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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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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 cm2 total surface contamination 
• 200 dpm/100 cm2 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 DSV s. 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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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 11Ci C-14 and 3,300 
11Ci 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 Ill 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 

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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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 rnrem 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. 

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. 

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. DCGLw 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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higher levels of permissible activity over small areas using the DCGLEMC· Due to the 
radiological cleanliness of the facility, DCGLEMC 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. 

7.0 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: 

• 5,000 dpm/100 cm2 total surface contamination 
• 200 dpm/100 cm2 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 
DCGLw. 

8.0 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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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. 

9.2 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. 

9.3 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 cm2

. 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): 

I t 
3+3.29

11
B, ·fs ·(I+__!_) 

v tb 
MDCsraric =----=----A---

t ·E ·---=-
s tot 100cm2 
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Where: 
MDC static 

Br 
fb 

fs 

Etot 

A 

=minimum detectable concentration (dpm/100 cm2
) 

= background count rate (counts per minute) 
=background count time (minutes) 
=sample count time (minutes) 
= total detector efficiency for radionuclide emission of interest 

(cpm/dpm) 
= detector probe area ( cm2

) 

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

3 + 3.29 (500)(.1)(1 + Q2) 
0.1 2 

MDCsrAnc = 
126 

= 3,799dpm/100cm 
(0.1)(0.075)~ 

100 

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: 

Where: 
MDC scan 

d' 
bi 

p 
Etot 

A 

r::.£ . A 
V l' tot 100cm2 

=minimum detectable concentration (dpm/100 cm2
) 

=desired performance variable (1.38) 
= background counts during the residence interval (counts) 
=residence interval (seconds) 
= surveyor efficiency (0.5) 
= total detector efficiency for radionuclide emission of interest 

(cpm/dpm) 
=detector probe area (cm2

) 
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A typical MDCscAN calculation for C-14 using the Ludlum 43-37 gas flow 
proportional detector is shown below: 

. inch sec 
1 = 13.3 em· · = 0.262 sec 

2.54 em 20 inch 

1500 counts minute 
6 55 bi = 0.262 sec· · = . counts 

minute 60 sec 

1.38.J 6.55 (~) 
0.262 2 

MDC scAN = ---------'--~-,-----~) = 2,612 dpm/100 em 
(.JO.slo.075 584 

100 

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): 

3+3.29 Br ·ts ·(1+~) 
tb 

MDCsmear = ___ ___.!.. _____ ::.__ 

t ·E 

Where: 
MDC smear 

Br 
tb 

ts 
E 

s 

=minimum detectable concentration level (dpm/smear) 
= background count rate (counts per minute) 
=background count time (minutes) 
=sample count time (minutes) 
= 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 channel3 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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3 

3 + 3.29~ (15)(1{ 1 + 0 

HMDCsMEAR = =35 dpm 
(1)(0.6) 

14 3+3.29~(25)(1{1+0 
C MDC sMEAR = = 33 dpm 

(1)(0.8) 

3+3.29, (50)(1{1+0 

Channel3MDCsMEAR = =36 cpm 
(1)(1) 

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: 

where: 
ri = uncertainty 

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

cb = gross background counts 
Tb = 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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The instrumentation used for facility decommissioning surveys is summarized in the 
following tables. 

7.5% (C-14) 

Ludlum 
584 cm2 Ludlum 0.8 

7.5% (C-14) 
43-37 2241-3 

Packard Liquid N/A N/A N/A 
60% (H-3) 

TriCarb Scintillation 80% (C-14) 

Ludlum 5 
N/A 500 4,297 (C-14) 

43-68 in./sec. 
Surface Scans 

Ludlum 20 
N/A 1,500 2,612 (C-14) 

43-37 in./sec. 
Surface Scans 

Ludlum 
N/A 

6 
500 3,799 (C-14) 

43-68 sec. 
Total Surface 

Ludlum 
N/A 

6 
1,500 1,370 (C-14) 

43-37 sec. 
Packard 

N/A 
60 15 (H-3) 35 (H-3) 

TriCarb sec. 25 33 

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 IS0-7503-1 methodology 
that takes into account the texture of the surface and the 2n 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 

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

• 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 MDCstatic of less than the ALARA 
goal of 5,000 dpm/100 cm2

• 

• Scanning was conducted at a rate to achieve an MDCscan of less than the ALARA 
goal of 5,000 dpm/100 cm2

• 

• Removable contamination measurements were counted to an MDCsmear of less 
than 200 dpm/1 00 cm2 in each channel. 

• Individual measurements were made to a 95% confidence interval. 
• Decision error probability rates were set at 0.05 for both a and ~· 
• The null hypothesis (Ho) and alternative hypothesis (HA) are that of NUREG 1505 

scenario A: 
• H0 is that the survey unit does not meet the release criteria 
• HA 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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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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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 100m2

, Class 2: 100m2 to 1000 
m2 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 = 181 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 
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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 Band listed in the tables below. 

Table 11-1: Building Structural Survey Units 
Percent of 

Survey Unit Description 
Floor Area Maximum 

(ft2) Recommended ' 

Floor Area 
CRT-1201 Rooms 102 & 111 696 6.5 

CRT-DROI 
CRT-VEOI Ventilation S stem 

12.0 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 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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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 cm2 for H-3 and C-14. Channel 3 
results are reported in net cpm/100 cm2

. 

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. 

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: 

Activity (dpm/100 cm2) = 

Where: 

A 
Etotal X 100 cm2 

Rs+b = The gross count rate of the measurement (cpm) 
Rb = The background count rate (cpm) 

Etotal = Total Efficiency (cpm/dpm) 
A = Area of the detector window ( cm2

) 

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, !l/crs, and is defined in MARSSIM as: 

Where: 

DCGL 
LBGR 

~Ia- _ DCGL-LBGR 
s-

O"s 

= derived concentration guideline level (dpm/100 cm2
) 

= 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 
cm2

) 

= an estimate of the standard deviation of the residual radioactivity in 
the survey unit (dpm/100 cm2

) 

The actual calculation is provided below: 

~10" = 3.7£6-1.85£6 1,850 
s 1,000 
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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 (a decision error) or failing a unit that 
should pass (~ decision error). The decision errors are 0.05 for both a and ~· 

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): 

Where: 
N 

N = (zi-a +ZI-P )2 
4(SignP- 0.5f 

= number of samples needed in the survey unit 
= percentile represented by the decision error a 
= percentile represented by the decision error ~ 

z1-a. 

Zq3 
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: 

N = (1.645 + 1.645)
2 

= 1l 
4(0.998650- 0.5)2 

Z1-a and Z1-~ 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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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: 

L -- JANA f . V N or a square gnd 

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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Removable contamination measurements were collected by w1pmg an area of 
approximately 100 cm2 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 eH dpm): 
Channel 2 ( 14C dpm): 
Channel3 (cpm): 

0-18.6 keV 
18.6- 156 keV 
156 - 2,000 ke V 

Channel3 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. 

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. 

a e - : T bl 14 3 L ocat10n CdD o e escripbon 
lA unique location code was assigned to each individual survey location to ensure proper data 
tmanagement of the survey results. The following format was used to ensure consistency 
hroughout 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) 

B 1 = Benchtop D 1 = Fume Hood Drains E1 =Hood Exhaust Duct 
F1 =Floor D3 = Sink Drains E5 = 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 
• 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 
• 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 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 cm2

. 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 su1face activity reports for each survey unit are included as 
Appendix F. Reports for building systems surveys are presented in Appendix G. 

T bl 15 1 St t I S f a e - : rue ura ur aces T t I B t S f A f •t S oa ea ur ace C IVI ty ummary 

Any Result #of Standard Investigation 
Survey 

Sample 
Mean MDC 

Deviation 
Min. Max. 

Level Exceeding 
Unit 

Locations Investigation 

(net dpm/100 cm2
) 

Level? 

CRT-1201 18 412 3,104 706 -664 1,660 5,000 NO 

T bl 15 2 B ·1d· St t I S rf a e - : Ul mg rue ura u aces R em ova bl H 3 S e - ummary 

#of Standard Investigation Any Result 
Survey 

Sample 
Mean 

Deviation 
Min. Max. 

Level Exceeding 
Unit Locations Investigation 

(net dpm/100 cm2
) 

Level? 

CRT-1201 18 3 5 0 15 200 NO 
T bl 15 3 B ·1d· St t IS f a e - : UI mg rue ura ur aces R emova bl c 14 s e - ummary 

#of Standard Investigation Any Result 
Survey Sample 

Mean 
Deviation 

Min. Max. Level Exceeding 
Unit 

Locations 
Investigation 

(net dpm/100 cm'l) 
Level? 

CRT-1201 18 6 3 0 12 200 NO 

T bl 15 4 B ·1d· S a e - : Ul mg tructura IS f ur aces R em ova bl Ch e anne 13 s ummary 

#of Standard Investigation Any Result 
Survey 

Sample 
Mean Deviation Min. Max. Level Exceeding 

Unit Investigation Locations . Level? 
(net cpm/100 cm') 

CRT-1201 18 0 1 0 5 200 NO 
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a e - : Ul mg 1ystems T bl 15 5 B 'Id. S ota eta ur ace ctiv1t v T IB S f A .. S ummary 
' 

#of Standard Investigation 
Any Result 

Survey Mean MDC Min. Max. Exceeding Sample Deviation Level 
Unit 

Locations 
Investigation 

~··('; "' '*' Level? 
(net dpm/100 cm2

) 

CRT-VEOl 5 -288 3,104 201 -553 0 5,000 NO 

T bl 15 6 B 'Id' S t a e - : Ul mg 1ys ems R em ova bl H 3S e - ummary 

#of Standard Investigation 
Any Result 

Survey 
Sample 

Mean Deviation 
Min. Max. 

Level Exceeding 
Unit 

Locations 
Investigation 

(net dpm/100 cm2
) 

Level? 

CRT-DROl 6 31 15 7 49 200 NO 
CRT-VEOl 5 14 14 0 37 200 NO 

T bl 15 7 B 'Id' S t a e - : Ul mg 1ys ems R em ova bl c 14 s e - ummary 

#of Standard Investigation 
Any Result 

Survey 
Sample 

Mean 
Deviation 

Min. Max. 
Level 

Exceeding 
Unit 

Locations 
Investigation 

(net dpm/100 cm2
) 

Level? 

CRT-DROl 6 5 5 0 15 200 NO 
CRT-VEOl 5 7 3 3 12 200 NO 

T bl 15 8 B 'Id' S t a e - : Ul mg 1ys ems R emova bl Ch e anne 13 s ummary 

#of Standard Investigation 
.Any Result 

Survey 
Sample 

Mean 
Deviation 

Min. Max. 
Level 

Exceeding 
Unit 

Locations 
Investigation 

(net cpm/100 cm..1) 
Level? 

CRT-DROl 6 1 2 0 4 200 NO 
CRT-VEOl 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 su1face survey unit are presented in the table below. 
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Table 15-9: Structural Surfaces Total Beta Surface Activit Dose Calculations 

Calculated 
Standard Actual Adequate Survey #Samples Mean Annual 
Deviation #of #of 

Unit 
(dpfu/100 cm2

) · 
Required 

Samples Samples? 
(dpm/100 cm2

) TEDE 2 

(mrem/yr) 

CRT-1201 706 11 18 YES 412 0.003 

All measurement results are less than the DCCL 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 
DCCL; 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-QAOI. The locations of QA survey total and removable 
surface activity measurements are presented in the table below. 

a e - : urvev T bl 16 1 QA S L ocat10ns 

' 
QA s~rvey Locati~n FSS Location 

CRT-QAOl-Hl-M-001 CRT-1201-Hl-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 Hand are 
summarized in the tables below. 

2 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 cm2

• 
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T bl 16 2 QA S a e - : urvey B "Id" St Ul mg ructura IS f ur aces T I A f "t S ota C IVI ~y ummary 

. . Any Result 
Survey 

#of 
Mean MDC 

Standard Min, ' Max. 
Investigation 

Exceeding 
Sample Deviation Level 

Unit 
Locations Investigation 

(net dpm/100 cm") 
Level? 

CRT-QAOl l 553 3,104 NIA 553 553 5,000 NO 

T bl 16 3 QA S a e - : urvey B "Id' St t I S rf Ul mg rue ura u aces R emova bl H 3S e - ummary 

#of Standard Investigation Any Result 
Survey 

Sample 
Mean 

Deviation 
Min. Max. 

Level 
Exceeding 

Unit 
Locations 

Investigation 

(net dpm/100 cm') 
Level? 

CRT-QAOI I 3 NIA 3 3 200 NO 

T bl 16 4 QA S a e - : urvey B "Id" St t I S f Ul mJ:? rue ura ur aces R em ova bl c 14 s e - ummary 

'J 

#of Standard Investigation 
Any Result 

Survey 
' Sample 

Mean 
Deviation 

Min. Max. Level Exceeding 
Unit 

Locations 
Investigation 

:?: Level? 
(net dpm/100 cm:.:) 

CRT-QAOl 1 9 NIA 9 9 200 NO 

T bl 16 5 QA S a e - : urvey B 'Id" St t IS f Ul mJ:? rue ura ur aces R emova bl Ch e anne 13 s ummary 

#of Standard Investigation 
Any Result 

Survey 
Sample 

Mean 
Deviation 

Min. Max. 
Level 

Exceeding 
Unit 

Locations 
Investigation 

(net cpm/100 cm2
) 

Level? 

CRT-QAOl 1 4 NIA 4 4 200 NO 
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• IS0-7503-1, "Evaluation of Surface Contamination- Part 1: Beta Emitters and Alpha 
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• NUREG 1556, Volume 7, Table Q.2, "Acceptable Surface Contamination Levels for 
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Appendix C 
Instrument Calibration Records 



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

SEC Corporate 
2800 Solway Road 
Knoxville, TN 37931 

Model2241-3 CALIBRATION FORM 
Serial number: 267113 ·· · 

Previous due date : · 1/28/2017 ·. 
Date: 6/30/2016 < ·· 

Model Number: 

Model Number: Serial Number: 

Instrument Condition Threshold 

As Found I As Left As Found 1 As left 
:. OK< ·1 OK · 4.o ···. 1 4.o 

Set Voltage High Voltage Range 

Detector# As Found As Left As Found As Left 

1 
2 . 1798 ·. 1800. ••· UNSAT. •·.·.··.• SAT 
3 \ 1321 •······.····. ·1325 .·· UNSAT < · SAT 
4. 

• Digital Scaler ··.· ·. •. •··· .. • ........ · .. . . · .. ··· 

Targ_et As Found %Error As Left %Error 
250 250 .. 0.00% . 250 < < 0.00% 

2,500 2,500 •.... 0.00% ·.····2,500 .·•. 0.00% 
25,000 25,007 < 0.03% 25,007. .. 0.03% 

250,000 •250;o72' .... 0.03% 25o;o72 ·· .. 0.03% 

:OK · •Is the As Found Data within 20% of the set point? 
OK . . > Are the indi'!iduai counts within 10% of the average? 

. OK · •·.·· .. ·Fast I Slow response switch functions properly? 
01( .·· .. · · • Does Instrument meet final Acceptance Criteria? 
OK , Calibration sticker attached? 

Married with: 1650V 

Comments: 

1800V 
1325V 
1350V 

DET1 
DET2 
DET3 
DET4 

Model: 
Model: 
Model: 
Model: 

Calibration Due date: 

Calibration Due date: 

I SCAIRATE Switch I 
.··. · ·. SAT· < 

43-68 • > Serial Number: 
43-37 ; Serial Number: 
43-68 · ... ·.··Serial Number: 
·43-37 < Serial Number: 

Instrument calibratE)(! per $~<;:-15~423. ·· .1\s FoiJnd HIQh V()ltagewas ~mstableand.maxed out at ;...1,500 yolts. · .·. 

5foot cable ~sed for the 43-88 · .. ~eplaCE!d bad Main Board 5408-226. 
10 foot cable u~ed for the 43-37 .. ··. 

PR2~57QO 
.PR28()836 
PR285700 .. 
PR286836. 

Performed by: Date~/.J~ Reviewed by: _______::--- Date: 2-f"-/"' 
' . . Oat · rumen.t is due for next cpligration :l6/30/201r7l 

Printed name : · · Carl Hall 



Safety and Ecology Corporation SEc PROCEDURE" 

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

613012016 Calibration Certificate 

Calibration Certificate for 43-6B,Serlal # PR285700, Bar Code #,Property# Chase53 
Date: 06130/16 

Location: 102624, 

Date Last Cal. Expires: 01/28/17 

EQUIPMENT USED DURING CALIBRATION MODEL: 

NIST TRACEABLE SOURCES USED SOURCE 

Efficiencies from last calibration 

Pu-239: 20.86% 

Tc-99: 25.09% 
Th·230: 19.46% 

SrY-90: 33.17% 

·--·-·· 

5744-06 

5746-06 

5747-06 

5748-06 

AS FOUND DATA AS FOUND Instrument Condition: 

Calibration Set~olnts 

SAT 

Technician: Carl Hall 

Reason For Calibration: Due for Calibration 

2241·3 SERIAL#: 267113 CAL DUE 06/30/17 

ISOTOPE ACTIVITY 2TT ASSAY DATE 

Sr-90 16834dpm 11,811 cpm 1/1/2016 

Tc-99 31900dpm 20,000cpm 1/1/2016 

Pu-239 25798dpm 13,099 cpm 1/1/2016 

Th-230 34899 dpm 17,700 cpm 1/1/2016 

AS LEFT Instrument Condition: SAT 

A§ LEFT DATA after re!lalr, HV adjust or Plateau 

HV (Alpha}: 1325 v HV (Beta}: 1650 v Threshold: 4mV HV (Alpha): 1325 V HV (Beta): 1650 v Threshold: 4mV 

Back AUmi 
ground: 0 CPM 

Pu~239: 0 CPM 

Tc-99: N/A 

Th-230: 0 CPM 

SrY-90: N/A 

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

Beta AF 4 rrEtflc!encles 

0 CPM 

NIA 
0 CPM 

N/A 
0 CPM 

Back Al~ha Beta AL 4 rr Efficiencies 

ground: 2 CPM 260 CPM 
Pu-239: 4922 CPM N/A 

Tc-99: N/A 7881 CPM 
Th-230: 5940 CPM N/A 

SrY-90: N/A 6202 CPM 

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

Alpha source: Th-230 PLATEAU DATA Beta Source: Tc-99 
Response Background Response Background 

HV CPM CPM HV CPM £fM 
_(Alpha) A ch. A ch. Net 4TT Eff. 

N/A 

(Beta) B ch. B ch. Net 4tr Eff. 
~- ----,---

+----
...... 

!-------

!----······ 

Th-230 

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? ~ Calibration Sticker Attached? 

Date Instrument Is Due For Next Calibration: ~~l~:9ZJ~4!~~~f,(~ 

Performed by: Date:~/ 
Printed Name: Carl Hall IUOO~IIIII~IIIIftllllll 



SEC INSTRUMENTATION SERVICES 
10512 Lexington Drive 

Suite 200 
Knoxville, TN 37932 

C-14 SOURCE CALIBRATION FORM 

Instruments used during calibration 
Model Number: 2241_.3 Serial Number: .267113 Calibration Due Date: I 6/30/2017 

Model Number: : >. 

Comments: 

·.·, Serial Number: · · 

C-14 Count: 7697 

2rr Efficiency: (/ ~$J§~.$'i) 1 
4rr Efficiency: !X :1o1ij't'~~W ::j 

Calibrated .with. plastic. stapd()ffS .att~ched: 

Calibration Due Date: I :·. 

~ .. ·. ~. ·i.nstr.um tis due for next calibration : 
Performed by: ~ Reviewed by: 7-- ?:-'-/( 
Printed Name : ··. Ente~=~l in a~~mputer inventory by: Z""""oz; ___ D_a_t_e_: -------



Safety and Ecology Corporation sEc PROCEDURE# 

2800 Solway Road, Knoxville, TN 37931 

Calibration Certificate 

SEC·IS·417 Rev 4 

Page 1 of 1 

6/30/2016 

Calibration Certificate for 43-37,Seria/ # PR286836, Bar Code # ,Property# Chase94 
Date: 06/30/16 

location: 102624, 

Date Last Cal. Expires: 01/28117 

EQUIPMENT USED DURING CALIBRATION MODEL: 

NIST TRACEABLE SOURCES USED 

Efficiencies from last calibration 

Pu-239: 20.37% 

Tc-99: 25.37 o/o 
Th-230: 18.51 o/o 

SrY-90: 38.93% 

SOURCE 

5744-06 

5746-06 

5747-06 

5748-06 

AS FOUND DATA AS FOUND Instrument Condition: SAT 
Calibration Setpolnts 

Technician: Carl Hall 

Reason For Calibration: Repair 

2241-3 .SERIAL#: 267113 CAL DUE 06/30/17 

ISOTOPE ACTIVITY 21T ASSAY DATE 

Sr-90 16834 dpm 11,811 cpm 1/1/2016 

Tc-99 31900 dpm 20,000cpm 1/1/2016 

Pu-239 25798dpm 13,099 cpm 1/1/2016 

Th-230 34899dpm 17,700cpm 1/1/2016 

AS LEFT Instrument Condition: SAT 

AS LEFT DATA after repair, HV adJust or Plateau 

HV (Alpha): 1350 V HV (Beta): 1800 V Threshold: 4 mV HV (Alpha): 1350 V HV (Beta): 1800 V Threshold: 4 mV 

Alpha Beta AF 4 rrEfficiencies Back Alpha ~ AL 4 rr Efficiencies 
Back 
ground: 0 CPM 0 CPM ground: 6 CPM 870 CPM 

Pu-239: 0 CPM N/A Pu-239: 4926 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-90: N/A 6705 CPM 

D 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 

Reproducibility: Isotope: lsr~~~m~ 6671 6729 6692 Average: 6697.3 ~Are the Individual counts within 10"/o ofthe average? 

Alpha Source: Th-230 

Response Background 
PLATEAU DATA Beta Source: Tc-99 

Response Background 

HV CPM CPM 

Ach. A ch. Net 4rr Eff. 

---t-----
__ 1__ _____ -- I -----

Pu-239 

2 Pi Efficiencies: ~~~l~ilr!f~ 
Comments: Married as a set with: Model: 2241-3 

Replaced damaged mylar. 

HV CPM CPM 

~~~L Bch. 

1-----N'-'A-~-------··· •.• ••I 
B ch. Net 4rr Eff. 

L__ __ L____ '--

Serial#: 267113 BarCode#: 

~ Does Instrument Meet Final Acceptance Criteria? ~ Calibration Sticker Attached? 

Date Instrument is Due For Next Calibration: [~~4~~~~1~~~ 

Performed by: 

Printed Name: Carl Hall 

Reviewed Q...,e'--________ Date: Z.. 12-/tt( 

/ llllmmiiii~IIIUIIIUIII 



SEC INSTRUMENTATION SERVICES 
1 0512 Lexington Drive 

Suite 200 
Knoxville, TN 37932 

C-14 SOURCE CALIBRATION FORM 
Probe Model Number : ·. 43~37 

Probe Serial Number: PR~86836 

Date of Calibration : 6/30/2016 · 

Customer Name : Chase Environmental . 

Technician : · Carl Hall ·. · 

Instruments used during calibration 
Model Number: 2241~3 • Serial Number: 267.113 Calibration Due Date: I 6/30/2017 

Model Number: · ... ·::.. Serial Number: 

C-14 Count: 9119 

2u Efficiency: i\'8~.1;~~~~~~4 :·1 

4u Efficiency: ' :' . .%12;11:,%\ ~! 

Comments : Married as a set with : 
Calibrated with ple~stic standoffs att!3Ghed. · 

•. · .. ·.·•. Calibration Due Date: I . .. . 
·•.·· . 
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Final Status Survey Location Maps 
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Appendix E 
4-Plot Graphs 
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Appendix F 
Structural Surfaces Final Status 

Survey Results 



Central Michigan University 

NRC License Number 21-01432-02 

January 17,2017 

Building: CRT 

Location Code 

CRT-120 1-B 1-M-00 1 

CRT-1201-Bl-M-002 

CRT-1201-B1-M-003 

CRT-120 1-B 1-M-004 

CRT-1201-F1-M-005 

CRT-1201-F1-M-006 

CRT-1201-F1-M-007 

CRT- 12 0 1 - F 1 .M-0 0 8 

CRT-1201-F1-M-009 

CRT-1201-Fl-M-010 

CRT-1201-B1-M-011 

CRT-120 1-Hl-M-0 12 

CRT-1201-H1-M-013 

CRT-1201-F1-M-O 14 

CRT-1201-F1-M-015 

CRT-1201-Fl-"Nf-016 

CRT-1201-F1-M-017 

CRT-1201-Fl-M-018 

Static Count 

Average 

Minimum 

Maximum 

Standard Deviation 

Survey Results 
Survey Unit: 1201 

Total Activity Measurements 

Activity MDC 

-332 +1- 1,608 3,104 

-221 +1- 1,6~3.· .. ~.104 

-443 +1- 1,594 3,104 

-664 +1- 1,564 3,104 

996 +1- 1,775 3,104 

775 +1- 1,749 3,104' 

-221 +1- 1,623 3,104 

775• +/-1,749 3,104 

1,107 +1- 1,788 3,104 

1,660 +1- 1,853 3,104 

332 +1- 1,694 3,104 

996 +1- 1,775 3,104 

885 +/- 1,762 3,104 

221 +1- 1,680 3,104 

332 +1- 1,694 3,104 

1;549 +I·· T,840 :3,104 

-111 +/- 1,637 3,104 

-221 +1- 1,623 3,104 

18 Sample Count 

412 

-664 

1,660 

706 

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

Survey Type: 

CART Building 

Final Status Report 

Page F.1 ofF.1 

Structural 

Removable Activity Measurements 

H-3 MDC C-14 MDC CH3 MDCR 

0 35 0 33 0 36 

3 35 6 33 0 36 

0 35 6 33 0 36 

0 35 4 33 2 36 

3 35 1 33 5 36 

15 35 9 33 0 36 

0 35 5 33 0 36 

0 35 .8 33 0 36 

1 35 9 33 0 36 

0 35 5 33 0 36 

0 35 12 33 0 36 

14 35 8 33 1 36 

0 35 8 33 0 36 

0 35 7 33 0 36 

0 35 5 33 0 36 

.0 35 3 33 0 36 

9 35 5 33 0 36 

8 35 0 33 0 36 

18 

3 6 0 

0 0 0 

15 12 5 

5 3 1 

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 keV. 
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Systems Final Status Survey Results 



Central Michigan University 

NRC License Number 21-01432-02 

January 17, 2017 

Building: CRT 

Location Code 

CRT -DRO 1-D 1-M-00 1 

CRT-DRO 1-D 1-M-002 

CRT-DRO 1-D 1-M-003 

CRT-DRO 1-D 1-M-004 

CRT-DRO 1-D3-M-005 

CRT-DR01-D4-M-006 

Static Count 

Average 

Minimum 

Maximum 

Standard Deviation 

Survey Results 
Survey Unit: DROl 

Total Activity Measurements 

Activity MDC 

+1-

+1-

+1-

+1-

+I-

. +I; 

0 Sample Count 

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

Survey Type: 

CART Building 

Final Status Report 

Page G.1 ofG.2 

System 

Removable Activity Measurements 

H-3 MDC C-14 MDC CH3 MDCR 

7 35 6 33 0 36 

49 35 2 33 0 36 

42 35 15 33 0 36 

39 35 0 33 0 36 

25 35 4 33 4 36 

24 35 3 33 0 36 

6 

31 5 1 

7 0 0 

49 15 4 

15 5 2 

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 keV. 



Central Michigan University 

NRC License Number 21-01432-02 

January 17,2017 

Building: CRT 

Location Code 

CRT- VEO 1-E 1-M-00 1 

CRT-VEOI-El-M-002 

CRT- VEO 1-E 1-M-003 

CRT- VEO 1-E 1-M-004. 

CRT- VEO 1-E5-M-005 

Static Count 

Average 

Minimum 

Maximum 

Standard Deviation 

Survey Results 
Survey Unit: VEOl 

Total Activity Measurements 

Activity MDC 

-332 +1- 1,608 3,104 

··553 +1- 1,579 3,104 

-332 +1- 1,608 3,104 

-221 +1- 1,623 3,104 

0 +1- 1,652 3,104 

5 Sample Count 

-288 

-553 

0 

201 

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

Survey Type: 

CART Building 

Final Status Report 

Page G.2 ofG.2 

System 

Removable Activity Measurements 

H-3 MDC C-14 ~ CH3 MDCR 

0 35 8 33 2 36 

10 35 6 33 0 36 

15 35 3 33 0 36 

8 35 5 33 0 36 

37 35 12 33 0 36 

5 

14 7 0 

0 3 0 

37 12 2 

14 3 1 

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 keV. 



Appendix H 
Quality Assurance Survey Results 



Central Michigan University 

NRC License Number 21-01432-02 

January 17, 2017 

Survey Results 

CART Building 

Final Status Report 

Page H.1 ofH.1 

Building: CRT Survey Unit: QAOl Survey Type: QA 

Total Activity Measurements Removable Activity Measurements 

Location Code 

CRT-QA01-H1-M-001 

Static Count 

Average 

Minimum 

Maximum 

Standard Deviation 

Activity 

553 +1- 1,721 

553 

553 

553 

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

MDC 

3,104 

Sample Count 

3 

1 

3 

3 

3 

35 9 

9 

9 

9 

33 4 

4 

4 

4 

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 keV. 
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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 
DandO 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/100cm2 alpha and 3,368 dpm/100cm2 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 DSV s. Based on the Building Occupancy Scenario of NRC DandO 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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2.0 FACILITY DESCRIPTION AND HISTORY 
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. 

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

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

• Survey documents indicate that uranium ore was used. 
• 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 ofRa-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 

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 

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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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. 

4.0 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). 

5.0 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 
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6.0 DERIVED CONCENTRATION GUIDELINE LEVELS 
The NRC has published default screening values (DSVs) 1 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 mrernlyr 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 

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

1 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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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 Tl-204 

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

Table 6-3: Comparison ofBa-133 and Tl-204 DCFs to Co-60 DCF 

6.2 Screening Values for Alpha Emitters 
Building structural surface screening values for alpha-emitting radionuclides were 
modeled using DandO, Version 2.1 software. For nuclides with decay chains, the parent 
nuclide was modeled at an activity concentration of 1 dprn/100 cm2

. 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 

2 The DandD result is in terms of mrem/yr per dpm/100 cm2 of the parent radionuclide. 
3 The DSV is determined by dividing 25 mrem/year by the DandD result in mrem/yr per dpm/100 cm2

• 
4 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 

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 5.4 446 

U-238 (DU) 1.40E+03 1 1,400 
U-238+C 2.43E+02 7.2 1,750 

Minimum 407 

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.8 DandD assumes a removable fraction of 

5 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 ofRn +C) 
8 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 ofDCGLs 

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

Where: 

C Alpha + C Beta 

DCGL Alpha DCGL Beta 

<1 

CAlpha = Gross alpha result in dpm/100 cm2 

CBeta = Gross beta result in dpm/100 cm2 

DCGLAlpha = Gross alpha DCGL in dpm/100 cm2 

DCGLBeta = Gross beta DCGL in dpm/100 cm2 

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: 

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 DCGLw. 

8.0 ALARA ANALYSIS 
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 DandO 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." 

9.0 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. 

10.0 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. 

11.0 RADIATION SAFETY AND HEALTH PROGRAM 

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

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

13.0 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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14.0 QUALITY ASSURANCE PROGRAM 
Project-specific QA requirements were included in the DWP to meet the guidelines of 
MARSSIM Section 9. 

15.0 SURVEY INSTRUMENTATION 

15.1 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. 

15.2 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. 

15.3 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 cm2

• 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): 

Where: 
MDC static 

Br 

I t 
3+3.29

1
JBr ·fs ·(1+~) 
v tb 

MDC static =----=----A---'--
t ·E ·---

s tot 100cm2 

= minimum detectable concentration ( dpm/1 00 cm2
) 

= background count rate (counts per minute) 
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tb =background count time (minutes) 
ts =sample count time (minutes) 

E101 = total detector efficiency for radionuclide emission of interest 
(cpm/dpm) 

A = detector probe area ( cm2
) 

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

3+3.29 (1500)(.1)(1+2J.) 
0.1 2 

MDC sTATic = -----''------
5
-'-
8
-
4
---'- = 1,208 dpm/1 OOcm 

(0.1)(0.085)-
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: 

Where: 
MDC scan 

d' 
b; 

p 
Etor 

A 

d'~(6i0) 
MDCscan = A 

.JP. Eror . -1 O_O_c_m_2 

=minimum detectable concentration (dpm/100 cm
2

) 

= desired performance variable (1.38) 
= background counts during the residence interval (counts) 
=residence interval (seconds) 
= surveyor efficiency (0.5) 
= total detector efficiency for radionuclide emission of interest 

(cpm/dpm) 
=detector probe area (cm2

) 

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

. inch sec 
1 =13.3cm· · = 0.262sec 

2.54 em 20 inch 

1500 counts minute 
6 55 bi = 0.262 sec· · = . counts 

minute 60 sec 
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1.38.J6.55(~) 
0.262 2 

MDC scAN = -------"-(.,.--~) = 2,305 dpm/lOOcm 
(.JO.s}o.os5 584 

100 

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(n~l)=l-e 60v 

Where: 
P(n2:1) = probability of observing a single count 

G = contamination activity (dpm) 
E = detector total efficiency (cpm/dpm) 
d = width of detector in direction of scan (em) 
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 
t=------'--

CAE 
Where: 

t = time period for static count (s) 
C = contamination guideline (dpm/100 cm2

) 

A = probe area ( cm2
) 
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E = detector total efficiency (cprn/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: 

Where: 

P(n2:2) = probability of getting two or more counts during time 
interval t 

G = source activity (dpm) 
E = detector total efficiency ( cprn/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. 

15.3.4 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, ·ts ·(1+~) 
tb 

MDCsmear = ___ ____!. _____ _::___ 

t ·E 

Where: 
MDC smear 

B, 
tb 

ts 
E 

s 

=minimum detectable concentration level (dprn/smear) 
= background count rate (counts per minute) 
=background count time (minutes) 
=sample count time (minutes) 
= instrument efficiency for radionuclide emission of 

interest (cprnldpm) 
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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 channel3 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 + 3.29 (15)(1{ 1 + D 
H MDC sMEAR = = 35 dpm 

(1)(0.60) 

3 + 3.29 (25)(1)(1 + !) 
14 1 

C MDC sMEAR = = 33 dpm 
(1)(0.80) 

3+3.29 (50)(1)(1+}] 

Channel3 MDC SMEAR = = 36 cpm 
(1)(1) 

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. 

Ludlum 43-37 584 cm2 Ludlum 
2241-3 2 

38% (2-pi Tc-99) 
40% (2-pi Th-230) 

9 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 
Phoswich 

43-10-l 

Packard Liquid 
TriCarb Scintillation 

Beta Surface Ludlum 
Scans 43-68 

Beta Surface Ludlum 
Scans 43-37 

Alpha Surface Ludlum 
Scans 43-68 

Alpha Surface Ludlum 
Scans 43-37 

Beta Total Ludlum 
43-68 

Ludlum 
43-37 

Ludlum 
43-68 

Ludlum 
43-37 

Beta 
Ludlum 

Removable 
2929 

Alpha 
Ludlum 

Removable 
2929 

Removable Packard 
Activity TriCarb 

15.5 Efficiency Determination 

N/A 

NIA 

5 

20 

1.4 

6 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Ludlum 
2929 

N/A 

N/A 

N/A 

NIA 

N/A 

6 

6 

60 

6 

60 
600 

60 
600 

60 
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0.4 22% (Tc-99) 
2 34% (Th-230) 

60% (H-3) 
N/A 80% (C-14) 

100% 3) 

500 3,392 

1,500 2,062 

3 225 

10 225 

500 2,999 

1,500 1,081 

3 88 

10 131 

75 149 

1 19 

15 (H-3) 
25 (C-14) 

50 

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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building structures use IS0-7503-1 methodology that takes into account the texture of 
the surface and the 2n 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, 4n efficiencies were used. 

15.6 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. 

• 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 

16.0 DATA QUALITY OBJECTIVES (DQO) 

The following is a list of the major DQOs for the survey design: 

• Static measurements were taken to achieve an MDCstatic of less than 50% of the 
applicable DCGL. 

• Scanning was conducted at a rate to achieve an MDCscan of less than 50% of the 
applicable DCGL. 

• Removable contamination measurements were counted to an MDCsmear 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 p. 
• The null hypothesis (Ho) and alternative hypothesis (HA) were that of NUREG 

1505 scenario A: 
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• Ho is that the survey unit does not meet the release criteria 
• HA 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. 

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

17.1 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 
• 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. 

17.2 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: 

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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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 m2 

, Class 2: 100 m2 to 
1,000 m2 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 =1st Floor 
2 =2nd Floor 
3 = 3rd Floor 
4 =4th 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: 
OR-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-DROl 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: .a..aa•n.•.• .. e 
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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 em or less and at a rate less than the 
maximum allowable scan rate necessary to achieve DQOs. 

11 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 ajar of ore (probable Uranium Oxide), and up to llOk 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 - B 104 (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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19.0 REMEDIATION 

BHB-
B104 
(027) 

BHB-
B104 
(027) 

BHB-
B104 
(027) 

BHB-
B104 
(027) 

BHB-
B104 

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. Post remediation measurements at this location were performed on the newly 
exposed concrete floor. Fume hood air foils were removed, newly exposed surfaces 
underneath were surveyed to ensure no elevated activity was present, and the air foils were 
reassembled. All remediation activities were conducted to control the spread of 
contamination and to maintain personnel exposures ALARA. 

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. 

Fume Wet 
Hood Cup 523 (Alpha) <MDC (Alpha) Wipe/Wire <MDC (Alpha) <MDC (Alpha) 

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

Fume 
Hood Air 328 (Alpha) <MDC (Alpha) Wet Wipe/ <MDC (Alpha) <MDC (Alpha) 

Foil <MDC (Beta) <MDC (Beta) Scrub <MDC (Beta) <MDC (Beta) 

Fume 
Hood Air 284 (Alpha) <MDC (Alpha) 

Wet Wipe <MDC (Alpha) <MDC (Alpha) 
Foil <MDC (Beta) <MDC (Beta) <MDC (Beta) <MDC (Beta) 

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

(1) 3,368 (Beta) <MDC (Beta) Brush/ <MDC (Beta) <MDC (Beta) 
Scrub 

Floor 169 (Alpha) <MDC (Alpha) 
Wet Wipe/ 

<MDC (Alpha) <MDC (Alpha) 
Scrub/Tile (1) <MDC (Beta) <MDC (Beta) 
Removal <MDC (Beta) <MDC (Beta) 

12 Liquid scintillation results indicated that H-3 and C-14 were below the investigation levels of 352 
dpm/100 cm2

. Therefore, compliance with the applicable removable DCGL is demonstrated using a 
Ludlum 2929 dual channel scaler. 
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(2) 2,423 (Beta) 

19.1 Remedial Action Surveys 
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Wet Wipe/ <MDC (Alpha) <MDC (Alpha) 
Scrub <MDC (Beta) <MDC (Beta) 

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. 

20.0 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. 

20.1 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 was 
determined at least daily for laboratory smear counters and was subtracted from 
removable activity results. 

20.2 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. 
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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: 

Where: 

Activity (dpm/100 cm2) = A 
Etotal X 100 cm2 

Rs+b = The gross count rate of the measurement (cpm) 
Rb = The background count rate (cpm) 

Etotal = Total Efficiency (cpm/dpm) 
A = Area of the detector window (cm2

) 

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, Mas, and is defined in MARSSIM as: 
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Where: 

DCGL 
LBGR 

Cfs 

Af - DCGL-LBGR 
Ll Cf5 -

Cfs 

= derived concentration guideline level (1 for unity) 
= 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) 

= 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: 

d/Cf
5 

= 1-0.S =2.94 
0.17 

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 (a decision error) or failing a unit that 
should pass (~ decision error). The decision errors are 0.05 for both a 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 +ZI-P )2 
N = -----'----

4(SignP- 0.5)2 

Where: 
N = number of samples needed in the survey unit 

= percentile represented by the decision error a 
= percentile represented by the decision error ~ 
= 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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The following calculations were made to determine this 

N = (1.645 + 1.645)
2 = 12 

4(0.993790-0.5)
2 

Z1_a and Z1 _~ 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. 

20.3.5 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: 

L = ~ for a square grid 

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 wtpmg an area of 
approximately 100 cm2 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: 

Channell eH dpm): 
Channel 2 (14C dpm): 
Channel3 (cpm): 

0-18.6 keV 
18.6- 156 keV 
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. 13 

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. 

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 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 
• 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. 

13 Alpha emissions would be detected in Channel 3 with 100% efficiency. 
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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 
hroughout 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 
W1 =Wall 
C 1 = Casework 
B 1 = Benchtop 

D 1 = Fumehood Drain 
D2 = Floor Drain 
D3 = Sink Drain 

E 1 = Hood Exhaust Duct 
E3 = Hood Exhaust Fan I 

Component 

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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21.0 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. 

21.1 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 
• 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. 

21.2 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 beta scan data 
• Calculations 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. 

21.3 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 cm2 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 cm2

. 

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 
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#of 
Survey 

Sample Mean Unit 
Locations 

BHB-1202 16 I 
BHB-1203 16 1 
BHB-1204 17 1 
BHB-1205 14 1 
BHB-1301 15 2 
BHB-1302 16 1 
BHB-1303 15 2 
BHB-2101 16 1 
BHB-2201 15 0 
BHB-2301 14 1 
BHB-3101 13 1 
BHB-3301 14 1 
BHB-4301 15 0 

Standard 
Min. Deviation 

I 0 
2 0 
1 0 
I 0 
2 0 
2 0 
3 0 
2 0 
1 0 
1 0 
2 0 
I 0 
1 0 
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Any Result 

Max. 
Investigation Exceeding 

Level Investigation 
Level? 

5 36 NO 
5 36 NO 
4 36 NO 
4 36 NO 
5 36 NO 
6 36 NO 
9 36 NO 
7 36 NO 
5 36 NO 
4 36 NO 
6 36 NO 
4 36 NO 
2 36 NO 

a e - : UI mg 1ys ems T bl 21 6 B 'Id' S t oa ur ace C IVI V T t IS f A f 't S ummary 

Any Result 

Survey 
#of 

Mean 
Standard 

Min. Max. 
Investigation Exceeding 

Sample Deviation Level Investigation 
·Unit Locations Level? 

(Sum of Fractions) 
BHB-VEOl 53 0.24 0.09 0.05 0.37 0.5 NO 

T bl 21 7 B 'Id' S t a e - : UI mg 1ys ems R emova bl S f A f 't S e ur ace C IVI :y ummary 
Any Result 

Survey 
#of 

Mean 
Standard 

Min. Max. 
Investigation Exceeding 

Unit 
Sample Deviation Level Investigation 

Locations 
" 

Level? 
(Sum of Fractions) 

BHB-VEOl 53 0.05 0.10 0.00 0.26 0.5 NO 

T bl 21 8 B 'Id' S a e - : Ul mg ,ystems R em ova bl H 3S e - ummary 
. 

#of Standard Investigation 
Any Result 

Survey 
Sample 

Mean Deviation Min. Max. Level Exceeding 
Unit Investigation 

Locations ' Level? 
(dpm/100 cm~) 14 

BHB-DROl 378 31 29 0 228 352 NO 
BHB-VAOl 210 55 39 0 216 352 NO 
BHB-VEOI 1I9 62 29 0 141 352 NO 

14 Vacuum nozzle removable activity results are reported in dpm/swab. 



Central Michigan University 
NRC License Number 21-01432-02 
January 6, 2017 

Brooks Hall 
Decommissioning Final Status Report 

Page 37 of 41 

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 

BHB-B101 0.07 11 12 YES 

BHB-B102 0.09 11 15 YES 

BHB-B103 0.08 11 16 YES 

BHB-B104 0.09 11 12 YES 

BHB-B301 0.11 11 12 YES 

BHB-1101 0.16 11 22 YES 

BHB-1102 0.06 11 14 YES 

BHB-1103 0.06 11 14 YES 

BHB-1201 0.08 11 15 YES 

BHB-1202 0.05 11 16 YES 

BHB-1203 0.05 11 16 YES 

BHB-1204 0.08 11 17 YES 

BHB-1205 0.06 11 14 YES 

BHB-1301 0.12 11 15 YES 

BHB-1302 0.17 11 16 YES 

BHB-1303 0.07 11 15 YES 

BHB-2101 0.06 11 16 YES 

BHB-2201 0.06 11 15 YES 

BHB-2301 0.15 11 14 YES 

BHB-3101 0.03 11 13 YES 

BHB-3301 0.12 11 14 YES 

BHB-4301 0.09 11 15 YES 

All measurement results are less than the DCGL and 

0.15 3.75 

0.12 3.00 

0.04 1.00 

0.11 2.75 

0.09 2.25 

0.11 2.75 

0.04 1.00 

0.08 2.00 

0.04 1.00 

0.02 0.50 

0.04 1.00 

0.09 2.25 

0.05 1.25 

0.17 4.25 

0.15 3.75 

0.04 1.00 

0.03 0.75 

0.04 1.00 

0.06 1.50 

0.03 0.75 

0.10 2.50 

0.08 2.00 

Maximum: 4.25 

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. 

15 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. 

22.0 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. The Project Manager implemented QA surveys by re-performing judgmentally 
selected survey locations as survey unit QAOl. The locations of QA survey total and 
removable surface activity measurements are presented in the table below. 

BHB-QA01-F1-C-001 BHB-4301-F1-C-009 

BHB-QA01-F1-V-002 BHB-2201-F1-V -010 

BHB-QA01-F1-V-003 BHB-1303-F1-V -006 

BHB-QA01-F1-V-004 BHB-1302-F1-V -008 

BHB-QA01-F1-V -005 BHB-1301-F1-V -003 

BHB-QAOl-Fl-M-006 BHB-1201-F1-M-012 

BHB-QA01-F1-V-007 BHB-1202-F1-V -002 

BHB-QA01-F1-V -008 BHB-1203-F1-V -014 

BHB-QA01-F1-V-009 BHB-1204-F1-V -015 

BHB-QA01-F1-V-010 BHB-1205-F1-V -010 

BHB-QA01-W1-B-011 BHB-1101-Wl-B-009 

BHB-QA01-W1-C-012 BHB-B104-W1-C-005 

BHB-QA01-W1-C-013 BHB-B 101-W1-C-001 

BHB-QA01-Wl-B-014 BHB-B102-W1-B-010 

BHB-QA01-W1-C-015 BHB-B 103-W 1-C-004 

BHB-QA01-F1-V-016 BHB-B301-F1-V-005 

BHB-QA01-F1-V -017 BHB-2301-F1-V -004 

BHB-QA01-Wl-B-018 BHB-2101-W1-B-010 

BHB-QA01-F1-V-019 BHB-11 03-F1-V -005 

BHB-QA01-F1-V-020 BHB-3301-F1-V -008 
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QA Survey Location FSS Location 

BHB-QAOl-Fl-V-021 BHB-1102-Fl-V-010 

BHB-QAOl-Fl-V-022 BHB-3101-Fl-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. 

T bl 22 2 QA S a e - : urvey B "Id" St t I S f UI m2 rue ura ur aces T tal A f "t S 0 C IVI lY ummary 
Any Result 

Survey 
#of 

Mean 
Standard 

Min. Max. 
Investigation Exceeding 

Sample Deviation Level Investigation 
Unit 

Locations ' Level? 
(Sum of Fractions) 

BHB-QAOI 22 0.06 0.05 0.00 0.17 0.5 NO 

T bl 22 3 QA S a e - : urvey B "Id" S UI mg tructura IS f ur aces R em ova bl A . . S e cttv1ty ummary 
Any Result 

Survey #of 
Mean 

Standard 
Min. Max. 

Investigation Exceeding 

Unit 
Sample Deviation Level Investigation 

Locations Level? 
(Sum of Fractions) 

BHB-QAOl 22 0.03 0.07 0.00 0.17 0.5 NO 

T bl 22 4 QA S a e - : urvey B "Id" St t I S rf R UI m2 rue ura u aces emova bl H 3 S e - ummary 

#of Standard Investigation Any Result 
Survey 

Sample 
Mean 

Deviation 
Min. Max. 

Level Exceeding 
Unit 

Locations 
Investigation 

(dpm/100 cnf.i) 
Level? 

BHB-QAOl 22 73 31 2 144 352 NO 

T bl 22 5 QA S a e - : urvey B "Id" St t I S f R UI mg rue ura ur aces emova bl c 14 s e - ummary 

.,. #of Standard Investigation 
Any Result 

Survey 
Sample 

Mean 
Deviation 

Min. Max. 
Level Exceeding 

Unit 
Locations 

Investigation 

(dpm/100 cm:.:) 
Level? 

BHB-QAOI 22 5 4 0 16 352 NO 



Central Michigan University 
NRC License Number 21-01432-02 
January 6, 2017 

Brooks Hall 
Decommissioning Final Status Report 

Page 41of41 

T bl 22 6 QA S a e - : urvey B "Id" S UI m2 tructura IS f ur aces R emova bl Ch e anne 13 s ummary 

#of Standard Investigation 
Any Result 

Survey 
Sample 

Mean 
Deviation 

Min. Max. 
Level 

Exceeding 
Unit 

Locations 
Investigation 

., 

(cpm/100 cm2
) 

Level? 

BHB-QAOI 22 1 2 0 6 36 NO 
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Instrument Calibration Records 



-----------------------------------------------------

Safety and Ecology Corporation sEc PROCEDURE# SEC-IS-4os Rev 2 

2800 Solway Road 

Knoxville, TN 37931 

Calibration Certificate 

Calibration Certificate for 2929,Serial # 160013, Bar Code# ,Property# Chase44 

Date: 11/23/16 

Location: 999999, 

AS FOUND DATA 

Date Last Cal. Expires: 11/30/16 Technician: Carl Hall 

Reason For Calibration: Due for Calibration 

EQUIPMENT USED DURING CALIBRATION 

MODEL: 500-2 SERIAL#: 132696 CAL DUE: 06/20/17 

MODEL: SERIAL#: CAL DUE: 

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

AS FOUND Mechanical Zero: a AS LEFT Mechanical Zero: a 

:C;·-•·-;-·., •• ··;; ;:~?~r~i,;f~~~~~~,,~Wi?y'k)](.SJ.m!}\l1\Gl r;:;;~~-;'f;()·q~~-~,;;j [f·.X:A;s''Lei=J;iit);'! 
Beta Channel Window (4-50 mV): 

Alpha Channel Threshold (175 mV): 

4-5a mV 

175 mV 

mV 

mV 

Page 1 of 1 

11123/2016 

Alpha Counts w/Pulser@ 10,000 CPM: 9,993 CPM 

AF 

AF 

AF 

AF 

CPM % Error: a.a7% 

Beta Counts w/Pulser@ -10,000 CPM: 

ft!aH'y§'t]'A~~-PoW.E~\-~-!;If~p(i~~il;i~f!§tJl 
Vernier Setting: 

HV Setpoints: 

500 V Reading: 

1000 V Reading: 

1500 V Reading: 

Max HV (1500 V +): 

9,994 CPM 

li\\ii~~ ~'?~f.i~T.i.~ tfH•W!~~ft~f:r'!;:l,\!1 
3.4a AF 

85a V AF V 

497 v 
10aa v 
1505 v 

AF V 
AF V 

AF V 

DIGITAL SCALER AF 250: 250 

AF 2500: 25aO 

%ERR: a.aa% 

%ERR: a.OO% 

AL 250: AF 

AL 2500: AF 

%ERR: O.aa% 

%ERR: a.OO% 

AF 25K: 25.a K %ERR: O.aO% AL 25K: AF K % ERR: a.OO% 

AF 250K: 250.a K % ERR: O.aO% AL 250K: AF K % ERR: 0.00% 

~ Is the As Found Data Within 20% of the Set Point? 

CPM % Error: o.a6% 

Comments: Married as a set with: Model: 43-1a-1 Serial#: PR167231 Bar Code#: 

~ Does Instrument Meet Final Acceptance Criteria? ~ Calibration Sticker Attached? 

lll~lllltllllllllllllllll 



Safety and Ecology Corporation 
2800 Solway Road, Knoxville, TN 37931 

Calibration Certificate 

SEC PROCEDURE# SEC-IS-414 Rev 3 

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

Date: 11/23/16 

Location: 999999, 

Date Last Cal. Expires: 11/30/16 

-----~-----~------- ------

Technician: Carl Hall 

Reason For Calibration: Due for Calibration 

Page 1 of 1 

11123/2016 

EQUIPMENT USED DURING CALIBRATION MODEL: 2929 SERIAL#: 160013 CAL DUE: 11/23/17 
----------

NIST TRACEABLE SOURCES USED ...;,S...;,O...;.U,;..;R...;,C_E _____ IS_O_T_O_P_E ____ A_C_T_IV_ITY ______ 2_rr ___ __;_A;.;.S..;,.S_AY,;__D.:...;A..;,.TE...;,_ 

Efficiencies from last calibration 5744-06 

5746-06 

5747-06 

5748-06 

Sr-90 

Tc-99 

Pu-239 

Pu-239: 
Tc-99: 

Th-230: 

SrY-90: 

37.15% 
22.23% 

39.12% 

37.5% 

AS FOUND DATA 

Th-230 

AS FOUND Instrument Condition: SAT 

Threshold 

16834 dpm 

31900 dpm 

25798 dpm 

34899 dpm 

11,811 cpm 

20,000 cpm 

13,099 cpm 

17,700 cpm 

AS LEFT Instrument Condition: 

1/1/2016 

1/1/2016 

1/1/2016 

1/1/2016 

SAT 

Caiibrati2n ~etnoints 
HV: 

850 v Vernier: 3.40 Beta: 4- 50 mV AS LEFT DATA after renair, HV adjust, or ~lateau 

HV: 850 v Vernier: 3.40 
Alpha: 175 mV 

Alpha 
~ AF Efficiencies Alpha Beta AL Efficiencies 

Back Back 
ground: CPM 47 CPM A·B XTLK ground: CPM 47 CPM A-B XTLK 

Pu-239: 9566 CPM 305 CPM 2.7% Pu-239: 9566 CPM 305 CPM 2.6% 

Tc-99: 3 CPM 7678 CPM B·AXTLK Tc-99: 3 CPM 7678 CPM B-AXTLK 
Th-230: 12734 CPM N/A 0.0% Th-230: 12734 CPM NIA 0.0% 
SrY-90: N/A 6408 CPM SrY-90: N/A 6408. CPM 

[:;{] Is the As Found Data Within 20% of the efficiency from the last cal.? 
"AF" In the AL Efficiency fields means to refer to the AF 
Efficiencies In the AS FOUND DATA Section 

PLATEAU DATA Source 1: Tc-99 

High Voltage Response ICPM) 

A ch. B ch. Net Eff. 

N/A 

Source 2: Th-230 

Response {CPM) 

A ch. B ch. Net Eff. 

Background (CPMl 

A ch. B ch. 

-. -------~-- ----------11---~--

Pu-239 Tc-99 

Net A to B 
Xtalk: <10% 

N/A 

N/A 

_ SrY-90 

Net B to A 
Xtalk: <1% 

2 Pi Efficiencies: Wz#;!i~,~::l ::-:~~)16~ (:;i1I94% .:~ -_-;s __ ·_·_-3_·_-_:_:ii ___ --~-··-··_._._y,~·~c__;:_:';_! _______ _ 
' ·:·'-"'-'""''""~"'''~·--- ----"~""' ~' 

Comments: Married as a set with: Model: 2929 Serial #: 160013 Bar Code#: 

~ Does Instrument Meet Final Acceptance Criteria? ~ Calibration Sticker Attached? 

Date Instrument is Due For Next Calibration: ~;'{/g~[1!'0s"§(¥!}"!J 

Performed by: 

Printed Name: Carl Hall 



SEC INSTRUMENTATION SERVICES 
10512 Lexington Drive 

Suite 200 
Knoxville, TN 37932 

C-14 SOURCE CALIBRATION FORM 
Probe Model Number: 43-10-1 

Probe Serial Number: PR167231 
Date of Calibration : 11/23/2016 

Customer Name : Chase Environmental 

Technician: Carl Hall 

Instruments used during calibration 
Model Number: 2241-3 Serial Number: 160013 Calibration Due Date: I 11/23/2017 
Model Number: Serial Number: 

Instrument condition: Sat 
High Voltage: 850 

Background: 47 

C-14 Count: 4181 

2rr Efficiency: : 21.~6.4%> 
4rr Efficiency: 13;51% 

Calibration sticker attached? Yes 

Comments: Married as a set with : 
Calibrated with plastic standoffs attached. 

Calibration Due Date: I 

Model: 2241-3 Serial # : 

~~ent is due for nex_t calibration : 111/23/20171 

Performed by:~~==-~~~==~===~- Rev1ewed byr--- Date: 
Printed Name : Carl Hall 

Entered in computer inventory by: ~ Date : __ . __ 

160013. 

//-22-q 



( 
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SEC/Perma-Fix Instrument Services 
Calibration Data Sheet 

Form 99 
Rev.C 

Meter Serial Number : ·. , .· . · < 1$1.;$.01 · ··. ' Customer Name : · Qhii$e EnvltQt'lm!!lllal 
Meter Model Number: .. . i,• 224.1~.::. ·, · ' P.O Number: ··' · 

Previous Due Date: .· ';J/1~/aP~~. ; ·: · Technician : :'>·rtttQfilal,tJ:!li)trir;!iot:i ··• 

_ Alarm 
Lamp 

Respo11se 
Reproducible 

Sticker Attached 

Comments/Remarks : ·, 

Performed by : 
Printed Name : 

Date: >;;•;·;,'?•21.4/201~./:,.\• ···.·.··• Reason For Calibration :··:i'•;}:i;::>•;:·::pU~\:· .• :;:''{: ::· •. • 
M&TE Used 

As Left Instrument Condition I / ·~A\It . :1 
Probe Settings 

Probe 1 
Model Number 
Serial Number 

AF AL 

Dead Time \\~fOOEf.O~t: Dead Time n:o.t®,t:f.Qp:; 

ProiJ_e Settings 
Probe2 

Model Number 
Serial Number 

AF AL 

Dead Time ·~~~OQEt:QQ;\ 

Probe Settings 
Probe3 

Model Number ·······: 
:. ..... ·.'·'•\. 

Serial Number 
AF AL 

HV 
Dead Time 

cc 

Probe Settings 
Probe4 

Model Number 

Thomas Thompson Reviewed by : 

' ·' 



( 

( 

Safety and Ecology Corporation sec PROCEDURE # sEC-IS-407 Rev 2 

2800 Solway Road, Knoxville, TN 31931 

Calibration Certificate 
Page 1 of 1 

21412016 

Calibration Certificate for 44-9, Serial # PR111793, Bar Code #,Property# Chase1 

Date: 02104/16 

Location: 999999, 

Date Last Cal. Expires: 08/11/16 Technician: Thomas Thompson 

Reason For Calibration: Short Cycled 

EQUIPMENT USED DURING CALIBRATION 

MODEL: 2241·3 SERIAL# 181301 CAL DUE: 02/04/17 

MODEL: SERIAL# CAL DUE: 

NIST !RACEA§I.!; SOURCES !JSEg 

SOURCE ISOTOPE ACTIVITY 2rr ASSAY DATE 

4050-02 To-99 · 36800 dpm 23,000 cpm 1/1/2015 

4052-02 Sr-90 17243 dpm 12,023 cpm 1/1/2015 

PREVIOUS Tc-99 EFFICIENCY: .14.07% calibration Voltage: 900 V Calibration Threshold: 35 mV 

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

AS FOUND DATA AS LEFT DATA 
1 MINU!E COUNTS CCPMl 1 MINUTE COUNTS !CPMl 

AVERAGE 
AF Background: 40 AL Background: 31 

Tc-99 Count: 5009 5328 5208 5181.7 Tc-99 Count: 5208 5278 5335 

Sr-90 Count: 4957 Sr-90 Count: 4863 

-w 
Tc-99 EFF: RfM Sr-90 EFF:- Tc-99 EFF: •v.a Sr-90 EFF: 1!1t8 

AVERAGE 

5273.7 

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

~ Is the AS FOUND efficiency within 20% of efficiency from last calibration? 

~ Reproducibility: Are the lnF~Ivldual counts within 10% of the average? 

~ Does the probe meet final acceptance criteria? 

~ Calibration sticker attached? 

Comments: Married as a set with: Model: 2241-3 Serial#: 181301 BarCode#: 

Perionnod "''~kumo,.ls Duo F•••::::~•' ~-' ~/<(/J £ 
~ 

Printed Name: Thomas Thompson . 



10512 Lexington Drive 
Suite 200 
Knoxville, TN 37932 

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

Model2241·3 CALIBRATION FORM 
Serial number: 253346 Customer Name : Chase 

Previous due date : '121512015 P.ONumber: 
Date: 1/11120f6 Technician : Carl Hall. 

Reason For Calibration : Probe needed repair 
INSTRUMENT($) USED DURING CALIBRATION 

Model Numb4itr: 500.2 I Serial Number: 132896 I Calibration Due date: 

Model Numb4itr: l Serial Number: I Calibration Due date: 

Instrument Condition 

AsFound I As Left 
OK I OK 

Threshofd 

AsFound I Asl~ 
4.0 I 4.0 

I B1ttery Indicator 
SAT 

I SCAIRATE Switch 
SAT Set Voltage High Voltage Range 

Deteetor# As Found As left As Found As Left 
1 1678 1675 SAT SAT 
2 1779 1775 SAT SAT 

6J15/201tl 

I 
I 

3 1153 1150 SAT SAl Reprodueabllity 

4 1281 1325 SAT SAT 

Digital Scaler 
Targe~t As Found %Error As Left %Error 

250 251 0.40% 251 0.40% 
2,500 2.500 0.24% 2,506 0.24% 

25.000 25,064 0.26"/o 25.064 0.26% 
250,000 250,643 0.26% 250.643 0.26% 

OK Is the As Found Data Within 20% of the set point? 
OK Are the individual COUflts within 100t. of the average? 
OK Fast J Slow response SWitch functions property? 
OK Does Instrument meet final Acceptance Criteria? 
OK Calibration sticker attached? 

Married with: 1675V 
1775V 
1150V 

Comments: 1325V 
Instrument calibrated per SEC·IS-423. 

5 foot cable J.JSed for the 43-68 

10 foot cable used for the 43-37 

DET1 Model: 
DET2 Model: 
DET3 Model: 
DET4 Model: 

x.1 or ll1 Scale 
250 l 250 I 250 

x1 or x10 Seale 
2500 l 2500 I 2500 

x1 0 or x1 00 Scale 
25K I 25K I 25K 

x1 00 or x1 000 Scale 
250K I 250K I 250K 

OK Audio Response 
OK Push Buttons 
OK RESET 
OK Audio Switch 
OK light 

43-68 Serial Number: PR285701 
43-37 Serial Number: PR259902 
43-68 Serial Number. PR285701 
43-37 Serial Number: PR259902 

D~te)tl~~~ next calibration :11111/2017) ~-
Performed brt: ~ Date: I /11/16 Reviewed by: ...;:j'=HJJ.,_v:H~ ..... -IJoEb'--...;;;O~ate::.;.: ..!.I....:· I~/--(,___ 
Printed name : cart Hall m 

~~~~-----------------



Safety and Ecology Corporation sec PRoceouRE # 

2800 Solway Road, Knoxville, TN 37931 

SEC-IS-417 Rev 4 

Calibration Certificate 

Page 1 of 1 

111112016 

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

Dale: 01/11 /16 

Location : 999999, 

Date Last Cal. E>tplres: 12105f15 Technician: Carl Hall 

EQUIPMENT USED DURING CALIBRATION MODEL: 

NIST TRACEABLE SOURCES USED SOURCE 

Efficiencies from last calibration 4C79-02 

Pu-239: 18.68 'lo 4C<71-02 

Tc-99 : 2•1.54 % 4076-02 

Th-230: 16.23 % 4072-02 

SrY-90: 34.16 % 

AS FOUND DATA AS FOUND Instrument Condition : SAT 
Calibration Setpoints 

R&ason For Calibration: Repair 

2141-3 SERIAL#: 253346 CAL DUE 01111/16 

ISOTOPE ACTIVITY 2TT ASSAY DATE 

Pu-239 28997 dpm 14,698 cpm 1/1/2015 

Th-230 d0299dpm 20,499 cpm 1/1/2015 

Sr-00 11037 dp 7.744 cpm 1/1/20~ 5 

Tc-99 28300dpm 17,700 cpm 1(1/2015 

AS LEFT Instrument Condition : SAT 

AS LEFT Oil.TA after repair, HV adjust or Platpau 

HV (Alpha): 1325 V HV (Bola): 1ns v Threshold: 4 mV HV (Alpha): 1275 V HV (Beta): H75 V Threshold: 4 mV 

Back Alpha Bela AL 4 n Efficiencies 
Back AJptia 

ground: 2 CPM 

Pu-239: 5292 CPM 

Tc·99: NIA 
Th-230: 6334 CPM 
SrY-90: NIA 

'ti Is the As Found Data within 20% of the 
efficioncy from the last cal .? 

Beta eF 4 TTEffi~iencles 

716 CPM 

NIA 18.24% . 
6959 CPM 22.06% 
Ni A 15.71% 

3962 CPM 29.41% 

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

ground: 7 CPM 716 CPM 

Pu-239: 5512 CPM NIA 18.98% 

Tc·99: NIA 6959 CPM 22.06% 

Th-230: 6575 CPM NIA 16.30'4 

SrY-90: N/A 3962 CPM 29.41% 

"AF" In the AL Efficiency fields means to refer to the AF 
Efficiencies in th& AS FOUND DATA Section 

3957.3 IV'I Ase the individual counts within 10% of t he average? 

•lf lllo A1' ound data ..-.,lllteHopa\r) Is "1!.hln 1°"'of tl>i! IM! Cftlibmtion, men the tocllnlcian rriay NIA Plilltau Data and go dlr~lyto CommMtS. Genme!fy at'sourn • ~lisl• l<>•lltfae•. ox~l 
l!BS ptop0f1ional PfollaS'. lie" frQIJl a<,1rfac• 1ml•n Otho""'~ $pfGHrelf. 

Alpha Source: Th-230 

Response Background 
PLATEAU DATA Beta Source: Tc-99 

Response Background 

HV CPM ~ 

(Alpha) 

N/A 

Ach. 

2 Pi Efficiencies: 

A c h. Net 4rr Eff. 

Pu-239 

37.45% 

Tc,99 

35.27% 

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

Replaced damage:l myl<ir . 

Serial #: 253346 

HV CPM CPM 

(Bqtal 

NIA 

Bch. 

SrV-90 
41.92% 

B ch. Not 4TT Eff. 

Bar Codo#: 

.../: Does Instrument Meet Final Acceptance Criteria? Iv' Calibration Stlckor Attached? 

Date Instrument is Due For Ne11t Calibration: 01/11/17 

C?'~--~~ 
Perlormedby:.~~-~~~.....:...~.....:...~~~~~~ 
Pri11tod Name: Cart Hall 



SEC INSTRUMENTATION SERVICES 
10512 Lexington Drive 

Suite 200 
Knoxville, TN 37932 

C-14 SOURCE CALIBRATION FORM 
Probe Model Number : 43--37 

Probe Serial Number : PR259902 
Date of Calibration: 1/1112016 

Customer Name : Chase Environmental 

Technician: Carl Hall 

Instruments used during calibration 
Model Number: 2241-3 Serial Number: 253346 Calibration Due Oate:L 111112011 

Model Number: Serial Number: 

Emission Rate 
432 

Instrument condition : Sat 
High Voltage: 1775 

Background: 716 

C-14 Count: 8559 

2rr Efficiency: /30'.26!f~i · 
4rr Efficiency: 11~67% 

Calibration sticker attached? Yes 

Comments : Married as a set with : 
Calibrated with plastic standoffs attached. 

Performed by : 
Printed Name : 

Calibration Due Date: I 

Model: 253346 



Safety and Ecology Corporation sec PRoceouRe # sec-IS-417 Rev 4 

2800 Sofway Road, Knoxville, TN 37931 

Calibration Certificate 

P;;ige 1 of 1 

1/1112016 

Calibration Certificate for 43-68,Serial # PR285701, Bar Code# ,Properly# Chase105 
Date: 01111/16 

Loc;1tion: 999999. 

Date Last Cal. Expires: 12105115 

EQUIPMENT USED DURING CALIBRATION MODEL: 

NIST TRACEABLE SOURCES USED SOURCE 

Efficiencies from last calibration 4079-02 

Pu-239: 10.20 % 4071-02 

Tc-99: 23.66 % 4076-02 

Th-230 : 16.05 % 4072-02 

SrY-90: 34.18 ,,. 

AS FOUND DATA AS FOUNP Instrument Condition: S/H 
Calibration Set1121nts 

Technlcl ;m: Carl Hall 

Reason For Calibration: Short Cycled 

2241-J SERIAL#: 2533~6 

ISOTOPE ACTIVITY 

Pu-239 28997 dpm 

Th-230 40299 dpm 

Sr-90 11037 dpm 

Tc-99 28300 dprn 

CAL DUE 01/11116 

2rr ASSAY DATE 

14,698 cpm 1/1/2015 

20,499 cpm 111/2015 

7,744 cpm 11112015 

17.700cpm 111/2015 

AS LEFT Instrument Condition : SA. T 

~~ LEFT DATA after repair, HV adjust or Platenu 

HV (Alpha): 1150 V HV {Bela): 1675 V Threshold : 4 mV HV (Alpha): 1150 v HV (Beta}: 1675 v Threshold: 4mV 

Back Alpha B AF 4 ll~ffi!il~cies Back &Q!!.I Bot a AL 4 !! !itf.l!<l!ns;ies 

ground: 1 CPM 
Pu-239: 5728 CPM 

Tc-99 : NIA 

Th·230: 6886 CPM 
SrY-90: N/A 

,.,,] Is tho As Found Oat.a within 20% of the 
efficiency from the last cal.? 

168 CPM 

NIA 
7075 CPM 
NIA 

421 3 CPM 

ground: 1 CPM 168 CPM 
Pu-239: 5728 CPM NIA 19.75% 

Tc-99: Nff.. 7075 CPM 24.41•1o 
Th-230: 6886 CPM N/A 17.08% 

SrY-90 : NIA 4213 CPM 36.65% 

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

Reproducib ility : Isotope: Sr-90 4240 4178 4205 Average : 4207.7 ""'Are the indiv idual counts within 10% of the average? 

Ir 111 A!J Found data (tMln a • " •Pilir)ls "1th n 10% ol lha.ta.v cri mtlon, th!ln th& t&cl•M..,, may NA Plateau Oat;i and go dlrac:Uy to C.,,111ien1~. Goomtlrv of source" nuM to su~. ~ 
CJll!f. l)l'OP<lttlO!Jtll IJl'Cbes • 1(8" frorn ~urfoct unle~• oiner.i.1u sp«l~ed. · 

Alpha Source: Th-230 PLATEAU DATA Bela Source: Tc-99 

HV 

{Alpha) 

NIA 

Response Background 

£EM CPM 

Ach. Ach. Net4nEff. 

2 Pi Efficiencies: 
Pu-239 

38.96% 
T~·99 

39.Q2% 

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

!!:!.:ll!! 
33.59 

Serial# : 253346 

HV 

(Beta) 

NIA 

Responso Background 

CPM CPM 
B ch. B ch. Net 4TT Eff. 

Bar Code#: 

[,;; Does Instrument Meet F inal Acceptance Criteria? v i Calibration Sticker Attached? 

Date Instrument is Due For Next Calibration : 0 1/11117 

~---=-~ 
Performed by: __ -=-~-----=--~--- Date :L:.ll::.t# 
Printed Name: Carl Hall 11111 111 UllJll I 



SEC INSTRUMENTATION SERVICES 
10512 Lexington Drive 

Suite200 
Knoxville, TN 37932 

C-14 SOURCE CALIBRATION FORM 
Probe Model Number: 43-68 
Probe Serial Number : PR285701 

Date of Calibration : 1/1112016 

Customer Name : Chase Environmental 
Technician : Carl Hall 

Instruments used durin calibration 
Model Number: 2241-3 Serial Number: 253346 Calibration Due Date: 111112011 
Model Number: Serial Number: Calibration Due Date: 

Emission Rate 
432 

Instrument condition: Sat 
High Voltage: 1675 

Background: 168 

C-14 Count 8576 

2rr Efficiency: 32 • .44~;~::1 
4rr Efficiency: f2:40~~, · 

Calibration sticker attached? Yes 

Comments : Married as a set with : 
Calibrated with plastic standoffs attached . 

Model: 2241-3 Serial # : 

. . ~ _Uite ins~nt is due for next calibration : 
Performed by: ,~~~:::e Reviewed b~o..::..· ~~~J-----Date : 
Printed Name : Carl Hall 

Entered in computer invento~ by:--------Date : 

253346 



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

SEC Corporate 
2800 Solway Road 
Knoxville, TN 37931 

Model2241-3 CALIBRATION FORM 
Serial number : 253351 Customer Name : Chase 

Previous 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 Number: 500·2 I Serial Number: 132896 I Calibration Due date: 

Model Number: I Serial Number: I Calibration Due date: 

Instrument Condition Threshold Battery Indicator 

As Found I As Left As Found 1 As Left SAT 
OK I OK 4.1 I 4.0 

SCA/RATE Switch 

Set Voltage High Voltage Range SAT 

Detector# As Found As Left As Found As Left 

1 1616 1675 SAT SAT 

2 1691 1800 SAT SAT 

6/20/2017 

3 1214 1275 SAT SAT Reproducablllty 
4 1316 1350 SAT SAT 

Digital Scaler 
Target As Found %Error As Left %Error 

250 250 0.00% 250 0.00% 
2,500 2,500 0.00% 2,500 0.00% 

25,000 25,008 0.03% 25,008 0.03% 
250,000 250,081 0.03% 250,081 0.03% 

OK Is the As Found Data within 20% of the set point? 
OK Are the Individual counts within 1 0% of the average? 
OK Fast I Slow response switch functions properly? 
OK Does Instrument meet final Acceptance Criteria? 
OK Calibration sticker attached? 

Married with: 1675V DET 1 Model: 
1800V 
1275V 

Comments: 1350V 
Instrument calibrated per SEC-iS-423. 

5 foot cable used for the 43-68 

DET2 Model: 
DET3 Model: 
DET4 Model: 

x.1 or x1 Scale 

250 I 250 I 250 

x1 or x10 Scale 

2500 I 2500 I 2500 
x10 or x100 Scale 

25K I 25K I 25K 
x1 00 or x1 000 Scale 

250K I 250K I 250K 

OK Audio Response 
OK Push Buttons 
OK RESET 
OK Audio Switch 
OK Light 

43-68 Serial Number: PR216394 
43-37 Serial Number: PR178300 
43-68 Serial Number: PR216394 
43-37 Serial Number: PR178300 



.---------------------

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

2800 Solway Road, Knoxville, TN 37931 

Calibration Certificate 

Page 1 of 1 

812412016 

Calibration Certificate for 43-68,Serial # PR216394, Bar Code# ,Property# Chase108 
Date: 08/24116 

Location: 999999, 
·----···-----

Date Last Cal. Expires: 05/04/17 Technician: Carl Hall 

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 2n ASSAY DATE 
---·····---·---· ···--·-·---

Efficiencies from last calibration .5744-06 Sr-90 16834 dpm 11,811 cpm 1/1/2016 

Pu-239: 22.09% 5746-06 Tc-99 31900 dpm 20,000 cpm 1/1/2016 

Tc-99: 25.21% 5747-06 Pu-239 25798 dpm 13,099 cpm 1/1/2016 

Th-230: 20.29% 5748-06 Th-230 34899 dpm 17,700 cpm 1/1/2016 

SrY-90: 34.54% 

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

Calibration Setaolnts AS LEFT DATA after reJ;!alr, HV adjust or Plateau 

HV (Alpha}: 1275 v HV (Beta}: 1675 v Threshold: 4mV HV {Alpha}: 1275 V HV (Beta): 1675 v Threshold: 4mV 

AIJ;!ha Beta AF 4 nEfficiencies Back A!.l!.h.i! Beta AL 4 TT Efficiencies 
Back 
ground: 1 CPM 

Pu-239: 4944 CPM 

Tc-99: N/A 
Th-230: 5770 CPM 

SrY-90: N/A 

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

191 CPM 

N/A 
7661 CPM 

N/A 
5748 CPM 

ground: 1 CPM 191 CPM 
Pu-239: 4944 CPM N/A 

Tc-99: N/A 7661 CPM 
Th-230: 5770 CPM N/A 

SrY-90: N/A 5748 CPM 

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

Alpha Source: Th-230 
Response Background 

PLATEAU DATA Beta Source: Tc-99 
Response Background 

HV CPM CPM 

(AIJ;!ha) 

N/A 
A c::.:.h::.:.. ~....:A~c~h. Net 4TT Eff. 

i ·----, 
! 

f----------i---- ! 

-~i 

J 

2 PI Efficiencies: 

Comments: Marrledasasetwlth: Model: 2241-3 Serial #: 253351 

DET 1 ll = 1675V, DET 3 a= 1275V. Calibrated with plastic spacers attached. 

HV CPM CPM 

~ B ch. B_c=.:h.:.:_ . ......,:....N_:_et:_4n Eff. 

N/A i ' I i 
i.-··· --+--- ---1 ! ~ . 

+-----1 
I 

I··· ------'-- -------1 
···t 
·--~----1:.-. 

·I 
--1 

~'--

Bar Code#: 

~ Does Instrument Meet Final Acceptance Criteria? ~ Calibration Sticker Attached? 

Date Instrument is Due For Next Callbration: [9!1~4{1\~0]~;![4(\<!J 

Performed by: 

Printed Name: 
~ Reviewed by:T- Date: r·L.'""I~/t.. 

lllli~IIIIIIIIIIIIIIHIIJIIII carl Hall 



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: 

Emission Rate 

432 

Instrument condition : Sat 
High Voltage: 1675 

Background: 191 

C-14 Count: 7906 

2n Efficiency: 29.76%' ; 
4n Efficiency: <11 ;38% 

Calibration sticker attached? Yes 

Comments : Married as a set with : 
Calibrated with plastic standoffs attached. 

Calibration Due Date: I 

Model: 2241-3 Serial#: 253351 

I 
I 
It 

~ 
~ 

I
ll 

' 

I 



.----------------------------------

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

2800 Solway Road, Knoxville, TN 37931 

Calibration Certificate 

Page 1 of 1 

8/24/2016 

Calibration Certificate for 43-37,Serial # PR178300, Bar Code# ,Property# Chase107 
Date: 08/24/16 

Location: 999999, 

Date Last Cal. Expires: 05/04/17 Technician: Carl Hall 

Reason For Calibration: Short Cycled 

EQUIPMENT USED DURING CALIBRATION MODEL: 2241-3 SERIAL#: 253351 
···-------·· 

CAL DUE 06/24/17 

NIST TRACEABLE SOURCES USED SOURCE. ISOTOPE ACTIVITY 2rr ASSAY DATE 
·-----·-· 

Efficiencies from last calibration 5744-06 Sr-90 16834 dpm 11,811 cpm 1/1/2016 

31900 dpm 20,000 cpm 1/1/2016 5746-06 Tc-99 
Pu-239: 18.88% 

25798 dpm 13,099 cpm 1/1/2016 5747-06 Pu-239 Tc-99: 22.31 o/o 
Th-230: 17.19% 5748-06 Th-230 34899 dpm 17,700 cpm 1/1/2016 

SrY-90: 30.62% 

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

Calibration SetRoints AS LEFT DATA after re(2alr, HV adjust or Plateau 

HV (Alpha): 1350 v HV (Beta): 1800V Threshold: 4mV HV (Alpha): 1350 V HV (Beta): 1600 v Threshold: 4mV 

Back AIRha Beta AF 4 TTEfticiencles Back Alpha ~ AL 4 TT Efficiencies 

ground: 3 CPM 

Pu-239: 4503 CPM 

Tc-99: N/A 

Th-230: 5590 CPM 

SrY-90: N/A 

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

850 CPM 

N/A 
7643 CPM 

N/A 
5603 CPM 

ground: 3 CPM 650 CPM 

Pu-239: 4503 CPM N/A 
Tc-99: N/A 7643 CPM 

Th-230: 5590 CPM N/A 

SrY-90: N/A 5603 CPM 

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

Alpha Source: Th-230 
Response Background 

PLATEAU DATA Beta Source: Tc-99 
Response Background 

HV ~ CPM HV CPM ~ 

-~ 
N/A 

A ch. A ch. Net 4TT Eft. 
--~--

.-'<!:B:=et=a~) --=B:...c:..:h~. _...:8=-ch. Net 4TT Eft. 

: ... t-!'~- -----1 
... ·---·-- ·'----->-------

I -----t-
------'-------·· 

Pu-239 

2 Pi Efficiencies: n~~4~~B.~;~1 

Comments: Married as a set with: Model: 2241-3 Serial #: 253351 BarCode#: 

DET 2 r.. = 1600V, 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: ~~~l~~li!~l~''[;{·m;';J 

...... ~···,,~ 
Printed Name: Carl Hall 

~ r--2'1-/1. 
Reviewed by: Date: 

7 lltlllllllll~mmumul~ 

~~-~----------------------------



SEC INSTRUMENTATION SERVICES 
1 0512 Lexington Drive 

Suite 200 
Knoxville, TN 37932 

C-14 SOURCE CALIBRATION FORM 
Probe Model Number: 43-37 

Probe Serial Number : PR178300 
Date of Calibration : 8/24/2016 

Customer Name : Chase Environmental 

Technician: Carl Hall 

Instruments used during calibration 
Model Number: 2241-3 Serial Number: 253351 Calibration Due Date:! 8/24/2017 
Model Number: Serial Number: 

Emission Rate 

432 

Instrument condition : Sat 
High Voltage: 1800 

Background: 850 

C-14 Count: 8369 · 

2TT Efficiency: <· 29:01% 
4TT Efficiency:. ·11~09% 

Calibration sticker attached? Yes 

Comments : Married as a set with : 
Calibrated with plastic standoffs attached. 

Calibration Due Date: I 

Model: 2241-3 Serial # : 253351 



SEC INSTRUMENTATION SERVICES 
1 0512 Lexington Drive 
Suite 200 
Knoxville, TN 37932 

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 Calibration 

INSTRUMENT(S) USED DURING CALIBRATION 
Model Number: 500-2 I Serial Number: 132896 I Calibration Due date: 

Model Number: I Serial Number: I Calibration Due date: 

Instrument Condition Threshold Battery Indicator 
As Found I As Left As Found 1 As Left SAT 

OK I OK 4.0 I 4.0 

SCAIRATE Switch 
Set Voltage High Voltage Range SAT 

Detector# As Found As Left As Found As Left 
1 1741 1750 SAT SAT 

2 1869 1875 SAT SAT 
3 1119 1125 SAT SAT 

4 1266 1275 SAT SAT 

250 

Digital Scaler 
Target As Found %Error As Left %Error 2500 

250 250 0.00% 250 0.00% 
2,500 2,500 0.00% 2,500 0.00% 25K 
25,000. 25,011 0.04% 25,011 0.04% 
250,000 250,113 0.05% 250,113 0.05% 250K 

6/20/2017 

250 

2500 

25K 

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 Fast I Slow response switch functions properly? 
OK Does Instrument meet final Acceptance Criteria? 
OK Calibration sticker attached? 

Married with: 1750V 

Comments: 

1875V 
1125V 
1275V 

DET 1 
DET2 
DET3 
DET4 

Model: 
Model: 
Model: 
Model: 

43-68 
43-37 
43-68 
43-37 

OK Push Buttons 
OK RESET 
OK Audio Switch 
OK Light 

Serial Number: 
Serial Number: 
Serial Numi;Jer: 
Serial Number: 

PR289219 
PR281040 
PR289219 
PR281040 



Safety and Ecology Corporation sEc PROCEDURE- t# 

2800 Solway Road, Knoxville, TN 37931 

SEC·IS-417 Rev 4 

Page 1 of 1 

9/2812016 Calibration Certificate 

Calibration Certificate for 43-68,Serial # PR289219, Bar Code# ,Property# Chase51 
Date: 09/28/16 

Location: 999999, 

Date Last Cal. Expires: 09/22/16 Technician: Carl Hall 

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 2rr ASSAY DATE 
........ --------·· .. ·- ·-·--········------------

Efficiencies from last calibration 5744-06 

Pu-239: 18.28 'Yo 5746-06 

Tc-99: 25.07% 5747-06 

Th-230: 17.35% 5748-06 

SrY·90: 36.95 'Yo 

AS FOUND DATA AS FOUND Instrument Condition: SAT 
Calibration Setpolnts 

Sr-90 16834 dpm 11,811 cpm 1/1/2016 

Tc-99 31900 dpm 20,000 cpm 1/1/2016 

Pu-239 25798 dpm 13,099 cpm 1/1/2016 

Th-230 34899 dpm 17,700 cpm 1/1/2016 

AS LEFT Instrument Condition: SAT 

AS LEFT DATA after repair. HV ad lust or Plateau 

HV (Alpha): 1125 V HV (Beta): 1750 V Threshold: 4 mV HV (Alpha): 1125 V HV (Beta): 1750 v Threshold: 4 mV 

Back 
ground: 

Pu-239: 

Tc-99: 

Th-230: 

SrY-90: 

Alpha 

0 CPM 

0 CPM 

N/A 
0 CPM 

N/A 

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

Beta AF 4 rrEfficiencies 

0 CPM 

N/A 
0 CPM 

N/A 
0 CPM 

Back Alpha Beta AL 4 rr Efficiencies 

ground: 2 CPM 260 CPM 
Pu-239: 4668 CPM N/A 

Tc-99: N/A 8059 CPM 
Th-230: 5758 CPM N/A 

SrY-90: N/A 6544 CPM 

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

Alpha Source; Th-230 
Response Background 

PLATEAU DATA Beta Source: Tc-99 
Response Background 

HV ~ CPM 
!Alpha) A ch. 

.==NI=A=---.---
A ch. Net 4TT Eft. 

"""! 

' 
-· ---------1 

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

Replaced damaged mylar. DET 1 B = 1750V, DET 3 a= 1125V. 

RJ Does Instrument Meet Final Acceptance Criteria? 

Serial #: 253356 

HV 
(Beta) 

N/A -. 

CPM CPM 

B ch. B ch. Net 4TT Eft. 

.-· -------------------------'------~---

Bar Code#: 

~ Calibration Sticker Attached? 

Date Instrument Is Due For Next Calibration: 

Performed by: Date:~/( 
Printed Name: Carl Hall IIUiml~lllllllnll~ lUlU I~ 



SEC INSTRUMENTATION SERVICES 
10512 Lexington Drive 

Suite 200 
Knoxville, TN 37932 

C-14 SOURCE CALIBRATION FORM 
Probe Model Number : 43-68 

Probe Serial Number: PR289219 
Date of Calibration : 9/28/2016 

Customer Name : Chase Environmental 

Technician: Carl Hall 

Instruments used during calibration 
Model Number: 2241-3 Serial Number: 253356 Calibration Due Date:l 9/28/2017 

Model Number: Serial Number: Calibration Due Date: I 

Emission Rate 

432 

Instrument condition : Sat 
High Voltage: 1750 

Background: 260 

C-14 Count: 7877 

Calibration sticker attached? · Yes 

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



Safety and Ecology Corporation sEc PROCEDURE# 

2800 Solway Road, Knoxville, TN 37931 

SEC-IS-417 Rev 4 

Page 1 of 1 

9128!2016 Calibration Certificate 

Calibration Certificate for 43-37,Serial # PR281040, Bar Code# ,Property# Chase50 
Date: 09/28/16 

Location: 999999, 

Date Last Cal. Expires: 09/22/16 Technician: Carl Hall 

Reason For Calibration: Due and Repair 

EQUIPMENT USED DURING CALIBRATION MODEL: 2241-3 SERIAL#: 253356 CAL DUE 09/28/17 

NIST TRACEABLE SOURCES USED 

Efficiencies from last calibration 

Pu-239: 17.63 o/o 

Tc-99: 24.26% 
I Th-230: 16.93% 

SrY-90: 33.33% 

SOURCE 

5744-06 

5746-06 

5747-06 

5748-06 

AS FOUND DATA AS FOUND Instrument Condition: SAT 
Calibration Setpolnts 

HV (Alpha): 1275 v HV (Beta): 1875 v Threshold: 

ISOTOPE 

Sr-90 

Tc-99 

Pu-239 

Th-230 

·········-··-----····-···-

ACTIVITY 2TT ASSAY DATE 

16834dpm 11,811 cpm 1/1/2016 

31900dpm 20,000cpm 1/1/2016 

25798dpm 13,099 cpm 1/1/2016 

34B99dpm 17,700 cpm 1/1/2016 

AS LEFT Instrument Condition: SAT 

AS LEFT DATA after repair. HV ad lust or Plateau 

4mV HV (Alpha): 1275 V HV (Beta): 1875 v Threshold: 4mV 

Alpha ~ AF 4 uEfficiencies Back Alpha !!!!! AL 4 u Efficiencies 
Back 
ground: 0 CPM 

Pu-239: 0 CPM 

Tc-99: N/A 

Th-230: 0 CPM 
SrY-90: N/A 

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

0 CPM 

N/A 
0 CPM 

N/A 
0 CPM 

ground: 7 CPM 1020 CPM 
Pu-239: 4643 CPM N/A 

Tc-99: N/A 8654 CPM 
Th-230: 5701 CPM N/A 

SrY-90: N/A 6923 CPM 

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

Reproducibility; Isotope: ;Sr-90 6937 6907 6942 Average: 6928.7 ~ Are the Individual counts within 10% of the average? 

Alpha Source: Th-230 
Response Background 

PLATEAU DATA 

HV 

(Alpha) 

N/A 

CPM CPM 

A ch. A ch. Net 4TT Eft. 

2 Pi Efficiencies: 
Pu-239 

r;S!Itaio/~'i .. ·····':' ·:·-·.···: ·':·~ 

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

Replaced damaged mylar. DET 2 B"' 1875V, DET 4 a"' 1275V. 

Th-230 

t:;~~,!,1l:&Si 
Serial #: 253356 

Beta Source: Tc-99 
Response Background 

HV 

IBetal 

'Nif.. 

CPM CPM 

B ch. B ch. Net 4rr Eff. 

Bar Code#: 

~ Does Instrument Meet Final Acceptance Criteria? ~ Calibration Sticker Attached? 

Date Instrument Is Due For Next Calibration: !"(j~~~~i1'7:{::::~;\:J 

Performed by: 

Printed Name: 
~Rmlowod~ 

Carl Hall 

Date:£.:2£;/t 

lilll~i~lllllllllllilmllln 



SEC INSTRUMENTATION SERVICES 
10512 Lexington Drive 

Suite 200 
Knoxville, TN 37932 

C~14 SOURCE CALIBRATION FORM 
Probe Model Number : 43-37 

Probe Serial Number: PR281040 
Date of Calibration: 9/28/2016 

Customer Name : Chase Environmental 

Technician : Carl Hall 

Instruments used during calibration 
Model Number: 2241-3 Serial Number: 253356 Calibration Due Date:! 9/28/2017 

Model Number: Serial Number: Calibration Due Date: I 

Emission Rate 2 Pi (cpm) 
432 25,920 

Data 
Instrument condition : Sat 

High Voltage: 1875 

Background: 1020 

C-14 Count: 9208 

Calibration sticker attached? Yes 

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

, - te instrument is due for next calibration : 

Reviewed by :__,IIFil\Ml~~---Date: 



1 0512 Lexington Drive 
Suite 200 
Knoxville, TN 37932 

Serial number : 
Previous due date : 

Date: 

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

Model2241 .. 3 CALIBRATION FORM 
Customer Name: Chase ' •.·.·. · 

P.O Number: 
Technlciap : Carll-:1811 

Reason For Calibration: REPAIR 

INSTRUMENT(S) USED DURING CALIBRATION 
Model Number: .··.·•• 500-2 • .... , Serial Number: '···1.32896 ·.···.··•1 Calibration Due date: 6/20/2017 ..... 

Model Number: ... ·· · .. I Serial Number: · •. 

Instrument Condition Threshold 

As Found I As Left As Found 1 As Left 

OK I • OK . 4.0 .···.·• , .... · 4.0 
. 

Set Voltage High Voltage Range 

Detector # As Found As Left As Found As Left 

1 >1648 1650. UNSAT •· .. ·. SAT 

3 • 1321 :···: .·:·. · > 1325 · .·· UNSAT > SAT · ·.• 

:· .. • ·· ... • .:> < .. Digital Scaler.···•·· ···.··,·········.·· < ............... 

Target As Found %Error As Left %Error 
250 .. · .. 250 ·.'. 0.00% . 250 0.00% 

2,500 2,50Q.·.····· 0.00% •2,500 •... ··· ... 0.00% 
25,000 .·. 25,007.······.· 0.03% 25.007< 0.03% 
250,000 250;072'.·•• 0.03% .250,072 0.03% 

· · • · ()K · · \ Is the As Found Data within 20% of the set point? 

·>OK · > • Are the indiyidual counts within 10% of the average? 
()K ·.. ·Fast I Slow response switch functions properly? 

.· ... OK '· · · 'Does Instrument meet final Acceptance Criteria? 
· · OK<· • ..... ;Calibration sticker attached? 

Married with: 1650V 

Comments: 

1800V 
1325V 
1350V 

DET1 
DET2 
DET3 
DET4 

Model: 
Model: 
Model: 
Model: 

·•I Calibration Due date: ·· .. ·, · · ·.· 

Reproducablllty 

x.1 or x1 Scale 

· .. 25o ·.·• 1 ·250 , .... 250 ... ·.: 

x1 or x10 Scale 
.·.,. 2500 'l .. 2500 .. , 2500 ''·' 

x10 or x100 Scale 
:. .25K .··. 1 ><z5K: I··.··· .. 25K 

x100 or x1000 Scale 
250K. 1·· ''25QK:•·.,,· j. 250K 

. < OK : Audio Response 

. ·.' OK . ·.··• •·. • Push Butlons 
OK • 'RESET 
OK.... jAudio Switch 
OK Light 

. •serial Number: 
•Serial Number: 

PR2l357QO 
PR?86l336 
PR285700. 
PR286836. 

Serial Number: 
Serial Number: 



Safety and Ecology Corporation sEc PROCEDURE# 

2800 Solway Road, Knoxville, TN 37931 

SEC·IS-417 Rev 4 

Page 1 of 1 

6/30/2016 Calibration Certificate 

Calibration Certificate for 43-68,Serial # PR285700, Bar Code #,Property# Chase53 
Date: 06/30/16 

Location : 102624, 

Date Last Cal. Expires: 01/28/17 Technician: Carl Hall 

Reason For Calibration: Due for Calibration 

EQUIPMENT USED DURING CALIBRATION MODEL: 2241·3 SERIAL#: 267113 CAL DUE 06/30/17 

NIST TRACEABLE SOURCES USED 

Efficiencies from last calibration 

Pu-239: 20.86 % 
Tc-99: 25.09 % 

Th-230: 19.46 % 

SrY-90: 33.17 % 

SOURCE 

5744-06 

5746-06 

5747-06 

5748-06 

AS FOUND DATA AS FOUND Instrument Condition: SAT 
Calibration Setpolnts 

ISOTOPE 

Sr-90 

Tc-99 

Pu-239 

Th-230 

ACTIVITY 2rr ASSAY DATE 

16834 dpm 11 ,811 cpm 1/1/2016 

31900 dpm 20,000 cpm 1/1 /2016 

25798 dpm 13,099 cpm 1/1/2016 

34899 dpm 17,700 cpm 1/1/2016 

AS LEFT Instrument Condition: SAT 

AS LEFT DATA after repair. HV adjust or Plateau 

HV (Alpha) : 1325 v HV (Beta): 1650 v Threshold: 4mV HV (Alpha): 1325 V HV (Beta): 1650 v Threshold : 4 mV 

~ Beta AF 4 rrEfficlencles Back Alpha Bot a AL 4 rr Efficiencies 
Back 
ground: 0 CPM 0 

Pu~239: 0 CPM N/A 

Tc-99: NIA 0 

Th-230: 0 CPM N/A 

SrY-90: N/A 0 

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

Reproducibility : Isotope: [si-9~~] 6214 6178 

Alpha Source: Th-230 

Response Background 

CPM CPM 

CPM 

CPM 

CPM 

6228 

HV 

®l2lli!.l A ch. A ch. Net 4TT Eff. 

N/A 

2 Pi Efficiencies: 

ground: 2 CPM 260 CPM 

Pu-239: 4922 CPM N/A 

Tc-99: N/A 7881 CPM 

Th-230: 5940 CPM N/A 

SrY-90: N/A 6202 CPM 

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

Average: 6206.7 ~ Are the Individual counts within 10% of the average? 

PLATEAU DATA Beta Source: Tc-99 
Response Background 

HV 
(Beta) 

NIA 

CPM CPM 

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

Replaced damaged mylar. 

~ Does Instrument Meet Final Acceptance Criteria? ~ Calibration Sticker Attached? 

Dato Instrument Is Due For Next Calibration: [qJ/l:9l1~i~~J~ll 

Performed by: Date:Z.f-;// 

Printed Name: Carl Hall 1111~~m1mm11111m~1 



Model Number: 
Model Number: 

Comments: 

SEC INSTRUMENTATION SERVICES 
10512 Lexington Drive 

Suite 200 
Knoxville, TN 37932 

C-14 SOURCE CALIBRATION FORM 

Instruments used during calibration 
2241-3 . Serial Number: 

,, •. Serial Number: 

C-14 Count: 7697 

2n Efficiency: ;:·~$.r§:~·~<:i'.A 
4TT Efficiency: v:·rjp;~t%:' .1 

·. 267113 
., 

Calibration Due Date: I 6/30/2017 

Calibration Due Date: I 

Calibrated withplastic ::;tardoffsattached. ·. · 



Safety and Ecology Corporation sEc PROCEDURE# 

2800 Solway Road, Knoxvllle, TN 37931 

SEC-IS-417 Rev 4 

Calibration Certificate 

Calibration Certificate for 43-37,Serial # PR286836, Bar Code #,Property# Chase94 
Date: 06/30/16 

Location: 102624, 

Date Last Cal. Expires: 01/28/17 Technician: Carl Hall 

Reason For Calibration: Repair 

EQUIPMENT USED DURING CALIBRATION MODEL: 2241-3 ,SERIAL#: 267113 

NIST TRACEABLE SOURCES USED SOURCE ISOTOPE ACTIVITY 
--··----·- ··-·---------

Efficiencies from last calibration 5744-06 Sr-90 16834 dpm 

Pu·239: 20.37 % 5746-06 Tc-99 31900 dpm 

Tc-99: 25.37 % 5747-06 Pu-239 25798 dpm 

Th-230: 18.51 % 5748-06 Th-230 34899 dpm 

SrY-90: 38.93 % 

CAL DUE 

2TT 

11,811 cpm 

20,000 cpm 

13,099 cpm 

17,700 cpm 

Page 1 of 1 

613012016 

06/30/17 

ASSAY DATE 
-·-· ·----·-- -

1/1/2016 

1/1/2016 

1/1/2016 

1/1/2016 

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): 1350 v HV (Beta): 1800V Threshold: 4mV HV (Alpha): 1350 v HV (Beta): 1800 v Threshold : 4 mV 

Alpha Beta AF 4 rrEfflciencies Back Alpha Beta AL 4 TT Efficiencies 
Back 
ground: 0 CPM 0 CPM ground : 6 CPM 870 CPM 

Pu-239: 0 CPM NIA Pu-239: 4926 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-90: N/A 6705 CPM 

D 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 

Reproduclbillty : Isotope: l sr~9? J 6671 6729 6692 Average: 6697.3 ~ Are the individual counts within 10% of the average? 

Alpha Source: Th-230 

Response Background 
PLATEAU DAT A Beta Source: Tc-99 

Response Background 

HV CPM CPM 

(Alpha! Ach. A ch. Net 4rr Eff. 

N/A 
··---+-------- -- - ----···--·· 

i 
Pu-239 

2 Pi Efficiencies: 1mfi§§rif.{ 
Comments: Married as a set with: Model: 2241 -3 

Replaced damaged mylar. 

!.l!:m. 
;~~,~1~,~~~f;f 

Serial#: 267113 

HV CPM CPM 
(Beta) 

N/A 
B ch, 

SrY-90 

~t~M~l 

B ch. Net 4TT Eff. 

Bar Code#: 

~ Does Instrument Meet Final Acceptance Criteria? ~ Calibration Sticker Attached? 

Date Instrument is Due For Next Calibration: [~61,~§fftK~l\~fil 

Performed by: Date:.2::...0/.:( 

Printed Name: Carl Hall 1~m 1m1111m11rn~11111m 



SEC INSTRUMENTATION SERVICES 
10512 Lexington Drive 

Suite 200 
Knoxville, TN 37932 

C-14 SOURCE CALIBRATION FORM 
Customer Name : Chase Environmental . 

Technician : Carl Half 

Instruments used during calibration 
Model Number: 2241~3 · .. · Serial Number: 267113 Calibration Due Date: I 6/30/2017 

Model Number: 
· .. 

Serial Number: 

C-14 Count: 9119 

2u Efficiency: :;; 3.j}~z%' i;! 
4u Efficiency:; f:~12~~ilo/~+ , 

Comments : Married as a set with : 
CaHbratE:)d with ple~stic standoffs att!'ichecl. 

·.· ..... Calibration Due Date: I ..· .•,·· ... 



SEC INSTRUMENTATION SERVICES 
1 0512 Lexington Drive 
Suite 200 
Knoxville, TN 37932 

SEC Corporate 
2800 Solway Road 
Knoxville, TN 37931 

Model2241-3 CALIBRATION FORM 
Serial number : 2671:l8 

P.O Number: .. ·' · 
Date : <5/4/2016 Technician : Carl Hai.L < · • · 

Reason For Calibration · Probe tieeded repair ·.·. · .. · · .· · · · · .·.·.· 

INSTRUMENT(S) USED DURING CALIBRATION 
Model Number: sao,~ ·1 Serial Number: ·· .. • 132896 ... · I Calibration Due date: <6/15/2QH3 

Model Number: _ <I Serial Number: • > ,· ·'· .·· .. •• •. • ·, I Calibration Due date: ·· • ... ·· .. ··.·•· · .. · • • • < 

Instrument Condition Threshold 

As Found 1 As Left As Found 1 As Left 
.... ··.··.'·'4.0 ..... ·:1••····· ·4.0 .... :. 

Set Voltage High Voltage Range 

Detector# As Found As Left As Found As Left 

1 
2 
3 
4 <1275.• ·. ,·•.: •' • .. ·1275 '·.··. · SAT <• •·· <> •$AT . 

I'· : ;.·.·.· • ................. Digital Scaler ....• >' -- < ... : •· ... · .. · ... 

Target As Found %Error As Left %Error 
250 ··... 25.0 .• •.. · ... • O.OOo/o < 2SO, 0.00% 

2,500 >2,501 ••.. ·. 0.04% ... 2;(i0t . 0.04% 

25,000 25.Q13,' 0.05% 25;013 ..• 0.05% 
250,000 . 250,130:: 0.05% 250,13() 0.05% 

· · ·.OK' · ·· •· ; Is the As Found Data within 20% of the set point? 
OK··· .. ····.' .'Are the individual counts within 10% of the average? 

•···• :OK , : Fast I Slow response switch functions properly? 
OK •·· ·Does Instrument meet final Acceptance Criteria? 

· · : ·aK· :Calibration sticker attached? 

Married with: 1675V Model: 
1800V 
1250V 

Comments: 1275V 
lnstr~rn~~:~t c~llbr;:~t~ PE!r S~C-IS-423. • .• ·.· · '.· ·.· · 

s tootcabl~ ~s~dror the 43-aa ·. · · 

Reproducabllity 
x.1 or x1 Scale 

... 2so ·•.·.··.··.1 • · 250 · 1>·.•· 250.· .. ···.· .. 

x1 or x10 Scale 

· .. •· .· '• zsoo •· I ·•· 2.500 <l< 2500 ··· .···.· .. • 
x10 or x100 Scale 

. 25K·.·•.·, >1· .... ·. 25KI' .. 25K· .... 

x100 or x1000 Scale 

· QIS ·• .. ·.· . . .'Audio Response 
· · • · · OK · < • , Push Buttons 
·.· .. ·.•.··· OK··· .. •. ·. 'RESET 

. OK \ , i Audio Switch 
'OK.·.,.. <:Light 

Serial Number: 
•· Serial Number: 
Oserlal Number: 
·'Serial Number: 

PR285699· . ......... ·.··. ·.··· .. : ··: 

PR2~98:32 
.. PR?85~99 
·PR286832 



Safety and Ecology Corporation sEc PROCEDURE # 

2800 Solway Road, Knoxville, TN 37931 

SEC·IS-417 Rev 4 

Calibration Certificate 

Page 1 of 1 

51412016 

Calibration Certificate for 43-68,Serial # PR285699, Bar Code #,Property# Chase79 
Date: 05/04/16 

Location: 102624, 

Date Last Cal. Expires: 06/05/16 Technician: Carl Hall 

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 2rr ASSAY DATE 

Efficiencies from last calibration 

Pu-239: 23.31 % 

Tc-99: 27.77 % 
Th-230: 22.37 % 

SrY-90: 41 .06 % 

5744-06 

5746-06 

5747-06 

5748-06 

AS FOUND DATA AS FOUND Instrument Condition: SAT 

Sr-90 

Tc-99 

Pu-239 

Th-230 

16834 dpm 11,811 cpm 

31900 dpm 20,000 cpm 

25798 dpm 13,099 cpm 

34899 dpm 17,700 cpm 

AS LEFT Instrument Condition: SAT 

1/1/2016 

1/1/2016 

1/1/2016 

1/1/2016 

Calibration Setpolnts AS LEFT DATA after repair, HV adjust or Plateau 

HV (Alpha): 1225 V HV (Beta): 1675 v Threshold: 4 mV HV (Alpha) : 1250 V HV (Beta): 1675 v Threshold : 4 mV 

Back 
ground: 

Pu-239: 

Tc-99: 

Th-230: 

SrY-90: 

AfRlli!. 
0 CPM 

4596 CPM 

NIA 
5788 CPM 

NIA 

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

Beta AF 4 rrEfflclencles 

187 CPM 

NIA 
8077 CPM 

NIA 

5869 CPM 

Back ~ Beta AL 4 rr Efficiencies 

ground: 0 CPM 187 CPM 
Pu-239: 5132 CPM NIA 

Tc-99: N/A 8077 CPM 
Th-230 : 6203 CPM NIA 

SrY-90: N/A 5869 CPM 

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

Alpha Source: Th-230 

Response Background 
PLATEAU DATA Beta Source: Tc-99 

Response Background 

HV 

(Alpha! 

N/A 

CPM CPM 

A ch. A ch. Net 4TT Eff. 

---·- ....... _ --------->------+-----

- -· .... -- -··------+------+----

··-- - -···-------'-------'----

HV CPM CPM 

.--'-(B=e=ta=l __ B_ c_h. __ B_c_h_._ Net 41!~· 
N/A 

....... ····-----L------ -------+----

--
··- -

.... _ .. t__ --··-·-------'---

Pu-239 Tc-99 Th-230 .§!Y:fil!. 

2 Pi Efficiencies: ~~:~~ti.I:'.".=-·~ _ ____:t£==1t~:::J'==f~=t~""";A~l ___ _'.~".'.:l=:'.~1m===;?~=i~-~---:=l":".'.Il:::ii~\tl::::::~i;l 
Comments: Married as a set with : Model: 2241-3 Serial# : 267138 Bar Code#: 

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

~ Does Instrument Meet Final Acceptance Criteria? ~ Calibration Sticker Attached? 

Date Instrument Is Due For Next Callbratlon : 

Performed by:_--'~"""'-----~-----=·;:;;· "--------· __ 
~ .s--'f-t:t 

Reviewed by: __________ Date: __ _ 

Printed Name: Cart Hall 1 rn11 1mn11mmm~1m11 



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

2800 Solway Road, Knoxville, TN 37931 

Calibration Certificate 

Calibration Certificate for 43-37,Serial# PR286832, Bar Code# ,Property# Chase101 
Date Last Cal. Expires: 06105/16 Technician: Carl Hall Date: 05/04/16 

Location: 999999, Reason For Callbration: Due and Repair 

EQUIPMENT USED DURING CALIBRATION 

NIST TRACEABLE SOURCES USED 

Efficiencies from last calibration 

Pu-239: 20.01 % 

Tc-99: 24.49 % 
Th-230 : 18,02 % 

SrY-90: 39.42 % 

SOURCE 

5744-06 

5746-06 

5747-06 

5748-06 

·--- ·· 
MODEL: 2241-3 SERIAL#: 267138 

----···-

ISOTOPE ACTIVITY 2rr 

Sr-90 16834 dpm 

Tc-99 31900 dpm 

Pu-239 25798 dpm 

Th-230 34899 dpm 

CAL DUE 

11,811 cpm 

20,000 cpm 

13,099 cpm 

17,700 cpm 

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

Page 1of1 

51412016 

05/04/1 7 
··----

ASSAY DATE 

1/1/2016 

1/1/2016 

1/1/2016 

1/1/2016 

SAT 

~i!Hbration Setpoints AS LEFT DATA after repair, HV adjust or Plateau 

HV (Alpha): 1275 v HV (Beta): 1800 v Threshold: 4 mV HV (Alpha): 1275 V HV (Beta): 1800 v Threshold: 4mV 

Alpha Beta AF 4 rrEfflciencies Back Alpha Beta AL 4 rr Efficiencies 
Back 
ground: 6 CPM 

Pu-239: 4011 CPM 

Tc·99: N/A 

Th-230: 5128 CPM 

SrY-90: N/A 

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

512 CPM 

N/A 

6815 CPM 

N/A 
5944 CPM 

ground: 8 CPM 704 CPM 

Pu-239: 4996 CPM N/A 

Tc-99: N/A 8129 CPM 

Th-230: 6016 CPM N/A 

SrY-90: N/A 6393 CPM 

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

Alpha Source: Th·230 

Response Background 
PLATEAU DATA Beta Source: Tc-99 

Response Background 

HV 

~ 
NIA 

CPM CPM HV CPM CPM 

A ch. A ch. Net 4rr Eff. 

~-- ·····---

2 Pi Efficiencies: 
Tc-99 

-~1 
Th-230 

1~1 
SrY·90 

~1~fil'.it1~~~~ ---- .... ----- ··- ---· 

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

Calibrated with plastic spacers attached. DET 2 B 1000V, DET 4 a 1275V. Replaced damaged mylar. 

~ Does Instrument Meet Final Acceptance Criteria? 0 Calibration Sticker Attached? 

Date Instrument Is Due For Next Calibration: [~~(;§JZji~~~~~IJ 

Performed by:_-+§~-=-~-·_;_· -"'---"......cor--- Reviewed by: ___ ~ ____ ___ Date: J; ''-{ ~ ( ~ 
Printed Name: Carl Hall m~~m1m111~11m1111 



SEC INSTRUMENTATION SERVICES 
10512 Lexington Drive 

Suite 200 
Knoxville, TN 37932 

C-14 SOURCE CALIBRATION FORM 
Probe Model Number : Customer Name : Chas~ Erivirqnrn:erital. 

__,;,;;~~~~ 

Probe Serial Number: · .. ···•PRZ856Q9 . Technician: · ' :carLHall····.·· ...•.. 

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

Model Number: 
Model Number: 

21T Efficiency: if:i:;;~~·;pj~~:.;gH! 
41T Efficiency: i..<;~~)~:Q,ij~·;j~&l 

Comments : Married as a set with : 
Calibrateo .. ·with .•. t>la~tic••stan~offs :aitac~e~. 

~~e instrument is due for next calibration : 
P~rformed by: ~ Reviewed by:--=·~::__ ____ _ 
Pnnted Name : ·· · ·. ·· Carl Hall .• ·. . . • 

Entered in computer inventory by: _________ Date : 



--- -----~-------------------

SEC INSTRUMENTATION SERVICES 
1 0512 Lexington Drive 

Suite 200 
Knoxville, TN 37932 

C-14 SOURCE CALIBRATION FORM 
Probe Model Number:_--- • :43~3'7 
Probe Serial Number : PFU~6832 -

Date of Calibration· ; -S/4/2016'-·-._-,- • 

Customer Name : Ch~~~ E:nviro.nmental 
Technician: .- · ' C~ri H~ll · 

Instruments used during calibration 
Model Number: ~241~3 Serial Number: < 267138 > .Calibration Due Date:l 5/4/20F 
Model Number: . < < 

--·· 
Serial Number: .· .. _--.-... -.: Calibration Due Date:!·-·• . ·-

C-14 Count: · 9379 

Comments : Married as a set with: Model: :- 2241""3 .. 'Serial#: :2~7138 , 
GaUbrat~d with pla~tiq standoffs ~ttached; · --_- __ '- .< .• ------- ---- -

Performed by: ~te :tr~~~nt is due for ~=:i~:~r:;i~_n_:-::::--.... ~=....=-f-· 5-/4-/-20_1_7_fDate : f, ~ fb 

Printed Name : • Carl Hall;? ::;::> 

Entered in computer inventory by: Date: 



------------------
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Safety and Ecology Corporation 
2800 Solway Road, Knoxville, TN 37931 

SEC PROCEDURE# SEC-IS-422 Rev 2 

Calibration Certificate 

Calibration Certificate for 2241,Serial # 196627, Bar Code# ,Property# Chase23 

Date: 11/04/16 Date last Cal. Expires: 07/07/17 Technician: Jeffrey Knight 

Page 1 of 1 

1114/2016 

location: 999999, Reason For Calibration: Other (See Comments) 
·--·------------·-·--------------------

MODEL: 500-2 

MODEL: 

EQUIPMENT USED DURING CAliBRATION 

SERIAl #: 153622 

SERIAL#: 

CAL DUE: 06/27/17 

CAl DUE: 

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

[] New Batteries? 

Battery Check: SAT 

High Voltage AS FOUND AS LEFT 

(+/-10% tolerance) High Voltage High Voltage 
AS FOUND HV Setting: 1044 V AS LEFT HV Setting: 950 V 

500 V: 

1000 V: 

1500 V; 

REPRODUCIBILITY 

DIGITAL SCALER 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

AS FOUND THRESHOLD: 10.5 mV AS LEFT THRESHOLD: 10.0 mV 

x.1 or x1 Scale: 

x1 or x10 Scale: 

x10 or x100 Scale: 

x100 or x1000 Scale: 

250 

2500 

25 K 

250 K 

250 

2500 

25 K 

250 K 

~ Are the Individual Counts Within 10% of the Average? 

~ Fast I Slow Response Switch Functions Properly? 

Audio Response: SAT 

250 

2500 

25 K 

250 K 

AF 250: 250 %ERR: 0.00% 

AF 2500: 2500 % ERR: 0.00% 

AL250: AF 

Al2500: AF 

%ERR: 0.00% 

%ERR: 0.00% 

AF 25K: 24.99 K o/o ERR: 0.04% AL 25K: AF K % ERR: 0.04% 

AF 250K: 249.9 K o/o ERR: 0.04% AL 250K; AF K % ERR: 0.04% 

~ Is the As Found Data Within 20% of the Set Point? 
·--------------------------·-- --·---------· 

Push Buttons: SAT 

Comments: Married as a set with: Model: 44-10 

Lamp: SAT 

Serial #: PR360170 

Audio/Divide: N/A 

BarCode#: 

Meter married to new 44-10 probe. Note: no audio- speaker Is missing. 

~ Does Instrument Meet Final Acceptance Criteria? 

~ Calibration Sticker Attached? 

Date Instrument Is Due For Next Calibration: l~i~~;~~ri2~1f1Jli~':ifl [_/~ 

t::,!:--~;.._-_______ Reviewed by: ~;?< ~ Date: ... !. .......... J//6 
IMIIIJ[~III~IIIII~II 
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Safety and Ecology Corporation SEC PROCEDURE# sEC-IS-415 Rev 3 

2800 So/way Road, Knoxville, TN 37931 

Calibration Certificate 
Page 1 of 1 

111412016 

Calibration Certificate for 44-10,Seria/ # PR360170, Bar Code# ,Property# Chase169 

Date: 11/04/16 

Location: 999999, 

Date Last Cal. Expires: Technician: Jeffrey Knight 

Reason ·for Calibration: Initial Calibration 

MODEL: 2241 

MODEL: 

SOURCE 

99CS250-0287 

Efficiency from Last Calibration: 0.00% 

AS FOUND DATA 

AS FOUND Instrument Condition: SAT 

HV: V 

Center: 

Background: 

0 

0 

4 TT Probe Efficiency: Cs-137-l i/iliii9}&Tf':';[j 

EQUIPMENT USED DURING CALIBRATION 

SERIAL#: 196627 

SERIAL#: 

CAL DUE: 11/04/17 

CAL DUE: 

NIST TRACEABLE SOURCES USED 

ISOTOPE ACTIVITY 2TT ASSAY DATE 

Cs-137 6.2641 uCi 1/1/2016 

HV From Last Calibration: V Calibration Threshold: 10 mV 

1 MINUTE COUNTS (CPMI AS LEFT DATA after repair of HV adjust 

AS LEFT Instrument Condition: SAT 

HV: 950 V 

Center: 101462 

Background: 3922 

4 TT Probe Efficiency: Cs-137H[i•fj:i.J~iii!%',:~;;·IJ 

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

D Is the As Found Efficiency Within 20% of the efficiency from the last cal.? 

Reproducibility: lsotope:Cs-137 99940 101015 100144 Average: 100366 ~Are the Individual counts within 10% of the average? 

PLATEAU AND SET POINT DATA {CPM} 
High _voltage SQurce ResRonse Backgr~und 

800 97801 3910 

850 99391 3707 

900 99428 3970 

950 100138 3987 
----

1000 99591 3829 
·-·----

1050 103387 4112 

~----

Comments: Married as a set with: Model: 2241 

New probe married to 2241 #196627. 

HV 

950V 

~ Does Instrument Meet Final Acceptance Criteria? 

CENTER 

101462 

Serial#: 196627 

Background 

3922 

Bar Code#: 

~ Calibration Sticker Attached? 

Performed by: 
~nstrument is Due F~:~:=e~a~~ra~,:~~~k\1 

Date: /(/'f/1( 

IUUimiiiT~I!IUiiiiiiiUm~ Printed Name: rey Knight 



1/4/2017 2:50:08 PM QuantaSmart (TM) - 4.00 - .. .EJe:r;ia;I,~___:=lc=1~7=-9~6~8~--------··-···?ag:e~ It 1 

Quench Curve - 3H-3-30-12 

Last Edit Date: 

Quench Indicator: tSIE/AEC 

Included tSIE/1\EC Count Efficiency (%) 

Yes 105.25 7.59 
Yes 141.96 11.99 
Yes 189.32 17.45 
Yes 239.45 22.93 
Yes 297.84 28.93 
Yes 403.85 37.71 
Yes 534.42 45.85 
Yes 707.27 53.49 
Yes· 867.88 58.35 
Yes 1003.82 61.62 



1/4/_2017 2:51:49 PM Page # 1 

Quench Curve - 14C 3-14-12 

Last Edit Data: 

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 
Yes 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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Central Michigan University 
NRC License Number 21-01432-02 
January 6, 2017 

Brooks Hall 
Decommissioning Final Status Report 

Page E.1 of E. 39 

Survey Unit: BHB-8101 Probe: PR286836_Beta_Scans ( 43-37 ) 
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Central Michigan University 
NRC License Number 21-01432-02 
January 6, 2017 

Brooks Hall 
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0.00 117 300 583 

0.00 11.3 260 505 

0.04 -50 -97 

0.04 132 450 874 

0.15 133 893 

0.00 139 520 1,010 

0.04 97 100 194 

0.00 IOI 140 272 

0 .04 106 190 369 

0 .00 113 260 505 

0 .00 107 200 388 

0.00 94 70 136 

0.09 118 310 

0.20 149 620 1,204 

0.15 ., 80 155 

15 

-97 

1.2~ 

505 

506 

363 

8.82'*7 

36.49<;\-

23.92% 

<MOC 

<MOC 

<MDC 

<MOC 

<MOC 

O.J 0.1 

Fradlonol 
DCGL 
0.08 

0.o7 

0.00 

0.1 2 

0.13 

0.14 

0.03 

0.04 

0.05 

0.07 

0.06 

0.02 

0.09 

O. l7 

0-02 

10 

10 

SOF 

o.oe 
0.07 

0.04 

0.17 

027 

0.14 

OiJ7 

0.04 

0.09 

O.o7 

0.06 

0.02 

0.18 

037 

0 .. 17 

IS 

0.02 

0.37 

0.08 

0.12 

0.09 

584 

100 

100 

c .... , 
Counts 

901 7.050 

19 40 

124 705 

Aloha 
Acthity 

, .. __ , ,N\.._?\ Nctcpm 

-1.2 -3 

_, 
-1.2 _, 
0.8 

-0., .] 

- 1.2 .3 

-3 

-0.2 - 1 

-!.:'. .3 

-3 

-1.2 

-1.2 -3 

1.8 

-1.:: -3 

" 
-3 

-3 

-2 

46'> 

18'il> fR.nitwf'd: MikC' Culp 

Removable Surface Acthity 
Beta 

Notes 

<MOC O-<XJ 59 -0.6 -3 <MOC 0.00 

<MOC 0.00 0.4 0.00 

<MOC 0.00 63 3.4 14 0.02 

<MOC 0.05 66 b.4 27 0.04 

<MOC 0.00 51 -8.6 -36 0.00 

<MOC 0.00 -13.6 -57 0.00 

<MOC 0.00 56 -3.6 -15 0.00 

<MOC 0 .00 -13.6 -57 0.00 

<MOC 0.00 59 -0.b 
_, 

<MOC 0.00 

<MOC 0.00 65 5.4 23 0-03 

<M OC 0.00 59 -0.6 <MOC 0.00 

<MOC 0.00 62 2.4 10 <MDC 0.01 

<MOC 0.00 58 -1.6 -7 <MOC 0.00 

<MDC 0.12 b4 4.4 18 <MOC om 
<MOC 0.00 54 -S .. 6 -23 0.00 

15 

-57 

27 

-3 

.7 

26 

Brooks Hall 
Deronunis.sioning flnal Status Report 

Pagt' F.2 of F.22 

Onie: 12111/16 

Datt': 1-6- 17 

LSC (dpm/100cm1J 
SOF 

H-3 C- 14 CHJ 

0.00 

0.00 96 

0.02 73 

0.09 109 

0.00 1 6~ 

0.00 98 

0.00 109 lO 

0.00 119 

0.00 85 

0.03 78 

·0.00 12 1 

o.oi 70 

0.00 112 

'0.15 IOI 

0 .00 36 14 

15 15 15 " 
0.00 36 

0.15 165 14 

0.00 IO I 

0.0, 100 

0.07 



Central Michigan Unh•ersil)' 
NRC LiC't'nse Number 21.01432-02 

January 6, 2017 

Project: CMU Brooks !fall Build ing Decommissioni ng Sun'l')' Unit : BJ-!B.8 103 Typt' of Surny: Final S1 a1us Surn•yor I: S1efan Herold SUn't')'Of 2: 

Instrument f ~nal # Source Cal. Dul' T~· pt' Tot.all Bkl!d Effil'il'nC) Surf&C'l' Total LlKlnl 1mt tmm) Area J\U>C l>CGL MOC ommtnls: 

!---°'.,,,2 ;,.,~,-/.~,-,',,..,'2s.,,,67,,,~.,,~~,..•--+~C~htt=k+-----t----t~R~•m~o-•·_•b~l•+-"~•m~) +----r-Em_..,_·,_·n-"'-t-E_m_oc_.,_nc_,.-+-Sa_m~pll•-;--"-'"'~· · ._,_,•~cm~'~' -+'d~fo~•m/~l~OO<=m~''t-'=•~•·ml=IOO<=m~'~• t-(_'l<_o_r_DC_G_L~l"fResults abo\'C MDC are in bold. Rcsuh s above 1hc in,·es1 igation Jevt"l are in red 

43
•
37

f PRlS
6836 

SAT 61~0/20 1 7 Alpha TOfal 13 :B.63% 0.~5 8.4 1'k 0.1 584 141 407 ~5% 

2241·3 1267113 
43-37 / PR286836 
~929/ 160013 

4~-1 1)..J / PRl 67231 

2m1160013 
4 3-10.l f PRl67231 

Location 

BHB·B1 03-WJ.B-001 

BHB-81 0~-WJ.B..()()2 

BHB-81 03· WJ -8-003 

BHB·BI OJ.Wl·B--004 

BHB·B1 03·Fl·V-005 

BHB-B1 03-Fl·V...()()(\ 

BHB·Bl03·Fl -V..OQ7 

BHB-81 03-WJ.B-008 

BHB· B I O~·FI · V-009 

BH8-8 103·Wl -B -OIO 

BHB·Bl 03-Fl·V-0J J 

BHB·BlO~·Fl·V-0 1 ~ 

BHR-BI O~-WJ.B-013 

BHB·Bl 03· Wl-B-014 

BHB·B 103·Wl ·B -015 

BHB-8103-W l -B-Olf'o 

Count 

:'llin 

Max 

Mt'dian 

!\lean 

G""5 
Counls 

SAT 

SAT 11 /2312017 

SAT 11/23/2017 

Aloha 
Activit~· 

Ket cpm i A ... -11~~\ 

17 35 ., 
17 35 

. 13 

14 

.1 3 -26 

17 35 

-1 3 -26 ., 

14 

55 

17 3$ 

. 13 · 26 

14 

. 13 -26 

16 

55 

Beto Tot~ 1310 37.88% 

Alpha Removabk 0.8 36.491J 

Beta Removable 57.1 23.92\l> 

Total Surface Acthitv 

Notes 

<MIX 

<.\1 DC 

<MIX 

<MIX 

<MIX 

<MIX 

<MIX 

<MOC 

<MDC 

<.\.I OC 

<MIX 

<MIX 

<MOC 

<M OC 

<MOC 

Fraction or 
DCCL 

0.09 

0.00 

0 .09 

0.00 

0.04 

0.00 

0.09 

0.00 

0.00 

0.00 

om 
0.14 

0.09 

0.00 

0.04 

0.00 

c ..... 
CounU 

108 

"' 
151 

131 

130 

149 

122 

133 

130 

98 

124 

117 

132 

140 

103 

121 

-230 

-160 

200 

-10 

180 

·90 

20 

-10 

-330 

-70 

·I® 

10 

90 

-280 

-100 

0.2S 

Beta 
Acthity 

-416 

-289 

362 

-18 

325 

-163 

36 

-IS 

.597 

-1:27 

·253 

18 

163 

-506 

-181 

16 

.597 

362 

.72 

- 104 

~71 

9.41% 0.1 0.1 

36.49% 

23.92% 

Notes 

<MDC 

<MOC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

Frtledon o 
DCGL 

0.00 

0.00 

o.os 
0.00 

0.00 

0.05 

o.oo 
O.ol 

0.00 

0.00 

0.00 

0.00 

0.00 

0 .02 

0.00 

0.00 

10 

10 

SOF 

0.09 

0.00 

0.14 

0.00 

0.()1 

0.05 

0.09 

0.01 

0.00 

0.00 

0.04 

0.14 

0.09 

0.02 

0.04 

0.00 

16 

0.00 

0. 14 

0.04 

0.().l 

0.08 

584 

100 

100 

c ..... , 
Counts 

1,017 1,050 

17 40 

705 

Aloha 

'."Jetcpm 
Activity .. ~ ' 

0.2 

-0.8 .2 

-0.8 ·2 

0.2 

-0.8 .2 

-0.8 ·2 

-0.8 -2 

O.~ 

1.2 

0.2 

0.2 

0.2 

0.2 

1.2 

1.2 

-0.8 ·2 

16 

·2 

14., 

42% 

17., 

Sotl'S 

<MDC 

<MIX 

<MIX 

<MIX 

<MDC 

<MDC 

<MDC 

<MDC 

<M DC 

<M DC 

<MDC 

<M DC 

<MIX 

<MDC 

<MDC 

<MDC 

Removable Surface Acthity 

Froctionol 
DCCL 

0.01 

0.00 

0.00 

0.01 

0.00 

0.00 

0.00 

0.01 

0.08 

0.01 

0.01 

0.0 1 

0.01 

0.08 

0.08 

0.00 

62 

50 

63 

68 

51 

72 

67 

" 56 

48 

53 

4 .9 

-0.1 

·7. 1 

-2.1 

5.9 

10 .9 

-3. I 

-6.1 

·~.1 

14.9 

9.9 

·5.1 

·LI 

-9. l 

-4.1 

Beta 

2() 

-30 

-9 

-1 3 

-26 

-21 

62 

41 

-21 

-38 

-1 7 

16 

-38 

62 

· II 

· I 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

F
olOC."GL 

0.00 

O.o3 

0.00 

0.00 

OJIO 

O.oJ 

0Jl6 

0.00 

OJIO 

0.00 

0.09 

0.06 

0.00 

0.00 

0.00 

0.00 

Brooks Hall 
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Datt: 12113116 

l>'.:ilt:l~ l7 

SOF 

0.01 

0.03 19 

0.00 24 I I 

0.01 II 

0.00 136 

O.oJ I02 

0.06 41 10 

0.01 8-0 

0.08 " 
0.01 88 

0 .10 34 10 

0.01 

o.oi 62 " 
0.08 14 

0.08 

0.00 

16 16 16 16 

0.00 19 

0.10 21 

om 50 

0.04 56 

0.07 35 



Central Michigan Unh•er..ity 
N RC License Number 21..01432-02 
January 6, 2017 

IJ>roject: CMU Brooks Mall Building Decommissioning Sun·l"y Unit: BHB-8104 Type of Su~er: Final S1111us Surveyor I: Rebecc-a Mumper 

Instrumt'nt I semi/# Sourt""t' Cal. Dul.' T~·pe Tol.11.V B~d Em cien!'y Surfatt Total ount "1me mm) Art>a MOC DCGL ~ l l>C omments: 

o---°"=2;-:'-i'-~~,',~',s.~53~~-:~-·---+--C_h~_•-+-----+---+-R-•m_o_•·_ab_l•-+--"~•'m~) -+----+-Em_ci_••~"_,,__E~·m_ .. _;,~"'~'+-S-•_m~pl_•-+--"-'"~'"·-f--'l~•m~'~• _.,.1d~••~•m/~l~OOc=m~'1+-1~d~•m/=IOOc=m~'_,,1 >-'1-"_o_r _oc_G_L~) .. Resulls 3.bo\·e MOC are in bold . Re~u l i s above the in\'Cstiga1ion level are in red . 

43_37 / PR.1S990l SAT l/11C017 Alpha Total :<2 .047' O.~S 8.01% 0.1 584 116 407 29~ 

~9~9 / 160013 

43-1 0-1 f PR1 6723 1 

2929/ 160013 
43-1[)...1 / PRJ 67231 

Location 

BllB-81 04-Wl-C-OOI 

BHB-8104-Wl-M-002 

BHB-8 104-Fl -V-003 

BHB-8104-Fl-V~ 

BHB-81 04-WJ .C.005 

BHB-B 104-WJ.C-006 

BHB-B 104-Fl-V-007 

BHB-8104-FJ-V~S 

BHB·BI04-Wl-B-009 

BHB-8 104-Fl -V-OJO 

BHB-8104-Fl-V-01 1 

BHB-8 104-Cl-M-012 

Count 

;\1in 

Median 

Mean 

St De-,-

G'°"' 
Cou nts 

SAT 1112312017 

SAT 11nJ12011 

Aloha 

-5 -11 

" 
" _, -11 

-5 -II 

53 

" ll 

35 " 
II 

" 32 

II 

12 

-11 

" 
32 

29 

3 1 

Tot~ 870 35.27~ 

Alpha Removable 36.49~ 

Beta Removable 36.9 23.92% 

Total Surface Activity 

Note5 

<MDC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

Fraction of 
OCGL 

0.00 

0.13 

0.08 

0.00 

0.00 

0. \J 

0.08 

0.18 

0 .18 

0.03 

0.08 

0.03 

l'\dcpm 

83 

73 -120 

103 160 

-20 

107 200 

113 260 

98 no 
109 

110 230 

116 290 

-LO 

70 -170 

0.25 

Beta 
Adirity 

-78 

-233 

-39 

388 

214 

447 

- l9 

-330 

12 

.330 

563 

262 

180 

306 

8.82% O.l 0.1 

36.49<,;. JO 

23.92% 10 

SOF 
Notes 

0.00 

<MOC 0.00 0.13 

0.04 0.12 

0.00 0.00 

0.06 0.06 

<MDC OJJI 0.20 

<MOC 0.03 0. 11 

0.06 0.24 

0.06 0.25 

0.08 OJ I 

0.00 01'8 

0.00 0,03 

12 

0.00 

0.25 

0. 11 

0 . 11 

0.09 

384 

100 

100 

Gn><s 
Counts 

901 

19 

12:1 

:"4etcpm 

-0.~ 

-1.2 

-0.~ 

-0.2 

-1.2 

-0.2 

2.8 

-\.~ 

--0.2 

-0.:= 

-1.2 

7.0>0 

40 

705 

Aloha 

·I 

-1 

-3 

- I 

-1 

-3 

-I 

.) 

-I 

.) 

12 

-3 

-I 

·I 

13% 

46% 

17% R1niewed : Mike Culp 

Removable Surface Acthity 
Btta 

:Soles Not .. 
Fraction of Crees 

DCCL Cowlls 

<MOC 0.00 62 5.1 2 1 0.03 

<MDC 0.00 64 7.1 30 <MOC 0 .04 

<MOC 0.00 SB I.I <MOC 0.01 

<MOC 0 .00 36 -0.9 <MOC 0.00 

<MOC 0.00 -12 <MOC 0.00 

<MOC 0 .00 0. 1 <MOC 0 .00 

<MOC 0.00 -3.9 - 16 <MOC 0.00 

<MOC 0.19 66 9 . 1 38 0.05 

<MOC 0.00 -2.9 - 12 <MOC 0.00 

<MOC 0.00 71 14.1 39 <MOC 0.08 

<MOC 0.00 42 -14.9 <MOC 0.00 

<MOC 0.00 11.1 46 <MOC O.G7 

12 

59 

Brooks Hall 
Derommissioning Hna1 Status Report 

Page F.4 of F.22 

Date: 12/17/ 16 

Dale: 1-6-17 

LSC !dom/IOOc-miJ 

SOF 
H·3 C-14 CH3 

0.03 280 

0.04 84 

O.ol 158 

0.00 163 

0.00 139 

0.00 107 

0.00 171 

149 

0.00 168 

0.08 

0.00 270 

OJJI ., 

12 12 12 

0.00 84 

0 .25 280 

0.00 154 

O.Q4 159 

0.09 



Central Michigan Unh'ersity 
NRC License Number 21..01432·02 
January 6, 2017 

l:Projffi: CMU Brooks Hal l 8ui ldinE [).,--commissioning Surn·y Unit : BHB-6301 Sun·eyor I: Rebecca Mumper 

Instrumeot I ~nal # Sourre Cal. Due T~· pt' Tot11V K~d Efficiencf Surfat"l' Total t;Qtm l Time mm ) Art'U MOC DCGL MOC ~ommt-nL<;: 

lt---°"~2;~~~l~~~,',~'2s.~,,~~~:~~·---+--C_h«_k---<,__----+---+-R-•m_o_»_b_l•-+--"~•'m~) -+----+--Em_,._,.· ,_n_<r---<,_E_ffi_><_.ie_nov-+_S_o_m~pl_• -+--"-'""~·---<~"=m~'~• -·•=••=•m/~l-OOc~m~'l .-l~do~1m/=JOOc=m~'1'+'(_'k_o_fOC_G_L__.,) Resulls abow MOC are in bold. Result s above the inves1igation level are in red. 

43_~? / PR259902 SAT 1/1112017 Alph:i Total )2.04% 0 . .::5 8.01% 0 .1 584 105 407 26~ 

2241-3 1253346 
43--3? I PR259902 
~9~9/ 16001 3 

4)-10-1 / PR\ 67231 
1929/ 160013 

43-10-l /PRl67231 

Location 

BHB-830 1-Fl-C-OOJ 

BHB-B301-Fl-C-002 

BHB-8301-Fl-C-003 

Bl-IB-B 301 -Fl-M..Q04 

BHB-8301-Fl-V-005 

BHB-8301 -Fl-T-006 

BHB-8 30 1-F l -T-007 

BHB-6301-Fl-C-008 

BHB-830 1-Fl-C-009 

BHB-8)01-Fl -V-OIO 

BHB-8301 -Fl-V-Ol I 

BHB-8)01 -FJ.V-012 

Count 

:-O l in 

Mox 

Mt'dian 

StO<>,· 

Gn»S 
Counts 

SAT 

SAT 

SAT 

l\etcpm 

47 

27 

-3 

37 

-) 

27 

-) 

1111/2017 

11 /23/.'.:017 Alpha 

11 /2312017 B<ta 

Aloha 
Activity 

Notes 

" JOO <MDC 

15 

58 <MDC 

15 <MDC 

<MIX 

79 <MDC 

15 

<MOC 

15 <MDC 

58 <MDC 

15 <MOC 

-6 d10C 

12 

100 

15 

36 

TOI~ 35.271){, 

Removable 0.7 30.49% 

58.i 23.92% 

Total Surface Activity 

FractiQn of 

DCGL 

0.25 

0.04 

0.14 

0.00 

0.00 

0.19 

0.04 

0.00 

0.04 

0.14 

0.04 

0.00 

c ..... 
Coants 

88 

104 

92 

146 

44 

98 

IOI 

89 

81 

-130 

-40 

500 

20 

50 

-70 

-150 

0.:.5 

Bela 

-252 

-78 

971 

-l.OJO 

39 

-136 

-78 

-291 

12 

-1.0IO 

971 

-107 

-1 17 

474 

8.82% 

36 .49~ 

23.92%: 

NOies 

<MDC 

<MDC 

<MDC 

<MDC 

0.1 0.1 

F-OI 
DCG L 

0.00 

O.Q2 

0.00 

0.00 

0.00 

0.14 

0.00 

O.ot 

0.01 

0.00 

0.00 

0 .00 

10 

JO 

SOF 

0.25 

0.06 

0.14 

0.04 

0.00 

0.33 

0.04 

0.01 

0.05 

0.14 

0.04 

0.00 

12 

0.00 

033 

0.04 

0.09 

0. 11 

584 

100 

100 

Groos 
Counts 

16 

123 

Netcpm 

0.3 

2.3 

0.3 

2.3 

0 .3 

0.3 

0.3 

-0.7 

-0.7 

-0.7 

0 .3 

1.3 

7.050 

40 

70S 

Aloha 
Activity 

-2 

-2 

-2 

12 

-2 

13% 

40% 

Sot es 

<MDC 

<MDC 

<MDC 

<MDC 

<MOC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

Removable Surface Activity 

Fractionol 

DCG L 

0.02 

0.16 

0.02 

0.16 

0.02 

0.02 

O.o2 

0.00 

0.00 

0.00 

0.02 

0.09 

56 -2.7 

58 -0.7 

41 -17.7 

58 -0.7 

65 6.3 

4 .1 

-6.7 

S4 4 .7 

56 -2 .. 7 

55 -3.7 

48 ~10.7 

44 -14.7 

Bela 
Actlrity . 

-11 

-3 

-74 

-3 

26 

-20 

-28 

-20 

-11 

-15 

45 

12 

-74 

" 
-22 

27 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

.._ ... 
oC OCGL 

0.00 

0 .00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Brooks Ha ll 
Deromrni..sioning Fmal Sta tus Report 

Pagt' F.5 uf F.22 

Dnte: 12118116 

Date: 1-6-17 

SOF 

0.02 

0.16 46 

0.02 25 12 

0. 16 41 

0.06 .,; 

0.02 45 

0.02 30 

0.00 49 12 

0.00 37 11 

0.00 

0.02 

0.09 

12 12 12 12 

0.00 

0.16 90 12 11 

0.02 46 

0.05 48 

0.08 18 



Central Michigan U niversity 

NRC License Number 21.014~2-02 
January 6. 2017 

IJ>roject: CMU Brooks Hall Buildin.i; Decommissioning Sur•·py Unit : 81-18-1101 Type of Surn·r: Final Staius Surn·yor I: Kirby Gemillion 

lnstrumenl ~nal # Source Cal. Dul" Type Total/ Biq!d Efficit"ncy Surfact' Total ounl T ime mm Arn !\U>C DCGL MOC l'--omments: 

i-----'°""'2;,_,~°"l~o,,_~r/;..,/2C:~;;,~~;11,--# __ -+--'C"'h""'"-k-+------+----+-"R"''m.=.o'-•"'•b"l'+~"~'"'=-m~) -+----t-~Effi"'•~ci"'"~"'--l-'E~ffi"'"~"=-"'~'+-'S"a"m=l'-+--B'-lk2~ .. +~'~'m=-'~1-+-ld~'""'"''-' '~""'=m~' +~''d~nm/'='""'=m=-'~> 1-'(-"%~o~f=-D=-CG"'L~)-i!Resul1s abo\·e MDC are in bold. Resu lt s above the investigation level are in red. 

43
_
37 1 178300 

SAT 8/241:::017 Alph:i T°'al 10 :tl.56% 0 .~5 7 .89~ 0 .1 584 140 407 ~4~ 

2241-3 1253351 
43-37 f 178300 + 

29~9/ 160013 

4~-1 0-1 1 PR l67231 

29':.9/ 160013 

43-10-1 /.PRJ67231 

Location 

BHB-l IOl-W l.C-00! 

BHB-1101-Wl -B-002 

BHB-11 01-Fl-M..OCU 

BHB-1101-Wl-S-004 

BHB-1 \O l-FJ-T-005 

BHB-l IOJ-WJ-B-007 

BHB-1101-Wl-B-008 

BHB-J IOl-WJ-8-009 

BHB- l IO l -Fl -T-010 

BHB-1101-W l -B..01 I 

BHB-1101-Fl-T-012 

BHB-1101-Fl-T-013 

Billi-I JOJ-C l -~1-0 1 4 

BHB-1101-WJ-B-015 

BHB-1101-Wl -B-016 

BHB-1101-Wl-B-017 

BHB-J IOl -Wl-B-018 

BHB-1101-Fl -T-019 

BHB- 1101 -F l-T-020 

BHB-1101-WJ-B-021 

BHB-1101 -Fl -T-022 

Count 

~·tin 

!\tax 

l\l~ian 

~lt'an 

G""' 
Counts 

SAT 8124/2017 

SAT 11 /23/:::017 

SAT I t/2312017 

Alpha 

~etcpm 
Aclfri t~· 

'"--"~-'> 
10 22 

30 65 

10 22 

·10 

·10 

. IQ -22 

·10 

-10 

.JO 

·10 

65 

22 

-22 

65 

25 

Beta Toc:.J 1370 33.97'i'> 0.25 

Alpha Removable 0 .8 36.49'k 

Beta Removable 57. l 23.92% 

Total Surface Activity 

Notes 

<MOC 

<MOC 

<.\10C 

<MOC 

<MDC 

<.\1DC 

<MDC 

d10C 

<MDC 

<MOC 

<:\llOC 

<MDC 

<MOC 

<'.\1DC 

<..\'lOC 

<MDC 

<MIX' 

Fraction of 
DCC I. 

0 .05 

0.00 

0 .00 

0 .00 

0. 16 

0.05 

0.00 

0 .00 

0 .00 

0 .00 

0.00 

0.00 

0.00 

0 .00 

0 .00 

0 .00 

0 .00 

0.00 

0.00 

0.00 

0 .00 

0.16 

G""" 
Counts 

128 

147 

03 

127 

227 

264 

127 

110 

121 

230 

142 

241 

124 

101 

131 

158 

140 

156 

144 

235 

l39 

238 

Beta 

-90 · 181 

100 202 

.$1 

·100 ~202 

900 1,815 

1270 

.100 -202 

-270 .544 

·160 

930 1,875 

50 101 

1040 

·130 

.360 -726 

-121 

210 423 

30 60 

190 383 

70 141 

980 ~6 

20 40 

1010 2,036 

22 

-726 

2.56 1 

81 

503 

1.018 

8.49% 0.1 0.1 

36.49'K 10 

23.92% 10 

........... SOF 

DCGL 

<MDC 0.00 0.05 

<MOC O.o3 0.03 

<MDC 0.00 0.00 

<MDC 0.00 0.00 

0.26 0.42. 

0.36 0.42 

0.00 0 .00 

<MOC 0.00 0.00 

0.00 0 .00 

0 .27 0.27 

<MOC 0.01 0.01 

0.30 0.30 

0.00 0.00 

<MDC 0.00 0 .00 

<MDC o.<io 0.00 

0.06 0.06 

<MDC O.Ol 0.01 

<MDC 0.05 0.05 

<MOC 0.02 0.02 

0.28 0.28 

<MDC O.ot 0.01 

0.29 0.4S 

22 

0.00 

0.45 

o.oi 

U.11 

0.16 

584 

100 

100 

G'°'' 
Counts 

1.159 

17 

122 

Nelcpm 

-0.8 

0.2 

1.2 

-0.8 

-0.8 

-0.8 

-0.8 

0 .2 

0.2 

O.~ 

1.2 

0.2 

-0.8 

1.2 

0.2 

-0.8 

-0.8 

0.2 

0.2 

-0.8 

-0.8 

7.050 

4() 

705 

Alpha 
Acthily 

, ,,. __ , ,IV\.._l) 

.2 

·2 

·2 

·2 

·2 

·2 ., 

., 
·2 

22 ., 

16% 

42% 

IRevit>wffi: MiktCulp 

Removable Surface Acthity 
S.ta 

Fraction ol Gl"Olll 
DCCL Coaoll 

Sot es 

<MOC 0.00 56 .J.J -s 
<MOC 0.01 61 3.9 16 

<MOC 0.15 68 10.9 46 

0.08 70 12.9 S4 

<MOC 0.00 SS -2.l 

<MOC 0.00 59 1.9 

<MOC 0.00 62 4.9 20 

<MOC 0.00 60 2.9 12 

<MOC 0.01 57 -0.1 

<MOC 0.01 63 5.9 25 

<MOC 0.01 54 -3.1 -13 

<MOC 0.08 62 4.9 

<MOC 0.01 61 3.9 16 

<MOC 0.00 48 -9.1 ·38 

<MOC 0.08 52 -5.l -21 

< MDC O.QI 59 1.9 

<MOC 0.00 65 7.9 33 

<MOC 0.00 44 - l3.1 ·SS 

<MDC 0.01 65 1.9 33 

0.01 62 4.9 20 

<MDC 0.00 67 9.9 41 

<MOC 0.00 40 -17.l -71 

22 

.71 

54 

14 

<MOC 

<MOC 

<MDC 

<MDC 

<MDC 

<MOC 

<MOC 

<MDC 

<MOC 

<MDC 

<MOC 

<MOC 

<MOC 

<MDC 

<MOC 

<MOC 

<MOC 

<MDC 

<MOC 

<MOC 

<MOC 

F....
o(DCGL 

0.00 

O.Q2 

0.06 

0.08 

0.00 

0.01 

O.D.3 

om 
0.00 

0.03 

0.00 

0.03 

0.02 

0.00 

0.00 

0.01 

0.05 

0.00 

0.05 

O.o3 

0.06 

0.00 
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Date: 1-6-17 

LSC idpm/100c:m1J 
SOF 

H-J C-1.t CID 

0.00 

0.04 36 

o.n 49 

0.16 " 0.00 J7 

O.OI 20 10 

0.03 

0.02 48 

0.01 

0.05 72 13 

O.Ql 70 

0.1 1 62 

0.04 14 JO 

0.00 48 

0.08 12 

o.oi 13 

0.05 " 
0.00 36 14 

0.06 67 11 

0.04 72 

0.06 104 

0.00 77 

22 22 22 22 

0.00 

0.22 104 14 

0.03 49 

0.05 so 
0.07 24 



Central Michigan Unh'ersity 
N R C License Numher 21..01432-02 

J anuary 6, 2017 

rojcct : CMU Brooks Ha.I I Building Decommi ssioning Sun·t'y Unit: BHB-110::: Typt: or Suney: Final St ;irus Sun·eyor I : Rebecca Mumper Sur,·eyor 2: S1efan Herold 

Instrument · :')enal lf Sourct> Cal. Due Type TolllV H~d F:mdency Surfaa "fol.a l Count l 1me imm ) Area MOC OCGL Ml>C tcom ments: 

t--~o.~22,,17.,.1 _0"°,''"'/2e:~,,,3~,,-~~,..•--+~C"'h="'"-k-+-----+---f~R~•m=o~v~•b=l'+~""'°"'m"-l -+----+~E"-m~ci='"~"-1-'E=·m"'""'l'=""~·+-Sa=m=o.l•+-"=lk2~· · ·~f---''"'"""-'"-r' d~fo"'m/'-'l~OOc=m~'•rld~•m/=IOOc=m"-''--1 1-'(~%~0"-l~OC~G=L)'ilR .. esuhs abo'''° MOC are in bold. Resu lts above the in,·es1ig:ati0fl level are in red. 

43_37 12RJ040 SAT 912812017 Alph;i Tot al 10 32 .17<i'r 0.25 8.04% 0.1 584 137 407 ~4'k 

2241 -3 / 2533.56 
43-37 / 28Jl)i0 
29:::91 160013 

43-10-1 / PR l6713 1 
29"1.9 1 160013 

43-10-1 / PRl67231 

l ocution 

BHB-1 102..Cl -M-OOI 

BHB-1102-W \ -B-002 

BHB-1 102-Wl-B..003 

BHB-1102-F l-V-004 

BHB-1102-FJ-V-005 

BHB- 11 02-B1-M.oo6 

BHB-1102-W J-M-007 

BHB-l 10:-w 1-M-008 

BHB-110:-B J-M-009 

BHB-11 02-Fl -V-OJO 

Bl lB-1102-Fl -V-Ol l 

BHB-1102-WJ-B-0 12 

BHB-1102-W l-M-013 

BHB-1 102-WI -B-014 

Count 

~l i o 

Mox 

Mt'dia n 

J\lean 

St Do 

c .... 
Coun1s 

SAT 

SAT 

SAT 

1'et cpm 

-1 0 

-1 0 

-10 

-1 0 

- IO 

-1 0 

-10 

-IO 

912312017 

11/231:::0 11 

l t/23f.?OJ7 

Aloha 
Activll ~· 

, .. __ , .1\1\,._ l) 

-21 

-21 

-21 

-::'. ! 

-:1 

-21 

-21 

14 

-:::1 

-2 1 

- 12 

II 

lie!• T .. al 1270 38.17'.l> 0.25 

Alpha Removable 0.7 36.49% 

Bda Removable ~ . 23.92% 

Total Surface Activity 

Notes 

<MDC 

<MOC 

<MOC 

<MDC 

<MOC 

<M OC 

<MOC 

<MDC 

<MDC 

<MOC 

<.\1 DC 

<MDC 

<MOC 

<.MOC 

Fraction of 
DCG L 

0 .00 

0 .00 

0.00 

0 .00 

0 .00 

0.00 

0 .00 

0 .00 

0 .00 

0.00 

0 .00 

0 .00 

0 .00 

0 .00 

108 

161 

155 

11 2 

133 

141 

14> 

1 4~ 

146 

144 

138 

79 

144 

Beta 

-190 ·341 

610 

280 

-1 50 

108 

140 25 1 

180 323 

160 

190 341 

170 305 

11 0 197 

50'.:! 

-$61 

170 305 

14 

-861 

6 10 

296 

161 

397 

9.54% 

36.49%-

23.92% 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

0.1 0.1 

·-· OCGL 

0.00 

0.09 

om 
0.00 

0.02 

0.04 

0.05 

0.04 

0.05 

0.04 

0.03 

O.Q7 

0.00 

0.04 

10 

10 

sor 

0.00 

0.09 

0.07 

l>.00 

0.02 

0.04 

0.05 

0.04 

0.05 

0.04 

0.03 

O.Q7 

0.00 

0.04 

14 

0.00 

0.09 

o .~ 

0.().1 

0.06 

100 

100 

Gro" 
Counts 

995 7.-050 

16 40 

120 

Aloha 
Ac1h i 1,· ,. __ ,,~_,, Setcpm 

0.3 

-0.7 -2 

0.3 

-0.7 
_, 

0.3 

-0.7 
_, 

3.3 

1.3 

0.3 

0.3 

-0.7 -2 

0.3 

1.3 

0.3 

14 

-2 

14% 

40% 

17% 

Sot es 

<MOC 

<MDC 

<M OC 

<MOC 

<MOC 

<MOC 

<MOC 

<M OC 

<M OC 

<MOC 

<MOC 

<M OC 

<MOC 

<MDC 

Rt ,ie"'·f'd: MiktCu lp 

Removable Surface Acthity 

fraction ot 
OCG L 

0.02 

0.00 

0.02 

0.00 

0.02 

0.00 

0.23 

0.09 

0.02 

0 .02 

0 .00 

0.02 

0.09 

0.02 

59 

53 

64 

64 

62 

63 

63 

49 

51 

61 

>9 

3.0 

-3 .0 

8.0 

8.0 

3.0 

6.0 

7.0 

7.0 

-7 .0 

-S.O 

-8.0 

5.0 

3.0 

Beta 

13 

-13 

33 

33 

13 

" 
29 

-29 

-21 

-33 

2 1 

13 

14 

. 33 

11 

<MOC o.cn 
<MOC 0 .00 

0 .05 

<MOC 0.05 

<MOC 0.02 

<MOC 0.04 

<MDC 0.04 

0.04 

<MOC 0.00 

<MOC 0.00 

<MDC 0.00 

<MOC O.Q3 

<MDC 0.1)2 
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Date: 1218/16 

1>1t l l':l~ l 7 

SOF 

0.()2 38 

0.1)2 30 

0.02 31 

0.05 SI 

O.Q7 24 

0.02 53 IO 

026 64 

0 .1 3 85 

0 .06 120 16 

0.02 70 

0.00 

0.()2 63 

0.12 

0.04 73 15 

14 14 14 14 

0 .00 24 

0 .26 120 16 

0.03 58 

0.06 

0.08 



Central Michigan University 
NRC Lkense Numbe r 21.01432.02 
J anuary 6. 2017 

!Project: CMU Brooks Hall Building Decommissioning Surn.·y Unit: BHB-1103 Type of Sun·l'~: Final Siatus Surnyor 1: Rebecca Mumper 

instrument f Sena!# Sourt"t' TotaV Blq!d Surfacr Total LAKlnl iml' tm1n) A~ MOC DCGL MDC omm l'nl<i: 

11---";=;~~-~~~'i~?=5,3~~==~-·---+--C~hoc~•~· -+--Ca_ '-_
0
_" _' -+-T-~·pe-+-'R~•m~•~va~b~l•+--l<•p'm~) -+-E_m_"'_·'_"'_' +-~Em~'~''~"~"_.-•~m~"~''~""'--+-S-•m_•~Pll_• -+--B_lkJ?~··_.~"=m'~' ....-1 •~'·~,mf~l~OCl<=m~'l._t~•~•'mi~IOCl<=m~''+'1(_%_o_f DC~G_I.-'-") Results above MOC are in bold Resuhs above the in\·es1 iga1ion level are in 1\,--d. 

43-37 f PR259902 SAT 1/11 /2017 Alpha T Ofal ~2.04% o.~s 8.01 ~ 0.1 584 121 407 301k 

2241-3 1253346 
43-37 / PR2591J02 

"}.9"}.9 / 160013 

43-1 0-1 J PRl67231 

29291 160013 
43-10-l /PRl67231 

locatioo 

BHB-1103-W l-B-001 

BHB-1 103-W 1-B-002 

BHB-1103-W J-B-003 

BHB-1 !03-Fl-V.{)()4 

BHB-1103-FJ-V-005 

BHB-1103-WJ -B-006 

BHB-1103-W J-B-007 

BHB-1103-Fl-V-008 

BHB-1103-Fl-V-009 

BHB-J 103-W J-8-010 

81-18-1 !03-Wl-B-01 l 

BHB-1103-Fl-V-012 

BHB-1103-Fl -V-0\3 

BHB-11 03-Wl -8-014 

Count 

.\tin 

Mox 

Mwlian 

Mran 

c .... 
Counts 

SAT 1111/2017 

SAT 111231"}.017 

SAT ll/23r-017 

Aloha 
Acti ,i t~· 

l\'el cpm t~ ..... 11nn.. ... ! 1 

-6 -13 

.. -13 .. - 13 .. -13 

14 30 .. - 13 

.. -D 

SI 

14 30 

14 

-1 3 

SI 

,0 

Alpha 

Beta 

Notes 

<MOC 

<MDC 

<MOC 

<MDC 

<MOC 

<MOC 

<MDC 

<MOC 

<MOC 

<MDC 

<MDC 

<.\10C 

To<ol 35.27'k 

Removable 0.7 36.4~· 

Removabk! 58,7 23.92% 

Total Surface Activitv 

F..actioo of 
DCGL 

0 .00 

0 .02 

0 .00 

0.00 

0.00 

0.02 

0.07 

0.00 

0 .02 

0.00 

0 . 13 

0 .07 

0.02 

0.02 

118 

ll 4 

129 

98 

110 

110 

96 

88 

84 

98 

89 

91 

91 

117 

430 

290 

130 

250 

110 

30 

-10 

130 

40 

60 

60 

320 

025 

Beta 
Adirity 

83.5 

563 

854 

252 

48S 

485 

214 

58 

-19 

78 

Jl7 

117 

621 

14 

-19 

8S4 

252 

3S I 

289 

8.82% 0.1 0.1 

36 .49~ 10 

23.92% 10 

SOP F_.., .. 
OCGL NOies 

0.1 2 0.12 

0.08 0 .10 

<MDC 0.t2 0.12 

<MOC OM 0.04 

<MDC 0.07 0 .07 

<MOC O.o7 0.09 

<MDC 0.03 0.JO 

0.01 0.01 

<MDC 0.00 0.02 

<MDC 0.1)4 0.04 

<MDC 0;01 0.14 

0.02 0 .09 

<MOC om 0 .04 

<MOC 0.09 0.1 1 

14 

o.oi 

0.14 

0.09 

0.08 

0.06 

584 

100 

100 

c ... , 
Counts 

891 

16 

123 

'.'i!rtcpm 

0.3 

3.3 

.(J.7 

0.3 

.(J.7 

l.) 

1.3 

0.3 

.(J.7 

0.3 

--0.7 

0.3 

.(J.7 

.(J_7 

7.050 

705 

Aloha 
AC"lfrily ,. __ ,,~-·, 

_, 

-2 

-2 

-2 

·2 

-2 

14 

-2 

13 .. 

""' 

'.\'ot es 

<MOC 

<MOC 

<MDC 

<MOC 

<MOC 

<MOC 

<MOC 

<MDC 

<MOC 

<MDC 

<MOC 

<MOC 

Removable Surface Acthitv 

Frnction of 

DCC L 

0.02 

0.23 

0.00 

0.02 

0.00 

0.09 

0.09 

0.02 

0.00 

0.02 

0.00 

0 .02 

0.00 

0.00 

57 

48 

74 

47 

42 

56 

48 

52 

53 

62 

67 

39 

60 

-1.7 

-10.7 

15."3 

-11.7 

-16.7 

-2.7 

-5.7 

-10.7 

... 7 

-5.7 

3.3 

83 

-19.7 

1.3 

-7 

-49 

-70 

-II 

-24 

-45 

-28 

-24 

14 

35 

14 

-82 

"4 

·24 

-1 9 

40 

<MOC 

<MOC 

<MOC 

<MDC 

<MOC 

<MOC 

<MDC 

<MDC 

<MOC 

<MDC 

<MOC 

.._ ... 
.rDCGL 

0.00 

-0.00 

OD9 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 .00 

0.02 

o.os 
0.00 

o.oi 
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Dair-: 12118116 

Datr: 1-6-17 

LSC (dpmf l 00cm1) 
SOF 

H-~ C- 14 CH_:\ 

0.02 13 

0.23 l5 

0 .09 " 20 

0.02 

0.00 17 19 

0.09 " " 
0.09 23 

0 .02 

0.00 42 

om 29 15 

0.02 JO 

0.07 45 

0.00 

0.01 42 " 

14 14 14 14 

0.00 " 
0.23 4S " 
0.02 23 

0.05 26 

0.10 13 



Central Michigan University 
NRC Lkense Number 21-01 432.()2 

January 6, 2017 

P rojt'Ct : CMU Brooks Hall Building Decommissioning Sun·ey Unit: BHB- 1::01 Tn>e or Sun 'l'): Final S1a1us Sun·l"~·or 1: Rebecca Mumper 

Instrument I :sen a l « Sourct> Ct.I. Due T yJX' TotaV H~d Effi denC') Surla<'e Tota l l.:oonl Time mm A~a f\ ll>C l>CGL MOC ommt> nb: 

11---""~2;~:~11_o~~r1~12S~5;~~~:~~·---+--C_h_...,_• -+------+-----<-R-•m_o_•_·•b_l•-+--"~'"-'m_) -+----+-E-m_d_,n_<>_,_E_m_"_;,_ocv.._._S_a_m~pJ_,-+-_B_!.,~.---<o--J~<m~'~• _..,J~fa~m/=llMk=m~'J+--l d•o 'm/=IOOc=m~'~' +-1~%_o_f_OC_G_.L~l_.Rcsu11s above MOC are in bold. Result s above the investigruion level are in red. 

4J.J?/PR
259902 

SAT l/Jl/W17 Alpha Total 32.04% O.::s 8.01% 0.1 584 126 407 3I'k 

224 1 -~ t 233346 
43-37 / PR159902 

29'"!.9/ 160013 
4~-10-1 / PRl67231 

2929/ 1(;0013 

43-l0-l /PR167231 

Location 

BHB-1201 -Fl-M-OOI 

BHB-1201-Fl-M-002 

BHB-1201-Fl-M.003 

BHB-1201-Fl-M-004 

BHB- 1201-Fl-M.005 

BHB- 1201-Fl -M-006 

BHB-1201-FJ -M-007 

BHB-1201-Fl-M-008 

BHB-1 201-F l -M-009 

BHB-1201-Fl -M-OJO 

BllB-1201-Fl-M-Ol I 

BHB-1 201 -Fl-M-OJ:: 

RHB-1201-Fl-M-01 3 

BHB-1201-Fl-M-014 

BHB-1201-Fl-M-015 

Count 

Min 

Mox 

M~ian 

Mean 

Stl>t.-v 

G""' 
Coon ts 

SAT 

SAT 

SAT 

1\etcpm 

-7 

43 

-7 

-7 

J3 

-7 

-7 

23 

-7 

-7 

-7 

11 11/2017 

11/23/2017 

Jl/2312017 

Aloha 
A<'li ,·ity 

. llJV\. !) 

-J5 

92 

-15 

-15 

28 

-J5 

28 

-J5 

49 

-15 

-J5 

-15 

J5 

·J5 

92 

-J5 

3J 

lkta 1020 35.27~ 

Alpha Rl'movable 0.8 36.49~ 

Bc1:. Removable 56.9 23.92% 

Total Surface Activity 

Notes 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MOC 

<MDC 

<MDC 

<MDC 

Fraction or 
DCGL 

0 .02 

0.00 

0.23 

0.00 

0.00 

0.07 

0.00 

0.07 

0.00 

0.12 

0.02 

0 .02 

0.00 

0.00 

0.00 

G""'" 
Counts 

86 

100 

91 

94 

Ul6 

93 

95 

103 

102 

94 

112 

98 

102 

117 

-160 

-20 

-110 

-90 

-70 

IO 

100 

-40 

150 

130 

0.25 

Beta 
AdiYily 

-311 

-39 

-214 

-155 

78 

-115 

-B6 

19 

- 155 

194 

-78 

29J 

252 

15 

-3 11 

291 

-39 

-28 

175 

8.82% 

36.49'k 

No<<S 

<MOC 

<MOC 

<MOC 

<MDC 

0.1 0.1 

,_ .. 
llCGL 

0.00 

0.00 

0.00 

0.00 

0.01 

0.00 

0.00 

0.00 

0.00 

0.00 

0.03 

0.00 

0.00 

0.04 

0.04 

JO 

10 

SOF 

0.00 

0.23 

0.00 

o.oi 

0.o7 

0.00 

om 
0.00 

0.12 

0.04 

0 .02 

0.00 

0.04 

0.04 

15 

0.00 

0.23 

O.D2 

0.04 

0.08 

584 

JOO 

100 

Gro<s 
Counts 

971 

17 

121 

:"iet cpm 

0.2 

-0.8 

0.2 

0 .2 

1.2 

-0.8 

-0.8 

-0.8 

0.2 

-0.8 

0.2 

0.2 

-0.8 

-0.8 

-0.8 

7.050 

40 

Aloha 

-2 

-2 

-2 

-2 

-2 

-2 

-2 

-2 

J5 

-2 

-2 

-I 

14% 

Removable Surface Acthitv 
Beta 

Sot es Notes 
Fn:iction of Gf"'OllS 

DCC L COUDls 

0.01 56 -0.9 -4 0.00 

<MDC 0.00 47 -41 <MOC 0.00 

<MDC 0.01 11 .l 46 <MOC 0.o7 

<MDC 0.01 71 14. l 59 0.08 

<MDC 0.08 45 -11.9 -50 0.00 

<MDC 0.00 -10.9 <MOC 0.00 

<MDC 0.00 1.1 <MDC O.OJ 

<MDC 0.00 53 -3.9 -16 0.00 

<MDC 0.01 70 l~. I 55 0.08 

<MDC 0.00 44 -12.9 -54 <MOC 0.00 

<MDC 0.01 -4.9 -20 0.00 

<MDC 0.01 69 12.1 0.00 

<MDC 0.00 62 5. J 21 <MOC 0.03 

<MDC 0.00 72 15.l 63 <MOC 0.09 

<MDC 0.00 69 12.1 " <MDC 0.00 

15 

-54 

63 
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SOF 
H-'..\ c.14 CH3 

O.oJ 

0.00 21 

0.08 4 1 

0.10 11 

0.08 

0.00 21 

0.ot 23 

0.00 29 10 

0.09 23 

0.00 " 12 

0.01 15 

0.09 

0.03 II 

0.09 

O.o7 

15 15 15 15 

0.00 

0.10 55 12 

0 .03 " 
" 0.08 J4 



Central Mkhigan Unh·ersity 
NRC License Number 21--01432.02 
J anua ry 6. 2017 

IProjl"C't: C'MU Brooks Hall Build ing. Decommissioning Sur n 'y Unit: BHB-120~ Ty)M' of Sun·c,: Final Starus Sun-eyor 1: Rebecca M umper Surveyor 2: 

nstrumt!nt/:-,.enal # Source Cal. Due Type Tot.all B~d Emden(') Surfacr Tola! ount T iml'\min l Area MOC DCGL MDC omments: 

ll---"°;,;;;C"-;;C'_~,.,'/,.,;i2S.;.;5 3;;,~=;.;~"-·---+--'C"'h"'=k-+------+----+-"R"'•m"'o"-'~°'b"'k+--"''"'-"'m""") -+----+-=Em=cil'~n~""-i-'E"'m~"~''"'""~·+-'Sa=mLol~• +~"cc'""~'"-i--'(~<m~'~l -+'d~l"'"'"~" '~OOc=m~''t=fd~•""=IOOc=m~''+''~%~o~f~DC~G~L"-ll) Results above MOC are in bold. Re~ul ts above 1he invest ig.a1 ion level arc in red. 
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_
37

/ PR
259902 

SAT 1/ 11 /2017 Alpho Total ~~ .04% 0 .~5 8.0l 'J. 0.1 584 116 407 29'k 

2241-3 1 253346 
43-37 I PR259902 

2929 / 160013 
4~-10-1 /PR16723 1 

'29291160013 
43-10-1 / PRlb723 1 

Locvtion 

BHB-1202-Fl-V.001 

BHB-1202-FJ-V.002 

BHB-1202-Fl -V.003 

BHB-1 ::02-Fl -V-004 

BHB-1::02-Fl-V.005 

BHB-1202-FJ -V-006 

BHB- 1202-Fl -V-007 

BHB- 1~02-Fl-V.008 

BHB-1202-F l-V-009 

BHB-1202-Fl -V-OJO 

BHB-1202-Fl-V-OJ:: 

BHB-1202-Fl -Y-013 

BHB-1202-Fl-V-014 

BHB-1202-FJ-Y-015 

BHB-1202-Fl-V..016 

Count 

~lln 

Mt'dian 

Mran 

StOt-v 

G'°" 
Counts 

SAT 1111no11 

SAT ll /23C0 17 

SAT 1112312017 

Alpha 
Acthit ~· 

!'\el t'pm ,_. __ ,,....__zl 

-5 -JI 

JI 
_, 

-JI 

-5 - JI 

JI 

JI 

-5 -JI 

JI 

J5 32 

J5 Jl 

. JI 

-JI 

JI 
_, 

-JI 

JI 

J6 

-JI 

32 

15 

"'" To<ol .JOOO 35.27% 0.25 

Alpha Removable 0.8 36.49~ 

lkta Removable 56.9 23.92% 

Total Surface Activity 

Notes 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MOC 

<MDC 

<MDC 

<MOC 

<.\1DC 

<MOC 

<MOC 

<~10C 

<MOC 

Fraction of 
DCGL 

0.00 

0.00 

O.o3 

0.00 

0.00 

om 
0.03 

0.00 

0.03 

O.OS 

0.08 

0.00 

0.00 

0.03 

0.00 

om 

c ..... 
Counts 

104 

7 J 

87 

80 

88 

87 

72 

76 

n 
80 .. 
83 

86 

9J 

-SO -VI 

40 

-290 -563 

-130 -~2 

-200 -3&8 

-120 -233 

-130 -252 

-280 

-240 

-230 -447 

-200 -388 

-78 

-t70 -330 

-140 -272 

-175 

J6 

-563 

-262 

-282 

J8J 

8.82%-

36.49% 

23.92% 

,... .. 
<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

0.1 O.t 

10 

JO 

........... SOF 
DCGL 
0.00 0.00 

O.OI 0.01 

0.00 0,03 

0.00 o_oo 
0.00 0.00 

0.00 0.03 

0.00 0.03 

0.00 o.oo 
0.00 0.03 

0.00 0.08 

0.00 0.08 

0.00 0.00 

0.00 0.00 

0.00 0.03 

0.00 0.00 

o_oo om 

16 

0.00 

0.08 

0.02 

0.02 

0.05 

584 

JOO 

100 

Gro<• 
Counts 

962 7.050 

J7 40 

121 705 

Alpha 

~ttcpm 
Actil·i1,· 

'"--"~-'> 
-0.8 

-0.8 -2 

-0.8 

0.2 

o.: 
-0.8 -2 

0.2 

0.2 

-0.8 -2 

-0.8 

-0.8 -2 

-0.8 

0.2 

-0.8 

-0.8 _, 

J6 
_, 

-2 

-1 

14% 

42 % 

Sot es 

<MDC 

<MOC 

< MDC 

<MDC 

<MDC 

<MDC 

<MOC 

<MDC 

<MOC 

<MOC 

<MDC 

<MDC 

<MOC 

<MDC 

<MDC 

Removable Surface Acti•ity 

Fraction or Gnm 
DCGL C.-

0.00 50 

0.00 

0.00 

0.01 61 

0.01 51 

0.00 62 

0.01 48 

0.01 65 

0.00 4J 

0.00 56 

0.00 54 

0.00 43 

0.00 53 

0.01 45 

0.00 52 

0.00 59 

.,;,9 -29 

O.J 

2.1 

4. J 17 

0.1 

S.J 2J 

-8.9 -37 

8.J 34 

-0_9 

-2.9 -12 

-J3.9 -58 

-3.9 -J6 

-11.9 -50 

-4.9 -20 

2.J 

J6 

-8 

-J3 

29 

<MDC 0.00 

<MDC 0.00 

0.01 

0.02 

<MDC 0.00 

<MDC O.o3 

<MDC 0.00 

<MDC o.os 
0.00 

<MDC 0.00 

<MDC 0.00 

0.00 

<MDC 0.00 

<MDC o_oo 
o.oo 

<MDC 0.01 

Brooks Ha ll 
Derommissioning Final Status Report 

Pag< F.10 of F.22 

Dall': 12116116 

Datr: 1-6-17 

SOF 

0.00 

o_oo 48 

0.01 40 

Ml 35 

O.O J 

0.03 30 

0.01 4 1 

0.06 

o.oo 69 

0.00 32 

0.00 15 JO 

0.00 45 

0.00 20 

0.01 

o_oo 38 

0.01 

J6 16 J6 J6 

U.00 

0.06 •9 10 

0.01 37 
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Central Michigan University 
NRC License Numbt>r 21-01432-02 
January 6, 2017 

rt>rojttt: C'MU Brooks !foll Buildlllf Decommissioning SurH·y Unit : BHB-1203 Typt' or Sun·er: Final Status Sun·t>yor I: Rebt.ua Mumper Sunt'yor l : 

Jnstrumt'nl I St'n al # Sourn" Cal. Due T~· pt' TotaV BkJ!d Efficiency Surfatt Total L:oont 1me tmm Al"l"ll MDC OCGL MOC l'--omments: 

11---";.,,;,,.~,.,~~,-,'1,.,1,s'.,,53"'~:,.,~-'--+~C~h~=• +----t---t~R~•m~•~·~•b~l'+-"•"'m_I +---+~Em~'~'"~"~"-1rE~m~,ct~'~""'"'-+-S_•_m~pl_• +-"-'"'~·_,~"~m~'~1 -r'•~• ·~'mJ~l~OOc=m~''-r•' 'd~"'mJ=lOOc=m~'+''-""-•-' -DC_G_l~.J1tResuhs above MOC are in bold. Rcsuh s above the in\·est iflllion ltvcl are in red. 

43
_
37 1 

PR
259902 

SAT 1/1112017 Alpha Total 32.04% 0.25 8.0 \ <;;- 0.1 584 126 407 Jl'k 

2241 -31253346 
4J...37 / PR.259902 

':-9':91160013 
43-1 ()..1 / PRJ67231 

29291160013 
43-10...1 / PR1 &1231 

Location 

BHB-1203-Fl-V-OOJ 

BHB-1203-Fl-V.002 

BHB-1203-Fl -V.003 

BJ-IB-1203-Fl -V-004 

BHB-1203-Fl-V-005 

BHB-1'.!03-Fl -V-006 

BHB-1203-Fl-V-007 

BHB-1203-FJ-V.()()9 

BHB-1 203-FJ -V-OJO 

BHB-1203-F l-V-OJ I 

BHB-1203-Fl-V-012 

BHB-1203-Fl-V-01 3 

BHB-1203-Fl-V-014 

BHB-1203-FJ-V-0!5 

BHB-1203-FI • V-0 I b 

Count 

~tin 

Mox 

Median 

Mean 

G'"" 
ClHJnts 

SAT u11no11 

SAT 11 /23/2017 

SAT 11123'2017 

Aloha 
Aeti , i tv 

l'"ct cpm I t ..t~ ... 11nn.:_l\ 

-7 -15 

-7 -IS 

49 

13 28 

-7 -IS 

.7 ·lS 

16 

-15 

49 

17 

Alpha 

Beta 

Notes 

<MOC 

<MOC 

<MDC 

<MDC 

<MDC 

<.\10C 

<MDC' 

<MOC 

<MDC 

<MOC 

<MDC 

<MOC 

<MOC 

<MDC 

800 35.27% 

Rtmovable 0.8 3b.49% 

Removable 56.9 23.92% 

Total Surface Activitv 

Fraction of 
DCGL 

0.00 

O.Q2 

0.02 

0.02 

0.00 

0.12 

0 .07 

0 .02 

0.02 

0.00 

0.02 

0.07 

0.00 

0.02 

O.D2 

O.D2 

96 

109 

77 

85 

82 

76 

~ I 

83 

77 

65 

80 

86 

S7 

78 

80 

56 

160 

290 

-30 

so 
20 

10 

30 

.30 

- ISO 

60 

70 

-20 

-240 

0.'.?5 

Beta 
Activity 

311 

S63 

-SS 

39 

-7S 

19 

SS 

-S8 

-291 

117 

136 

-39 

16 

563 

10 

226 

S.82% 0.1 0.1 S84 S66 1.050 12% 

36.49~ JO 100 17 40 

23.92% 10 100 121 10'5 1711> 

Removable Surface Actility 
Aloha Beta 

SOF 
Srtcpm Notes 

Fraction of Gross 
DCGL COWll\ 

.._. 
DCGL 

Activity 
Soles 

0.04 0.2 <MIX O.Ql S1 0.1 <MOC 0.00 

o.os 0.10 -0.8 ·2 <MDC 0.00 5S -1.9 -8 <MDC 0.00 

<MDC 0.00 0 .02 2.2 <MDC 0.15 7.1 <MDC 0.04 

<MOC o.oi O.Ql 2.2 0.15 S6 -0.9 ... <MDC 0.00 

<MDC .0.ot 0 .01 0.2 <MOC 0.01 -2.9 -12 0.00 

0.00 0.12 -0.8 .2 <MDC 0.00 S9 2. 1 <MOC 0.01 

0.00 0.07 -0.8 ·2 <MDC 0.00 62 S.1 21 O.Ql 

<MDC 0.01 O.Q2 -0.8 ·2 <MDC 0.00 12:1 SJ om 
0.00 0.02 0.15 56 -0.9 <MDC 0.00 

0.00 0.00 0 .2 <MDC 0.01 47 JY.9 -41 <MOC 0.00 

0.00 0 .02 -0.S .2 <MDC 0.00 SS 1.1 O.oJ 

<MDC 0.02 0.08 0.0 <MDC 0.01 4.9 -20 <MDC 0.00 

<MDC 0.02 0.02 -0.8 ·2 <MDC 0.00 72 15.1 63 <MDC 0.09 

0.00 O.Q2 0.2 <MDC 0.01 60 3.1 13 <MDC 0.02 

<MOC 0.00 0.02 0.2 <MOC 0.01 S9 2.1 <MOC 0.01 

0.00 om 1.2 <MDC 0.08 64 7.1 30 <MOC ·0.04 

16 16 16 

0.00 .2 ... , 
0 .12 63 

O.D2 

0.04 

0.0'5 26 
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Date: 1-6-17 

SOF 
H-3 C- 1-1 Cll 3 

0.01 II 

0.00 24 

0.19 

0.15 28 13 

0.01 17 

0.01 17 10 

0.03 IS 10 

0.07 38 

0.1~ 

0.01 23 

0.01 143 

0.01 

0.09 57 

O.Q3 96 

0.03 17 

0.12 l8 

16 16 16 16 

0.00 

0.19 143 17 

0.03 26 

0.06 40 

0.09 37 



Cientral Michigan Unh·e~itJ 

NR C License Number 21-01432-02 
January 6, 2017 

IProjed: CM Li Brooks Hall Building Decommissioning SuP-ey Unit: BHB-1204 Type of Survey: i"lnal Status Sun·eyor 1: Kirby G.::mi ll ion 

Instrument · ~nal # Sourtt ToLaV Bk,?d SurfaC't' Total ount Tim' mm Area MDC DCGL MOC omments: 
Ca l. Due T;,' pt" Efficiem')· 

lf----"°',o,2;,.,_';"'1~~i'-'1,..,12"'o,;s3~~"'al6,.-'---+--'C"'h"'-''=-"+-11 1-1-,,-01_7--+----+-"R"''m=-o"-'~=b"'I'+--'"="'"''-) -+--:'\
2
-.

04
- .. -l-E"'m"'o'".~e"'s"""""--'1-'E"~"''.~"'i1e'k"""""-+-'S"'•0"'m"1°1 l"-'-+--'""'"'"'·"--'f-'t"':~=-',_1 -¥t d,,lo:::;•ml,_,1 ~c:::;=m_,_'J+-t"'d"'oml,,:4..e~O<k"'7 "'m"-''-l-'1t.;:'>...ooo.:~=-.. =. G:::' '""'~) Results above MOC arc in bold. Resul1s above the in,·estigaiion level are in red. 

43-37 1 259902 SAT Alpha Total 

2241-3 /253346 
43-)7 / 259902 
29~9/ 160013 

4~·10-1 / PR167231 
29291 160013 

43-10-1 I PRl67231 

Location 

BHB-1204-F \-V-OUI 

BHB-1204-Fl -V-002 

BHB-1 204-FJ-V-003 

Bl-IB-1204-81 -M -004 

BHB- 1~04-81-M-005 

BHB-1204-FJ -V-006 

BHB-1 204-Fl -V-007 

BHB-1204-Fl -V.008 

BHB-1~04-Fl -V-009 

BHB-1204-F l-V.OJO 

BHB-1~04-B l-M-0 11 

BHB-1~04-BJ-M-0 1 2 

BHB-1204-Fl-V-013 

BHB-1 204-Fl-V-014 

BHB-1~04-Fl-V-015 

BHB-1204-FJ -V.()16 

BHB-1204-Bl · Yl-017 

Count 

~1in 

Max 

Medi1tn 

Mean 

St[)(>,, 

c ..... 
r ...... 

SAT 1111no11 

SAT ll/23/Wl7 

SAT 1 tnJ/2011 

Alpha 

l"etcpm 
ActMty 

... __ ,.nn.,._!\ 

.7 ·I S 

28 

-ts 
-IS 

.7 ·IS 

t3 28 

33 7t 

49 

·15 

-7 -ts 
23 49 

13 

-ts 
.7 

17 

·I S 

7t 

10 

Total BZO JS.27"1> 0.0S 

Alpha Remo,· able 0.8 36.49% 

Ekla Removable · 57.1 23.92% 

Total Surface Activity 

Not ts 

<MOC 

<MOC 

<MOC 

<:MOC 

<MOC 

<MOC 

<MOC 

<MIX' 

<MOC 

<MOC 

<MIX' 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

Fraction of 
DCGL 

0.00 

0.07 

0.00 

0.00 

0.00 

0.07 

0.17 

0.12 

0.02 

0.00 

0.02 

0.07 

0.00 

0.12 

0,07 

0.00 

0.00 

IOS 

100 

118 

109 

110 

90 

106 

97 

90 

93 

108 

101 

64 

98 

103 

91 

Beta 

230 447 

180 1:50 

360 699 

TIO 524 

280 

ISS 

240 466 

llO 291 

l.'O 2S1 

110 21 4 

260 

190 369 

.350 

160 3 11 

210 408 

90 175 

17 

-350 

099 

3SO 

324 

~32 

36.49~ 

23.921k 

Notes 

<MOC 

<MOC 

<MOC 

<MDC 

<MDC 

<MOC 

<MOC 

<MOC 

0.1 0.1 

F-ol 
DCGL 

0,06 

0.05 

0.10 

om 
0.08 

0.02 

0.07 

0.()4 

0.02 

0.04 

0.03 

om 
o.os 
0.00 

O.().J 

0.06 

om 

JO 

10 

SOF 

0.06 

0.12 

0.10 

O.Dl 

0.08 

0.09 

0.24 

0.16 

0.<)4 

0.04 

0.05 

0.14 

o.os 
0.12 

0.11 

0.06 

0.02 

17 

0.02 

0.24 

0.08 

0.09 

0.08 

S84 

100 

100 

Gro<s 
Cou nts 

876 

17 

Sel cpm 

1.2 

1.2 

-0.8 

0.2 

1.2 

0.2 

1.2 

0.2 

-0.R 

0.2 

-0.8 

0.2 

0.2 

0.2 

0.2 

7.~ 

40 

705 

Alpha 
Acthily 

-2 

·2 

-2 

)7 

-2 

12% 

., .. 
17% 

Notes 

<MOC 

<MOC 

<MOC 

<MOC 

<MDC 

<MOC 

<MOC 

<MDC 

<MDC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

Removable Surface Acth;ty 

Fraction ol 
DCGL 

0.08 

0.08 

0.00 

0.01 

0.08 

0.01 

0.08 

0.01 

0.08 

0.00 

0.01 

0.08 

0.00 

0.01 

0 .01 

0.01 

O.Ql 

54 -3.1 

55 -2. 1 

64 6.9 

4.9 

S6 ·LI 

64 6.9 

46 -lU 

64 6.9 

61 3.9 

9.9 

66 8.9 

59 1.9 

65 7.9 

41 -1 &.1 

8.9 

6.9 

54 -3. l 

A.ctlrity 

.13 

-9 

29 

20 

29 

16 

41 

37 

33 

37 

29 

- 13 

17 

4 t 

20 

" 

...... 
<MOC 

<MOC 

<MOC 

<MDC 

<MOC 

<MOC 

<MDC 

<MOC 

<MDC 

<MOC 

<MDC 

<MDC 

<MOC 

<MDC 

Fraction 
... DCGL 

0.00 

0.00 

0.04 

0.00 

0.04 

0.00 

0.04 

0.02 

0.06 

0.05 

O.ot 

0.05 

0 .00 

o.os 

0.00 
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SOF 
H-J C-14 CHJ 

0.08 

0.08 26 

0.04 26 

0.04 40 13 

0.08 

0.05 4 1 

0.08 44 

0.05 20 

0.11 03 

0.06 21 

O.Dl 46 

0.09 " 
o.os 30 t2 

O.ol 32 '' 
0.07 28 

o.os 10 

0.01 31 

17 17 )7 17 

0.01 20 

0. 11 S9 t3 

0.06 28 

0.00 31 
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Centr.al Mkh.igan Unh•ersity 
NRC Lict'ost Number 21-01432-02 
J anuary 6, 2017 

lf>roj('(' I: C'M C Brooks Hull Building Decommissioning Sun·{'~· Unit: BHB-1205 TypE' or Surn~: Final S1a1us Sun ·{'yor I: Rebecca Mumper Surn~·or 2: 

l nstrum{'nl I senal # Sowtt Cal. Du{' Typl' TotaV B~d Em cienc) SurfaC"l' Total l..AHlnt 1me tmm) Al"t'a MDC OCGL ~ t oe om ments: 

>---°"=,;~';'~l-~~,'1~12s.~53=~-:~~·---+-~C~h~"'~"-+-------+-----+~R~<m~o~v_ab~l•-+--"•'"-'m~) -+-----+-~E~m~d-'"~"~· -+-E~m~"~;,_oc~v-+-S_a_m.o>_•-+--"-'"'···-......-'~'m~'~• -+' d~l•~•mi~l~OO<=m~'•..--<d.oom/=lOO<=m~'~> l-1_%_o_r_DC_G_L~)-£R.csuhs above MOC are in bold. Results above 1hc in,·est igation level are in red. 

43
_
37 1 

PR
259902 

SAT \/ l l/~017 Alpha Total ~2.04% 0.25 8.01'* 0.1 584 105 407 26'k 

2241-3 / 253346 
43-371 PR259902 
19~9 1 1 6001 3 

43-10-1 / PR l 67231 

29291 160013 

43-10-1 / PRl 67231 

Loeation 

Bl-IB-1~05-Fl-V-001 

BHB-1205-Fl ~ Y-002 

BHB-1 205-Fl-V-003 

BHB-1~05-Fl -V~ 

BHB-1~05-Fl-V-005 

BHB-1205-Fl -V-006 

BHB-1205-FJ-V-007 

BHB-1205-fl -V-008 

BHB-1205-FJ-V-009 

BHB- 1205-Fl -V-010 

BHB-1 205-Fl-V-01 l 

BHB-1205-Fl -V-012 

BHB- 1205-Fl-V-013 

BHB- 1205-Fl -V-014 

Cou nt 

Min 

Mox 

Ml'dittn 

Mean 

Stlkl" 

Gros• 
CounL~ 

SAT 1/11/2017 

SAT IJ /23r-O l 7 

SAT 11/23/2011 

Aloha 
Acti,i t~· 

l'\et cpm l.l nm/ U V\r.., ?) 

-3 .. 

17 36 

17 

-3 

15 

-3 

15 

15 

15 

15 

15 

IS 

14 

58 

15 

IS 

19 

.... Total 1070 35.27c;l. 

Alph:i Removable 0.8 36.4940 

Beta Removable 56.9 23.92% 

Tota l Surface Activity 

Notes 

<MOC 

<MOC 

<MDC 

<MOC 

<MOC 

<.:\10C 

<MDC 

<.\ 10C 

<.\10C 

<MOC 

<MOC 

Fraction or 
DCC L 

0.00 

0.00 

0.09 

0.14 

0.09 

0.00 

0 .04 

0.00 

0.04 

0.04 

0.04 

0.04 

0.04 

0 .04 

G ..... 
Counts 

116 

70 

87 

86 

89 

96 

116 

104 

114 

124 

83 

1'\dcpm 

-130 

90 

-370 

-110 

-200 

-210 

-180 

-100 

~110 

90 

-30 

70 

170 

-14'> 

0.25 

Beta 
Activity 

-252 

175 

-719 

-214 

-388 

-350 

-194 

-214 

175 

-58 

136 

330 

-466 

14 

-719 

330 

-2 14 

- 175 

~95 

8.82% 0 .1 0.1 

36.491k 

23.92% 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

Fraction"' 
'DCGL 

0.00 

O.Q2 

0.00 

0 .00 

0.00 

0.00 

0 .00 

0 .00 

0.00 

0.02 

0.00 

0.02 

o.os 
0.00 

10 

10 

SOF 

0.00 

O.Q2 

0.09 

0.1 4 

0.09 

0.00 

0.04 

0.00 

0.0< 

0.06 

0.04 

0.06 

0.08 

0.04 

14 

0.00 

0. 14 

004 

0.05 

0.06 

584 

100 

100 

Gros• 
Counts 

993 

17 

121 

?\'etcpm 

1.2 

0.2 

-0.8 

-0.8 

-0.8 

0 .2 

-0.8 

-0.8 

0.2 

1.2 

o.:: 
o.~ 

1.2 

0.2 

7.050 

40 

705 

Aloha 

-2 

-2 

-2 

-2 

-2 

14 
_, 

)4% 

""' Re,iewtrl: Mike Culp 

Removable Surface Activity 
Beta 

Fraction or Grws 
DCG J. Coa.nL~ 

Notes -<MOC 0.08 69 12.t " 0.07 

0.01 53 -3.9 -16 <MDC 0.00 

<MDC 0.00 63 6.1 26 <MDC 0.04 

<MOC 0.00 46 -I0.9 0.00 

<MOC 0.00 -0.9 0.00 

<MDC 0.01 55 -1.9 <MDC 0.00 

<MDC 0.00 59 :u <MDC · -0.0l 

<MOC 0.00 61 4.1 17 

<MDC 0 .01 62 5.1 <MDC 0.03 

<MDC 0.08 57 0.1 <MDC 0.00 

<MOC 0.01 63 6.1 26 <MDC 0.()4 

<MDC 0.01 54 -12 <MDC 0.00 

<MDC 0.08 67 10.1 <MDC 0Jl6 

<MDC 0.01 -1.9 <MDC 0.00 

14 

51 
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Date: 121161 16 

Datt: 1-6-17 

SOF 
H-.3 C-14 CH .3 

O. IS 

0.01 

0.0< 39 

0.00 

0.00 

0.01 37 

0.01 

0.02 38 

18 

0.08 49 

o.os 51 

0.01 SJ 

0. 14 20 10 

0.0 l 20 

14 14 14 14 

0.00 18 

0.15 51 10 

0.02 38 

0.04 35 

0.06 12 



Central Michigan Unh·ersity 
NRC License Number 21.01432-02 
January 6, 2017 

Project: CMU Brooks H:iJJ Building Decommissioning Sun·eyor 1: Kirby Gemillion Surnyor l: 

Instrument ~rnll# Soul'C't' Cat Due Typt' TotaV Blq?:d Effi ciency Surface Total C'"'n1 · 1me 1m1n) Area fllOC l>CGL MOC Comments: 

t--~"',,,2 ;,,_~,...1~~,-,',,..,'t"'5,3"'~"';11,..# __ -+-~C~h«=k-+------t----t~R~•m~o~v~•b~l '-+-~"~"'m~) -+----+~Effi~"~''~"~"-rE~ffi~"~''~"'~'+S~•-m~ol•+-"-'""···_,r'~''m~'~' -+'"( d~'"'~m/~l~OO<=m~'1t-1~d~••~v~IOO<=m~'-+-' '-"'-•-'-OC~G-L~)..-R.esults above MOC are in bold . Results above the in\·es1iga1ion level are in red . 

43
_
37 1 178300 

SAT 812412017 Alpha Tor:iJ 31.56% 0.~5 7.89% 0.1 584 89 407 22'if-

.Z:3:~i/ g;~I SAT 812412017 .Bda Total IOSO 33 .97~ O.Z.5 8.49% OJ 0.1 584 1,022 

29291160013 

43- 10-1 / PRl67:'.31 

29291160013 
43-10-1 I PRl672JJ 

Location 

BHB-1301-F l-V-001 

BHB-1301-Fl-V-002 

BHB-1301-Fl-V-003 

BHB-1301 -Fl-T-005 

BHB-130 1-Fl -T-006 

BHB-1301-Fl -V-007 

BHB-1301-Fl -V-008 

BHB-130 1-FJ-V-009 

BHB-130 1-Fl-V-010 

BHB-130 1-F l -T-01 ~ 

BHB-1 301-Fl-M-013 

BHB-1 301-Fl-M-014 

BHB-1301-Fl-V-0!5 

Count 

Min 

Mox 

M~ian 

Mean 

Stl>t>\' 

SAT 11 /2312017 

SAT 11/23/2017 

Alpha 
Acth·itv 

1\'ct cpm I r.1~-11~- ?\ 

20 

19 41 

·I ·2 

39 85 

19 41 

19 41 

·I 

· I 

10 

·I ., 
19 41 

19 41 

19 41 

·I ., 

15 

85 

10 

" 
" 

Alpha Removable 0.8 36.49~ 

Beta Removable !i1. I 23.92% 

Total Surface Activitv 

Notes 
Fraction of <;,..,. 

DCCL Counts 

0.05 280 

0. 10 114 90 

<MOC 0.00 119 140 

<MOC 0.21 226 1210 

<MOC 0.0~ U3 480 

<MOC O. IO 216 1110 

<MOC O.IO 126 210 

<MOC 0.00 .128 230 

<MOC 0.00 12 1 •160 

<MOC 0.0~ J23 180 

<MOC 0.00 128 230 

<MOC O.IO 196 910 

<MOC 0.10 112 70 

<MOC 0.10 260 

<MOC 0.00 120 ISO 

Beta 

565 

181 

282 

2,238 

423 

464 

323 

3'3 

1,1135 

141 

!124 

302 

15 

141 

2.440 

464 

768 

760 

36.49~ 

23..929o 

No<es 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

. ...-.. "' 
OCGL 

OD8 

0.03 

0.04 

0.3S 

0.14 

0.32 

0.06 

O.Q7 

o.os 
o.os 
om 

0.26 

0.02 

0.07 

0.<>1 

10 

IO 

SOF 

0.13 

0.13 

0.04 

u.s~ 

0.19 

0.42 

0.16 

0.07 

o.os 
0.10 

0.07 

o_-.. 
0.12 

0.18 

o.<» 

15 

0.04 

0.55 

0.13 

0 .17 

0.1:'. 

100 

100 

G'°'' 
Counts 

17 

122 

~tlcpm 

.0.8 

02 

0.2 

0.2 

0.2 

0.2 

0.2 

1.2 

1.1 

.0.8 

.0.8 

.0.8 

.0.8 

0.2 

7.050 14% 

42~ 

705 1711> 

Aloha 
Actfrily 

"·-"~-" 
Sot es 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

15 

·2 

Rnie~·r-tt: Mike Culp 

Removable Surface Acti,•ity 

Fractlon ol 
OCGL 

0.00 

0.01 

0.01 

O.o! 

0.01 

0.01 

0.01 

0.08 

0.08 

0.0!1 

0.00 

0.00 

0.00 

0.00 

0.01 

77 

60 

59 

43 

58 

49 

48 

64 

58 

48 

58 

74 

S.ta 

19.9 83 

9.9 41 

2.9 12 

1.9 

0.9 

1.9 33 

... , 
-9.l -38 

6 .9 

-6.1 

0.9 

-9.1 -38 

0.9 

J6.9 71 

15 

.59 

83 

41 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MDC 

Fnct ... 
o< OCGL 

O.J2 

0.06 

0.()2 

o.oi 

0.00 

0.01 

0.05 

0.00 

0.00 

0.04 

0.00 

0.01 

0.00 

0.01 

0.10 
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Date: 12114116 

lhite: 1-6-17 

SOF 

0.12 

om 
0.03 80 

0.02 "' 
O.ot 73 

0.02 61 

0.06 29 

0.08 'I 
0.08 30 " 
0.12 42 '° 
0.00 41 

0.01 17 

a.oo 14 12 

0.01 

0.IJ 

15 15 15 

0.00 

0.12 80 

0.03 30 

0.05 37 

0.08 21 



Central Michigan University 

NRC Lin"nse Number 21-01432-02 
January 6, 2017 

Project: CMU Brooks lfall Building Decommissioning Surn·y Unit : BllB-130:' Typt' of Surn>y: rinal Stanis Sun-l'yor 1: Ki rby Gemillion Suneyor 2: 

Instrument f !'lt'n al # Sou~ Cal. Due Typt' TotaV Bkgd Efficiency Surface Total oont 1me \mm) Arn MOC l>CGL :\U>C omments: 

1-----=°';;,2;c;:c;c.1~0;c/,,;.,'t;;;53';;~0"~11,.c•--+-'C"'h'-'"=-k-+--8/-2_4_1'--0l-7--f----f-'R"''m"'o'-''""'b"'l'+--"''="m'-) -+--_,-l.5_6_%-+--=Em"'0'°""_:"'5""'"'----'1-'E"~"'","'~"':""-+-S"'a"'0m·m"'1 "-;1'-+--""'l"'"'··'-<1--'(-"nn"-''-l'-' d,,_,1 .. ,,,m1'-'1"'00nn=-''l+-l'"d"'"'ml"'
4
-"1
0

00c,,,

7 
,_,m,,_',_11-'<-"%'-'o"-r"-OC"-G::.L::;).,,Results abtn·e MOC are in bold. Resuhs above 1he inves1 iga1ion level are in red. 

43
_
37 1 171000 

SAT Alpha To1al 584 1~8 31!k 

2241-312'335 1 
43--37 1 118300 
: 9: 9 / 160013 

43-10-1 / PR J67:31 

2929 / ltiOOl 3 
43-10..l /PR!b72Jl 

Location 

BHB-1302-Fl-V-001 

BHB·l302-B1-M-002 

BHB-1302-Fl -V-003 

BHB-1302-Fl-V-005 

BHB-1302-Fl -V-006 

BHB-1 302-Fl-V-008 

BHB-1302-Fl -V-010 

BHB-1302-Fl · V-01 I 

BHB-1302-Fl -T-01 3 

BHB-1302-Fl-V-014 

BHB-1302-Fl-T-01 5 

BHB-1302-Fl -V-016 

Count 

Min 

Mnfom 

Mean 

St De'· 

c ..... 
Counts 

SAT 8124/2017 

SAT 11 /23/2017 

SAT I 1123f.?OJ1 

Alpha 

l'ietcpm 
Actfri ly 

-7 -15 

-7 -15 

43 93 

-7 -15 

-7 -15 

.7 · 15 

" 28 

.7 -15 

.7 -15 

" " 
.7 . (5 

53 115 

)6 

.15 

(15 

(I 

40 

Bet• Total lHiO 33.97% 

AJpha Removable 0.8 36.49% 

Bela lkmovab\e 57.1 23.92% 

Total Surface Activity 

Notes 

<MDC 

<MDC 

<MOC 

<MOC 

<MOC 

<.\1DC 

<MOC 

<MOC 

<MOC 

<..\10C 

<MOC 

<MOC 

<MDC 

<MOC 

Fraction or 
OCGL 

0.00 

o.oi 
0.00 

0 .23 

o.oi 

0.00 

0.02 

0.00 

0.00 

0.07 

0.00 

0.00 

0.07 

0.02 

0.00 

0.28 

132 160 

116 

147 310 

174 580 

89 -270 

161 4SO 

l21 

12~ 10 

162 460 

15l 3SO 

l30 140 

123 70 

1780 

147 310 

232 1160 

(36 200 

0.?5 

Bela 

323 

625 

907 

"JOI 

141 

927 

706 

281 

141 

2,339 

403 

16 

.544 

3.589 

514 

7JJ 

990 

S.49% 0.1 0.1 

36.49~ 

23.9211> 

Not<S 

<MDC 

<MDC 

<MDC 

<MDC 

Fr.-tionu 
DCGL 

0.05 

0.00 

0.09 

0.17 

0.00 

0.13 

0 .01 

0.()2 

0.13 

0.10 

O.C>I 

j).02 

0.51 

0.09 

033 

0.06 

10 

10 

SOY 

0.05 

0.02 

0.09 

0.40 

0.02 

0.0 

0:03 

0.02 

0.13 

0.17 

Obi 

O.Q2 

o . .s 
0.10 

o.n 
0.34 

(6 

O.o2 

0.58 

0. 10 

0.15 

0. 17 

100 

JOO 

c ..... 
Counts 

J,(JJ) 

17 

122 

Setcpm 

0.2 

-0.8 

0.2 

-0.8 

0.2 

0.2 

0.2 

1.2 

-0.8 

0.2 

1.2 

1.2 

1.2 

0.2 

0.2 

7.050 

705 

Alpha 
Activity ... ~ ' 

·2 

·2 

16 

·2 

15% 

17., 

<MDC 

<MDC 

<MDC 

<MOC 

<MDC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MDC 

<MOC 

<MDC 

Removable Surface Acti•ity 

Fraction of 
OCGL 

0.0 1 

0.00 

0.01 

0.00 

0.01 

0.08 

0.01 

O.ot 

0.08 

0.00 

0.01 

0.08 

0.08 

0.08 

0.01 

0.01 

62 

46 

65 

62 

64 

57 

51 

59 

51 

so 
40 

66 

65 

4.9 

·3.1 

-11.1 

7.9 

4.9 

6.9 

-0. 1 

-6.J 

1.9 

10.9 

ll.9 

-6.1 

-7.1 

-17.l 

8.9 

7.9 

Adlrity 

20 

-13 

33 

20 

-26 

46 

so 
·26 

-30 

-71 

37 

33 

16 

.71 

50 

)4 

36 

-
<MOC 

<MDC 

<MDC 

<MOC 

<MOC 

<MDC 

Fndloo 
arllCGL 

0:03 

0.00 

1l.OO 

0.05 

0.03 

0.00 

0.00 

0.01 

-0.06 

om 
-0.00 

0.00 

0.00 

0.05 

0.0.5 
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SOF 

0.1>1 50 

0.00 31 

O.QI 63 

0.05 27 

O.C>I 37 

0.12 SS 

O.Ql 35 13 

0.0 1 

0.09 45 

0.06 so 
0.08 64 

0.08 82 

0.08 34 

0.08 14 

0.07 30 <O 

0.06 SI 

16 16 (6 16 

0.00 14 

0.12 82 () 

0.06 48 

U.06 46 

0.07 18 



Central Mkhig~n University 

NRC License Number 2 1..01432-02 

January 6. 2017 

!Project: CMU Brooks 1 lall Building Decommissioning Surn ·y Unit: BHB-1303 Sur•eyor 1: S1efan Herold Surn-yor Z: Kirby Gcmi llion 

lnslrumenl I Sena! # SoW'Ct' Cal. Dul' Typt' Tollll/ Bki!d Effidenc~ SurfaCP Tot.al Count '1me \mm Ar-ea MDC DCGL MOC <..:ommeots: 

t--~°".,,2;,_,7,...11_0,__~r/,_,12S.,,_53,,,~.,,:~~·--+~C~h"'=" +-1_1 1_11_20_1_7-+---+~R~•m=-o~··~·•~l•+~"=•m~) +--_,,-.. -.. .,-+~Elli~0·~~~·5•~"'-l-'E~' lli8~•0a"'·1·.~·_"~·+'S-'•0~m~1 lo..•+-"~'""~··'-ll-'(~nn"-'~• -l"l d~'""''ml'-'1 1"'100c6=m'-'''+-("'d"'nm/=IOOc=m"-''-I' l-'(-"'h-'o"-2r9=-~=-G=-L"'l-l!Resuhs abo\'C MOC are in bold . Rcsul1s above 1he invcs1iga1ion h:vel are in red. 

43
_
37 12

RI040 SAT _ Alpha Tot al _..,.. _ "tr' 584 407 -,.-

2241-3 /253346 
43-37 1 281040 
29291160013 

43-1 0-l / PRl 67231 
2'9:9 / 160013 

43-10-1 / PRl b7231 

LOC"ation 

BHB-1303-Fl-V-OOI 

BHB-1303-FJ-M-002 

BHB-1303-Fl -M-OOJ 

BHB-1 303-F\-V..oo4 

BHB-1303-Fl-V-005 

BHB-1303-Fl-V-006 

BHB·l303-FJ-VJ.Xl7 

BHB-1303-Bl-M-008 

BHB-130~-Fl-V-009 

BHB-130:t-FJ-V-O!O 

BHB-1303-Bl-M-Ol 1 

BHB·l.~03-FJ-C-0 1 2 

BHB-1303-Fl -M-01 3 

BHB-1303-F l-M-014 

BHB-1303-FJ-V-015 

Count 

Min 

Mox 

Median 

Mean 

Gros< 
Counts 

SAT 11 1112017 

SAT 11 /2312017 

SAT 1 lf23/?017 

Alpha 
Aclhit~· 

1'el rpm .. ~--11 nn.._21 

II 

15 31 

II 

-S ·II 

.5 -II 

II 

-5 ·II 

IS 32 

-5 -11 

-5 ·II 

-5 -11 

II 

II 

15 32 

II 

15 

-II 

32 

II 

17 

B<ta To<~ 1010 35 .27~ 0.25 

Alph a Rl'movabk I.I 36.49% 

Beta Removable 60.4 23.92% 

Total Surface Activity 
Beta 

Notes 
Fraction of Cross 

OCGL Counts 

0.03 94 -70 -1 36 

<MDC 0.08 96 

<MDC 0.03 175 740 

<MOC 0.00 93 

<MDC 0.00 92 -175 

<MDC 0.03 92 -175 

<MDC 0.00 88 -13-0 -252 

<MOC 0 .08 82 -190 

<MOC 0.00 98 .30 . -SS 

<MDC 0.00 115 140 272 

<MDC U.00 93 -1 55 

<MOC 0.03 98 -3-0 -SS 

<MDC 0 .03 90 -110 -214 

<MDC 0.08 80 -210 -408 

<MOC 0.03 101 0 

15 

-408 

1,437 

-155 

-36 

437 

8.82% 

36.49% 

23.92% 

<MDC 

<MDC 

<MDC 

<MOC 

<MDC 

<MDC 

<MDC 

<MOC 

<MOC 

0.1 0. 1 

Fnt<:tion ol 
DCGL 

0.00 

0.00 

0.20 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.04 

0.00 

0.00 

0.00 

0.00 

0.00 

JO 

10 

SOF 

0.03 

0.08 

023 

0.00 

0.00 

O.Q3 

0.00 

0.08 

0.00 

0.04 

0.00 

0,03 

0.03 

0.08 

0.03 

0.00 

0.23 

0.03 

0.04 

O.Q7 

S84 

100 

100 

Gn><s 
Counts 

7.050 14% 

18 40 

705 18% 

Alpha 

Netcpm ~oles 

0.9 <MDC 

-0.1 <MOC 

0 .9 <MOC 

-0.1 <MDC 

-0.1 <MOC 

-LI -3 <MOC 

·l.l .3 <MOC 

-0.1 <MOC 

1.9 <MOC 

0.9 <MOC 

-0.1 <MOC 

-0.1 <MOC 

0.9 <MOC 

-LI -3 <M OC 

-0.1 <MOC 

15 

-3 

Re,iewl'd: Mike Culp 

Removable Surface Acthity 
Beta 

Fraction of Gl"GSS 
DCGL Cmnts 

Noles 

0.06 58 -2.4 -10 0.00 

0.00 39 -1.4 <MDC 0.00 

0.06 61 0.6 <MDC 0.00 

0.00 71 I0.6 44 <MOC 0.06 

0.00 59 -1.4 0.00 

0.00 60 -0.4 <MDC 0.00 

0.00 66 3.6 23 <MDC 0 .03 

0.00 60 -0.4 -2 <MOC 0.00 

0.13 45 -IS.4 <MDC 0.00 

0.06 47 -13.4 <MDC 0.00 

0.00 40 ~20.4 -85 <MOC 0.00 

0.00 -4.4 -18 0.00 

0.06 S9 -1.4 <MOC 0 .00 

0.00 53 -5.4 -23 <MOC 0.00 

0.00 52 -8.4 <MDC 0.00 

15 

-85 

44 

-16 

33 
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Pagt- F.16 of F.22 
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Date: 1-6-17 

LSC tdpm/100cm11 

SOF 
H-;\ c. 14 CH:'\ 

0.06 27 

0.00 S7 

0.07 •• 17 

0.06 29 

0.00 S4 10 

0.00 46 18 

0.03 61 

0.00 55 10 

0. 13 S4 

0.06 65 

0.00 IOI 12 

0.00 80 

0.06 23 

0.00 

0.00 48 

IS 15 15 15 

0.00 

0.13 IOI 18 

0.00 S4 

0 .03 S5 

0.08 



Central Michigan Uni,·r rsity 
NRC LiCt"ase Number 21-01432-02 
January 6. 2017 

Project: CMU Brooks Hall Bui lding Decommissionin~ Survt'}" Unit : BHB._'!1 0 1 Type of Sur"''l'f: Final S1:uus Surn •yor I: Rebecca Mumper Sunl'yor 2: 

In.st.rumen! I :,enal # Sourt't' Ca l. Dul' TyfX" Total/ B~d Effidl'nc' Surfact' Total .. ount Time \mm ) Art'a MDC l>CGL MOC om ml'nts: 

II---=°";:;';.:,"'"''";:.':..,' ;;;S.;:;ri;:;•l,;;#---+"°C"'h'-'"'"-k-+-----+----+-"R"'•m=-•'-''."'"b"'l'+--'l'"°' "-"'m"-1 -+---+--=-Elfi'-"'"""''"o.."'-l-'E'-'lfi'-"""'"-""n~··+-'S"a-"mLl"-'-+--"°'""~"·'-1--''~'m=-''-l -+'I ld,,.tno,,,mJ'-'l"'IMk=m'-''l+-t"'d"'nm/=llMk=m=-''-1-'(-''l.~o=-f=-DC=-G=-L~)-llRcsults above MOC are in bold. Resu lt s above the inves1 iga1ion levt'l are in red . 

4;~;~-j-:i,~;;;~l SAT 1/ 1112017 Alpha Total ::i2 . 04~ 0 .~5 8.0 1% 0.1 584 1)-0 407 32% 

2241-31253346 
43-37 I PR259902 

-:!.929/ 160013 

43-1 0-1 / PR l67231 

29291160013 
43-10-l / PR l67231 

Location 

BHB-2 10 1-Wl-B-OO J 

BHB-2101-Wl-B-002 

BHB-210 1-Wl ·B-003 

BHB-2101-FJ-M-004 

BHB-2101 -Fl-M-005 

BHB-2 101 -W J-B-006 

BHB-2 10\-Wl-8-007 

BHB-2 101-Fl-M-008 

BHB-2101 -Fl-M-009 

BHB-2!01-Wl -B-0 11 

BHB-2 10 1 -FJ -M.O l ~ 

BHB-2101-Fl-M-013 

BHB-2 10 1-Wl-B-014 

BHB-~101 -W l -M-OIS 

BHB-2 101-W\-B-016 

Count 

~1in 

M :u, 

Me<litm 

J\lean 

G'"" 
Counts 

SAT 1/1112017 

SAT 111231:017 

SAT 11n3/20l7 

Aloha 

l'\etcpm 
Acth·it~· 

, .. _ _ ,,nn,.. ?\ 

-8 .17 

-8 -17 

_, 
-17 

_, 
- 17 

_, 
-17 

_, . 17 

47 

-8 - 17 

_, 
-17 

16 

.17 

41 

-4 

17 

Toi>! 1000 35.27'1! 

Alpha Removable 0.7 36.49% 

lkla Removabie 58. 7 23.92% 

Total Surface Activity 

Notes 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<:\1DC 

<MIX' 

<MOC 

<MDC 

<MOC 

<M DC 

d1DC 

<MOC 

<MOC 

<MDC 

Fraction of 

DCGL 

0.00 

0.00 

0.00 

0.00 

O.QJ 

0 .01 

0 .01 

0.01 

O.Ql 

0.01 

0.00 

0.00 

0.12 

0.00 

0.ot 

0.00 

G""5 
Counts 

108 

)08 

120 

85 

112 

106 

86 

86 

108 

101 

81 

97 

89 

76 

117 

200 

- 120 

-ISO 

120 

60 

-140 

-140 

80 

10 

-190 

.JO 

-110 

-240 

170 

0.15 

388 

-:!33 
-291 

?33 

117 

-'Z72 

155 

19 

-369 

-58 

-214 

330 

16 

38S 

- 19 

-39 

0.1 0.1 

36.49% 10 

23.92% 10 

SOF 

0.02 

O.Q2 

<MOC 0.06 0.06 

0.00 0.00 

0.00 O.ot 

0,03 0.04 

<MDC " 01)3 

0.00 0.01 

<MDC 0:00 0.01 

<MDC O.Q2 0,03 

<MOC 0.00 0.00 

0.00 0.00 

<MOC 0.00 0.12 

0.00 0.00 

0.00 O.Dl 

0.05 0.05 

16 

0.00 

0.12 

0.02 

O.o3 

0.06 

100 

100 

Gro<s 
Counts 

962 7.050 

16 

123 

S et cpm 

-0.7 

-0.7 

-0.7 

O.J 

-0.7 

-0.1 

0.3 

0.3 

1.3 

1.3 

3.3 

-0.7 

-0.1 

-0.1 

2.3 

0.3 

4-0 

Aloha 
Activity ,, __ ,,~,, 

-2 

-2 

-2 

-2 

-2 

-2 

" 
·2 

16 

-2 

·I 

14% 

40% 

<MOC 

<MOC 

<MOC 

<ll OC 

<MOC 

<MOC 

<MOC 

<MDC 

<MDC 

<MDC 

<MOC 

<MDC 

<M OC 

<MOC 

<MOC 

<MOC 

Rniewrd: Mike Culp 

Removable Surface Activity 

Fraction of 

DCG L 

0.00 

0.00 

0.00 

0.02 

0.00 

0.00 

0.02 

0.02 

0.09 

0.09 

0.23 

0.00 

0.00 

0.00 

0.16 

0.02 

40 

53 

55 

58 

66 

69 

S6 

50 

63 

65 

-18.7 

-5.1 

-3.7 

-0.7 

7.3 

10.3 

-3.7 

-2.7 

-8.7 

4.3 

-4.7 

6.3 

-1.7 

Beta 

·78 

-2• 
-15 

39 

.3 

31 

43 

-15 

-11 

.36 

18 

-20 

22 

26 

-7 

16 

-78 

43 

-1 

<MDC 0.00 

<MDC 0.00 

<MDC 0.00 

0.06 

<'.MOC , 0.00 

<MDC 0.04 

<MDC 0.06 

<MDC ' 0.00 

<MOC 0.00 

<MOC 0.00 

0.0~ 

<MOC 0.00 

0.03 

<MDC 0.04 

<MOC 0.00 

Brooks Hall 
Derommissioning FmaJ Status Report 

Page F.17 of F.22 

Doll': 12118/16 

Date: 1-6-17 

SOF 
H-3 C-1~ CR3 

0.01 19 

0.00 23 

0.00 32 

0.02 40 

0.06 

0.00 20 

0.06 53 12 

0.08 61 

0.09 45 

0.09 57 

0.23 " 
0.03 37 

0.00 60 

0.03 44 

0.19 16 

0.02 

16 16 16 16 

0.00 

0.23 67 12 

0.03 39 

0.06 38 

0.10 18 



Central Michigan Unh't'rsity 
NRC Li«nse Nwnber 2 1 -014~2-02 

JanuarJ 6~ 2017 

tl'rojttt: CMlJ Brooks Hall Bui lding Decommissioning Sune~· Unit: BHB-2~01 Sun·eyor I: Kirby Gemillion Sun·eyor2: 

lnstrument I ~nal 1J Sourct' Cal. Due Tn>e Tot.M.V B~d Efficiency Surfare Total t...ount T ime {mm) Area l\ll>C DCGL ~1 0C ~ommPnts : 

lt---";~;~~~~~~','~,s.~5 3n~:~6-• _--+-_C_h«_k---<,__---+---+-R-'m_o_vo_b_l•+--(c~p'm~) -+----+-Em_,_de_n_n---<r-E_m_"-''-"'~v+-S_o_m~pl_• -+--"-""·~··---.~«~m-'~1 -r-• d~l•~,mJ~l~OOc=m~'1+-t~d~"'m/~ll~Mk~m~'._.1 r-(_%_o_f_OC_G_l~. ) .tff.esu lls abo,·c MOC are in bold. Resuh s above the investig:aiion lrve\ arc in red. 

43
_
37 1 259902 

SAT 1/1 112017 Alphn Total ~2 .04% 0 .~5 8.01 % 0 .1 584 l~fl 407 )J lk 

2241-3 I 253346 
43-37 I 259902 
29"':.9 / 16001 3 

4~-10-1 / PR\67231 

2".fl.9/ 160013 
43-10-11PR1 67231 

Location 

BHB-22U l-FJ-V-OO\ 

BHB-2201-Fl -V-002 

BHB-2201-Fl -V-003 

BHB-:!~01-Fl-V-004 

BHB-2~01 -F l -V-005 

BHB-2:?01 -Fl-V-006 

BHB-2201-Fl -V-007 

BHB-2201 -Fl-V-008 

BHB-2201-Fl -V-009 

BHB-2201-Fl·Y-010 

BHB-220 1-Fl-V-O\ I 

BHB-2201-F l -V-01~ 

BHB-:?201-F l-V-01 3 

BHB-2201-Fl-V-014 

BHB-2201 -F l -V-015 

Count 

Median 

Gross 
Counts 

SAT 

SAT 

SAT 

l'\etcpm 

13 

13 

13 

23 

.7 

.7 

.7 

.7 

-7 

1(1112017 

1 1123/~0 1 7 

ll/23/2017 

Aloha 

28 

-15 

28 

49 

.15 

.15 

.15 

.15 

.15 

. 15 

.15 

49 

" 

Beta To<ol 820 35.27'1> 

Alpha Rrmovabk I.I 36.49% 

Beta Rcmovab~ 60.4 23.92% 

Total Surface Activity 

Notes 

<MOC 

<MDC 

<MDC 

<.MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MDC 

<MOC 

<MDC 

<MOC 

<MOC 

Fractioo or 
OCGL 

0 .02 

0.07 

0.00 

0 .02 

0.00 

0.07 

0.12 

0.00 

0 .00 

0 .00 

0 .00 

0.02 

0.00 

0.00 

o.oi 

81 -10 

,.,. 220 

69 -130 

86 4-0 

47 

85 30 

93 110 

81 -10 

92 100 

79 .JO 

85 

84 20 

89 70 

0.25 

Beta 
Adh1tr 

·"-" 
58 

-19 

78 

~o 

58 

214 

-19 

194 

-58 

58 

311 

39 

136 

" 
-080 

427 

58 

36 

~55 

8.82% 

36.499r 

23.92% 

Not .. 

<MDC 

<MDC 

~ <MOC 

<MDC 

<MDC 

<MOC 

<MDC 

0.1 0.1 

10 

10 

SOF 

0.01 0.02 

0.00 0.07 

0.06 0.06 

0.00 0.02 

0.01 0.08 

0.00 0.07 

o.oi 0.13 

0.03 O.Q3 

0.00 0.00 

0.03 0.03 

0.00 0.00 

0.01 O.Q2 

0.0< 0.0< 

O.ot 0.01 

0 .02 0.0< 

15 

0.00 

0 .13 

0 .03 

O.C>l 

0.06 

584 

100 

100 

G""s 
Counts 

876 

18 

125 

~etcpm 

-0. 1 

-1.1 

-0.1 

-0. 1 

1.9 

-1.1 

-0 1 

-1.1 

~ .9 

0.9 

0.9 

-0.1 

-1.1 

-I.I 

0.9 

7.050 

40 

70S 

Aloha 
Acth'lty 

... ~ " 
.) 

.3 

.3 

11 

.3 

.3 

" 
.3 

II 

12% 

18ll> 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

tR,e,iewf'd: Mik.tCulp 

Removable Surface Activity 

Fruction ol 
OCGL 

0.00 

0.00 

0.00 

0.00 

0.13 

0.00 

0.00 

0.00 

0.27 

0.06 

0.06 

0.00 

0.00 

0.00 

0.06 

50 

62 

51 ,. 
62 

51 

63 

61 

47 

64 

60 

56 

61 

54 

S.ta 

-10.4 -43 

1.6 

-3.4 -14 

4 .4 · 18 

1.6 

-3.4 · 14 

.2.6 II 

0.6 

-13.4 .56 

3.6 

-0.4 -2 

4 .4 -18 

0.6 

-3A · 14 

-6.4 .ZJ 

" 
-56 

15 

-14 

-11 

20 

<MDC 

<MOC 

<MDC 

<MDC 

<MDC 

<MOC 

<MDC 

<MDC 

<MDC 

«MOC 

<MDC 

<MDC 

<MDC 

F_... 
o(llCGL 

0.00 

0.01 

0.00 

0.00 

OJll 

0.00 

0.02 

0.00 

0.00 

O.Q2 

0.00 

0.00 

0.00 

0.00 

0.00 

Brooks Hall 
Derommissioning Hnal Sta1us Report 
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Date: 12/13/ 16 

Date: 1-6-17 

SOF 
H-J C.14 CH 3 

0.00 29 

0.01 so 

0 .00 26 

0.00 

0.14 73 

0.00 •• 
0 .02 62 

0 .00 35 

0.27 

0.08 43 

0 .06 76 

0.00 43 

0.00 52 11 

0.00 72 

0.06 85 

15 15 15 " 
0.00 26 

0.27 85 II 

0.00 50 

0.04 53 

0. \0 19 



Central Michigan Unh't'~itJ 

NRC LiceOSt' Number 21-014:.\2-02 
January 6. 2017 

IJ>roject: CMU Brooks !fall Building Decommissioning Surn>y Unit : Bl·IB-2301 Surwyor I: Rcb('cca Mumper Suneyor2: 

1.nslrument I Senal # ~ Cnl. Du E' T~·pe Total/ B~d [ffil'ien l'~ SurfaC't' Total t T1mt' tmm) Area M DC OCGL llll>C <.::omme-nts: 

lt---7,,.,3~,,_~'"°'-}'°':"'~~"'s;"'!"6-:--+--'~~:"~T·=-- -+--1-11-11-20-1-7-+-A-lph-,--t-"R~•~~:'-•:~b~l•+-""~D•m'-)--+-_l1-_04-q;-t--~Effi~~"~""',"~"-jf-'E~~"':~·lt'~~·<~'+-'Sa"';"'•1~
011c_• +--'"~""-"'---t--"l~"'~'-'1--+_,,d,.lno'-"m/'-';"'~=m'-''l+-l"''d""nm/'-"4-"~00c"'7 '-'m"-''-11 f-'(-"'k-'o'-;

4
DC=-,."'G"-',L"-ll) . Results above MOC are in bold. Rcsuh s above the investigation level are in red. 

2241-3 1253346 
43.-JJ I PR259902 

~929 1 160013 

4.l-10-1 / PR 167231 
2929/ 160013 

43-10-l /PR161:?31 

Location 

BHB-1301-Fl-V..()()J 

BHB-~301-Fl-V..()()2 

BHB-2301 -Fl -V..003 

BHB-2301 -Fl-V~ 

BHB-2301-Fl-M-005 

BHB-2301-Fl-V-006 

BHB-230 1-Fl-T-007 

BHB-~301-FJ-V-008 

BHB<~.301-Fl-Y-009 

BHB-2301-Fl-T-O IO 

BHB-2301 -Fl-M-011 

BHB-2301 -Fl-M-0 1 ~ 

BHB<!~Ol-Fl-V-013 

BHB-2301 -Fl-V-01 4 

Count 

~1.in 

Mt'dia n 

!\.·lean 

GM»S 
Coonu 

SAT 1111/2017 

SAT 11123/2017 

SAT 11123/2017 

Alpha 
Acthity 

!\'el rpm i.1--1rnn .. -?l 

-2 -4 

-2 -4 

-2 -4 

18 38 

17 

-2 -4 

-2 -4 

-2 -4 

-2 -4 

-2 -4 

_, 
-4 

_, 
-4 

-2 -4 

-2 

14 

-4 

38 

-4 

" 

B«a 

A.Ip ha 

Notes 

<MDC 

<MDC 

<MOC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MOC 

<MDC 

<MOC 

<-'1DC 

<MOC 

Total 940 35.27% o.zs 

Removable 0.7 36.49'K 

Removsble 58 .7 13.92% 

Total Surface Activity 
Beta 

Frnction of Grost 
DCC L Counts 

0.00 71 -230 -447 

0.00 84 -100 -194 

0.00 -260 -505 

0.09 58 -300 -699 

0.04 95 10 19 

0 .00 84 -100 -194 

0 .00 181 870 

0 .00 104 100 194 

0 .00 92 -20 -39 

0 .00 262 1680 3,263 

0.00 90 -40 -78 

0.00 79 -150 -291 

0.00 86 -80 -155 

0 .00 84 -100 -194 

14 

-699 

3.263 

-175 

169 

1.049 

8.821)\, 

36.49'.\-

23:9Z% 

NOies 

<MOC 

<MOC 

<MOC 

<MOC 

<MDC 

<MOC 

<MOC 

0.1 0.1 

10 

10 

SOF 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.1)9 

0.00 0.04 

0.00 0.00 

0.24 

0.03 0.03 

0.00 o.oo 
0.46 0.46 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0,00 

14 

0.00 

0.46 

0.00 

0.06 

0.15 

584 

100 

100 

Gross 
Counts 

934 7,050 

16 40 

123 705 

Alpha 

Netcpm 
Activity 

_. __ ,,,....,_ l) 

-0.7 -2 

2.3 

0.3 

-0.7 
_, 

0 .3 

-0.7 -2 

-0.7 -2 

1.3 

-0.7 -2 

-0.7 -2 

-0.7 -2 

L3 

-0.7 -2 

1.3 

14 

-2 

-2 

13% 

17% 

!Iii oles 

<MDC 

<'IDC 

<MOC 

<MDC 

<MOC 

<MOC 

<MOC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

Removable Surface Acth•ity 

Fruct ion ol 
DCCL 

0.00 

0.16 

0.02 

0.00 

O.D2 

0.00 

0.00 

0.09 

0.00 

0.00 

0.00 

0.09 

0.00 

0.09 

70 

59 

73 

63 

61 

00 

61 

51 

55 

58 

65 

11.3 

0.3 

14.3 

4.3 

2.3 

-3.1 

L3 

:u 
-7.7 

-3.7 

-0.7 

-4.7 

6.3 

Beta 

47 

60 

18 

10 

-15 

10 

-15 

-3 

-20 

26 

14 

-4 1 

60 

'8 

<MOC 0.07 

<MDC 0.00 

<MDC 0.08 

0 .03 

<MDC 0.01 

<MDC 0.00 

<MDC 0.01 

0.01 

<MDC 0.00 

<MOC 0.00 

<MOC 0.00 

<MDC 0.00 

<MDC 0.04 

Brooks Hall 
Dttommissioning Fmal Status Report 
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I>.:att·: 12/ 18116 

D-.tte-: 1-6-17 

SOF 
H-'.\ C-14 CR;\ 

0.00 48 15 

0..22 53 

0.02 75 

0Jl8 65 II 

0.05 60 10 

0.01 63 

0.00 78 

0. 10 78 

0.01 36 

0.00 58 

0.00 69 

0.09 53 

0.00 47 10 

0.13 82 

14 14 14 14 

0.00 36 

0.22 18 

0.02 62 

0.05 62 

0.08 14 



Central M ichigan UniversitJ 
NRC Lkt'nse Number 21.01432-02 
Janua ry 6, 2017 

!Project: CMU Brooks Hall Building Dec:ommissiooing Surn'y Unit: BHB-3101 Type or Sur,·l'y: Final Status Survryor 1: Jay Gluck Sun-eyor 2: 

lnstrumenl I ~nal If Sowtt Cal. Dul' Type ToUIV B~d F.ffi ciern:y Surface Total Count T ime tmm) Area MDC DCGL M DC omments: 

>---";~;~~~~~~',~' 2s~6;~~~~,~~·---+--C_h<><_k_· -+------+----+-•-•m_o_v_ob_l•-+--"~pm~) -+----+--Effi_><_l,_n_"__,,_E~'ffi_><_l•_n<~v+-S-•_m .. pll_• -+--"-1"'•·__,~<~<m~'~I _....1d~!•~1ml~l~OO<=m~:)._<~d~o.ml~IOO<=m~'~11"(-%_o~f-DC~G~L~) .. Resuhs above MDC arc in bold. Resul!s above the in\·est igation lrve\ are in red. 

43_37 1 PR286832 SAT 51412017 Alpha Tmal 33.94% 0.~S 8.49Cff 0 .1 584 119 407 29<k 

2241-3 1267138 
43-37 I PR286832 

29291160013 
43-10-1 / PRl 67231 

2929116001 3 
43-10-1 / PRl61231 

Location 

BHB-3101 -Wl-M-001 

BHB-3101-Wl -M-002 

BHB-3101 -W l-B-003 

BHB-3101 -FJ-V-004 

BHB-3101-Fl-V-OOS 

BHB-3101 -Fl -V-006 

BHB-3101-Fl-V-007 

BHB-3101-WJ-B-008 

BHB-3!01-Wl-B-009 

BHB-3101-Fl-V-010 

B HB-3 101-Fl-V-Ol 1 

BHB-3 10 1-W l -B-012 

BHB-3101-W l-B-013 

Count 

Min 

Ml'dian 

StDt-,· 

G""' 
Counts 

SAT 51412017 

SAT l 1/23/2017 

SAT ll/23f.?Ol7 

Aloha 

l'iet cpm 
Acthity 

" 

-7 - 14 

,7 -14 

-7 -14 

-7 -14 

-7 -14 

-7 -14 

13 

-14 

-3 

10 

Beto Total 1040 37.13% 

Alpha R<.'movable 36.49% 

Beta Removabk 59.1 23.92"' 

Total Surface Activity 

Notes 

<MOC 

<MDC 

<MDC 

<MDC 

<MDC 

<MOC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MOC 

<MOC 

Fraction or 
DCGL 

u.ui 

0.01 

0.01 

0.00 

0.00 

0.01 

0.01 

0.00 

0.01 

000 

0.00 

0.00 

0.01 

99 .5<) 

JOS 10 

110 

H7 130 

118 140 

Il l 70 

98 

108 

118 14'l 

102 -20 

106 

124 200 

. 125 2 10 

0.25 

Beta 
Activity ··- , · 

-92 

18 

203 

240 

. 258 

129 

-11 1 

•: 74· 

258 

-37 

31 

369 

387 

13 

-111 

387 

129 

133 

167 

9.28% 

36.49'k 

23.92% 

Notes 

<MDC f 

<MDC 

0.1 0.1 

10 

lO 

FnK!lono ·' SOF 
DCGL 

0.00 0.01 

0.00 O.Q2 

<MOC - 0.03 0.04 

<MDC O.o3 0.03 

<MDC 0.04 0.04 

<MOC O.o2 -0.03 

0.00 O.ot 

<MDC O.O l - O.ot 

0.04 o.os 
. <MDC 0.00 0.00 

<MDC O.ot 0.01 

o.os 0.05 

<MOC 0.05 0.ITT 

13 

0.00 

0.07 

0.03 

0.03 

0.03 

584 

100 

lOO 

Gross 
Couots 

931 

18 

124 

Nelcpm 

-1 

-l 

-1 

- I 

-I 

-I 

7.050 

40 

Aloha 

-3 

-J 

-3 

-3 

-3 

-3 

13 

-3 

13% 

44% 

18% 

Sot es 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

Re,iewed: Mike Culp 

Removable Surface Acthity 

Frnctionol 
DCGL 

0.00 

0.07 

0.00 

0.00 

0. 14 

0.14 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

' Beta 

52 -7 .7 -32 

68 35 

47 -53 

so ·9.7 -41 

62 2.3 10 

S6 ·3.7 .;15 

63 3.3 14 

62 10 

59 -0.7 ·3 

48 -11.7 l$' -49 

54 -5.1 -24 

49 -10.7 

58 -1.7 -7 

13 

-SJ 

35 

-15 

- 15 

" 

<MDC 

<MOC 

<MOC 

<MDC 

<MDC 

<MOC 

<MOC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MOC 

. 

....._ 
o(DCGL 

0.00 

0.05 

0.00 

0.00 

O.GJ 

0.00 

0.02 

O.ot 

0 .00 

0.00 

0.00 

0.00 

0.00 

. 
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Dale: 12/20/16 

Date: 1-6-17 

SOF 
H-3 C-14 CH:'\ 

0.00 

0. 12 12 

-O;OO 

0.00 

0.15 

0.14 22 

0.02 

0.00 

0.00 '6 

0.00 30 

0.00 

0.00 10 

13 13 13 13 

0.00 

0.15 43 

0.00 12 

0.03 l7 

0.09 13 



Central Michigan University 

NR C LiCt"ose Number 21-01432·02 
J anuary 6. 2017 

!Project: CMU Brooks Hall Building Decommissioning Survt'Y Unit: BIIB-3301 Type of Sunl'y: Fioal St at us Sun-l'yor I: Kirby GemiUion Surnyor 2: 

Instrument I senal If Sour1't' CDI. Dul' Type Total/ B~d Efficiency Surfal't.' Total count 1mt' tm1n ) Area l\IOC OCGL ~IDC omments: 

11---°;=;-~-~~-' :~,"=53n~~~=l1_• __ -+-_C_h,_~•-i----+---+-R-•m_•~'•-b_l•-+--"~•m~J-+--->-E~·m_,_1,~"~"_.~E~m~"~''~"'~v +-S-•_m~pl_• -+--B_kl!·~··_.~C<~m~'~' _...1d~'"~m/~I~OO<=m•'' '-'(~dm~n~>l~IOO<=m~' ,_.1 '-'1~%~•-' DC~G~L"'<l) Results above MDC are in bold. Results above the invest igation level arc in red . 

43•
37 1 178300 

SAT 81241~017 Alph:i TotaJ 31.56% 0.~5 7.891J. 0.t 584 106 407 26'* 

2241-3 1253351 
43--37 1 178300 
29291160013 

43. \()... \ / PR167231 
29291160013 

4J..10.l / PRl 67231 

Location 

BHB·3301 -Fl-V-OOJ 

BHB-3301-FJ.Y-002 

BHB-3301-Fl -V-003 

BHB·3301-Fl·Y-004 

BHB-3301-Fl·Y-005 

BHB-3301-Fl-V-006 

BHB·3~(Jl -F l -V-007 

BHB-3~0 1·Fl-V-008 

BHB-3301-Fl-V-009 

BHB-3301-F l ·T-O JO 

BHB-3301 -Fl ·M-0\ l 

BHB-3301·Fl·M-01:! 

BHB-3301-Fl-M--01 3 

BHB-3301 -Fl-M.014 

Count 

~tin 

Mt'dia n 

StDt•1· 

G""' 
Counts 

SAT 812412017 

SAT 11123120 17 

SAT 1112312017 

Aloha 

J'lictcpm 

" 15 

17 37 

-3 -7 

15 

-3 .7 

-3 -7 

15 

.3 .7 

_, .7 

-3 -7 

-3 .7 

17 37 

15 

15 

14 

-7 

37 

16 

Bet• Tot:d 940 33.97% 0.:?5 

Alpha R{'movable 0. 7 36.49fh. 

Beta Removabk: 56.5 23.92% 

Total Surface Activity 
Beta 

Notes 
Fraction of C.... 

DCGI. Counts 

Adhity 

<MDC 0.04 109 150 

<MDC 0.09 113 190 383 

<MDC 0.00 101 70 1'1 

<MOC 0.04 Ill 180 363 

<.MOC 0.00 92 , . 2Q 

<MOC 0.00 107 130 262 

<MDC 0.04 112 180 363 

0.00 )08 140 282 

<.\1 0C 0.00 116 

<MDC' 0.00 2"3 1590 3,206 

<MDC 0.00 111 170 343 

<.\10C 0.09 124 

<MDC 0 .04 128 

<!\1 DC 0 .04 101 70 141 

14 

-40 

3.206 

353 

534 

790 

8.49% 0.1 0.1 

36.49% 

23.921.k 

<MDC 

<MDC 

<MOC 

<MDC 

10 

10 

Fnctlofto .SOI' 
DCGL 

0.04 ... ,. 
0.05 0.14 

0.02 0.()2 

0.05 0.09 

0.00 0.00 

0.04 0.04 

0.05 0.09 

0.04 0.04 

il.06 0.06 

0.45 0.45 

o.os 0.05 

0.09 0.18 

0.10 0.13 

0.02 0.06 

14 

0.00 

0.45 

0.o7 

0.10 

0.12 

584 

100 

100 

Gro" 
Counts 

970 

16 

121 

Sct cpm 

-0.7 

2.3 

-0.7 

--0.7 

--0.7 

-0.7 

1.3 

0.3 

-0.7 

--0.7 

1.3 

0.3 

--0.7 

--0.7 

7.050 

40 

705 

Alpha 

-2 

-2 

-2 

-2 

·2 

·2 

14 

-2 

14% 

40% 

17% 

Removable Surface Activity 
Beta 

Sot es 
Fraction or Gl"GllS l\ctirity 

DCGL Caaab Net- i ,.~,-~ 

<.MDC 0.00 49 -7 .5 

<.MDC 0.16 41 -15.5 

<MDC 0.00 48 -85 -36 

<MDC 0.00 59 10 

<MDC 0.00 65 85 

<MDC 0.00 60 3.5 

<MDC 0.09 38 ·l8.5 -77 

<MDC 0.02 58 1.5 

<.MDC 0.00 ·2.5 -10 

<MDC 0.00 -10 

<MDC 0.09 56 -0.5 

<MDC 0.0:! 50 -<i.5 .27 

<MDC 0.00 62 5.5 

<MDC 0.00 -35 ·1' 

14 

-77 

36 

-10 

-13 

" 

<MOC 

<MOC 

<MDC 

<MOC 

<MOC 

<MOC 

<MOC 

<MDC 

d!OC 

<MOC 

F--.. 
ofDCGL 

0.00 

0 .00 

0.00 

O.oJ 

0.05 

0.02 

o.oo 
O.ot 

0.00 

0.00 

0.00 

0.00 

O.Q3 

0.00 
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Date: 12/19/16 

Dall': 1--6-17 

SOF 
ff .J C-1~ CH J 

0 .00 85 

0.16 68 

0.00 

0.01 72 12 

0.05 81 

0.02 77 

0.09 52 

O.o3 44 

0.00 72 

0.00 53 IO 

0.09 52 

0.02 36 

0.03 

0.00 

14 14 14 14 

0.00 

0.16 85 12 

0.02 

0.04 57 

0.08 19 



Central Mkhigun Uni,·ersity 
NR C Lict'nse Number 21-01432·02 
January 6. 2017 

Projt'Ct: CML; Brooks Hall Building Decommissioning Sunf'y Unit: BHB-4301 Typt> or Sun·"~: Final Scaius Survt'yor I : Kirby Gemillion Surn~·or 2: 

Instrument I :sen11I # Sourtt> Cal. Due Typt' Tollill/ Bk,.!d Effi cieM') Surf&l'l' Total . _ount T1mf' <mml Arel! MOC DCGL MOC !'--Om mrnts: 

11---=°":;,';.:;"';.:;'•;.:;';_,/ S:;:•;:;ri:::• l;.:;#---+--'C,:;h;:_:«k::_l----+---+:;R:::•m::oo:oc•=.'•b°"l'+-'""'"°''m"-1-+----+--"Effi°"o°'dc"o'°'n'-· -+'E"ffi°"'""'.,"""'"-+-'S'-'a-"m=oll• +-""-'1"2=-. -+--''"''m"-'-'-' -+''"'d"'"'m/"-l"'Ofk=m'-'' +"'d"'mm/=IOl"l<"-'m"-'-'+l-"%-'o"'-f'°'DC'°''G=.L"')-iResul1 s abo,'(.' MOC are in bold. Results above the in\'o!St igaiion 11.'vcl an: in n::d 
24~-,~~~

1/22i13~~6 SAT 1111/2017 Alpha Total n_04~ 0.~5 8.01 % 0.1 584 121 407 30% 

-:9291160013 

4~-1 0-1 / PR\67231 
2929 / 160013 

43-10-l f PRl67231 

Locution 

BHB-4301-Fl -C.001 

BHB-4301-Fl-T-002 

BHB-430 1-Fl-T-00~ 

BHB-4301 -Fl -T~ 

BHR-4301-Fl-M-005 

BHB-430 I -Fl -C-006 

BHB-4301-Fl-C-007 

BHB-4301-FJ-C-008 

BHB-4301-Fl-C..oo9 

BHB-4301-Fl-C-010 

BHB-4301 -Fl-C-Ol l 

BHB-4301 -F\-C-012 

BHB-4301-F!-C-013 

BHB-4301-Fl-C-014 

BHB-4301 -Fl-C-015 

Count 

Min 

Max 

Medi11n 

Gros• 
Counts 

SAT I 1 123/~017 

SAT 11123r-o11 

Aloha 

~etcpm 
Actilily 

.. ~." 
-13 

. JJ 

·13 

-13 

-13 

14 30 

-B 

·1 3 

-D 

.(, - 0 

-6 -1 3 

15 

-1:; 

30 

-13 

To1'1 35.27'.l> o.~ 

Alpha RC"movable I.I 36.49q,. 

Beta Removabk: 60.4 23.92% 

Total Surface Activity 

Notf'S 

<MDC 

<.'11X 

<MDC 

<MOC 

<MOC 

<MDC 

<MIX' 

<MDC 

<MIX 

<.'1DC 

<.MDC 

<MIX' 

<MOC 

<.\1DC 

Fraction or 
DCGL 

0.00 

0 .02 

0.00 

0.02 

0.02 

0.00 

0.00 

0.00 

0.07 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

110 

161 

154 

165 

103 

131 

92 

70 

95 

88 

106 

89 

108 

90 

Beta 

240 466 

750 1,456 

680 1,321 

790 1,534 

170 330 

450 874 

60 117 

-160 -3 11 

90 175 

110 214 

39 

200 388 

30 58 

220 427 

40 78 

15 

-311 

1.534 

330 

478 

56~ 

8.82% 

36.49~ 

23.92% 

<MDC 

<MDC 

<MOC 

<MDC 

<MOC 

<MOC 

<MOC 

<MDC 

<MDC 

<MOC 

0.1 0.1 

F.-a<dooo 
DCGL 

0.07 

021 

0.1.9 

022 

0.05 

0.12 

O.ll2 

0.00 

0.02 

0.03 

o.oi 

0.06 

O.G1 

0.06 

O.ot 

10 

10 

SOF 

0.23 

0.19 

0:24 

om 
0.12 

0,02 

0.00 

OJO 

0.03 

0.01 

0.06 

o.oi 

0.06 

0.01 

15 

0.00 

0.24 

006 

0.08 

O.DI> 

584 

100 

100 

Gros• 
Counts 

396 7 .050 13% 

" 40 451k 

70S 18.,., 

Aloha 

~oles Nelepm 
Actfrily 

, .. __ ,,Al\ _ _ 1, 
. J.J -3 

-0.1 <MDC 

-1.1 .3 <MDC 

1.9 <MDC 

- I. I .3 <MOC 

-1.1 .3 <MDC 

<MDC 

-0.1 <MDC 

- 1.1 .3 <MDC 

1.9 <MDC 

-I.I -3 <MDC 

-0. 1 <MDC 

-1.1 -3 <MDC 

1.9 <MDC 

-0.1 <MDC 

-3 

Removable Surface Activity 

Fraction ol 

DCGL 

0.00 

0.00 

0.00 

0.13 

0.00 

0.00 

0.00 

0.00 

0.00 

0.13 

0.00 

0.00 

0.00 

0.13 

0.00 

Beta 

60 -0.4 -2 

43 - 17.4 -73 

49 -11 .4 

58 -2.4 -10 

58 -2.4 -10 

65 4.6 19 

n 11.6 48 

57 -3.4 -14 

67 6.6 28 

so -10.4 43 

69 8.6 36 

61 0.6 

47 -13.4 -56 

53 -7 .4 -31 

74 13.6 57 

" 
-73 

57 

-10 

39 

Notes 

0.00 

0.00 

<MOC 0.00 

<MOC 0.00 

<MOC 0.00 

<MOC O.o3 

<MOC 0.07 

0.00 

0.00 

<MOC 0.00 

o.os 
OJlO 

<MOC 0.00 

<MOC 0.00 

<MDC 0.08 
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Dale: 12113116 

Dair: 1417 

LSC (dpm/100cm1J 
SOF 

H-~ C-14 CH3 

0.00 •• 
0.00 

0.00 109 

0. 13 245 

0.00 177 

0.03 203 

O.D7 222 

0.00 137 

.OJ)4 167 

0.13 150 

0.0$ 117 

0.00 215 

0.00 219 

0.13 

0.08 245 

15 15 " 
0.00 88 

0. 13 245 

0.03 167 

0.04 1"6 

0.\0 57 
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Central Michigan Unh ·t'rsity 
NRC Lken~ Number 2 1~1432~2 

January 6. 2017 

rojttl : CMU Brooks Hall Building Decommissioning Surn·~· Unil : BHB-DROI TyJM- or Su n ·l'y: Fmal Status Sun·eyor 1: Jay Gluck Sun·eyor 2: 

Brooks Hall 
Decommissioning FmaJ Stalus Report 

Page G. I or G.28 

Date: 1211 4/ 16 

lnstrumenl I Senal # Soutte Cal. Due Type Total/ B~d EfTidenc) Surface Total ounl Time <m m) A.rT• J\'LDC I>CG L ~ lOC omments: 

11---°"-'-""- •-•_I S<'--ri_a1_•_--+-~C~h~"'~"+------t-----t~R~•m~o~v~•b~"+-"~'°~'m~J -+----+~'~m~d~'"~"-t''~m~"~;'~°""-t-S~•~m=I'+-"~''"'~· · .'--r'~'m~'~• -+-d~lo~ml·~l~OOrm=~' +"(d~oom/=llJO<=m~'~• t'(~l<~o~f~DC~G~L~)-tT:Ol al surface ac1ivi1y measurements and cloth disc smears not performed due 10 geomet ry. Result s above Yl.OC are bold. 
Re~uhs above the invl"stiBalion level are n.-d 

LOCHtion 

BHB-DROJ-03-Yl-O:ll 

BHB-OROJ-03-M-002 

RHB-DROl -Dl -M-003 

BHB-DROl-0'.>:\1-004 

BHB-DR0 1-D3-M-005 

RHB-DROl-D l -M-006 

BHB·DROl-D3-M-007 

BHB-DROl-03-M-008 

BHB-DROl-03-M-009 

BHB-DROI-D I-M-010 

BHB-DROl -0 3-Yl-011 

BHB-DROl-D l -M-012 

BHB-DROl-D l -M-01 ~ 

BHB-DRO 1-D3-:\1-0 l 4 

BHB-OROl-DJ -:\1-015 

BHB-DROl -D l -M -0 16 

BHB·DROl -O l ·M-017 

BHB-DROl-03-:\1-018 

BHB-OR0 1-D3-M-019 

BHR-DR01-D3-M-020 

BHB·DROl-03-M-021 

BHB-DROl-03-Yl-022 

BHB-DROl-03-M-023 

BHB·DROJ-03-M-024 

BHB-0 R0 1-D3-:\1-025 

BHR-DROl-03-M-026 

BHB-DROl-03-M-027 

BHB-DROl -0 3-M-028 

BHB·DROl-03-:\·1-029 

BHB-DROl-04-.\11-030 

Count 

Mio 

Max 

Median 

Mean 

S tDf.,· 

c ..... 
Counl01 

Alpha 
Acth·ity 

Net cpm i.1 --1tlV\.-o il Noles 

Total Surface Activity 

Fraction or Gros.s 
DCG L Counts 

Beta 

Notes Fn<tloa" 
OOGL 

' Re,·iewed : Mike Culp Date: 1-6-1 7 

Removable Surface Acthi ty 
Alpha Beta 

SOF 
Netcpm 

Activity 

··--,,·~-·· 
SOF 

29 

)9 

12 

' 
33 

27 

" 
10 

24 )) 

,. 
140 

J5 

18 

" 
14 

30 

32 

18 

23 

"" 30 30 30 

140 13 

J5 

19 

'6 



Central Micbigun University 
NRC License Number 21--014;\2-02 
J a nuary 6. 2017 

!Project: C'MU Brook.~ Hall Building Decommissioning Surn>y Unit : BHB-DROI Type or Sun'l'f: Final St atus Surwyor 1: Jay Gluck su~yor2 : 

Brooks Hall 
Decommissioning JrtnaJ Sta tus Report 

Page G.2 or G.28 

Date: 12114116 

lnstrumeni7Si"naf7 Source Tota1l/ B~d Surf11tt Total oont 1me mm) Area MDC OCGL MDC IComments: 

J._. _ _!:O.~t~oc:!:to~'!...' S.~ri!!al.!# __ -.+-.!C.!hec~k -+--Ca_'-_
0
_"_' ---.J.-T-~·IM'_~R!:!'m!!!o~•'!!'b!!!l'+--""="'m!...) -+-E_m_" _ien_' _' l-"'Em"-''"cit'"n"-"''---1-'E:!m!!!'"':!:.,e!""" ·+-S.=m'.l'.l:o.•+...c"e:'"'"··"--if-l'"'' m!!.' !...1 -+'ld"''"'"'ml"-'l"'=OO<"""'m"'l+-"'ldJ!!•ml=IOO<"""m"-'L• 1-'(_::l>...:•::.f:::DCG=Le!).f.h-'.otal surface activity measurements and clmh disc smear.; n OI performed due to geometry. Resull s above MOC are bold. 

IR(~Ult~ alx)\'e the i nv~tig:uion kvel an: red . 

Location 

BHB-DROJ-D'.::-~1-03 1 

BHB-DRO l -03-~l-On 

BHB·D RO 1-D3-M-034 

BHB-ORO J-03-~1-035 

BHB-DR01-03·M-036 

BHB-DRO 1-03-M-037 

BHB-DROl -0 3-:\1-038 

BHB-DROJ-03-M -039 

BHB-DROJ-03-M-040 

BHB-OROl -03-M-041 

BHB·DRO 1-03-:\1-042 

BHB-DROl -0 3-:\1-043 

BHB-DRO 1-03-M-044 

BHB-OROl-04-M-045 

BHB-DRO l ·D4-M~ 

BHB-OROJ-04-M-047 

BHB-DRUl-03-:\1-048 

BHB-OROJ-03-M-049 

BHB-DR0 1 -D3-M-O~O 

BHB-DROl-03-:\1-051 

BHB-DROJ-03-M-052 

BHB-DROl -03-M-053 

BHB-DRO l -0 3-:\1-054 

BHB-DROl-03-:\1-055 

BHB-DROl-03-M-056 

BHB-DRO J -03-M-0~7 

BHB-DROJ-03-M-058 

BHB·DROJ-03-:\1-059 

BHR-DROl-03-M--060 

Count 

Min 

Max 

Mt'diao 

!\'lean 

StI>t>,· 

G""' 
Counts 

Aloha 
Acth-ily 

l\etcpm , _, __ ,.,.,.. __ :
1 

Noles 

Total Surface Activiti· 

Fraction or Gl'OSI 

OCGL 0Mmt.s 

Beta 

N .. es 
Fractloo~ 

DCGL 
SOF G""' 

Counts 

Aloha 

Netcpm 

Removable Surface Acth;tv 

Froe1ion.oi 

DCGL 

I r 

Beta 
Fnction 
olDCGL 

1, 

SOF 

' 

Dair: 1--6-17 

28 

11 

" 
16 11 

11 

15 

20 

15 

20 

24 

11 

15 

35 

16 

17 11 

12 15 

111 

25 

13 

12 

27 11 

28 

30 30 30 

111 15 

16 

19 

20 
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January 6, 2017 

Project: CM U Brooks Hall Building Decommissioning Surny Unit : BHB-DROJ Type or Surn-y: Final Siarns SurH•yor I: Joy Gluck 

Brooks Hall 
Decommissioning t ... tnal Status Repor1 

Page G.3 or G.28 

Datt>: 12114116 

nstrument :'!oenaJ # Soort"t' Cal. Due Typr TotaV Bki!:d Efficiency Surfan Total ,..ount 1mt mm) A~ MOC DCG L :\U)C omments: 

1----""'-'-'"'-"""-o"'-''-' S<=ri"'al-"#---+--'C"-'h~=k -+------+----f-'-R"''m~o~"~' ""'''+-~"="'m'-1 -+----+~Effi~•~cit'~n~"-· +E~m~"~;'~°"~·+-S.=mLollcc'+-"~'"'~·_,f-'1~,,m~''-1 -+'d~fo"'m/~!~00.=m~' t-l~d~"'"~"~!OO.=m~'"i> 1-"(-'%-'o~f~l>C~G~,L~)-IT:ol aJ surface activity measurements and doth disc smears not pcrfOl'TTle'd due IO geome1ry. Results above MOC are bold. 
Re~u lt~ abo\·e the inv~stigarion kvel are red. 

Loa.ti on 

BHB-DRO J-D3-M4)6 J 

BHB-DROl -DJ-M -062 

BHB-DROl -D3-M-063 

BHB-DROJ -D l -M-064 

BHB-DR0 1-Dl -M-06S 

BHB -DROl -Dl -M -066 

BHB-DRO 1-D I -M-067 

BHB-DR01-D3-M -068 

BHB-DROl-DJ-M -069 

BHB-DROl -D l -M-070 

BHB-DROJ-DJ-M-071 

BHB-DR0 1-D3-M-072 

BHB-DRO l -DJ-:\1-073 

BHB-DROl -DJ-M-074 

BHB-DR01 ·D3·:\1-07S 

BHB-DROl-DJ-M-076 

BHB-DROl -03-M-077 

BHB-DROl-D3-M -078 

BHB-DROl-DJ-M-079 

BHB -DROl -03-M -080 

BHB·DROJ-03-:\1-081 

BHB -DROl-Dl -M-082 

BHB-DROl-DJ-M-083 

BHB-DROl -DJ-M-084 

BHB-DROl-03-M-085 

BHB-DROl -Dl-M-086 

BHB-DRO J-D3-M-087 

BHB·DRO 1-D l -.'Yl -088 

BHB-DROl-1):1-:\1-089 

BHB-DROl-DJ-M -090 

Count 

Min 

Max 

Ml:dia n 

!\·Jean 

Gro<S 
Counts 

Aloha 
Activit ~· 

~et cpm , _. __ 
11

1\1\.._?
1 

Notes 

Total Surface Activity 

Fraction of 

OCG L 

Beta 
SOF G""' 

Counts 

Alpha 

'.'lel cpm ~Olts 

Removable Surface Acth;ty 
Beta 

fraction or Cross 
DCC L Coants 

......... 
arDCGL 

SOF 

Dair: 1-6-17 

I I 

20 

17 10 

II 

16 

10 

27 

12 

03 

11 

14 

12 

10 

15 

14 

10 14 

13 

,0 

25 

13 

29 

22 14 

24 

30 30 3-0 

14 

12 

13 



Central Michigan Uninrsity 
NRC Lil.'t'ost" Numbe r 21-01432-02 
January 6, 2017 

Project: CMU Brooks Hall Bu ilding Decommissioning Surn·y Unit: BHB-DROJ Sun·eyor 1: Jay Gluck 

Brooks Hall 
Derommissioning FmaJ Sta tus Report 

Page G.4 of G.28 

Dale: 12114116 

nstrument I ~n•I # SotuTe Cal. Due Type' TotaL' B~d EfficienC) Surfa~ Tota l Coonl Tim' tmm) Area MDC OCGL MOC om ments: 
1-----=°'c.:.';o"';o'•:c•.c_I S.=ri=•'"' --+-'C"h"''-""=--+----+----+=R='m"'o"-,."',b"'l'+--"""'"'m=-) +----+--=Effi"'1=ci='"~"-' +E"rn"'"=''~""'~·+cS.=mLl~'+~"='""~·-i-'"=m=-'~1 +fd~!o~1ml~l~Olk=m~''t-'~d~o1mJ=IOO<=m=-'''+'="'~·~'=-OC=-G=-L=)-1_T:ocal surface activity mcasuremen1s and cloch disc smcan nOI performed due to geometry. Results above MOC are bold . 

Re~u lt s above the inwstigat ion le,·eJ arc red. 

Location 

BHB·DRO J-D3-~l-091 

BHB-OROl -03-M-092 

BHB-DROl -03-M-093 

BHB-OROl-03-M-094 

BHB·DROl-03-:\1-095 

BHB-OR01-D3-M-096 

BHB-DROl ·D3-M-097 

BHB-OROl ·D~-M-098 

BHB-OROl -03-M-099 

BHB-DR01-D3·M· 100 

BHB-DROJ-03-:0.1-1 01 

BHB-DROl-03-:\1-1 02 

BHB-DROl -03-M- 1 0~ 

BHB-OROl-DJ-M-1 04 

BHB·OROl-0 3-:0.1-1 05 

BHB-DROl-03-M-106 

BHB·DROl -D3·M· l 07 

BHB-OROl-Ol-M-108 

BHB·OR01-0l·M· 109 

BHB-DR0 1-D3-M· 110 

BHB·DROl-03-M-l I J 

BHB-DROl -03-M-112 

BHB-OROl-03-M· l l.~ 

BHB·DROl ·D3·M· l 14 

BHB-OROl -DJ..:\1-1 15 

BHB-DROl-Dl -M· l 16 

BHB·DR01-D3·M· I 17 

BHB-OROJ-D..\-:0.1·1 18 

BHB·DROl·D4·'.'.1·1 19 

BHB-DR01-D4-M· 120 

Count 

~1.in 

Median 

M~n 

Gm" 
Counts 

Aloha 
Acthity 

J'lietcpm , .. _ ·"""- 21 Notes 

Total Surface Activity 

Fraction of 
OCGL 

Beta 
SOP G""' 

Counts 

Aloha 

Set cpm Xotes 
Activi ty 

"--"~-» 

Reviewed : Mikr Culp 

Removable Surface Acti•ity 

Fraction of 

OCG L 

S.ta 
Fracttoa 
orDCGI. 

Datt': 1-6-17 

SOF 

29 

33 

" 
33 

47 

68 

64 

49 

" 
56 

43 

39 

3 1 

27 ,. 
,. 
17 

35 

38 

32 

3 1 

53 

30 30 30 

68 

30 ,. 
19 



Central Michigan University 
NRC Lil"l'nst' Number 21--014'.\2-02 
January 6. 2017 

ProjE'ct: CMU Brook.\ Hall Bui ld ing Decommissioning 

Location 

BHB·DR01-D4-M·l 2 l 

BHB·DROl -04-M-1 22 

BHB-DROl-D4-M-123 

BHB-DROl-04-M-1 24 

BHB-DROl-D4-M-125 

BHB-DR01-D4-M- J 26 

BHB-DRUl -0 3-M-127 

BHB-DROl-Dl-M-1 28 

BHB-DROJ -03-M-1 29 

BHB-DROl-03-M- I ~O 

BHB-DRUl-Dl -M-1 31 

BHB-DROl-D3-M-l :l2 

BHB·DR0 \ -0 3-M-l :l3 

BHB-DROl-0 J-M-1 :l4 

BHB-OROl-03-M- I 35 

BHB-DROl -01-M -136 

BHB-DROJ-02-M-137 

BHB-DR01-D4-M-1 38 

BHB-DR01-D~-M- l :l9 

BHB-DROJ-0 3-M-140 

BHB-DROl-D4-'.\1-1 4 J 

BHB-DROl-03-:\1 -142 

BHB·DROl -D:!-M-143 

BHB-DROl -0 2-M -144 

BHB-OROJ-D2-M·1 45 

BHB-DRO 1 -D~-M- 1 46 

BHB-DROl-0 2-M-147 

BHB-DROl-02-M-1 48 

BHB-DRO l-D4-~1- J 49 

BHB-DROl -04-M-150 

Count 

Min 

Max 

M~ian 

Mean 

SIDe,· 

G'°" 
Counts 

Alpha 
Acth-ity 

1'et cpm •.i-~ 1 1nn..-? 1 

SurYey Unit : BHB-DROI Typt' of Surn·y: Fi nal Starns 

Total Surface Activitv 

Noles 
Fraction of 

DCCL 
c
Counts 

Beta 
Acthfly 

.Noles Fndlon ~ 
DCCL 

Sur°'-eyor I : Jay Gluck 

SOF Gro<s 
Counts 

Aloha 

~etcpm S oles 

Surnyor 2: 

Removable Surface Acthitv 

Fnil'tionol 
DCCL = Ndcpaa 

Beta - -olDCCL 

'• 

' 
' 

Brooks Hall 
Derommissioning Jo~inal Status Report 

Page G.S of G.28 

Dille: 12114116 

Oatt' : }-0-17 

LSC ldom/JOOcm!J 
SOF 

H·:.l C-14 CH3 

" 
14 

22 

24 

14 10 

45 

" 
20 

52 29 12 

18 " 16 

lb 

" 
35 

28 II 

17 

S4 

25 20 

52 

166 

26 

" 
17 

30 

.10 

29 

so 
30 .10 30 

166 29 12 

25 

30 

09 



Central Michiga n University 
NRC Lil'ense Number 21-01432-02 
J an uary 6, 2017 

Projl'Cl: CMU Brooks Hall Building Decommissioning Surn·y Unit: BHB-DROJ Typt" of Sun·ey: Final Stalus Sun·ryor I: Jay Gluck Sunt'yor2 : 

Brooks Hall 

Decommissioning nnaJ Status Report 
Page G.6 or G.28 

Date: Jl/14116 

Instrument • :.')t'nal If Soun.'I' Cal. Due Type TotaV BkJ!d Efficiency Surfe« Total Ux.J nt 1me (min ) Area Ml>C DCGL ~10C !Comments: 

ft----"°''-'''-'"'-"'o-'-' /'-'S'-''"'-'.a"-1-'-#---+--"C"'h<'<'-'k"-lf----t----t-"R~•m~o~•·o~b-"l'+-~(<Lo'm~) -+----+--"Effi~•~d<~·n~"-· +•~ffi~•n~·,~nn~·t-S"a~mLol-'-e +~B_l .. ~··--t~'=='~'rld~'•~•m/~l~OOc=m~'lt-l~d~o1m/=IOOc=m~'..,1 r(_'k~o_r l>C~G~L~)-L;~s~l:~U:~e~~v:~~:~;a:~~~:I: ~:'.h disc smear.; not performed due lo geomc1ry. Resuh s Above MOC are bold. 

Location 

BHB-DROJ-D J -~1-1 51 

BHB-DR01 -D3-M-1 52 

BHB-DROl-03-M-1 ~3 

BHB-DRO l-Dl-~1-154 

BHB-DR01-D3-M-1 55 

BHB-DROl -Dl-M-156 

BHB-DROl-03-M-1~7 

BHB-DROl-D3-M-J '.'i8 

BHB-DROl-DJ-M-159 

BHB-DROl -03-M- l 60 

BHB-DRUl-03-M-1 61 

BHB-DROl-03-:\1-1 62 

BHB-DROl-03-M- I 63 

BHB-DROl-03-~1-164 

BHB-DROl -03-:\1-165 

BHB-DROl -03-M-166 

BHB-DROJ-D3-M· l 67 

BHB-DROl-03-~1-168 

BHB-DROJ-03-M-169 

BHB-DROl -Dl-M-170 

BHB-DROl-DJ-M-171 

BHB-DROl-Dl-~1-172 

BHB-DROl-~-M-173 

BHB-DROl-03-M-174 

BHB-DROl-D:t-M-175 

BHB-DROJ-m-M-17f> 

BHB-DROl -03-M-177 

BHB-DRO 1-03-M- l 78 

BHB-DROl-m-M-179 

BHB-DROJ .m.M-180 

Counl 

Mox 

Mi."dian 

Mt-an 

Stl>t>v 

G""' 
Counts 

Alpha 
Acti,i t ~· 

J'lietcpm , _. __ ,,,..,...._?) Notes 

Total Surface Activity 

fraction or l>CGL G.,... 
Counts 

Beta ........... 
DCGL 

SOF Gm<• 
Counts 

~elcpm 

Aloha 

Sotes 
Activity 

t .t.-.-11an..-%) 

Re,iewed: Mike Cu lp 

Removable Surface Acti,; tv 

fraction ot 
DCGL =Net- Adlrily SOF 

' 

. 
~ 

Date: 1-6-17 

LSC tdoml IOOcm"1 

C.14 CH~ 

48 

18 

16 

45 

32 

30 

14 

28 

61 II 

6CI 

31 19 

21 

63 

55 

38 

'7 

46 

" 
63 

36 

26 II 

44 

58 

,0 
42 

44 

30 30 30 

19 

37 

18 



Centra l Michig.m UniversitJ 
NRC Li<'1!DSl' Numher 21..014~2-02 
January 6. 2017 

!Project : CMU Brooks Hall Building Decommissioning Surn•y Unil : BIIB-DROl Type of Sur,·ey: Final St ai us Sun·eyor I: Jay GllJCk 

Brooks Hall 
Derommissioning Fma1 Status Report 

Page G.7 or G.28 

Date: 12114/16 

nslrumenl ' ~nal l'F Souf'('(' Cal. Due Type TolltV B~d Efficicnc) Surfat-e Total oont Area MOC DCGL MOC ~omments: 

lf----"°'-'-'""'°"'"c.'c...' S.=ri•"'l'-#--+--"C"'he<,_,k=-jf----+---+"R°"'m"'o'-ra"'b"'l•+-'-' '="'m'-) +----+-=Em='l''-'""'"--11-'E"'m°''°'''"'"'"-,.+-'S~•~mLol"-• +~"~'""~··-;~"~m'-''-1 -r•d~ln"''ml~l~OO<=m~'•+~'·d~ml=IOO<=m'-''-11-'(-'-%~0"-r'-OC'-G", L~)-ILjrotaJ surface activi1y measurements and cloth disc smears not perfonncd due 10 geometry. Result s above MOC are bold. 
[Results above the invl'"stigarion kvt."I are red. 

Location 

BHB-DROl-03-M-181 

BHB-DROl -03-M-182 

BHB-DROl-Dl-M-1 83 

BHB· DROl-Ol-M- 184 

BHB-DROl-03-M- I 85 

BHB-DR01-D4-M-1 86 

BHB-OROJ-03-M-1 87 

BHB·DROl ·D l -M-188 

BHB-DROJ -D3-M- l 89 

BHB-DR01-Dl·M·190 

BHB·DR01 -03-M · l 9 J 

BHB-DROl-03-M-192 

BHB-DROl-Dl·M· l93 

BHB-OROJ-03·M-1 94 

BHB-OROl-03-~1 -1 95 

BHB-OROl-03-M-1 % 

BHB-DROl-Dl-M-197 

BHB·DR01-D l-M·1 98 

BHB-DR01-D2-M-199 

BHB-DROl-03-M-200 

BH.B-DROl-03-M-201 

BHB-DROJ-D::= -M-202 

BHB-DRO l -0 2-M-203 

BHB-DRUl-02-M-204 

B H.B-DRO l·D2·M-20~ 

BHB-DROJ-03-M-206 

BHB-DROl-0 3-M -207 

BHB-DROl-03-M-208 

BHB-OR0 \.[)4.M-209 

BHB-OROJ-02-M-210 

Count 

Min 

Mox 

Mt'dian 

l'flean 

Aloha 
Activit~· 

l\ett'pm , _. __ ,.,.,.._:\ Noles 

Total Surface Activity 

Fraction of Gr"OM 
DCGL Counts 

Beta .......... 
DCCL 

Gro<• 
Counts 

Nttt'pm 

Aloha 

Removable Surface Activity 
Beta 

Soles 

' 

.._ ... 
arDCGL 

., 

SOF 

Datt': 1--6-17 

LSC (dDm/lOOcm?) 

H·3 c. 14 CH3 

34 12 .. 
33 10 

:6 13 

31 

10 

15 II 

38 .. 
44 

77 

so 
15 " 
48 

26 

S2 

3, 

32 

JO 

41 

51 

26 

45 

53 

3, 13 

30 30 30 

94 13 

34 

34 

~· 



Central Michigan Unh'ersity 

NRC Littnse Number 21-01432-02 
January 6. 2017 

rojttl: CMU Brooks Hall Building Decommissioning Sunl'} Unit : BHB-DROI Typr of Sunt'f: Final S1a1us Sun·r~·or I: Jay Gluck Surnyor 2: 

Brooks Hall 
Derommissioning Final Status Report 

Page G.8 of G.28 

Datr: 12/14116 

l nslrumenl I Senal # Soun:t' Col. Dul' Typt> TotaV B~d Effidenc) Su rfa« Total Loont T1mt' (mm Art'&: MDC OCGL MOC iC<Jmmrnt.s: 
11---°'-'-"'-'•-'-' S_•_ri_al_# __ -+-~C~h~"~"-+------<-----<~R~•m=••~·•b~l'-+--"~'"'-m~l -+----+~E~ffi_d_••-"~,_E~ffi_<_l•~oc~•·-+-S_a_m~•'''-+--"-""~· " ·-~"~•m~'~1 ..,r~1dm~m/~l~OO<=m~'1..--fd=•m/~l~OO<~m~'~1 ,_f~%_o_r_DC_G_L_l .. r01al surface ac1ivi1y measurements and d oth disc smears not performed due to geometry. Result s above MOC are bold. 

Locution 

BHB·DROl-O::-~t-211 

BHB-DROl-D2-M-212 

BHB-DROl-02-M-213 

BHB·DRO l -D:: -~1-214 

BHB-DRO l-D::-M-21 5 

BHB-DR01-D3-M-216 

BHB-DRO 1·D3·M·2I 7 

BHB-DROl-Dl-M-218 

BHB-DROl -D3-M-2 19 

BHB-DROI -0 3-M-220 

BHB-DROl-D::-M-221 

BHB-DROl-02-!\1·222 

BHB-DROl -03-M-223 

BHB-DR01-D3·M-224 

BHB-DRO J-03-~1-225 

BHB-DR01-D3-M-226 

BHB-DR01 -D2·M-227 

BHB-DROl-04-~1-228 

BHB-DRO 1-03-M -229 

BHB-DROl -DJ-M-230 

BHB-DRO l ·Dl-~1-23 I 

BHB-DROl -03-M-232 

BHB-DROl -03-M-233 

BHB-DRUl-D2·M·234 

BHB·DROl-03-M-235 

BHB-DROl -D:l-M-236 

BHB-DRO l -D l -M-237 

BHB-DROl -D3·M·238 

BHB-DRO J -D:\-~1-239 

BHB-DROl·D~-M-240 

Count 

Min 

Mox 

M~iim 

Ml'an 

G'°"' 
Counls 

Aloha 
Activit~· 

J'liet cpm , ,...,, ... ,,nn.. ... ~) Notes 

Total Surface Activitv 

Fraction or 
OCGL 

Beta 
Activity 

Notes 
SOF c ..... 

Counts 
Nclcpm 

Aloha 
Activity 

Notes 

Rc.~ult s abon · the inwstigation level an: n:d 

Removable Surface Acti>itv 

Fraction ol 
DCG I. 

Beta 
Activity SOF 

Datt>: 1-6- 17 

LSC (dom/IOOcmiJ 

H·~ C-14 CH~ 

., 
' 6 

ISi 

66 

45 

24 II 

32 

l7 

124 

119 

•• 
•• 
14 

)9 

33 

14 

58 

44 
,, 
81 

44 

58 

58 15 

23 

24 

26 

72 

30 30 30 

15 1 15 

39 

46 

36 



Central Michigan Universit)' 
N R C License Number 21-01432-02 

January 6. 2017 

!Project: CMLl Brooks Hall Building Decommissioning Sunt'y Unit : BHB-DROl Surveyor I: Jay Gluck Sunt'yor l : 

Brooks Hall 
Da-ommis.sioning Flnal Status Report 

Page G.9 or G.28 

Date-: 12114116 

lnst.rume-nt I ~n11l 1' Source Cnl. Due- Tn>t' TolMll Blq,:d Efficienc'' Surfart" Tota l L.oo nt 1mu mm ) Area MDC DCG L ~1DC !Comments: 
11---°"-'-"'-'•-'-' S._ria_1_•_--+-_C_htt_k-+------+----+-R-•m_o_•·_•b_l•-+--"~•'m~) -+----+--Em_,._.,·•-•-" -· -+-E_m_,.,._·•-""~·+-S-•_m~pl_•-+--"-'""~·__,,__,1~=~'~1 ""1d~lo~ml~l~OO<=m-'1+-(o=d~om/=IOO<=m~''-+-'1(_'!._o_f _OC_"G_L_)~trl)(aJ surface ac1ivi1y measuremems and doth disc smears not performed due 10 geometry. Resull s above ~10C are bold. 

Location 

BHB-OROJ-O:>M-241 

BHB-OR01-D2-M-242 

BHB-DROl -02-M-243 

BHB-DRUl-O~-M-244 

BHB-OROl -D3-M-245 

BHB-DR01-D3-M·246 

BHB-DROl-Dl-M-247 

BHB-DR01-D3-M ·248 

BHB-DROJ-03-M-249 

BHB-DROl-03-M-250 

BHB-DROJ-03-M-25 l 

BHB-DROJ-01-~1-252 

BHB·DROl-03-M-253 

BHB-OROl-03-M-254 

BHB-OR01-D2-M-255 

BHB-DROl-03-M-256 

BHB-DROl-03-M-257 

BHB-DRUl-03-M-258 

BHB-DROl-Ol-M-259 

BHB-DROl-Dl-M-260 

BHB-DROl-03-M-26 l 

BHB-DR01-D2-~1 -262 

BHB-OROl-02-M-263 

BHB-OROl-D2-M-2f>4 

BHB-DROJ-02-M-265 

BHB-DRO 1-03-M-266 

BHB-DROJ-Dl-M-267 

BHB-OROl-03-M-268 

BHB-DROl-D:i-M-269 

BHB-DROl-04-~1 -270 

Count 

Min 

Mnx 

Mt'dian 

Mean 

G'°" 
Counl.!l 

Aloha 

l\"etcpm 
Acth·ity 

Id ·"""" ?\ 
Notes 

Total Surface Activity 

Fraction of 
OCGL 

Beta 
Fro<tioftol 

DCGL 
SOF G""' 

Counts 
'."lit>tcpm 

Aloha 
Acth·i1y 

Rc~ults above 1he mvestigation kvel arc n:d. 

Removable Surface Activitv 

Fractionol 
OCG L 

Beta 
SOF -

Datt': 1-6-17 

LSC ldom/tCHkm=) 

H-3 C-14 CH'.\ 

" " 
42 

66 

" 
35 

IS 14 

20 

" 
JO 

41 

31 

26 

IS 

14 

11 

16 

16 

13 " 
26 

IO 

29 

38 

16 

14 

17 

" 
" 
14 

30 30 30 

n 16 

17 
,, 
17 
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J anuary 6, 2017 

P roj ttt: CMll Brooks !fall Bui ldinE' Decommissioning Sur ,·t>y Unit : BHB-DROl Typt' or Surn·y: Fina.I S1a1us Su!"'·eyor 1: Jay Gluck Surnyor 2: 

Brooks Hall 
Decommissioning F'mal Sta lus Report 

Page G.10 of G.28 

D1lt l': 12/ 14116 

l nslrumr:nl I :sen al # So~ Cal. Dul' Typt' TotaV BkJ?d Efficil'DC) Surfat't' Total Lount T1mt mm) Ar-ea MDC DCGJ. MOC ommt>nts: 

>---°"-'-"-'"-'-' s_,_ri_al_# __ -+-_C~h_«_k-+------+----+-R-•m_o_,._b_l<-+--k~'"-'m~) -+----+-E_m_d_•n_ov_,_E_m_"-''-""~'-+-S_a_m~p;1,-+-_B_lkJ:~· _. -+--"=cm='•"1 _,_1~d•~'ml=J~OOc=m~'>..--1 d.mml=lotk=m='._...1l_'k_o_f_D_CG_L~) .. Total surface 11Ctivi1y measurements and c\01h disc: smears nOI performed due TO geometry. Rcsull s above ;\fi>C are bold. 

Location 

BHB-DROl-03-M-272 

BHB-DROl-D3-M-273 

BHB-DROl -Dl-M-274 

BHB-0ROl -D3-M-275 

BHB-DROl -Dl-M-276 

BHB-ORO l -03-M -277 

BHB-DROJ-03-M-278 

BHB-DR01-D3-M-279 

BHB-DROl-DVvl -280 

BHB-DROl -03-~1-281 

BHB-OROl -Dl-M-282 

BHB-DROl-Dl -M-283 

BHB-DROl -03-M-284 

BHB·DR0 1-D3-~1 -285 

BHB-DROl-D3-M-286 

BHB·DROl -D3-M-287 

BHB-DROl-03-M-288 

BH.B-DROl -m-M-289 

BHB-DROl -DJ-M-290 

BHB·DR01 -D3-M -291 

BHB-DROl -03-M-292 

BHB-DROl -03-M-293 

BHB·DROl-D l -M ·294 

BHB-DROl-DJ-M-295 

BHB-DROl-D3-M-2% 

BHB-DROl-D3-M·297 

BHB-DROJ-D3-~1-298 

BHB-DRO\-D3-~1-299 

BH8-DR01-D3-M-300 

Count 

Min 

Media n 

StDl' ,· 

Gro<S 
Counlo; 

l'liel cpm 

Aloha 

Notes 

Total Surface Activitv 

Fraction of 
DCGL 

Adirity SOF 
Not .. 

;; 

c,.., 
Counts 

S l'lcpm 

Aloha 
Actiri ty 

Sot es 

Rcsuhs aOOv~ the investigation lc\•d are red. 

'.Rt li twt'd : Mike Culp 

Removable Surface Acti>ity 

Froet ion ol 

DCC I. 

Beta 
Actility -o(IJCGL 

SOF 

Datt>: l417 

LSC fdom/ IOOcmiJ 

H-J C-1 4 CJD 

30 

26 

)0 

27 

24 

44 

19 11 

30 

so 

60 12 

" 
37 

38 

25 

" 12 

14 

10 

21 lO 

:6 

60 

" 
18 

13 

J5 

so 20 

21 

30 30 30 

60 20 

25 

25 

17 



Central Mh:·higan Univt>rsity 
N R C Lif.'t' ose Number 21..01432-02 

January 6, 2017 

tJ>rojKI : CMU Brooks Hall Building Decommissioning Sur,·t>y Uoit: BHB-DROI Typt' of Surt•l'y: Final S1a.tus Sun·l'yor 1: J By Gluck 

Brooks Hall 

l>erom.missioning Final Status Report 
PageG.IlorG.28 

Dnte: 121 14116 

Instrument · :o.enal 11 Sourt"e Cal. Due Typt> TotaV B~d Efficiency Surfatt Total ount Time mm) An>a !H OC OCGt MDC 1L-Omments: 

ll----"°"-'-'-'-"'"''"c.' --' S<=ri"'•l.c.•--+~C00h"'=" +----+---+-"R~•m~•~··•~b"'l'+-~' '"~'m~)-+---t-~[ffi-""~''~"~"l-'r[~ffi"''~"'·,~""~·+-'S~a~m~o1l"-• +--"~""'~·__,l-'<~•m~'~• --r'd~'"oo'ml°"l"'Otk=m'-'''r'd~m/=IOtk=m~''-11 r'~"'--"""' ~l>C~G~L~)~h':ocal surface ac1ivi1y mea.-;uremcnts and doth disc smean not performed due to geometry. Result s above MDC are bold . 
Rc!(ults abovt• the invl'stigarion k vel an: red. 

Locution 

BHB-DROl-03-~1-301 

BHB-DROl-04-M-302 

BHB-DROl-04-M-303 

BHB-DROl -02-M-304 

BHB-DR01 -D3-M-305 

BHB-DROl -D3-M-3(X'; 

BHB·DROl -03-M-307 

BHB-DROJ-02-M-308 

BHB-DROl-D:'\-M-309 

BHB-DROl-03-M-310 

BHB-DROl -02-.\1-311 

BHB-DRO l-D;\-M-312 

BHB-ORO l -m-M-313 

BHB-DROl-03-M-314 

BHB-OROJ -m -:\-1-315 

BHB-DR01-D3-M-31 b 

BHB-DROJ-03-M-317 

BHB-DROl-03-M-318 

BHB-DROl-03-M -319 

BHB-DROl-03-M-320 

BHB-DR01 -D3-M-321 

BHB-DROJ-03-M-322 

BHB-DROl-03-M-323 

BHB-ORO l-02-M-324 

BHB-DROl -03-M-325 

BHB-DROl-03-M-326 

BHB-DROI-03-M-327 

BHB-DROl -0 2-M-328 

BHB-OROl -03-M-329 

BHB-OROl-D:i-M-330 

Count 

Min 

Mu 

Median 

Mt>an 

St Dev 

G""' 
Counts 

Alpha 
Acthit~· 

J'lietcpm ,_. __ 
11

nt\--
21 

Notes 

Total Surface Activity 

r raction of Gf'OU 

OCG L Counts 

Beta 

N«es 
F-ol 

DCGL 

SOF Gro" 
Counts 

'.'lelcpm 

Alpha 
Activity 

'"--"~-» 
~oles 

RE"liewed: Mikt Culp 

Removable Surface Activity 

""''" -.rOCGL 
SOF 

Date: 1-6-17 

LSC (dpm/Hl0cm2J 

R.J c.14 CR ;\ 

24 

25 .., 
71 10 

144 

125 " 
83 

73 15 

64 ,. II 

16 lU 

66 

48 

42 

228 

67 

"' 
11~ 

136 

84 

45 12 

38 

22 12 

19 

II 

19 

lU 

:?03 

36 

30 30 30 

228 IS 

54 

66 

SS 



Central Michigan Uni vl' rsi ty 
NRC Littnsl' Number 21..01432..02 

January 6, 2017 

Projttt: CMU Brooks Hall Buildin!' Decommissioning Surn•y Unit: BHB-DROJ Type or Sun·ey: Final S1a1us Surveyor I: Jay Gluck SuTYeyor 2: 

Brooks Hall 
l>l'corn.missioning flnal Status Report 

Page G.12 or G.28 

Dall': 12114116 

Instrument I Senal # Sourt'e TotaV 8k£d Surfatt Total ..:OUnt Time mm) Area l\tDC DCGL MOC omments: 
fh.>ttttor / Serial# ChKk Cul. Due Typt' Remo,•able (cpm ) Efficicnry Efficil'nM' Enicienc\• Sample BkJ?.. k m:J I tdom/IOOcm:i ldom/lOOcm:I ('k of OCGL) fofal surface activiry measuremcnls and c\rnh disc smean; no1 performed due to geomet ry. Resuhs above MDC are bold. 

l!--~-------t-=~t----+---+=~=-i-~"'--1r---+-==~+===;~~-1-~-t-=~t-====t-====-+~---'-IR.: csuh~ abo\·e the i n v ~·stigat ion k vd are red. 

Location 

BHB-DROJ-D3-M -33 l 

BHB-DROl -0 3-M-332 

BHB-DROl -0 3-M-333 

BHB-DRO 1 ·D3·M·334 

BHB-DROl-Dl-M-335 

BHB-DROl-03-M-336 

BHB-DROl -03-M-337 

BHB-DROl-03-M-338 

BHB-DROl-D3-~1-:t39 

BHB-DROl -03-M-340 

BHB·DROl·D::'-M-341 

BHB-DROl-D3·M·~2 

BHB-DROl -0 2-M-:"43 

BHB-DROJ-03-M-344 

BHB-DROJ-02-~1-345 

BHB-DROl -02-M-346 

BHB-DROl -04-M-347 

BHB-DROJ-02-M-348 

BHB-DROJ -03-M-349 

BHB-DR01-D2-M-350 

BHB-DRU\-02-M-351 

BHB-DROl-03-~1-352 

BHB-DROl-03-M-353 

BHB-DROl -03-M-354 

BHB-DROl-DJ-M-355 

BHB-DROl-03-M-356 

BHB-DROl-03-M-357 

BHB-DROl-03-M-358 

BHB-DROl-03-M-359 

BHB-DROJ -03-M-360 

Count 

Min 

M11x 

Mffiian 

Mean 

Stl>t'1· 

G""' 
Counts 

Alpha 
ActiYit~· 

!\et cpm i.1~-1 11W\..~?) Notl"S 

Total Surface Activitv 

Fraction of 
DCG L 

Beta 

Notes 
F....roono 

DCGL 

SOl1 Gro>' 
Counts 

~etcpm 

Aloha 

Rl'lil'wrd: Mike Culp 

Removable Surface Activitv 

Fn:irtion of 
DCG L 

Beta -.rDCGL 

' 

SOF 

Date: 1-6-17 

LSC ldom/100cm2J 

H-3 c .14 CH3 

14 

24 

16 ,, 
23 

17 " 
20 17 

15 10 

14 

-- 10 

21 

'5 

16 10 

16 

33 

31 

62 11 

28 

,, 
16 

12 

19 

,, 
13 12 

18 

16 

27 

30 10 

22 

31 

30 30 30 

62 17 

20 
,, 
10 



Central Michigan Uni,·ersit)' 
NR C Lken.st> N umber 21-01432...02 

January 6. 2017 

!Project: CMU Brooks Hall Build in~ Decommissioning Sun·t>y Unit : BHB-DRO I Type- of Surn·y: Fioal S1arus Surnyor I: Jay Gluck 

Brooks Ha ll 
Dtco~ioning io1nal Status Report 

Page G.J3ofG.28 

Date: 12114116 

nstrumenl :-.erial *" Sourt't' Cal. Due Typt" Total/ BkJ:d Efficien t'~· Surfat'e Total ount T1mt mm ) An'a Ml>C OCGL MDC !Comments: 
II---"°'""'""'"-'""-'-'--/ S.=ri"al-'-#---+-'C"'h"'=" +----+---+~R~<m~o~•·~•b~l<+--'''°=m~) -+----+~Em~•~de~n~'""'--1-'E~m~"~;,~nn~·+-'S~•~mLol-'-1'+-"~""~· " .'--f-''~'m~'~• -+"d~fo"'m/~l~°"'=m~'lt-l~d~nm/=l°"'=m~''+(-'%-'o~f DC=G~,L~l-1tf.:o1al surface act ivity measuremen1s and doih diSC' smears no1 perfomx"Ci due 10 geometry. Results above MDC are bold. 

1Rcimltsalxwctheinv..-s1igationlcvelarered . 

Location 

BHB-DROl-03-~ -361 

BHB-ORO l -Dl-M-~62 

BHB-DROl -03-M-363 

81-18-DROl-03-M-364 

BHB-OROl-03-M-365 

BKB-OR Ol -DJ-M-366 

BHB-DROl-Ol-M·367 

BHB-DROl -D::-~1-368 

BHB·OROl-O~·M-369 

BHB·DROJ-02-M-370 

BHB·DROJ-D::-~1-37 J 

BHB-OR01-D2-~·l-n2 

BHB-DROl-D~-M-373 

BllB·OROl-03-~·1-374 

BHB-DR0\ -03-~1-375 

BHB-DR01-D3-M·376 

BHB-OROJ-02-M-377 

BHB-DRO J-D::-M-378 

Count 

~tin 

Mux 

MOOian 

Me~n 

Stl>t-,, 

c ...... 
Counts 

Alpha 
Al'ti vit~· 

!\et cpm , _, __ ,,nn..,_l) Notes 

Total Surface Activity 

fraction of Gl"Olil 
DCGL Couts 

Beta 
Adi.tty 

Ndqtm ,..._,1--...2) 
SOF c .... 

Cou nts 
~t.tcpm 

Removable Surface Acth·ity 
Alpha 
Activit~ 

··--"~-'> 
Fraction of G,... Adirity 

DCGL Cmnll Nd cpm I I A-11--i.. 

Fnctioo 
rlDCGL 

I 

SOF 

Dair: 1-6-17 

H-:.l C0 14 CRJ 

41 

15 

24 11 

26 

26 16 

17 

45 

20 

33 

30 

62 

99 

56 

70 

18 18 18 

15 

99 16 

29 

37 

22 



Central Michigan Uninn;ity 
NRC Littnst' Number 21-014~2-02 
January 6, 2017 

IProjcd: CMl.: Brooks Hall Building Decommissioning SurH·y Unit: BHB-VAO I Type of Sun'C): 1-inal S1atus Surveyor I : Jay Gluck Sun·<'yor 2: Mike Culp 

Brooks Hall 
Decommissioning Final Status Report 

Page G.14 or G.28 

Date: 12/14116 

Instrument Sena!# Souf"l't' Cal.Due T ype Total/ B~d Effidency Surface Total ount 1mt1 mm Area MOC I>CGL MOC ~omments: 

ll----"°"-'-'-'-~-'-lo"-'"' S'-'•'-'ri•::.:1-'-#---+--'C"'h~=•+----+---+-"R"''m"'o'-'v::.:•b"'l'+--"''°'"-m=-) -+----+--"Em"-''"-'ci''°'"°""''---'1-'E"'m"'""'''"'"'"-'"+-'S"'•'°'m"ol"-'-+--'""''"'"''''---'-'k"'m"-''-P.' d"'fo"'mJ'-'l"'OCk=mc;.'l+-(<"'d"'o'mJ=IOCk=m"-'4-'1(.:;'k_,o"-r"-OC::;G::.:L"l ~h'.o1a1 surface activity measuremcnls and clOih disc smears llol performed due 10 geometry. Resuh s nbove MDC are bold. 
!Results above the investigation level arc red. 

Location 

BHB-VAOJ-Vl -M.001 

BHB-VAOl-Vl-M-002 

BHB-VAOJ-VJ -M-003 

BHB-VAOJ-V\-M-004 

BHB-VAOJ-V\ -M-005 

BHB-VAOl -V J-M-006 

BHB-VAOJ-V l-M-007 

BHB-VAOJ -Vl-M-008 

BHB-VAO J-Vl-M-009 

BHB-VAOl-V l-M-010 

BHB-VAOl-Vl-M-011 

BHB-VAOl -Vl -M-012 

BHB-VAOl-V l -M-013 

BHB-VAOl -Vl-M -014 

BHB-VAOJ-Vl-M-015 

BHB.VAOJ-Vl-M-016 

BHB-VAOJ-Vl-M-017 

BHB-VAO J-Vl-M-018 

BHB-VAOl-V l -M-019 

BHB-VAOl-Vl-M-020 

BHB-VAOJ-Vl-M-021 

BHB-VAOl-Vl-M-021 

BHB-VAO l-Vl-M-023 

BHB-VAOJ-VJ -M-024 

BHB-VAOJ-Vl-M-025 

BHB-VAOl-Vl-M-026 

BHB-VAOJ-VJ-M-027 

BHB-VAOJ -Vl-M-028 

BHB-VAOl-V l -M-029 

BHB-VAOl-V l -M-030 

Count 

Min 

Mediun 

!\·l ean 

Alpha 
Activit~· 

J\"el cpm ,_, __ ,.......__11 Notes 

Total Surface Activity 

Fraction of 
OCGL 

Beta 
SOP G'°" 

Couni. 
Nttcpm 

Aloha 

S ote'S 

tRe~·irwt'd: Mike Culp 

Removable Surface Acthitv 

Fr::iction ol 
DCGI. 

Groos 
c ...... 

Beta 
i\ctirity 

NetcplD r ... . _,......_ .z.. 
hod ... 
arIICGL 

Date: 1-6-17 

SOF 

16 

17 !O 

16 

19 

30 

14 

., 
16 

00 

17 

13 

15 

35 

J, 14 

33 

33 

06 

18 

10 

16 

14 

30 30 30 

35 10 

16 

16 
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Janua ry 6, 2017 

Projl'Ct: CMU Brooks Hall Buildi ng Decommissioning Survey Unit: BHB-VAOJ Ty)>l' orSurn·y: Final Stai us Sun·eyor 1: Jay Gluck Sun·cyor 2: Mike Culp 

Brooks Hull 
Dtt0mm~ioning Final Sta tus Report 

Page G. IS of G.28 

Date: 12114116 

Instrument I !Sen a! II Source Ca l. Duf' Typl' ToteV H~d E ffi cif'ocy SurfalT Total Loont Time tmm) An-a MOC OCGL MDC omml'nts; 

11----"'-'-"'-'°-'-' s_·,_n_al_# __ -+-_C_h«_•-+------+----+-•-•m_o_v_•b_l•-+--"~•m=] -+----+-Effi_>_ci_•n-"~1-•-·m_>0_l<_n,_v-+-S-•_m~pl_•-+--"-'"~··_,~C='m~'=' _,_,.td~fp='m/~l~OO<=m-'l+-"'td~••mi=IOO<~m~'=' ,_1_%_o_r_DC_G_L~) .. Toul surface ac1ivi1y mcasurcmen1s and doth disc smears nOI performed due to geometry. Results above Y1DC are bold. 
Results above the investigation level are n:d. 

Location 

BHB-VAUl -Vl-M-031 

BHBN AOl -Y l-M -032 

BHB-VAOJ -Yl -M-033 

BHB-VAOJ-Vl-M-034 

BHB-VAOl -Vl -M-035 

BHB-VAOJ -Yl-M -036 

BHB-VAO J-Y l-M-037 

BHB-VAO J-Yl-M-038 

BHB-VAOl-Vl -M-039 

BHB-VAOl -Yl-M -0-W 

BHB-VAO\-Vl-M -041 

BHB.YAOJ -Vl -M-042 

BHB-YAOl -Vl-M -043 

BHB-Y/\01 -V l-M -044 

BHB.VAOl -Vl-M-045 

BHB-VAOl -Vl-M-046 

BHB-YAOJ-Y l -M-047 

BHB-VAOl -VJ-M-048 

BHB-VAOl-YJ-M -049 

BHB-VAO l -Vl -M-050 

BHB-VAOl -Vl -M-051 

BHB-YAOJ -YJ-M-052 

BHB-YAOl -Vl-M-053 

BHB-YAO!-Y l -M-054 

BHB-VAO!-Vl -M-055 

BHB-VAOl-Vl -M-056 

BHB-YAOJ-Y I-M-057 

BHB·YAUl-Vl-M-058 

BHB-YAOl -Vl-M-059 

BHB-YAOl -Yl -M-060 

Count 

~1 in 

Mox 

Mt'<lilm 

Ml'an 

G'°" 
Counts 

l'ictcpm 

Aloha 

Notes 

Total Surface Activity 

Fraction of 
DCGL 

'" 

' 

Netqtm 

" 

·, 

. 

' 

Beta 

Notes 

< 
' " 

'; 

< 

, . 

. 

,, 

' 

SOF Gro>s 
Counts 

Aloha 

Net epm 
Acthity 

!'\otes 

Rel-ie'A·l'd: Mike Culp 

Removable Surface Activity 

Fraction of 

DCGL 

Beta , 

.. 
,;, 

l ,, 

Notes 

, ' ,' 

Fradioa 
olDCGL 

,, 

SOF ,, 

I' · 

.. 

O:ate: 1-6-17 

LSC fdpm/100cm 2J 

H-3 C-14 CH3 

19 

30 

21 

30 

13 

18 

27 

12 

24 

67 

20 

26 

1 1 

28 

24 

18 

29 

122 I I 

53 

5-1 

61 

82 

77 14 

68 

48 

66 

SI 

30 30 30 

122 14 

28 

37 

28 



Central Michigan Unh ·ersity 

NRC LiC"ense Number 21-01432-02 
January 6, 2017 

tJ>roject: CMU Brooks Hall Building Decommissioning Surn•y Unil : BHB-VAOI Type or Suney: Fi nal Status Surveyor 1: Jay Gluck Surveyor 2: Mike Culp 

Brooks Hall 
Decommissioning Flnal Status Report 

Page G.16 or G.28 

Date: 12114116 

Instrument Senal # Soun-e Cul. Due T TotaU B~d Effi . Surface Total oonl 1me mm) Area MOC DCGL ~IOC Comments: 

~-_:"'::.:'::.:°"';::•::..•:..:I S.=ri•::.I ::_• ---1--"C!!:h~"'k'-· -l------1---~· pt"-+.::R::.:•m!!:o"-v:::•b:::l'-l-"'".i:;••m::.:lc...;_,_'"_'""_Y !-E"'m'""";'"'"""-+-'E"'m"'""';':::"'.:.'·+-'S:::•m:::'"i:;''o..' -+--'":::""·"'.'-+--"''"'m,_' lc...;,,.,fd,_looe:;ml,_,1.::;00<~m=' li.,;f.,.•dl:!o•ml=lOO<=m"-'4-' J (-'%-'o"-f "-DC"-G"'L") -1..:;~~~t:.~U:=:e~~~vii~:;~;:::~~;l ~ ~~'.h disc smears nol performed due to geomeuy. Results above ~10C are bold. 

Locution 

BHB-VAOJ -Vl-M-061 

BHB-VAOJ -Y l -M-062 

BHB-VAOJ -Vl-M-063 

BHB-VAOJ -Vl-M-064 

BHB-VAOl -Vl-M-065 

BHB-V AOJ -Yl-M-066 

BHB-VAOl-V l-M-067 

BHB-VAOl-Vl-M-068 

BHB-VAOl-V l -M-069 

BHB-VAOl-Y l-M-070 

BHB-YAOJ -Vl-M-071 

BHB-YAOl -V l-M-072 

BHB-VAOl -Vl-M -073 

BHB-VAOl -V l-M-074 

BHB-VAOl-V l-M-075 

BHB-VAOl-Y l -M-07fl 

BHB-VAOl-V J-M-077 

BHB-VAOl -Vl -M-078 

BHB-VAOl-V l -M-079 

BHB-VAOl-V l -M-080 

BHB-VAOJ -Vl -M-081 

BHB-VAOl -Vl-M-082 

BHB-YAOl-V l -M-083 

BHB-VAOl-Vl-M-084 

BHB-VAOl -V\ -M-085 

BHB-VAOl-Vl -M-086 

BHB-VAOl-YJ-M-087 

BHB-VAOJ -Vl -M-088 

BHB-VAOl -Vl -M-089 

BHB-V AOl-Vl -M -090 

Count 

Min 

Max 

l\ledian 

St Dev 

G'°" 
Counts 

Aloha 
Activitv 

Net cpm , _. _ __ ,,,.,,.~ __ 1) Noles 

Total Surface Activity 

Fraction of 
DCGL 

c ...... 
CoantS 

; .. 

Beta 

. 

fnctlooo 
DCGL 

•JI' 

SOF 

•. 

Gm<• 
Counts 

Nelcpm 

Aloha 
Activi ty 

Noles 

IRe,ieYl"ed: MikcCulp 

Removable Surface Acthitv 

Fnictionol 
DCG L 

' 

¢ 

,,. 

Ai 

Beta 

. 
' 

# 

•'1 

l 

Fn<tioo . SOF 
'olDCGL i+: 

. .. ' 

' ,, 

Date: 1-6·17 

LSC fdnm/IOOcmi l 

H-3 C-14 

45 14 

97 

60 

38 

48 

61 JO 

42 

58 

117 

110 

76 

62 17 

77 

64 

3( 

34 

52 

38 

122 

79 

77 

72 

55 

36 

27 (0 

90 .. 
30 30 30 

122 17 

62 

65 

29 



Centr.d Mkhigan Unfrersity 
NRC License Number 21.01432-02 
January 6, 2017 

Project: CMU Brooks Hall Building Dccommiss ionin~ Survey Unit : BHB-VAOJ Type of Surn•y: FinaJ S1a1u~ Surn·yar I: Jay Gluck Surveyor 2: Mike Cu lp 

Tnstrnmen!TSrnal ~ Sourt"t' TotaV H~d Surfal't' Total ount Time lm1n) Area M.OC DCGL MOC ICommeots: 

Brooks Hall 
Dttonunissiuning Final Status Report 

Page G.17 of G.28 

Date: 12114116 

Cal. Due Tvpt> Effiri eney • • fr, 
1------="":.:.'::.""':.:•::.'.:.' ·"'S•.:.:ri:::•l_;:# __ +-'C"'he<=k +----+--· -+"R:,;•m,,,o"'va"'b"'l''+--'"'-''°='m"-) -+---+--"Effi:.:;•"'ci.:.:••"""'-1-'["'"ffi:.:;":.:;;'="'"-'+-'S'-''=m=•)•+-"°''"'"'. o...· -+-''"'cm,_,_·"-+-'d"'ln,,,•n=..vl,,,OO<=m'-'·1+'-'(d,,•nV•=IOO<=m,_,_',_1 l-'('-"%'-o"-f-"DC-"G=L)'ll.:~:.~~l:.~u:~e7~~v:~:~:~;a::~~'.~J: ~~'.h disc sme~ not performed due 10 geometry. Resu lts above MDC are bold. 

Locution 

BHB-VAOJ-V l-M-091 

BHB-VAOJ-Vl-M-092 

BHB-VAOl-V l-M-093 

BHB-VAOJ . V l-M-094 

BHB-VAOl -Vl-M-005 

BHB-VAOl -V l-M-006 

BHB-VAOl-V J-M-097 

BHB-VAOl-Vl -M-098 

BHB-VAOl-Vl-M-009 

BHB·VAO J.V l ·M-100 

BHB-Vi\01-V l -M-101 

BHB-VAOl-Vl-M-102 

BHB-VAOl-Vl-M-103 

BHB-Vi\OJ -Vl-M-104 

BHB-VAOl-V l-M-105 

BHB-VA01-Yl·M·106 

BHB-VAOl-Vl-M-107 

BHB-Vi\01 -Vl -M· I08 

BHB-VAOl-Vl-M-109 

BHB-VAOl-Vl-M-110 

BHB-VAO J-Vl-M-111 

BHB-VAOl -Vl-M-11 2 

BHB-VAOl-V l-M-113 

BHB-VAOl-V l-M-114 

BHB-VAOJ -Vl-M-1 15 

BHB-VAOl-V l -M- 116 

BHB-VAOl-V l -M-117 

BHB-VAOl-V l-M-118 

BHB-VAOJ-Vl-M-119 

BHB-VAOJ-Vl-M- 120 

Count 

:\1in 

Max 

rt.tedi11n 

Ml'an 

G= 
Counts 

Aloha 
Acthitv 

l'lietrpm 1, _, __ ,. ....... :_?
1 

Notes 

Total Surface Activity 

Fraction of 
DCGL 

Beta 

Not" ·-· DCGL 
SOF G""' 

Counu 

Aloha 

="tlcpm 

Removable Surface Acti>itv 

Fraction Oi 
DCGL 

. 

S.ta 
F......,. 
ofOCGL 

SOF 

Date: 1-6-17 

LSC fdnm/l00cm2
) 

H-3 C-14 CH3 

" 
" 
113 

108 .. 
115 

87 

55 18 

•• 
S2 

100 ID 

78 

I02 

159 ., 
119 

88 12 

87 

152 

Ill 

95 

160 

so 10 

78 

216 

69 

SS 

" ID 

71 

1-16 10 

30 30 30 

so 
:? 16 18 

88 

91 

39 



Centra l Michigan Uninrsity 
NRC LiceaSE' Number 21-01432.02 
J anual'J 6, 2017 

IJ>roj l'd : CMU Brooks l-laJI Building Decommissioning Sun,ey Unil: Bl-IB-V AOl T ypt> or Surn-y : Fin:il S1a1us Sun·l')OI'" I : Jay Gluck Survl'yor 2: Mike Culp 

Brooks Hall 
Dtto~ioning Final Sta lu.'> Report 

PageG.18ofG.28 

Date: 12/14116 

lnstrumen l I Sen a!# Sourct' Oil. Dul' Typt' TotaV B~d Efficieney Surfact' Total Count T ime Imm) Arn MDC DCGL ~lDC ""omml'nts: 

t---V._1_0<1_•_, _1 S._riaJ_•--+~C~h"'=" +-----+----t~R~•m~•~"~••~l'+--'<P~'m~I -+----+~Effi~•~ci'~"~"_,rE~ffi~"~''~"'•"rS~a_mLoll~• -+--"~'""~··--t~'•~m~'~' -+"d~' •~ml~l~OOc=m~' +='d~•·ml=IOOc=m~''+''~'T.~o~r ~DC~G~L"-1) !Total surface activity measuremen1s and dot h disc smears not performed due to geometry. Resuhs above MDC arc bold. 
Results abcin· the investigarion level are red. 

Location 

BHB-VAOJ -V J-M-121 

BHB-VAOl -Vl-M-122 

BHB-VAOJ-V J-M -123 

BHB-VAOJ -VJ-M- 124 

BHB-VAOJ-Vl-M-125 

BHB-VAOl-Vl-M-126 

BHB-VAO J-Vl-M-127 

BHB.VAOl -VJ.M.128 

BHB-VAOl-V l-M -129 

BHB-VAOl-Vi-M-1 30 

BHB-V AOJ -VJ-M-131 

BHB-VAOl -Yl-M-132 

BHB-VAO l-Vl-M-133 

BHB-VAO l-V l·M-134 

BHB-VA01 -Vl -M· l35 

BHB-VAOJ -Vl-M-1 3fi 

BHB-VAOl -Vl -M-137 

BHB-VAOl -Vl -M-138 

BHB-VAOl-Vl-M -139 

BHB-VAOl -Vl-M-140 

BHB-VAOJ-Vl-M-Hl 

BHB-VAOl -Vl-M·l42 

BHB-VAOJ-Vl-M-143 

BHB-VAOI -V!-M-144 

BHB.VAOl -V l-M-1 45 

BHB-VAOl-Vl -M-146 

BHB-VAOJ-Vl-M-1 47 

BHB-VAOl -V l-M-148 

BHB-VAOJ -Vl -M-149 

BHB-VAOl-Vl-M-150 

Counl 

'1.in 

Max 

!\ 1~ian 

Mean 

G'°"' 
Counts 

Aloha 
Acth·ity 

~el cpm r ~ .. - 11fVl,,..,? l Nntes 

Total Surface Activitv 

F rnction of 
DCGL 

SOF 

' 

: 

' 

Gross 
Cou nts 

Netcpm 

Alpha 

Soles 
Activi ty 

'"--"~-'> 

Removable Surface Acti•i ty 

Fraction of 
DCC L 

' 

SOF 

D11te: 1-6-17 

LSC td pmf l00c-m1J 

H-3 c.14 CH' 

69 

71 

91 12 

84) 

71 

37 

24 .. 
91 

73 

811 

125 

53 

99 

108 

76 

42 

" 
71 .. 
"' 
112 

12 

40 

,6 14 

67 

69 

70 

165 

82 

30 JO 30 

165 14 

71 

72 

'2 



Central Mkhig-.m Unh·ersity 
NRC LiceDSt' Number 21-01432.02 
January 6, 2017 

!Project: CMU Brooks Hall Building Derommissioning Sun ·ey Uni l : BHB-VAOJ Typt' of Sun·ey: Final S1a1us Sun ·eyor 2: Mike Culp 

Brooks Hall 
Decommis..'iioning Fl naJ Status Report 

Page G.19 of G.28 

Dall': 12114116 

Instrument I St>nal # Sourt'e Cal. Dul' Typt Total/ H~d Effideocy Su rfa~ Tola! ount Time \mm Area M DC OCGL MOC !Comments: 

t---"'-'-"'-'"-'-' S._ ri•_l_# __ +~C=h"'=""--1c-----+---+"~'m=•~v=•b~l•+~k~om~) -+----+~Effi~•=ci l'="~"'---1rE='m~"=;'=""'~·+-S~•-m~oll_•+-"-'""~· ·'---1--'(~cm~'..._r1 d~l•~'""~l~Olk=m~' +='d~•m/=100c=m~''+t~%~•~f ~JJC~G~L=)-t_:_tfl)(aJ surface activity measurements and doth disc smears nOI perfonned due 10 geomeny. Results above MOC arc bold. 
[Resu lt.~ above the inwstigation kvd arc red. 

Location 

BHB-VAOJ -Vl -M- 151 

BHB-VAOJ-Vl-M-152 

BHB-VAOl-Vl-M-153 

BHB-VAOJ-Vl-M-154 

BHB-VAOl -VJ -M-155 

BHB-VAOl-Vl-M-156 

BHB-VAOl-VJ-M-157 

BHB-VAOJ-V l -M-158 

BHB-VAOl-V l-M- 159 

BHB-VAOl-Vl-M-160 

BHB-VAOJ-Vl-M-161 

BHB-VAOJ-Vl-M-162 

BHB-VAOl-V\-M-163 

BHB-VAOl-Yl-M-164 

BHB-VAOJ-Vl-M-165 

BHB-VAOl-Vl-M-166 

BHB-VAOJ-Vl-M-167 

BHB-VAOl-Yl-M-168 

BHB-VAOl-Vl-M-169 

BHB-V AOl-Vl-M-170 

BHB-VAOl -Vl-M-171 

BHB-VAOJ-Vl-M-172 

BHB-VAOl-Vl-M-173 

BHB-VAOl-Vl-M-174 

BHB-VAOl -V l-M -175 

BHB-VAOl-Vl-M-176 

BHB-VAOJ-V l -M-1 77 

BHB-VAOJ-Vl-M-178 

BHB-VAOl-Vl-M-179 

BHB-VAOl-Vl-M-180 

Coon I 

M in 

Mt'd ian 

!\learn 

G= 
Counts 

Alpha 
Acth"ity 

J"et cpm ' "'~-llnn..... ?) Noles 

Total Surface Activitv 

Fraction or GrolS 
OCGL eou.ts Notes 

' 

F<actiono 
DCGL 

SOF Gro" 
Counts 

~et cpm 

Alpha 
Activity 

··--"~-» 
Notes 

Removable Surface Actility 
Beta 

Frection 
GlDCGL 

,, 

SOF 

Date: 1--6-17 

LSC ldpmllOOcm ?) 

H-3 C-14 CH3 

80 JO 

20 

83 

73 

... 
'19 

101 

78 

56 

176 

39 

33 

51 

19 .. 
35 

70 

83 

47 

22 

33 

23 

18 

SJ 

59 

43 17 

84 I ) 

87 

30 30 30 

176 17 10 

54 

58 

36 



Centra l Michigan UniversitJ 
N R C Li« nse Number 2 1-01432-02 

J an uary 6. 2017 

!Project: CMU Brooks Hall Building Decommission ing Survl'y Unit: BJ-IB-VAOJ Type of Suney: Final Stal us Surn~·or 1: Jay GJuc L:. Surveyor 2: Mike Culp 

Brooks Ha ll 
D et-ommissio n ing Final Stalus R eport 

Pag~ G.20 of G.28 

Date: 12114116 

Instrumenl / Sen 11l # Sowtt Cal. Due T,·Pf' Tot.av BIQ!d EfTicieoc)' Surfatt Total Loont 1me tmm) Area MDC DCGL ~IOC !Comments: 
,._ __ o._1_ect_o_,_n_;, ria_1_•_--+-~C~hock=· -+-----+---+-•-•m_o_v_•b_l•-+--"~•'m~l -+----+--E_m_,,_,·,_n_..,.-+_E_m_oc_l•_nc~v+-S_a_m~pll_• -+--"-'""~·-+~'~'m~'~' _...<d='°~'""~'~°""=m-'1+-t=d="'""='°""=m~' ...... 1 <_.,._o_l _DC_"G_L_)~rr. 01: al surface activi1y measuremen1s and doth di~ smears OOI performed due 10 geometry. Results above~ are bold . 

!Re~u lt~ above the inve~tigarion level arc red. 

Location 

BHB-VAOl -V l-M-1 81 

BHB-VAOl -V l -M-182 

BHB-VA0 1-V l -M · 183 

BHB-VAOI -VI-M-184 

BHB-VAOl -V l-M-185 

BHB-VAOJ-VJ -M-186 

BHB-VA0 1-Vl -M· l87 

BHB-VAOI -VJ -M-188 

BHB-VAOl -V l -M-189 

BHB-VAOJ-V l -M-190 

BHB-VAOJ -V l-M- 191 

BHB.YAOl -V l-M- 192 

BHB-VAO l-V l-M -193 

BHB-VAOJ -V l-M- 194 

BHB-VAOJ -V l -M-195 

BHB-V AOJ-Vl -M-1% 

BHB-VAOJ-Vl -M-197 

BHB-VAOl -VJ-M- 198 

BHB-VAOl -V l -M-199 

BHB-VAOl-Vl-M -200 

BHB-VAOJ -Vl-M-201 

BHB-YAO l -Vl-M-202 

BHB-VAOJ -V l -M-203 

BHB-VAOJ-Vl-M-204 

BHB-VAOl -V l-M-205 

BHB-VAO l-V l-M-206 

BHB-VAOJ-V l -M-207 

BHB-VAO l-V l-M-208 

BHB-VAOJ -V2-M-209 

BHB-VA0 1-V2-M-210 

Count 

Min 

Max 

Mt'dian 

J\'lean 

St Dev 

G'°" 
CounL" 

Net cpm 

Aloha 

No tl'S 

Total Surface Activity 

Fraction of 
DCC L 

c ..... 
Counts 

Beta 

Notes Fnodloaol 
DCGL 

SOF Gros• 
Cou nts 

Netcprn 

Aloha 
Acth'i ly ... ~ ' ~Ol l'S 

IRe ~iewtd : Mike Culp 

Removable Surface Acthity 

Fraction of 
DCGL 

......... .,. ... ~.~ 

Fnctloo 
.rDCGL 

SOF 

Iht le: 1-6-17 

LSC ldDm.I JOOcrn!J 

H·3 C- 14 CH3 

76 

73 

22 

II 

56 

I S 

26 

26 

111 

86 

85 

80 

14 

35 

65 

67 

24 

,. 
20 

II 

20 

38 

13 II 

26 

62 

10 

42 

30 30 30 

I ll 14 I I 

26 

3' 



Central Michigan Unh·ersit)' 
NRC Lireose Number 21--01432-02 
January 61 2017 

Projffi: CM U Brooks Hall Building Decommissioning Survt>y Unit: BHB-VEOI TyJM' or Surn-·y: Final Sta!Us Surw yor J: Jay Gluck Surveyor 2: Mike Culp 

nslrument ~nwl If Sourtt Cal. Due Typt> Tot.Ill/ BkJ!d Efficil'oc~· Surfact Total ounl Time tmm) Area /'<IDC l>CGL MOC ~omments: 

D-----'0.~2;,_,~i'l~oi','~,'2~~;,,]~,,_~~,.-'#---+-'C"'h'-'Kk=-+-----+---+•~•m~o~•~~b"'l'+~lm=m~) -+---+~E~ffi~d'"''"~"-t-'E~·m~"~''~"'~"+S~•~m=oll•+~""'~· ~- -+-'~'m~'~' -+'~•·~,mJ~l~OO<=m~''r'd~mm/=IOO<=m~'~J t-'(~%~o~f~DC~G~L~)-fResull s above MDC :'.lit' bold. Results above the Jnvestigalion kvel are n:.-d. 

43_~7 / PR2S I 040 SAT 9/28/~017 Alpha Total ~2 . 17% 0.~5 8.04'k- 0.1 584 116 407 28%-

41;_j~-:~ii1:o SAT 9/281?017 Beta TOia! 116 38.17'\f. 0.25 9.54% OJ 0.1 584 338 .7.COO T_' 5% 

29291 160013 
4~- J0-1 /PRl 67231 

2929 I 160013 

43-10-1 / PRl67231 

Location 

BHB-VEOl-El -M-001 

BHB-VEOl-El-M--002 

BHB-VEOl-El-M-003 

BHB-VEOl-El-M-004 

BHB-VEOl-El-M..005 

BHB-VEOl-EJ -M-006 

BHB-VEOJ-El-M-007 

BHB-VEOl -E l -M-008 

BHB-VEOJ-El-M-009 

BHB-VEOl-El-M-010 

BHB-VEOJ -El-M-0 11 

BHB-VEOl-EJ-M-012 

BHB-VEO l-El-M-013 

BHB-VEOl-El-M-015 

BHB-VEOl-El -M-01 6 

BHB-VEOl-El-M-017 

BHB-VEOI-El-M-018 

BHB-VEOl-El-M-019 

BHB-VEOl-El-M-020 

81-LB-VEOl -E l-~1-02 1 

BHB-VEOl -El -M-022 

Count 

M.in 

Max 

Me~m 

G'°" 
Counts 

SAT 111231~017 

SAT ll/2~017 

Alpha 
Acti,·ih' 

l'\etcpm . ,_. __ 11~_?) 

II 

-5 -11 

-5 ·II 

II 

II 

15 32 

15 31 

-5 -11 

II 

-5 ·I I 

II 

15 

-5 -11 

15 

-5 -II 

II 

-5 ·II 

-5 -11 

IS 

-5 - 11 

II 

22 

-11 

53 

II 

00 

Alpha Removable I.~ 36 .49~ 

Beta Removable 59.6 23.9290 

Total Surface Activity 

Notes 

<MOC 

<MDC 

<MDC 

<MOC 

<MOC 

<MDC 

<MOC 

<MOC 

<MOC 

<MOC 

<M OC 

<.MDC 

<MOC 

<MOC 

<MOC 

<MOC 

<MDC' 

<MOC 

<:MDC 

<MOC 

<MOC 

Fraction or 
DCGL 

0.03 

0.13 

0.00 

0.00 

0.03 

0.03 

0.08 

0 .08 

0.00 

0 .03 

0.00 

0.0~ 

0.08 

0.00 

0.08 

0.00 

0.03 

0.00 

0.00 

0.08 

0.00 

0 .03 

116 

106 

97 

141 

112 

117 

IOS 

99 

108 

·110 

102 

103 

124 

102 

U7 

121 

IOS 

116 

100 

Beta 

l .M4 1.873 

1.294 2,322 

1,004 l,802 

1.054 · 1,1191 

1.514 

9'4 1,676 

874 1,568 

984 1,766 

1,622 

914 ..... 
1,034 1,1155 

1.124- l ,917 

904 1,622 

1,154 2,071 

1,094 1,903 

9)4 1,676 

1.044 1,873 

724 1,299 

884 J,586 

22 

1.::99 

2.32 :? 

1.712 

1.754 

36.49% 

23.92% 

Notes 
Fn><tlonol 

DCGL 

0.27 

024 

0.22 

0.33 

0.26 

027 

021 

0.2A 

022 

0.2S 

025 

0.23 

023 

0.26 

029 

0.23 

029 

10 

10 

SOF 

029 

0.37 

022 

0.33 

028 

0.29 

0.29 

0.32 

0.22 

0.27 

0.25 

0.26 

0.31 

0.26 

0.36 

023 

0.32 

0.28 0.28 

0.24 0.24 

027 ~ 0.34 

0.18 0.18 

023 0.2S 

22 

0.18 

0.::17 

0.28 

0.28 

0.06 

100 

100 

Gro" 
Counts 

19 40 

124 70S 18% 

Alpha 

S ot es '.'14etcpm 
Acthity 

'"--"~-·, 
- I <MOC 

-1.2 .) <MOC 

0.8 <MDC 

..0.2 - I <MOC 

. J <MOC 

..0.2 _, 
<MDC 

-J.2 -3 <MDC 

- 1.~ -3 <MOC 

2.8 <MDC 

-0.2 ·I <MOC 

0.8 <MOC 

0.8 <MOC 

-1.2 -3 <MOC 

1.8 <MDC 

0.8 <MOC 

-1.2 -3 <MDC 

-0.2 ·I <MOC 

0.8 

0.8 <MDC 

..0.2 <MDC 

0.8 <MOC 

- 1.2 -3 <MOC 

22 

-3 

-I 

Rr,it>wtd: Mikt Culp 

Removable Surface Acth;ty 

Fraction o 
DCG L 

0.00 

0.00 

0.05 

0 .00 

0.00 

0.00 

0.00 

0.00 

0.1 9 

0.00 

0 .05 

0.05 

0.00 

0.12 

0 .19 

0.00 

0.00 

0 .05 

0.05 

0.00 

0 .05 

0.00 

52 

58 

44 

55 

63 

SS 

54 

34 

56 

77 

58 

61 

70 

OS 

67 

SS 

62 

53 

SS 

46 

-1.6 

-13.6 

-4 .6 

3.4 

-6.6 

-4.6 

-5.6 

-2S.6 

-3.6 

17.4 

-1.6 

J.4 

10.4 

5.4 

7.4 

-1.6 

2.4 .... 
-4.6 

-13.6 

Beta 

-7 

-19 

14 

-19 

-23 

-107 

- 15 

-7 

43 

23 

31 

-7 

10 

-28 

-19 

-51 

22 

- \07 

73 

-15 

- II 

38 

<MDC 0.00 

<MDC 0.00 

0.00 

0.00 

<MDC 0.0:? 

<MDC 0.00 

0.00 

<MDC 0.00 

0.00 

<MOC 0.00 

0. 10 

<MDC 0.00 

<MDC O.Ql 

<MDC 0.06 

<MDC 0.03 

<MDC 0.04 

<MDC 0.00 

O.DI 

<MDC 0.00 

<MOC 0.00 

<MDC 0.00 

Brooks Hall 
Dttomrnissioning Fmal Status Repor1 

Pagt' G.21 ofG.28 

Date: 12116'16 

Dalt! 1-6-17 

SOF 

0.00 

0.00 

o.os 14 

0.00 17 13 

0.00 62 

0.02 48 

0.00 76 

0.00 43 

0.19 

0.00 SI 

o.os 56 

0.16 

0.00 ., 
0.13 ,. 12 

025 

0.03 

0 .04 9(1 

o.os 33 12 

0 .07 27 

0.00 ,0 
0.05 119 10 

0.00 40 II 10 

22 22 22 22 

0.00 

0.:?5 11 9 13 10 

0.03 44 

0.05 46 

0.10 30 



Cf'ntral Mkhig-.m Unh'f' rsity 
NR C Licenst Number 21..01432-02 
January 6, 2017 

!Project: CMt; Brooks Hall Bui lding Decommissioning 

Instrument / :-ienal # Sou"" Cal.Dur 
Df'ttttor I Serial # Check 
224).~ 1 253351 

SAT 812412017 
43-37 / PR2 16394 
2241-3 I 253351 

SAT 8124/2017 
4~37 I PR2J6394 
'29~91160013 

SAT 11123no11 
4~- 1().\ / PR167231 

29291 160013 
SAT ll f23f.?017 

43-10-l /PR161231 

Location Aloha 
G....,. Aeti\il)'· 

Counts 
1'"el cpm 

-"~ 

BHB- VEOl·El ·M-023 20 

Count 

Min 20 

M0> 20 

M~ian 20 

J\lu n 20 

StOe1· NIA 

" 

Sun·ey Unil : BHB-VEOI T y pt' of Sun'ey: Final Starns 

Type 
To111V ..... 

Remo,·11ble (com ) 

Alph:i To<~ 31.56% 0.25 

.... TouJ 28 33.97% 0.2.5 

Alpha Rl.'movabk 1.2 36.49% 

Beto RM!ovabSe 59.6 23.92 ... 

Total Surface Activity 
Beta 

Fraction or Gm<. Adlrlly 
Notes 

DCGL c. ..... Ndc:pm , .. .......:.~·--l1 
<MOC 0.05 Z2 192 387 

387 

387 

387 

387 

NIA 

Surveyor I : Jay Glucl: 

.nunt Time tmm) A"8 MDC DCGL 
Sam le Bk2. •cm: dnm/l()(km=i (dnm/IOOcm: J 

7.89% O.J 584 89 407 

8.49% 0 .1 O.J 584 2.17 7,050 

36.49'K JO JOO J9 40 

23.92% JO too 124 705 

Aloha ·-· SOF Gros• Activity 
Noles DCGL Counts 

'.'lel epm , .. __ ,,Al\_2\ 

OM 0.10 - 1.2 .3 

0.10 -3 

0. 10 -3 

0.10 -3 

0.10 -3 

NIA NIA 

46 ... 

, .... 

Notes 

<MOC 

S un'l.'yor 2: Mike Culp 

Rr,irwf'd: Mike Culp 

Removable Surface Activity 

Frnction ol 
DCG L 

0.00 53 .<;,6 -'28 <MOC 

-28 

-28 

-28 

-28 

NIA 

-oCDCGL 

0.00 

Brooks Hall 
Decommissioning t~inaJ Status Report 

Page G.22 or G.28 

D11tl': 121161 16 

Date: 1-6-17 

LSC (dpm/100cm2
) 

H·3 C-14 CH~ 

0.00 

. 

0.00 94 

0.00 94 

0.00 94 

0.00 94 

NIA NIA NIA NIA 



Central Michigan Unh'ersity 
NRC License Number 21-01432-02 
January 6, 2017 

Projl'<'t : CMU Brooks I hill Building Decommissioning T~·pe or Surwy: Final S1a1us Surwyor 1: Jay Glud: Sun·l'yor 2: Mike Culp 

nstrument ~nal 1't" Sow-cT Tot.aV Hlq:d Surface T otal t:ount T ime mm) Area MOC DCGL ~ll>C om ments: 

lf---'°'"'i;'°':c7-1~o~::tr/,.,i2s.,,_5 3"'~"";~,...•--+~C~h~«~k+-Ca-l_. 0u_'--t-T-'-"'--t~R~•m~o~"'~b~~+~"~'°-'m~) +E-m_"_;,_..,_Y+-~E~ffi~d~'"~"-t-E~·m~"~;,~nc~•+S~•-m~pl•+-"""•· · ._t-'l~<m~'~• fl d~l•~•ml~!~OOcrn=~''+~l 'd~••ml=!Ol~l<~m~'+''~"'-"-'-DC_G~L~l~IR.esults abon· MOC are bold. Resuhs abol 't' the investigation Jc,·cl lrt' red. 

43
_
37 1 

PR
2

SI040 SAT 912812017 Alpha TOfal ::t2.17 % 0.25 8.0!l'k- 0.l 584 87 407 21 % 

2241 -3 1253356 
43-37 / PR2811)W 

29291160013 
4::t-10-1 / PR167231 

29291160013 
43-10-1 / PRl 67231 

Loco ti on 

BHB-VEOl-El-M-024 

BHB-VEOl-El-M-025 

BHB-VEOJ -El -M-026 

BHB-VEOl-El -M-027 

BHB-VEOl-El -M-028 

BHB-VEOl-El -M-029 

BHB-VEOl -E l-M-030 

BHB· VEOl·E 1-M-031 

BHB-VEOJ-El-M-032 

BHB-VEOl-El-M-033 

Bl-IB-VEOl -El-M-034 

B HB-VEOl -E\-M-035 

BHB-VEO 1-El-M-036 

BHB-VEO 1-E l-M-037 

BHB-\'£01 -El -M-0:.8 

BHB-VEOl-El-M-039 

BHB-VEOl-El-M-040 

BHB-VEOJ-El-~1-04 1 

BHB-VEOl-EJ-M-042 

BHB-VEOl-El-M-043 

Count 

Min 

Max 

Mt'dian 

Mean 

Stl>t',· 

c...,,. 
Counts 

SAT 9'2812(}17 

SAT 11 123/;_011 

SAT 11/23/20 11 

Alpha 
AcfoitJ 

Net cpm , .,a __ 
11

nn.....1\ 

19 

19 

19 

-1 -2 

-1 

19 

19 

-I _, 
-I 

-1 -2 

-I 

19 

19 

19 

-1 -2 

-1 

19 

-1 -2 

19 

19 

20 

-2 

19 

19 

10 

II 

""'' 
A.lpha 

B~la 

Notes 

<MOC 

<MOC 

<MOC 

<.\10C 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<.VJOC 

<MOC 

<MOC 

<MOC 

<MOC 

Toca! 125 3 8.17% 

Rl'movabk 36.4~ 

Reroovabk: 59.6 23.92% 

Total Surface Activitv 

Fraction or 
DCG L 

0.05 

0.05 

0.0~ 

0.00 

0 .00 

0.05 

0 .0~ 

0 .00 

0.00 

0 .00 

0 .00 

0 .05 

0.05 

0.05 

0.00 

0.00 

0 .05 

0 .00 

0.05 

0.05 

106 

123 

122 

102 

100 

Ill 

102 

105 

104 

104 

106 

107 

109 

103 

"'' 
115 

109 

106 

·112 

935 

1.105 

'·""' 
·875 

985 

925 

915 

915 

935 

945 

965 

905 

915 

1.02.l 

965 

935 

995 

0.05 954% 

36.49~ 

23.92% 

Beta 

Notis 

1,983 

1,9'5 ..... 
1,570 

1,768 

l ,"16 

1.6'0 

1,64? 

1,678 

1,6% 

~732 

1,624 

1,642 

1,839 

1.73? 

1,6'78 

1,785 

1.510 

1.983 

1.678 

1.718 

0.1 0.1 

Frxtiono 
DCGL 

0.26 

0.24 

0.28 

0.23 

0.22 

0.25 

0.23 

0.24 

0.23 

0.23 

0.24 

0.24 

0.25 

0.23 

0.23 

0.26 

0.25 

0.24 

0 .25 

10 

10 

SOF 

0.31 

0.29 

033 

0.28 

0.23 

0.27 

0.30 

0.23 

0.24 

0.23 

0.23 

0.29 

0.29 

0.29 

0.23 

0.23 

03 1 

0.25 

0.29 

0 .. 30 

20 

o.n 
0.33 

0.28 

0.17 

o.o:. 

100 

100 

Gross 
Counts 

349 

19 

124 

Netcpm 

0.8 

-0.2 

0.8 

- 1.;_ 

-0.2 

-0.2 

-0.2 

-1.2 

-0.2 

-0.2 

1.8 

-1.2 

0.8 

-0.2 

-0.2 

0.8 

-1.2 

-0.2 

- 1.2 

-0.2 

7.050 

40 

105 

Aloha 
Activity 

"·-""""-'' 

-1 

-3 

-1 

-I 

-1 

-3 

·I 

·1 

_, 

-I 

-1 

-3 

-1 ., 
-1 

20 

-3 

-I 

4b'k 

18% 

Noles 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

<MOC 

Removable Surface Acti•itv 

Fraction ol 

OCGI. 

0.05 

0.00 

0.05 

0.00 

0.00 

0.00 

0.00 

0 .00 

0 .00 

0.00 

0.12 

0.00 

0.05 

0.00 

0 .00 

0.05 

0.00 

0 .00 

0.00 

0.00 

= Netcpm 

70 10.4 

-7.6 

64 4.4 

56 ·3.6 

49 -10.6 

64 4.4 

48 -11.6 

57 -2.6 

54 -5.6 

61 1.4 

71 11.4 

62 2.4 .. 8.4 

50 -9.6 

57 -2.6 

78 18.4 

79 19 . .i 

42 

47 -12.6 

n 17.4 

Acthity 

43 

-32 

18 

18 

·II 

-23 

41! 

IO 

35 

-11 

77 

81 

-74 

-53 

73 

20 

-74 

81 

-3 

46 

Notes 

0.06 

<MOC 0.00 

<MOC O.Q3 

0.00 

0.00 

<MOC 0.03 

<MOC 0.00 

0.00 

<MOC 0.00 

<MOC O.QI 

<MOC O.Q7 

0.l) ! 

<MDC 0.05 

<MOC 0.00 

0.00 

<MOC 0.11 

<MOC '0.12 

<MOC 0.00 

0.00 

<MOC 0.10 
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Ihltt': 1-6-17 

SOF 

0.12 " 
0.00 

0:08 29 

0.00 44 

0.00 87 10 

0.03 so 
0.00 27 

0.00 

0.00 .. 
0.01 59 

0. 19 53 

0 .01 60 

0.10 57 

0.00 28 

0.00 

0.16 " 10 

0 .12 70 

0.00 34 

0.00 •• 
0_10 

20 20 20 

0.00 15 

0.19 90 10 

0.00 53 

0.05 53 

0.09 21 



Central J\1khigan University 
NR C Licen.w Number 21-01432..02 
J anuary 6, 2017 

Projl'Ct: CM!; Brooks Hal l Buildi ng Decommissioning Sun·ey Unit: 81.fB.VEOI Sun ·t'yor J: Jay Gluck Sun·t'yor 2: Mike Culp 

lnslrumenl f :senal # Soul'l"t' Cal. Due Type TotaV BIQ!d EfficieOC) Surface Total oonl T1mt tmin) Area MOC DCGL MDC ommeots: 

11---"'=2;~:'~1~o~Jr/~/2S<=53=~=~11_•---+-~C~""'=k -+-----+----+~R-•m~o~"~b-l•_,_~"~••m_l--+---+-~Effi~•~ci'~"~"-· -+-E~m_.,_;,~"'~"_,_s_a_m~ol•-+--"-'""··--+,___l~<m~'-1 --+-'d~'"~""~'~""'=m~''+-'~d~o 'm/=!OO<=m~'-1 >-'(_'T._o_r_OC_G_L~) ... Resuhs abo\"C' MOC :I.rt' bold. Resul!s above the inves1igarion level are red. 

43-6S / PR2l 6394 SAT &/24120 17 Alpha T°'al 37.35'} 0 . ~5 9.J4% 0.1 584 75 407 18% 

2241·3 I 153351 
43-68 / PR116394 

"!.929 1 160013 
4:l.\O..l / PR167231 

29291 HiOOl 3 
43.10-1 / PR l67231 

Location 

BHB·VEO l ·El ·M..Q..14 

BHB-VEOJ -El·M-045 

BHB-VEOJ -El-M-046 

BHB- VEOJ -El ·M-047 

BHB· V"EOl-El·M-048 

BHB-VEOl -E l- M-049 

BHB-VEOl·E l-M-050 

BHB-VEOl·El-M-05 1 

BHB.VE01-El·M~52 

Counl 

Min 

Mox 

M"1ian 

Mean 

St l:k•" 

Gm« 
Counts 

SAT &12412017 

SAT 1112312017 

SAT 11123/2017 

Aloha 
Actfrih· 

Ketcpm t rlnm/ 1nn:. ... l) 

17 

11 

-I -2 

17 

-1 -2 

-1 
_, 

- I -2 

-I 

· I 

-2 

11 

·2 

Alpha 

Beta 

Notes 

<MDC 

<MDC 

<MOC 

<MDC 

<..\![[)(' 

<MOC 

<MDC 

Tot~ 28 32.5~ 0.25 S.1511> 

Removable 36.49% 36.499' 

Removable 23.92% 23.92% 

Total Surface Activitv 
Beta 

Netqna Notes 
f ractionof Gnw 

DCGI. Counts 

Adirity 

0.04 19 162 

0.04 27 242 

0.00 19 162 

0.04 '122 .. , 
0.00 18 152 319 

0.00 19 162 

0 .00 ''" 
0.00 23 2ll2 425 

0.00 25 '122 

319 

509 

361 

397 

70 

0.1 0.1 

10 

IO 

SOF 

0.05 0.09 

om 0.11 

0.05 0.05 

om 0.1 1 

0.05 0.05 

0.05 0.05 

0.05 0.05 

0.()6 0.06 

om 0.07 

' 
.. 

0.05 

0. 11 

0.06 

0.07 

0.02 

584 

100 

100 

G""'1 
Counts 

'121 1.0SO 3'T. 

19 40 

124 705 18'T. 

Aloha 

:"ilelcpm !\"oles 

3.8 10 <MDC 

0.8 <MDC 

-1.2 .3 <MDC 

·I.~ .3 <MOC 

.J.2 .3 <MOC 

-1.2 -3 <MDC 

-0.2 ·I <MDC 

·1.1 .3 <MOC 

0.8 <MDC 

.3 

10 

.3 

lR"'itwed: M ike Culp 

Removable Surface Activitv 
Beta 

0.26 60 0.4 

0.05 55 -4.6 - 19 

0.00 62 2.4 10 

0.00 68 8.4 

0.00 71 IL4 48 

0.00 74 14.4 60 

0.00 5.4 23 

0.00 61 1.4 

0.05 58 · 1.6 .7 

. 

' 
.. 

-19 

60 

IO 

17 

06 

Notes 

<MOC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

<MDC 

Fnd .... 
alDCGL 

0.00 

0.00 

O.QI 

0.05 

om 
0.09 

0.03 

0.0) 

0.00 
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LSC {dom/100cm2! 

SOF 
CH.1 

026 83 

0.05 109 

0.01 

0.05 18 11 

om " 
0.()9 18 " 
0.03 

0.0J 

0.05 

0.01 

0.26 109 11 

0 .05 35 

0.ITT 44 

0.12 33 



Central M.ichig-dn University 
NRC Liceose Number 21.01432-02 
J anuary 6, 2017 

Project: CMLi Brooks Hall Building Decommissioning 

Instrument I ~nal If Sou"" 

Sun·l'y Unit : BIIB-VEOI T~·peofSun·l') ! 

Total/ .... Final Staius Sun·l'yor I : Jay Glud Surveyor 2: M..ike Culp 

SurfaC"e T ota l °""' 1me mm) A~a MOC OCGL M DC ~omments: 
TyJ>l' Errtcirnc) 

Rl'movubll' fl'pm ) EfficienM' Efficiencv Sam ple .... lcm~/ 
Cal.Due 

l)totector I Serial # Cht'Ck 
2241-'.\ 1 253351 

1---=~==.---t-'=~j-'---+---+-~~_,r-~~t-'--+-==~+=="'--t-~-r-~-t-'=~pl d~lm~m/~l~DD<=m~'1+=1 d~o1m/=IDD<=m~'-+t~%~0~f~OC~G=L)-ftR .. csults above MOC are bold. Results abo\'e !he investi!!at ion level are red. 

43-371 PRl 78300 
SAT 8124C017 Alpha Total '.\1.56% 0.25 

Beto Totol 113 33.97% 025 2241-31253351 
SAT 8124/2017 43-37 I PR 178300 

Alpha Re-movable 1.2 36.49% 
29291 160013 

SAT 1112312017 
43-10-1 / PR 167:!31 

Sci• Removable 59.6 23.92'» 
2929 I ·160013 

SAT 11123'!017 
43-10-1 / PRl6723 1 

Total Surface Activitv 

Loculion Aloha Beta 
Gm>< Activity Fraction of c .... Activity 

Counts 
Netcpm Notes 

OCGL Coonl< 
Ndcpm 

BHB-VEOl -E J-M-053 15 <MOC 0.1>< 95 837 1,688 

. 

Count 

Min 15 1.688 

Max 15 1.688 

Med iun 15 1.688 

Me.11n 15 1,688 

Stl>r-,. NIA NIA 

7.89t.;. 0 .1 584 106 

8.49% 0.1 0.1 584 376 

36.49'K 10 100 19 

23.92% 10 100 124 

Fni<tion• sor c ..... 
No<es DCGL Cou nts 

Nielcpm 

0.'.14 0.28 2.8 

' 

0.28 

0.18 

0.28 

o.:s 
NIA 

407 267< 

7,0SO 5 ... 

40 46\\ 

705 IS% 

Alpha 
Activity 

' "--"~" 
'.'lot es 

<MDC 

t\/A 

Removable Surface Acth·ity 

Fn:ictionol 

DCGL 

0. 19 

' 
' 

Btta 

14 

14 

14 

14 

NIA 

........... 
fJfDCGL 

O.Q2 

•' 
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SOI' 
H-3 C-14 CHJ 

0.21 

0.11 :5 

0.21 25 

0.21 25 

0.21 " 
NIA NIA NIA NIA 



Central Michigan Unh'en;it)· 
NRC LiC't'nse Number 21-014:\2-02 
January 6, 2017 

lProjttt: CMU Brooks Hall Building Derommissioning Sun·ey Unit: BHB-VEO I Type of Suney: 1-lnal Stal us Sun ·eyor 1: Jay Gluck Surveyor 2: Mikr Culp 

Brooks Hall 

Deromm.is.sioning FmaJ Status Report 
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Date: 12116116 

instrument I Senilll # So ul'C."t' Cal. Due T Total/ B~d Efficiency Surfal'e Total oont 1me mm } Area MOC DCGL MOC ommrnts: 

II---!:°':!:!'!:""'":'..''..:/ S<~n!!·a~l~•--+"'C!!!h<'<ock,_· +-----+-·-v"'-+"R!C'm"'o"''"~b"l'+-"''"iem~J'-!---4--"EffiC!!"!!i•!!n"<Y~-'EC!!ffi"""''"'""L· +-'S"'am"''°ie''-' +--'":o"'"',-4--"fr"'m'-' Yf"' d"lrn"'m/'-'l"Olk"'"m-"'l !-'("dm_,mJ"'-"IOlk""'m'-'4"'("%-'o:C:f DC=G"L°") ll'.T,QlaJ surface activity measurements and clmh disc smears nOI performed due to geome1ry. Results above MOC are bold. 
Results above the investigation le,·e! are red. 

LOC11tion 

BHB-VEOJ -E3-M-054 

BHB-VEOl-EJ-M-055 

BHB-VEOJ-EJ-M-056 

BHB-VEOJ-EJ-M-057 

BHB-VE01·E3·M-058 

BHB-VEOJ-E3-M-059 

BHB-VEO l-EJ·M-060 

BHB-VEOl ·E3-M-061 

BHB-VE01 -E3-M-062 

BHB-VEOJ-E3-M -063 

BHB-VEO! -E3-M-064 

BHB-VE01 -E3-M-065 

BHB-VE01-E3-M-066 

BHB-VEOJ -E3-M-067 

BHB· VEO l ·E3·M-068 

BHB-VE01-E3-M-069 

BHB-VEOJ · E3-M-070 

BHB-VEOJ -EJ-M-071 

BHB-VE01-E3-M-072 

BHB-VEOl-E3-M-073 

BHB-VEOI -E3-M-074 

BHB-VEOl -EJ-M-075 

BHB-VE01-E3-M-076 

BHB-VEOl-EJ-M-077 

BHB-VEOl-EJ-M-078 

BHB-VE01 -E3-M-079 

BHB-VEOJ-EJ-M -ORO 

BHB-VEOJ-EJ-M-081 

BHB-VEOl ·F~~·M-082 

BHB-VE01-E3-M-083 

Count 

Min 

Max 

l'o'lt-diun 

,\Iran 

St Dev 

G""' 
Counts 

·, 

Alnha 
ActM1y 

!\"et cpm , _, __ ,.....,.___?\ Notes 

Total Surface Activity 

fraction of 

DCGL 

< " 

; 

' 

. 
1 ~ 

' 

..... 

o:• 

Bela 

·, 

' ' 

"' ' 
., 

•, 

' 

I& 
' 

... 

SOF 

.'\< 

" 

'· 
' 

c...,, 
Counts 

Aloha 

Netcpm l'liotes 
Acth·ity 

( A--1 11\l\n-2) 

Removable Surface Acti>itv 

Fraction ol 

DCGL 

1: 
'· 

' •if Beta 

., ' 
' !;j 

,,, 

; 

'' 

FnctiOll 
ol'DCGL 

"'' "" ., 

"' 

SOF 
., 

Date: 1-6-17 

LSC !dom/lOOcmiJ 

H-3 C-1~ 

107 )3 

56 

62 

80 

4S 

39 

S3 

SS 

93 

•• 
89 

98 

103 

60 

68 

S8 

7S 

78 

63 

44 

45 

100 

104 

54 

9 1 

49 

13 

83 

78 

30 30 30 

39 

J07 13 

77 

73 

20 
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~rojttl : CMU Brooks Hall Building Derommissioning Sun"ey Unit : BHB-VEOI TYJM' or Sur,·ey: final Status Surve:rnr I : Jay Glu• k Surveyor 2: Mike Culp 
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Instrument I ~nal # Source Cal. Due Typt' ToLaV HkJ!d EfTidency Surface Total ount Time \mm) Area MDC OCGL MDC icomments: 

t---°"-'-"'-"'-'-' S._ri•_•_•_-+~C~htt~k~· -+-----+----+~R~•m~•~·~~·~••+_(oo~m~) -+----+~Effi~•~cie~n~ov---11-"E~m~'~''~"'~'+-'S~•-mLpl~• +~"~'""~··---;~''~m~'~• -+"'d~to~•ml~l~tlO<=m~'1 t-t~d~nm/=ltlO<=m~''+(~%~o~f~DC~G~L~)-tt:fofUI surface ac1ivi1y measurements and doth disc smears nol performed due to geometry. Resuh s above ~nx: are bold. 
!Results above the invrstigation ll·vd are red. 

Location 

BHB-VE01-E3-M-085 

BHB-VEOJ-E3-M~6 

BHB-VEOl-£3-M-087 

BHB-VE01-E3-M-088 

BHB-VE01-E3-M-089 

BHB-VEO l-E3-M-090 

BHB-VEOl -E3-M-091 

BHB-VE01-E3-M--092 

BHB-VEOJ-£3-M-093 

BHB-VEOl-E3-M-094 

BHB-VEOJ-E3-M-095 

BHB-VEO 1-EJ-M-096 

BHB-VE01 -E3-M-097 

BHB-VEOl-EJ-M-098 

BHB-VEOJ -E3-M-019 

BHB-VE01-E3-M-IOO 

8HB-VEOI-E3-M-101 

BHB-VE01-E3-M-102 

BHB-VE01-E3-M-103 

BHB-VEOJ-E3-M-1 04 

0HB-VE01 -E3-M-105 

BHB-VEOJ-E3-M-106 

BHB-VEOl-E3-M-107 

BHB-VEOl-E3-M-108 

BHB-VE01-E3-M-1 09 

BHB-VEOl-E3-M-l IO 

BHB-VE01-E3-M-111 

BHB-VEOJ-E3-M-J 12 

BHB-VEOl-E3-M-l 13 

Cou nt 

Min 

Mnx 

MKlian 

Mean 

G""' 
Cnonls 

Aloha 
Acti,·ity 

J'licl cpm , .... _ 111V\.._z\ Notes 

Total Surface Activity 

Fraction of 
DCGL 

Gnu 
Coonts 

.i 

Beta 

·-~ DCGL 

.. 

SOF 

·' 

•. 

Gros• 
Counts 

Netcpm 

Aloha 

S ot es 

Removable Surface ActMty 

Fraction ot 
DCGL 

Beta 
SOF 

Datt': l ..{).-17 

LSC ldpm/100cm1
) 

H·3 c~1.i CH ~ 

105 

•• 
66 

72 

JOO 

62 

Ill 

134 

77 I' 

110 

89 

94 

60 

.... 
46 

58 tO 

... 
104 

141 

115 

37 

42 

68 

30 

SI 

'J7 

41 

60 

.... 
79 

30 30 30 

30 

141 13 

71 

76 

30 
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Project: CMLi Broob Hall Building Decommissioning Sun ·eyor 2: Mike Culp 
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Instrument ~nal « Sourtt Cal. Due Typt" Tot..aV B~d Efficiency Surfa1.."r Total ..ount T ime (mm Area !\IDC l>CGL MOC ommeots: 

1---"°'-'-'"-"'"-'"c.'~' S.~ri•_l-'-•--+~C~""'="-+------+----+-'-"~•m~•~'"=-b~''+-'-''="'m~) -+----+~Effi~•~d~'"~"-l-'E~rn~"~''~"'~'·+-S~a~mL01>c.•+-"~'"'~··'---'r'~'m~'~pl,,.dm~m/~l~OOc=m'-'' +'-'(d,,mm/=JOOc=m~'"+l-'-%'-o"-r-"DC-"G"--L~)-ll:TOl.:tl surface ac1ivi1y measurcme111s and cloth disc smeun not performed due to geometry. Result s above MOC are bold. 
Results abo\·e thr invrstigarion level are red. 

Location 

BHB-VEOl-EJ-M-114 

BHB-VEOl-EJ-M-115 

BHB-VEOl-F..3-M-116 

BHB-VEOJ -EJ-M-1 17 

BHB-YE01 -E3-M-118 

BHB-VEOl-EJ-M-119 

Count 

~1.in 

Max 

Media n 

l\lea o 

StI>t.>,, 

Gn>« 
Counts 

Aloha 
Actfri ly 

l'iet cpm , _. __ 
11

nn..._ 21 Notes 

Total Surface Activity 

Fraction or 
DCGL 

No<es 
F....- o1 

DCGL 
SOF Gro<• 

Counts 
Setcpm 

Aloha 

S oles 
Activi ty ,. __ ,,~,, 

R" ·iewed: Mike Culp 

Removable Surface Activity 

Fraction of 
DCGL 

ll<ta ·o( DCGL 

Date: 1-6-17 

LSC fd pm/100cm2J 
SOF 

H-:,\ C-14 CHJ 

•• 
75 

53 

95 

36 

63 

36 

95 

66 

65 

'0 



Appendix H 
Quality Assurance Survey Results 
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9/12/2016 DandO Building Occupancy Scenario 

DandD Building Occupancy Scenario 

DandD Version: 2.1.0 
Run Date/Time: 9/12/2016 8:41:09 AM 
Site Name: Any 
Description: DSV Determination with NUREG 1720 REsuspension Factor 
FileName: C:\Users\mgdtke\Desktop\Dave DandD\Pb-210+C DSV, NUREG 1720 RF.mcd 

Options: 

Implicit progeny doses NOT included with explicit parent doses 
Nuclide concentrations are NOT distributed among all progeny 
Number of simulations: 100 
Seed for Random Generation: 8718721 
Averages used for behavioral type parameters 

External Pathway is ON 
Inhalation Pathway is ON 
Secondary Ingestion Pathway is ON 

Initial Activities: 

I 
Nuclide II 

Area of 

I 
Distribution 

Contamination (m2) 

I210Pb II UNLIMITED 
Mystifi~.<a1iQn for con~.;!<nlm1iQn · DSV Determination 

Chain Data: 

Number of chains: 1 

Chain No.1: 210Pb 
Nuclides in chain: 3 

INucHdel @] Chain 
Position e 

l2l0Pb II• ll8.l5E+0311 

First 
Parent 

l2l0Bi 112 lls.oiE+ooi!I 

l2l0Po 113 lll.38E+02!12 

Initial Concentrations: 

Fractional Second 
Yield Parent 

II II 

11 1 llo 

11 1 llo 

llcoNSTANT(dpm/100 cm**2) 

Jjvalue l.OOE+OO 

Ingestion Inhalation Surface 
Fractional CEDE CEDE Dose Rate 

Yield Factor Factor Factor 
(Sv/Bq) (Sv/Bq) ((Sv/d)/(Bq/m 2)) 

II IIL45E-06113.67E-06 ll2.l4E-13 

11° IIL73E-o9lls.29E-08 II9.06E-14 

11° 115.14E-07II2.54E-06 II7.16E-16 

Note: All reported values are the upper bound ofthe symmetric 95% confidence interval for the 0.9 quantile value 

I Nuclide 
II 

Surface Concentration 
(dpm/100 cm**2) 

l2l0Pb IILOOE+OO I 
l2l0Bi I!O.OOE+OO I 

II 
file:/I/C:/Users/mgdtke/Desktop/Dave%20DandD/Pb-210+C%20DSV,%20NUREG%201720%20RF _bld_Detail.htm 

I 
I 
I 

15cm 
Dose Rate 

Factor 
((Sv/d)/(Bq/m 3)) 

lll.l3E-15 I 
IIL61E-15 I 
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II210Po IIO.OOE+OO 

Model Parameters: 

General Parameters: 

I Parameter Name II Description II Distribution I 

ITo:Time In Building 
I The time in the building during the 
occupancy penod 

lcoNSTANT(hr/week) 
I 

loefault value used llvalue 4.50E+Ol I 

lno:Occupancy Period 
I Th~ duration of the occupancy exposure 
penod 

CONSTANT( days) 

lllilfi!Yit Vi!lll!;< l!S!;<g IIValue 3.65E+02 I 
The average volumetric breathing rate 

fONSTANT(m"31h<) 
I 

Yo: Breathing Rate during building occupancy for an 8-hour 
work day 

IDe fault value used llvalue 1.40E+OO I 

RF o*: Resuspension Effective resuspension factor during the 
ICONSTANT(l/m) 

I Factor occupancy period= RFo * Fl 

Mustification for modification· NUREG 1720 Recommendation llvalue l.OOE-06 I 
JOe fault DERIVED( lim) I 

Effective secondary ingestion transfer rate 

rERIVED(m"2ih<) 

I 
GO*:Ingestion Rate 

of removable surface activity from building 
surfaces to the mouth during building 
occupancy =GO * Fl 

lllilfi!YI! Vi!lll!;< 11~5<!:1 I 

ITstart:Start Time liThe start time ofthe scenario in days llcoNSTANT(days) I 
!Default value used llvalue O.OOE+OO I 

ITend:End Time liThe ending time ofthe scenario in days llcONSTANT(days) I 
IDe fault value used IIValye 3.65E+02 I 
ldt:Time Step Size liThe time step size llcoNSTANT(days) I 
lllilfi!Ult Vi!lU!;< US!;<g llvalye 3.65E+02 I 

The time steps for the history file. Doses 
fONSTANT(nnno) 

I 
Pstep:Print Step Size will be written to the history file every n 

time steps 

IDe fault value used IIVi!lue l.OOE+OO I 

AOExt:External Minimum surface area to which occupant is I 
I Exposure Area 

exposed via external radiation duringCONSTANT(m**2) 
occupancy penod 

!Default value used IJvalue l.OOE+Ol I 

AOinh:Inhalation 
Minimum surface area to which occupant is I 

I Exposure Area 
ex~osed via inhalation during occupancyCONSTANT(m**2) 
penod 

!Default value used llvalue l.OOE+Ol 

AO Ing: Secondary 
Minimum surface area to which occupant is 

foNSTANT(m" 2) 
Ingestion Exposure Area 

exposed via secondary ingestion during 
occupancy period 

!Default value used llvalue l.OOE+Ol 

IAO:Exposure Area I Minimum s~rface area to which occupant is IDERIVED(m** 2) 
exposed dunng the occupancy penod 

IDe fault v11lue useg II 

IFI:Loose Fraction 
I Fraction of surface contamination available 
forresuspension and ingestion 

lcoNSTANT(none) I 
II II 

file:///C:/Users/mgdtke/Desktop/Dave%20DandD/Pb-210+C%20DSV,%20NUREG%201720%20RF _bld_Detail.htm 2/4 
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~~~~"'~';' I~ l.OOE-ol I 

I 
£: S& iuspension I!Resusp~nsi~n fae£or fur loose .,CONTINUOUS LOGARITHMIC(l/m) 

Factor contammatwn 

Default value used ~ Prob!!bilil~ 

9.12E-06 O.OOE+OO 
l.IOE-04 7.67E-Ol 
1.46E-04 9.09E-Ol 
1.62E-04 9.50E-Ol 
1.85E-04 9.90E-Ol 
l.90E-04 l.OOE+OO 

The secondary ingestion transfer rate of 
GO:Loose Ingestion loose removable surface activity from 

CONSTANT(m**2/hr) 
Rate building surfaces to the mouth during 

building occupancy 

IDe fault value used llvalue l.IOE-04 I 

Correlation Coefficients: 

Summary Results: 

90.00% of the 100 calculated TEDE values are< l.OOE-02 mrem/year . 
The 95 % Confidence Interval for the 0.9 quantile value ofTEDE is l.OOE-02 to l.OOE-02 mrem/year 

Detailed Results: 
Note: All reported values are the upper bound of the symmetric 95% confidence interval for the 0.9 quantile value 

Concentration at Time of Peak Dose: 

I Nuclide 
II 

Surface Concentration 
(dpm/100 cm**2) 

I210Pb II9.85E-Ol 

I210Bi II9.65E-Ol 

I210Po lls.I9E-Ol 

Pathway Dose from All Nuclides (mrem) 

All Pathways 
Dose II External 

I1=1I=.O=OE=-0=2=======lii4.85E-06 

I 

I 

I 

II Inhalation 

II2.72E-03 

Radionuclide Dose through All Active Pathways (mrem) 

I 
Nuclide 

II 
All Pathways 

I Dose 

I210Pb IIS.lOE-03 I 
I210Bi 113.65E-05 I 
I210Po IIL87E-03 I 
IAII Nuclides III.OOE-02 I 

Dose from Each Nuclide through Each Active Pathway (mrem) 

Nuclide External Inhalation 

I
I Secondary 
II Ingestion 

II7.28E-03 

Secondary 
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II II II Ingestion I 
I210Pb II3.42E-06 III.97E-03 IJ6.13E-03 I 
I210Bi III.42E-06 II2.79E-05 Jj7.17E-06 I 
I210Po 116.04E-09 II7.20E-04 llt.lSE-03 I 
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DandD Building Occupancy Scenario 

DandD Version: 2.1.0 
Run Date/Time: 9/12/20I6 12:34:2I AM 
Site Name: Any 
Description: DSV Determination with NUREG I720 REsuspension Factor 
FileName: C:\Users\mgdtke\Desktop\Dave DandD\Pu-238 DSV, NUREG 1720 RF.mcd 

Options: 

Implicit progeny doses NOT included with explicit parent doses 
Nuclide concentrations are distributed among all progeny 
Number of simulations: 100 
Seed for Random Generation: 871872I 
Averages used for behavioral type parameters 

External Pathway is ON 
Inhalation Pathway is ON 
Secondary Ingestion Pathway is ON 

Initial Activities: 

I 
Nuclide 

I 
Area of 

Contamination (m2) I 
Distribution 

I238Pu IIUNLIMITED llcONSTANT(dpm/100 cm**2) 

IJystifi~;!ltiQn for ~;Qn~;~;;ntr!l1iQn: DSV Determination 

Chain Data: 

Number of chains: 1 

Chain No.1: 238Pu 
Nuclides in chain: 13 

B Cha;n ~ p;,., 
Position Life Par ent 

I238Pu III II3.20E+0411 

I234U 112 11&.93E+07IIt 

I230Th 113 II2.81E+07II2 

I226Ra 114 115.84E+05113 

I222Rn lis 113.82E+Ooll4 

I218Po IIImplicit II lis 
I214Pb IIImplicit II lis 
I218At IJimplicit [ lis 
I214Bi IJimplicit II lis 
I214Po IJlmplicit II lis 
I II II II 

Fractional Second 
Yield Parent 

II II 
III llo 

III llo 

III llo 

III 0 

III 
llo.9998 

11o.ooo2 

11 1 

llo.9998 

II II 

llvalue l.OOE+OO 

Ingestion Inhalation Surface 
Fractional CEDE CEDE Dose Rate 

Yield Factor Factor Factor 
(Sv/Bq) (Sv/Bq) ((Sv/d)/(Bq/m 2)) 

II 118.65E-07III.06E-04 II7.23E-14 

llo II7.66E-o8113.58E-os II6.46E-14 

llo III.48E-07IIs.80E-05 II6.48E-I4 

Jlo JI3.58E-07II2.32E-06 II5.56E-I3 

Jlo JJo.ooE+oollo.ooE+oo II3.41E-14 

II llo.ooE+OO llo.ooE+oo II7.67E-16 

IIL69E-10 II2.11E-09 II2.10E-ll 

llo.OOE+Oollo.OOE+OO llo.OOE+OO 

117 .64E-1I 111. 78E-09 IIL22E-10 

llo.ooE+oollo.ooE+OO II7.02E-I5 
II II II 
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I 
I 
I 

15cm 
Dose Rate 

Factor 
((Sv/d)/(Bq/m 3)) 

116.97E-17 I 
jji.85E-16 I 
lls.52E-16 I 
IIL42E-14 I 
119.8IE-16 I 
II2.27E-17 I 
115.78E-13 I 
IIO.OOE+OO I 
II3.77E-I2 I 
II2.07E-16 I 
II 
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I210Pb 116 lls.IsE+o3lls 11 1 11° 11° IIL45E-06II3.67E-06 112.14£-13 II1.13E-15 

I210Bi 117 l!s.oiE+ooll6 11 1 11° 11° IIL73E-09115.29E-08 119.06£-14 IIL61E-15 

I210Po !Is II1.38E+02II7 11 1 11° 11° lls.I4E-o7II2.54E-o6 117.16£-16 II2.11E-17 

Initial Concentrations: 
Note: All reported values are the upper bound ofthe symmetric 95% confidence interval for the 0.9 quantile value 

I Nuclide 
II 

Surface Concentration 
(dpm/100 cm**2) 

I238Pu IILOOE+OO 

I234U llo.OOE+OO 

I230Th llo.OOE+OO 

I226Ra llo.OOE+OO 

1222Rn llo.OOE+OO 

I218Po IIO.OOE+OO 

I214Pb jjo.OOE+OO 

I218At IIO.OOE+OO 

I214Bi llo.OOE+OO 

I214Po llo.OOE+OO 

I210Pb llo.OOE+OO 

I210Bi llo.OOE+OO 

I2IOPo llo.OOE+OO 

Model Parameters: 

General Parameters: 

I Parameter Name 

ITo:Time In Building 

!Default value used 

lno:Occupancy Period 

IDe fault value used 

Yo: Breathing Rate 

!Default yalue used 

RF o*: Resuspension 
Factor 

I 

I 

I 

I 

I 
I 

I 
I 

I 

I 
I 
I 

I 

II~=====.=D7=es~c~ri=pt~io=n==7=====~~~~==========D=is=tr=ib=u=t=io=n========~ll 
I 
The time in the_ building during the I I CONSTANT(hr/week) 
occupancy penod . 

I The duration of the occupancy exposure 
penod 

The average volumetric breathing rate 
during building occupancy for an 8-hour 
work day 

Effective resuspension factor during the 
occupancy period= RFo * Fl 

IIY4li 4.50E+Ol I 
lcoNSTANT(days) I 
IIY4!i 3.65E+02 

foNSTANf(m.,3/h') 

IIY4!i 1.40E+OO 

ICONSTANT(l/m) 

!Justification for modification: NUREG 1720 Recommendation I~Yl!l.!!§ l.OOE-06 

GO*:Jngestion Rate 

!Default value used 

ITstart:Start Time 
!Default value used 

ITend:End Time 

~DERIVED( lim) 

Effective secondary ingestion transfer rate I 
of removable surface activity from building DERIVED(m**2/hr) 
surfaces to the mouth dunng bUlldmg 
occupancy =GO* Fl 

liThe start time ofthe scenario in days llcoNSTANT(days) 

IIY4!i O.OOE+OO 

liThe ending time ofthe scenario in days iicoNSTANT(days) 
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!Default value used IIValue 3.65E+02 I 

Jdt:Time Step Size liThe time step size llcoNSTANT(days) I 
!Default value used IIValue 3.65E+02 I 

The time steps for the history file. Doses 

fONSTANT("'"') 

' 

Pstep:Print Step Size will be written to the history file every n 
time steps 

!Default value used llvalue l.OOE+OO I 

AOExt:External 
Minimum surface area to which occupant is 

fONSTANT(m"2) 

I Exposure Area 
exposed via external radiation during 
occupancy period 

!Default value used llvalue l.OOE+Ol I 

AOinh:Inhalation 
Minimum surface area to which occupant is 

fONSTANf(m"2) 
I Exposure Area 

exposed via inhalation during occupancy 
period 

IOs<f!!lll1 :t:!llU§< used livalye I.OOE+OI I 

AOing: Secondary 
Minimum surface area to which occupant is 

foNSTANT(m''2l 
I Ingestion Exposure Area 

exposed via secondary ingestion during 
occupancy period 

IQ!;fault value used liValue l.OOE+Ol I 

IAO:Exposure Area 
I Minimum surface area to which occupant is 
exposed during the occupancy period IDERIVED(m**2) I 

IDe fault value used I 

IFl:Loose Fraction 
I Fraction of surface contamination available 
for resuspension and ingestion lcoNSTANT(none) I 

IDef!!ult value used jlvalue l.OOE-01 I 

Rfo:Loose Resuspension Resuspension factor for loose 
'CONTINUOUS LOGARITHMIC( lim) 

I Factor contamination 

Default value used V_IDue Probabilit~ 

9.12E-06 O.OOE+OO 
l.lOE-04 7.67E-Ol 
1.46E-04 9.09E-Ol 
II.62E-04 9.50E-Ol 
l.SSE-04 9.90E-01 
1.90E-04 l.OOE+OO 

The secondary ingestion transfer rate of 
GO: Loose Ingestion loose removable surface activity from 

CONSTANT(m**2/hr) 
Rate building surfaces to the mouth during 

building occupancy 

IOs<f!!ult V!llU§; l!S§<d livalue l.lOE-04 I 

Correlation Coefficients: 

Summary Results: 

90.00% of the 100 calculated TEDE values are< 6.14E-02 mrem/year . 
The 95% Confidence Interval for the 0.9 quantile value ofTEDE is 6.14E-02 to 6.14E-02 mrem/year 

Detailed Results: 
Note: All reported values are the upper bound ofthe symmetric 95% confidence interval for the 0.9 quantile value 

Concentration at Time ofPeak Dose: 

Nuclide 
Surface Concentration 

(dpm/lOO cm**2) 
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I238Pu II9.96E-Ol I 
I234U IIL41E-06 I 
1230Th II4.25E-12 I 
I226Ra II4.61E-16 I 
I222Rn II4.34E-16 

I218Po II4.34E-16 

I214Pb II4.34E-16 

I218At 118.68E-20 

I214Bi II4.34E-16 

I214Po II4.34E-16 

I210Pb II2.60E-18 

I210Bi II2.26E-18 

I210Po lls.I7E-I9 

Pathway Dose from All Nuclides (mrem) 

I 
All Pathways 

II 
External 

II 
Inhalation 

II 
Secondary 

Dose Ingestion 

I6.14E-02 lll.l7E-06 lls.77E-02 II3.70E-03 I 

Radionuclide Dose through All Active Pathways (mrem) 

I Nuclide 
II 

All Pathways 

I Dose 

I238Pu 116.l4E-02 I 
I234U 112.8lE-08 I 
I230Th II2.07E-l3 I 
I226Ra III.30E-18 

I222Rn II2.40E-22 

I218Po lls.4IE-24 

I214Pb IIL49E-19 

I218At llo.OOE+OO 

I214Bi II8.61E-19 

I214Po II4.95E-23 

I210Pb II2.14E-20 

I210Bi lls.s4E-23 

I2IOPo IIL86E-21 

IAH Nuclides 116.14E-02 

Dose from Each Nuclide through Each Active Pathway (mrem) 

I 
Nuclide 

II 
External 

II 
Inhalation 

II 
Secondary 
Ingestion 

I238Pu III.17E-06 lls.77E-02 II3.70E-03 

I234U III.48E-12 II2.76E-08 II4.65E-10 

I230Th II4.47E-18 II2.04E-13 II2.70E-15 

I226Ra II4.16E-21 lls.84E-I9 II7.08E-19 

1222Rn II2.40E-22 l!o.OOE+OO llo.OOE+OO 

I218Po 115.41E-24 llo.OOE+OO IIO.OOE+OO I 
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j214Pb IIL48E-19 IIS.OOE-22 jj3.15E-22 

I218At llo.OOE+OO llo.OOE+OO llo.OOE+OO 

I214Bi 11&.60E-19 II4.22E-22 llt.42E-22 

I2I4Po II4.95E-23 IIO.OOE+OO llo.OOE+OO 

I210Pb II9.03E-24 lls.20E-2I llt.62E-20 

I210Bi 113.33E-24 116.53E-23 llt.68E-23 I 
I210Po II6.02E-27 II7.18E-22 lll.l4E-21 I 
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DandD Building Occupancy Scenario 

DandO Version: 2.I.O 
Run Date/Time: 9/I2/20I6 8:37:I6 AM 
Site Name: Any 
Description: DSV Detennination with NUREG I720 REsuspension Factor 
FileName: C:\Users\mgdtke\Desktop\Dave DandD\Ra-226+C DSV, NUREG I720 RF.mcd 

Options: 

Implicit progeny doses NOT included with explicit parent doses 
Nuclide concentrations are NOT distributed among all progeny 
Number of simulations: IOO 
Seed for Random Generation: 871872I 
Averages used for behavioral type parameters 

External Pathway is ON 
Inhalation Pathway is ON 
Secondary Ingestion Pathway is ON 

Initial Activities: 

I Nuclide I 
Area of 

Contamination (m2) I Distribution 

I226Ra+C IIUNLIMITED llcONSTANT(dpm/100 cm**2) 
Justification for concentration: DSV Determination 

Chain Data: 

Number of chains: I 

Chain No. I: 226Ra+C 
Nuclides in chain: 10 

I Nuclide I @] Chain First 
Position Parent e 

I226Ra+C III 115.84E+0511 

I222Rn 112 113.82E+OOIII 

I2I8Po IIImplicit II 112 

I2I4Pb IIImplicit II 112 

I2I8At IJimplicit 11 112 

I214Bi IJimplicit 11 112 

I2I4Po IJimplicit 11 112 
I210Pb 113 118.15E+03112 

I210Bi 114 lls.o I E+ooll3 

I210Po lis 111.38E+02II4 

Fractional Second 
Yield Parent 

II II 
III llo 

III II 
llo.9998 II 
11o.ooo2 II 
III II 
llo.9998 II 
III llo 

III llo 

11 1 llo 

!Value l.OOE+OO 

Ingestion Inhalation Surface 
Fractional CEDE CEDE Dose Rate 

Yield Factor Factor Factor 
(Sv/Bq) (Sv/Bq) ((Sv/d)/(Bq/m 2)) 

II II II I 
llo llo.OOE+OOIIo.OOE+OO 113.4IE-I4 

II llo.OOE+OOIIO.OOE+OO II7.67E-I6 

II IIL69E-10 II2.1IE-09 112.IOE-ll 

II llo.OOE+OOIIo.OOE+OO llo.OOE+OO 

II II7.64E-II IIL78E-09 III.22E-IO 

II llo.OOE+OOIIo.OOE+OO II7.02E-I5 

llo III.45E-06113.67E-06 II2.I4E-13 

llo IIL73E-09115.29E-08 II9.06E-I4 

llo 115.I4E-07II2.54E-06 II7.16E-I6 
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I 
I 
I 

15 em 
Dose Rate 

Factor 
((Sv/d)/(Bq/m 3)) 

II9.8IE-I6 I 
II2.27E-I7 I 
115.78E-I3 I 
llo.OOE+OO I 
II3.77E-I2 I 
II2.07E-I6 I 
III.I3E-15 I 
IIL6IE-I5 I 
112.11 E-17 I 
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Initial Concentrations: 
Note: All reported values are the upper bound of the symmetric 95% confidence interval for the 0.9 quantile value 

I 
Nuclide 

I 

Surface Concentration 
(dpm/100 cm**2) 

J226Ra IILOOE+OO I 
I222Rn IILOOE+OO I 
J218Po IILOOE+OO I 
I214Pb IILOOE+OO I 
I218At II2.00E-04 I 
I214Bi IILOOE+OO I 
I214Po IILOOE+OO I 
I210Pb IILOlE+OO I 
I210Bi IILOlE+OO I 
I210Po IILOIE+OO I 

Model Parameters: 

General Parameters: 

I Parameter Name II Description II Distribution I 

ITo:Time In Building 
I The time in the building during the 
occupancy penod ICONSTANT(hr/week) I 

lnefault V!llue used IIValue 4.50E+Ol I 

!no: Occupancy Period 
I Th~ duration of the occupancy exposure 
penod !CONSTANT( days) I 

jl2!<fault ~~~lue uskd Jlvalue 3.65E+02 I 
The average volumetric breathing rate 

FONSTANT(m"31h<) 

I 
Vo:Breathing Rate during building occupancy for an 8-hour 

work day 

lnefaylt Vi!lue used llvalue 1.40E+OO I 
RFo*:Resuspension Effective resuspension factor during the 

ICONSTANT(llm) I Factor occupancy period= RFo * Fl 

!Justification for modification: NUREG 1720 Recommendation IIValue l.OOE-06 I 
!Default DERIVED( lim) I 

Effective secondary ingestion transfer rate of 

IOERNED(m"2ih<) 

I 

GO*:Ingestion Rate 
removable surface activity from building 
surfaces to the mouth during building 
occupancy =GO * Fl 

IDe fault value used I 
ITstart: Start Time liThe start time of the scenario in days llcoNST ANT( days) I 
jl2!<fault value u~~:<d IIValue O.OOE+OO I 
ITend:End Time liThe ending time of the scenario in days llcoNSTANT(days) I 
II2s<fault value used llvalue 3.65E+02 I 
ldt:Time Step Size liThe time step size llcONSTANT(days) I 
jl2!<fuult value used Jlvalue 3.65E+02 I 

The time steps for the history file. Doses will 
FONSTANT(oooo) 

I 
Pstep:Print Step Size be written to the history file every n time 

steps 

II2s<fault value used IIValue l.OOE+OO I 

IAOExt:External 
!!Minimum surface area to which occupant is 
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~Exposure Area ~~~xposed via external radiation during 
occupancy penod 

IICONSTANT(m**2) 

I 
jnerault valu!; l!~!;Q jjvalue l.OOE+Ol I 

AO Inh: Inhalation 
Minimum surface area to which occupant is 

ICONSTANT(m .. 2) 

I 
Exposure Area 

exposed via inhalation during occupancy 
period 

jnerault value ysed j!Value l.OOE+Ol I 
AO Ing: Secondary 

Minimum surface area to which occupant is ~ONSTANT(m .. 2) 

! 

exposed via secondary ingestion during 
Ingestion Exposure Area occupancy period 

jDefi!lllt Yi!lUi< US\<d I!Value l.OOE+Ol I 

lAO: Exposure Area 
I Minimum surface area to which occupant is 
exposed during the occupancy period IDERIVED(m* *2) 

I 
jOe fault value used I 
IF!: Loose Fraction 

I Fraction of surface contamination available 
for resuspension and ingestion ICONSTANT(none) 

I 
!Default valye us!;d Jlvalue l.OOE-01 I 
Rfo: Loose Resuspension Ill . . . F Resuspenswn factor for loose contammatwn 

actor 
ICONTlNUOUS LOGARITHMIC( lim) 

I 
Default value used ~ P[QQabilitx 

9.12E-06 O.OOE+OO 
l.lOE-04 7.67E-01 
1.46E-04 9.09E-Ol 
1.62E-04 9.50E-Ol 
\.&SE-04 9.90E-O\ 
\.90E-04 l.OOE+OO 

The secondary ingestion transfer rate of 

ICONSTANT(m .. 21h<) 

I 

GO:Loose Ingestion loose removable surface activity from 
Rate building surfaces to the mouth during 

building occupancy 

jOe fault value used livalue l.lOE-04 I 
Correlation Coefficients: 

Summary Results: 

90.00% of the 100 calculated TEDE values are< 1.72E-02 mrem/year . 
The 95% Confidence Interval for the 0.9 quantile value ofTEDE is 1.72E-02 to 1.72E-02 mrem/year 

Detailed Results: 
Note: All reported values are the upper bound of the symmetric 95% confidence interval for the 0.9 quantile value 

Concentration at Time ofPeak Dose: 

I Nuclide 
II 

Surface Concentration 
(dpm/100 cm**2) 

I226Ra IILOOE+OO I 
I222Rn IILOOE+OO I 
J218Po IILOOE+OO I 
I2I4Pb llt.OOE+OO I 
I218At IJ2.00E-04 I 
I2I4Bi IILOOE+OO I 
I214Po IILOOE+OO I 

I210Pb IILOIE+OO I 
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ll
!210Bi !!LOlE+OO 
_12~=10=Po=====liiLO lE+OO 

Pathway Dose from All Nuclides (mrem) 

DandO Building Occupancy Scenario 

I All p;~~;ays II External II Inhalation II ~~c;~~i~~ 
~================~~==========~~============~ 
JI.nE-02 IJ2.34E-03 II4.74E-03 J[oiE-02 

Radionuclide Dose through All Active Pathways (mrem) 

I Nuclide 
II 

All Pathways 

I Dose 

J226Ra IJ2.81E-03 I 
J222Rn IJ5.54E-07 I 
J218Po III.25E-08 I 
j214Pb IJ3.43E-04 I 
I218At Jlo.OOE+OO I 
J214Bi IJ1.98E-03 I 
J214Po IJl.l4E-07 I 
j210Pb 1Js.34E-03 I 
j210Bi JI3.83E-05 I 
j210Po jj3.64E-03 I 
jAil Nuclides III.72E-02 I 

Dose from Each Nuclide through Each Active Pathway (mrem) 

I Nuclide 
II 

External 
II 

Inhalation 
II 

Secondary 
Ingestion 

I226Ra 119.03E-06 III.27E-03 IJI.54E-03 

I222Rn 115.54E-07 IIO.OOE+OO Jlo.OOE+OO 

J218Po III.25E-08 llo.OOE+OO IIO.OOE+OO 

J214Pb 113.41E-04 III.15E-06 II7.25E-07 

j218At llo.OOE+OO llo.OOE+OO llo.OOE+OO 

j214Bi IJL98E-03 119.72E-07 113.28E-07 

I2I4Po 111.14E-07 llo.OOE+OO !IO.OOE+OO 

j210Pb 113.53E-06 II2.03E-03 116.31E-03 

j210Bi llt49E-06 !12.93E-05 II7.53E-06 

J210Po JJusE-08 IIL41E-03 Jj2.24E-03 
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DandD Building Occupancy Scenario 

DandD Version: 2.1.0 
Run Date/Time: 9/12/20I6 8:35:0I AM 
Site Name: Any 
Description: DSV Determination with NUREG I720 REsuspension Factor 
FileName: C:\Users\mgdtke\Desktop\Dave DandD\Th-232+C DSV, NUREG 1720 RF.mcd 

Options: 

Implicit progeny doses NOT included with explicit parent doses 
Nuclide concentrations are NOT distributed among all progeny 
Number of simulations: 100 
Seed for Random Generation: 871872I 
Averages used for behavioral type parameters 

External Pathway is ON 
Inhalation Pathway is ON 
Secondary Ingestion Pathway is ON 

Initial Activities: 

I Nuclide I 
Area of 

Contamination (m2) I Distribution 

j232Th+C IJUNLIMITED JJcoNSTANT(dpm/100 cm**2) 
!Justification for concentration: DSV Detennination 

Chain Data: 

Number of chains: I 

Chain No.1: 232Th+C 
Nuclides in chain: II 

B Cbatn ~ Fh-,t Frncttonal 
Position Life Parent Yield 

J232Th+C III IJs.BE+ I2IJ II 
J228Ra 112 II2.IOE+031JI III 
J228Ac IIImplicit II 112 III 
I228Th 113 116.99E+02II2 III 
J224Ra 114 113.66E+OoiJ3 III 
J220Rn IIImplicit II 114 11 1 

I2I6Po IIImplicit II 114 III 
I212Pb lis II4.43E-OIIJ4 III 
j2I2Bi IIImplicit II lis III 
I212Po IIImplicit II lis 1Jo.64o7 

I208Tl IIImplicit II lis 1Jo.3s93 

Second 
Parent 

II 
llo 

II 
llo 

llo 

II 

II 

11° 

II 
II 

II 

IIValue l.OOE+OO 

Ingestion Inhalation Surface 
Fractional CEDE CEDE Dose Rate 

Yield Factor Factor Factor 
(Sv/Bq) (Sv/Bq) ((Sv/d)/(Bq/m 2)) 

II II II I 

11° IJ3.88E-07III.29E-06 Jlo.ooE+oo 

II II5.8SE-10 II8.33E-08 IJ8.01E-Il 

11° IIL07E-07119.23E-OS IJ2.03E-13 

llo 119.89E-08118.S3E-07 II8.26E-13 

II llo.ooE+oollo.ooE+oo JI3.29E-I4 

II llo.ooE+oollo.ooE+oo IJI.43E-Is 

11° III.23E-08 II4.S6E-08 IIL23E-ll 

II II2.87E-IO lls.83E-09 IJI.S4E-11 

II llo.ooE+oollo.ooE+oo llo.ooE+oo 

II llo.ooE+oollo.ooE+oo II2.58E-Io 
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I 
I 
I 

15 em 
Dose Rate 

Factor 
((Sv/d)/(Bq/m 3)) 

II 
llo.OOE+OO I 
II2.38E-I2 I 
113.60E-1S I 
II2.26E-14 I 
119.S2E-I6 I 
IJ4.21 E-17 

113.13E-13 

114.63E-I3 

IIO.OOE+OO 

118.36E-I2 
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Initial Concentrations: 
Note: All reported values are the upper bound ofthe symmetric 95% confidence interval for the 0.9 quantile value 

I 
Nuclide 

I 

Surface Concentration 
(dpm/100 cm**2) 

j232Th I!LOOE+OO I 
j228Ra IILOOE+OO 

j228Ac jjt.OOE+OO 

j228Th IILOOE+OO 

j224Ra jjl.OOE+OO 

j220Rn jjl.OOE+OO I 
j216Po IILOOE+OO I 
j212Pb IILOOE+OO I 
j212Bi IILOOE+OO I 
j212Po jj6.41E-Ol I 
j208Tl II3.59E-Ol I 

Model Parameters: 

General Parameters: 

I Parameter Name II Description II Distribution I 
ITo:Time In Building 

I The time in th~ building during the 
occupancy penod ICONSTANT(hr/week) 

I 
jDefault V!Jlue used /!Value 4.50E+Ol I 

lno:Occupancy Period 
I Th~ duration of the occupancy exposure 
penod ICONSTANT(days) 

I 
/Default value used /IV!!lue 3.65E+02 I 

The average volumetric breathing rate 
ICONSTANT(m"Jih') 

I 

Yo: Breathing Rate during building occupancy for an 8-hour 
work day 

j~&mult l::!l!LJ~:< ~·~~<4 /IVai@ l.40E+OO I 
RF o*: Resuspension ~~~ffective resuspension factor during the ICONSTANT(l/m) 

I Factor occupancy period = RFo * Fl 

jJustifi!<ation formogifi~<!ltiQn· NUREG 1720 Recommendation Jlvalye l.OOE-06 I 
!Default DERIVED( lim) I 

Effective secondary ingestion transfer rate of 

rERTVED(m"21h') 

I 

GO*:lngestion Rate 
removable surface activity from building 
surfaces to the mouth during building 
occupancy =GO * Fl 

/Default l::!llue used II 
jTstart:Start Time liThe start time of the scenario in days llcONSTANT(days) I 
Jnefault value used /!Value O.OOE+OO I 
jTend:End Time liThe ending time of the scenario in days llcoNSTANT(days) 

/Default value used /!Value 3.65E+02 

jdt:Time Step Size liThe time step size llcONSTANT(days) 

/Default valye used /!Value 3.65E+02 

The time steps for the history file. Doses will 
ICONSTANf(oooo) Pstep:Print Step Size be written to the history file every n time 

steps 

j~&f!!ult value used JIValue l.OOE+OO I 
II II 
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AOExt:External Minimum surface area to which occupant is 
r0NSTANT(m''2) 

I 
Exposure Area exposed via external radiation during 

occupancy period 

Ilk fault value used j!Value l.OOE+Ol I 
AO Inh: Inhalation 

Minimum surface area to which occupant is 

[CONSTANT(m"2) 

i 
Exposure Area 

exposed via inhalation during occupancy 
period 

jDefault value used !!Value l.OOE+Ol I 
AOing:Secondary 

Minimum surface area to which occupant is 
[CONSTANT(m"2J 

I 
exposed via secondary ingestion during 

Ingestion Exposure Area occupancy period 

jDefault value used !!value l.OOE+Ol I 
lAO: Exposure Area 

I Minimum surface area to which occupant is 
exposed during the occupancy period IDERIVED(m**2) 

I 
j!kf!IY!t ~~~lys; Y~!<~~ I 
IFl:Loose Fraction 

I Fraction of surface contamination available 
for resuspension and ingestion ICONSTANT(none) 

I 
jDefault value used !!Value l.OOE-01 I 
Rfo:Loose Resuspension 

Resuspension factor for loose contamination CONTINUOUS LOGARITHMIC(! /m) 
Factor 

Default value used Y!tlue Probabilit~ 

9.12E-06 O.OOE+OO 
l.IOE-04 7.67E-Ol 
1.46E-04 9.09E-Ol 
1.62E-04 9.50E-Ol 
1.85E-04 9.90E-Ol 

II.90E-04 l.OOE+OO 

The secondary ingestion transfer rate of 

rON<fANf(m"21h') 

I 

GO: Loose Ingestion loose removable surface activity from 

Rate building surfaces to the mouth during 
building occupancy 

!Default value used j!value l.IOE-04 I 

Correlation Coefficients: 

Summary Results: 

90.00% of the 100 calculated TEDE values are< 3.03E-Ol mrem/year . 
The 95% Confidence Interval for the 0.9 quantile value ofTEDE is 3.03E-01 to 3.03E-01 mrem/year 

Detailed Results: 
Note: All reported values are the upper bound of the symmetric 95% confidence interval for the 0.9 quantile value 

Concentration at Time of Peak Dose: 

I 
Nuclide 

II 

Surface Concentration 

(dpm/100 cm**2) 

1232Th llt.OOE+OO I 

I228Ra III.OOE+OO I 

I228Ac llt.OOE+OO I 

122sTh llt.OOE+OO I 

I224Ra llt.OOE+OO I 

122oRn llt.OOE+OO I 

I2I6Po llt.OOE+OO I 
II 

file:///C:/Users/mgdtke/Desktop/Dave%20DandDfTh-232+C%20DSV,%20NUREG%201720%20RF _bld_Detail.htm 314 



9/12/2016 DandO Building Occupancy Scenario 

J212Pb IJLOOE+OO I 
J212Bi !ILOOE+OO I 
J212Po II6.41E-Ol I 
J208Tl II3.59E-Ol I 

Pathway Dose from All Nuclides (mrem) 

All Pathways 
Dose II External II Inhalation 

J3.03E-Ol II3.28E-03 JJ2.94E-Ol 

Radionuclide Dose through All Active Pathways (mrem) 

I 
Nuclide 

II 
All Pathways 

I Dose 

J232Th IJ2.45E-Ol I 
J228Ra II2.37E-03 I 
J228Ac II1.35E-03 I 
J228Th 115.09E-02 I 
J224Ra 119.04E-04 I 
J220Rn 115.35E-07 I 
J216Po II2.32E-08 I 
J212Pb IJ2.78E-04 I 
J212Bi IJ2.55E-04 I 
J212Po IJO.OOE+OO I 
J208Tl IIL51E-03 I 
JAil Nuclides 113.03E-01 I 

Dose from Each Nuclide through Each Active Pathway (mrem) 

I 
Nuclide 

II 
External 

II 
Inhalation 

j232Th II7.73E-07 II2.42E-Ol 

J228Ra JJO.OOE+OO II7.04E-04 

J228Ac llt.30E-03 II4.55E-05 

J228Th 113.30E-06 115.04E-02 

J224Ra !il.34E-05 /14.66E-04 

J220Rn II5.35E-07 !lo.OOE+OO 

J216Po II2.32E-08 llo.OOE+OO 

J212Pb II2.00E-04 II2.49E-05 

J212Bi II2.50E-04 113.18E-06 

J212Po llo.OOE+OO llo.OOE+OO 

J208Tl IIL51E-03 llo.OOE+OO 

I
I Secondary 

II Ingestion 

II5.77E-03 

II 
Secondary 
Ingestion 

113.17E-03 

llt.66E-03 

II2.51E-06 

114.59E-04 

II4.24E-04 

llo.OOE+OO 

llo.OOE+OO 

115.28E-05 

IIL23E-06 

llo.OOE+OO 

llo.OOE+OO 
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DandD Building Occupancy Scenario 

DandD Version: 2.1.0 
Run Date/Time: 9112/2016 8:25:34 AM 
Site Name: Any 
Description: DSV Determination with NUREG 1720 REsuspension Factor 
FileName: C:\Users\mgdtke\Desktop\Dave DandD\U-238 DSV, NUREG 1720 RF.mcd 

Options: 

Implicit progeny doses NOT included with explicit parent doses 
Nuclide concentrations are distributed among all progeny 
Number of simulations: 100 
Seed for Random Generation: 8718721 
Averages used for behavioral type parameters 

External Pathway is ON 
Inhalation Pathway is ON 
Secondary Ingestion Pathway is ON 

Initial Activities: 

I 
Nuclide 

I 
Area of 

Contamination (m2) I 
Distribution 

I238U IIUNLIMITED llcONSTANT(dpm/100 cm**2) 
jJustification fQr concentratiQn: DSV Determination 

Chain Data: 

Number of chains: 1 

Chain No.1: 238U 
Nuclides in chain: 16 

[Nuolide I ~ Chain First 
Position Parent e 

I238U 11 1 IIL63E+ 1211 
I234Th 112 II2.41E+OIIII 

l234mPa IIImplicit II 112 

I234Pa IIImplicit II 112 

I234U 113 118.93E+o7ll2 

I230Th 114 II2.81E+07II3 

I226Ra 115 lls.84E+osll4 

1222Rn 116 113.82E+oolls 

I218Po IIImplicit II 116 

I214Pb IIImplicit II 116 

j218At IIImplicit II 116 

Fractional Second 
Yield Parent 

II II 

11 1 llo 
110.998 II 
11o.o02 llo 

11 1 llo 

11 1 11° 

11 1 11° 

11 1 11° 

11 1 II 
110.9998 II 
jjo.oo02 II 

II value l.OOE+OO 

Ingestion Inhalation Surface 
Fractional CEDE CEDE Dose Rate 

Yield Factor Factor Factor 
(Sv/Bq) (Sv/Bq) ((Sv/d)/(Bq/m 2)) 

II II6.88E-08113.20E-05 II4.76E-14 

11° 113.69E-09II9.47E-09 jj7.18E-13 

II llo.ooE +oo llo.ooE+oo llt.32E-I2 

11o.oo13 lls.84E-Io ll2.2oE-IO IIL59E-10 

11° II7.66E-o8113.58E-os 116.46E-14 

11° III.48E-o7II8.80E-os II6.48E-14 

11° II3.58E-07II2.32E-06 II5.56E-13 

11° llo.ooE+oollo.ooE+oo II3.4IE-14 

II llo.ooE+oollo.ooE+oo II7.67E-16 

II IIL69E-10 II2.11E-09 II2.IOE-11 

II jjO.OOE+OOjjO.OOE+OO jjO.OOE+OO 
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I 
I 
I 

15cm 
Dose Rate 

Factor 
((Sv/d)/(Bq/m 3)) 

II4.76E-17 

II1.12E-14 

II3.62E-14 

II4.65E-12 

IIL85E-16 I 
lls.52E-I6 

IIL42E-14 

II9.81E-16 

II2.27E-17 

lls.78E-13 

jjO.OOE+OO I 
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I214Bi IIImplicit II 116 III II II II7.64E-ll IIL78E-09 IIL22E-10 II3.77E-I2 

I2I4Po IIImplicit II 116 llo.9998 II llo.ooE+oollo.ooE+OO II7.02E-15 II2.07E-I6 

I210Pb 117 II&.I5E+03\I6 III llo 
j2IOBi lis IJs.oiE+ooJJ7 11 1 11° 

II 

11° 

11° 

11° 

IIL45E-06 113 .67E-06 1:==12.=I4::::::E=-I=:=3 ===ili==II.=I3==E=-I=5 == 

IIL73E-o911s.29E-08 II9.06E-I4 IIL6IE-I5 =ll 

j2IOPo 119 II1.3&E+o211& III llo lls.I4E-o7II2.54E-06 II7.I6E-I6 II2.11E-I7 

Initial Concentrations: 
Note: All reported values are the upper bound of the symmetric 95% confidence interval for the 0.9 quantile value 

I Nuclide II 

1238U IILOOE+OO 

I234Th Jlo.OOE+OO 

l234mPa Jlo.OOE+OO 

I234Pa Jlo.OOE+OO 

I234U Jlo.OOE+OO 

I230Th Jlo.ooE+oo 

J226Ra llo.OOE+OO 

I222Rn llo.ooE+OO 

I218Po Jlo.OOE+OO 

I2I4Pb Jlo.OOE+OO 

I2I8At llo.ooE+OO 
:========l 
I2I4Bi llo.ooE+OO 

Surface Concentration 
(dpm/100 cm**2) 

~~21=4P=o====~~~~O.=OO=E=+O=O==================~I 
I2IOPb llo.ooE+oo 

I2IOBi llo.ooE+oo 
:========l 
I210Po JIO.OOE+OO 

Model Parameters: 

General Parameters: 

Parameter Name \1 Description II Distribution 

ITo: Time In Building I The time in the building during the icoNSTANT(hr/week) 
. . occupancy penod . 
!Default value used \lvalue 4.50E+O I 

ITto:Occupancy Period I ;:~od~uation ofthe occupancy exposure JlcONSTANT(days) 

lf:IDe==:=fa=ul=t v=a=lu=e u=s=ed====:!..!::============1llvalue 3.65E+02 

The average volumetric breathing rate I 
during building occupancy for an 8-hourCONSTANT(m**3/hr) 
work day _ 

~~~De=fa=ul=t v=a=lu=e t=Js=ed===::::::!..!:===''==========~llvalue 1.40E+OO 

Yo: Breathing Rate 

RF o*: Resuspension Effective resuspension factor during the jcoNSTANT(I/m) 
Factor occupancy period = RFo * Fl _ 

IFIJ=us=ti=fic=at=io=n=fo=r=m=od=ifi::::::c=at=io=n:=NUR~:::::::EG=::=I7;:;:;2=0 :::::Re=c=omm=e=n=da=ti=on=====1\1Value I.OOE-06 

I.De!llli!! DERIVED( Jim) 

I Effective secondary ingestion transfer rate 
of removable surface activity from bUIIdmg 
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9112/2016 DandO Building Occupancy Scenario 

GO*:Ingestion Rate surfaces to the mouth during building IIDERIVED(m**2/hr) 

I 

occupancy =GO* Fl 

I Default value useg I 

ITstart:Start Time liThe start time ofthe scenario in days llcONSTANT(days) I 
!Default value used llvalue O.OOE+OO 

ITend:End Time liThe ending time ofthe scenario in days llcONSTANT(days) 

!Default valu!; us!;d II value 3.65E+02 

ldt:Time Step Size liThe time step size llcoNSTANT(days) 

!Default value used II value 3.65E+02 

The time steps for the history file. Doses will 

ICONSl>.NT(nono) 

I 
Pstep:Print Step Size be written to the history file every n time 

steps 

IDefaylt val us; yseg IIYl!lm: l.OOE+OO I 

AOExt:External 
Minimum surface area to which occupant is 

ICONSTANT(m"2) 

I 
Exposure Area 

exposed via external radiation during 
occupancy period 

I Default valu!; used II value l.OOE+Ol I 

AOinh:Inhalation 
Minimum surface area to which occupant is 

ICONSTANf(m''2) 

' 

Exposure Area 
exposed via inhalation during occupancy 
period 

I Default VIJJYS< used II value l.OOE+Ol I 

AO Ing: Secondary 
Minimum surface area to which occupant is ~ONSTANT(m"2) 

I 
Ingestion Exposure Area 

exposed via secondary ingestion during 
occupancy period 

IDefs!lllt :i!!IY!< u~ed IIYl!lm: l.OOE+Ol I 

IAO:Exposure Area I Minimum s~rface area to which occupant is IDERIVED(m** 2) 
exposed dunng the occupancy penod I 

I Default value used I 

IFI:Loose Fraction 
I Fraction of surface contamination available 
for resuspension and ingestion !cONSTANT( none) 

I 
I Default value used II value l.OOE-01 I 
Rfo:Loose Resuspension Resuspension factor for loose 

ICONTINUOUS LOGARITHMIC(l/m) 
I Factor contamination 

Def!ll!l1 value used Yl!lm: Prob!!llili1~ 

9.12E-06 O.OOE+OO 
l.lOE-04 7.67E-Ol 
1.46E-04 9.09E-Ol 
li.62E-04 9.50E-01 
1.85E-04 9.90E-01 
1.90E-04 l.OOE+OO 

The secondary ingestion transfer rate of 

ICONSTANf(m"21h<) 

I 

GO: Loose Ingestion loose removable surface activity from 

Rate building surfaces to the mouth during 
building occupancy 

IDef!!ult value used II value l.lOE-04 I 

Correlation Coefficients: 

Summary Results: 

90.00% ofthe 100 calculated TEDE values are< 1.78E-02 mrem/year . 
The 95 % Confidence Interval for the 0.9 quantile value ofTEDE is 1.78E-02 to 1.78E-02 mrem/year 
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Detailed Results: 
Note: All reported values are the upper bound ofthe symmetric 95% confidence interval for the 0.9 quantile value 

Concentration at Time ofPeak Dose: 

I 
Nuclide 

II 
Surface Concentration 

(dpm/100 cm**2) 

123&U IILOOE+OO I 
I234Th II9.05E-Ol I 
l234mPa JI9.03E-Ol I 
I234Pa IIL&lE-03 I 
I234U IIL17E-06 I 
I230Th II3.25E-12 I 
I226Ra IJ3.47E-16 I 
I222Rn JJ2.25E-16 I 
J218Po II2.25E-16 I 
I214Pb II2.25E-16 I 
J218At II4.51E-20 I 
I214Bi !12.25E-16 I 
I214Po II2.25E-16 I 
I210Pb llo.OOE+OO I 
I210Bi II9.67E-18 I 
I210Po !IL&2E-16 I 

Pathway Dose from All Nuclides (mrem) 

I 
All Pathways 

II 
External 

II 
Inhalation 

I 
Secondary 

Dose Ingestion 

II.78E-02 II3.54E-05 IIL75E-02 113.10E-04 I 

Radionuclide Dose through All Active Pathways (mrem) 

I 
Nuclide 

II 
All Pathways 

I Dose 

j23&U III.78E-02 I 
J234Th II2.96E-05 

J234mPa IIL94E-05 

J234Pa II4.68E-06 

J234U II2.33E-08 

I230Th !ILS&E-13 

I226Ra !19.75E-19 

I222Rn !II.25E-22 

J218Po II2.81E-24 

I214Pb JI7.73E-20 

J218At IIO.OOE+OO 

J214Bi II4.47E-19 I 
I214Po II2.57E-23 I 
j210Pb llo.OOE+OO I 

II 
file:///C:/Users/mgdtke/DesktopiDave%20DandD/U-238%20DSV,%20NUREG%201720%20RF _bld_Detail.htm 4/5 



9/12/2016 DandO Building Occupancy Scenario 

I210Bi II3.65E-22 I 
j210Po jj6.54E-19 I 
jAil Nuclides IIL78E-02 I 

Dose from Each Nuclide through Each Active Pathway (mrem) 

I 
Nuclide 

II 
External 

II 
Inhalation 

II 
Secondary 
Ingestion 

j238U jj7.73E-07 IIL75E-02 II2.95E-04 

j234Th IIL06E-05 jj4.68E-06 lll.43E-05 

j234mPa jjl.94E-05 jjo.OOE+OO jjo.OOE+OO 

j234Pa II4.68E-06 lj2.17E-l0 II4.53E-09 

j234U IIL23E-12 II2.29E-08 jj3.86E-10 

I230Th II3.42E-18 IIL56E-13 jj2.06E-15 I 
I226Ra jj3.13E-21 II4.39E-19 jjs.33E-19 I 
I222Rn jjl.25E-22 jjo.OOE+OO jjo.OOE+OO I 
j218Po jj2.81E-24 jjo.OOE+OO jlo.OOE+OO I 
j214Pb jj7.69E-20 jj2.60E-22 IIL63E-22 

j218At jjo.OOE+OO jjo.OOE+OO llo.OOE+OO 

j214Bi II4.47E-19 jj2.19E-22 II7.39E-23 

j214Po jj2.57E-23 jjo.OOE+OO jjo.OOE+OO 

j210Pb jjo.OOE+OO llo.OOE+OO jjo.OOE+OO 

j210Bi III.42E-23 lj2.79E-22 jj7.18E-23 I 
I210Po II2.12E-24 II2.53E-19 II4.02E-19 I 
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DandD Building Occupancy Scenario 

DandD Version: 2.I.O 
Run Date/Time: 9112/20I6 8:32:26 AM 
Site Name: Any 
Description: DSV Determination with NUREG I720 REsuspension Factor 
FileName: C:\Users\mgdtke\Desktop\Dave DandD\U-238+C DSV, NUREG 1720 RF.mcd 

Options: 

Implicit progeny doses NOT included with explicit parent doses 
Nuclide concentrations are NOT distributed among all progeny 
Number of simulations: 100 
Seed for Random Generation: 8718721 
Averages used for behavioral type parameters 

External Pathway is ON 
Inhalation Pathway is ON 
Secondary Ingestion Pathway is ON 

Initial Activities: 

I 
Nuclide 

I 
Area of 

Contamination (m2) I 
Distribution 

I238U+C IIUNLIMITED JjcoNSTANT(dpm/100 cm**2) 

jJustifi!<!ltion for Q!ln!<!<n1m1iQn · DSV Determination 

Chain Data: 

Number of chains: 1 

Chain No. 1: 238U+C 
Nuclides in chain: 16 

INuoHdo I @{] Chain First 
Position Parent e 

I238U+ciii III.63E+ 1211 

I234Th 112 II2.4IE+OIIII 

l234mPa IIImplicit II 112 
I234Pa IIImplicit II 112 

I234U 113 lj8.93E+07II2 

I230Th 114 II2.81E+07113 

I226Ra 115 115.84E+05!14 

I222Rn 116 II3.82E+oolls 

j2I8Po IIImplicit II 116 

I2I4Pb IIImplicit II 116 
I2I8At IIImplicit II 116 

Fractional Second 
Yield Parent 

II II 
III llo 
llo.998 II 
11o.oo2 llo 

11 1 11° 
III Jlo 

III llo 

III 11° 

11 1 II 
110.9998 II 
1Jo.ooo2 II 

llvatue I.OOE+OO 

Ingestion Inhalation Surface 
Fractional CEDE CEDE Dose Rate 

Yield Factor Factor Factor 
(Sv/Bq) (Sv/Bq) ((Sv/d)/(Bq/m 2)) 

II II II I 
llo 1@.69E-09II9.47E-09 II7.I8E-13 

II llo.OOE+OOIIO.OOE+OO II1.32E-12 

IIO.OOI3 115.84E-IO II2.20E-10 III.59E-10 

11° II7.66E-08113.58E-05 116.46E-I4 

llo III.48E-07118.80E-05 II6.48E-14 

11° II3.58E-07II2.32E-06 115.56E-13 

11° jjo.OOE+Oojjo.OOE+OO !i3.4IE-I4 

II Jlo.OOE+OOI!O.OOE+OO jj7.67E-I6 

II III.69E-10 II2.1IE-09 II2.10E-11 

II JJo.ooE+ooJio.ooE+OO llo.ooE+OO 
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I 
I 
I 

15cm 
Dose Rate 

Factor 
((Sv/d)/(Bq/m 3)) 

II1.12E-I4 I 
II3.62E-14 I 
II4.65E-12 I 
JII.85E-16 I 
115.52E-I6 I 
III.42E-14 I 
IJ9.8IE-I6 I 
II2.27E-I7 I 
115.78E-13 I 
llo.OOE+OO I 
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j2I4Bi IIImpiicit II 116 III II II II7.64E-ll IIL78E-09 III.22E-IO 

j2I4Po IIImplicit II 116 110.9998 II II !lo.ooE+oollo.ooE+OO !17.02E-I5 

j2IOPb 117 II8.I5E+03il6 III llo llo III.45E-06II3 .67E-06 II2.14E-13 

I2IOBi 118 ljs.OIE+OOi!7 III llo llo III.73E-09115.29E-08 II9.06E-I4 

I2IOPo 119 jjusE+o2lls III llo llo ]15.I4E-07Ij2.54E-06 jj7.I6E-16 

Initial Concentrations: 
Note: All reported values are the upper bound ofthe symmetric 95% confidence interval for the 0.9 quantile value 

I 
Nuclide 

II 

Surface Concentration 
(dpm/100 cm**2) 

I238U IILOOE+OO I 
I234Th IILOOE+OO I 
l234mPa II9.98E-OI I 
I234Pa II2.00E-03 I 
J234U IILOOE+OO I 
I230Th IILOOE+OO I 
I226Ra IILOOE+OO I 
j222Rn IILOOE+OO I 
I2I8Po III.OOE+OO I 
I2I4Pb IILOOE+OO I 
I2I8At !12.00E-04 I 
I2I4Bi IILOOE+OO I 
I2I4Po !ILOOE+OO I 
j2IOPb IILOOE+OO I 
I2IOBi IILOOE+OO I 
j2IOPo IILOOE+OO I 

Model Parameters: 

General Parameters: 

I Parameter Name II Description II Distribution 

ITo: Time In Building 
I The time in th~ building during the 
occupancy penod ICONSTANT(hr/week) 

jDefault v§!lue used llvalue 4.50E+Ol 

lno:Occupancy Period I Th~ duration of the occupancy exposure 
penod ICONSTANT(days) 

!Default v§!lue used llvalue 3.65E+02 
The average volumetric breathing rate 

ICONSlANT(m" 3/h,) Yo: Breathing Rate during building occupancy for an 8-hour 
work day 

!Default v§!lue used II value 1.40E+OO 

RFo*:Resuspension Effective resuspension fuctor during the ICONSTANT(l/m) 
Factor occupancy period= RFo * Fl 

Justification for modification: NUREG 1720 Recommendation !value l.OOE-06 
!Default DERIVED( lim) 

GO*: Ingestion Rate 

~~~lfuoti" =oodruy iog«tioo trn,.fu,mt< of\ 
removable surface activity from building 

DERIVED(m* *2/hr) 
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I wurfaces to the mouth during building 
occupancy =GO* Fl 

!Default ~aius:; uss:;!.l I 
ITstart:Start Time liThe start time of the scenario in days llcONSTANT( days) I 
!Default value used llvalue O.OOE+OO I 
ITend:End Time liThe ending time ofthe scenario in days llcoNSTANT(days) I 
!Default value used I! value 3.65E+02 I 
ldt:Time Step Size liThe time step size llcONSTANT(days) I 
!Default value used I! value 3.65E+02 I 

Pstep:Print Step Size 
The time steps for the history file. Doses will I 

I 
be written to the history file every n timeCONSTANT(none) 
steps 

jDefault value used I! value I.OOE+OO I 
AOExt:External 

Minimum surface area to which occupant is 

lcoNSTANT(m"2J 
I 

Exposure Area 
exposed via external radiation during 
occupancy period 

!Default value used llvalue I.OOE+OI I 
AOinh:Inhalation 

Minimum surface area to which occupant is 

ICONSTANT(m"2) 
I Exposure Area 

exposed via inhalation during occupancy 
period 

!Default value used llvalue I.OOE+OI I 
AO Ing: Secondary 

Minimum surface area to which occupant is 
ICONSTANT(m"2) 

I 
exposed via secondary ingestion during 

Ingestion Exposure Area occupancy period 

!Default valys:; yss:;!.l II~ I.OOE+OI I 
IAO:Exposure Area 

J Minimum surface area to which occupant is 1 
exposed during the occupancy period IDERIVED(m**2) I 

jDefault vjjlue used I 
IFI:Loose Fraction 

I Fraction of surface contamination available 
for resuspension and ingestion lcoNSTANT(none) I 

jOe fault value used Jlvalue I.OOE-0 1 I 
Rfo:Loose Resuspension 

Resuspension factor for loose contamination ICONTINUOUS LOGARITHMIC( lim) 
I Factor 

Default value used ~ Proba!lilitx 
9.12E-06 O.OOE+OO 
l.lOE-04 7.67E-Ol 
1.46E-04 9.09E-OI 
1.62E-04 9.50E-Ol 
1.85E-04 9.90E-OI 
1.90E-04 I.OOE+OO 

The secondary ingestion transfer rate of 

ICONSTANf(m"21h<) 
I 

GO:Loose Ingestion loose removable surface activity from 

Rate building surfaces to the mouth during 
building occupancy 

!Default ~aiu~: y~s:;!.l IIYlllill< l.lOE-04 I 
Correlation Coefficients: 

Summary Results: 

90.00% ofthe 100 calculated TEDE values are< 1.03E-01 mrem/year . 
The 95% Confidence Interval for the 0.9 quantile value ofTEDE is 1.03E-01 to 1.03E-01 mrem/year 

Detailed Results: 
Note: All reported values are the upper bound ofthe symmetric 95% confidence interval for the 0.9 quantile value 
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Concentration at Time ofPeak Dose: 

I 
Nuclide 

II 
Surface Concentration 

(dpm/100 cm**2) 

I238U IILOOE+OO I 
I234Th III.OOE+OO I 
l234mPa 119.98E-Ol I 
I234Pa II2.00E-03 I 
I234U IILOOE+OO I 
I230Th lll.OOE+OO I 
I226Ra IILOOE+OO I 
I222Rn IILOOE+OO I 
I218Po IILOOE+OO I 
I214Pb III.OOE+OO I 
I218At II2.00E-04 I 
I214Bi IILOOE+OO I 
I214Po IILOOE+OO I 
I210Pb IILOOE+OO I 
I210Bi III.OOE+OO I 
I210Po IILOOE+OO I 

Pathway Dose from All Nuclides (mrem) 

I 
All Pathways 

II 
External 

II 
Inhalation 

I 
Secondary 

Dose Ingestion 

IL03E-Ol II2.38E-03 II8.98E-02 II1.12E-02 I 

Radionuclide Dose through All Active Pathways (mrem) 

I 
Nuclide 

II 
All Pathways 

I Dose 

1238U III.78E-02 I 
I234Th II3.27E-05 I 
l234mPa II2.14E-05 I 
I234Pa IIS.l?E-06 I 
j234U IJI.99E-02 I 
I230Th II4.87E-02 I 
I226Ra II2.81E-03 I 
I222Rn ~~4E-07 I 
I218Po Jll.25E-08 I 
I214Pb 113.43E-04 I 
I218At llo.OOE+OO I 
I214Bi III.98E-03 I 
J214Po JJu4E-07 I 
J210Pb 118.23E-03 I 
j210Bi 113.78E-05 I 
I210Po II3.59E-03 I 
JAn Nuclides I!L03E-01 I 
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Dose from Each Nuclide through Each Active Pathway (mrem) 

I 
Nuclide 

II 
External 

II 
Inhalation 

II 
Secondary 
Ingestion 

I238U II7.73E-07 IIL75E-02 II2.95E-04 

I234Th llu7E-os lls.l7E-06 llt.58E-05 

l234mPa II2.14E-05 IIO.OOE+OO IIO.OOE+OO 

I234Pa lls.I7E-06 II2.40E-10 Jls.OIE-09 

I234U lll.OSE-06 IIL96E-02 II3.29E-04 

I230Th llt.OSE-06 II4.81E-02 II6.35E-04 

I226Ra II9.04E-06 IIL27E-03 lll.54E-03 

I222Rn lls.s4E-07 IIO.OOE+OO IIO.OOE+OO 

I2I8Po lll.25E-08 llo.OOE+OO llo.OOE+OO I 
I214Pb II3.41E-04 llt.ISE-06 II7.25E-07 I 
I218At IIO.OOE+OO IIO.OOE+OO IIO.OOE+OO I 
I214Bi IIL98E-03 119.72E-07 113.28E-07 I 
I2I4Po lll.l4E-07 IIO.OOE+OO JJo.ooE+oo I 
j2l0Pb 113.48E-06 II2.00E-03 116.22E-03 I 
I2IOBi IIL47E-06 II2.89E-05 _ji7.42E-06 I 
I210Po lll.l6E-08 llt.39E-03 II2.21E-03 I 
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