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MEMO 

To: 	 Bryan A. Parker 

NRC. Region III Office 

Lisle, IL 60532-4351 


From: Mohammed S. Islam ~ II 


RSO, Ball State University ~_~ 

Muncie, IN 47306 ' 


Date: 	 112812013 

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

This Memo is in response to questions arising during your review ofBaU State 
University's NRC license renewal application, and our conversation over the telephone as 
well as email exchanges on 1124/13. Our current license number is 13-06231-01. 

1) Materials listing (page 1 ofapplication) 

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 ofour original license 
application. The modified table is attached. 

2) The RSO Delegation of Authority 

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

3) Neutron Generator Deeommissioning Report 

A full version ofthe Neutron Generator Facility Decommissioning report is attached. 
Pages 1-3 to 1-29 ofAppendix-J ofour original application will be replaced by the 
content of this file. 

I appreciate you assistance in the review ofour renewal application. Ifyou have 

additional questions. my phone number is (765) 285-8066 and e-mail is 

mislam@bsu.edy. 


mailto:mislam@bsu.edy


5. Radioactive Materials 
Byproduct, source, 
andlor special nuclear 
material 

Chemical 
andlor 
physical form 

Maximum amount 
that licensee may 
possess at anyone 
time under this 
license 

Proposed Use 

Any byproduct material 
with atomic numbers I 
through 83 with half-
lives less than 120 days 

Any 10 millicuries per 
radionuclide and 500 
millicuries total 

In vitro studies 

C-14 Any 25mCi In vitro studies 
H-3 Any lOOmCi In vitro studies 
Ca-45 Any 2mCi In vitro studies 
1-125 Boundlnon

volatile 
2mCi RIAIIn vitro studies 
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MEMO 

To: 	 All Ball State University Employees 

From: 	 Robert J. Moms (J.J)~~ '" ~ . 
Associate Provost~_ and Dean ofthe Graduate School 

Subject: Delegation ofAuthority for Radiation Safety Officer 

Mohammed Islam has been appOinted Radiation Safety Officer and is responsible for 
ensuring the safe use ofbyproduct material. The Radiation Safety Officer is responsible 
for managing the radiation safety program; identifying radiation safety problems; 
initiatin& recommending. or providing corrective actions; verifying implementation of 
corrective actions; and ensuring compliance with regulations for the use ofbyproduct 
material. The Radiation Safety Officer is hereby delegated the authority necessary to 
meet these responsibilities. . 

The Radiation Safety Officer has the authority to immediately stop any operations 
inwlving the use ofbyproduct 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 historically 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 unrestricted use specified in 
10CFR20.1402 (2Smremlyr.). 

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 mremlyear « 4% 
ofthe release criterion of2S mremlyr). 

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 ofthe 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 groimdwater 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." 

4.0 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. DCGLw 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, 
"Guid~lines 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's3 for release of vault structures. 
These limits are: 

• 5,000 dpm/100 cm2 average total surface contamination over any 1 m2 

2• 15,000 dpm/lOO cm maximum total surface contamination limited to 100 cm2 

• 1,000 dpm/100 cm2 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, the survey design includes C-14 for 
conservatism. The NRC default screening values are 1.2E8 dpmllOOcm2 for H-3 and 3.7E6 dpmllOOc~ 

. forC-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 decommissioning surveys is summarized in Table 
5-1 and Table 5-2. 

Table 5-1 Instrumentation Specifications 

Detector 
Model 

Detector 
Type 

Detector 
Area Meter Model 

Window 
ThIckness 

Typical41r 
Efficiency 

Ludlum I p~as Flow 
43-68 roportional 

126 cm2 Ludlum 2221 
0.8 

mglcm2 13 % (C-14) 

Ludlum 
43-37 

Gas Flow 
ProPOrtional 

582 cm2 Ludlum 2241 
0.8 

mglcm2 13 % (C-14) 

Ludlum 
44-10 

2"x2" 
Sodium 
Iodide 

N/A Ludlum 2241 N/A 900cpm 
per ",RIhr (Cs-13 7) 

Bicron 
MicroRem 

Organic 
Scintillator 

N/A N/A N/A N/A 

Beckman 
Liquid 

Scintillation 
N/A N/A N/A 60% (H-3) 

80% (C-14) 

Ludlum 
43-10-1 

Dual 
Phosphor 

N/A Ludlum 2929 0.4 
mg'cm2 10% (C-14) 

Table 5-2 Typical Instrument Operating Parameters and Sensitivities 

Measurement 
Type 

Detector 
Model 

Max. 
Scan 
Rate 

Count 
Time 

Bq. 
Count 
Time 

Background 
(cpm) 

MDC 
( dpmllOOcm1

) 

Surface Scans 
(Beta) 

Ludlum 
43-68 

10 
in.lsec. 

N/A 60 
sec. 

500 2,279 

Surface Scans 
(Beta) 

Ludlum 
43-37 

10 
in.lsec. 

. N/A 60 
sec. 

1000 612 

. Total Surface 
Activity (Beta) 

Ludlum 
43-68 

N/A 6 
sec. 

60 
sec. 

500 1087 

Volumetric 
Scans (Gamma) 

Ludlum 
44-10 

5 
in.lsec. 

N/A 60 
sec. 

17,000 1.45 ",RIhr 

Removable 
Activity 

Beckman N/A 60 
sec. 

60 
sec. 

30 28 

Removable 
Activity 

29291 
43-10-1 

N/A 180 
sec. 

600 
sec. 

60 185 
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5.3 Determination of Counting Times a.nd Minimum Detectable Concentrations . 
Minimum counting times for background detenninations and measurement of total and 
removable contamination were chosen to provide a Minimum Detectable Concentration 
(MOC) that met the criteria specified in the DWP. MARSSIM equations relative to 
building surfaces were modified to convert to units of dpmll OOcm2

• Count times and 
scanning rates were detennined 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 ofNUREG 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, ·t, .(1+~)
tb 

MDCstaJic= A 
• 2t, .Etat lOOcm 

Where: 
MDCstatic = minimum detectable concentration (dpm/l 00cm2) 

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

Etot = total detector efficiency for radionuclide emission of interest 
(cpmldpm) -" 

A = detector probe area (cm2
) 

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: 

d'F,(~O) 

MDCSCQJI = A 

fP· Etot • -100c--m-2 
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Where: 
MDCscan =minimum detectable concentration (dpmll 00 cm2

) 


d' = desired performance variable (1.38) 

hj = background counts during the residence interval (counts) 

i =residence interval (seconds) 

p = surveyor efficiency (0.5) 
Etot =total detector efficiency for radionuclide emission ofinterest (cpm/dpm) 

A =detector probe area (cm2
) 

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): 

Where: 
MDCsmear =minimum detectable concentration level (dpmJsmear) 

Br = background count rate (counts per minute) 
tb = background count time (minutes) 
ta = sample count time (ininutes) 
E = Instrument efficiency for radionuclide emission of interest (cpm/dpm) 

6.0 REMOVAL ACTIVITIES 

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 ofcontamination 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 of2.0E-12 J.l.Cilml. . 

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 ft3 fiberboard boxes of activated metal and dry active waste 
(DAW) weighing 455 lbs., the diffusion pump weighing 110 lbs., 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 ofscan 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: 


• 	 Static measurements will be taken to achieve an MDCslQlic of less than 5,000 
dpm/l 00cm2

• 

• 	 Scanning will be conducted at a rate to achieve an MDCscQn of less than 5,000 
dpmll 00cm2

• . 

• 	 Smear counting will be conducted to achieve an MDC of less than 200 
dpmll00cm2• . 

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

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

• 	 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. 

• 	 Quality Assurance Surveys will be conducted at a rate of5%. 

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 I, 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 critenon; and (3) little or no 
potential for small areas ofelevated activity. 

• 	 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 ofelevated 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 
normally 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 DeOLs 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" NaI detector. 

8.S 	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 ofa 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 ofMARSSIM. 

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, [)jas and is defined in MARSSIM as: 

AI _ DCGL-LBGR 
u us-

Us 

Where: 

DeGL = 	 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 

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

The actual calculations are provided below: 
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tJ./a =L2E8-6.0E7 =2400 
s 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 a and Pdecision errors; this is the same 

as the more common terminology of Type I 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 ofData Points (Sign Test) 


The number ofdirect 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 
Zl-a. 
Zl-P 

SignP 

= number ofsamples needed in the survey unit 
= percentile represented by the decision error a 
= percentile represented by the decision error 13 
= estimated probability that a random measurement will be less than 

the DeGL 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: 

N = (1.645 +1.645Y = 11 
4(0.998650 -0.5Y 

Zl-a and Zl-P are equal to 1.645 using the error rate of0.05 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 
detennined.number ofsamples per survey unit for planning purposes was 14. 

8.8 Determination of Sample Locations 
Detennination of Class 1 survey unit sample locations is accomplished by first 
detennining 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. 

S.S.l Determining Class 1 Sample Locations 
In Class 1 survey units, the sampling locations are established in a unique pattern 
begirining with the random start location and the detennined sample spacing. After 
detennining the number of samples needed in the survey unit, . sample spacing is 
detennined 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 

A map was generated of the survey unit's pennanent surfaces included in the statistical 
tests (floors, walls, ceilings, etc.) and folded out in a 2-dimensional view. A random 
starting point is detennined 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 detennined 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 ofapproximately 100cm2 was wiped. Smears were collected and counted 
using a both a liquid scintillation counter (LSC) 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, 
andF. 
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8.10Surveys of BuDding Mechanical System Internals 

Surveys ofvarious building system components were performed. Survey design for these 
systems is out of the scope of MARSSIM. For the purpos~ 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 detennine the 
concentration, area, and extent of the contamination. The survey investigation levels for 
each type ofmeasurement are listed by classification in Table 14.2. 

T able 142. S urvey In titl Leve s Ives 19a on 

Survey Unit 
Classification 

Flag Direct 
Measurement or 
Sample Result 

When: 

Flag Scanning 
Measurement 
Result When: 

Flag Removable 
Measurement Result 

When: 

Class I >75% ofDCGL >MDC > 200 dpm/l OOcm~ 

8.12 Volumetric 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 

c"m -c"mActivity (dpm/lOOcm 2 ) = 'Y 	 mmple 'Y Abaclcgro//Ild 

E ._--:
total 1OOcm2 

The results of total surface activity measurements are presented in Appendix D. 
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8.15Removable Contamination Results 
Removable contamination measurements were collected by wiping an area of 
approximately 100 cm2 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 

cnm -cnm t
Activity(dpmllOOcm2) = 'I:' SIllI/pie 'I:' bac..,.,rOll1ld 

. Etotal 

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 

Blcron Instantaneous Measurements ("Remlhr) 
Loc. I 2 3 4 5 6 7 8 9 10 SD Mean 

1 3 3 4 3 4 4 3 5 4 5 0.8 3.8 
2 5 4 5 4 4 5 4 4 5 5 0.5 4.5 

I 3 4 4 4 4 5 4' 5 5 5 4 0.5 4.4 
4 6 6 6 5 4 5 5 ~~ 4 0.8 5.2 

I 5 5 4 4 5 5 4 4 0.5 4.3 
6 4 4 3 4 5 5 6 5 4 4 0.8 4.4 
7 4 4 4 

lliEili 
4 5 4 0.4 4.2 

8 4 4 4 4 5 4 0.6 4.1 
9 P+ 3 3 4 4 5 5 0.8 3.8 
10 6 5 5 5 5 5 5 5 0.5 5 
11 5 6 

1 
6 5 5 6 6 5 4 4 0.8 5.2 

12 4 4 I 4 4 5 4 6 6H= 0.8 4.7 
13 5 6 5 5 5 6 7 6 5 0.7 5.5 
14 4 4 3 4 4 5 4 n4 4 0.6 3.9 I 

15 4 3 4 4 4 4 5 5 5 .7 4.1 
16 4 SillS 5 4 4 4 5 5 0.5 4.5 
17 435 6 5 6 5 5 I 6 1.0 4.9 
18 544 5 4 4 4 4 4 4 0.4 4.2 
19 511 5 4 5 4 4 I 5 I 5 4 0.5 4.5 
20 444 4 4 4 4 4 4 0.3 4.1 
21 3 3 4 4 4 3 4 4 4 5 0.6 3.8 I 



Ball State University Neutron Generator FaclHty 
NRC License Number 13-06231-01 Decommissioning Report 
February 10, 2010 Page 13 oft6 

22 4141515l6J515141 5 5 0.6 4.8 
23 5 I 5 161 6 161 5 I 5 141 .4 4 0.8 5 

Mean 4.5 
SD 0.6 

-Table 8-2 MicroRem Measurements In Accelerator Room 

Loc. 
Blcron Instantaneous Measurements (~emlhr) 

1 2 3 4 5 6 7 8 9 10 SD Mean 
1 4 4 4 5 5 4 5 4~4.42 5 5 6 5 6 6 5 5 5 0.5 5.4 
3 5 5 6 7 7 6 7 656 
4 5 5 4 5 5 6 5 5 5 6 0.6 5.1 
5 

:1+ 
4 4 5 4 4 4 4 4 0.3 4.1 

6 3 4 4 3 4 4 4 4 0.4 3.8 
7 5 7 6 5 5 6 5 5 0.7 5.6 
8 5 6 6 5 6 5 5 4 5 5 0.6 5.2 
9 6 6 5 6 5 6 5 5 5 5 0.5 5.4 
10 4 5 4 4 3 4 3 4 4 4 0.6 3.9 
11 4 4 4 5 5 5 4 5 5 4 0.5 4.5 
12 4 4 4 5 4 4 4 5 4 5 0.5 4.3 
13 7 6 5 6 7 6 6 5 6 5 0.7 5.9 
14 5 4 5 5 4 4 5 5 6 5 0.6 4.8 
15 4 5 4 4 4 4 5 4 4 4 0.4 4.2 
16 5 5 4 5 5 6 5 4 5 5 0.6 4.9 
17 4 5 6 5 6 4 5 6 6 5 0.8 5.2 
18 4 4 5 4 4 4 4 5 5 4 0.5 4.3 
19 5 5 4 4 5 5 5 4 4 4 0.5 4.5 
20 6 6 5 7 5 5 4 5 5 6 0.8 5.4 
21 5 6 5 5 5 6 5 5 4 5 0.6 5.1 
22 5 5 4 4 4 5 4 4 5 4 

III23 6 6 5 6 5 5 5 6 5 5 

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 forms 
• 	 Proper types ofsurveys 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 perfonned 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 OCOLs 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. 

Survey 
Unit 

0101 

Table 9-1 Structural Surfaces - Total Beta Surface Activity Summal1 
i Any Result #of 
I 

Mean MDC Standard 
Min. Max. Investigation Exceeding

Sample Deviation Level 
Investigation. Locations 

(dpmllOO em ') 
Level? 

23 98 297 I 108 -36 407 5000 NO 

Table 9-2 Structural Surfaces - Removable Surface Activity Summar:v 

Any Result 
#of Standard Investigation

Survey Max.Mean MDC Min. Exceeding
Sample Deviation Level

Unit InvestigationLocations Level? 
(dpmllOO cm ) 

0101 NO23 -13i(2929) 171 31 53 200-93 
0101 NO(LSC) 23 24 2005 13 427 
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Table 9-3 Systems - Total Surface Activity Summary 

#of Standard Investigation Any Result 
Survey 

Sample 
Mean MDC 

Deviation 
Min. Max. 

Level 
Exceeding 

Unit 
Locations. 

Investigation 

(dpmllOO cm ) 
Level? 

N/A 2 198 297 288 ':5 402 5000 NO 

Table 9-4 S vstems - Removable Surface Activity Summary 

Any Result
Investigation#of StandardMeanSurvey MDC Max.Min. Exceeding

Sample Deviation Level
Unit Investigation

Locations 
Level?

(dpmllOO cm ~) 
NO2929N/A 200171 40 -21 362 =7 YESLSCN/A 2 142 2005 17177 267 

9.3 	Determining Compliance for BuUdlng Surfaces and Structures 

Survey results were initially cDmpared to. the investigatiDn levels. No. total activity 
results in surv~y unit 0101 wereabDve the investigatiDn level, and were well belDW the 
DeGL. RemDvable activity results in survey unit 0101 were abDve the investigatiDn 
level, but were well belDw the DeGL. FDr surface activity, the Sign test is used to. 
detennine the minimum number Df sample IDcatiDns. Because all surface activity 
measurements are less than the DCGL, the survey unit passes the Sign Test. TherefDre, 
the null hypothesis can be rejected and the survey unit meets the release criteriDn and is 
suitable fDr release fDr unrestricted use. 

The results Df the data quality assessment and calculatiDns Df the dDse frDm each 
structural surface survey unit are presented in Table 10-5. 

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

Survey 
Unit 

Standard 
Deviation 

(dpmllOO cml) 

# Samples 
Required 

#of 
Samples 

Adequate 
#of 

Samples? 

Mean 
(dpmllOO cm1 

Calculated 
Annual 
TEDE4 

(mrem/yr) 

0101 I 107 11 23 YES 98 .0013 

4 The TEDE shown is calculated by multiplying 25 mremlyr by the ratio of the mean total surface activity 
to the C~14 DCGL of3.7E6 dpmll00cm2 and then multiplying by 2 to account for the ISO 7503-1 surface 
efficiency. 
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9.4 	Determining CompUance for BuDding 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. 
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--'~'~'--~.,.~,~',.~,,~:,-"-'~~.-',~;~,-~~.~:----~------~~-----

'.. 
... !. • 

: :'.. . 
, " 

..#', • 

~1n81rUR\~t ~Fim,r~r1qsCrIteria?: (i) Yea " '0 No 

'~tni.an8.~~~ ."., ,", @ "y~ 'Q ~" 


. catei_m~~I' ~fOr.N.itXfqallbratJ~; . 08118110 
'! " ";"" II _ ....,_ '......_,~,'-'-.____---._ 

, " 

, , ' 

'"~tRUMeIT.-MARRIEDWr.i'tl' 43-10-t 'tPR'I"'~. 
P.~tiy: '~,~ Date: 811~o09 En"riKI-~niu•..' . 

....:--~--.-."',-----:--

http:ciw,;...�W1h,..ti


~ .. 	 'G~FJ:IN I~TRUMENTS " . '. ': ... 
., t".:\\~ 

CAll.~TION eERT.,FlcA~rE ,FO~ : 4~·10..1 
'" 

~ROBE ., 

Dwn.r! CHASE' ENV 

,~ATE: ,~8ici9 
, , 

'iDeATION: ' Griffin Inst . 
TECH: JcienneGlenn . ,D~TI.I.AiTCAL~~; o9I05Joa 

• t' ", . ' , ~N P9.R CAll~RA~~' . " " 
®. !'oFor(;allil..... 0 Repall'.(Iee'.,rkll) 0 ~(se.~l. 0 Due:.nd'~" ' 

, .~il.E!.LE~;' ~ ,.' ~':' .:, :',.,"INirui'SE_I'Iivtt:n.- {rqll- ' .,' , ... , 
_. .:.'. ' • ). .. .'. ,:$. • pA : ',) t, ~... '. : . ~ f 1.. ., 

'- _ :laqnie..NUmb~' 	 .. 
_• " " 94~7Q.I1593 ~ 


ooic4~ 
, ',.289"1.00 
ae.oo. 
PX~ 

.. 	 " . '. 
' .. ' .i 

, • - I Efj{~...~.~._:" , .. 
• 	 t.: 

• •••• • • • '. f ~.,., <II'.. • 3i ',' .... .... • • 

'. '..'-.,Pc!- I ,'37.77'9. 'tit:!' 33.~1 ' , errJ'r,,,-. ,.='r,40=:49%=, 

',' .;'c~.G~ ~4:I' ,10,84%1 T~~~I > ":' ·1 

", If 

'~/3.50'. 

eum I.d.I.JI" 

.' .. -'" 

" 

'" 

... . ..... . lb:3& .lilt· ;&.;a,
; 	 .. 

A.l= CPM: 
-, 

C," . J[. 5~O: r t', ~~. ]. 1~¥Cl ,....----_..- . 
Af4plMf, I,: ,,1ac5. I I 2Ufti II ~'7% I 38.80% 'I 

AFt·P! tit: I 7U3%. ] I. 4U4" II. '!1'1~ [ ~ 'I 


Is .. f9unir:afflCla,wcr wllhf~ 20% of,the efficlenGY from,tru.laat-C8I? (!) ,V" O· No (a.. ltem4rka) 

Nail: 1f...Wwidalli l...ti,l"" cd ilia lall.Allli1lndlolllld Iha ....'Xldlr...1;.~Ii.MlXIIIIIt ...c1CM, INn 1he~_NlA"llIatNu l8dian 'II1II.-.1It..... 	 : '-. _ ', . 

._-.--_._----.._..._----_.._.,--,----'--.., 

http:289"1.00
http:il.E!.LE


. . 
. . ... r' ~ .' . 

••• 

., . G~IFFiN:lliis:m(jMI!NT8' 
" 

. , .. , : 
," .' •

PROaE t: PR167231 
" . 

PLA't~U A~ sEt POiNT DATA'· 
• '. ~ ~ .. ',., .: t ... 0° .'," • ... 

....• ,' 

. , .
" . 

• e,; " , 

. :... .. ... . ...... 
.... ',..•• 0:" ,.".. .:;•• ..... :1' ••.. t - *' ..: •• ~. • :'., ~~••:' : -:.: '. '\ ' 

' .. <iii " ...'". : ,,':"" ~,. ..... ' .. .';. : ., ". ,. 
" 


,,:) :.. '. .~. • • • ",' ~ I' :. ._. :... .':. ".. , ,,," • ,f'

J ... ' ... . :- " 

• . ' .. • .... ,.., .! 1,.' ,. t.'· - ~ 1'\".,... ..< »" • I. ~ ;. <\. ,- ' :.. 

~. 

, 

. ir:iI' . , , • ;P.!"', 

'4~', . 
~!?& 

" 

t.ia . ,41.8. '..
"a22K' :fi~·'. 

'.', .. 

',* , . 
" 

", .~:. ... .,.. .' ".' .. • • ~!.. • '.. ' • ~. 

, ,.REMARI<$:N~ertldlcbktr·RelMJttqylart*'IIP~.· ," , ': : " ; 
", .: .. ;,:":~ ........ :.:,.. .~ . :.'~;' .. " .. ; ..... , ... .. <. 

.' , :p.oe;'·lnit~'~~!n,.(~n~~8?::, -< '(i) -veis: '~<O.'';'o .'. ,', 

~~'~~''''''''' :.'.'.. :@ :.Y.': : .'0 Ncr.. ,",...•.. '... ' 
. " .:~1"';lUm~~.~For~CIlIi~ a~,j~tQ'" . '.,,:, 


"~~~~~~~~~~~ftl:';' . ·"lUI,.. :~·"'~"1~~01.·'. "; ----'-~--....:..,-. 

.. ',~ 

~~~I~1li: .~~," "D~i~~' 
c.I~",,,,p""'IIHfI." _UuM..r~...rti..~~~""'''~ 

. " #." "t·~··"; 

2 



GRIFFIN 1NSTRUMENTS 


CALIBRATION CERTIFICATE FOR 2241·3 SERIAL. 253348 
Owner: CHASE'ENV 

DATil: ' 08118109 LOC~TIDN: Grlftln Inet 

, 'TeCH: Joanne Glenn DATI! LAST CAL EXPIRES: 08113109 

Rauon For Callbrdlon: (!) Du. For Calibration, 0 Repair (S•• Remarkel 
o Other (S•• RemarICa) 0. cu. '1nd bpal, (See Rem.) 

NIIT TBACE6m EEQUIPMENT USED DURING CAl.!BRADON 

MDOIL: M·500 SERIAL I: 11,,612 CAL. DUE: 09I0&I09 

MOOIL: SERIAL t: CAL DUE: 

ii! 'Paatl8low SwItch working'properly ~ Audio Relponte . 0 O.otroplsm CABLE LENGTH 10' 

CONDmON: Sat 

NEW BATTERIES: OV'.@N~ BAneRV CHECK: 

WTEST ' 0 NlA ,Ci Sat'0 Unsat 

2.5 ----.,A:-:"L-==iN=P=UT=SEN=,=SI=TIYITY=::-::-(,,-m"""V):-c.f1=,-:-~- --4' . , ----- AP INPUT SENSI:t:IVITV (mY) '1: 


AF .INPUT SENStTMTV (lilY) #2: 2.15 AL INPUT SENSITMIV (Illy) ft.: 4 


AF INPUT IEN8mVITV (mY) 13: 2.5 AL INPUT SENSlTlVI1Y (mY) 13: " 

AF INPUT 8EN8ITMTY (mY) M: 2.5 AL INPUT SeN8ITMTV (m~14: .. 


... " "-'~------------------'---''''--'--

RATE CPU AS FOUND .,. ERROR AS LEet "ERROR 

210 251 I 0;4% 
2ICIO 2498 I 0.1%, 

21K 24.983 I K 0.0% 
2&OK 249.9615 IK I o.cm 

DETECTOR 1: 
AF1-1 ALW 

[0000=u:-Ji,-AF_.__ 

~"I IA=F~"~ 
~,_==:oJ ' ~-." "I 
I~ ,_ =oJ !A>F. i 
leo n=oJ ~-.-J 

~F. ,I~..J 

AF. Ie the Aa Found Data Within 2% ofthe Set'PGJnt't: 
AF. 

(!) Vea 0 Nop,..F. 
A.F. 

.REMARKS: See side of InItrument for HV .ettlngl and deteclonl. 

Do.. tnltNmlllt Meet FInal Acceptance CrhIia?: (!) '(ea o No 

CeUbratIon StIcker Attached?: @l Va o No 

Date Instrument"I Due For NelIt.c.nbratJon: 08118110 

INBTRI;IMENT MAlVUI!D WITH 

ParfonnlldlR.avlewed by: ~JL...... ~ Dlte: 811812009, 

1 , 

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


, 

- -GRIFF"" INSTRUI!IIE'NTS 
, ',' =' . 

, , 

CAl)B~n.ON CERTifiCATE FOR 43-.8, 
OWn.'; .'Cf.lAsE ENv 

" 
DATE: 08f1ai09" , 'I:DCATION:, OrlflJn lnat 
TEcH: Jqanne Glenn ',Df.1I:t:.AIT ~~&XPJ~: ,D8I131d9 

'It!ASON FOA CAuBMTlQN~ " , , ' 
. ' (j)' ~\"c.~.f~nI~lon ,0 ~ep""("'~""rb) ·;O:,~IW.I·"'''R.n'lJMie), '0 Due.~~P*.' 

t~ 	

"'.. '. 

",ewLf;NCriH: .''!tf '. ... ,' ,..-, . " ::" .j~~.&ti.ttr'i:r.v: ~ ~v', '.., ':.' .... 

.' ~. 	 _i.... froIIr..tc8~:· I 

. 	 ".," , .#.~.' " ... ~.'~.~.t- ''''_\" . \,':l . 

CoadlllO..:' " '~- ··~at o· :~at;'p'~.r·: t ,:",i['· ~1~ lIr:L:-.-;· t , 
.····;T4...=r ?';6Q%1 q1:t1 : 1~~*-1 TC'~I:I" '; : .,}. 

, . , .. . 	 .:" . 
AI '~i1d~) ~clancl": . : .. ...... ".' . ., 

" 
"~ t' I • " .... ' 

" 	 , ....~.. " 

~ ~ ~ • ,,", .'idii-' '~ ': 

AF~PM: 	 ~-:-I f:=-~ ['-:~ J [ .4t38 I C' ~52~. ·1 t .7~, 'j 

[2i.Ji%l1 I I 'ii.."" f f '~)'j% I· 1-- i4:8~ ] I; 1....0.. l
~"'~I'" 

:AF2p1etr: 	 I' ".12K I. 1 . "11 :.f~.•,* 1 f' ",a.ijil f. ~:-. i ',' -442." I I 
I 	 , 

Is ..~Itfft~_In mfbftbe'efn~ from th.·leat cal? @ V.. 0 Nb,(S" R,ematkpl 


.. Hili _ fouIIddalllla....1O'IIiOrllla lallCllllbIdCn 8II\IIhaIMXlaIkII 'I1" •.;ut IIIlt "'B~!t.c1lM, IIIin ilia _nidal..., NfAIha ",...--.i ad lID 

~IO.__ " I " , .' _ 	 _ , • . 

http:CAl)B~n.ON


I 

ORIFFIN INSTRUMENTS 

PROBE I: PR218394 
Date: 08118/09 

1
HV I vern,' ill: '1J'o:.89 SOlla Reapl:Nlte ' ,p~ SOI.II'QIf '. 

sa (CP~~ . ,~pon.~.(QP~, 
' Bactcoround :tCfM):

,'" 
Net-A to a IUo A-xtsIk:

Xldt: <1OC1, "~ <1%' , . .,.. .' 

' .. '" ... .: " 
• 

. , ~. ".' . 
iI. '. " ' " 

: .. . ~.. f . , ' 

•• f '~ * ,* '. 'l. .. f' 

" ..~ . ." ., ' ',' , 


. . .. • :,,' . r~ 


.' 41~HI_ aka ~'p'" ·1 ". 149: '" 
scg'~Y"~' .".'.' 'Rir:Di "Is:UJit' ':' j~t.8 

1~ 11850, CPU:' . ,'4784 ' ' : 4642 ' 7662: 

11.4'0% 
2111 ~EIIIOleni:Iu: '1Il.~' 41.'80" ; 
"~Al:.E~, 21:1-1J'. ' .2i9~ 

~2"', ' 
• !' jO. • • 

REMARK8~: 
\~.' • i. ~ 

, .~ ..' .. . '.-' ~ 

~ InaJIUI'n...t ......~'~i:eptaI'lC!tCriterla?; ® Yes:' ONa 
~~~~Macha.t. . ej)'yu O· No'... , .. ... .. ... .' ~ 

~;lnatrument,1i ~~For M.ext c;:a~j1; .,8110, 

INS_s,T IlARRIE~wt,'DJ. 22.41-3 ,.n~~~J 

~or";'~br. ~L~ tiate:.ai:'812009 
,,' ",'j' ,. ... 

,2 



. GRIFFIN INSTRUME~T8 " 

.' 

CAUBAAnONCE~TiFICA~rE F·OR. " 2241 
o.,ner.' CHASE EN,r ' • 

DAte: 01113109 	 ,.LOCAtION: . 'GrIffin ·Inat
'.TECH: ·JOanllftOlenn 	 , , QATI!'LAST CAL EXPIRES: 'fW02199 .. 

R-.on F~~allbratlon: 	 o Du. FOr caliDratIon ' 0 Repair (.Rem"'" 
<i) 0_(8aa ......ib)', 0 buemCi ~~r1$..,...atb) . 

NYU·TRAQE6f&j!'·EQuIPM1NT USlQ. DuR!NCI.Q.Ai.;IBMnON 
PIODEL.: M-BOO' , ~I:' 4~86' ," , :cAL.,DUi: 06115109 

MODa.:., "ERIAl..:. CAl;: DUE: ' 

, , 
CONDmCIN: •Sal 

NEW'BAJTERI~: Q' Vee @ No " BATTERY"~ECK: Sat . 


iN,..T, '0. tflA <i) 'Sat,0 Unflllt' .. 


, 'AP,IN,,", _~~~VIW (~Yl tif"T 10 Ai:.INP.UT 8i!Nimvnv (m~"i1T-·'---;;-A.-=-F.-----

i R INPU'NSENeI'l1Vl!f (in~'ltZc NlA AL INPUT 8ENsrtMYv (my) N': ' . NlA 


#If INPuT SENllriMTY (mV)13: NlA . 'AL INPUT SBNSlflVlTY (mY) '3:,NlA 


;,I~T"ITivrrv'(~V) 1M: NlA AL INP~ 8EH8;~1\tlTY (~y)"": tillA 
. 
.~ -..;-.-----~-- ----,---:--:---_...-.,-,

'un'S .... FO!,fiQ, ;"~.BftbR AS LEFt "£RROB ~ . .: ". ,.. 
')10 , 25~. ' I' .O,A~,' A.F•. 

2000 2492 l. o.3l!' AF,.. ' 24.885 1.1( ,-o.5~ . ~F.. 
.280K..:., 248.8Z I~I 1).5%, :A.F, 

1. the'MFOund o*,Wltbln t% ofthti $et.Polnt?:.' . '. . 
<;i Y.ei· 0 No 

Ol1'l!CToR'1 : ,bETECrOR 2: ' DETECTOR II '''~CTOR,4: 
AF 1:-8' AL.1-8 ..AF 1.8 ,', At 1...a AF 1-8 'AL:1-8, . AF f-8 Af..1-t 

~DOie. 1 IA.F. r ~A.==:J'IN(A .'1' ~~;~ .INlA ~~=~ ItJiA I . 
,§oo ~2 :1 lff.·_.. ,~ ~-'~-'I ~......OJ ~-'.---] ~~..!.~_,,~'••J 1fi1~' I'lNiA~ :', 1 

lei I {A.F~ ',} ~ ,_, ..j I~A.., 'J ,IMlA . , _J lijIt";-,~1 @i"=:J"INIA' :oJ.' 
rm:'~-'~J rAT;"~'" ] '.. l'jNIA~""-"-'-1 .I~A '. "1 "~_:..=:ll~/A =:=J ~:":=J ~.___ 


fiii-'--"'] ~,_~_~ :~-~~l~.._-,=:J ;~, __J .jN/A', .....--:]
~-~~--' ~.==:J 

'~:=) . ~r.~-,.:j I!B£.. _J ~-'-] @£ _~J'JNlA, 'j 'jNlA ~ rN~'" .,.,:1 

.REMARks: ClIent ~iI,e8led oill. Re-..~ up With, ~eW ~4-10 tlRNol2930 ~~" 

Doie InstnImltnt MeM FInal ACceptance Cdterla?: ' ®. Yes" 0 No 

calibration StICker Attacned?: 	 ' ..® 'Ve., 0 NO 
, , 

Data Inatn.ment Is DUIlI For Relit C~atlon: .. 01M3MO 

. JNS~MI;NT MARRIED WITH 44-10 . 'RNO'l29SO' 

--------_...._-_._, 

http:Ai:.INP.UT


GRIFFIN INSTRUMENTS 


CALIBRAnON CERTIFICATE FOR 44-10 PROBE # RN012830 

Owner: CHASE ENV 

PATE: 04I28l0l l.OCATION: Grlftln Inst 

TECH: Joanne Glenn DATE LAST CAL EXPIRES: 08I191Ot 


o Due For Callbndlon <!l OUler (S..JUmarb) C8bIe Length: 5' 
o R8palr (1M Remarks) o Due and Repair LS.: 10mV 

NISTIBACEABLE IQUIPMENTHIb STANDARDS •.Dum. GAblBBADON 

2241 SEfJIAL,tI: 218484 CAL~DUE: 01/13110 

SOURCI!~ 99-1818 ISOTOPE: CI~37 AC11VITY: 1.23 uCi AsSAY DAT!: 08112199 

GEOMETRY: 'JIG UJl81cie down' with source underneath. actMty aide up. 

PhysIcal CoadIIIon: <!l Sat a un.·EllIe_ From.La8tCallbtatlon: U% Prevlc;aas HV Set Point: 1050 V 

1 ~~nf8 (CPM) J I Background (CPU) I NetCP..: , 

10180 117980 AF EffIciency: 5.40% 

Ie thtt AF efficiency wlth~.!O%~!~ efftclency from the lalt calibration? @ Yn a No 


ReproduclblUty: 128140 129080 129850 Average: 129023.• 


Are the Indlvldull ~,!,!.~n-.,;.;1~;..;.;;...;of;.;;...;;..;Ih..;;..• ..;;...vera;..:..;..;;::..Qe...;.?_________--",@::.......;Y_"_---,O=--N_D___ 


HlghVoIIage: Source ReIIponae (CPM): Background (CPM): NtlCPM: 

900' 

950 
1QQO 
10a0 

. 

107980 
119110 
1223S0 
128140 

, 

5890 
7780 . 
9450 

'10180 

102090 
111350 
112900 
117980 

~ RESPONS~ BACKGRQUND NETCfM 

1000 V 122350 9450 112900 EfIicIency: 5.11% 

REMARKS: Calibrated with new meter, Cal due 1/13110 to match box.. 

Doeslna1JUment Meat FInal Acceptance CrIterIa?! (!) Yea o No 

Calibration StIcker Attached?: (!) VII o No 

Date lnstnIment Ia Due For Next calibration: 0111attO ,---,--_._-------
INSTRUMENT MARRIED WITH 2241 .21$484 

P.erformeClJRavlewad by: .4-~ cate: 0412812~ Entered by~.~_._ln_ltl_aI8____ _.... _. -......~.-======------.:.-.:......:.......... '---'--' 


http:vera;..:..;..;;::..Qe


GRIFFIN INSTRUMENTS 


. CALIBRATION CERTIFICATE F()R MICRO REM SERIAL# B22aL 
OWner: CHASE ENV 

DATE: 08119109 LOCAnON: . Griffin Inet 

TECH: Joanne Glenn DAle LAST CAL. EXPIRES: 09111109 

REASON FOR CAUBRADON: .Due for catl)ratlDn 

NIT nw;wLE EQUIp.NTANO IQURCEI ySE!D DURiNG CALIBRADON 

PULSERMODEL: MP..z ~LSERSERIAL: tooo ,PULSERCALDUE: ' 07/13HO 

SOURCE NUMBE 102!0 ISOTOPE~ Ce137 /lSSAYDATE: 

1itl GeoIropIem TEMP 71.8' F BARO PRESS; 30.08" HUMIDITY 42" 

L~.F.~. ~f. tM. ERROR I I' A:L.DatII 1A.~.!f!..~RROR I 
...--u....R....,/h"""r,---- _. --" ---- ==:;:.----~--

~ . --1 *PuISlldScaIe 


~1,~!!,.1 116.5 i I" iii] 

1.1Sc:aw- .I L .. i I ' 0.0%1 


bAt Scala* 1 1 0.0%1 

, ·Ixlsc....-· f li§.O_~, I L_~ 
mR/hr 

1X10~ 10.4 I C--'iiO%\ 

'Iiaj Scale I, 1iiC.-- - I i"o.Oil 

IIlIQ~~_..1 11.6. ,I ! 'o:OiI 

I~Salle I ff" .. . .. -I 1 0.0%1 

lx100 Sale I .. 110 -I I',' .g~ 

IxlOO Salle]' ri5~2s-l C, 4.~ 


. fiioOi bi8J 0 .' ! I 0.00101
;:::::-=====~-=-:: ~-, .., " 
, 1X1DOO sa.ie' 'I 1100 ! L, 9~O!!J 

{~~o Seal. 1 [150 .'~ L_ 6.31M)} 


11 the All Foun~ Data Wllhln 20% of the 8etPolnt?: 
@ Ve. 0 No, S.. Remaib 

REMARKS: 

Does lnetrument Meet FInal Acceptance CrIteria?: @ Yee 0 No 

Calbratlon sticker Altached?: '(!) Vee 0 No 

,Data InI.!Irument Is Cue For Next Calibration: 08I11t10 

Date: at:I9I2009 





Ball Stat. University 
Apper 0 • Structural Surfaces Results 

Radiolomcal S _.- Record-

Neutron Generator Facility 
Decommission leport 

Page 1 of4 

Location: Ball State University Area: Neutron Generator Vault Survey: VOl-OlOl 
or: Ken GayUk Reviewed: Mike Culp Notes: Final Status Survey 

Iostrument I Serial # Source 
CaL Due Detedor I Serlal # Cheek 

Ludlum 2241·3/253346 
43·681 PR216394 SAT 811812010 

Ludlmn 2929/149121 
43-10-1IPRI50791 

Location Gross 

Counts 

1 136 

2 165 

3 145 

4 142 

5 176 

6 134 

7 170 

8 171 

9 192 

10 132 

11 146 

12 146 

'13 174 

14 156 

15 131 

16 151 

17 217 

18 152 

SAT 1012812010 
Total Sur ace """""'~.1 

Net Activity 

CPM (dpmll00em1 
) 

-2 

27 

7 

4 

38 

4 

32 

33 

54 

.6 

8 

8 

36 

18 

-7 

13 

79 

14 

..10 

139 

36 

11 

196 

-:zt 

16S 

170 

278 

-31 

41 

41 

186 

93 

-36 

67 

407 

12 

Alpha! Totall Bk2d Efficiency
Beta Removable (epm) 

Beta Total 138 15.40% 

Beta Removable 48 9.35% 
Removable :Surface "",•.un.1 

, Notes 
Gross 

Counts 

<MOC 143 

<MOC 144 

<MDC 137 

<MDC 145 

<MOC 159 

<MDC 146 

<MOC 136 

<MOC 141 

<Moe 138 

<MDC 118 

<MDC 127 

<MDC 137 

<MDC 139 

<MDC 136 

<MOC 148 

<MDC 140 

139 

<MDC 156 

(1-23) min: -93 
(1-23) max: 53 

(1-23) average: -13 
(1-23) SO: 31 

Net Activity 
CPM (dpmllOOemi 

0 4 

0 0 

-2 -2S 

0 4 

5 53 

1 7 

·3 -29 

-1 -11 

·2 -21 
-9 -93 

.6 .61 

-2 -2S 

-2 -18 

-3 -29 

1 14 

-1 -14 

-2 -18 

4 43 

I ~ate: 1211612009 Time: 4:00 PM 

Count Time lminl Area MDC 
Sample Bkg. (em; (dpm/lOOem; 

1 1 126 297 

3 10 100 171 
i 

Notes Descriptiou 

<MDC Ceiling 

<MDC Ceiling i 

<MDC Ceiling 

<MDC Ceiling 

<Moe Ceiling 

<MDC Ceiling, 

<Moe Wall 

<MDC Wall 

<MDC Wall 

<MDC Wall 

<MDC Wall 

<Moe Wall 

<MDC Floor 

<MDC Floor 
<Moe Floor 
<MDC Floor 
<Moe Floor 
<Moe Floor 

(1-23) min: -36 
(1-23) max: 407 

(1-23) average: 98 
(1-23) SO: 108 



Ball Stat. University 
Appen ) - Structural Surfaces Results 

Radioloe:ical S--. _. Record--_.._--

Neutron Generator Facility 
Decommission: teport 

Page2of4 

LoeatiOD: Ball State University Area: Neutron Generator Vault Sul'Ve}': VOl-OWl 
Surveyor: Keo GavUk Reviewed: Mike Culp Notes: Final Status Survey 

lastrumeot I Serial II Souree CaL Due Detector I Serial 1# Cheek 
Ludlum 2241 ~3/253346 

43-681 PR216394 SAT 8/1812010 
Ludlum 2929 I 149121 

43-10-11PR150791 

Location Gross 
CoUDts 

19 157 

20 133 

21 156 

22 160 

23 169 

SAT 1012812010 
TotailSur ace ACtiVitY 

Net Activity 
CPM (dpmllOOem1 

) 

19 

-5 

18 

22 

31 

98 

-26 

93 

113 

160 

AlPha! "I"Otall' Blmd Effkieney
Bet. Removable (epm) 

Beta Total 138 15.40% 

Beta Removable 48 9.35% 
RemoVaBle lSunaee ACtiVity 

Notes 
. Gross 

Counts 

<MDC 144 

<MDC 137 

<MDC 147 

<MOe 134 

<MDC 132 

Net Activity 

CPM (dpmllOOem1 

0 0 

-2 -25 

1 11 

-3 -36 

-4 -43 

I Date: 1211612009 Time: 4:00 PM 

Couat rlme(mIn\ Area MDC 
Sample Bkg. (em~ (dpmllOOem~ 

1 1 126 297 I 

3 10 100 171 

Notes Description 

<MOe Wall 

<MDC Wall 

<MDC Wall 

<MDC Wall 

<MDC Wall 

(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) SO: 108 (1-23) SO: 31 



Ball State University 
Appen ) - StructUral Surfaces Resuits 

Radiological Survey Record 

Neutron Generator Facility 
Decornmissioni teport 

Page 3 of4 

Location: Ball State University Area: Neutron Generator Vault Surve)': VOI-0101 Date: 1211612009 Time: 4:00 PM 

Surveyor: KeD Gavlik Reviewed: Mike Culp Notes: Final Status Survey 

IDstrumeDt 1Serial # 
Detector I Serial # 

Source 
Check 

Cal. Due 
Alpha! 
Beta 

Totall 

Removable 
B1md 
(cpm) 

Efficiency 
Count rime (min\ Area 

(cm~ 
MDC 

(dpm/lOOemz) 

I 

Sample 8kg. 
Ludhun 2241-3/253346 

43-681 PR216394 SAT 8/1812010 Beta Total 138 15.40% 1 1 126 297 
LSC 

Beckman 6500 SAT N/A Beta Removable 0 60.00% 1 1 100 5 

Location 

Totalosur ace ActiVity I emovable H-;j Surface Acti~ 

DescriptionGross 

Counts 

Net 

CPM 

Activity 

(dpmlIOOemz) 
Notes 

Gross 

CouDts 

Net 

CPM 
Activity 

(dpmllOOcm1 
Notes 

1 N/A N/A N/A 15 15 2S 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 13 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 
Appen ) • Structural Surfaces Results 

Radiololrical S - Record 

Neutron Generator Facility 
Decommissioni leport 

Page4of4 

Location: Ball State University Area: Neutron Generator Vault Survey: V01·OlOI Date: 1211612009 
Surveyor: Ken Gavlik Reviewed: Mike CuJp Notes: Final Status Survey 
l~nt/SeriaI# Source Cal Due 

AIpba/ TOtal{ Bud Efficiency 
rngn' "-/..un\ 

Detector / Serial # Check Beta Removable (epm) Sample Bkg. 
Ludlum 2241·3 1253346 

43-68/ PR216394 SAT 8/1812010 Beta Total 138 .15.400" 1 1 
LSC 

Beckman 6500 SAT N/A Beta Removable 0 60.000h 1 1 
l'otallSur ace -"'-U.....1 J temovable H-3 urface ,..

Location Gross Net Activity 
Notes 

Gross Net Activity 
Notes

Counts CPM (dpml100em2
) Counts CPM (dpmllOOem2

) 

19 N/A N/A N/A 12 12 20 

20 N/A N/A N/A 14 14 23 

21 N/A N/A N/A 8 8 13 

22 N/A N/A N/A 11 11 18 

23 N/A N/A N/A 13 1 22 
---L---- ~ 

I TiDle: 4:00 PM 

Area MOe 
(cin~ (dDmI100em~ 

126 297 

100 5 

Desc:riptfon 

Wall 

Wall 

Wall 

Wall 

Wall 

(1-23) min: 13 
(1·23) max.: 42 

-(1-23) average: 24 
(1-23)80: 7 





Ball Statll University Neutron Generator Facility 

Apper. E - QA Results Decommission teport 
Page 1 012 

RadiolOlrica1 S Record,,- ----_.. 
Location: Ball State University Area: Neub'on Generator Vault Survey:QA-VOI-OIOl Date: 1211712009 I TilDe: 9:00 AM 

[Surveyor: Mike Culp Reviewed: Ken Gavlik Notes: Final Status Survey 5% ( A 

lastrumeat I Serial # Source 
Cal Due 

Alpha! Total( Bked 
Efficiency 

Coat Mme {miD\ Area MDC 
Detector / Serial # Cheek Beta Removable (epm) Sample Bkg. {em~ (dpmll00em~ 

Ludlum 2241-3 /253346 
43-68/ PR216394 SAT 811812010 Beta Total 134 15.40% 1 1 126 293 

Ludlum 2929 I 149121 
43-10-1IPR150791 SAT 1012812010 Beta Removable 43 9.35% 3 10 100 163 

"."otailliur ace AeUVIt)' KemovaPIe lliunace Aetivity 

Loeation Gross Net Aetivity 
Notes ' 

Gross Net Activity 
Notes 

Descriptioa 
Couts CPM (dpmll00cmi Counts CPM (dpmllOOemi 

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 
'. 

---_.

min: -5 min: -61 
D;IIIlt: 381 max: 25 

average: 174 average: -31 
SO: 195 SO: 48 



Ball Stat"" University 
Appen : • QA Results 

-_.- RadiolO2ica1 S .._. Record_._.- --

Neutron Generator Facility 

Decommission: leport 
Page 2 of2 

Loeation: Ball State University Area: Neutron Generator Yawt Survey:QA-VOI-OI01· Date: 1211712009 Time: 9:00 AM 

Surveyor: Mike Culp Reviewed: Ken Gavlik Notes: Final Status Survey 5% ( A 

InstnuDent I Serial # 
Deteetor 1Serial # 

Soun:e 
Cheek 

CaL Due 
AIpba/ 

Beta 

"I"Otal{ 

Removable 
Bbd 
(epm) 

Eflkiency 
Count rime {milll Area 

{cm~ 
MDC 

(dDmll00cm~Sample Bkg. 
Ludlum 2241-3/253346 

43-681 PR216394 SAT 8/1812010 Beta Total 134 15.40% 1 1 126 293 
LSC 

Beekman 6500 SAT N/A Beta Removable 0 60.00""" 1 1 100 5 

Loeation 

Tow;sur ace ActivItY I teDIOvalJ1e It-;.'t sunace ActivW, 
DescriptionGross 

Counts 
Net 

CPM 
Activity 

(dpmllOOcm~ 
Notes 

Gross 
Counts 

Net 

CPM 
Activity 

(dpmll00cm~ 
Notes 

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 WaIl 

min: 0 min: 22 
max: 0 max: 35 

average: #DIY10! average: 31 
SO: #DIY/O! SO: 8 





Ball State University 
Appen ':. Systems Results 

Radiolo2ical S Record~ - -_.

Neutron Generator Facility 
Decommission: leport 

Page1of2 

Location: Ball State University Area: Neutron Generator Vault Survey:Systems I Date: 12116/2009 I Time: 3:00 PM 
!Surveyor: Mike CuIp Re'¥iewed: Ken Gavlik Notes: 

Instrument I Serial # Souree CaL Due AlDha! Totall Bked Efficiency 
Count rimelminl Area MDC 

Deteetor I Serial # Cheek Beta Removable (epm) Sample Bkg. (em; (dDmI100em~ 
Ludlum 2241-3 1253346 

43-681 PR216394 SAT 811812010 Beta Total 138 15.40% 1 1 126 297 
Ludlum 2929 I 149121 

43-10-1IPR150791 SAT 10128/2010 Beta Removable 48 9.35% 3 10 100 171 
Total :sur ace Activity Removable :sun-aee ActMty 

Location Gross Net Activity 
Notes 

Gross Net Activity 
Notes Description 

CouDes CPM (dpmflOOem1 CouDes CPM (dpmflOOem2
) 

48 137 -1 -5 <MDC 138' -2 -21 <MDC Ventilation 

51 216 78 402 154 3 36 <MOC Drain Sump 

min: -5 min: -21 
max: 402 max: 36 

average: 198 average: 7 
SD: 288 SO: 40 



Ball State University 
Appel: F· Systems Results 

Radiolomcal S Record---_._-

Neutron Generatr>r Facility 

Decommission teport 
Pag.2of2 

Location: Ball State University Area: Neutron Generator Vault Survey:Systems I Date: 1211612009 I Time: 3:00 PM 

Surveyor: Mike Culp Reviewed: 'Ken Gavlik Notes: 

IDstnlmeat I Serial # 
DetedOr 1Serial # 

Souree 
Check 

Cal Due 
Alpha! 
Beta 

IOtlW 

Removable 
Bk2d 
(epm) Eftidellcy 

COBot' ~(mfn\ 
SamPle Bkg. 

Area 
(cm~ 

MDC 
(dpml100em~ 

Ludlum 2241-3/253346 
43-681 PR216394 SAT 8/1812010 Beta Total 138 15.40% 1 1 126 297 

LSC 
Beckman 6500 SAT N/A Beta Removable 0 60.00"..1. 1 1 100 5 

LoeatIon 
Total ~ur ace AetlVity I emovable 8-3 ,urface Act~ 

DescriptionGross 
Counts 

Net 
CPM 

A.etlvity 
(~mllOOem1 

Notes 
Gross 

Counts 
Net 

CPM 
Activity 

(dpmllOOem2 Notes 
) 

48 N/A N/A N/A 10 10 17 Ventilation 

51 N/A N/A N/A 160 160 167 Drain Sump 

min: 0 min: 17 
max: 0 max: 267 

average: #OIV101 average: 142 
SO: #OIVIO! SD: 177 





Ball stat- University Neutron Generator cacility 
Appen, • - Material Release Results Decommissionil eport 

Page 1 of8 

RadiolO2ical Survey Record 
1..-tUm: Ball State Uuiversi1;y Area: Neutron Generator Vauk Survey: Release ofMaterials I Date: 1211512009 Time: 3:00 PM 

Suveyor: Ken GavIik Reriewed: Mike Culp Notes: Free release surveys ofmaterials and 
. 

ftomvault 
IDStnImeat I Seri8I # Source 

Cal Due 
Alpha! Total( Bk2d Eft'ideDey 

CoutTime (mIIll Area MDC 
Deteetor I Serial # Cbeek Beta Removable (epm) SaIUpIe Bkg. (em1 (dpmll00em1 

Ludlum 2241-3/253346 
43-68/PR216394 SAT 811812010 Beta Total 137 15.40% 1 1 126 296 

Ludlum 2929 1149121 
43-10-1IPR150791 SAT 10/2812010 Beta Removable 45 9.35% 3 10 100 166 

TotaIOSur: ace . Removable osurface 
LoeatioD Gross Net Activity 

Notes 
Gross Net Activity 

Notes DescriptioD 

Cou.ts CPM (dpmllOOem1 Couts . CPM (dpmllOOem1 

1 125 -12 ..(i2 <MDC 134 0 -4 <MDe I01lization Vacuum Gauge 

2 142 5 26 <MDC 132 -1 ·11 <MDC I01lization Vacuum Gauge 

3 135 -2 -10 <MDC 145 3 36 <MDC Power Guard 

4 128 -9 -46 <MDC 147 4 43 <MDC Harrison 65 16A DC Power Sup~ly 

5 141 4 21 <MDC 137 1 7 <MDC Harrison 65 16A DC Power Supply 

6 112 -25 -129 <MDC 132 -1 -11 <MDC ...... Ie I01lization Control 

7 138 1 5 <MDC 140 2 18 <MDC Powercord 

8 123 -14 -72 <MDC 132 -1 -11 <MDC Powercord 

9 140 3 15 <MDC 168 11 111 <MDC Ortec Higbvo~ Power Supp~ 

10 127 -10 -51 <MDC 156 7 75 <MDC Ortec Higbvoltage Power Supply 

11 120 -17 -88 <MDC 141 2 11 <MDC Harrison 6516A DC Power Supply 

12 139 2 10 <MDC 151 5 57 <MDC Harrison 6516A DC Power Supply 

13 139 2 10 <MDC 126 -3 -32 <MDC Vacuum Pump 

14 132 -5 -26 <MDC 145 3 36 <Moe Kinney Vacuum 

15 119 -18 -93 <MDC 155 7 71 <MDC Poly Souroe Storage 

16 135 -2 -10 <MDC 146 4 39 <MDC Poly Souroe Storage 

17 121 -16 -82 <MDC 174 13 139 <MDC Light 

18 161 -440 -1168 <Moe 161 9 93 <MDC Light 

min: -2268 min: -32 
max: 26 max: 139 

average: -158 average: 38 
SD: 528 SD: 47 



Ball Stat- University 
Appen ) • Material Release Results 

Radioloaical S ...... Record--_._._

Neutron Generatr- lI!:acility 

Decommisslonl. :eport 
Page2of8 

lIMation: Ball State University Area: Neutron Generator Vault Survey: Release ofMaterials J Date: 1211512009 Time: 3:00 PM 

~urveyor. Kelt Gavlik Reviewed: Mike Culp Notes: Free release surveys ofmaterials and equipment from vault 
In~ment/Serial# 

Deteetor I Serial # 
Souru 
Cheek 

Cal Due 
Alpha! 
Beta 

Totall 
Removable 

Bkad 
(cpm) 

Efficiency 
Count Time lmiDl Area 

(em;; 
MDC 

(dpmll00emiSample Bkg. 
Ludlum 2241-3/253346 

43-681 PR216394 SAT 8/18/2010 Beta Total 137 15.40% 1 1 126 296 
Ludlum 2929/149121 

43-10-1IPRI50791 SAT 1012812010 Beta 'Removable 45 9jS% 3 10 100 166 

Location 

Tota1Su~ aee """u";&.J 
Gross Net Aetirity 

Notes 
Counts CPM (dpmll00em%) 

Gross 
Couou 

Ke : Surface AetlVlty 
Net Aetirity 

Notes 
CPM (dpmllOOemi 

Description 

19 164 27 139 <MOe 155 7 71 <MDC light 

20 135 -2 -10 <MDC 129 -2 -21 <MOe l..aJ:np 

21 125 -12 -62 <MDC 144 3 3l <MOe Intercomm 

22 149 12 62 <MDC 153 6 64 <MDC Powercords 

23 125 -12 -62 <MDC 143 3 29 <MDC f1askStand 

24 156 19 98 <MOe 143 3 29 <MDC Hastings Vacuwn Pump 

25 140 3 15 <MDC 131 -1 -14 <MDC Vacuwn Pumi:> 

26 132 -5 -26 <MDC 162 9 " <MDC Box Powercords 
27 54943 S4806 282447 157 7 78 <MDC Target Holder (Disposed of as Rad Waste) 

28 82717 82580 42S581 137 1 7 <MDC 
Beam Tube Internal (Diposed of as Rad 

Waste) 

29 152 15 77 <MDC 161 9 93 <MDC RADBoxDAW 

30 142 5 16 <MDC 137 1 7 <MOe RAD Box Beam Tubes 

31 143 6 31 <MDC 150 5 53 <MDC RAD Box Beam Stop, DiffPump Tube 

32 141 4 21 <MDC 147 4 43 <MDC Stool 

33 121 -16 -82 <MDC 149 5 50 <MDC Powereords 

34 134 -3 -15 <MDe 166 10 III <Moe Chair 

35 125 -12 -62 <MDC 149 5 50 <MDC RAD Box DiffPump Gate Valve 

36 121 -12 -62 <MDC 139 1 14 <MDC RAD Box DAW ('I11bing) 

min: -82 min: -21 
max: 425582 max: 111 

average: 39340 average: 44 
SO: 117082 SD: 38 



a.n Str- University 
Ap~ .; w Material Release Resuls 

Radiolomca.l S "- Record--_._._

Neutron Generatr- ""acility 


Decommlssioni, ~eport 


Page3of8 

Loeadoa: Ban State University Area: Neutron Generator Vault Survey: Release of Materials I Date: 1211612009 Time: 3:00 PM 

~urveyor: KeD Cavlik Reviewed: Mike Culp Notes: Free release surveys of~terials and equiJ)!llellt from vault 
IDstnlment I Serial # . Source Alpha! TOtail Bk2d Count rbueCndnl Area MDC 

Detector I Serial # Check 
Cal. Due 

Beta Removable (epm) 
EmdeDey 

Sample &kg. (e~) (dpmlIOOem; I 
Ludlum 2241-3 /253346 

43-681 PR216394 SAT 8/1812010 Beta Total 138 15.40% 1 1 126 297 
Ludlum 2929/149121 

43-10-1IPRI50791 SAT 1012812010 Beta Removable 48 9.35% 3 10 100 171 
Total ~ur: aee Activity Removable Surfaee Activity 

LoeatiOB Cross Net Activity 
Notes 

Gross Net Activity 
Notes DescriptioB 

CouBts CPM (dpmlIOOem1
) Couuts CPM (dpmllOOem; 

37 135 -3 45 <MDC 141 -1 ·11 <MDC Neutron Generator Stand 

38 139 1 5 <MDC 149 2 18 <MDC Neutron Generator Stand 

39 126 -12 ..(j2 <MDC 133 -4 -39 <MDC Neutron Generator Stand 

40 136 -2 ·10 <MDC 148 1 14 <MDe Neutron Generator Stand 
Neutron Generator Stand (Disposed of as 

41 135 -3 -IS <MDC 121 -8 -82 <MDC Rad Waste) 
Neutron Generator Stand (Duposed of as 

42 147 9 46 <MDC 139 -2 -18 <MDC Rad Waste) 
Neutron Generator Stand (Disposed of as 

43 168 30 ISS <MOe 152 3 29 <MDC Rad Waste) 

44 137 -1 ·5 <MDe 148 1 14 <MOe Neutrou Generator Stand 
45 141 3 15 <MDC 143 0 ... <MDC Transformer 

46 105 -33 -170 <MOe 162 6 64 <MDC Transformer 

47 97 -41 -211 <MDC 149 2 18 <MDC Steel Ramp 

48 137 -1 ·5 <MDC 138 -2 -21 <MDe Venillation 

49 144 6 31 <MOe 142 -1 -7 <MDC Metal Container 

50 121 -17 -88 <MDC 149 2 18 <MDC Metal Container 

51 216 78 402 154 3 36 <MDC Drain Sump 

52 136 -2 -10 <MDC 141 -1 -11 <MDC Metal Can 

53 139 1 5 <MDC 155 4 39 <MDC Metal Can 

L ... 54 141 3 15 <MDC 135 -3 -32 <MOe Metal Can 

min: -211 min: -82 
max: 402 max: 64 

average: 5 average: 1 
SO: 127 SO: 34 



BaH ...... University Neutron Generatt"- "=acilKy 

Appen ; • Material Release Results Decommissioni teport 
Page4of8 

Radioloaic:al Survey Record 

r' 

Locatioa: Ball State University Area: Neutron Generator Vault Survey: Release ofMaterials Date: 1211612009 Tune:. 3:00 PM 

Su.rveyor: Ken GavUk Reviewed: Mike Culp Notes: Free release surveys ofmaterials and equipment from vault 
inltrumeat I Serial ## Sou.ree Cal Due 

Alpba! TotaJI Bkl!d Eff'ldeney 
{'ount Tbne (miD\ Area MDC 

Deteetor I Serial 1# Cbeck Beta Removable (epm) Sample Bkg.. (em~ (dpmll00em~ 
Ludlum 2241-3/253346 

43-681 PR216394 SAT 811812010 Beta Total 137 15.40% 1 1 126 296 
Ludlum 2929/149121 

43-IO-IIPR150791 SAT 10/28/2010 Beta Removable 48 9.35% 3 10 100 171 
TotaiSar aeeAetiWty Removable Surfaee IKUYJI., 

Location Gross Net Activity 
Notes Gross Net Activity 

Notes 
Descriptiob. 

Couots CPM (dpm/100em1 Counts CPM ! (dpmll00em~ 

55 156 19 98 <MDC 151 2 15 <MOe MctalCan 

min: 98 min: 25 
max: 98 max: 25 

average: 98 average: 25 
SD: #DIV/O! SD: #DIVIO! 



Ball S~... University 
Appen :; • Material Release Results 

w ______.. _Radiolol!ical S Record 

Neutron Genarat'" -;acillty 

Decommissioni .~eport 
Page5of8 

Location: Ball State University Area: Neutron Generator Vault Survey: Release ofMateria1s I Date: 1211512009 I Time: 3:00 PM 
lSurveyor: Keu Gavlik Reviewed: Mike Culp Notes: Free release surveys ofmaterials and equipment from vault 

Instrument 1Serial # 
Detector 1Serial # 

Source 
Cheek 

Cal. Due 
Alpha! 
Beta 

TotaV 
Removable 

Bk2d 
(epm) 

Efllciency 
Count Time (mID) Area 

(em2
) 

MDC 
(dpm/lOOem;Sample Bkg. 

Ludlum 2241-3/253346 
43-681 PR216394 SAT 8/1812010 Beta Total 137 15.40% 1 1 126 296 

LSC 
Beckman 6500 SAT N/A Beta Removable 0 60.00% 1 1 100 5 

Location 
Total Surface Activity Removable Surface Activity 

DescriptionGross 
Counts 

Net 
CPM 

Activity 
(dpmlIOOem2 

) 
Notes 

Gross 
Counts 

Net 
CPM 

Activity 
(dpmllOOem1 

Notes 

1 N/A N/A N/A 17 17 28 Ionization 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 Thennocouple Ionization Control 

7 N/A N/A N/A 12 12. 20 Powercord 

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. 

Vacuum Pump13 N/A N/A N/A 51 51 85 

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 13 Light 

min: 0 min: 13 
max: 0 max: 138 

average: #OIV10! average: 33 
SO: #DIV/O! SO: 31 



- -------

Ball Str- University 
Apper\ l . Material Release Results 

Radiolomcal Survey Recor, 

Neutron Generat,. "'"aGility 
Deeommlsslonl. .{aport 

Pag86of8 

..' 

!Location: Ball State University Area: Neutron Generator Vault Survey: Release ofMaterials Date: 1211512009 TIme: 3:00 PM 
lSurveyor: Keu Gavlik 

IDltl'1UDellt I Serial #I 
Detector I Serial #I 

Ludlum 2241-3/253346 
43-681 PR216394 

LSC 
Beckman 6500 

LocatioD Gross 

COUDts 

19 

20 N/A 

21 N/A 

22 N/A 

23 N/A 

24 N/A 

25 N/A 

26 N/A 
27 N/A 

28 N/A 

29 N/A 

30 N/A 

31 N/A 

32 N/A 

33 N/A 

34 N/A 

35 N/A 
36 N/A 

Reviewed: Mike Culp 
S8Ilree 

Cal Due
Cheek 

SAT 8/1812010 

SAT N/A 
Total ~ur ace ActIVIty 

Net Activity 
CPM (dpmllOOcm; 

N/A N/A 

N/A N/A 
N/A N/A 
N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 
N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 
N/A N/A 

AlphaJ 

Beta 

Beta 

Beta 

Notes 

Notes: Free release surveys ofmaterials and 
TotaJI Bbd EflJeieney

Removable (cpm) 

Total 137 15.40% 

Removable 0 60.00% 
Removable Surface ActIVIty 

Gross Net 

Counts CPM 

13 13 

16 16 

18 18 

16 16 

16 16 

19 19 

29 29 

18 18 
446016 ~016 

918306 918306 

26 26 

144 144 

26 26 

43 43 

35 35 

202 202 

31 31 

21 21 

Activity 
I(dpml100cm~ 

22 

27 

30 

27 

27 

32 

48 

30 
743360 

1530510 

43 

240 

43 

n 
58 

337 

52 

35 

eont 
Sample 

1 

1 

Notes 

tfromvault 
rJmetmfal Area MDC 

Bkg. (em~ (dpmllOOeDl~ 

I 126 296 

1 100 5 

Description 

Light 

Lamp 

Intercomm 

Powercords 

Flask Stand 

Hastings Vacuum Pump 

Vacuum Pump 

Box Powercords 
Target Holder (Disposed of as Rad Waste) 

Beam Tube Internal (Diposed of as R&d 
Waste) 

RADBoxDAW 

RAD Box Beam Tubes 

RAD Box Beam Stop, DiffPump Tube 

Stool 

Powercords 

Chair 

RAD Box DiffPump Gate Valve 

RAD Box DAW (TOOin!!) 

min: 0 min: 22 
max: 0 max: 1530510 

average: #IDlYIO! average: 126388 
SD: #lDlY/O! SD: 391642 



Ball Stat.. University 
AppeI1\ ~ - Material Release Results 

Radiolomcal S Record-- ---..... --... 

Neutron Generat,. ""'adlity 
Decommisslonil ..aport 

PageTof8 

Location: Ball State University Area: Neutron Generator Vault Survey: Release ofMaterials Date: 1211612009 Time: 3:00 PM 
~urveyor: Ken Gavlik Reviewed: Mike Culp Notes: Free release surveys ofmaterials and equipmart from vault 

Instrument I Serial # 
Detector I Serial # 

Sellree 
Claeek 

Cal. Due 
Alpha! 
Beta 

Totall 

Removable 
Bk2d 
(epm) 

Efficleney 
Count Time (miD) Area 

(em; 
MDC 

(dpmllOOem:;Sample Bkg. 
Ludlum 2241·3/253346 

43-68/PR216394 SAT 811812010 Beta Total 138 lS.40% 1 1 126 297 
LSC 

Beckman 6500 SAT N/A Beta Removable 0 60.00% 1 1 100 5 

Location 

Total ~r ace Activity Removable :surface Activity 

DescriptionGross 

Counts 

Net 

CPM 

Activity 

(dpmllOOem; 
Notes 

Gross 

Counts 

. Net 

CPM 

Activity 

(dpmllOOem; 
Notes 

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 

41 N/A N(A NlA 525 525 87S 
Neutron Generator Stand (Disposed of as 

Rad Waste) 

42 N/A N/A N/A 158 158 263 
Neutron Generator Stand (Disposed of as 

Rad Waste) 

43 N/A N/A N/A 419 419 698 
Neutron Generator Stand (Disposed of as 

Rad Waste) 

44 NlA N/A N/A 13 13 22 Neutron Generator Stand 

45 NlA N/A N/A 10 10 17 Transformer 

46 N/A N/A N/A 17 17 28 Transformer 

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 13 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 SUJllI) 

52 N/A N/A N/A 13 13 n Metal Can 

53 N/A N/A N/A 13 13 n Metal Can 

S4 N/A N/A N/A 22 22 37 Metal Can 

min: 0 min: 17 
max: 0 max: 875 

average: #OIV101 average: 142 
SO: #OIV/O! SD: 249 
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lautrument I Serial # 
Detector I Serial # 

Ludlum 2241-3/253346 
43-68/ PR216394 

LSC 
Beckman.6500 

Locatiou Gross 

COUDts 

-~~ N/A 

Reviewed: Mike Culp 
Source 

Cal Due
Cheek 

SAT 811812010 

SAT N/A 
1'otal Suri ace A ....Mtv 

Net Activity 
CPM (dpmllOOem1

) 

N/A ~~ 

Alpha! 
Beta 

Beta 

Beta 

Notes 

---_._._ ...

Notes: Free release surveys ofmaterials and 
. 

tfromvault 
TotaJI BkRd Eft'icieuey

Removable (epm) 

Total 137 IS.4oeAl 

Removable 0 6O.00"Ao 
Removable Surface Activity 

GrolS 
Counts 

15 

Net 
CPM 

15 

Activity 
(dpmllOOem; 

25 

COUDt Time lmiu\ Area 
Sample Bkg. (em; 

1 1 126 

1 1 100 

Notes Description 

Metal Can 

MDC 
(dpmllOOc:m; 

296 

5 

min: 0 min: 25 
max: 0 max: 25 

average: #OIV/or average: 25 
SO: #OIV/O! SO: #OlV/O! 


