BALL STATE
UNIVERSITY

COLLEGE OF SCIENCES AND HUMANITIES - ‘ Muncie, Indiana 47306-0505
DEPARTMENT OF PHYSICS AND ASTRONOMY - Phone: 765-285-8860

MEMO

To:  Bryan A. Parker
NRC, Region III Office
Lisle, IL 60532-4351

From: Mohammed S. Islam e
RSO, Ball State University —“}
Muncie, IN 47306

Date: 1/28/2013

Re: Ball State University's License Renewal Application (control number 578078)

This Memo is in response to questions arising during your review of Ball State '
University’s NRC license renewal application, and our conversation over the telephone as
well as email exchanges on 1/24/13. Our current license number is 13-06231-01.

1) Materials listing (Page 1 of application)

The table containing the list of isotopes has been modified to reflect our current use and
inventory. This new table will replace one which was part of our original license
application. The modified table is attached.

2) The RSO Delegation of Authority

A signed version of the RSO Delegation of Authority (page D-1) is attached and should
replace the one without signature which was submitted with the original application.

3) Neutron Generator Decommissioning Repdrt

A full version of the Neutron Generator Facility Decommissioning report is attached.
Pages J-3 to J-29 of Appendix-J of our original application will be replaced by the
content of this file.

I appreciate you assistance in the review of our renewal application. If you have
additional questions, my phone number is (765) 285-8066 and e-mail is

mislam@bsu.edu.


mailto:mislam@bsu.edy

5. Radioactive Materials

Byproduct, source, Chemical Maximum amount Proposed Use
and/or special nuclear | and/or that licensee may
material physical form | possess at any one

time under this

license
Any byproduct material | Any 10 millicuries per In vitro studies
with atomic numbers 1 radionuclide and 500
through 83 with half- millicuries total
lives less than 120 days
C-14 Any 25 mCi In vitro studies
H-3 Any 100 mCi In vitro studies
Ca-45 Any 2 mCi In vitro studies
I-125 Bound/non- 2 mCi RIA/In vitro studies

volatile
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MEMO

To: All Ball State University Employees

From: Robert J. Morris | 4’ Mg,

Associate Provost forResearch and Dean of the Graduate School

Subject: Delegation of Authority for Radiation Safety Officer

Mohammed Islam has been appointed Radiation Safety Officer and is responsible for
ensuring the safe use of byproduct material. The Radiation Safety Officer is responsible

for managing the radiation safety program; identifying radiation safety problems;
initiating, recommending, or prowdmg corrective actions; verifying implementation of
corrective actions; and ensuring comphanoe with regulations for the use of byproduct
material. The Radiation Safety Officer is hereby delegated the authonty necessary to
meet these responsibilities.

The Radiation Safety Officer has the authority to immediately “stop any operations

involving the use of byproduct material in which health and safety may be compromised
or may result in non-compliance with Nuclear Regulatory Commission requirements.
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1.0 EXECUTIVE SUMMARY

Ball State University (BSU) removed its neutron generator from service and
decommissioned their vault facility located at the Cooper Science Complex, 22091
Riverside Ave., Muncie, Indiana, 47303. The accelerator was 'mstoncally used to
generate neutrons by bombarding tritium targets.

BSU retained Chase Environmental Group, Inc. (Chase) to perform accelerator removal,

. characterization, transportation, waste disposal, surveys, and reporting. No aggressive
remediation was required. Decommissioning activities were performed under BSU’s US
Nuclear Regulatory Commission (NRC) Radioactive Materials License Number 13-
06231-01. All activities were performed in accordance with a Decommissioning Work
Plan (DWP). On-site decommissioning activities were performed from December 14 to
December 17, 2009.

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) and provided the approach,
methods, and techniques for the radiological decommissioning of impacted areas of the
-facility. Final status surveys were designed using the guidance provided in MARSSIM to
demonstrate compliance with the default screening values specified in NUREG-1757,
Volume 1, Appendix B. These methods ensure technically defensible data are generated
to aid in determining compliance with release criteria for unresmcted use specified in
10CFR20.1402 (25mrem/yr.).

This report presents sufficient data to support the conclusion that the facility meets the
release criteria. Final status surveys demonstrate that building structural surfaces
included in the scope of this report are below release criteria and are suitable for
unrestricted release. Based on the building occupancy scenario, the Total Effective Dose
Equivalent (TEDE) to an average member of the critical group is < 1.0 mrem/year (< 4%
of the release criterion of 25 mrem/yr).

2.0 FACILITY DESCRIPTION

The Neutron Generator Facility, located in the basement of the Cooper Science Complex,
has a footprint of approximately 140 square feet and consists of one room (a concrete
vault) and a facility entrance and exit walkway. The vault is equipped with metal
ventilation ducting, a sink, and a drain sump. A neutron generator resided in the room
along with the associated electric supply, transformer and vacuum pumps. The
ventilation system duct extended along the back (east) wall inside the vault to the
courtyard where it exited horizontally through the wall. The general layout of the facility
is depicted in Appendix A.
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3.0 RELEASE CRITERIA

The radiological release criteria are that of 10CFR20.1402, “Radiological criteria for
unrestricted use”: A site will be considered acceptable for unrestricted use if the residual
radioactivity that is distinguishable from background radiation results in a Total Effective
Dose Equivalent (TEDE) to an average member of the critical group that does not exceed
25 mrem (0.25mSv) per year, including that from groundwater sources of drinking water
and the residual radioactivity has been reduced to levels that are as low as reasonable
achievable (ALARA). Determination of the levels which are ALARA must take into
account consideration of any detriments, such as deaths from transportation accidents,
expected to potentially result from decontamination and waste disposal.”

40 DERIVED CONCENTRATION GUIDELINE LEVELS (DCGL)

The Derived Concentration Guideline Level (DCGL) is the radionuclide-specific surface
contamination or volumetric concentration that could result in a dose equal to the release
criterion. DCGLy is the concentration limit if the residual activity is essentially evenly
distributed over a large area. Gamma scans conducted during characterization indicated
that there was no detectable activation of building structures. As such, the facility was
classified as non-impacted by activation products. However, dose rate surveys were
conducted to provide a statistically-based systematic protocol for verification of non-
impacted status.

The release criteria for loose equipment and materials from the vault were per FC 83-23,
“Guidelines for the Decontamination of Facilities and Equipment Prior to Release for
Unrestricted Use or Termination of Byproduct, Source or Special Nuclear Material
Licenses.” These limits were also used as site DCGL’s® for release of vault structures.
These limits are:

e 5,000 dpm/100 cm? average total surface contamination over any 1 m?
e 15,000 dpm/100 cm maximum total surface contamination limited to 100 cm?
e 1,000 dpm/100 cm® removable surface contamination

5.0 SURVEY INSTRUMENTATION

Laboratory and portable field instruments were calibrated within the previous year with
National Institute of Standards and Technology (NIST) traceable sources. Portable
instrument calibration records are included as Appendix C.

5.1 Functional Checks

Functional checks were performed at least daily when in use. The background, source
check, and field measurement count times were determined to ensure measurements were

3 H-3 is the only nuclide of concern for decommissioning, However, 1he survey design includes C-14 fer
conservatism. The NRC default screening values are 1.2E8 dpm/100cm’ for H-3 and 3.7E6 dpm/100cm?
- for C-14,
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statistically valid. Background readings were taken as part of the daily instrument check
and compared with the acceptance range for instrument and site conditions.

5.2 Instrumentation Used

_The instrumentation used for facility deconnmssmnmg surveys is summarized in Table
5-1 and Table 5-2.

Table 5-1 Instrumentation Specifications

Detector Detector | Detector ~ Window “Typical 4z
Model Type Area | Meter Model | ppopness Efficiency
Ludlum Gas Flow 2 0.8 .
43-68 Proportional 126 cm Ludlum 2221 m g/cm2 13 % (C-14)
Ludlum Gas Flow 2 0.8 N
43-37 Proportional 582 cm® | Ludlum 2241 m g/cm2 13 % (C-14)
2!9 x 2’9
Ludlum : 900 cpm
44-10 Slﬁ‘&n: N/A Ludlum 2241 N/A per uR/br (Cs-137)
- Bicron Organic
MicroRem | Scintillator | VA N/A N/A N/A
Ludlum |  Dual | 04
43-10-1 Phosphor N/A Ludlum 2929 m g/cmz 10% (C-14)

Table 5-2 Typical Instrument Operating Parameters and Sensitivities

Measurement | Detector ?;i Couht é,i l;gl;t Background MDC ,

Type Model Rate Time Time (cpm) (dpm/100cm”)
e | e | e | VA | g | 500 2,279
S“rfg:ti)"ans L:ﬂél'l?n in.};)ec.  NA s6e(c):. 1000 612
e | T Twn | ST & w0 | o

Scf,;‘ﬁ‘;’gﬁ,;) bodlam 1S | na | %0 17,000 1.45 pR/hr
Rm:;gle Beckman N/A | séeg. si?: 30 28
Ri’éﬁﬁi’;le 4§?i2§./1 | NA 3683 ggg 60 185
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5.3 Determination of Counting Times and 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 criteria specified in the DWP. MARSSIM equations relative to
building surfaces were modified to convert to units of dpm/100cm®. Count times and
scanning rates were determined using the following equations:

5.3.1 Static Counting

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

1992):
t
3 +3.29\/B, -, (1 +;’—)

MDC,,,. = y 4

t,-E, -—s

“ " 100cm?

Where:
MDCsise = minimum detectable concentration (dpm/1 00cm?)
B,  =background count rate (counts per minute)
t» = background count time (minutes)
t; = sample count time (minutes)
Ewr = total detector efficiency for radlonuchde emission of interest

~ (cpm/dpm)
A = detector probe area (cm?)

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

MDC,, =
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Where:

MDCyun = minimum detectable concentration (dpm/100 cm?)
d’  =desired performance variable (1.38)

b;  =background counts during the residence interval (counts)
i  =residence interval (seconds)
p  =surveyor efficiency (0.5)
E,.  =total detector efficiency for radionuclide emission of interest (cpm/dpm)
A  =detector probe area (cmz)
5.3.3 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\/B,zs .(1+§s-)
MDC,,, =

smear ts . E
Where:
MDCpeor = minimum detectable concentration level (dpm/smear)
B,  =background count rate (counts per minute)
t» = background count time (minutes)
t;  =sample count time (minutes)
E  =instrument efficiency for radionuclide emission of interest (cpm/dpm)

6.0 REMOVALACTIVITIES

6.1 Accelerator Equipment Removal

Chase personnel disassembled and removed the accelerator and ancillary equipment. All
activities were performed under a Radiation Work Permit (RWP), authorized by the
Radiation Safety Officer (RSO) and conducted to control the spread of contamination and
to maintain personnel exposures ALARA. Monitoring for airborne particulate
radioactivity was conducted during removal and disassembly and the highest sample
result was below the MDC of 2.0E-12 pCi/ml. '

7.0 RADIOACTIVE MATERIALS MANAGEMENT

'All operational and disassembly wastes were moved to BSU’s on-site waste storage
facility pending milk-run transportation to the Toxco Material Management Center
(TMMC) in Oak Ridge, TN for processing and disposal.
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Waste consists of eight 2 fi* fiberboard boxes of activated metal and dry active waste
(DAW) weighing 455 lbs., the diffusion pump weighing 110 Ibs., and % gallon of
vacuum pump oil.

8.0 SURVEYS

Surveys were performed using the Data Quality Objectives (DQO) process to
demonstrate that residual radioactivity in the vault satisfied the predetermined criteria for
release for unrestricted use. Vault interior surfaces were considered a single survey unit.
Surveys were conducted by performing the appropriate combination of scan surveys, total
activity measurements, dose rate measurements and removable activity measurements.

8.1 Data Quality Objectives
The following is a list of the major DQOs for the survey design:

e Static measurements will be taken to achieve an MDC;,e of less than 5,000
dpm/100cm?.
e Scanning w111 be conducted at a rate to achieve an MDC;.,, of less than 5,000
dpm/100cm?.
e Smear countlng will be conducted to achieve an MDC of less than 200
dpm/100cm?,
Individual measurements will be made to a 95% confidence interval.
Decision error probability rates will be set at 0.05 for both o and .
e The null hypothesis (Hog) and alternate null hypothesis (Ha) are that of
NUREG 1505 scenario A:
Hy is that the survey unit does not meet the release criteria
Ha is that the survey unit meets the release criteria
e Characterization and in-process waste packaging surveys will be 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.
e Quality Assurance Surveys will be conducted at a rate of 5%.

8.2 Area Classifications

Based on the facilities operational history and previous survey results, the facility areas
were initially classified as impacted areas and non-impacted areas for the purposes of
characterization.

8.2.1 Non-Impacted Area

Non-impacted areas were areas without residual radioactivity from licensed activities and
were not surveyed during final status surveys. Surfaces outside the vault were classified
as non-impacted. Thorough surveys of vault entrances/exits and ventilation exhausts
were conducted to provide adequate assurance that any residual contamination was
contained within the building structure.
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8.2.2 Impacted Areas

Impacted areas were those areas that had potential residual radioactivity from licensed
activities. Impacted areas were 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:

» 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.

+ 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.

o+ 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.

8.3 Survey Units

A survey unit is a geographical area of specified size and shape for which a separate
decision will be made whether or not that area meets the release criteria. A survey unit is

~ normaily a portion of a building or site that is surveyed, evaluated, and released as a

. single unit. 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 are homogeneous in construction,
contamination potential, and contamination distribution. Survey unit designations and
classifications are as follows

+ Survey Unit 0101: Accelerator Vault Internal Surfaces — Class 1
« There were no Class 2 areas

« There were no Class 3 areas

8.4 Surface Scans

Scanning was used to identify locations within the survey unit that exceeded the
investigation level. 100% of accessible building structural surfaces were scanned using a
gas flow surface contamination detector. Additionally, surfaces in the vault were scanned
for volumetric activation products using a 2” x 2” Nal detector.

8.5 Total Surface Activity Measurements

Direct surveys (static measurements) were taken on building surfaces and system
internals to the extent practical in impacted areas utilizing instrumentation of the best
geometry based on the surface at the survey location.
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8.6 Dose Rate Measurements

Dose rate measurements were taken on building surfaces in the accelerator room and in a
background reference area. The background reference area was selected outside the
accelerator room near concrete surfaces, yet away from potentially activated portions of
the vault. Dose rate measurements were taken at each accelerator room sample location

- and in the background reference area. At each location, a measurement was taken at 1 m
from the surface to determine the dose rate at the midpoint of a receptor.

Dose rate measurements were performed with a tissue equivalent Bicron MicroRem
meter. This instrument was selected due to its flat energy response. Additionally, a one-
minute count was performed at each location using a 2” x 2” sodium iodide detector.
Because the Bicron is a ratemeter, an average of ten instantaneous rates was determined
at each location by covering the meter and recording the measurement observed when it
is uncovered (this is a relatively unbiased method to obtain an average).

8.7 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 is obtained from MARSSIM tables or calculated using
equations in Section 5 of MARSSIM.

8.7.1 Determination of the Relative Shift

The number of required samples depends on the ratio involving the activity level to be
measured relative to the variability in the concentration. The ratio to be used is called the
Relative Shift, A/cs and is defined in MARSSIM as:

: Ala, = DCGL - LBGR
o5
Where:
DCGL = derived concentration guideline level
LBGR = concentration at the lower bound of the gray region. The LBGR is
the average concentration to which the survey unit should be
cleaned in order to have an acceptable probability of passing the
test _
os = an estimate of the standard deviation of the residual radioactivity in
the survey unit

The actual calculations are provided below:
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Alog = 12E8-6.0E7 _ 2400
25000

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 for structural surface activity was conservatively set at 3.

8.7.2 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 (p
decision error). MARSSIM uses the terminology o and B decision errors; this is the same
as the more common terminology of Type 1 and Type II errors, respectively. The
decision errors are 0.05 for Type I errors and 0.05 for Type II errors.

8.7.3 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):

_ (Z,_a +2."_,,,)z
4(SignP - 0.5)°

Where
N = number of samples needed in the survey unit
Z,, = percentile represented by the decision error a
Zip = percentile represented by the decision error

SignP = estimated probability that a random measurement will be less than
the DCGL when the survey unit median is actually at the LBGR

Note: SignP is determined from MARSSIM Table 5.4

MARSSIM recommends increasing the calculated number of measurements by
20% to ensure sufficient power of the statistical tests and to allow for possible
data losses. MARSSIM Table 5.5 values include an increase of 20% of the
calculated value. The following calculations were made to determine this
number:

__(1645+1.645)
4(0.998650 ~0.5)

Zy.q and Z,_p are equal to 1.645 using the error rate of 0.05 from MARSSIM Table
5.2. SignP is equal to 0.998650 from MARSSIM Table 5.4. Adding an additional
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20% to account for data losses resulted in a value of 14. Therefore, the
determined number of samples per survey unit for planning purposes was 14.

8.8 Determination of Sample Locations

Determination of Class 1 survey unit sample locations is 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.

8.8.1 Determining Class 1 Sample Locations
In Class 1 survey units, the sampling locations are 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 is
determined from MARSSIM equation 5-8:

{A
L=,— foras e grid
N quare gri

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

A map was generated of the survey unit’s permanent surfaces included in the statistical
tests (floors, walls, ceilings, etc.) and folded out in a 2-dimensional view. A random
starting point is 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. Survey unit map
showing sample locations is presented in Appendix B.

8.9 Removable Contamination Measurements

Removable contamination measurements (smears) were collected on building structural
surfaces at each sample location and internal surfaces of building systems. For each
sample, an area of approximately 100cm? was wiped. Smears were collected and counted
using a both a liquid scintillation counter (LLSC) and a phoswich counter scaler (2929).

Both instruments were set up for one (1) minute count times. The LSC ran each smear
three (3) times and provided a maximum and mean for the three (3) sample counts. For
conservatism, the maximum value was used for the results provided in Appendices D,E,
and F. ,
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8.10Surveys 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, scan surveys, total activity measurements,
and removable contamination measurements of accessible ventilation exhaust points and
the floor drain sump.

8.11Survey Investigation Levels

Investigation levels are used to flag locations that require special attention and further
investigation to ensure areas are properly classified and adequate surveys are performed.
These locations are marked and receive additional investigations to determine the
concentration, area, and extent of the contamination. The survey investigation levels for
each type of measurement are listed by classification in Table 14.2.

Table 14.2 Survey Investigation Levels

Flag Direct .
Survey Unit Measurement or Flag Scanning : Flag Removable
. Measurement Measurement Result
Classification Sample Result R ) When:
. When: esult When: en:
Class 1 >75% of DCGL >MDC > 200 dpm/100cm”

8.12Volumetric Scan Results

Sodium iodide scans were performed to detect areas of elevated activity as a result of
activation based on the audible response. No areas of elevated activity were detected.

8.13Surface Scan Results

No areas of elevated activity were detected during the scans of building structural
surfaces inside the vault.

8.14Total Surface Activity Results

Direct surveys (static measurements) for total surface activity were taken on building
surfaces inside the vault (survey unit 0101) using gas flow proportional detectors. 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 an activity concentration using the following

equation:
Equation 1
cpm -~ cpm
Activity (dpmy/100em?) = et ~ P segrans
E .2
ol 1 00 Cm2

The results of total surface activity measurements are presented in Appendix D.
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8.15Removable Contamination Results

Removable contammatwn measurements were collected by wiping an area of
approximately 100 cm? on structural surfaces for Liquid Scintillation and Counter-Scaler
measurement. Samples were then counted for one minute on a Beckman Liquid
Scintillation Counter and three minutes on Ludlum Model 2929 Counter-Scaler. Smear
results were converted to an activity concentration using the following equation:

Equation 2

cpm - cpm,
Activity (dpm/100cm®) = P mpfeE PMyuckground

total
The results of removable surface activity measurements are presented in Appendix E

8.16Dose Rate Measurement Results

Dose rate measurement results from the background reference area and the accelerator
room are presented in Table 8-1 and
Table 8-2.

Table 8-1 MicroRem Measurements in Background Reference Area

Bicron Instantaneous Measurements (WRem/hr)
Loc,| 1|2 |3 4[5/ 6|7|8)19]10| SD | Mean

1 31314131443 ,5,4),|S5 0.8 3.8
2 5/4|514(4|5/4|4|5|5]| 05 4.5
3 |4]4]4|4|5]4|5[5]5|4] 05 4.4
4 |6 6|6 |5|4|5|5|6|5,4]| 08 52
5 5|44 /4|5|5/4,4[4|4]| 05 43
6 414 [3/4|5|5]6|5|4|4] 08 44
7 141414544 4|14,5]|4]| 04 4.2
8 |4|14/4|3|4|4|5|4|/5]|4] 06 4.1
9 31313443 {4|4]5]5]| 08 3.8
10 | 4|56 |5|5|5|5|5|5]|5]| 05 5

11 | 5|6 | 6| 5|56 6|5]|4]4]| 08 52
12 |41 4|44 |5]4|5]6|6|5]| 08 4.7
13 | 5/6|5|5|5|6[7]|6|5|5] 07 5.5
14 | 4| 4314|454 |3]4]4] 06 39
15 | 4| 3[4|14/|.|4|4]|5|5]|5] 07 4.1
16 | 4| 5[4 |5|5/4,4|4|5|5] 05 4.5
17 |43 [ 4]|5]6|5/6|5|5]|6] 1.0 4.9
18 | 514145444444 04 4.2
19 | 5| 4|54 (5|4/4|5|5|4] 05 4.5
20 | 45|44 4]4|4|4[4]4] 03 4.1
21 | 3|3 /4|4|4|3 44|45 06 3.8
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22 4[4 |5|5]|6|5|5|4|[5|5| 06 | 48
23 | 5| 5]6|6|6 5154414 08 5
, Mean | 4.5

SD 0.6

‘Table 8-2 MicroRem Measurements in Accelerator Room

Loc ,’Bicron Instantaneous Measurements (tRem/hr)
111213 [4]|5[6[7/8|9|10{ SD | Mean
1 |4]14/14 5 (5/4|5|4]14]5 0.5 4.4
2 [{[5|5|6|5|6|6|5|5|6/|5] 05 54
3 |5/5/6|7|7/6|7]|61]5|6]| 08 6
4 |5|5(4|5|5|6|5|5|5[6] 06 5.1
5§ (414|414 |514/(4/4/4/4)| 03 4.1
6 (4434|143 (4444 04 3.8
7 |66 |5[|7]|6|5|5]|]6|5|5]| 07 5.6
8 |[§|/]6|6|5|6|5(5[4|5|5] 06 5.2
9 |66 |5]|]6 |56 |5|5|5|5]| 05 54
10 |4 |5 (4 {413 |4 (3]|414]|4] 06 3.9
11 |4 |4 {4 |{5]|5|5[4|5|5]|]4]| 05 4.5
12 14 |4 |4 |54 |4|4|5]|4|5] 05 | 43
13 |76 |5([6 |7 (66|56 |5 ! 07 5.9
14 (5 |4 |5 |54 |4 |5|5|6|5 0.6 4.8
15 |4 |5 (4|44 454 |4]|4]| 04 42
16 |5 |5 |14 |5 |56 5|4 |5 |5 06 4.9
17 |4]/5/6 |56 |4 |5[6|6]5]| 08 | 5.2
18 (4 (4 |5 1414414 |5 5|14 05 4.3
19 |5 (5|4 (4|5|5|5|4|4]14]| 05 4.5
20 |6 |6 157|554 |5/|5]|]6] 08 54
21 |5 {6 |5 |5|5]|6 55|45 06 5.1
22 |5 |5141414 5[4 {4|5 4| 05 44
23 |6 |6 |56 |5 |5|5|6 |55 05 54

Mean | 4.9
SD 0.6

9.0 DATA QUALITY ASSESSMENT AND INTERPRETATION OF
SURVEY RESULTS

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

Completeness of fonfxs
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

Neutron Generator Facility
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. Satisfactory instrument calibrations and daily functionality checks were performed as
required

9.2 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 ALARA goals to confirm the correct classification of
survey units. All calculations of means, standard deviations, minimum and maximum
values, and comparisons between survey data and ALARA goals and investigation levels
are presented in the following tables. Structural surfaces final status survey results are
~ presented in Appendix D.

Table 9-1 Structural Surfaces - Total Beta Surface Activity Summary

i 5 . Any Result
Survey an;’fle Mean | MDC f’)?v‘;g;; : Min. | Max. I“V‘;f:i“lﬁ"“ Exceeding
Unit Lo p ' Investigation
cations Level?
: (dpm/100 cm®) ‘
0101 23 98 | 297 | 108 | -36 | 407 | 5000 NO
Table 9-2 Structural Surfaces - Removable Surface Activity Summa
Any Result
Survey an:)fle Mean | MDC ]S)t;l'f:g:ﬁ Min. | Max. Inv;iie:igzlﬁon Exceeding
Unit L p Investigation
ocations Level?
(dpm/100 ¢cm
0101 NO
(2929) 23 -13 171 31 -93 53 200
0101 ' NO
(LSO 23 24 5 7 13 42 200
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Table 9-3 Systems - Total Surface Activity Summary
. Any Result
survey | 70 | Mean | Mpc | Standard g | gy, |Investigation| g o eding
™ Sample Deviation Level
Unit | Investigation
Locations Level?
(dpm/100 cm’) )
N/A 2 198 | 297 | 288 | -5 [ 402 | 5000 NO
Table 9-4 Systems -\‘Removable Surface Activity Summary
. Any Result
Survey # of Mean | MDC Stalfdgrd Min. | Max. Investigation Exceeding
. Sample : Deviation Level .
Unit . : Investigation
Locations Level?
(dpn/100 ¢m®) )
2929N/A 2 7 171 40 -21 36 200 NO
LSCN/A 2 142 5 177 17 267 200 YES

9.3 Determining Compliance for Building Surfaces and Structures
Survey results were initially compared to the investigation levels.

No total activity

results in survey unit 0101 were above the investigation level, and were well below the
DCGL. Removable activity results in survey unit 0101 were above the mvestlgatxon
level, but were well below the DCGL. For surface activity, the Sign test is used to
determine the minimum number of sample locations. Because all surface activity
measurements are less than the DCGL, the survey unit passes the Sign Test. Therefore,
the null hypothesis can be rejected and the survey unit meets the release criterion and is
suitable for release for unrestricted use.

The results of the data quality assessment and calculations of the dose from each
structural surface survey unit are presented in Table 10-5.

Table 9-5 Structural Surfaces - Total Beta Surface Activity Dose Calculations

Calculated
Survey ]S;t:‘::;:: # Samples # of Ad;‘i‘;.ate . Mean Annual
Unit | o100 em?) | Required | Samples | o 0o (dpm/100 cm?) | TEDE?
' P ples: | (mrem/yr)
0101 107 11 23 YES 98 .0013

* The TEDE shown is calculated by multxplymg 25 mrem/yr by the ratio of the mean total surface activity
to the C-14 DCGL of 3.7E6 dpm/100cm’ and then multiplying by 2 to account for the ISO 7503-1 surface

efficiency.




Ball State University ' Neutron Generator Facility
NRC License Number 13-06231-01 © Decommissioning Report
February 10, 2010 Page 16 of 16

9.4 Determining Compliance for Building Systems
All total and removable surface activity measurements were compared directly to the
investigation levels to determine if an area required further examination. All
measurements were less than the investigation levels, therefore all systems meet the
release criteria and are suitable for release for unrestricted release.

10.0
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g&' . ‘ GRIFFIN INSTRUMENTS %’

CALIBRATION CERTIFICATE FOR - 22413 SERIAL# - 25348

Owner: CHASE ENV

DATE: . 08/18/09 ' ’ LOCATION: . Griffin Inst

' TECH: Joanns Glenn DATE LAST CAL EXPIRES: 08/13/00
Reason For Calibration: ® Dus For Calibration . O Repair (8ee Romarks)

O Other (Sae Remarks) O Dus and Repair {Ses Remarks)
S LEABLE ECIUIPNIEN 1 +ALIF

MODEL:  M-800 : SERIAL#: 114812 " CAL.DUE:  09/08/09
MODEL: SERIAL#®: - - CALDUE:

¥ Fast/Siow Switch working properly Audio Responss . ] Geotropism CABLE LENGTH 10
CONDITION:  Sat ‘ '

NEWBATTERIES: O Yes @ No - BATTERY CHECK: Sat

HvtEsT - O NA @ sat O unast :

77 TAFINPUT SENSTIVAY (m) #1: 258 AL INPUT SENSITIVITY (mV) #1: N R B
AF INPUT SENSITIVITY (mV) #2: 28 AL INPUT SENSITMITY (mV) #2.: 4
AF INPUT SENSITIVITY (mv) #3: 28 AL INPUT SENSITIVITY (mV) #3: 4
AF INPUT SENSITIVITY (mV) #4: 25 AL INPUT SENSITIVITY (mV) #4: 4

260 261 04%_| AF_ I8 the As Found Data Within 2% of the Set Pairit?:

2500 2498 | 0.4%. | AF. o ’

WK __| 24963 [K_00% | AF. © Yo O No

260K | 249.955 [K| 0.0% AF.

DETECTOR 1: © DETECTOR2: DETECTOR 3: - DETECTOR 4:

AF 1.8 AL18 AF18 ALY AF18 AL1-8 AF 18 AL 18
oo6se | [RF] [owss ] RE 1 fese | fRE T [uss ] RE]
mwz | e ] w2 |RE__ w2 (RE ] Bwe JRET ]
R R R I A S - A— I — A "
m | BF ] T AR L LS 1 Y S B | IaF. :
i | RE__ T | mF_1F N I R |V A
poss ™ | [AF | fooos | ‘AF. | fooos | ]AE. Y

REMARKS: See side of instrument for HV settings and deteclora.

Does instrumont Meet Final Acceptance Criterta?. (@ Yes O No

Calibration Sticker Attached?: ® Yes O nNe
Date instrument 1s Dus For Next Catlbration: 08/1810
" INSTRUMENT MARRIED WITH #

Perfonnodﬂlvdmdby: M - Date: 8/18/2008 Entered by:.g_Jnlﬂab

*

1 . Calbrations performed to ANB! NSZIA-1907 standarde.


http:A:-:"L-==iN=P=UT=SEN=,=SI=TIYITY=::-::-(,,-m"""V):-c.f1

- -emrmg INSTRUMENTS

R 1

WMol 1 the as found dais In withki 10% of ve fast salibralion enid the B-A Xielkls «m@auwmu«mmmw\
diiectly i, rembtis.

OALIBRATION GERTIFICATE FOR 43-68. PROBE # .:PRZ1,.339‘!-
Owner: . CHASE ENV ' L
DATE:  oai8de” ' LOCA‘[ION. Griffin inst
TECH: Joann Glenn mrsm'r CAL EXPIRES: 081348
‘REASON FOR CALIBRATION:
@ nqatu caﬂhmlon O R.pn!r(&n anarm Q. mn«; (ﬂ‘nﬂbmurkn) O Dmundﬂﬂm
cmueuem v inpursausmvw nv
MODEL: - L .
e b | mogpe - gty ;s 2piActuy
<, GATHATO-1803 CTR230- - D 18,700 dpm- . 0dnéme - 8470.com
" GoTCa70-0854 - Topges 17,300 dpm cel16i08 . ~ 10,800 cpm
265800 | Pu2ap 18,5010 dpi : . 477188 &390 éom.
2697-00 $1§0 (2,200 dpw . 03i0t00-* 8830t .
. PXT268 e’ 48,780 dpai ' ;@Igjrqs ' “vBgedYpN
) .,‘ " " .')' :.' ",' ' )A{. Y
T R A“_.'. ’ E‘ﬁcmclufropmtug. ’
hqumém“ @ ‘gt O "-Unsst: m{ ], v Zom%| sr} , :] :
' S Tcu-[ﬁ 'mm] cﬂt] _16.36%] Tcﬂt[ [
A.koum ti\F) Eﬁlehnclw L '
HVmeter -rmswfnamm Pu%ﬁsaour@ _ aadtgmund{cf’ mRn nsa 2
- nwtcme n Rmoh(o{gPM)ﬂ : M) ﬁamim-sw (s:Pm o
‘ Aeh].aph B Agh [Boh [NaLELL A .. Bch Ach.jq‘,gqh. !Nus;gé’
[ gsomeso i | 4784 | - 'ﬁs.zmq". »1- S
WARE TRBARE | ]
oL | Wabewe%d L 41%* A e ey
AFCPM: [ 4764 H “x.:'~4_sgg : H~ 4130 rsw B T8z |
arspiom: [ 287o% | | ] | '2?&1}6 { { z4.tms j n.nm J [ 15.40% |
Ar2plem | 50.72% | | ) [ 41.80% so.aﬁi"] [ weae% |
mimwmﬂ;ﬁéymm 20% of the efficiancy from the laat cal? ® Yos (O No(See Remarks),

mwm\mumm andgo
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GRIFFIN INSTRUMENTS

PLATEAU AND SET POINT DATA

SS(CPM): * |  Responsé(CPMY

T TVeriar TToo0 Sovcs Rasporns pu-zaasm ™ smmmﬁ

PROBE#: PR216304
Dats: 08!18109

Nat\Moa ”Bmhxtak. |

B X Boh. [NOLER. Aas,“‘"]'acn.lmﬁff.. Ko T B

- NphalBemBkg(cpw) 1 . % ..

XS " .
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B « e - R Gd
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A 1 1 | . * - 3 M bl
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. s . e . - B
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N : N . - s
#, )

monasd CPM: . 478A - 1 4pa2 . 4138
piuzm. B78% BT X7, I TX T

zmm.ememm ‘soTi% - T 4180% :  50.05%

3 . 4
7

7662 agi

1B40% - MUETN
-nam. O 40.50%

REMARKS

poulnszmﬁmmampmmcm? @ Y © O NG
Caltralp ik Atachei?: L @Ys O e
Dae Inatfumont s Dus-For N Callbeatic, ~ * 08/180

mamen'rmmznwtm R T

mormmn.ﬂma byz Fis %f@" . wwm

Entered by: nitlale -

mmmnm 18 ftagie, B Callbrifions partarmed o' ANSLNIZSAI9ST standarde, o

-

Ly




GRIFF!N msmumsms B - ﬁﬁ

GCALIBRATION OERTIFICA [EFOR - 2241  SERIAL# 218484
Owner: CHASE ENV" o ‘
DATE: 0111300 . "LOCATION: -, - GrMninst
TECH: -Joanne Glenn ; . DATELAST CAL EXPIRES: ‘04102109
Resson For Cabration: ~~ * O Dug For Callbration . O g.palr(safa Remprid)
@® Othgr (86 Rematks)’ O bu:‘m'i Répar (See Romarks)
NIODEL; u:soo' © SERML#: 428 CALDUEr ORS00
MODEL: . SERALS: © CAbDUE: -

Dsmmawmmmlnnmm 4 Audio Response, [] Geciroplsm ~ CABLELENGTH 6
CONDITION: 'Sat o ‘ ' |

_Newmems O Ye @ No - BATERYGHECK: S’
uv-;a‘s-r ‘O NA @ &t O Unsat S ' .
_AFINPUT ,sensmvrﬁ iR 10 ALINBUT asuém\}r_rv Ve AF.
' AF INPUT SENSITIVITY (mV)h2: MA  ALINPUTSENSITWNTY (mV)d2:-.  NA
AF!Ni’UTSENSﬁMT?{m\ﬁ” . NA  CALINPUTSENSIfIVITY mviws:.  NA
mnmrsmsmm (mvm . N{A A mpursaﬂsumw (mvm . NA
I A : o,lf LY 16 the'#i Found Dista With{n 2% of the Set Palnt?:
[""zﬁ"""m‘a?aﬂm 95% | AF. | . . T
ﬁmc‘rom: . .DETECTOR Z; * _DETECTOR3: = . DETECTOR4:
AF16 . AL1S AF18 . AL1S AF18 - ALIS - AF 18 AL 18
mwss. | [AF. L — NA___] [A z— 7
ooz Br__ WA ] A | & ] A WA | [NA,

e RF_ [N ] {wA ’]"[m 7] A L . i
W”‘( ‘W{?’ [m - MR A J ]'NIA_

il | |
i ] e
| AR} s | NA- S R P‘"A S T (7 S 1.
W ORET Y A A | A HN'A- B T 7N 7 |
| J
l ]

A Hm ]

REMARKS: Cﬂenﬂ tequmd cal. Ra»alt up wﬁh naw 44-10 ﬂRNO‘I2930 on 4128!09 .

Doosvmtrgmmmnmmmmcdma?: T @ Yes' O No

. Calbration Stcker Atiached” - - '@ Yee. O Mo
Date Instrument is Due For Next Colbraon: - 01130 '
. INSTRUMENT MARRIED WITH 440 #RNO12930°

Performed/Reviewad by: - M - Date: 1/13/2008- ' Entered by:_ﬁ__lni!lqls

1 o Caibrations periormad to ANE! NAZ3A-1067 siasdards.


http:Ai:.INP.UT

w GRIFFIN INSTRUMENTS W
L4

CALIBRATION CERTIFICATE FOR 44-10 PROBE#  RN012830
Owner; CHASE ENV ’ : . -

DATE:  04728/00 ' LOCATION: Griffin Inst
TECH:  Joanne Glenn . DATE LAST CAL EXPIRES: 08/18/09

O Dus For Callbration @ Other (See Rémarks) - Cable Longth: &

O Repalr(SeaRomarks) O Due and Repair L8 1omV

MODEL: 2241 SERIAL #: 218484 ‘CAL.DUE: 011310
SOURCE®:  85-1818 ISOTOPE: Cs137  ACTIVITY: 123uCl  ASSAYDATE:  08/12/89

GEOMETRY: Jig upekie dowm with source undstneath, activity side up.

Physical Condition: @ 8st (O Unsat

Efficiericy From Last Callbration: 54% Previous HV Sst Polnt: 1050 V
Counts (CPM) | Background (CPM) | [ NotCPM: |
128140 10180 117980 AF Efficlency:  540%
Is the AF efficiency within 20% of the sficiency from the laet callbration? @ Yes QO No
Reproducbliity: 128140 128080 129850  Average: 120023.33
Ars the Indvidual counts within 10% of the average? @Y Ono
High Voliage: Source Responss (CPM):  Background (CPM); Net CPM:
800" 167980  [(em 702080
950 119110 _ 7780 . 1113580
1000 < 1223%0 | 9450 112800
1080 128140 10180 | 117960

HY RESPONSE  BACKGROUND NET CPM
1000 Vv 122380 9450 112900  Eficlency: 5.47%
REMARKS: Callbrated with new metsr. Cal dus 1/13/10 to match box,

Doss Instrument Meet Final Acceptance Criteria?: ® Yes O Ne

Calibration Sticker Attached?: @ Ys O N

Date Instrument is Dus For Next Calibration: 011310

INSTRUMENT MARRIED WITH 2241 ¥ 218484

PerformeiiRaviewed by: M Date: 4128/2009 Entored by: Oft__initials

9 A Cetbrations performad to ANS1 N3Z3A-1987 stacdends
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% GRIFFIN INSTRUMENTS W |
NS . , A

. CALIBRATION GERTIFICATE FOR MICRO REM SERIAL#  B2a6lL
Owner CHASE ENV . ‘

DATE: 08/18/09 " LOCATION: - Griffin Inst

TECH:  Joanne Glenn - DATE LAST CAL EXPIRES: ' 08/11/00
REASON FOR CALIBRATION: Due for Calioration - B
PULSER MODEL: NMP-2 PULSER SERIAL: 1600 PULSER CAL DUE: - Q7113110
SOURCE NUMBE 10250 - ISOTOPE. Cs137 ASSAY DATE: . 08/30/07
Eo.mpm; .TEMP 718 F BAROPRESS 30.08° .HMDWY o 42%
I_A.an [A.l'. ERROR ] | AL.Dats [A.L. % ERROR ! '
uR/hr e )
1Scale*] [4 "1 [ oow R P "] *Pulsed Scale
. boasater] fi65 | | 31w AR__ ) [ ]
biSale | W | [—ooW bR ][]
fxa 0. | [_oow far — 1 F ]
mR/hr
10 Scale | (0.4 Y Y 11
bdoscale } f1o "~ | [ "o WFE___ 1 [ ]
k10Scale | 6 | © ooW [QF. ] [ ]
x100Scale | 4 | [__00% AF. A
x100 Scale | {10 | T ooW  RF ] 1 ]
x100Scale | (1525 1 [ 4774 @ RETT | | |
btoooScate] o 1 [ oow [F ] [ ]
M»&Sﬂ_hl o1 [ o0% E%:' L]
x1000Scate | f150 1 [ 6.3%) F B
. s the As Found Data Within 20% of the Sot Point?:
® Yo O No, See Remarks
REMARKS:
MInakumemMFImlAmeptanes Criteria?: ® Yes O N
Calibration Sticker Attached?: ‘'@ Ys O N
Date instrument ls Dus For Next Calibration: 08/18/10
Porfonnad}ﬂbvhwoq by: M Dats; 8/18/2009 Entsted by:____ Initials

Calibretions perforrmed o ANB! NIZ3A-1907 standarda.



Appendix D
Struct Surfaces Results



Ball Stata University Neutron Generator Facility
Apper D - Structural Surfaces Results Decommission  leport
Page 1 of 4
Radiological Survey Record
Location: Ball State Universi Area: Neutron Generator Vault Survey: V01-0101 ates 12/16/2009 Time: 4:00 PM
rveyor: Ken Gaviik Reviewed: Mike Culp _ Notes: Final Status Survey :
Instrument / Serial # Source Cal Due Alpha/ Totall Bkad Efficien Count Time(min}) | Area MDC
Detector / Serial # Check Beta | Removable|  (cpm) Y | Sample Bkg. (em?) | (dpm/100em?)
Ludlum 2241-3 / 253346
43-68/ PR216394 SAT 8/18/2010 Beta Total 138 15.40% 1 1 126 297
Ludlum 2929 7 149121
43-10-1 /PR150791 SAT 10/28/2010 Beta | Removable 48 9.35% 3 10 100 171
otal Surface V Removable Surface Activity N |
Location Gross Net Activity Notes Gross Net Activity Notes Description
Counts CPM  |(@pmv100em®)| Counts CPM | (dpm/100cm’)
1 136 -2 210 <MDC 143 0 4 <MDC Ceiling “
2 165 27 139 <MDC 144 0 0 <MDC Ceiling _
3 145 36 <MDC 137 2 25 <MDC Ceiling
4 142 4 21 <MDC 145 0 4 <MDC Ceiling _ "
5 176 38 196 <MDC 159 5 53 <MDC Ceiling _
I 6 134 -4 21 <MDC 146 1 7 <MDC Ceiling, _
H 7 170 32 165 <MDC 136 -3 -29 <MDC Wall
]| 8 f 1m 33 170 <MDC 141 -1 -11 <MDC Wall
“ 9 192 54 278 <MDC 138 2 21 <MDC Wall
10 132 -6 31 <MDC 118 9 93 . <MDC Wall
11 146 8 41 <MDC_|| 127 £ -61 <MDC Wall |
12 146 8 a1 <MDC 137 2 25 <MDC Wall H
13 174 36 186 <MDC 139 2 -18 <MDC Floor ’
14 156 18 93 <MDC 136 3 29 MDC | Floor |
15 131 7 36 <MDC 148 1 14 <MDC | Floor ﬂ
16 151 13 67 <MDC 140 -1 -14 <MDC ﬂ Floor
17 217 79 407 139 2 -18 <MDC Floor Il
18 152 14 72 <MDC 156 4 43 <MDC Floor
———— e ———
(1-23) min: -36 (1-23) min: -93
(1-23) max: 407 (1-23y max: 53
(1-23) average: 98 (1-23) average: -13
(1-23)SD: 108 (1-23)SD: 31




Ball State University Neutron Generator Facility
Appen ) - Structural Surfaces Results Decommission.  leport
Page 2 of 4

tion: Ball State Universi Area: Neutron Generator Vault Survey: V01-0101 i ates 12/16/2009 Time: 4:00 P
urveyor: Ken Gaviik Reviewed: Mike Culp Notes: Final Status Survey . , :
Instrument / Serial # Source Alpha/ Totall Bked . Count Time (min) | Area MDC
N Cal, Due Efficiency 4
Detector / Serial # Check Beta | Removable|  (cpm) Sample Bkg. (em’)_ | (dpm/100cm
Ludlum 2241-3 /253346 ‘
43-68 / PR2163%4 SAT 8/18/2010 Beta Total 138 15.40% 1 1 126 297
Ludium 2929 / 149121 __]
43-10-1 /PR150791 SAT 107282010 Beta Removable 48 9.35% 3 10 100 171
Total Surface Activity ” Removable Surface Activity :
Location Gross Net Activity Notes "~ Gross Net Activity Notes Description
Counts CPM  |(dpm/100cm?) Counts CPM (dpn/100cm’) ‘
19 157 19 98 <MDC 144 0 0 <MDC Wall |
20 133 -5 -26 <MDC 137 -2 ~25 <MDC Wall "
2] 156 18 93 <MDC 147 1 11 <MDC Wall
2 160 2 113 <MpC_|| 134 3 -36 <MDC Wall “
23 169 31 160 <MDC 132 -4 ~-43 <MDC Wall
\ |
I ﬂ
= - _Jl ll
{1-23) min: -36 (1-23) min: -93
(1-23) max: 407 (1-23) max; 53
(1-23) average: 98 (1-23) average: -13

(1-23)8D: 108 {1-23)SD: 31



Ball State University . Neutron Generator Facility
Appen ) - Structural Surfaces Results Decommissioni  leport
Page 3 of 4
Radiological Survey Record .
[Location: Ball State University Area: Neutron Generator Vault Survey: V01-0101 | Date: 12/16/2009 | Time: 4:00 PM
urveyor: Ken Gavlik Reviewed: Mike Culp Notes: Final Status Survey
Instrument / Serial # Source Cal. Due Alpha/ Total/ Bked Efficienc | CountTime(min) | Area MDC
Detector / Serial # Check ) Beta Removable (cpm) y Sample Bkg. (em®) | (dpm/100cm?)
Ludlum 2241-3 /253346
43-68 / PR21639%4 SAT 8/18/2010 Beta Total 138 15.40% 1 1 126 297
LSC
Beckman 6500 SAT N/A Beta Removable | 0 60.00% 1 1 100 5
Total Surface Activity Removable H-3 Surface Activity
Location Gross Net Activity Notes Gross Net Activity Notes Description
Counts CPM | (dpm/100cm®) Counts CPM (dpm/100cm’)
1 N/A N/A N/A 15 15 25 Ceiling
2 N/A N/A N/A 10 10 17 Ceiling
3 N/A N/A N/A 20 20 33 Ceiling
4 N/A N/A N/A 25 25 42 Ceiling
5 N/A N/A N/A 22 22 37 Ceiling
6 N/A N/A N/A 19 19 32 Ceiling
7 N/A N/A N/A 14 14 23 - Wall
8 N/A N/A N/A 13 13 22 Wall
9 N/A N/A N/A 15 15 25 Wall
10 N/A N/A N/A 12 12 20 Wall
11 N/A N/A N/A 12 12 20 Wall
12 N/A N/A N/A 12 12 20 Wall
13 N/A N/A N/A 20 20 33 Floor
14 N/A N/A N/A 14 14 23 Floor
15 N/A N/A N/A 13 1.3 22 Floor
16 N/A N/A N/A 12 12 20 Floor
17 N/A N/A N/A 13 13 22 Floor
18 N/A N/A N/A 12 12 20 Floor
(1-23) min: 13
(1-23) max: 42
(1-23) average: 24
(1-23)SD: 7



Ball State University , Neutron Generator Facility
Appen ) - Structural Surfaces Results Decommissioni leport
Paged of4
Radiological Survey Record _
Location: Ball State Universil Area: Neutron Generator Vault Survey: V01-0101 | Date: 12/16/2000 i Time: 4:00 PM
urveyor: Ken Gaviik Reviewed: Mike Culp B Notes: Final Status Survey —
Instrument / Serial# | Source Alpha/ Total/ Bked . Count Time (mim) | Area MDC
Detector/Serial# | Check | C*P% | 'Beta |Removable| (cpm) | EPCIRY [Toiiple | Bhg. (cn®) | (dpm/100cm
Ludlum 2241-3 /253
43-68 / PR216394 SAT 8/18/2010 Beta: Total 138 15.40% 1 1 126 297
LSC -
Beckinan 6500 SAT N/A Beta | Removable 0 60.00% 1 1 100 5
. otal Surface Removabie H-3 §uﬂm Activity
Location Gross Net Activity Gross Net Activity Description
2 Notes 5.| Notes
Counts CPM {dpm/100cm”) Counts CPM {dpm/100cm”)
19 N/A N/A N/A 12 12 20 Wall
20 N/A N/A N/A 14 14 23 . Wall
21 N/A N/A N/A 8 8 13 Wall
| 22 N/A N/A N/A 11 11 18 Wall
23 N/A N/A N/A 13 13 22 Wall
i
|
(1-23) min: 13
(1-23) max: 42

-(1-23) average: 24

(1-23) SD:

7



Appendix E
QA Results



Ball State University
Apper

E « QA Resuits

Radiological Survey Record
HLocaﬁon: Ball State Univcrsig
urveyor: Mike Culp

A — —
Area: Neutron Generator Vault ISu[ﬂ:gA-Vol-Oml

Neutron Generator Facility

Decommission

eport
Page1of2

Date: 1217/2009 l Time: 9:00 AM "

Reviewed: Ken Gavlik Notes: Final Status Survey 5% QA i
Instrument / Serial # Source CaL Due Alpha/ Total/ Bked Efficien CopntTime(min) | Area MDC
Detector / Serial # Check Beta  |Removable| (pm) | Y | sample Bkg. em) | (dpm/100cm?)
Ludlum 2241-3 /253346 V
43-68 / PR216394 SAT 8/18/2010 Beta Total 1M 15.40% 1 1 126 293
Ludlum 2929 / 149121
43-10-1 /PR150791 SAT 10/28/2010 Beta Removable 43 9.35% 3 10 100 163
"Total Surface Activity . u eMmov. uriace Activity
Location Gross Net Activity Notes ' Gross Net Activity Notes Description
Counts CPM | (dpmv/100cm®) Counts CPM | (dpm/100em?) '
2 162 28 144 <MDC 136 2 25 <MDC Ceiling
15 208 74 381 113 -5 -57 <MDC Floor
19 133 -1 -5 <MDC 112 -6 -61 <MDC Wall
I u
i
min; -5 min: -61
max; 381 max: 25
average: 174 average: -31
8D: 195 SD: 48




Ball State University Neutron Generator Facility

Appen :-QAResults Decommission.  eport
‘ ) : " Page20f2
Radiological Survey Record .
I;ﬁtion: Ball State University Area: Neutron Generator Vault Survey:QA-V01-0101 I Date: 1271772009 | Time: 9:00 AM
urveyor: Mike Culp Reviewed: Ken Gavlik Notes: Final Status Survey 5% QA
Instrument / Serial # Source Cal Due Alpha/ otay/ Bked Effici | CountTime(min) | Area - MDC
Detector / Serial # Check Beta Removable {cpm) ¥ Sample Bke. (cm?) n/100em’
Ludlum 2241-3 / 253346
43-68 / PR216394 SAT 8/18/2010 Beta Total 134 15.40% 1 1 126 293
LsC
‘ Beckman 6500 SAT N/A Beta Removable 0 60.00% 1 1 100 5
Total Surface Activity Removable H-3 Surface Activity 1
Location Gross Net Activity Notes - Gross Net Activity Notes Description
Counts CPM  |(dpnv/100cm®) Counts CPM (dpm/100cm’)
2 N/A N/A N/A 21 ’ 21 35 Ceiling
15 N/A N/A N/A 21 21 35 Floor
19 N/A N/A N/A 13 13 22 : Wall
h
min; 0 min: 22
max: 0 max: 35
average:. #DIV/! average: 31

SD: #DIV/A! ‘ SD: 8



Appendix F
~ Systems Results



Neutron Generator Facility

Ball State University
Appen - Systems Results Decommission.  leport
_ Page 1 of 2
Radiological Survey Record - —_
Location: Ball State University Area: Neutron Generator Vault Survey:Systems I Date: 12/16/2009 | Time: 3:00 PM
[Surveyor: Mike Culp Reviewed: Ken Cavlik Notes:
Instrument / Serial # | Source Cal. Due Alpha/ Totall Bked Efficiency Count Time (min} | Area MDC
Detector / Serial # Check Beta Removable {cpm) Sample Bke. (cg’) (dgm/ll)ﬂcmf)
Ludhum 2241-3 / 253346
43-68 / PR216394 SAT 8/18/2010 Beta Total 138 15.40% 1 1 126 297
Ludium 2929/ 14912}
43-10-1 /PR150791 SAT 10/28/2010 Beta Removable 48 9.35% 3 10 100 171
Total Surface Activity Removable Surface Activity 1
Location || Gross Net Activity Notes Gross Net Activity Notes “ Deseription
Counts CPM | (dpnv100cm®) Counts CPM | (dpm/100cm’)
48 137 -1 -5 <MDC 138 -2 21 <MDC n Ventilation
51 I 216 78 402 154 3 36 <MDC Drain Sump
|
N __ __ I
min: -5 min: -21
max: 402 max: 36
average: 198 average: 7
SD: 238 SD: 40



Ball State University Neutron Generator Facility

Apper.  F- Systems Results : : ~ Decommission  eport
: Page 2 0of 2
Radiological Survey Record
l[Location: Ball State University Area: Neutron Generator Vault Survey:Systems ] Date: 12/16/2009 | Time: 3:00 PM
urveyor: Mike Culp Reviewed: Ken Gavlik _ Notes:
Instrument / Serial # Source Cal. Due Alpha/ otav Bked Efficien L CountTime(min) | Area MDC
Detector / Serial # Check Beta | Removable|  (cpm) Y | Sample Bkg. (cn’) | (dpm/100em’
Ludlam 2241-3 / 253346 '
 43-68 / PR216394 SAT 8/18/2010 Beta Total 138 15.40% 1 1 126 297
LSC
Beckman 6500 SAT N/A Beta Removable 0 60.00% 1 1 100 5
|| ‘ ] otal durface Activity ‘ Removable H-3 Surface Activity
Location Gross Net Activity Notes Gross Net Activity Notes Description
Counts CPM  |(dpm/100cm®) Counts CPM | (dpmv100cm®) f
48 N/A ‘N/A NA 10 10 17 : Ventilation
51 I N/A N/A N/A 160 160 267 ) Drain Sump

. —

111

ll;‘

min: 0 min: 17
max: 0 max: 267
average: #DIV/Q! average: 142

SD: #DIVA! sD: 177



Appendix G
- Mat’l Release Results



Ball State University
Appent

i - Material Release Results

Neutron Generator Sacility
Decommissionit.  eport
Page 1 0f8

Radiological Survey Record —
jon: Ball State University Area: Neutron Generator Vault Survey: Release of Materials | Date: 12/15/2009 ] Time: 3:00 PM ll
eyor: Ken Gaviik Reviewed: Mike Culp Notes: Free release surveys of materials and equipment from vault '
Instrument / Serial # | Source Cal. Due Alpha/ Total/ Bked g Connt Time (min) Area MDC
| Detector/Serial# | Check Beta | Removable|  (cpm) fclency |"Sample |  Bkg. (cm) | (dpm/100em’)
Ludlum 2241-3 / 253346 :
43-68 / PR2163%4 SAT 8/18/2010 Beta- Total 137 15.40% 1 1 126 296
Ludlum 2929 / 149121 « ,
43-10-1 /PR150791 SAT 10/28/2010 Beta Removable 45 : 9.35% 3 10 100 166
Total Surface Acti Removable Surface Activity
Location Gross Net Activity Gross Net Activity Description
Notes Notes :
Counts CPM___ |(dpm/100cm’) Counts | ~ CPM |(dpm/100cm®)
1 125 -12 -62 <MDC 134 0 -4 <MDC Tonization Vacuum Gauge
2 142 5 26 <MDC 132 -1 ~11 <MDC lonization Vacuum Gauge ﬂ
3 135 -2 -10 <MDC 145 3 36 <MDC Power Guard
4 128 -9 -46 <MDC 147 4 43 <MDC Harrison 6516A DC Power Supply
5 141 4 21 <MDC 137 7 <MDC Harrison 6516A DC Power Supply
6 112 -25 ~-129 <MDC 132 -1 -1 <MDC Thermocouple lonization Control
7 138 1 5 <MDC 140 2 18 <MDC Powercord
8 123 -14 -T2 <MDC 132 -1 -11 <MDC Powercord
9 140 3 1s <MDC 168 11 118 <MDC || Ortec Highvoltage Power Supply
10 127 -10 ~52 <MDC 156 7 78 <MDC ! Ortec Highvoltage Power Supply
1 120 17 88 <MDC 141 21 <MDC ﬂ Harrison 6516A DC Power Supply
12 139 2 10 <MDC 151 5 57 <MDC Harrison 6516A DC Power Supply |
13 139 2 10 <MDC 1 126 -3 -32 <MDC ! Vacuum Pump
14 132 -5 -26 <MDC 145 3 36 <MDC ﬂ Kinney Vacuum
15 119 -18 -93 <MDC 155 i <MDC Poly Source Storage
16 135 -2 ~10 <MDC 146 39 <MDC a Poly Source Storage !
17 121 -16 -82 <MDC 174 13 139 <MDC Light
18 161 440 2268 | <Mpc | 161 9 93 MDC | Light |
min: -2268 . omim =32
max; 26 max: 139
average: -158 average: 38
SD: 528 SD; 47




Ball Stat~ University Neutron Generatr- “acility

Appen 3 - Material Release Resuits Decommissioni.  leport
' Page20f8
Radiological Survey Record , . - :
lﬁaﬁon: Ball State University Area: Neutron Generator Vault Survey: Release of Materials | Date: 12/15/2009 |  Time: 3:00 PM
iSurveyor: Ken Gavlik Reviewed: Mike Culp Notes: Free release surveys of materials and equipment from vault
Instrument / Serial # Source Alpha/ Total/ Bked Count Time (min) Area MDC
Detector /Serial# | Check | S™P" | 'Beta |Removable] (cpm) | FRRY Moimple | Big. ) | (@dpm/100cm?)
Ludlum 2241-3 /253346
43-68 / PR216394 SAT 8/18/2010 Beta Total 137 15.40% 1 1 126 296
Ludlum 2929 / 149121 R
43-10-1 /PR150791 SAT 10/28/2010 Beta ‘Removable 45 9.35% 3 10 100 166
I Total Surface Activity T Removable Surface Activity
Location Gross Net Activity N Gross Net Activity - Description
2 otes Notes
Counts CPM  |(dpm/100cm’) Counts CPM | (dpm/100cm®) ‘

19 | 164 27 139 Mpc_|| 155 7 7 <MDC Light
20 135 -2 ~10 <MDC 129 -2 -21 <MDC Lamp
21 125 -12 ~62 <MDC 144 3 32 <MDC Intercomm u
22 149 12 ‘ 62 <MDC 153 6 64 <MDC Powercords
23 125 -12 -62 <MDC 143 3 : 29 <MDC Flask Stand
24 156 19 98 <MDC 143 3 29 <MDC Hastings Vacuum Pump
25 140 3 15 <MDC 131 -1 -14 <MDC Vacuum Pump
26 132 -5 -26 <MDC 162 9 % <MDC Box Powercords
27 54943 54806 282447 157 7 ) 78 <MDC |l Target Holder (Disposed of as Rad Waste)

Beam Tube Internal (Diposed of as Rad

28 82717 82580 425582 137 1 7 <MDC Waste)
29 152 15 77 <MDC 161 9 <MDC RAD Box DAW
30 142 5 26 <MDC 137 1 7 <MDC_|| RAD Box Beam Tubes
31 143 6 31 <MDC 150 5 53 <MDC RAD Box Beam Stop, Diff Pump Tube
32 141 4 21 <MDC 147 4 43 <MDC Stool
33 121 -16 -82 <MDC 149 5 50 <MDC Powercords
34 134 -3 -15 <MDC 166 10 111 <MDC Chair
L 35 125 -12 -62 <MDC 149 5 50 <MDC RAD Box Diff Pump Gate Valve

36 u 121 -12 62 <MDC 139 1 14 <MDC RAD Box DAW (Tubing)

min; -82 min; -21

max: 425582 max: 111

average: 39340 average: 44

SD: 117082 SD: 38



Ball Sta*~ University

Neutron Generate- “acility

Appen. 5 - Material Release Results Decommissionl. .eport
Page3dof8
Radiological Survey Record - .
l[Locaﬁg_n Ball State University lArea Neutron Generator Vault Survey: Release of Materials Date: 12/16/2009 Time: 3:00 PM
[Surveyor: Ken Gavlik Reviewed: Mike Culp Notes: Free release surveys of materials and equipment from vault :
Instrument / Serial # | ~ Source c Alpha/ Total/ Bked Count Tirae (min) Area MDC
‘ al, Due Efficiency ~ 2
Detector / Serial # Check Beta | Removable]  (cpm) Sample Bkg. (em’) | (dpm/100cm’)
Eudlum 2241-3 /253346 ‘ :
43-68 / PR216394 SAT 8/18/2010 Beia Total 138 1540% 1 1 126 297
Ludlum 2929 /149121
43-10-1 /PR150751 SAT 10/28/2010 Beta Removable] -~ 48 9.35% 3 10 100 171
- Total Surface Actlivity Removable Surface Activity
Location | Gross Net Activity N Gross Net Activity Description
2 otes Notes
Counts CPM  |(dpnvi60cm®) Counts CPM (dpm/100cm?)
37 135 -3 ~15 <MDC 141 -1 ~11 <MDC Neutron Generator Stand
38 139 1 5 <MDC 149 2 18 <MDC Neutron Generator Stand
39 126 -12 -62 <MDC 133 -4 -39 <MDC_{ Neutron Generator Stand
40 136 -2 -10 <MDC 148 1 14 <MDC Neutron Generator Stand .
Neutron Generator Stand (Disposed of as
41 135 -3 -15 <MDC 121 -8 -82 <MDC Rad Waste)
Neutron Generator Stand (Disposed of as
42 147 9 46 <MDC 139 -2 -18 <MDC Rad Waste)
) Neutron Generator Stand (Disposed of as
43 168 30 158 <MDC 152 3 29 <MDC Rad Waste)
44 137 -1 -5 <MDC 148 1 14 <MDC Neutron Generator Stand
F 45 141 3 15 <MDC 143 0 4 <MDC Transformer |
46 105 -33 -170 <MDC 162 6 64 <MDC Transformer
47 97 41 -211 <MDC 149 2 18 <MDC Steel Ramp
137 -1 -5 <MDC 138 -2 =21 <MDC Ventilation
144 6 31 <MDC H 142 -1 -7 <MDC Metal Container
121 -17 -88 <MDC 149 2 18 <MDC Metal Container
216 78 402 154 - 3 36 <MDC Drain Sump
136 -2 -10 <MDC 141 -1 -11 <MDC Metal Can
139 1 5 <MDC 155 4 39 <MDC Metal Can
141 3 15 <MDC 135 -3 -32 <MDC _ Metal Can
min: -211 min: -82
max: 402 max: 64
average: 5 average: 1
SD: 127 SD: 34



Neutron Generatr~ <acility

Ball Stat= University
Appen 3 . Material Release Results Decommissioni  leport

Page4of 8
Radiological § Record v '
Iﬁﬁon: Ball State University Area: Neutron Generator Vault Survey: Release of Materials | Date: 12/16/2009 | Time:. 3:00 PM
ESurveyor: Ken Gaviik Reviewed: Mike Culp Notes: Free release surveys of materials and Lui.pnwnt from vault -
Instrument / Serial # Source Cal. Due Alpha/ Total/ Bked Efficien |____Count Time (min) Area MDC
Detector / Serial # Check Beta | Removable|  (cpm) ' [ sample Bkg. (cm?) | (dpmy/100cm’)
Ludlum 2241.3 / 253346 ‘ :
43-68 / PR216394 SAT 8/18/2010 Beta Total 137 15.40% 1 1 126 296
Ludlum 2929 / 149121
43-10-1 /PR150791 SAT 10/28/2010 Beta Removable 48 9.35% 3 10 100 171
il Total Surface Activity Removable Surface Activity ﬂ
Location Gross Net Activity Gross Net Activity Description.
Notes Notes : ~
Counts CPM  |(dpm/100cm®) Counts CPM | (dpm/100cm®)
55 156 19 98 <MDC u 151 2 25 <MDC Metal Can
- |
min: 98 min: 25
max: 98 max: 25
average: 98 average: 25

SD: #DIV/A! SD: #DIV/0!



Ball St»*~ University Neutron Generat~ ~agcility

Apper. 3 - Material Release Results - Decommissioni  .2eport
Page50of8
Radiological Survey Record :
Iﬁ: Ball Statc University Area: Neutron Generator Vault Survey: Release of Materials | __ Date: 12152000 | Time: 3:00 PM
urveyor: Ken Gavlik Reviewed: Mike Culp Notes: Free release surveys of materials and equipment from vault
Instrument / Serisl # Source Cal. Due Alpha/ TotaV Bked Efficiency | Count Time {min) Area MDC
Detector / Serial # Check " Beta | Removable|  (cpm) Y | Sample Bkg. (em?) | (dpm/100em®)
Ludlum 2241-3 /253346
43-68 / PR21639%4 SAT 8/18/2010 Beta Total 137 15.40% 1 1 126 296
LSC
Beckman 6500 SAT N/A Beta Removable 0 60.00% 1 1 100 5
Total Surface Activity Removable Surface Activity
Location Gross Net Activity 1 Gross Net Activity Description
2 Notes Notes
Counts CPM  |(dpnv100cm?) Counts CPM (dpm/100cm’)
1 N/A N/A N/A 17 17 28 lonization Vacuum Gauge
2 N/A N/A N/A 18 18 30 Ionization Vacuum Gauge
3 N/A N/A N/A 22 22 37 Power Guard
4 N/A N/A N/A - 10 10 17 Harrison 6516A DC Power Supply
5 N/A N/A N/A 11 11 18 Harrison 6516A DC Power Supply
6 N/A N/A N/A 13 13 22 Thermocouple Ionization Control
|| 7 N/A N/A N/A 12 12 20 " Powercord
ﬂ 8 N/A N/A N/A 11 11 18 Powercord
9 N/A N/A N/A 17 17 28 Ortec Highvoltage Power Supply
10 N/A N/A N/A ‘ 13 13 22 Ortec Highvoltage Power Supply
11 N/A N/A N/A 9 9 15 Harrison 6516A DC Power Supply
12 N/A N/A N/A 12 12 20 Harrison 6516A DC Power Supply
13 N/A N/A N/A 51 51 85 Vacuum Pump
14 N/A N/A N/A 9 9 15 Kinney Vacuum
15 N/A N/A N/A 83 83 138 Poly Source Storage
16 N/A N/A N/A ‘ 29 29 48 Poly Source Storage
17 N/A N/A N/A 8 8 13 ‘ Light
18 N/A N/A N/A 14 14 23 Li§Et
min: 0 min; 13
max: 0 max: 138
average: #DIV/0! average: 33

SD: #DIV/0! SD: 31



Ball St>*~ University Neutron Generat~ “acility

Appen. 5 - Material Release Results Decomunissionl. leport
Page6of8
Radiological Survey Record .
tion: Ball State Universi Area: Neutron Generator Vault Survey: Release of Materials | Date: 12/15/2009 | Time: 3:00 PM
Euweyer: Ken Gaviik Reviewed: Mike Culp _ Notes: Free release surveys of mWWt from vault
Instrument / Serial # | Source Cal Due Alpha/ Totall Bkgd Efficie Count Time (min) Area l
Detector / Serial # Check Beta  |Removable|  (cpm) Y | Sample Bkg. {cm®) (dpwmcm’)
Ludlum 2241-3 /253346 ll
43-68 / PR216394 SAT 8/18/2010 Beta Total 137 15.40% 1 1 126 296
LSC
Beckman 6500 SAT N/A Beta Removablel 0 . |  60.00% 1 1 100 5 g
Total Surface Activity RemovaETé Surface Activity '
Location Gross Net Activity Gross Net Activity Description
‘ Notes : Notes
Counts CPM  |(dpmv100cm®)| - I Counts CPM _ |(dpmv100cm®)
19 13 13 22 Light
20 N/A N/A N/A 16 16 27 Lamp
21 N/A N/A N/A 18 18 30 Intercomm
22 N/A N/A N/A 16 16 27 Powercords
23 N/A - N/A N/A 16 16 27 Flask Stand !
24 N/A N/A N/A 19 19 32 Hastings Vacuum Pump
25 N/A N/A N/A 29 29 48 i Vacuum Pump
26 N/A N/A N/A 18 18 30 ; Box Powercords
27 N/A N/A N/A 446016 446016 743360 Target Holder (Disposed of as Rad Waste! i
Beam Tube Internal (Diposed of a5 Rad
28 " N/A N/A N/A 918306 918306 1530510 Waste)
29 N/A N/A N/A 26 - 26 43 RAD Box DAW
30 N/A N/A N/A 144 144 240 RAD Box Beam Tubes
31 N/A N/A N/A 26 26 43 RAD Box Beam Stop, Diff Pump Tube
32 N/A N/A N/A 43 43 72 Stool
33 N/A N/A N/A 35 35 58 Powercords
34 N/A N/A N/A 202 202 337 Chair
35 N/A N/A N/A . 31 31 52 RAD Box Diff Pump Gate Valve
36 N/A N/A N/A 21 2] 35 RAD Box DAW (Tubing)
min: 0 min: 22
max: 0 max: 1530510
average: #DIV/! average: 126388
SD: #DIV/) SD: 391642



Ball Stat= University . Neutron Generatr ™acility
Appen. - Material Release Resuits Decommissionii  .eport
Page 7T of 8

Radial

ical Survey Record

Location: Ball State Univers Area: Neutron Generator Vault Survey: Release of Materials | Date: 12/16/2009 | Time: 3:00 PM
urveyor: Ken Gaviik Reviewed: MikeCulp Notes: Free release surveys of materials and equipment from vault
Instrument / Serial # Source Alpha/ Total/ Bked Count Time {min Area MDC
Detector / Serial # Check "T"‘ Due Beta | Removable (cpm) Efficiency Sample Bkg. (em”) | (dpm/100em®)
Ludlum 2241-3 /253346
43-68 / PR216394 SAT 8/18/2010 Beta Total 138 15.40% 1 1 126 297
LSC |
Beckman 6500 SAT N/A Beta Removable 0 60.00% 1 1 100 5 i
Tetal Surface Activity Removable Surface Activity ]l
Location Gross Net Activity N Gross " Net Activity Description
otes Notes
Counts CPM  |(dpm/100em®) Counts CPM (dpm/100cm®) | _
37 N/A N/A N/A 17 17 28 Neutron Generator Stand
38 N/A N/A N/A 46 46 77 Neutron Generator Stand
39 N/A N/A N/A 42 ‘ 42 70 Neutron Generator Stand
40 N/A N/A N/A - 26 26 43 Neutron Generator Stand
Neutron Generator Stand (Disposed of as
41 N/A N/A N/A 525 528 875 Rad Waste) |
Neutron Generator dtand (Dispesed of as
42 N/A N/A N/A 158 158 263 Rad Waste)
Neutron Generator Stand (Disposed of as
43 N/A N/A N/A 419 419 698 Rad Waste)
4 N/A N/A N/A 13 13 2 Neutron Generator Stand
45 N/A N/A N/A 10 10 17 Transformer
46 N/A N/A N/A 17 17 28 Transformer ﬂ
47 N/A N/A N/A .16 16 27 . Steel Ramp “
48 N/A N/A N/A 10 10 17 ' Ventilation %
49 N/A N/A N/A 14 14 23 Metal Container
50 N/A N/A N/A 12 12 20 Metal Container |
51 N/A N/A N/A 160 160 267 Drain Sump “
52 N/A N/A NA 13 13 22 Metal Can
53 N/A N/A N/A 13 13 22 Metal Can ‘ “
54 N/A N/A N/A 22 22 37 Metal Can )
min: 0 “min: 17
max: O max: 875
average: #DIV/0! average: 142

SD: #DIV/O! SD: 249



Ball Stz University Neutron Generat: “acility
Appen. - Material Release Results Decommissioni._ .teport
Page8of 8
Radiological Survey Record —
ﬂﬁﬁu: Ball State University Area: Neutron Generator Vault Survey: Release of Materials Date: 12/16/2009 Time: 3:00 PM i
ESurveyor: Ken Gaviik Reviewed: Mike Culp . Notes: Free release surveys of materials and equipment from vault .
Instrument / Serial # | Source Cal Due Alpha/ | Total Bkgd Efficienc Count Time (min) | Area MDC
| Detector/Serial# |  Check Beta | Removable|  (cpm) Y | Sample Bkg. em) | (dpmv100em®)
Ludium 2241-3 /253346 H
43-68 / PR216394 SAT 8/18/2010 Beta Total 137 15.40% 1 1 126 296
LSC
Beckman 6500 SAT N/A Beta Removable 0 60.00% 1 1 100 5
Total Surface Activity emovable Surface Activify
Luocation Gross Net Activity N Gross Net Activity Description
3 otes Notes
Counts CPM | (dpm/100cm’) Counts CPM__ |(dpnv/100cm’) ;
55 N/A N/A N/A 15 15 25 Metal Can
. |
| |
min: ¢ min: 25
max: 0 max: 25
average: #DIV/O! average: 25
SD: #DIV/)! SD: #DIV/O!



