 2 CPM 260 CPM
Pu239: O  CPM NIA Pu-233: 4922 CPM N/A
Te99:  N/A ) CPM Te-89:  N/A 7881 CPM
Th-230: 0 CPM N/A Th-230: 5940 CPM N/A
’ SryY-90: N/A 0 CPM SrY-90: N/A 6202 CPM
R “AF" in the AL Efficiency fields means to refer to the AF
[] ts the As Found Data within 20% of the
officiency from the last cal.? ' Efficiencies in the AS FOUND DATA Section

Reproducibility : Isotope: (Sr-90

6214 6178 6228 Average: 6206.7 Are the individua! counts within 10% of the average?

Alpha Source: Th-230 PLATEAU DATA Beta Source: Tc-99
Response Background Response Background
HV CPM CPM HV CPM CPM
{Alpha)  Ach.  Ach. Net4mwEff. {Bota) ~Bch.  Bch. Netdw Eff.
N/A N/A
| I
Pu-239 Tc-99 Th-230 SrY-90

2 Pi Eff|ciencle5' |

CommentS' Married as a set with: Model: 2241-3 Serial #: 267113 Bar Code #:
Replaced damaged mylar.
W] Does Instrument Meet Final Acceptance Criteria? ] calibration Sticker Attached?

Date instrument is Due For Next Calibration:

Performed bww Reviewed b@ - Date:Z" 2 ?/

Priiod Name:  Cor Hal R




SEC INSTRUMENTATION SERVICES
10512 Lexington Drive
Sulte 200
Knoxville, TN 37932

C-14 SOURCE CALIBRATION FORM

Probe Model Number : . '43-68 Customer Name : Chase Envnronmental
Probe Serial Number : _:_F?RZ&S‘(QO..,_ Technician: *~ " = CarlHall "~ "

Date of Calibration : * '6/30/2016

Instruments used during calibration
Model Number:. ::2241-3 - Serial Number: 267113 .- Calibration Due Date:| 6/30/2017 -
Model Number; ~:%7 Serial Number: ~ "= Calibration Due Date:| ="
NIST Traceable Source(s) used : Activity(s)
| source SIN| Emission Rate | 2 Pi {cpm) uCi 4Pi (dpm)| Assay Date
[1>C-14 "DX295 | - 432 | 25920 [ 0.0305405 | 67,800 ] -5/3/1994 -

Instrument condition :
High Voltage: ©

Background: 260
C-14 Count: __ 7607

21 Efficiency
41 Efficiency:

Calibration sticker attached? ~ ' Yes

Comments : Married as a set W|th

‘Model:
Cahbrated wcth plastlc standoffs a _"ched e RERIR

t is due for next calibratioh : | 6/30)2017-‘_'
Reviewed by 4:7,7——" Date : 75y

Performed by :
Printed Name :

Entered in computer inventory by: Date :




2800 Solway Road, Knoxville, TN 37931
Calibration Certificate

Safety and Ecology Corporation SECPROCEDURE# SEC-IS-417 Rev 4

Page 1of 1
6/30/2016

Calibration Certificate for 43-37,Serial # PR286836, Bar Code # ,Property # Chase94
Date: 06/30/16 Date Last Cal. Expires: 01/28/17 Carl Hall

Location: 102624, Reason For Calibration: Rapair

Technician:

.SERIAL #: 267113

EQUIPMENT USED DURING CALIBRATION MODEL: 2241-3

CAL DUE 06/30/17

NIST TRACEABLE SOURCES USED  SOURCE ISOTOPE ACTIVITY 2m ASSAY DATE
Efficiencies from last calibration 5744-06 Sr-90 16834 dpm 11,811 cpm 1/1/2016
Pu-239: 2037 % 5748-08 - Tc-89 31900 dpm 20,000 cpm 1112016
Tc9%:  5a7 9 5747-06 Pu-239 25798 dpm 13,099 cpm 11172016
Th-230:  18.51 % 5748-06 Th-230 34899 dpm 17,700 cpm 11112016
SrY-90:  38.93 ¢

AS FOUND DATA AS FOUND Instrument Condition: SAT

Calibration Setpoints

AS LEFT Instrument Condition: SAT
AS LEFT DATA after repair, HV adjust or Plateau

HV (Aipha): 1350 V HV (Beta): 1800V Threshold: 4mV JHV (Alpha):1350  V HV (Beta): 1800 y Threshold: 4 mV
Back Alpha Beta  AF 4 ytEfiiciencles | Back Alpha Beta AL 4 Efficiencies
ground: 0 - CPM 0 CPM ground: B CPM 870 CPM
Pu-239: 0 CPM N/A Pu-239: 49286 CPM N/A

Tc-99: N/A 0 CPM Tc-99: N/A 8445 CPM
Th-230: 0 CPM N/A Th-230: 5959 CPM N/A
SrY-90: N/A 0 CPM SrY-80: NJ/A 6705 CPM

[] 1s the As Found Data within 20% of the
efficiency from the last cal.?

Reproducibility : Isotope: |Sr-90 6671

6729

8692 Average:

"AF" in the AL Efficloncy fields means to refer to the AF
Efficiencles in the AS FOUND DATA Section

6697.3 [v] Are the individuat counts within 10% of the average?

Alpha Source: Th-230

PLATEAU DATA Beta Source: Tc-99
Response Background Response Background
HV cPM CPM HV CPM CPM
{Alpha}  Ach, {Beta) Bch. B ch. Net 41 Eff.
TNA _ o B
Tc-99 Sry-90

2 Pj Efficiencies:

Comments: Married as a st with: Model:  2241-3

Replaced damaged mylar.

Does Instrument Meet Final Acceptance Criterla?

Date Instrument is Due For Next Calibration:

Performed by: 5 % é

Printed Name: Carl Hall

Serial #: 267113 Bar Code #:

[v] Calibration Sticker Attached?

Reoviewed @ -

Date: 25:’/(
RREA A ERE o




SEC INSTRUMENTATION SERVICES
10512 Lexington Drive
Suite 200
Knoxville, TN 37932

C-14 SOURCE CALIBRATION FORM

Probe Mode! Number : . 43-37 - Customer Name : Chase Env;ronmental
Probe Serial Number : 'ERR2'8'6836'?' Technician : * * *-Carl Hall -

Date of Calibration ; “'6/30/2016 .

_ Instruments used during calibration
Model Number: 2241-3 i Sérial Number: 267113 . Calibration Due Date:| '6/30/2017
Model Number: - -0 Serial Number; """ Calibration Due Daté:| =~ 7%

NIST Traceable Source(s) used : : Activity(s)
| Source SIN| Emission Rate | 2 Pi (cpm) uCi 4Pi (dpm)| Assay Date
[1>C-14 DX205 1 432 | 25920 -] 0.0305405 | 67,800 | "5/3/1994
Instrument condition: .- " Sat
High Voltage: 1800 .

Background; ~*: 870 i

C-14 Count: __ 9110

Calibration sticker attached? ~ Yes .-

Comments : Married asaset with: —  Model: 22413 Serial#: 267113
Cahbrated wrth plastrc standoffs ita hed R R O Dol :

- w is due for next calzbratlon | 6/30/2017 | |
Performed by : Reviewed 174/- Date : -5/
) v Date :

Printed Name : -~~~ Carl Hall
Entered in computer inventory by:
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Final Status Survey Location Maps
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Appendix E
4-Plot Graphs
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Survey Unit: CRT-1201 Probe: PR286836 ( 43-37 )
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Survey Results

Building: CRT Survey Unit: 1201 Survey Type: Structural
Total Activity Measurements Removable Activity Measurements
Location Code Activity MDC H-3 MDC C-14 MDC CH3 MDCR
CRT-1201-B1-M-001 -332 +/- 1,608 0 35 0 33 0 36
CRT-1 '20:1"-,1,'3117—,1\91-002 - 1,623 ‘ e 0 36
CRT-1201-B1-M-003 0 35 6 33 0 36
CRT-1201-B1-M-004 0 7'35;; A iy 2 36
CRT-1201-F1-M-005 3 35 1 33 5 36
‘CRT-1201-F1-M-006 15 3 9 3 0 3
CRT-1201-F1-M-007 0 35 5 33 0 36
CRT-1201-F1-M-008 B s e s a6
CRT-1201-F1-M-009 1 35 9 33 0 36
CRT-1201-F1-M-010 0 3 s w9 36
CRT-1201-B1-M-011 0 35 12 33 0 36
CRT-1201-H1-M-012 B s T L e
CRT-1201-H1-M-013 0 35 8 33 0 36
CRT-1201-F1-M-014 0.3 71 ®m 0 36
CRT-1201-F1-M-015 0 35 5 33 0 36
CRT-1201-F1-M-016 1,549 +/- o AT
CRT-1201-F1-M-017 9 35 5 33 0 36
CRT-1201-F1-M-018 1,623 8 3 0 33 0 36
Static Count 18 Sample Count 18

Average 412 3 6 0

Minimum -664 0 0 0

Maximum 1,660 15 12 5

Standard Deviation 706 5 3 1

Total activity results are reported in net dpm/100 cm?,

H-3 and C-14 removable results are reported in net dpm/100 cm?. CH3 removable results are reported in net cpm/100 cm?.
Results above MDC are in bold print. Results above Investigation Levels are in red print.

Removable Activity: H-3 = 0-18.6 keV, C-14 = 18.6-156 keV, CH3 = 156-2,000 keV.
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Survey Results

Building: CRT Survey Unit: DRO1  Survey Type: System
Total Activity Measurements Removable Activity Measurements
Location Code Activity MDC H3 MDC C-14 MDC CH3 MDCR
CRT-DR0O1-D1-M-001 +/- 7 35 6 33 0 36
CRT-DRO1-D1-M-002 s 49 35 2 30 36
CRT-DR01-D1-M-003 +/- 42 35 15 33 0 36
CRT-DRATD T M00 D gl e - R sk e gty R
CRT-DRO1-D3-M-005 25 35 4 33 4 36
CRT-DRO1-D4-M-006 4 % 3B 330 36
Static Count 0 Sample Count 6

Average 31 5 1

Minimum 7 0 0

Maximum 49 15 4

Standard Deviation 15 5 2

Total activity results are reported in net dpm/100 cm?.

H-3 and C-14 removable results are reported in net dpm/100 cm?. CH3 removable results are reported in net cpm/100 cmz2.
Results above MDC are in bold print. Results above Investigation Levels are in red print.

Removable Activity: H-3 = 0-18.6 keV, C-14 =18.6-156 keV, CH3 = 156-2,000 keV.
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Survey Results
Building: CRT Survey Unit: VEO1  Survey Type: System

. ,Etal Actwltv Measﬂrerhe_l_l__tg ~ Removable Activity Measurements

o}

-14 ~MDC  CH3  MDCR
33 2 36

Location Code s ,”,";A'ctivitx‘ - MDC S __[-_I_:_:_;_MDC
0
| 33 36

CRT-VEO1-E1-M-001 -332 +/- 1,608 3,104
; CRT—VEO;I—E“I-M_OOZ‘:‘ ;: 553+ /. 1579 3?104 A ; 10 i
CRT-VEO1-E1-M-003 -332 +/- 1,608 3,104 15 35 33 36
CRT-VEOI-BI-M-004 = 22141623 3104 8 35 5 3 36
CRT-VE01-E5-M-005 0 +- 1,652 3,104 37 35 12 33 36

u:w'o,\ool

[l — SN e I Y

Static Count o 5 : . ~ Sample Count 5 = .
Average 288 N e
Minimum 553 L 3 A
Maximum 0 T o s
Standard Deviation : 201. , ; i 14 ‘ 3

- N OO

Total activity results are reported in net dpm/100 cm2,

H-3 and C-14 removable results are reported in net dpm/100 cm? CH3 removable results are reported in net cpm/100 cm?.
Results above MDC are in bold print. Results above Investigation Levels are in red print.

Removable Activity: H-3 = 0-18.6 keV, C-14 =18.6-156 keV, CH3 = 156-2,000 keV.
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Survey Results

Building: CRT Survey Unit: QAO01

Total Activity Measurements

CART Building
Final Status Report
Page H.1 of H.1

Survey Type: QA

Removable Activity Measurements

Location Code Activity MDC H3 MDC C-14 MDC CH3 MDCR
CRT-QAO01-H1-M-001 553 +/- 1,721 3,104 3 35 9 33 4 36
Static Count 1 Sample Count 1
Average 553 3 9 4
Minimum 553 3 4
Maximum 553 3 4

Standard Deviation

Total activity results are reported in net dpm/100 cm2.

H-3 and C-14 removable results are reported in net dpm/100 cm2. CH3 removable results are reported in net cpm/100 cm2,
Results above MDC are in bold print. Results above Investigation Levels are in red print.

Removable Activity: H-3 = 0-18.6 keV, C-14 =18.6-156 keV, CH3 = 156-2,000 ke V.
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INTRODUCTION

Central Michigan University (CMU) has decided to permanently cease licensed activities
within the Brooks Hall building located on the CMU campus in Mount Pleasant, MI 48859.
CMU will decommission Brooks Hall, listed as an authorized usage area under NRC license
number 21-01432-02, and release for unrestricted use. A site satellite photo is presented in
Appendix A.

The facility includes research laboratories, offices, and other support areas. Radioactive
materials used at the facility consisted of a variety of alpha, beta, and gamma emitting
radionuclides for teaching and research.

Decommissioning activities were conducted under the Chase Commonwealth of Kentucky
radioactive materials license number 201-605-15, utilizing a reciprocal agreement with the
NRC, and in accordance with a decommissioning work plan (DWP). The DWP was
developed using the guidance provided in NUREG 1757, “Consolidated NMSS
Decommissioning Guidance”; and NUREG 1575, “Multi-Agency Radiation Survey and Site
Investigation Manual” (MARSSIM). Final status surveys (FSS) were designed to implement
the protocols and guidance provided in MARSSIM to demonstrate compliance with NRC

“default screening values (DSV) generated using the default scenarios and parameters of the

DandD code v.2.1, except that the resuspension factor recommended by the NRC in

'NUREG 1720 was used in place of the default for alpha emitting nuclides. These methods

ensured technically defensible data were generated to aid in determining whether or not the
site meets the release criteria for unrestricted use specified in 10 CFR 20 Subpart E.

CMU and Chase conducted a Historical Site Assessment (HSA) that included operations
conducted under current NRC License #21-01432-02, any general licenses, and any
operations conducted prior to the current NRC license. On June 15, 2016 Chase conducted
a site visit with the CMU Radiation Safety Officer to review historical records associated
with Brooks Hall. On-site decommissioning activities were performed under the Chase
license from December 7-20, 2016. Facility characterization surveys identified six small
discrete locations up to 1,181 dpm/100cm® alpha and 3,368 dpm/100cm? beta on building
structural surfaces. Areas of elevated activity were remediated as described in section 19.0.

This report presents sufficient data to conclude the facility is suitable for unrestricted release
in accordance with NRC requirements. Final status surveys demonstrate that building
structural surfaces and systems included in the scope of this report are below release criteria
and are suitable for unrestricted release. All final status surface activity measurements were
less than the DSVs. Based on the Building Occupancy Scenario of NRC DandD dose
modeling software Version 2.1, the Total Effective Dose Equivalent (TEDE) to an
average member of the critical group is 4.25 mrem/year (17% of the release criterion
of 25 mrem/yr).
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FACILITY DESCRIPTION AND HISTORY

2.0

Brooks Hall, built in 1965, is a five-story (basement to 4th floor) with a brick exterior.
Interior walls are made of sheetrock or concrete block. Floors in hallways and laboratory
areas are covered in vinyl tile or vinyl sheet product. Brooks Hall is currently home to the
departments of biology and earth and atmospheric sciences. The building features research
laboratories, an animal room, a 24-station departmental computer laboratory, electron
microscopes and a greenhouse.

The laboratory drain system consists of sink and cup sink drains located in fume hoods and
casework throughout the laboratory spaces. The drains discharge directly from the building
without retention or treatment. The central vacuum system consists of nozzles located
throughout the laboratory spaces and a pump and accumulator located in the basement
mechanical room. Exhaust ventilation is provided primarily via the fume hood exhausts with
various room exhausts provided in the ceiling.

Building floor plans are provided in Appendix B.

2.1 Potential Contaminants

CMU and Chase conducted a HSA that included operations conducted under current
NRC License #21-01432-02, any general licenses, and any operations conducted prior
to the current NRC license. On June 15, 2016 Chase conducted a site visit with the
CMU Radiation Safety Officer to review historical records associated with Brooks
Hall. A variety of records were reviewed, including surveys, license documents, leak
tests, logbooks, disposal records, and material inventories. Some of the more important
information obtained is listed below.

¢ The entirety of Brooks Hall was authorized for isotope use in License 21-
01432-02.

e License documents indicated that radioactive material could be used for
physics, biophysics, and radioisotope techniques.

e Survey records identified usage locations, but did not regularly include
information regarding the isotopes of concern.

e Survey documents indicate that uranium ore was used.

e Sealed sources were used, including a neutron source.

® Notes regarding two separate spills in 1992 were found. On June 15th, a Cs-
137 plastic check source was broken in room 209. On June 18th, a spill of C14
liquid occurred in room 209A.

¢ CMU has a burial site where millicurie quantities of materials were disposed.
Brooks Hall was the only facility where these materials would have been used
prior to burial.

¢ In 1990 a questionnaire was sent to the faculty to determine material usage and
locations. In some cases, it is unclear whether faculty responded with their
laboratory location or office location. The response for rooms 006, 024, and
026 were not detailed as to whether samples were prepared with uranium-based
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stains in those rooms or if those rooms were merely for analysis of prepared
samples.

Leak test notes beginning in the 1960s indicate that there was a Plutonium-
Beryllium (PuBe) source and a Co-60 source in Brooks.

There are leak tests in 1979 for a Cs-137 source.

In 1981, there are notes regarding surveys of an “ore box.”

While none of the sealed source leak tests indicated any leakage, a violation was
issued in 1996 for failure to perform leak tests and instrument calibrations.

In 1982, an inventory sheet listed a variety of isotopes and activities in
“solution.”

In 1991, five microcuries of Ra-226 was disposed.

Uranium and thorium compounds were possessed under the general license
provisions of 10 CFR 40.22.

Known locations of materials usage are presented in the table below.

Table 2-1: Locations of Materials Usage

006 'y Electron Microscopy

024 Electron Microscopy
026 Electron Microscopy
027 Generally Licensed Source Materials
101 Ni-63 Electron Capture Device
101C Unknown
102 C-14
112 H-3
117 Unknown
129 C-14
137 C-14
141 Powdered Uranium Compounds

148 C-14, Chemistry Teaching Laboratory
149 C-14, Chemistry Teaching Laboratory
150 C-14, Chemistry Teaching Laboratory
151 Chemistry Teaching Laboratory

152 Chemistry Teaching Laboratory

208 Liquid Scintillation Counter, P-32, H-3
209 Cs-137, Physics Radiation Laboratory

209A C-14, Lead-lined Storage Area
210 H-3
212 C-14
221 Thorium Metal

The table below lists the nuclides known to have been possessed in Brooks Hall.
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Table 2-2: Radionuclides Possessed in Brooks Hall

Ag-110m 6.9E-01 YES Beta/Gamma
Ba-133 1.1E+01 YES Gamma
C-14 5.7E+03 YES Low Energy Beta
Cl-36 3.0E+05 YES Beta
Co-57 7.4E-01 YES Gamma
Co-60 5.3E+00 YES Beta/Gamma
Co-62 2.9E-06 NO Beta
Cs-137 3.0E+01 YES Beta/Gamma
Fe-55 2.7E+00 YES Low Energy Gamma
Fe-59 1.2E-01 NO Beta/Gamma
H-3 1.2E+01 YES Low Energy Beta
I-124 1.1E-02 NO Positron/Gamma
1-131 2.2E-02 NO Beta/Gamma
1-132 2.6E-04 NO Beta/Gamma
Na-22 2.6E+00 YES Positron/Gamma
Ni-63 1.0E+02 YES Low Energy Beta
P-32 3.9E-02 NO Beta
Pb-210 2.2E+01 YES Alpha/Beta/Gamma
Pm-147 2.6E+00 YES Beta
Pu-238 8.8E+01 YES Alpha
Ra-226 1.6E+03 YES Alpha/Beta/Gamma
S-35 2.4E-01 NO Beta
Sr-90 2.9E+01 YES Beta
Th-232 (Thyy) 1.4E+10 YES Alpha/Beta/Gamma
T1-204 3.8E+00 YES Beta/Gamma
U-238 (Upa) 4.5E+09 YES Alpha/Beta/Gamma
U-238 (DU) 4.5E+09 YES Alpha/Beta/Gamma
Zn-65 6.7E-01 YES Positron/Gamma

2.2  License History

The facility has been in operation under a radioactive materials license since the mid
1960’s. The current license was renewed in entirety on May 8, 2012, and is currently on
Amendment 39 dated August 18, 2016 with an expiration date of May 31, 2022.

2.3  Previous Decommissioning Activities
There are no previous decommissioning activities.
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3.0 CURRENT/FUTURE USE

Brooks Hall is currently partially occupied as a result of occupants moving to a newly
constructed research building. CMU plans to retain Brooks Hall for future non-radioactive
materials use after decommissioning.

FACILITY RELEASE CRITERIA

The unrestricted use criteria are specified in NRC 10 CFR 20 Subpart E. Specifically,
impacted areas of the facility were surveyed in accordance with the guidance contained in
MARSSIM to demonstrate compliance with the criteria of 10 CFR 20.1402, “Radiological
Criteria for Unrestricted Use.” The criteria are that residual radioactivity results in a TEDE
to an average member of the critical group that does not exceed 25 mrem per year, and the
residual radioactivity has been reduced to levels that are as low as reasonably achievable
(ALARA).

NUCLIDES OF CONCERN

Based on the historical site assessment and eliminating nuclides with half-lives less than 120
days, the nuclides of concern for decommissioning are summarized below.

Table 5-1: Nuclides of Concern

i
Ag-110m 6.9E-01 Beta/Gamma

Ba-133 1.1E+01 Gamma
C-14 5.7E+03 Low Energy Beta
Cl-36 3.0E+05 Beta
Co-57 7.4E-01 Gamma
Co-60 5.3E+00 Beta/Gamma
Cs-137 3.0E+01 Beta/Gamma
Fe-55 2.7E+00 Low Energy Gamma
H-3 1.2E+01 Low Energy Beta
Na-22 2.6E+00 Positron/Gamma
Ni-63 1.0E+02 Low Energy Beta
Pb-210 2.2E+01 Alpha/Beta/Gamma
Pm-147 2.6E+00 Beta
Pu-238 8.8E+01 Alpha
Ra-226 1.6E+03 Alpha/Beta/Gamma
Sr-90 2.9E+01 Beta
Th-232 (Thya) 1.4E+10 Alpha/Beta/Gamma
T1-204 3.8E+00 Beta/Gamma
U-238 (Upa) 4.5E+09 Alpha/Beta/Gamma
U-238 (DU) 4.5E+09 Alpha/Beta/Gamma
Zn-65 6.7E-01 Positron/Gamma
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DERIVED CONCENTRATION GUIDELINE LEVELS

The NRC has published default screening values (DSVs) 'in NUREG 5512, Volume 3,
Table 5.19 for common radionuclides. The DSVs are the average concentrations of residual
radioactivity that would equate to 25 mrem/yr to an average member of the critical group
using default parameter values in the DandD Version 2.1 dose modeling software. As a
result of the restrictive screening values for alpha-emitting nuclides, the NRC published
NUREG 1720 “Re-evaluation of the Indoor Resuspension Factor for the Screening Analysis
of the Building Occupancy Scenario for NRC’s License Termination Rule.”

The screening values listed in NUREG 5512 are used for beta gamma emitters. Screening
values for alpha emitters were determined by modeling in DandD using the resuspension
factor (RF) recommended in NUREG 1720.

6.1  Screening Values for Beta-Gamma Emitters

The screening values for beta-gamma emitters listed in NUREG 5512, Volume 3, Table
5.19 are presented in the table below.

Table 6-1: DSVs for Nuclides of Concern

o

Ag-110m 1.02E+04
Ba-133 Not Listed
C-14 3.67E+06
Cl-36 4.99E+05
Co-57 2.11E+05
Co-60 7.05E+03
Cs-137 2.80E+04
Fe-55 4.50E+06
H-3 1.24E+08
Na-22 9.54E+03
Ni-63 1.82E+06
Pm-147 3.4E+05
Sr-90 8.71E+03
T1-204 Not Listed
Zn-65 4.81E+04
Minimum 7.05E+03

Ba-133 and TI-204 are not supported by DandD, therefore to show survey protocols
adequately considered these nuclides, their dose conversion factors (DCF) were

! For convenience, the term DSV is extended to include the screening values for alpha emitters that are
calculated using the NUREG 1720 recommended resuspension factor.
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6.2

compared to those of Co-60. The external DCFs were obtained from FGR-12 and the
internal DCFs were obtained from ICRP 72 (Adult). The dose conversion factors are
presented and compared in the tables below.

Table 6-2: DCFs for Co-60, Ba-133, and T1-204

"Co-60 | 126E-05 | 1.15B-04 | 1.62E+01 | 2.74E+00
Ba-133 5.55E-06 | 3.70E-05 | 1.98E+00 | 4.64E-01
T1-204 4.44E-06 | 1.44E-06 | 4.05E-03 | 1.73E-03

The table below shows that the DCFs for Ba-133 and T1-204 are a small fraction of the
Co-60 DCFs. Therefore compliance with the Co-60 screening value will ensure Ba-133
and T1-204 do not exist above their screening values.

Table 6-3: Comparison of Ba-133 and T1-204 DCFs to Co-60 DCF

.

.
Ba-133 Fraction of Co-60 44% 32% 12% 17%
T1-204 Fraction of Co-60 35% 1% 0.02% 0.06%

Screening Values for Alpha Emitters

Building structural surface screening values for alpha-emitting radionuclides were
modeled using DandD, Version 2.1 software. For nuclides with decay chains, the parent
nuclide was modeled at an activity concentration of 1 dpm/100 cm®. All default
parameter values were used except the RF. The RF of 1E-6/m (as recommended in
NUREG 1720) was used instead of the default RF of 1.42E-5/m. The dose modeling
output reports are presented in Appendix I and the results are summarized in the table
below.

Table 6-4: Screening Values for Alpha Emitters

f

Pb-210+C 001 2.50E+03

Pu-238 0.0614 4.07E+02
Ra-226 + C 0.0172 1.45E+03
Th-232 + C 0.303 8.25E+01
U-238 (DU) 0.0178 1.40E+03
U-238+C4 0.103 2.43E+02

% The DandD result is in terms of mrem/yr per dpm/100 cm’ of the parent radionuclide.

3 The DSV is determined by dividing 25 mrem/year by the DandD result in mrem/yr per dpm/100 cn?’,

# U-238+C is used for natural uranium. U-235 is not included because it is not a significant contributor to
dose due to low abundance.
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Thorium and uranium isotopes have decay chains that emit a variety of different types
of radiation. It is important to understand the equilibrium state of the chain in order to
convert from activity of the parent to gross activity of the entire decay chain. Because
there are multiple alpha emissions per decay of the parent, the number of alphas per
decay must also be considered in establishing DCGLs. Calculations of the number of
alpha emissions per decay of the parent are presented in the table below.

Table 6-5: Alphas per Decay Calculations

e

Pb-210+C 0 1 N/A
Pu-238 1 0 0.8 1 1
Ra-226+C 1 4 0.8 3.2 4.2
Th-232+4C 3 3 0.8 24 54
U-238 (DU) 1 0 0.8 1 1
U-238+C 4 4 0.8 3.2 7.2

From the DSV calculated above and the number of alphas per decay, a gross alpha
DCGL is calculated for each nuclide as shown in the table below.

Table 6-6: Gross Alpha DCGLs

Pb-210+C 2.50E+03 1 2,500
Pu-238 4.07E+02 1 407

Ra-226+C 1.45E+03 4.2 6,090
Th-232+C 8.25E+01 54 446

U-238 (DU) 1.40E+03 1 1,400

U-238+C 2.43E+02 7.2 1,750
Minimum 407

6.3 Summary of DCGLs

Co-60 has the lowest DSV of any of the beta emitters, so the Co-60 DSV is used as the
gross beta DCGL. Pu-238 has the lowest DSV of any of the alpha emitters, so the Pu-
238 DSV is used as the gross alpha limit.® DandD assumes a removable fraction of

> Emanation Factor (EF) = (1- the RESRAD-BUILD default radon emanation fraction of 0.2)
6 (alphas per decay Rn +C)*(EF)

7 (alphas per decay before Rn) + (corrected alphas per decay of Rn + C)

® This is conservative because the only documented Pu-238 usage is as a sealed source.
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10%; therefore removable surface activity DCGLs are established separately. DCGLs
are summarized in the table below.

Table 6-7: Summary of DCGLs

T

Gross Alpha 407 40
Gross Beta 7,050 705

Because two different measurements are taken, unity applies. The sum of fractions
were determined for each sample location using the following equation.

CAIPhﬂ + CBeta
DCGL,,,, DCGL

Beta
Where:
Caipha = Gross alpha result in dpm/100 cm?
Cgeta Gross beta result in dpm/100 cm?
DCGLatpha Gross alpha DCGL. in dpm/100 cm?
DCGLgew = Gross beta DCGL in dpm/100 cm?®

]

For direct measurements, these unity calculations are conservative in that the beta channel
also detects alpha emissions. Total beta surface activity results are not corrected for the
contribution of alpha emissions, resulting in an overestimation of the surface activity.

7.0 ALARA GOALS (INVESTIGATION LEVELS)

ALARA goals are established at 50% of the DCGLs calculated above. Specifically, the
following surface contamination levels were used as investigation levels:

Summary of Investigation Levels

Gross Beta 3,525 352

Data Quality Objectives (DQOs) are designed to ensure instrument detection sensitivities
are below the ALARA goals. The number of measurements required by MARSSIM to
demonstrate compliance with the release criteria was calculated using the DCGLy.

8.0 ALARAANALYSIS

Due to the extremely low doses associated with residual radioactivity at the facility, a
quantitative ALARA analysis was not required. The screening values listed in NUREG
5512 were used to establish DCGLs for beta gamma emitters. DCGLs for alpha emitters
were determined by modeling in DandD using the resuspension factor (RF) recommended in
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NUREG 1720. Furthermore, gross measurement DCGLs are conservatively based on the
most limiting nuclide.

NUREG 1757, Volume 2, Appendix N states in part: “For ALARA during
decommissioning, all licensees should use typical good-practice efforts such as floor and
wall washing, removal of readily removable radioactivity in buildings or in soil areas, and
other good housekeeping practices. In addition, licensees should provide a description in the
Final Status Survey Report (FSSR) of how these practices were employed to achieve the
final activity levels. In light of the conservatism in the building surface and surface soil
generic screening levels developed by NRC, NRC staff presumes, absent information to the
contrary, that licensees who remediate building surfaces or soil to the generic screening
levels do not need to provide analyses to demonstrate that these screening levels are
ALARA. In addition, if residual radioactivity cannot be detected, it may be assumed that it
has been reduced to levels that are ALARA. Therefore, the licensee may not need to conduct
an explicit analysis to meet the ALARA requirement.”

PROJECT MANAGEMENT AND ORGANIZATION

Decommissioning activities were performed under Chase Commonwealth of Kentucky
radioactive materials license number 201-605-15, and in accordance with the DWP. CMU
oversaw decommissioning activities and maintained responsibility for building
maintenance, fire, and security functions.

TRAINING

CMU provided Chase personnel with site specific Contractor Site Orientation Training.
Chase provided all project personnel with radiation worker training required by the
radioactive materials license, as well as training for project-specific programs, plans, and
procedures required by the DWP.

RADIATION SAFETY AND HEALTH PROGRAM

Radiological work was performed according to the Chase radioactive materials license
Radiation Safety Program.

ENVIRONMENTAL MONITORING PROGRAM

Due to the limited scope of the project, a project-specific environmental monitoring
program was not required.

RADIOACTIVE WASTE MANAGEMENT

All radioactive wastes generated during remediation were packaged and sealed to prevent
release of radioactivity and turned over to CMU.
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QUALITY ASSURANCE PROGRAM

Project-specific QA requirements were included in the DWP to meet the guidelines of
MARSSIM Section 9.

SURVEY INSTRUMENTATION

15.1

15.2

15.3

Instrument Calibration

Laboratory and portable field instruments were calibrated within the previous year with
National Institute of Standards and Technology (NIST) traceable sources to radiation
emission types and energies to provide detection capabilities similar to the nuclides of
concern. Portable instrument calibration records are included as Appendix C.

Functional Checks

Functional checks were performed at least daily when in use. The background, source
check, and field measurement count times for radiation detection instrumentation were
specified by procedure to ensure measurements were statistically valid. Background
readings were taken as part of the daily instrument check and compared with the
acceptance range for instrument and site conditions.

Daily functional checks of the liquid scintillation counter consisted of performing the
instrument’s automatic quality assurance protocol that utilizes H-3 and C-14 sources as
well as a background standard.

Minimum Detectable Concentrations

Minimum counting times for background determinations and measurement of total and
removable surface activity were chosen to provide a minimum detectable concentration
(MDC) that met the data quality objectives (DQOs). MARSSIM equations relative to
building surfaces have been modified to convert to units of dpm/100 cm’. Count times
and scanning rates are determined using the following equations:

15.3.1 Static Counting

Static counting Minimum Detectable Concentration at a 95% confidence level is
calculated using the following equation, which is an expansion of NUREG 1507,
“Minimum Detectable Concentrations with Typical Radiation Survey Instruments
for Various Contaminants and Field Conditions”, Table 3.1 (Strom & Stansbury,

1992):
t
3+3.29 ’B, it - (1+=)

t
MDCsmtic = :

t -F _A—

¢ 100em?

Where:
MDCypsic = minimum detectable concentration (dpm/100 sz)

B, = background count rate (counts per minute)
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tp = background count time (minutes)
t,  =sample count time (minutes)
E.: = total detector efficiency for radionuclide emission of interest
(cpm/dpm)
A = detector probe area (cm?)

A typical beta static MDC calculation for the Ludlum Model 43-37 gas flow
proportional detector is shown below:

3+ 3.29\ﬁ500)(. 1)(1 + %)
MDCgpppie = "2 =1,208 dpm/100cm’

584
0.1)(0.085) —
(0.1X )100

15.3.2 Beta Ratemeter Scanning

Scanning Minimum Detectable Concentration at a 95% confidence level is
calculated using the following equation, which is a combination of MARSSIM
equations 6-8, 6-9, and 6-10:

()

MDC =
scan ‘J; - E . A
“ 100cm’
Where:
MDCyean = minimum detectable concentration (dpm/100 cm2)
d’ = desired performance variable (1.38)
b; = background counts during the residence interval (counts)
i = residence interval (seconds)
p = surveyor efficiency (0.5)
E. = total detector efficiency for radionuclide emission of interest
(cpm/dpm)
A = detector probe area (cm2)

A typical MDCscan calculation for the Ludlum 43-37 gas flow proportional
detector is shown below:

inch sec

— -=0.262sec
2.54cm 20inch

i=13.3cm-

1500 counts minute

b, =0.262 sec- = 6.55 counts

minute 60 sec




Central Michigan University Brooks Hall

NRC License Number 21-01432-02 Decommissioning Final Status Report
January 6, 2017 Page 13 of 41
1.38+/6.55 (o%z)
MDC gy = . sa1) = 2,305 dpm/100cm *
(\/0.5)(0.085)(@)

15.3.3 Alpha Ratemeter Scanning

Per MARSSIM section 6.7.2.2 it is not practical to determine a fixed MDC for
alpha scanning. It is more useful to determine the probability of detecting an area
of contamination at a predetermined DCGL for a given scan rate. MARSSIM
provides formulas and probability concepts for alpha scanning when the
background is less than 3 cpm and with background values of 5-10 cpm.
MARSSIM Appendix J provides derivations of the formulas used to determine
these detection probabilities. Scan detection sensitivities for this project are based
on a 90% probability of detection.

Background Rates up to 3 cpm

When the instrument background count rate is 3 cpm or less, the scan process
consists of two stages: continuous monitoring and stationary sampling. During
continuous monitoring, the surveyor listens to the audible output of the
instrument. Because the background rate is very low, a single count causes the
surveyor to investigate by pausing to determine if the count rate is sustained. The
scan MDC is based on the continuous monitoring stage. MARSSIM Equation 6-
12 is used to calculate the probability of observing single count while passing
over a contaminated area:

-GEd

P(n2>1)=1-e

Where:
P(n>1) = probability of observing a single count
G = contamination activity (dpm)
E = detector total efficiency (cpm/dpm)
d = width of detector in direction of scan (cm)
v = scan speed (cm/s)

Once a count is observed, the surveyor stops and waits a sufficient period of time
to achieve a 90% probability of detecting another count. This time interval is
calculated using the MARSSIM Equation 6-13:

(= 13,800
CAE
Where:
= time period for static count (s)
C = contamination guideline (dpm/100 cm®)
= probe area (sz)

,_,
1

>
|
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15.34

E = detector total efficiency (cpm/dpm)

Background Rates of ~ 5-10 cpm

For instruments with background levels from 5-10 cpm, the surveyor usually will
need to get at least 2 counts while passing over the source before stopping for
further investigation. Therefore, the MDC is determined based on the probability
of detecting two or more counts. MARSSIM Equation 6-14 is used to determine
the probability of observing two or more counts:

_(GE+B)t
P(nﬂ):l{ﬁ%ﬁf)(e 60 J

Where:
P(n>2) = probability of getting two or more counts during time
interval t
G = source activity (dpm)
E = detector total efficiency (cpm/dpm)
B = background count rate (cpm)
t = time period over the source

Background Rates >10 cpm

For instruments with background levels above 10 cpm, it becomes more
appropriate to use the beta ratemeter scan MDC equation.

Smear Counting

Smear counting Minimum Detectable Concentration at a 95% confidence level is
calculated using the following equation, which is NUREG 1507, “Minimum
Detectable Concentrations with Typical Radiation Survey Instruments for Various
Contaminants and Field Conditions”, Table 3.1 (Strom & Stansbury, 1992):

3+3.29\/B, 1, -(1+§—S)

MDC = -
smear ts . E
Where:
MDCpear = minimum detectable concentration level (dpm/smear)

B,  =background count rate (counts per minute)
tp = background count time (minutes)
t = sample count time (minutes)
E = instrument efficiency for radionuclide emission of

interest (cpm/dpm)
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The liquid scintillation counter was setup to count samples in three channels as
described in Section 20.4. The MDC calculation for each LSC channel using
conservative parameters is shown below. Even though channel 3 results were used
qualitatively, the MDCR was calculated for evaluation of survey results to use the
same MDC equation for all three LSC channels, the efficiency for Channel 3 is set
to 1 to report MDCR in cpm.

3+3.29 (15)(1)(1 + %)

*HMDC = =35dpm
SMEAR (1(0.60) p
/ 1
3+3.29 (25)(1)(1 + 1)
“CMDC = =33 dpm
SMEAR (1(0.80) p
1
3+3.29 (50)(1)(1 + IJ
Channel 3MDC g jpur = =36 cpm

(hd)

Because the counting efficiency is different for each LSC measurement depending
on quench characteristics, and in consideration of the errors associated with wipe
counting (i.e., area wiped, wiping pressure, etc.), the a priori estimates of smear
MDCs calculated above are applied to all removable contamination
measurements.

15.4 Instrumentation Specifications

The instrumentation used for facility decommissioning surveys is summarized in the
following tables.

Table 15-1: Instrumentation Specifications
yui

Gas Flow 2 | Ludlum 8 38% (2-pi Tc-99)
Ludlum 43-68 | b o ortional | 120°™ | 22413 | meg/em® | 40% (2-pi Th-230)
Gas Flow 2 | Ludlum 0.8 38% (2-pi Tc-99)
Ludlum 43-37 Proportional 584 cm 2241-3 mg/cm® 40% (2-pi Th-230)

° The efficiency for each smear sample is automatically determined by the liquid scintillation counter for
the H-3 and C-14 channels, depending on the quench characteristics of the sample. The values presented

are typical values for samples that are not highly quenched as would be expected in a facility that was
recently decontaminated.
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Ludlum 3 Ludlum | 04 |  22% (Tc.99)
43-10-1 Phoswich NA | 2929 | mgfem? 34% (Th-230)
. 60% (H-3)

100% (Channel 3)

Tble 5 2: T ial I

strument Operating Parameters and Sensitivities

Beta Surface Ludlum
Scans 43-68 5 N/A 500 3,392
Beta Surface Ludlum
Scans 43-37 20 N/A 1,500 2,062
Alpha Surface Ludlum
Alpha Surface Ludlum
Scans 43-37 6 N/A 10 225
Beta Total Ludlum
Surface Activity 43-68 N/A 6 500 2,999
Beta Total Ludlum
Surface Activity | 43-37 | VA | 6 1,500 1,081
Alpha Total Ludlum
Surface Activity 43-68 N/A 60 3 88
Alpha Total Ludlum
Surface Activity | 43-37 N/A 6 10 131
Beta Ludl 60
Removable o2 | NA | 600 75 149
Activity bkg.
Alpha 60
Removable L;glz‘;m N/A | 600 1 19
Activity bkg.
15 (H-3) 35 (H-3)
RZTE:?tble ?Z%‘Ziﬁ N/A 60 25 (C-14) 33 (C-14)
Y 50 (Channel 3) | 36 (Channel 3)

15.5 Efficiency Determination

ISO 7503-1 methods were used to determine field concentrations for final status data
and calculation of resultant doses from residual radioactivity. MARSSIM protocols for

10 Maximum scan rates are calculated based on the instrument MDCs. Actual scan rates were much slower.
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15.6

building structures use ISO-7503-1 methodology that takes into account the texture of
the surface and the 2z detector efficiency. Under MARSSIM, the default surface
efficiency for beta emitters with maximum energies less than 400 keV is conservatively
set at 0.25. For smear counting, 4= efficiencies were used.

Datalogging

Structural surface scans and static measurements were performed using datalogging
instrumentation. While scanning, in addition to the surveyor listening to the audible
output, integrated counts were recorded. Logged data were downloaded and processed
using data management software to perform data analyses and reporting. Reporting
includes graphical (4-plot) presentation of scan data as well as summary statistics
functions. The 4-Plot is described in the NIST e-Handbook of Statistical Methods
(http://www.itl.nist. gov/div898/handbook/index.htm).

A 4-plot consists of the following:
¢ A run sequence plot presents logged data in chronological order, providing a time
history of the survey data.

¢ A lag plot checks whether a data set or time series is random or not. Random data
should not exhibit any identifiable structure in the lag plot. Non-random structure
in the lag plot indicates that the underlying data are not random.

¢ A histogram plot graphically summarizes the distribution of a univariate data set,
showing center (i.e., the location) of the data, spread (i.e., the scale) of the data,
skewness of the data, presence of outliers, and presence of multiple modes.

e A probability plot is a goodness-of-fit test used to verify the distributional model.
The normal probability plot is a graphical technique for assessing whether or not a
data set is approximately normally distributed. The data are plotted against a
theoretical normal distribution in such a way that the points should form an
approximate straight line. Departures from this straight line indicate departures
from normality

DATA QUALITY OBJECTIVES (DQO)
The following is a list of the major DQOs for the survey design:

e Static measurements were taken to achieve an MDCy,,. of less than 50% of the
applicable DCGL.

¢ Scanning was conducted at a rate to achieve an MDC;,, of less than 50% of the
applicable DCGL.

e Removable contamination measurements were counted to an MDCy,.qr Of less
than 50% of the applicable removable DCGL.

¢ Individual measurements were made to a 95% confidence interval.
Decision error probability rates were set at 0.05 for both a and 3.
The null hypothesis (Hop) and alternative hypothesis (Ha) were that of NUREG
1505 scenario A:
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e Hj is that the survey unit does not meet the release criteria
e H, is that the survey unit meets the release criteria

e Characterization and remedial action support surveys were conducted under the
same quality assurance criteria as final status surveys such that the data may be
used as final status survey data to the maximum extent possible.

17.0 AREA CLASSIFICATIONS

Based on the results of the historical site assessment, facility areas were classified as
impacted or non-impacted.

17.1

17.2

Non-Impacted Area

Non-impacted areas were areas without residual radioactivity from licensed activities
and were not surveyed during final status surveys. The following areas were classified
as non-impacted:

Structural surfaces above a two meter height

Internal surfaces of positively pressurized systems (air, gas, water, etc.)

Surface and subsurface soils of outside grounds

Vertical surfaces in non-laboratory rooms with no history of radioactive materials
usage.

Laboratory work was performed on benchtops; volatile work was performed within
fume hoods; therefore, there is no reasonable probability for residual radioactivity
above a two-meter height. Based on historical operations, a potential existed for
residual contamination from spills or tracking on surfaces less than two meters in
height. Thorough surveys of impacted area entrances/exits and ventilation exhausts
were conducted during characterization to provide adequate assurance that any residual
contamination was contained within impacted areas.

Impacted Areas

Impacted areas were those areas that had potential residual radioactivity from licensed
activities. Impacted areas are subdivided into Class 1, Class 2 or Class 3 areas. Class 1
areas have the greatest potential for contamination and therefore receive the highest
degree of survey effort for the final status survey using a graded approach, followed by
Class 2, and then by Class 3. Impacted sub-classifications are defined as follows:

17.2.1 Class 1 Area

Areas with the highest potential for contamination, and meet the following
criteria: (1) impacted; (2) potential for delivering a dose above the release
criterion; (3) potential for small areas of elevated activity; and (4) insufficient
evidence to support classification as Class 2 or Class 3.

Areas with a history of using alpha-emitting nuclides were Class 1 areas.
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17.2.2 Class 2 Area

Areas that meet the following criteria: (1) impacted; (2) low potential for
delivering a dose above the release criterion; and (3) little or no potential for small
areas of elevated activity.

Areas with a history of using only beta-gamma emitting radioactive materials
were Class 2 areas.

17.2.3 Class 3 Area

Areas that meet the following criteria: (1) impacted; (2) little or no potential for
delivering a dose above the release criterion; and (3) little or no potential for small
areas of elevated activity.

Areas not classified as Class 1 or Class 2 were classified as Class 3 areas.

17.3 Survey Units

A survey unit is a geographical area of specified size and shape for which a separate
decision is made whether or not that area meets the release criteria. A survey unit is
normally a portion of a building or site that is surveyed, evaluated, and released as a
single unit. For the purposes of this project, areas of similar construction and
composition were grouped together as survey units and tested individually against the
DCGLs and the null hypothesis to show compliance with the release criteria. Survey
units were homogeneous in construction, contamination potential, and contamination
distribution.

The number of discrete sampling locations needed to determine if a uniform level of
residual radioactivity exists within a survey unit does not depend on the survey unit
size. However, the sampling density should reflect the potential for small elevated areas
of residual radioactivity. Survey units were sized according to the potential for small
elevated areas of residual radioactivity. Recommended maximum survey unit sizes for
building structures, based on floor area, is Class 1: up to 100 m?, Class 2: 100 m? to
1,000 m* and Class 3: no limit.

Because MARSSIM only addresses building structural surfaces and surface soils of
outside grounds, survey design for building mechanical systems is out of the scope of
MARSSIM. Therefore, the concept of a survey unit for the purpose of performing
MARSSIM statistical tests is not applicable to systems. However building mechanical
systems were divided into sections for convenience of data collection and management.
The survey unit terminology is extended to describe these sections of building
mechanical systems, even though no MARSSIM statistical tests were performed on the
measurements.

Survey Unit Numbering Protocol
Each survey unit is assigned a unique number consisting of the building number
followed by a dash and a four digit identifier. The four digit identifier consists of one
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digit for the elevation, one digit for the classification, and two digits as a numerical
identifier in the event the first 2 digits are the same for two or more survey units using
the format below:

Building Number — Elevation/Classification/Numerical Identifier
The default numeric identifier is 01

Buildings:
BHB = Brooks Hall Building

Elevations:

B = Basement
1 = 1* Floor
2 = 2" Floor
3 = 3" Floor
4 = 4™ Floor

Building systems survey units were arranged by building and system type. There are
three types of systems — ventilation, vacuum, and drain. Each system survey unit
encompasses all of a certain type within the building.

Systems Components:
DR — Drain

VA — Vacuum

VE - Ventilation

Examples:

BHB-1201 is Brooks Hall Building, first floor, Class 2
BHB-2101 is Brooks Hall Building, second floor, Class 1
BHB-DRO1 is Brooks Hall Building drains

Survey unit classifications and designations were determined from the historical site
assessment and are listed in the tables below. Survey unit designations are shown on the
building floor plans presented in Appendix B.

Table 17-1: Building Structural Survey Units

BHB-B101 148 14
BHB-B102 570 53
BHB-B103 173 16
BHB-B104 1,056 98
BHB-B301 3,548 N/A
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BHB-1101 897 83
BHB-1102 299 28
BHB-1103 837 78
BHB-1201 164 2
BHB-1202 887 8
BHB-1203 878 8
BHB-1204 263 2
BHB-1205 4,219 39
BHB-1301 11,200 N/A
BHB-1302 16,255 N/A
BHB-1303 17,296 N/A
BHB-2101 286 27
BHB-2201 1,726 16
BHB-2301 18,399 N/A
BHB-3101 ' 621 58
BHB-3301 20,464 N/A
BHB-4301 611 N/A

Table 17-2: Building Systems Survey Units

BHB-DRO1 Drain System

BHB-VEQ1 | Ventilation System
BHB-VAOQ1 Vacuum System

18.0 CHARACTERIZATION SURVEYS

The survey protocol for building surfaces consisted of performing the scanning portion of
the final status survey protocol, with judgmental smears and static measurements on areas of
highest probability for residual radioactivity. Judgmental static measurements and smears
were taken on vertical surfaces as part of the Class 2 and Class 3 final status survey
protocols described in section 20.3.5. All survey results at judgmental locations on vertical
surfaces were less than the applicable investigation levels.

The purpose of scanning was to identify locations of elevated activity. The minimum scan
percentages are presented in section 20.2. Scanning was performed by moving the probe
over surfaces at a distance of approximately 0.5 cm or less and at a rate less than the
maximum allowable scan rate necessary to achieve DQOs.

' Survey Unit BHB-3101 was originally part of BHB-3301, but was upgraded to Class 1 as a result of
elevated activity on a benchtop.
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In addition to MARSSIM-based surveys, gamma walk-through surveys were performed
throughout the building with a 2” x 2” sodium iodide detector. The purpose of this survey
was to identify Naturally Occurring Radioactive Material (NORM) and generally licensed
materials that may not be identified by surface activity measurements. Results were
generally consistent with levels normally encountered in building structural materials.
Three locations on the third floor exhibited elevated activity due to mineral samples in the
Geology Department. Locations of elevated gamma exposure rate identified included up to
30k cpm in a drawer of samples in room 337, up to 18k cpm in a display case in hallway
312, 750k cpm on a jar of ore (probable Uranium Oxide), and up to 110k cpm on a plastic
box containing Vaseline glass. The surveyor informed the responsible faculty of the survey
results and the faculty moved the ore and Vaseline glass to a secure location to allow
completion of the surveys.

The survey protocol for building system surveys consisted of performing removable
contamination measurements of accessible internal surfaces of ventilation, vacuum, and
drain systems. Fume hood baffles were removed in Class 1 and Class 2 survey units, and
static measurements were performed on internal duct work in addition to the removable
contamination measurements. Duct work associated with one fume hood located in survey
unit BHB-1204 (Room 137) had previously been removed prior to Chase arrival on site.
The existing baffle was removed and measurements were performed on newly exposed
surfaces at this location. Static measurements were not possible in vacuum and drain
systems due to geometry.

Characterization scan surveys of building structural surfaces identified six small discrete
areas of elevated activity in survey units BHB-B104 and BHB-3301. Elevated activity
identified in survey unit BHB — B104 (room 027) consisted of fume hood surfaces, a fume
hood cup sink, vinyl tile flooring, and a shelf. Elevated activity identified in survey unit
BHB-3301 (room 308) consisted of a laboratory benchtop working surface. Because the
elevated activity on the laboratory benchtop was above the gross alpha DCGL, the room
was upgraded to a Class 1 survey unit (BHB-3101) and the Class 1 survey protocol was
implemented. Remediation was performed as described in section 19.0.

Additionally, alpha scan surveys identified sustained audible increase on a fume hood air
foil in survey unit BHB-1205, room 152. Static measurements and smears were performed
resulting in <MDC for total and removable activity. Although the activity was less than the
associated MDCs, the scanning percentage was increased to 100% in room 152 to ensure no
other elevated areas were present.

During characterization scan surveys, elevated radioactivity from NORM was identified in
glazed ceramic tile on walls throughout the facility. Radioactivity levels were evenly
distributed across the surfaces, were within typical ranges associated with glazed tiles, and
were less than the Investigation Levels.

All measurements in building systems had results less than the investigation levels.
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REMEDIATION

Remediation consisted of simple decontamination (i.e. wet wiping with a mild detergent
using a scrub pad or wire brush), and removal of contaminated material. In room 027, four
vinyl floor tiles were removed and turned over to CMU for disposal as radioactive waste.
The vinyl floor tiles were removed ensure contamination had not penetrated to underlying

surfaces.

exposed concrete floor.
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Post remediation measurements at this location were performed on the newly
Fume hood air foils were removed, newly exposed surfaces

underneath were surveyed to ensure no elevated activity was present, and the air foils were
All remediation activities were conducted to control the spread of
contamination and to maintain personnel exposures ALARA.

reassembled.

All post remediation total and removable surface activity results are below the investigation
levels, and well below the applicable DCGLs. Therefore, no further remediation was

performed.

Remediation performed on building surfaces is summarized in the table below.

BHB- Fume Wet

B104 Hood Cup 523 (Alpha) <MDC (Alpha) | Wipe/Wire | <MDC (Alpha) | <MDC (Alpha)

027) Sink <MDC (Beta) <MDC (Beta) Brush/ <MDC (Beta) <MDC (Beta)
(<D Scrub

BHB- Fume

B104 Hood Air 328 (Alpha) <MDC (Alpha) | Wet Wipe/ | <MDC (Alpha) | <MDC (Alpha)

027) Foil <MDC (Beta) <MDC (Beta) Scrub <MDC (Beta) <MDC (Beta)
(2)

BLB- Fume

B104 Hood Air 284 (Alpha) <MDC (Alpha) Wet Wipe <MDC (Alpha) | <MDC (Alpha)

027) Foil <MDC (Beta) <MDC (Beta) P <MDC (Beta) <MDC (Beta)
(2)

BHB- Wet

B104 Shelf 1,181 (Alpha) | <MDC (Alpha) | Wipe/Wire | <MDC (Alpha) | <MDC (Alpha)

027) €8 3,368 (Beta) <MDC (Beta) Brush/ <MDC (Beta) <MDC (Beta)

Scrub
};11{(])34- Floor 169 (Alpha) <MDC (Alpha) \SZ?LI\)K//;“I:;/ <MDC (Alpha) | <MDC (Alpha)
(027) (D <MDC (Beta) <MDC (Beta) Removal <MDC (Beta) <MDC (Beta)

"2 Liquid scintillation results indicated that H-3 and C-14 were below the investigation levels of 352
dpm/100 cm®. Therefore, compliance with the applicable removable DCGL is demonstrated using a

Ludlum 2929 dual channel scaler.




Central Michigan University Brooks Hall
NRC License Number 21-01432-02 Decommissioning Final Status Report
January 6, 2017 Page 24 of 41

BHB-
3101
(308)

Benchtop 1,093 (Alpha) | <MDC (Alpha) | Wet Wipe/ | <MDC (Alpha) | <MDC (Alpha)
2) 2,423 (Beta) <MDC (Beta) Scrub <MDC (Beta) <MDC (Beta)

20.0

19.1

Remedial Action Surveys

Remedial action surveys were conducted in support of remediation activities to help
determine when an area was ready for a final status survey and to provide updated
estimates for final status survey planning. Remedial action surveys served to monitor
the effectiveness of decontamination efforts and to ensure that surrounding areas were
not cross-contaminated from remediation.

Remedial action surveys consisted of scan surveys and removable contamination
measurements. These were conducted following remediation activities to establish the
success or failure of decontamination efforts. Results of the survey were the decision
basis for continued remediation or conduct of final status surveys. Remedial action
surveys were designed to meet the objectives of the final status surveys and, to the
extent allowed by MARSSIM, the results of the remedial action surveys were used to
supplement the final status survey.

FINAL STATUS SURVEYS

Final status surveys were performed using the DQO process to demonstrate that residual
radioactivity in each survey unit satisfied the predetermined criteria for release for
unrestricted use. Final status surveys were conducted by performing the appropriate
combination of scan surveys, total activity measurements and removable activity
measurements as discussed further in this section. All final status surveys were performed
according to written instructions. Survey data were documented on survey maps and/or
associated data information sheets.

20.1

20.2

Background Determination

The use of reference background areas or paired background comparisons was not
necessary. Material and ambient background values were not significant in comparison
to the DCGLs or ALARA goals. For direct measurements, an ambient background was
determined for each survey, was subtracted from gross measurements, and was used to
calculate the actual survey MDCs and associated count errors. Material-specific
background determinations were not performed. The background count rate was
determined at least daily for laboratory smear counters and was subtracted from
removable activity results.

Surface Scans

Scanning was used to identify locations within the survey unit that exceed the
investigation level. The table below summarizes the minimum scan percentage of
accessible building structural surfaces based on classification.
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Table 20-1: S Survey Coverage by Classification

Floors 100% 75% 20%
Fume Hoods 100% 75% 20%
Other Structures 100% 25% 10%

For surfaces that received less than 100% scan survey, the surfaces scanned were those
with the highest potential to contain residual radioactivity at the discretion of the
Surveyor.

20.3 Total Surface Activity Measurements

Direct surveys (static measurements) for total surface activity were taken on building
surfaces in impacted areas utilizing instrumentation of the best geometry based on the
surface at the survey location. Additionally, locations of elevated activity identified and
marked during the scan survey received direct survey measurements. Static
measurements were taken in impacted areas at each identified sample location. Scaler
count times were determined to achieve the detection sensitivities stated in the DQOs.
Field measurements were converted to activity concentrations using the following

equation:
.. 2N RS +b Rb
Activity (dpm/100 cm*) = Y
Etotar X 100 cm?
Where:
Ry = The gross count rate of the measurement (cpm)
Ry = The background count rate (cpm)
Eiotal = Total Efficiency (cpm/dpm)
A = Area of the detector window (cm?)

20.3.1 Determining the Number of Samples

A minimum number of samples are needed to obtain sufficient statistical
confidence that the conclusions drawn from the samples are correct. The number
of samples depends on the Relative Shift (the ratio of the concentration to be
measured relative to the statistical variability of the contaminant concentration).
The minimum number of samples required for the Sign Test was calculated using
equations in Section 5 of MARSSIM, and are provided below.

20.3.2 Determination of the Relative Shift

The number of required samples depends on the ratio involving the activity level
to be measured relative to the variability in the concentration. The ratio to be used

is called the Relative Shift, A/Gs, and is defined in MARSSIM as:



Central Michigan University Brooks Hall

NRC License Number 21-01432-02 Decommissioning Final Status Report
January 6, 2017 Page 26 of 41
DCGL - LBGR
Alo, = CcG G
o-S
Where:
DCGL = derived concentration guideline level (1 for unity)

LBGR = concentration at the lower bound of the gray region. The LBGR is the
average concentration to which the survey unit should be cleaned in
order to have an acceptable probability of passing the test (0.5)

Os = an estimate of the standard deviation of the residual radioactivity in
the survey unit

The relative shift was calculated using the highest standard deviation. The actual
calculation is provided below:

Al o :L&%: 2.94

Since the number of samples required increases with a decreasing relative shift,
the relative shift was conservatively set at 2.5.

20.3.3 Determination of Acceptable Decision Errors

A decision error is the probability of making an error in the decision on a survey
unit by passing a unit that should fail (o decision error) or failing a unit that
should pass (B decision error). The decision errors are 0.05 for both o and .

20.3.4 Determination of Number of Data Points (Sign Test)

The number of direct measurements for a particular survey unit, employing the
Sign Test, is determined from MARSSIM Table 5.5, which is based on the
following equation (MARSSIM equation 5-2):

— (Zl—a + Zl—ﬂ )2
4(SignP —0.5)°
Where:
N = number of samples needed in the survey unit
Z,« = percentile represented by the decision error o
Z1p = percentile represented by the decision error B
SignP = estimated probability that a random measurement will be less than

the DCGL when the survey unit median is actually at the LBGR
Note: SignP is determined from MARSSIM Table 5.4

MARSSIM recommends increasing the calculated number of measurements by
20% to ensure sufficient power of the statistical tests and to allow for possible
data losses. MARSSIM Table 5.5 values include an increase of 20% of the
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20.3.5

calculated value. The following calculations were made to determine this
number:

_ (L645+1.645) .
4(0.993790-0.5)

Z1.4 and Z;_g are equal to 1.645 using the error rate of 0.05 from MARSSIM Table
5.2. SignP is equal to 0.993790 from MARSSIM Table 5.4. Adding an additional
20% to account for data losses resulted in a value of 15.

Determination of Sample Locations

Determination of survey unit sample locations was accomplished by first
determining sample spacing and then systematically plotting the sample locations
from a randomly generated start location. The random starting point of the grid
provides an unbiased method for obtaining measurement locations to be used in
the statistical tests. MARSSIM recommends random sampling (random x, random
y) for Class 3 areas; however, Class 3 areas were sampled on a systematic grid
pattern in the same manner as MARSSIM recommends for Class 1 and Class 2
areas.

Sampling locations were established in a unique pattern beginning with the
random start location and the determined sample spacing. After determining the
number of samples needed in the survey unit, sample spacing was determined
from MARSSIM equation 5-8:

T I1

Where:
L = sample spacing interval
A = the survey unit area
N = number of samples needed in the survey unit

Maps were generated of the survey unit’s permanent surfaces included in the
statistical tests (floors, walls, ceilings, fixed cabinetry, etc.). A random starting
point was determined using computer-generated random numbers coinciding with
the x and y coordinates of the total survey unit. A grid was plotted across the
survey unit surfaces based on the random start point and the determined sample
spacing. A measurement location was plotted at each intersection of the grid plot.
Maps of final status survey locations for all survey units are included in Appendix
D.

In laboratory areas, permanent counter tops, and other horizontal surfaces that
block floor surfaces, were used as replacements to blocked floor surfaces.
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Likewise, fixed cabinetry faces and other permanent equipment replaced blocked
wall surfaces. Internal surfaces of permanent furnishings (i.e., drawer or cabinetry
interior surfaces) are not included in the systematic measurement location
placement. However, these surfaces were included in the scan surveys.
Additional total surface activity measurements were collected at each area of
elevated activity identified during the scan surveys.

Class 1 survey units generally consist of one or two rooms or laboratories. Class 2
and Class 3 survey units generally consist of many rooms. Representing each
room in a “fold-out” view to show all surfaces is difficult and time-consuming.
The processes to identify, map, and locate measurement coordinates in survey
units with many rooms are complicated due to the noncontiguous nature of the
survey unit once walls are “folded-out.” Therefore, the MARSSIM sample
measurement locations (i.e., static measurements and smears) for Class 2 and
Class 3 survey units were determined only on horizontal surfaces as determined
on floor plans. This protocol increases the sample density on the surfaces with the
highest probability for residual contamination (floors, benchtops, fume hood
working surfaces, etc.). The appropriate percentage of all survey unit surfaces
(including vertical surfaces) was scanned according to the survey unit
classification. As part of characterization, the survey technician judgmentally
selected 10 locations with the highest probability of contamination on vertical
surfaces for a static measurement and smear such as light switches, door knobs,
door pulls, push plates, and other locations. These measurements are in addition to
and not included in the statistical analysis of the locations selected by MARSSIM
protocols.

20.4 Removable Surface Activity Measurements

Removable surface activity measurements were collected by wiping an area of
approximately 100 cm® on structural surfaces and in ventilation, vacuum, and drain
systems. For structural surfaces, removable alpha and beta measurements were
determined using cloth disc smears and were counted using a Ludlum 2929 dual
channel scaler. Additionally, an adjacent LSC disc smear was collected on structural
surfaces to quantify low energy beta emitters that may not be detected in the scaler.

For building system internals where geometry precluded the use of disc smears,
removable activity measurements were collected with cotton swabs and counted on the
LSC. All smears/swabs were counted to achieve the detection sensitivities stated in the
DQOs. Removable contamination measurements on vacuum systems are reported in

dpm/swab.
The LSC was set up for three channels with background subtraction at the following
energies:

Channel 1 CH dpm): 0-18.6keV

Channel 2 (**C dpm): 18.6 — 156 keV

Channel 3 (cpm): 156 - 2,000 keV
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Channel 3 results were used to measure beta emissions with energies above C-14 and

H-3 emissions and alpha emissions. "’

20.5 Surveys of Building Mechanical System Internals

Surveys of various building system components were performed. Survey design for
these systems is out of the scope of MARSSIM. For the purposes of identifying
potential residual contamination within these systems, a survey protocol was

established and is presented in the table below.

Tab e20

Vacuum Nozzles, Pumps, Accumulators

System Survey Coverage

100%

Fume Hood Vent Ducts and Fans

100%

Drain Openings/Traps

100%

Surveys of building systems consisted of scan surveys, total activity measurements and
removable contamination measurements of accessible openings and at locations of
potential collection or buildup. Scan surveys and static measurements were not possible
at some locations (such as drain pipe and vacuum system internals) due to small

geometry.

20.6 Survey Documentation

A survey package was developed for each survey unit containing the following:

Survey Instruction Sheets
General survey requirements
Percentage of surfaces requiring scan surveys

Survey Unit number (e.g., Building and Room Number, System Number, etc.)

Number of total and removable contamination measurements required, instrument

requirements with associated MDCs, count times and scan rates

Survey Data Sheets
Any additional specific survey instruction
Signature of Data Collector and Reviewer

Overview maps detailing survey locations and placement methodology

To ensure proper data management and organization, a unique location code system
was used so that survey data could be properly entered and organized in the Final Status
Survey Database. A breakdown of the location code and specific code components are

provided in the table below.

'3 Alpha emissions would be detected in Channel 3 with 100% efficiency.




Central Michigan University Brooks Hall

NRC License Number 21-01432-02

Decommissioning Final Status Report

January 6, 2017 Page 30 of 41

Table 20-3: Location Code Description

A unique location code was assigned to each individual survey location to ensure proper data
management of the survey results. The following format was used to ensure consistency
throughout the final status survey process:

BBB-RRRR-SS-M-LLL

(Where:
BBB: = Building Code. This field represents the building number. (3 characters)
BHB: Brooks Hall Building
RRRR: = Survey Unit Number. This is the assigned survey unit number.
(4 characters)
SS: = Structural Surface Code. This field represents the structural surface such as floor,
wall, ceiling, etc. (2 characters)
F1 = Floor D1 = Fumehood Drain E1 = Hood Exhaust Duct
W1 = Wall D2 = Floor Drain E3 = Hood Exhaust Fan /
C1 = Casework D3 = Sink Drain Component
B1 = Benchtop
V1 = Vacuum Nozzle
V2 = Vacuum Component
M: = Structural Material Code. This field represents the type of structural material on
which a particular measurement is taken. (1 character)
M = Miscellaneous C = Concrete
V = Vinyl Tile/Sheeting B = Cinder Block
T = Tile (Terracotta/Porcelain/Glazed)
LLL: = Numerical Identifier. This field represents the survey location number. The field

“001” means survey point location number 1. Numerical identifiers are unique
within a survey unit. (3-characters)
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SURVEY RESULTS AND DATA QUALITY ASSESSMENT

The statistical guidance contained in Section 8 of MARSSIM was used to determine if areas
are acceptable for unrestricted release and whether additional surveys or sample
measurements were required.

21.1 Data Validation

21.2

21.3

Field data were reviewed by the Project Manager and validated to ensure:

Completeness of forms

Proper types of surveys were performed

The MDC:s for measurements met the established data quality objectives
Independent calculations were performed on a representative sample of data sheets
Satisfactory instrument calibrations and daily functionality checks were performed
as required

Additionally, all final status survey data were entered into the Final Status Survey
Database. This provided the means to sort survey data, verify activity calculations, and
to compute the associated MDC and counting errors. Once data entry for a survey unit
was complete, a verification report was printed and compared to original data sheets to
ensure correct data entry.

Preliminary Data Review

A preliminary data review was performed for each survey unit to identify any patterns,
relationships or anomalies. Additionally, measurement data were reviewed and
compared with the DCGLs and investigation levels to confirm the correct classification
of survey units.

The following preliminary data reviews were performed for each survey unit:

e  Review of the 4-Plot graphs of beta scan data

e  (alculations of the survey unit mean, median, maximum, minimum, and
standard deviation for each type of reading

¢  Comparison of the actual standard deviation to the assumed standard deviation
used for calculating the number of measurements ’

¢  Comparison of survey data with applicable investigation levels

The minimum number of measurements required was recalculated using the highest
standard deviation from survey unit BHB-1302, and conservatively applied to all
survey units. An adequate number of samples were collected for each survey unit.

Building Structural Surfaces Scan Data

No elevated activity was identified by listening to the audible detector response except
for six discrete areas of elevated activity as described in Section 18.0. Additionally, a 4-
Plot was produced of beta scan survey data for each survey unit.
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The 4-Plot graphs show occasional spikes that have one-second count rates higher than
the ALARA goal of 3,525 dpm/100 cm?” due to normal statistical variability associated
with a relatively short (one second) sampling interval. Additionally, it was noted
during the survey that ceramic tile, sinks, and porcelain fixtures used in the building
construction consistently demonstrated elevated count rates. Where these materials
were encountered, the elevated count rates combined with normal statistical variations
caused one-second spikes slightly above the DCGL on four occasions. This is a
statistical anomaly due to the short sample interval; the surveyor did not encounter
sustained elevated audible count rates at these locations. Based on the peak one second
count rate, scan speed and the local average of the count rate, the data is consistent with
surface contamination less than 3,525 dpm/100 cm’.

Due to the short sampling interval (one second) combined with the low alpha count rate
(typically less than 10 cpm), there is a low probability that the instrument will detect
radiation over a one second interval; therefore the recorded data is dominated by zero
counts and there is little variability within the distribution. This limits the utility of the
4-Plot as an analytical tool; therefore 4-Plots were not generated for alpha scan data.
Instead, logged data was reviewed to ensure there were no results above the
investigation level.

4-Plot graphs of beta scan results are provided in Appendix E.

21.4 Data Summary Tables

All calculations of means, standard deviations, minimum and maximum values and
comparisons between survey data and investigation levels are presented in the
following tables. Building structural surface activity reports for each survey unit are
included as Appendix F. Reports for building systems surveys are presented in
Appendix G.

Table 21-1' Structural Surfaces Total Surface Activity Summar _

BHB-B101 12 0.15 0.07 0.06 0.27 0.5 NO
BHB-B102 15 0.12 0.09 0.02 0.37 0.5 NO
BHB-B103 16 0.04 0.08 0.00 0.14 0.5 NO
BHB-B104 12 0.11 0.09 0.00 0.25 0.5 NO
BHB-B301 12 0.09 0.11 0.00 0.33 0.5 NO
BHB-1101 22 0.11 0.16 0.00 0.45 0.5 NO
BHB-1102 14 0.04 0.06 0.00 0.09 0.5 NO
BHB-1103 14 0.08 0.06 0.01 0.14 0.5 NO
BHB-1201 15 0.04 0.08 0.00 0.23 0.5 NO
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HB-1202 16 0.02 0.05 0.00 0.08 0.5 NO
BHB-1203 16 0.04 0.05 0.00 0.12 0.5 NO
BHB-1204 17 0.09 0.08 0.02 0.24 0.5 NO
BHB-1205 14 0.05 0.06 0.00 0.14 0.5 NO
BHB-1301 15 0.17 0.12 0.04 0.55 0.5 YES
BHB-1302 16 0.15 0.17 0.02 0.58 0.5 YES
BHB-1303 15 0.04 0.07 0.00 0.23 0.5 NO
BHB-2101 16 0.03 0.06 0.00 0.12 0.5 NO
BHB-2201 15 0.04 0.06 0.00 0.13 0.5 NO
BHB-2301 14 0.06 0.15 0.00 0.46 0.5 NO
BHB-3101 13 0.03 0.03 0.00 0.07 0.5 NO
BHB-3301 14 0.10 0.12 0.00 0.45 0.5 NO
BHB-4301 15 0.08 0.09 0.00 0.24 0.5 NO

BHB-B101 12 0.05 0.09 0.00 0.17 0.5 NO
BHB-B102 15 0.02 0.07 0.00 0.15 0.5 NO
BHB-B103 16 0.04 0.07 0.00 0.10 0.5 NO
BHB-B104 12 0.04 0.09 0.00 0.25 0.5 NO
BHB-B301 12 0.05 0.08 0.00 0.16 0.5 NO
BHB-1101 22 0.05 0.07 0.00 0.22 0.5 NO
BHB-1102 14 0.06 0.08 0.00 0.26 0.5 NO
BHB-1103 14 0.05 0.10 0.00 0.23 0.5 NO
BHB-1201 15 0.04 0.08 0.00 0.10 0.5 NO
BHB-1202 16 0.01 0.05 0.00 0.06 0.5 NO
BHB-1203 16 0.06 0.09 0.00 0.19 0.5 NO
BHB-1204 17 0.06 0.07 0.01 0.11 0.5 NO
BHB-1205 14 0.04 0.06 0.00 0.15 0.5 NO
BHB-1301 15 0.05 0.08 0.00 0.12 0.5 NO
BHB-1302 16 0.06 0.07 0.00 0.12 0.5 NO
BHB-1303 15 0.03 0.08 0.00 0.13 0.5 NO
BHB-2101 16 0.06 0.10 0.00 0.23 0.5 NO
BHB-2201 15 0.04 0.10 0.00 0.27 0.5 NO
BHB-2301 14 0.05 0.08 0.00 0.22 0.5 NO
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ot : . L
BHB-3101 13 0.03 0.09 0.00 0.15 0.5 NO

BHB-3301 14 0.04 0.08 0.00 0.16 0.5 NO
BHB-4301 15 0.04 0.10 0.00 0.13 0.5 NO

Table 21-3 Bildin Structural Surfaces Removable H-3, Summar

%‘T T =

BHB-B101 12 39 28 19 126 352 NO
BHB-B102 15 100 30 36 165 352 NO
BHB-B103 16 56 35 19 136 352 NO
BHB-B104 12 159 62 84 280 352 NO
BHB-B301 12 48 18 25 90 352 NO
BHB-1101 22 50 24 0 104 352 NO
BHB-1102 14 60 26 24 120 352 NO
BHB-1103 14 26 13 11 45 352 NO
BHB-1201 15 22 14 0 55 352 NO
BHB-1202 16 34 19 0 69 352 NO
BHB-1203 16 40 37 0 143 352 NO
BHB-1204 17 31 11 20 59 352 NO
BHB-1205 14 35 12 18 51 352 NO
BHB-1301 15 37 21 8 80 352 NO
BHB-1302 16 46 18 14 82 352 NO
BHB-1303 15 55 21 23 101 352 NO
BHB-2101 16 38 18 6 67 352 NO
BHB-2201 15 53 19 26 85 352 NO
BHB-2301 14 62 14 36 82 352 NO
BHB-3101 13 17 13 0 43 352 NO
BHB-3301 14 57 19 21 85 352 NO
BHB-4301 15 166 57 88 245 352 NO
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BHB-B101 12 5 3 0 352

BHB-B102 15 4 4 0 14 352 NO
BHB-B103 16 8 5 0 21 352 NO
BHB-B104 12 3 2 0 6 352 NO
BHB-B301 12 5 4 0 12 352 NO
BHB-1101 22 6 5 0 14 352 NO
BHB-1102 14 6 5 0 16 352 NO
BHB-1103 14 8 6 0 20 352 NO
BHB-1201 15 4 4 0 12 352 NO
BHB-1202 16 3 4 0 10 352 NO
BHB-1203 16 7 5 1 17 352 NO
BHB-1204 17 5 5 0 13 352 NO
BHB-1205 14 5 3 0 10 352 NO
BHB-1301 15 6 6 0 20 352 NO
BHB-1302 16 5 4 0 13 352 NO
BHB-1303 15 7 6 0 18 352 NO
BHB-2101 16 4 4 0 12 352 NO
BHB-2201 15 6 3 0 11 352 NO
BHB-2301 14 8 5 0 18 352 NO
BHB-3101 13 4 3 0 9 352 NO
BHB-3301 14 5 4 0 12 352 NO
BHB-4301 15 3 3 0 9 352 NO

Table 21-5: Building

Structural Surfaces Removable Channel 3 Summar

BHB-B101 12 0 0 0 1 36 NO
BHB-B102 15 1 1 0 3 36 NO
BHB-B103 16 1 1 0 3 36 NO
BHB-B104 12 0 1 0 2 36 NO
BHB-B301 12 3 3 0 11 36 NO
BHB-1101 22 1 1 0 3 36 NO
BHB-1102 14 1 1 0 5 36 NO
BHB-1103 14 3 4 0 11 36 NO
BHB-1201 15 1 2 0 5 36 NO
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#of : Any Result
Survey | Standard { _ | Investigation | Exceeding
: Sample | Mean ey Min. | Max. i
Unit : Deviation Level Investigation
Locations
Level?
BHB-1202 16 1 1 0 5 36 NO
BHB-1203 16 1 2 0 < 36 NO
BHB-1204 17 1 | 0 4 36 NO
BHB-1205 14 1 1 0 4 36 NO
BHB-1301 15 2 2 0 5 36 NO
BHB-1302 16 | 2 0 6 36 NO
BHB-1303 15 2 3 0 9 36 NO
BHB-2101 16 1 2 0 7 36 NO
BHB-2201 15 0 1 0 5 36 NO
BHB-2301 14 1 1 0 4 36 NO
BHB-3101 13 1 2 0 6 36 NO
BHB-3301 14 1 1 0 4 36 NO
BHB-4301 15 0 1 0 2 36 NO
Table 21-6: Building Systems Total Surface Activity Summary
G Any Result
Surves # of Mean Star.lda}rd Min. | Max. Investigation Excefadm.g
’ Sample Deviation Level Investigation
Unit :
Locations Level?
(Sum of Fractions)
BHB-VEOI 53 0.24 | 009 | 005]037] 0.5 | NO
Table 21-7: Building Systems Removable Surface Activity Summary
! Any Result
Surver | # of Mean. Stal.ldi}rd Min. | Max. Inveitlgaltlon ﬁxce?dlr!g
Unit Sample Deviation eve vestigation
Locations Level?
(Sum of Fractions)
BHB-VEOI 53 0.05 | 010 [ 0.00 [ 026 ] 0.5 | NO
Table 21-8: Building Systems Removable H-3 Summary
# of Standard ; ‘ Investigation Amy Re?““
Survey S Mean <oy Min. | Max. Exceeding
e ample Deviation j Level chay oy
Unit v Investigation
Locations
N4 Level?
(dpm/100 cm”)
BHB-DROI 378 31 29 0 228 352 NO
BHB-VAOI 210 55 39 0 216 352 NO
BHB-VEO1 119 62 29 0 141 352 NO

" Vacuum nozzle removable activity results are reported in dpm/swab.
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Table 21-9

Buildi Systems Removable C-14 Summar

BHB-DROIL 378 5 | 5 ) 29 352 NO

BHB-VAO1 210 4 4 0 18 352 NO
BHB-VE(1 119 4 4 0 17 352 NO

Table 21-10: Building Systems Removable Channel 3 Summar

i
i

BHB-DRO1 | 378 1 0 12 36 NO
BHB-VAOL 210 1 2 0 1 36 NO
BHB-VEOL 119 1 2 0 10 36 NO

21.5 Determining Compliance for Building Surfaces and Structures

Final status survey results were initially compared to the investigation levels. Six small
discrete areas of elevated activity above the investigation levels were identified on
building structural surfaces during characterization surveys. The areas were remediated
and resurveyed with results of <MDC for total and removable activity. No further
action was taken because this is an extremely small fraction of the DCGL.

Survey Units BHB-1301 and BHB-1302 each had one result slightly above the
investigation level due to ceramic tile flooring materials. The results were below the
DCGL so no further action was taken.

All total and removable surface activity results on building structural surfaces were less
than the DCGL and an adequate number of samples were obtained, therefore all survey
units pass the Sign test.

The results of the data quality assessment and calculations of the dose from each
structural surface survey unit are presented in the table below.
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Table 21-11: Structural Surfaces Total Surface Activity Dose Calculations

3.75

BHB.BIOL | 007 | 12 YES 0.15
BHB-B102 0.09 11 15 YES 0.12 3.00
BHB-B103 0.08 11 16 YES 0.04 1.00
BHB-B104 0.09 11 12 YES 0.11 2.75
BHB-B301 0.11 11 12 YES 0.09 2.25
BHB-1101 0.16 11 22 YES 0.11 2.75
BHB-1102 0.06 11 14 YES 0.04 1.00
BHB-1103 0.06 11 14 YES 0.08 2.00
BHB-1201 0.08 11 15 YES 0.04 1.00
BHB-1202 0.05 11 16 YES 0.02 0.50
BHB-1203 0.05 11 16 YES 0.04 1.00
BHB-1204 0.08 11 17 YES 0.09 2.25
BHB-1205 0.06 11 14 YES 0.05 1.25
BHB-1301 0.12 11 15 YES 0.17 4.25
BHB-1302 0.17 11 16 YES 0.15 3.75
BHB-1303 0.07 11 15 YES 0.04 1.00
BHB-2101 0.06 11 16 YES 0.03 0.75
BHB-2201 0.06 11 15 YES 0.04 1.00
BHB-2301 0.15 11 14 YES 0.06 1.50
BHB-3101 0.03 11 13 YES 0.03 0.75
BHB-3301 0.12 11 14 YES 0.10 2.50
BHB-4301 0.09 11 15 YES 0.08 2.00
Maximum: 4.25

All measurement results are less than the DCGL and an adequate number of
measurements were taken; therefore the null hypothesis is rejected and all survey units
meet the release criterion and are suitable for release for unrestricted use.

'> The TEDE shown is conservatively calculated by multiplying 25 mrem/yr by the ratio of the mean total
surface activity to the DCGL of 1.
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21.6 Determining Compliance for Building Systems
All building systems final status survey results are less than the investigation levels.

All total and removable surface activity measurement results are less than the
applicable DCGL; therefore all systems survey units meet the release criteria and are
suitable for release.

QUALITY ASSURANCE SURVEYS

Quality assurance surveys consisted of re-performing the FSS protocol for building
structural surfaces to achieve a minimum of 5% duplication of scans, static measurements
and smears. The Project Manager implemented QA surveys by re-performing judgmentally
selected survey locations as survey unit QAO1. The locations of QA survey total and
removable surface activity measurements are presented in the table below.

Table 22-1: QA Survey Locations

BHB-QAO01-F1-C-001

BHB-4301-F1-C-009

BHB-QAO01-F1-V-002

BHB-2201-F1-V-010

BHB-QAO01-F1-V-003

BHB-1303-F1-V-006

BHB-QA01-F1-V-004

BHB-1302-F1-V-008

BHB-QAO01-F1-V-005

BHB-1301-F1-V-003

BHB-QAO01-F1-M-006

BHB-1201-F1-M-012

BHB-QAO01-F1-V-007

BHB-1202-F1-V-002

BHB-QAO01-F1-V-008

BHB-1203-F1-V-014

BHB-QAO01-F1-V-009

BHB-1204-F1-V-015

BHB-QAO01-F1-V-010

BHB-1205-F1-V-010

BHB-QA01-W1-B-011

BHB-1101-W1-B-009

BHB-QA01-W1-C-012

BHB-B104-W1-C-005

BHB-QAO01-W1-C-013

BHB-B101-W1-C-001

BHB-QA01-W1-B-014

BHB-B102-W1-B-010

BHB-QAO01-W1-C-015

BHB-B103-W1-C-004

BHB-QAO01-F1-V-016

BHB-B301-F1-V-005

BHB-QAO01-F1-V-017

BHB-2301-F1-V-004

BHB-QAO01-W1-B-018

BHB-2101-W1-B-010

BHB-QAO01-F1-V-019

BHB-1103-F1-V-005

BHB-QAO01-F1-V-020

BHB-3301-F1-V-008
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QA Survey Location FSS Location
BHB-QAOI1-F1-V-021 BHB-1102-F1-V-010
BHB-QAO1-F1-V-022 BHB-3101-F1-V-005

22.1 QA Survey Results

All QA survey results were similar to FSS data and the conclusions were the same as
those based on the initial surveys. QA survey results are presented in Appendix H and
are summarized in the tables below.

Table 22-2: QA Survey Building Structural Surfaces Total Activity Summary

Any Result
Sutvey # of Mo Stal.ldifrd Min b Max Investigation Exce.edm.g
- Sample Deviation , Level Investigation
Unit : :
Locations Level?
(Sum of Fractions)
BHB-QAOI 22 o061 005 000 01T 0.5 | NO
Table 22-3: QA Survey Building Structural Surfaces Removable Activity Summary
Any Result
Sl . # of Meoin Stangrd Min. | Max. Investigation Excefedn!g
; ample Deviation Level Investigation
Unit :
Locations Level?
(Sum of Fractions)
BHB-QAO1 22 003 | 007 [000 ] 017 ]| 0.5 l NO
Table 22-4: QA Survey Building Structural Surfaces Removable H-3 Summary
Shay Any Result
Survey ol Mean Star.ldafrd Min. | Max. Investisston Exceeding
i Sample Deviation Level gy
Unit : Investigation
Locations Level?
(dpm/100 cm”) )
BHB-QAO0I 22 B A 2 | 144 | 352 NO
Table 22-5: QA Survey Building Structural Surfaces Removable C-14 Summary
, S Any Result
Survey #.of Mean Stal.ld?rd Min. | Max. fyestipution Exceeding
Sample Deviation Level TR
Unit Investigation
Locations , Level?
(dpm/100 cm”) :
BHB-QA01 22 5 %~ 4 - 0" @ | .16 | 352 NO
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Table 22-6: QA Survey Building Structural Surfaces Removable Channel 3 Summary
o o fiy Any Result
Survey ol Mean Stal}dz?rd Min. | Max. JNEstation Exceeding
: Sample Deviation Level S
Unit : Investigation
Locations Tovel?
(cpm/100 cm”) :
BHB-QAOI 22 - 2 .k 6 ] 36 NO
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September, 2002
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Appendix C
Instrument Calibration Records



Safety and Ecology Corporation SEC PROCEDURE# SEC-1S-406 Rev 2

2800 Solway Road
Knoxville, TN 37931 Page 10of 1
Calibration Certificate O 11/23/2016

Calibration Certificate for 2929,Serial # 160013, Bar Code # ,Property # Chased44
Date: 11/23/16 Date Last Cal. Expires: 11/30/16 Techniclan: Carl Hall
Location: 999999, Reason For Calibration: Due for Calibration

EQUIPMENT USED DURING CALIBRATION

MODEL:; 500-2 SERIAL #: 132896 CAL DUE: 06/20/17
MODEL: SERIAL #: CAL DUE:
AS FOUND DATA AS FOUND instrument Condition: SAT AS LEFT Instrument Condition: SAT
AS FOUND Machanical Zero: @ AS LEFT Mechanical Zero: @
Beta Channel Window (4-50 mV): 4-50 mv AF mV
Alpha Channel Threshold (175 mV): 175 mV AF mv
Aipha Counts w/Pulser @ 10,000 CPM: 9,993 CPM AF CPM % Error: 0.07%
Beta Counts w/Pulser @ 10,000 CPM: 9,994 CPM AF CPM % Error: 0.06%

HV Setpoints:

Vv
500 V Reading: 497 V v
1000 V Reading: 1000 V Vv
1500 V Reading: 1505 V v
Max HV (1500 V +):
DIGITAL SCALER  AF 250: 250 % ERR: 0.00% AL 250: AF % ERR: 0.00%
AF 2500: 2500 % ERR: 0.00% AL 2500: AF % ERR: 0.00%
AF 25K: 250 K % ERR: 0.00% AL 25K: AF K % ERR: 0.00%
AF 250K: 250.0 K % ERR: 0.00% AL 250K: AF K % ERR: 0.00%
Is the As Found Data Within 20% of the Set Point?
Comments: married as a set with: Model: 43-10-1 Serial #: PR167231 Bar Code #:
Does Instrument Meet Final Acceptance Criteria? Calibration Sticker Attached?

Printed Namae: Carl Hall

- Date Instrument is Due For Next Calibration:
Performed by: W Roviewed by7/“ Date: /223 "/ {

MO




Safety and Ecology Corporation SEC PROCEDURE # SEC-1S-414 Rev 3
2800 Solway Road, Knoxville, TN 37931
Calibration Certificate

Page 1of 1
11/23/2016

Calibration Certificate for 43-10-1,Serial # PR167231, Bar Code # ,Property # Chase45

Date: 11/23/16 Technician: Carl Hall

Location: 999999,

Date Last Cal. Expires: 11/30/16

Reason For Calibration: Due for Calibration

CAL DUE: 11/23/17

EQUIPMENT USED DURING CALIBRATION  MODEL: 2029

SERIAL #: 160013

NIST TRACEABLE SOURCES USED SOURCE ISOTOPE ACTIVITY 2w ASSAY DATE
Efficiencies from last calibration 65744-06 Sr-90 16834 dpm 11,811 cpm 1/1/2016
Pu-239: 3715 % 5746-06 Tc-99 31900 dpm 20,000 cpm 1/1/2016
Te-99: 2223% 5747-06 Pu-239 25798 dpm 13,099 cpm 1/1/2016
Th-230: 39.12 %
5748-06 Th-230 34899 dpm 17,700 cpm 1/1/2016
SrY-90.: 375 %
AS FOUND DATA AS FOUND Instrument Condition:  SAT AS LEFT Instrument Condition: SAT
HV: Calibration Setpoints Threshold .
‘ 850 V  Vernier: 3.40 Beta: 4. 50 mV AS LEFT DATA after repair, HV adjust, or Plateau
~ HV: 850 V Vernier: - 3.40
Alpha: 176 mV
Alpha Beta AF Efficiencies Alpha Beta AL Efficiencies
Back — Back
ground; 1 cPM 47 CPM A-B XTLK {ground: 1 cPM 47 cPm AB XTLK
Pu.-239: 9566 CPM 305 CPM 2.7% Pu-239: 9566 CPM 305 CPM 26%
_ Tc-99: 3 CPM 7678 CPM B-A XTLK Tc-99: 3 CPM 7678 CPM B-A XTLK
Th-230: 12734 CPM NIA 0.0% Th-230: 12734 CPM N/A 0.0%
SrY-80: N/A 6408 CPM SryY-90; N/A 6408 CPM
"AF" in the AL Efficiency fields means to refer to the AF

[ Is the As Found Data Within 20% of the efficiency from the fast cal.?

Reproducibility: Isotope: 6421 6389

6401 Average: 6403.7 Are the individual counts within 10% of the average?

Efficlencies In the AS FOUND DATA Sectlon

B Geul la
PLATEAU DATA sourcei: Tc-99 Source 2; Th-230 NetAtoB  NetBtoA
High Voltage Response (CPM)} Response (CPM} Background (CPMj  Xtalk: <10%  Xtalk: <1%
Ach. Bch, Net Eff. Ach. Bch, NetEff. Ach. B ch.
— . Beh ! T G
L NA ? : e
N f S
. N/A
] : i N/A
) S S S NIA )
Pu-239 Tc-99 Th-230 SrY-90
2 Pi Efficiencies:
Comments: Married as a set with:  Model: 2929 Serial #: 160013 Bar Code #:

[v] Does Instrument Meet Final Acceptance Criteria?

Performed by:; W

Reviewed byﬁ -

W] Calibration Sticker Attached?

Date Instrument is Due For Next Calibration:

77 ?3-/4
Date;

Printed Name: Carl Hall

;?ICJ 7/ 4

LR




SEC INSTRUMENTATION SERVICES
10512 Lexington Drive
Suite 200
Knoxville, TN 37932

C-14 SOURCE CALIBRATION FORM

Probe Model Number : 43-10-1 Customer Name : Chase Environmental
Probe Serial Number: PR167231 Technician : Carl Hall
Date of Calibration : 11/23/2016

Instruments used during calibration

Model Number: 2241-3 Serial Number: 160013 Calibration Due Date:| 11/23s2017
Model Number: Serial Number: Calibration Due Date:
NIST Traceable Source(s) used : Activity(s) '
_ | Sourca SIN 2 Pi(cpm) uCi 4Pi (dpm)| Assay Date
{1>C-14  77173-513] - 19,100 0.0305405 | 30,600 6/3/2008
Data
Instrument condition : Sat
High Voltage: 850
Background: 47
C-14 Count: 4181
21 Efficiency:
41 Efficiency:
.Calibration sticker attached? Yes
Comments : Married as a set with : Model : 2241-3 .Serial # . 160013
Calibrated with plastic standoffs attached. o ' B
ment is due for next calibration : | 11/23/2017 |
Performed by : Reviewed by .~ ) — Date : /- 22»4/_'
Printed Name : /
Entered in computer inventory by: S Date :




SEC/Perma-Fix instrument Services Form 99

%i Calibration Data Sheet Rev. C
L]
{\ ﬂq’brnnm
Meter Serial Number : Customer Name :
Meter Model Number: P.0 Number
Previous Due Date Techniclan
Date 4 .. Reason For Calibration
M&TE Used
1 Due Dale: " 7/30/2016 |
§  As Found Instrument Condition  } - SAT: As Left instrument Condition 1§
Meter _ "Probe Settings
— Threshold HV Check 400V - 1600V |. /. Pass. ~ Probe 1
Model Number .
Serial Number
AF
| — _@écmer — _ HV HV
‘ Target As Found %Error As Left %Error Dead Time Dead Time
250 0.40% 0.40% cc cC
2,500 0.20% 0.20%
25,000 0.19% 0.19% Probe Settings
250,000 0.20% 0.20% Probe 2
. Madel Number
. Rate meter - Serial Number
% Error % Error AF
100 0.00% 0.00% HY ! HV
250 0.00% 0.00% Dead Time Dead Time
{ 400 0.00% . 0.00% CcC ce -
V. 1,000 0.00% 0.00% | )
2,500 0.00% 0.00% Probe Settings
4,000 0.00% 0.00% ‘ Probe 3
10,000 0.00% 0.00% Mode! Number COUUTTUA4e,
25,000 0.00% 0.00% Serial Number
40,000 0.00% 0.00% :
100,000 0.00% 0,00% HV HV
250,000 . 0.00% 0.00% Dead Time Dead Time
400,000 '0,00% 0.00% cC b CcC
. Alarm Probe Settings
Lamp
Response Model Number T NIA,
" Reproducible Serial Number T NA
Sticker Attached F
HV
Dead Time
cC

Comments/Remarks :

| / Date unit 1s due for next callbration |_2i412017 ]
Performed by : .
Printed Name : Thomas Thompson Reviewed by : W Date : %{ /é :




Safety and Ecology Corporation SEC PROCEDURE # SEC-IS-407 Rev 2
2800 Solway Road, Knoxville, TN 37931

X R . Page 1of 1
Calibration Certificate 2412016
Callbration Certificate for 44-9,Serlal # PR171793, Bar Codo # ,Property # Chase7
Date: 02/04/16 Date Last Cal. Expires: 08/11/18 Technician: Thomas Thompson
Location; 999988, Reason For Calibration: Short Cycled
EQUIPMENT USED DURING CALIBRATION
MODEL: 2241-3 SERIAL # 181301 CAL DUE: 02/04/17
MODEL: SERIAL # CAL DUE:
NIST TRACEASLE SOURCES USED
SOURCE ISOTOPE ACTIVITY 2w ASSAYDATE
4050-02 Tc-98 - 36800 dpm 23,000 cpm  1/1/2015
4052-02 Sr-80 17243 dpm' 12,023 cpm  1/1/2015
g i bR i i

PREVIOUS Tc-99 EFFIQIENCY: .14.07 %
AS FOUND Instrument Condition:

AS FOUND DATA

Calibration Voltage:
SAT

Bmv

Callbration Threshold:

00V
AS LEFT Instrument Condition: SAT

AS LEFT DATA

o~

1 MINUTE COUNTS (CPM) 1 MINUTE COUNTS (CPM)
AF Background:; 40 . AL Background: K]
g - AVERAGE o AVERAGE
Tc-99 Count: 5009 5328 5208 5181.7 Tc-9% Count: 5208 5278 5335 5273.7
Sr-80 Count: 4957 4863

Sr-80 Count:

Sr-90 EFF: 2 Te-99 EFF: {3

o

Tc-99 EFF:

"AF" in the AL Efficiency flelds means to refer to the AF
- Efficlencles in the AS FOUND DATA Section

[v] ts the AS FOUND efficiency within 20% of efflciency from last calibration?
lv] Reproducibility: Are the individual counts within 10% of the average?

[#] Does the probe meet final accoptance criteria?

{w] Calibration sticker attached?

Model: 2241-3 _ Serial #: 181301 Bar Code #:

Comments: Married as a set with:

/ Date: __}_/_‘!// [

ﬁtrumem Is Due For Next Calibration:
Performad by: Reviewed by:
P

V

Printed Name: Thomas Thompson

IMRECRIANIA




SEC INSTRUMENTATION SERVICES
SEC Corporate
2800 Solway Road
Knoxville, TN 37931

Model 2241-3 CALIBRATION FORM

Serial number: 253346 Customer Name : Chase

10512 Lexington Drive
Suite 200
Knoxville, TN 37932

Previous due date : _ 12/5/2015 P.O Number : :
Date : 1/11/2016 Technician : Carl Hall :
Reason For Catibration ; -Probe needed repair
INSTRUMENT{S) USED DURING CALIBRATION
f4odei Number: 500-2 Sarial Numbar: ‘@2896 Calibeation Due date: * 5/15/2016
Model Number; Sartal Number: . : Calibration Due date:
instrument Condition Threshold Battery Indicator
AsFound | As Lelt AsFound | AsLeR SAT
OK OK 40 | 40 T
SCAI/RATE Switch
Sel Voltage High Voltage Range : TSAT
Detector® § As Eound As Left As ?uund As Le!t -
1 1678 1675 SAT SAT
2 7700 | 1775 | SAT SAT.
3 1153 1150 | GAT | SAT Reproducability
4 1281 B T x.10f x1 5cale
N _ T 360 ] 250 ] 250
7 Digital Scaler x1 or x10 Scale
Targot __ Asfound  %Eror _ AsLeft  %Error 2500 | 2800 ] 2500
250 251 0.40% 251 0.40% x10 or x100 Scale
2,500 2,506 0.24% 2.506 0.24% 25K | 25Kk | 75K
25,000 25,064 0.26% 25.064 0.26% x100 or x1000 Scale
250,000 250,643 0.26% 250,643 0.28% 250K - F 250K} 250K
QK . Is the As Found Data within 20% of the set point? QK Audio Response
OK Are the individual counts within 10% of the average? QK . Push Buttons
OK Fast / Slow response switch functions property? OK. RESET
OK Does Instrument meet hinat Acceplance Critena? OK Audic Switch
oK Calibration sticker attached? QK Light —
Married with; 1675V DET1 Modael: 43-68 . Serial Number: PR285701
1775V DET 2 Model: 43-37 - Serial Number: PR259902
1150V DET 3 Model: 43-88  Serial Number: PR285701
Comments : 1325V DET 4 Model: 43-37 Serial Number: PR259902
Instrument calibrated per SEC-18-423. ‘ ‘ o
5 foot cahle used for the 43-68
10 foot cable used for the 43-37
Date ipstrument is due,fgr next calibration :
Performed by - W Oate: | /j1/16 _Reviewsd by; :f/) Date: /- 1/ /
Printed nama : Carl Hall / > i




Calibration

Safety and Ecology cOrporation SEC PROCEDURE # SEC-1S-417 Rev 4
2800 Solway Road, Knoxville, TN 37931

Page 1 of 1

Certificate 1/11/2016

Calibration Certificate for 43-37,Serial # PR259902, Bar Code # ,Property # Chase104

Date: 01/11/16
Location: 999999,

Date Last Cal. Expires: 12/05/15

Technician: Carl Hall

Reason For Calibration:  Repair

EQUIPMENT USED DURING CALIBRATION MODEL: 2241-3

SERIAL #: 253346 CAL DUE 01/11116

NIST TRACEABLE SOURCES USED SOURCE ISOTOPE ACTIVITY 2n ASSAY DATE
Efficiencies from last calibration 407902 Pu-239 28997 dpm 14,698 cpm 111/2015
Pu-239: 18.68 % 407102 Th-230 40289 dpm 20,499 cpm 11112015
Tc99: 5484 % 407602 Sr-90 11037 dpm 7.744 cpm 1/1/20°5
Th-230: 1623 % 4072-02 Tc-99 28300 dpm 17,700 cpm 11112015
SrY-90:  34.16 4

AS FOUND DATA AS FOUND Instrumenit Condition: SAT
Calibration Setpoints
HV (Alpha): 1275V HV (Beta): 1775V Threshold: 4mV

AS LEFT Instrument Condition: SAT
AS LEFT DATA after repair, HV adjust or Plateau
HV (Alpha): 1325 V HV (Beta): 1775 v Threshold: 4 mV

Back Alpha Beta F 4 nEfficiencies | Back Alpha Beta AL4 iciencies
ground: . CPM 716 CPM ground: 7 CPM 716 CPM
Pu-239: 5292 CPM NIA Pu-239: 5512 CPM N/A
Te-99:  NIA 6959 Te-99: N/A 6959 CPM
Th-230: 6334  cpm NIA Th-230: 6575 CPM NIA
SrY-00:  N/A 3952 SrY-90:  N/A 3962  CPM

v Is the As Found Data within 20% of the
efficiency from the last cal.?

Reproducibility : Isotope: Sr-90 3949 3930 3993 Average:

“AF" in the AL Efficiency fields means to refer to the AF
Efficiencies in the AS FOUND DATA Section

3957.3 v Are the individual counts within 10% of the average?

trmulwﬁﬂm(wa«umk}umhiwmmlwcawm,muzmmumm.w D-umdgodincuy\ommom Gnmmo!soum-mtosm axcapl

pas proportional probes = 1/8° from surface unless othe P

Alpha Source: Th-230 PLATEAU DATA Be!a Source: Tc-99
Response Background Response Background
HV cPm CPM HV cPM CPM
{Alpha) Ach, Ach. Net 4w Eff. (Beta) B ch, B ch. Netdw Eff.
N/A N/A
Pu-239 Tc-99 Th-230 SrY-90
2 Pi Efficiencies:  37:45% 35.27% 32.04% 41.92%
Comments: Married as a set with:  Model: 2241-3 Serial #: 253346 Bar Code #:

Replaced damaged mylar,

v Does Instrument Meet Final Acceptance Criteria?

v Calibration Sticker Attached?

Date Instrument is Due For Next Calibration: MAIMT

Performed by:
Printed Name: Cart Hall

Reviewed by:

\ Date: -/~ /¥
L[ HIRRER T




SEC INSTRUMENTATION SERVICES
10512 Laxington Drive
Suite 200
Knoxville, TN 37932

C-14 SOURCE CALIBRATION FORM

Probe Model Number:  43-37 Customer Name : Chase Environmental
Probe Serial Number : - PR259902 Technician : Carl Hall
Date of Calibration : ~ 1/11/2016
Instruments used during calibration
Model Number: - 2241-3 Serial Number: - 253346 Calibration Due Date:| 1112017
Model Number: Serial Number: Calibration Due Date:
NIST Traceable Source(s) used : Activity(s)
| Source S/N | Emission Rate | 2 Pi (cpm) uCi 4Pi (dpm)| Assay Date
11>C-14 DX 295 432 25,920 1 0.0305405 | 67,800 5/3/1994
Data
instrument condition : Sat.
High Valitage: 1775
Background: 716
C-14 Count: 8559
21 Efficiency:  30.26
41 Efficiency: 11.57%
Calibration sticker attached? Yes
Comments : Married as a set with : Model : 2241-3 Serial#: 253346
Calibrated with plastic standoffs attached. : f '
——Date instrument is Gue for next canbration 1172017
Performed by : (" ol Reviewed by : ) Date : (222
Printed Name . Carl Hall '

Entered in computer inventory by:

" Date:




Safety and Ecology Corporation SECPROCEDURE # SEC-15-417 Rev 4

2800 Solway Road, Knoxville, TN 37931 Page 1of 1
Calibration Certificate iAo
Calibration Certificate for 43-68,Serial # PR285701, Bar Code # ,Property # Chase105
Date: 01/11/16 Date Last Cal Expires: 12/05/15 Technician: Carl Hall

Location: 999999, Reason For Calibration:  Short Cycled

EQUIPMENT USED DURING CALIBRATION MODEL: 2241-3 SERIAL #: 253346 CAL DUE 01/11/16 4
NIST TRACEABLE SOURCES USED  SOURCE ISOTOPE ACTIVITY 2 ASSAY DATE
Efficiencies from last calibration 4079-02 Pu-239 28897 dpm 14,698 com 1/1/2015 |
|
Pu-23%; 1620 % 4071-02 Th-230 40299 dpm 20,499 cpm 1/1/2015 {
Te-89: 7365 % 4076-02 Sr-90 11037 dpm 7.744 cpm 1/1/2015
Th-230:  16.05 % 4072-02 Tc-99 28300 dpm 17,700 cpm 11/2015 {
SrY-90:  34.18 ¢, [
AS FOUND DATA AS FOUND Instrument Condition: SAT AS LEFT Instrument Condition: SAT
Calibration Setpoints AS LEFT DATA after repair, HV adjust or Plateau
HV (Alpha): 1150 V MV (Beta): 1675V Threshold: 4mV JHV (Alpha): 1150  V KV (Beta): 1675 v Threshold: 4 mV
Back Alpha Beta F4 cies | Back Alpha Beta AL 4w Efficiencies
ground: 1 CPM 168  CPM ground: 1 CPM 168 cPm
Pu-239: 5728 CPM NIA Ry | Pue: 6728 CPM NIA 19.75%
Tc-99:  N/A 7075 CPM Te-99:  N/A 7075 CPM |
Sry-90:  NI/A 4213 CPM  36.65% | SrY-90:  NA 4213 CPM  36.65%
~ “AF" in the AL Efficiency fields means to refer to the AF ‘
B P b s ey Efficiencies in the AS FOUND DATA Section

Reproducibility : Isotope: Sr-90 4240 4178 4205 Average: 4207.7 | Are the individual counts within 10% of the average?

I ihe As Found data (svan afier repairy s within 10% of the last cimmm, mmmmmmwmpmm Daw nndqodmuyln Commants. Geometry of saurce = flush m;urlm.
gas proparianal probes = 178" from surface urlags olherwise specitiod

Alpha Source: Th-230 PLATEAU DATA Bela Source: Tc-99
Response Background Response Background
HV CPM CPM HV CPM  CPM
(Alpha) Ach. Ach. Netdw Eff. (Beta) B ch. B ch. Netdw Eff.
N/A N/A
Pu-239 Tc-99 Th-230 $rY-90
2 Pi Efficiencies: 38.96% 39.02% 33.59% 52-23%
Comments: Married as a set with: Model: 2241-3 Serial #: 253346 Bar Code #:
W Dces Instrument Meet Final Acceptance Criteria? Vv Calibration Sticker Attached?

Date Instrument is Due For Next Calibration: 011117

Performed by:

Date:/ L/ /4
LR R

Printed Name: Carl Hall




. SEC INSTRUMENTATION SERVICES
N 10512 Lexington Drive
3 Suite 200
Q Knouxville, TN 37932

C-14 SOURCE CALIBRATION FORM
Probe Model Number : 43-68 Customer Name ; . Chase Environmental
Probe Serial Number: PR285701 Technician: _ Carl Hall
Date of Calibration : - 1/11/2016

Instruments used during calibration

Model Number. 2241-3 Serial Number: 253346 Calibration Due Date:| 1/11/2017
Model Number: Serial Number: - Calibration Due Date:§
NIST Traceable Source(s) used : Activity(s)
| Source SN | Emission Rate | 2 Pi (cpm) uCi 4Pi (dpm)| Assay Date
[1>C-14 DX 295 432 25,920 | 0.0305405 | 67,800 | 5/3/1994
Data
Instrument condition: - Sat

High Voltage: 1675
Background: 168

C-14 Count: 8578

2w Efficiency:  32.44
41 Efficiency: 12.40

Calibration sticker attached? Yes

Comments : Married as a set with : Model : 2241-3  Serial#: 253346
Calibrated with plastic standoffs attached. : ;
.- Dateinstrument is due for next calibration : inuzow |
Performed by : (”% M Reviewed by¢ , Date : A LP/A
Printed Name : Cari-Hall '

Entered in computer inventory by: Date :




SEC INSTRUMENTATION SERVICES

10512 Lexington Drive SEC Corporate
Suite 200 2800 Sclway Road
Knoxville, TN 37932 Knoxvilie, TN 37931
» Model 2241-3 CALIBRATION FORM
Serial number: 253351 Customer Name : Chase
Pravious due date :  5/4/2017 P.O Number :
Date : 8/24/2016 Technician : Carl Hall
Reason For Calibration : Short Cycled
INSTRUMENT(S) USED DURING CALIBRATION
Model Numbher: 500-2 Serial Number: 132896 Calibration Due date:  6/20/2017
Model Number: Serial Number: ) GCalibration Due date:
fnstrument Condition Threshold Battery Indicator
As Found As Left As Found As Left SAT
oK OK 4.1 4.0
SCA/RATE Switch
Set Voltage High Voltage R;nge “SAT
Detector # | As Found As Left | As Found As Left
1 1616 1675 SAT SAT
2 1691 1800 SAT SAT |
3 1214 1275 SAT SAT | Reproducability
4 1316 1350 SAT SAT x.10r x1 Scale
_ 250 | 250 "] 250
Digital Scaler x1 or x10 Scale
- Target As Found  %Error As Left %Error 2500 | 2500 | 2500
250 250 0.00% 250 0.00% x10 or x100 Scale
2,500 2,500 0.00% 2,500 0.00% 25K [ 25k | 25K
25,000 25,008 0.03% 25,008 0.03% x100 or x1000 Scale
250,000 250,081 0.03% 250,081 0.03% 260K | 250K ] 250K
OK Is the As Found Data within 20% of the set point? OK Audio Response
oK Are the individual counts within 10% of the average? OK Push Buttons
OK Fast / Slow response switch functions properly? OK RESET
OK ‘Does Instrument meet final Acceptance Criteria? oK Audio Switch
oK Calibration sticker attached? oK Light
Married with: 1675V DET1 Model: 43-68  Serial Number: PR216394
1800V DET 2 Model: 43-37  Serial Number: PR178300
1275V DET 3 Model: 43-68  Serial Number: PR216394
Comments ; 1350V DET 4 Model: 43-37  Serial Number: PR178300

Instrument calibrated per SEC-1S-423.
§ foot cable used for the 43-68
10 foot cable used for the 43-37

Date ipstryment is or next calibration :| 8/24/2017
Performed by : Date:y/'oZZé Reviewed by: / Date: 6: 24 '/ é

Printed name : Cari Halt ~




Safety and Ecology Corporation SEC PROCEDURE # SEC-1S-417 Rev 4

2800 Solway Road, Knoxvilfe, TN 37931 Page 10of 1
Calibration Certificate 8/24/2016
Calibration Certificate for 43-68,Serial # PR216394, Bar Code # ,Property # Chase108
Date: 08/24/16 " Date Last Cal. Expires: 05/04/17 Technician: Carl Hall
Location 999999, Reason For Calibration: Short Cycled
EQU":MENT USED DURING CALIBRATION MODEL: 2241-3 SERIAL# 253351 CALDUE 08/24/17
NIST TRACEABLE SOURCES USED SOURCE ISOTOPE ACTIVITY Vi ASSAY DATE
Efficiencies from last cailbration -5744-086 Sr-90 16834 dpm 11,811 cpm 1/1/2016
Pu-239: 22.08% 5746-06 Tc-99 31900 dpm 20,000 cpm 1/1/2016
Te-99: 959019 5747-06 Pu-239 25798 dpm " 13,099 cpm 1/1/2016
Th-230: 2029 % 5748-06 Th-230 34899 dpm 17,700 cpm 1112016
SrY-90:  34.54 o
AS FOUND DATA AS FOUND Instrument Condition: SAT AS LEFT Instrument Condition: SAT
Calibration Setpoints AS LEFT DATA after repair, HV adjust or Plateau
HV {Alpha): 1275V HV (Beta): 1875V Threshold: 4mV JHV (Alpha);1275  V HV (Beta): 16756 vy Threshold: 4 mV
Back Alpha Beta AF 4 nEfficiencies | Back Alpha Beta AL 47 Efficlencis
ground: 1 CPM 191  CPM ground: 1 CPM 191 CPM
Pu-239; 4944 CPM NA Pu-239: 4944  CPM N/A
Tc-99: N/A 7661 CPM Tc-99: N/A 7661 CPM
Th-230: 5770 CPM NIA Th-230: 5770 © CcPM N/A
$rY-90: N/A 5748 CPM SrY-90; N/A 5748 CPM
[ Is the As Found Data within 20% of the “AF" in the AL Efficiency fields means to refer to the AF

efficiency from the last cal.?

Efficiencies In the AS FOUND DATA Section

Reproduclbilify : Isotope '_Sr—90 5769 65742 5723 Average: 5744.7 V! Are the individual counts within 10% of the average?

Alpha Source: Th-230 PLATEAU DATA Beta Source; Tc-99
Response Background - Response Background
HV CPM CPM Hv CPM CPM
{Alpha) A ch. Ach. Net 4 Eff. {Beta} B ch, B ch. Net 41 Eff.

A e L L .
{

2 Pi Effi CIencles. _

Comme nts: Married as a set with: Model: 2241-3 Serial #: 253351 Bar Code #:
DET 1 B = 1675V, DET 3 a = 1275V. Callbrated with plastlic spacers attached.

Does Instrument Meet Final Acceptance Criteria? Calibration Sticker Attached?

Date Instrument is Due For Next Calibration:

Performed by: W Reviewed by: / Date: X/ .2‘“"/ (’

Printed Name: ~ Carl Hall AT




SEC INSTRUMENTATION SERVICES
10512 Lexington Drive
Suite 200
Knoxville, TN 37932

C-14 SOURCE CALIBRATION FORM

Probe Model Number : 43-68 Customer Name : Chase Environmental
Probe Serial Number : PR216394 Technician : Carl Hall

Date of Calibration: 8/24/2016
Instruments used during calibration

Model Number: 2241-3 Serial Number: 253351 Calibration Due Date:| 8/24/2017
Model Number: Serial Number: Calibration Due Date:
NIST Traceable Source(s) used : Activity(s)
| Source SIN| Emission Rate | 2 Pi (cpm) uCi 4Pi (dpm)| AssayDate
ﬁ> C-14 DX 295 432 25,920 0.0305405 | 67,800 5/3/1994
: Data
Instrument condition : Sat

High Voltage: 1675
Background: 191

C-14 Count: 7906

2w Efficiency: g Y
4w Efficiency:

Calibration sticker attached? Yes

Comments : Married as a set with : , Model : 2241-3 Serial#: 253351
Callibrated with plastic standoffs attached. '

—

te in ent is due for next calibration : 8/24/2017
Performed by : Reviewed by : //—/ Date : §-24-16
Carl Hal

Printed Name : -
Entered in computer inventory by: Date :




Safety and Ecology Corporation SEC PROCEDURE # SEC-15-417 Rev 4

2800 Solway Road, Knoxville, TN 37931 Page 1of 1
‘ Calibration Certificate 8/24/2016
Calibration Certificate for 43-37,Serial # PR178300, Bar Code # ,Property # Chase107
Date: 08/24/16 Date Last Cal. Expires: 05/04/17 Technician: Carl Hall
Location: 999999, Reason For Calibration:  Short Cycled
EQUIPMENT USED DURING CALIBRATION MODEL: 2241-3 SERIAL #: 253351 CAL DUE 08/24/17
NIST TRACEABLE SOURCES USED SOURCE . ISOTOPE ACTIVITY 2 ASSAY DATE
Efficiencies from last calibration 5744-06 Sr-90 16834 dpm 11,811 cpm 1/1/2016
Pu239: 18.88 % 5746-06 Tc-99 31900 dpm 20,000 cpm 111/2016
Tc-99: 22.31 % §747-06 Pu-239 25798 dpm 13,099 cpm 1/1/2016
Th-230: 1719 % 5748-06 Th-230 34899 dpm 47,700 cpm 1/1/2016
Sry-90:  30.62 g
AS FOUND DATA AS FOUND Instrument Condition: SAT AS LEFT Instrument Condition: SAT
Callibration Setpoints AS LEFT DATA after repair, HV adjust or Plateau
HV (Alpha): 1350V HV (Beta): 1800V Threshold: 4mV [JHV (Alpha): 1360  V HV (Beta): 1800 vy Threshold: 4 mV
Back Alpha Beta AF 4 niEfficiencies | Back Alpha Bota ALAw Efficlencies
ground: 3 CPM 850 CPM ground: 3 CPM 850 CPM
Pu.23s: 4503 CPM NIA Pu-239: 4503 CPM N/A
Tc99: N/A 7643 CPM Tc-89:  N/A 7643 CPM
Th-230: 5580 CPM N/A Th-230: 5590 CPM N/A
SrY-90: N/A 5603 CPM Sry-80: N/A 5603 CPM
. "AF" in the AL Efficiency fields means (o refer to the AF
Is the As Found Data within 20% of the .
efficiency from the last cal.? Efficiencies in the AS FOUND DATA Section

Reproducibility : Isotope: iSr-Q'OF 5621 6582 5611 Average

5604.7 [¥/] Are the individual counts within 10% of the average?

Alpha Source: Th-230 PLATEAU DATA Beta Source: Tc-99
Response Background Response Background
HV CPM  CPM HY  CPM  CPM
_{Alpha) Ach. Ach. Netdn Eff. {Beta) B ch. B ch. Net 4w Efi.
N/A ' . i

, N/A ; i

1
!
o
i

?
i
|
:

2 Pi Efficiencies:

Comments: Maried as a set with: Model:  2241-3 Serial #: 253351 Bar Code #:
DET 2 b = 1800V, DET 4 a = 1350V. Calibrated with plastic spacers attached.

Does Instrument Meet Final Acceptance Criteria? Calibration Sticker Attached?

Date Instrument is Due For Next Calibration:

Performed by: W Reviewed by: 7 Date: ? 24 -/L

Printed Name: ~ Cart Hall ERUBH R




SEC INSTRUMENTATION SERVICES
10512 Lexington Drive
Suite 200
Knoxville, TN 37932

C-14 SOURCE CALIBRATION FORM

Probe Model Number : 43-37 Customer Name : Chase Environmental
Probe Serial Number: PR178300 Technician : Carl Hall

Date of Calibration : 8/24/2016

Instruments used during calibration

Model Number: 2241-3 - Serial Number: 253351 Calibration Due Date:| 8/24/2017
Model Number: Serial Number: Calibration Due Date:
NIST Traceable Source(s) used : Activity(s)
| Sourca SIN | Emission Rate | 2 Pi (cpm) uCi 4Pi (dpm)| Assay Dale
[1>C-14 DX 295 432 25,920 0.0305405 | 67,800 5/3/1994
Data
Instrument condition : Sat

High Voltage: 1800
Background: 850

C-14 Count:

41 Efficiency: © 11.09%

Calibration sticker attached? Yes

Comments : Married as a set with : Model : 2241-3 ‘Serfal#: 253351
Calibrated with plastic standoffs attached.

—Date instrument is due for next calibration : 8/24/2017
Performed by : Reviewed by : Date : F e
= g =

Printed Name : Carl Hall
Entered in computer inventory by: Date :




10512 Lexington Drive
Suite 200
Knoxville, TN 37932

SEC INSTRUMENTATION SERVICES
SEC Corporate
2800 Solway Road
Knoxville, TN 37931

Model 2241-3 CALIBRATION FORM

Serial number: 253356 Customer Name : Chase
Previous due date : 9/22/2016 P.O Number :
Date : 9/28/2016 Technician : Carl Hall
Reason For Calibration : Due For Callbration
INSTRUMENT(S) USED DURING CALIBRATION
Model Number: 500-2 Serial Number: 132896 Calibration Due date:  6/20/2017
Model Number: Serial Number: Calibration Due date:
Instrument Condition Threshold Battery indicator
AsFound | As Left AsFound | As Left SAT
OK OK 4.0 4.0
SCA/RATE Switch
Set Voltage High Voltageiange SAT
Detoctor # | AsFound | AsLeft | AsFound | As Left
1 1741 1750 SAT SAT
p) 1869 1875 SAT SAT |
3 1119 1125 SAT SAT | Reproducability
4 1266 1275 SAT SAT | x.1 or x1 Scale
25 | 250 | 250
: Digital Scaler » x1 or x10 Scale
Target As Found %Error As Left %Error 2500 | 2500 ] 2500
250 250 0.00% 250 0.00% x10 or x100 Scale
2,500 2,500 0.00% 2,500 0.00% 25K ] 28K . | 25K
25,000 * 25,011 0.04% 25,011 0.04% x100 or x1000 Scale
250,000 250,113 0.05% 250,113 0.05% 260K | 250K ] 250K
OK Is the As Found Data within 20% of the set point? OK Audio Response
OK Are the individual counts within 10% of the average? OK Push Buttons
OK Fast / Slow response switch functions properly? OK RESET
OK Does Instrument meet final Acceptance Criteria? OK Audio Switch
oK Calibration sticker attached? OK Light
Married with: 1750V DET 1 Model: 43-68  Serial Number: PR289219
1875V DET 2 Model: 43-37  Serial Number: PR281040
1125V DET 3 Model: 43-68  Serial Number: PR289219
Comments : 1275V DET 4 Model: 43-37  Serial Number: PR281040

Instrument calibrated per SEC-1S-423.
§ foot cable used for the 43-68
10 foot cable used for the 43-37

- Dgtednstrument is due f Enext calibration :} 9/28/2017
Performed by : . 7" Date: Wﬂ' Reviewed by:
Printed name : Carl Hall




Safety and Ecology Corporation SEC PROCEDURE # SEC-IS-417 Rev 4

2800 Solway Road, Knoxville, TN 37931 Page 1of 1
Calibration Certificate : 9/28/2016
Callbration Certificate for 43-68,Serial # PR289219, Bar Code # ,Property # Chase51
Date: 00/28/16 ) Date Last Cal. Expires: 09/22/16 Technician: Carl Hall
Location: 999999, Reason For Calibration: Due and Repair
EQUIPMENT USED DURING CALIBRATION MODEL; 2241-3 SERIAL #: 253356 CAL DUE 09/28/17

NIST TRACEABLE SOURCES USED SOURCE ISOTOPE ACTIVITY 2w ASSAY DATE

Efﬂcienclgs from last calibration 5744-06 . 5r-90 16834 dpm 11,811 cpm 11112016

Pu-239:  18.28 % 5746-06 Tc-99 31900 dpm 20,000 cpm 1/1/2016
Tc-99: 5507 9% 5747-06 Pu-239 25798 dpm 13,099 cpm 1/1/2016
Th-230: 1735 % 5748-06 Th-230 34899 dpm 17,700 cpm 1/1/2016

SrY-90:  36.95 o

AS FOUND DATA AS FOUND Instrument Condition: SAT AS LEFT Instrument Condition: SAT

Calibration Setpoints AS LEFT DATA after repair, HV adjust or Plateau
HV (Alpha): 1125V HV (Beta): 1750V Threshold: 4mV JHV (Alpha): 1125 V HV (Beta); 17560 y Threshold: 4 mV
Back Alpha Beta  AF 4 nEfficiencies | Back Alpha Beta &A_rrmw
ground: 0 CPM 0 CPM ground: 2 CPM 260 CPM
Pu-239: 0 CPM N/A Pu-239: 4668 CPM N/A
Tc-99: N/A 0 CPM Tc-99: N/A 8059 CPM
Th-230: 0 CPM N/A Th-230: 5758 CPM N/A
SrY-00:  N/A 0 cPM SIY-90:  N/A 6544  CPM
"AF" in the AL Efficiency fields means to refer to the AF
0,
= Iesfftizizﬁ:y':f?::ldtl?: tlg:t' i‘t:::n?zo % of the Efticlencies in the AS FOUND DATA Section

6539.7 [V] Are the Individual counts within 10% of the average?

Reproducibility : Isotope: 5r-90 . 6520 6562 6537 Average:

Alpha Source; Th-230 PLATEAU DATA Beta Source: Tc-99
Response Background Response Background
HV CcPM CPM HY cPM cpPM
(Alpha)  Ach, Ach. Net4rr Eff.

(Beta) Bch.  Bch. Netd4mEff.
L NaA : i |

| Cwa T |

{ PN TR B S

2 Pi Efﬁcie_r]cies:

Comments: Married as a set with: Model: 2241-3 Serial #; 253356 Bar Code #:
Replaced damaged mylar. DET 1 B = 1750V, DET 3 a = 1125V,

[¥] Does Instrument Meet Final Acceptance Criteria? Calibration Sticker Attached?

Date Instrument is Due For Next Calibration:

" Performed by: W Reviewed by Date:é") i’/ (

Printed Name:  GartHal - L




SEC INSTRU

MENTATION SERVICES

10512 Lexington Drive

Suite 200

Knoxville, TN 37932

C-14 SOURCE CALIBRATION FORM

Probe Model Number : -43-68 Customer Name : Chase Environmental
Probe Serial Number: PR289219 Technician : Carl Hall
Date of Calibration : 9/28/2016

Instruments used during calibration

Model Number: 2241-3 Serial Number: 253356 Calibration Due Date:| - 9/28/2017
Model Number: Serial Number: Calibration Due Date: '
NIST Traceable Source(s) used : Activity(s)
| Source SIN| Emission Rate | 2 Pi (cpom) uCi 4Pi (dpm)| Assay Date
[1>C-14 DX 295 432 25,920 0.0305405 | 67,800 | 5/3/1994
Data
Instrument condition : Sat
High Voltage: 1750
Background: 260
C-14 Count: 7877
2w Efficiency: -29. <
4w Efficiency: :11.23% '
Calibration sticker attached?  Yes
Comments : Married as a set with : Model : 2241-3 Serial #: 253356
Calibrated with plastic standoffs attached.
_~ Date instrument is due for next calibration : 9/28/2017
Performed by :W Reviewed by : Date : G-29/4
Printed Name : Carl Hail
Entered in computer inventory by: Date :




safety and Ecology Corporation SEC PROCEDURE # SEC-1S-417 Rev 4

2800 Solway Road, Knoxville, TN 37931 Page 1of 1
Calibration Certificate 9/28/2016
Calibration Certificate for 43-37,Serial # PR281040, Bar Code # ,Property # Chase50
Date: 09/28/16 Date Last Cal. Expires: 09/22/16 . Technictan: Carl Hall
Location: 999999, ) Reason For Calibration: Due and Repair
EQUIPMENT USED DURING CALIBRATION MODEL: 2241-3 SERIAL #: 253356 CAL DUE 09/28/17
NIST TRACEABLE SOURCES USED SOURCE ISOTOPE ACTIVITY 2w ASSAY DATE
Efficiencies from last calibration §744-06 Sr-90 16834 dpm 11,811 cpm 1/1/2016
Pu-239: 17.63 % 5746-06 Te-98 31900 dpm 20,000 cpm 1/1/2016
Tc-99: 24926 % §747-06 Pu-239 25798 dpm 13,099 cpm 1/1/2016
 Th-230:  16.93 % 5748-06 Th-230 34899 dpm 17,700 cpm 1/1/2016
SrY-90: 33.33 o
AS FOUND DATA AS FOUND Instrument Condition: SAT AS LEFT Instrument Condition: SAT
Calibration Setpoints AS LEFT DATA after repair, HV adjust or Plateau
HV (Alpha): 1275V HV (Beta): 1875V Threshold: 4mv JHV(Alpha): 1275  V HV (Beta): 1875 v Threshold: 4mV
Back Alpha Beta  AF 4 mEfficiencies | Back Alpha Beta AL 4w Efficiencies
ground: 0 CPM 0 CPM ground: 7 CPmM 1020 CPM
Pu.239: o CPM NIA Pu-239: 4643 CPM N/A
Tc99:  NIA 0 CPM Tc-99:  NIA 8654 CPm
Th-230: 0 CPM NA Th-230: 5701 cpm N/A

"AF" in the AL Efficlency fields means to refer to the AF

[1 s the As Found Data within 20% of the Efficiencies in the AS FOUND DATA Section

efficiency from the last cal.?

Reproducibility ; isotope: r-90 _ 6937 6907 6942 Average: 6928.7 Are the individual counts within 10% of the average?

Alpha Source: Th-230 PLATEAU DATA Beta Source: Tc-99
Response Background Response Background
HV CPM CPm HV CPM CPM
{Alpha) Ach. Ach. Net 4t Eff. {Beta) B ch. B ch. Net 4w Eff.
N/A . ) iONIA )

Tc-99

2 Pi Efficiencies:

Comments: Married as a sot with: Model: . 2241-3 Serlal #: 253356 Bar Code #:

Replaced damaged mylar. DET 2 & = 1875V, DET 4 a = 1275V.
Does Instrument Mest Final Acceptance Criteria? Calibration Sticker Attached?

Date Instrument is Due For Next Calibration:

Performed by: T i : Reviewed b Date: 2’22 vd 4

Printed Name:  Carl Hall | AR




SEC INSTRUMENTATION SERVICES
10512 Lexington Drive
Suite 200
Knoxvilie, TN 37932

C-14 SOURCE CALIBRATION FORM

Probe Model Number : 43-37 Customer Name : Chase Environmental
Probe Serial Number : PR281040 Technician : Carl Hall

Date of Calibration : 9/28/2016
Instruments used during calibration

Model Number: 2241-3 Serial Number: 253356 Calibration Due Date:| 9/28/2017
Model Number: Serial Number: Calibration Due Date:
NIST Traceable Source(s) used : Activity(s)
| Source SIN| Emission Rate | 2 Pi (cpm) uCi 4Pi (dpm)| Assay Date
{1>C-14 DX 295 432 25,920 0.0305405 | 67,800 5/3/1994
Data
Instrument condition : Sat

High Voltage: 1875
Background: 1020

C-14 Count: 9208

2 Efficiency: . 31.59%
At Efficiency: - 12.08%

Calibration sticker attached? Yes

Comments : Married as a set with : Model : 2241-3 Serial #: 253356
Calibrated with plastic standoffs attached.

' “Pate instrument is due for next calibration : 9/28/2017
Performed by : : Reviewed by : Date : 2'29’ 44
Date : .

Printed Name : CarlHall (
Entered in computer inventory by: .




10512 Lexington Drive
Suite 200
Knoxville, TN 37932

SEC INSTRUMENTATION SERVICES
SEC Corporate
2800 Solway Road
Knoxvilie, TN 37931

Model_2241-3 CALIBRATION FORM‘ o

Sorial number : 267113 Customer Name : Chase
Previous due date : :1/28/2017 - P.O Number :
Date : --"6/30/2016 - Technician : C_arl Hall -
Reason For Calibration : REPAIR .
. INSTRUMENT(S) USED DURING CALIBRATION
Model Number: - 500-2 - Serial Number: 132896 .. Calibration Due date: --:6/20/2017
Model Number: <+ " 5 Serfal Number: v Calibration Due date: =+ =i~ 7%
{nstrument Condition Threshold Battery Indicator
As Found As Left [ As Found As Left T R GAT
SOK 0K Va0 40
SCA/RATE Switch
Set Voltage High Voltage Range AT
Detector# | As Found As Left As Found As Left
2
3 AReproducabITty
4 x.1 or x1 Scale
10280 ] 15260 ] 280
RRIE x1 or x10 Scale
Target As Found  %Error As Left SRError 12500 50| v2600 ] L2600
250 ; 1- 0.00% 250, 0.00% x10 or x100 Scale
2,500 0.00% 0.00% 26K ] 26K ] 2K
25,000 0.03% 0.03% x1 00 or x1000 Scale
250,000 0.03% "250 072 0.03% 260K S
wnOK vk s the As Found Data within 20% of the set point?

oK ¢ the individual counts within 10% of the average?

‘Fast / Slow response switch functions properly?
.Does Instrument meset final Acceptance Criteria?
. ; Callbration sticker atlached?

Married with: 1650V DET 1 Model: +43-68 “PR285700
1800V DET2  Model: % PR286836 :
1325V DET 3 Model; B PR285700.§»

Comments : 1350V DET 4 Model: ; :'43 37 = :PR286836,;

lnstrument caﬂbrated per. SEC-15-423.
5 foot cab]e used for the 43 68
10 foot cable used for the 43-37

Replaoed bad Maln Board 5408 226

6/30/201 7

Date: 75"/

Dat rument is due for next llb atlon
Performed by : Date#/ 32
Printed name : “‘CarlHall -

746 Roviewsa by: ﬂ/’
/




Safety and Eco[ogy Corporation SEC PROCEDURE # SEC-1S-417 Rev 4

2800 Solway Road, Knoxville, TN 37931 Page 1 of 1

Calibration Certificate SAFE050
Calibration Certificate for 43-68,Serial # PR285700, Bar Code # ,Property # Chase53
Date: 06/30/16 Date Last Cal. Expires: 01/28/17 Technician: Carl Hall

Location: 102624, Reason For Calibration: Due for Calibration

EQUIPMENT USED DURING CALIBRATION MODEL: 2241-3 SERIAL #: 267113 CAL DUE 06/30/17
NIST TRACEABLE SOURCES USED SOURCE ISOTOPE ACTIVITY 2w ASSAY DATE
Efficiencies from last calibration 5744-06 Sr-90 16834 dpm 11,811 cpm 1/1/2016
Pu-239: 20.86 % 5746-06 Tc-99 31900 dpm 20,000 cpm 1/1/2016
Te-99: 2509 % 5747-06 Pu-239 25798 dpm 13,099 cpm 1/1/2016
Th-230:  19.46 % 5748-06 Th-230 34899 dpm 17,700 cpm 1/1/2016
Sry-90:  33.17 o
AS FOUND DATA AS FOUND Instrument Condition: SAT AS LEFT Instrument Condition: SAT
Calibration Setpoints AS LEFT DATA after repair, HV adjust or Plateau
HV (Alpha): 1325V HV (Beta): 1650V Threshold: 4mV JHV (Alpha): 1325  V HV (Beta): 1650 v Threshold: 4 mV
Back Alpha Beta  AF 4 nEfficiencies | Back Alpha Bota AL4w Efficlencles
ground: 0 CPM 0 CPM ground: 2 CPM 260 CPM
Pu-239: 0 CPM N/A Pu-239: 4922 CPM N/A
Tc-99:  NI/A 0 CPM T8 WA 7881 CPM
Thaso: O  GPM NIA Th-230: 5940 cpM N/A
SrY-90: N/A 0 CPM SrY-90: N/A 6202 CPM
2 "AF" in the AL Efficiency fields means to refer to the AF
d 09
= oA vl ol o G Efficiencies in the AS FOUND DATA Section

6206.7 Are the individual counts within 10% of the average?

Reproducibility : Isotope: |Sr-90 ‘ 6214 6178 6228 Average:

Alpha Source: Th-230 PLATEAU DATA Beta Source: Tc-99
Response Background T o R Response Background
HV CPM CPM HV CcPM CPM
(Alpha)  Ach.  Ach. Netdm Eff. (Beta) Bch. Bch. Netaw Eff.

CNA

N/A

Pu-239
2 Pi Efficiencies:
Comments: Married as a set with:  Model: 2241-3 Serial #: 267113 Bar Code i#:
Replaced damaged mylar.
[v] Does Instrument Meet Final Acceptance Criteria? fv| Calibration Sticker Attached?

Date Instrument is Due For Next Calibration:

Performed by:,g% Reviewed b@ — Date:, Zﬁ/ /

Printed Name: Carl Hall llﬂlﬂll[lilﬂllﬂ}ilﬂﬂlllllllll




SEC INSTRUMENTATION SERVICES
10512 Lexington Drive
Suite 200
Knoxville, TN 37932

C-14 SOURCE CALIBRATION FORM

Probe Model Number: ~ '43-68 - Customer Name : Chase Envuronmental
Probe Serial Number : ;F.’,R285700.,,, Technician; - Carl Hall -

Date of Calibration : : 6/30/2016

Instruments used during calibration
Model Number: ::2241-3 - Serial Number: -*267113 .-' Calibration Due Date:| 6/30/2017
Model Number; ~+ 50 Serial Number: . < Calibration Due Date:| -+ -7
NIST Traceable Source(s) used : . Activity(s)
| Source SIN | Emission Rate | 2 Pi (cpm) uCi 4Pi (dpm)| Assay Date
[1>C-14  "DX205:|" 432 -] 25920 .-[0.0305405 | 67,800 -] 5/3/1994 "
Data
Instrument condition : .. Sat

High Voltage: E
Background: 260
C-14 Count: - ** 7697 -

21 Efficiency
41 Efficiency

Calibration sticker attached? ~*Yes '~

Comments : Married as a set with :
Cahbrated WIth plastlc standoffs' )

t is due for next calibration : l 6/30)2017-‘;'
Reviewed by /). ,7-—" Date : -5/

Performed by :
Printed Name :

Entered in cornputer inventory by: Date :




Safety and Ecology Corporation SEC PROCEDURE # SEC-I1S-417 Rev 4
2800 Solway Road, Knoxville, TN 37931 Page 1of 1

Calibration Certificate i
Calibration Certificate for 43-37,Serial # PR286836, Bar Code # ,Property # Chase94
Date: 06/30/16 Date Last Cal. Expires: 01/28/17 Technician: Carl Hall
Location: 102624, Reason For Calibration: Repair
EQUIPMENT USED DURING CALIBRATION MODEL: 2241-3 .SERIAL #: 267113 CAL DUE 06/30/17
NIST TRACEABLE SOURCES USED SOURCE ISOTOPE ACTIVITY 2m ASSAY DATE
Efficiencies from last calibration 5744-06 Sr-80 16834 dpm 11,811 cpm 1/1/2016
Pu-239: 2037 % 5746-06 Tc-99 31900 dpm 20,000 cpm 1/1/2016
Tc99: 25379, 5747-06 Pu-239 25798 dpm 13,099 cpm 1/1/2016
Th-230: 1851 % 5748-06 Th-230 34899 dpm 17,700 cpm 1/1/2016
SrY-90:  38.93 o,
AS FOUND DATA AS FOUND Instrument Condition: SAT AS LEFT Instrument Condition: SAT
Calibration Setpoints AS LEFT DATA after repair, HV adjust or Plateau
HV {Alpha): 1350V HV (Beta): 1800V Threshold: 4mV JHV (Alpha): 1350  V HV (Beta): 1800 v Threshold: 4mV
Back Alpha Beta  AF 4 nEfficiencies | Back Alpha Beta AL4mEfficlencies
ground: 0 - CPM 0 CPM ground: 6 CPM 870  CPM
Pu23g: O  CPM NIA Pu-239: 4926 CPM NIA
Tc-99: N/A 0 CPM Tc-99: N/A 8445 CPM
Th-230: 0 CPM N/A Th-230: 5959 CpM N/A
sry-00:  N/A 0 CcPM Srved:  NiA 6705  cPM

"AF" in the AL Efficiency fields means to refer to the AF

i 0,
[] 1s the As Found Data within 20% of the Efficiencios in the AS FOUND DATA Section

efficiency from the last cal.?

Reproducibllity : Isotope: |Sr-90 6671 6729 6692 Average: 6697.3 Are the individual counts within 10% of the average?

Alpha Source: Th-230 PLATEAU DATA Beta Source: Tc-98
Response Background Response Background
HY CPM  CPM HV CPM CPM
(Alpha)  Ach. Ach, Net 4 Eff. {Beta) B ch. B ch. Net 4 Eff.
NA T ik =l [ NA a
Pu-239 Tc-99

2 Pi Efficiencies:

Comments: Married as a set with: Model: 2241-3 Serial #: 267113 Bar Code #:
Replaced damaged mylar.

Does Instrument Meet Final Acceptance Criteria? [v] Calibration Sticker Attached?

Date Instrument is Due For Next Calibration: i

Performed by: W Reviewed Sy:? ST S Date: 7’ 5,’/(

Printed Name:  Carl Hall / N RARRT AR




SEC INSTRUMENTATION SERVICES
10512 Lexington Drive
Suite 200
Knoxville, TN 37932

C-14 SOURCE CALIBRATION FORM

Probe Model Number: :43-37 - Customer Name : Chase Environmental -
Probe Serlal Number : _'PR286836 Technictan: ~** “‘Carl Hall " =

Date of Calibration ;: ~6/30/2016 -

_ Instruments used during calibration
Model Number: 2241:3 - Seérial Number: 267113 = Calibration Due Date:| '6/30/2017 |
Model Number: - -0 Serial Number; %% " Calibration Due Date:| -7
NIST Traceable Source(s) used : : Activity{s)
| source SIN| Emission Rate | 2 Pi (cpm) uCi 4Pi (dpm)| Assay Date
[1>C-14 DX295 {432 "'| 25920 -] 0.0305405 [ 67,800 | ~5/3/1994 ‘|

Instrument condition :
High Voltage:

Background: : 870 ..

C-14 Count: 79119 = °

27 Efficiency: .
41t Efficiency::

Calibration sticker attached? ~ “Yes .-

Comments: = Mamiedasasetwith:

Date | tis due for next callbration : [Ceiaor2017 |
Performed by : Reviewed % Date : _
, Date :

Printed Name : - Carl Hall: =
Entered in computer inventory by:




10512 Lexington Drive
Suite 200
Knoxville, TN 37932

SEC INSTRUMENTATION SERVICES
SEC Corporate
2800 Solway Road
Knoxville, TN 37931

Serial number ;.

Model 2241-3 CALIBRATION FORM

Customer Name : Chase i

Previous due date :

P.O Number :

Date : -

Technician : .Carl:H
Reason For Calibration : Probe,'heeded repal
INSTRUMENT(S) USED DURING CALIBRATION

Mode! Number: Serlal Number: Calibration Due date: |
Model Number: Serial Number; Calibration Due date:
Instrument Condition Threshold Battery Indlcator
As Found As Left [ As Found As Left :
CTTOK | o OK 0| A0
SCA/RATE Switch
Set Voltage " High Voltage Range :
Detector # As Found As Left | As Found As Left
2
3 AReproducaEi'l'ity
[} x.1 or x1 Scale
1280 s i i
[ igital Scaler: S _
Target %Error As Left %Error 232500 ¥
250 0.00% 250 0.00%
2,500 0.04% 0.04% R L R
25,000 0.05% 0.05%
250,000 0.05% 0.05% i 250K

‘Is the As Found Data within 20% of the set point?
Are the individual counts within 10% of the average?
Fast / Slow response switch functions properly?
Does Instrument meet final Acceptance Criterla?
Calibration sticker attached?

Mamed with: 1676V DET 1 Model: Serlal Number.
1800V DET 2 Modsel: Serial Number:
1250V DET 3 Model: Serial Number:

Comments DET 4 Model: Serial Number:

10 foot cable used for th 43-3 o

Date lnstrument
Performed by : /UB

Printed name : ““Carl Hall

ration

'[/»( Reviewed by:

for next cal
Date:

~Y-lp




Safety and Eco[ogy Corporaﬁon SEC PROCEDURE # SEC-1S-417 Rev 4

2800 Solway Road, Knoxville, TN 37931 Page 1of 1
Calibration Certificate b
Calibration Certificate for 43-68,Serial # PR285699, Bar Code # ,Property # Chase79
Date: 05/04/16 Date Last Cal. Expires: 06/05/16 Technician: Carl Hall
Location: 102624, Reason For Calibration: Due and Repair
EQUIPMENT USED DURING CALIBRATION MODEL: 2241-3 SERIAL #: 267138 CAL DUE 05/04/17
NIST TRACEABLE SOURCES USED SOURCE ISOTOPE ACTIVITY 2w ASSAY DATE
Efficiencies from last calibration 5744-06 Sr-90 16834 dpm 11,811 cpm 1/1/2016
Pu-239:  23.31% 5746-06 Tc-99 31900 dpm 20,000 cpm 1/1/2016
Te-99: 57779, 5747-06 Pu-239 25798 dpm 13,099 cpm 11/2016
Th-230: 2237 % 5748-06 Th-230 34899 dpm 17,700 cpm 1/1/2016
Sry-90:  41.06 o
AS FOUND DATA AS FOUND Instrument Condition: SAT AS LEFT Instrument Condition: SAT
Calibration Setpoints AS LEFT DATA after repair, HV adjust or Plateau
HV (Alpha): 1225V HV (Beta): 1675V Threshold: 4mV JHV (Alpha):1250  V HV (Beta): 1675 v Threshold: 4 mV
- Alpha Beta  AF 4 nEfficiencies | Back Alpha Beta AL4wEfficlencles
ground: 0 CPM 187  CPM ground: 0 cPMm 187 CPM
Pu-239: 4596 CPM N/A Pu-23%: 5132 CPM N/A
Tc99:  NA 8077 CPM Te-99:  NA 8077 CPM
Th-230: 5788  CPM N/A Th-230: 6203 CPM N/A
SrY-90: N/A 5869 CPM SrY-90: N/A 5869 CPM
"AF" in the AL Efficiency fields means to refer to the AF
0,
Lsﬁ'i'c’?exy':f‘r’:;dt:::z el e Efficiencies in the AS FOUND DATA Section

Reproducibility : Isotope: Sr-90 5888 65842 5857 Average: 5862.3 [v] Are the individual counts within 10% of the average?

Alpha Source: Th-230 PLATEAU DATA Beta Source: Tc-99
Response Background i T T Response Background
HV CPM CPM HV CPM CPM
{Alpha) Ach. Ach. Net 4w Eff. (Beta) B ch. B ch. Net 4 Eff.
N/A

- N/A

2 Pi Efficiencies:u

Comments: Married as a set with: Model: 2241-3 Serial #: 267138 Bar Code #:

Calibrated with plastic spacers attached. DET 1 1675V, DET 3 a 1250V. Replaced damaged mylar and broken string. Increased high
voltage due to improve efficiencies.

Does Instrument Meet Final Acceptance Criteria? [v| calibration Sticker Attached?

Date Instrument is Due For Next Calibration:

- Pl A -
S e 5 e
Performed by: Reviewed by: Date:

Printed Name: Carl Hall |ﬂ”|”ﬂ|||]||||§|mm[”ﬂ|1




Safety and Eco[ogy Corporation SEC PROCEDURE# SEC-IS-417 Rev 4

2800 Solway Road, Knoxville, TN 37931 Page 10f 1
Calibration Certificate WA
Calibration Certificate for 43-37,Serial # PR286832, Bar Code # ,Property # Chase101
Date: 05/04/16 Date Last Cal. Expires: 06/05/16 Technician: Carl Hall
Location: 999999, Reason For Callbration: Due and Repair
EQUIPMENT USED DURING CALIBRATION MODEL: 2241-3 SERIAL #: 267138 CAL DUE 05/04/17
NIST TRACEABLE SOURCES USED SOURCE ISOTOPE ACTIVITY 2w ASSAY DATE
Efficiencies from last calibration 5744-06 Sr-80 16834 dpm 11,811 cpm 1/1/2016
Pu-239:  20.01 % 5746-06 Te-99 31900 dpm 20,000 cpm 1/1/12016
Tc-99: 24.49 % 5747-06 Pu-239 25798 dpm 13,099 cpm 1/1/2016
Th-230:  18.02 % 5748-06 Th-230 34899 dpm 17,700 cpm 1/1/2016
SrY-90:  39.42 o Y
AS FOUND DATA AS FOUND Instrument Condition: SAT _ AS LEFT Instrument Condition: SAT
Calibration Setpoints AS LEFT DATA after repair, HV adjust or Plateau
HV (Alpha): 1275V HV (Beta): 1800V Threshold: 4mV [JHV (Alpha):1275  V HV (Beta): 1800 vy Threshold: 4 mV
Back Alpha Beta  AF 4 nEfficiencies | Back Alpha Beta AL4w Efficlencles
ground: 6  CPM 512 CPM ground: B .CEM 704 CRM
Pu-239: 4011 CPM N/A 5 Pu-239: 4996 CPM N/A
Tc99:  N/A 6815 CPM Te99:  N/A o129, ~CPN
Th-230: 5128  CPM N/A Th-230: 6016 CPM N/A
sry-90:  NIA 5944  CPM Sry-80:  NiA b
"AF" in the AL Efficiency fields means to refer to the AF
[ ] Is the As Found Data within 20% of the :
efficiency from the last cal.? Efficiencies in the AS FOUND DATA Section

Reproducibility : Isotope: [Sr-90

[ 6340 6418 6375 Average:  6377.7 || Are the individual counts within 10% of the average?

Alpha Source: Th-230

PLATEAU DATA Beta Source: Tc-99
Response Background ' Response Background
HV CPM CPM HV CPM CPM
{Alpha) A ch. Ach. Net 4 Eff. (Betaﬁ[ B ch. B ch. Net4m Eff.
- N/A = N/A
2 Pi Efficiencies: .

Comments: Married as a set with: Model: 2241-3 Serial #: 267138 Bar Code #:
Calibrated with plastic spacers attached. DET 2 B 1800V, DET 4 a 1275V. Replaced damaged mylar.

[V] Does Instrument Meet Final Acceptance Criteria? Calibration Sticker Attached?

Date Instrument Is Due For Next Calibration:

Performed by: g W Reviewed by: % Date: E— "{”/0
o o R AT




SEC INSTRUMENTATION SERVICES
10512 Lexington Drive
Suite 200 ‘
Knoxville, TN 37932

C-14 SOURCE CALIBRATION FORM

Probe Model Number :

E‘robe Serial Number
Date of Caljbration :

12016

Customer Name :

Technician :

Instruments used during calibration

Model Number: -2

Serial Number: :

267138,

Calibration Due Date:]

Model Number:

Serial Number: -

. Calibration Due Date:|

NIST Traceable Source(s) used : Activity(s)
[ Source S/N | Emission Rate | 2 Pi (cpm) uCi 4Pi (dpm)| Assay Date
[1>C-14 - DX295 ] ":7432 "] - 25,920 ]0.0305405 | “67,800. "] '6/3/1994
_ Data
Instrument condition : 3
High Voltage: -
Background: . 187"
C-14 Count: _ 8243
21 Efficiency
47 Efficiency:.

Calibration sticker attached? -~ Yes: .

Comments :  Married e_saset with :
Calibrated with plastic standoffs aftached

D.éte inetrleent is due for next calibration :

Reviewed by : Date : P$te

Performed by :
Printed Name : -

“:Carl-Hall

Entered in computer inventory by: Date :




SEC INSTRUMENTATION SERVICES
10512 Lexington Drive
Suite 200
Knoxville, TN 37932

C-14 SOURCE CALIBRATION FORM

Probe Model Number 3-37: 0 Customer Name : "Chase Environmental .

Probe Serial Number : “PR286632 Technician: Carl Hal

Date of Calibration : -:5/4/2016 .
Instruments used during calibration

Serial Number: 7267138 Calibration Due Date:j:5/4

Serial Number: 7 77om50 50 Calibration Due Date: %

Model Number:
Model Number: -

413

NIST Traceable Source(s) used : Activity(s)
[ source SN | Emission Rate | 2 Pi(cpm) uCi 4Pi (dpm)| Assay Date
[1>C-14 +DX:205:{ "::432-0] 225,920, 0.0305405.] -67,800 | :5/3/1994
Data |
Sa

Instrument condition :
High Voltage: -

Background: - = 704

C-14 Count; -+ 79379

21 Efficiency:
41 Efficiency:

Calibration sticker attached? - Yeg " i

Comments:
Caliorated with plastic stz

T Date instrument is due for next calibration : 51412017 |

Performed by : %’/ = Reviewed by :
Printed Name : == Carl*Hall =777
: Entered in computer inventory by: Date :

f-efy




SEC PROCEDURE # SEC-IS-422 Rev 2

Safety and Ecology Corporation
2800 Solway Road, Knoxville, TN 37931 Page 1of 1

Calibration Certificate 11/4/2016

Calibration Certificate for 2241,Serial # 196627, Bar Code # ,Property # Chase23
Date: 11/04/16 Date Last Cal. Expires: 07/07/17 Technician: Jeffrey Knight

Location: 999999, Reason For Calibration; Other (See Comments)

EQUIPMENT USED DURING CALIBRATION

MODEL: 500-2 SERIAL #: 153622 CAL. DUE: 06/27/17
MODEL: SERIAL #: CAL DUE:
AS FOUND DATA AS FOUND Instrument Condition: SAT AS LEFT Instrument Condition: SAT

[7] New Batterios?
Battary Check: SAT

High Voitage AS FOUND AS LEFT
(+/- 10% tolerance) High Voitage High Voltage

AS FOUND HV Setting: 1044 V AS LEFT HV Setting: 950 V

500 V: N/A N/A _
1000 V: N/A NIA AS FOUND THRESHOLD: 10.5 mV AS LEFT THRESHOLD: 10.0 mV
1500 V: N/A N/A
REPRODBUCIBILITY x.1 or x1 Scale: 250 250 250
x1 or x10 Scale: 2500 2500 2500
x10 or x100 Scale: 25 K 25 K 25 K
( x100 or x1000 Scale: 250 K 250 K 260 K

[¥1 Are the Individual Counts Within 10% of the Average?
Fast / Slow Response Switch Functions Properly?
Audio Response: SAT

DIGITAL SCALER AF 250: 250 % ERR: 0.00% AL250: AF % ERR: 0.00%
- ~ AF2500: 2500 % ERR: 0.00%  AL2500: AF % ERR: 0.00%
AF 25K: 24.99 K % ERR: 0.04% AL25K: AF K % ERR: 0.04%

AF 250K: 249.9 K % ERR: 0.04% AL 250K; AF K % ERR:; 0.04%
[w] 1s the As Found Data Within 20% of the Set Point?

Push Buttons: SAT Lamp: SAT Audio/Divide: N/A

Comments: Married as a set with:  Model: 44-10 Sorial #: PR360170 Bar Code #:
Meter married to new 44-10 probe. Note: no audio - speaker is missing.

[Vl Does Instrument Meet Final Acceptance Criteria?
[l Calibration Sticker Attached?

Date Instrument is Due For Next Calll_)ratlon:

Peﬁormed&ﬂ - Reviewed by: W Date: lM ‘(//,é

Printd g Doy Ko DN




Safety and Ecology Corporation SEC PROCEDURE # SEC-1S-415 Rev 3
2800 Solway Road, Knoxville, TN 37931 Page 10of 1
Calibration Certificate  11/4/2016

~ Calibration Certificate for 44-10,Serial # PR360170, Bar Code # ,Property # Chase169

Date: 11/04/16 Date Last Cal. Expires: Technician: Jeffrey Knight
Reason For Calibration: Initial Calibration

EQUIPMENT USED DURING CALIBRATION

Location: 999999,

MODEL: 2241 SERIAL #: 196627 CAL DUE; 11/04/17
MODEL: SERIAL #: CAL DUE:
NIST TRACEABLE SQURCES USED
SOURCE ISOTCOPE ACTIVITY ’ 2w ASSAY DATE
99CS250-0287 Cs-137 6.2641 uCi 1/4/2016
méfﬂc'i'evhcy from Last Calibration:  0.00%  HV From Last Calibration: 'V Calibration Threshold: 10 mV
AS FOUND DATA 1 MINUTE COUNTS (CPM) AS LEFT DATA after repair of HV adjust
AS FOUND Instrument Condition: SAT AS LEFT Instrument Condition: SAT
HV: \% HV: 950 v
Center: 0 i Center: 1014862
Background: 0 Background: 3922

4 1 Probe Efficiency: Cs-137

4 1 Probe Efficiancy: Cs-137.:

“"AF" in the AL Efflciency flelds means to rafer to the AF
Efficlencies in the AS FOUND DATA Section

["] Is the As Found Efficlency Within 20% of the efficiency from the last cal.”?
Isotope:Cs-137 99940 101015 100144  Average: 100366 Are the individual counts within 10% of the average?

Reproducibility:

PLATEAU AND SET POINT DATA (CPM)

High Voltage Source Response Background Hv CENTER Background 4 11 Efficiency
oo . 97801 0 3910 950 v 101462 3922 Cs-137
L850 . 9991 307
900 | 99428 .- 3970
© 950 100138 - 3087
W00 99501 i 3829
1050 103387 Coa12 |
Comments: married as a set with: Model: 2241 Serial #: 196627 Bar Code #:
New prabe married lo 2241 #196627.
! Does Instrument Meet Final Acceptance Criteria? Calibration Sticker Attached?

nstrumsent is Due For Next Calibration:

Performed by: O/ Raviewed by: BB (Z-___Date: (2 Mé
Printed Nama:  Jgffrey Knight - TRCTEE e




1/4/2017 2:50:08 PM _  QuantaSmart (TM) - 4.00 - Seriali 117968 Page # 1

Quench Curve - 3H-3-30-~12

Last Edit Datae:

Quaench Indicator: tSIE/AEC

Included tSIE/AEC Count Efficiency (%)
Yes 105.25 7.59

Yes 141.96 11.99

Yas 189.32 17.45

Yas 239.45 22.93

Yas 297.84 28.93

Yes 403.85 37.71

Yes 534,42 45.85

Yes 707.27 53.49

Yas’ 867.88 58.35

Yas 1003.82 61.62




1/4/2017 2:51:49 PM QuantaSmart (TM) - 4.00 - Serialff 117968 Page # 1

Quench Curve - 14C 3-14-12

Last Edit Date:

Quench Indicator: tSIE/AEC

Included tSIE/AEC Count Efficiency (%)
Yes 109.27 73.93
Yes 137.35 79.51
Yes 176.57 83.73
Yes 225,50 87.24
Yes 297.83 89.69
Yes 386.91 91.95
Yos 513.39 93.71
Yes 676.92 95.23
Yes 850.85 94 .81

Yes 973.22 95,14




Appendix D
Final Status Survey Location Maps
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Appendix E
4-Plot Graphs















































































Central Michigan University Brooks Hall
NRC License Number 21-01432-02 Decommissioning Final Status Report
January 6, 2017 Page E.26 of E. 39

Survey Unit: BHB-1302 Probe: PR286836_Beta_Scans ( 43-37 )
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Appendix F
Structural Surfaces Final Status
Survey Results



Central Michigan University
NRC License Number 21-01432-02
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Brooks Hall

Decommissioning Final Status Report

Page F.1 of F.22

[Project: CMU Brooks Hall Building Decommissioning Survey Unit: BHB-B101 Type of Survey: Final Status ]Surﬂz)or 1: Stefan Herold Surveyor 2: ——— Date: 12/13/16
Imlrumem/S?'nal # Source Cal. Due Type Total/ B=qud Efficiency Snr'[arc Tnv!al Count Time (min) Are? MDC ! DCGL ) MDC |Comments: | 3 ¥
Detector / Serial # Check Removable | (cpm) - Efficiency | Efficiency | Sample Bkg. (em®) | (dpm/100cm’) | (dpm/100cm’) | (% of DCGL) fResults above MDC are in bold{ Results above the investigation level are in red
4212:;/11;1%36;&:6 SAT 6/30/2017 Alpha Total 5 32.63% 0.25 8.41% 0.1 1 584 111 407 27%
e LR saT | 302017 | Bea Total o0 | 3788% 025 sa7% | o1 0.1 S84 883 7.050 13%
“‘:f?; L:m;z] SAT 11232017 | Alpha | Removable 11 36.49% 1 36.49% 1 10 100 18 40 45%
o rionl SAT | 11232017 | Beta | Removibe| 604 | 2392% 1 2392% 1 10 100 125 705 18%  JReviewed: Mike Culp Date: 1-6-17
43-10-1 / PR167231
Total Surface Activity Removable Surface Activity
Ko Gi Aﬁ:vil:'a Fraction of f G ﬁ TFractionof] SOF G Al:xlil»’:? Fraction of|  Gross A:::T: Fraction || SOF — lwc_m’»
Cg';""is‘; Net cpm | Notes [Factonelf Sr% | Necom Y o B CL';; Net cpm | Notes S Connte |t vm 4l M= | bear H3 cu | cm3
BHB-B101-W1-C-001 1 5 10 <MDC 0.03 109 120 217 <MDC 0.03 0.06 3 19 s <MDC 0.13 67 6.6 28 <MDC | 004 017 35 2 0
BHB-B101-W1-C-002 0 5 -10 <MDC 0.00 130 330 597 <MDC 0.08 0.08 1 0.1 0 <MDC 0.00 53 q4 1 3 <mMDC | 000 f 000 38 4 1
BHB-B101-W1-B-003 3 25 51 <MDC 013 u7 200 362 <MDC 0.05 0.18 0 aa K <MDC 0.00 42 184 -7 <MDC | 0.00 0.00 28 6 0
BHB-BI01-F1-V-004 1 5 10 <MDC 0.03 138 410 741 <MDC 0.11 0.13 2 0.9 2 <MDC 0.06 ® | 85 1 3 <MDC | 005 0.11 33 0 1
BHB-B101-F1-V-005 1 5 10 <MDC 0.03 129 320 579 <MDC 0.08 0.11 1 0.1 0 <MDC 0.00 61 0.6 3 <MDC | 000 0.00 126 5 0
BHB-B101-W1-B-006 1 5 10 <MDC 0.03 125 280 506 <MDC 007 0.10 3 19 5 <MDC 0.13 58 24 -10 <MDC | 000 013 19 2 0
BHB-B101-W1-B-007 2 15 31 <MDC 0.08 135 380 687 <MDC 0.10 017 3 19 5 <MDC 0.13 s4 64 27 <MDC | 000 0.13 34 10 0
BHB-B101-F1-V-008 2 15 31 <MDC 0.08 147 500 904 0.13 020 1 0.1 0 <MDC 0.00 55 54 -23 <MpC | 000 0.00 26 0 0
BHB-B101-W1-B-009 5 45 92 <MDC 023 13 160 289 <MDC 004 027 0 -1 3 <MDC 0.00 53 64 21 <MDC | 000 0.00 32 8 0
BHB-B101-W1-B-010 2 15 31 <MDC 0.08 19 220 398 <MDC 0.06 013 0 -1.1 3 <MDC 0.00 55 54 23 <MDC | 000 0.00 26 4 0
BHB-B101-B1-M-011 2 15 31 <MDC 0.08 127 300<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>