
February 7, 2013 

Attn: Mail Control Number 575230 
Materials Licensing Branch 
U.S. Nuclear Regulatory Commission, Region III 
2443 Warrenville Road, Suite 210 
lisle, Illinois, 60532-4352 

To Whom It May Concern, 

You will find the final termination report for NRC license 13-04004-02 included in 
this mailing along with shipping manifests for the disposal of the Pu-Be Howitzer that 
was shipped to Los Alamos in 1998 and the more recent disposal (2010 & 2011) of all 
remaining radioactive materials by Bionomics, Inc. 

Please let us know if there is more information needed or if we should modify this 
report. 

DG Hammond, PhD & Chair 
Dept of Chemistry & Biochemistry 
Taylor University 
236 W. Reade Ave. 
Upland, IN 46989 
765-998-5273 
dnhammond@tayloru.edu 
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t. 	 Historical Site Assessment 

Taylor University is a small liberal arts university in rural Upland, IN with a student population of 
about 2,000. The president of the university is Dr. Eugene Habecker, provost is Dr. Jeff Moshier, 
dean of the School of Natural and Applied Sciences is Dr. Bill Toll, and the Radiation Safety Officer is 
Dr. Dan Hammond. 

Sources for this Assessment include archival information on Dr. Elmer Nussbaum at the Taylor 
University Zondervan Library, NRC licenses, communication with Roger Roth (Physics professor at 
Taylor University from 1965-1998) and other faculty, and waste manifests from Bionomics. 

1. 	 Dr. Elmer Nussbaum was the first person to use regulated quantities of radioactive materials at 
Taylor University. He began teaching at Taylor University in 1954 with a MA in Science from Ball 
State University. He then pursued a doctorate at the University of Rochester, which awarded 
him a PhD in Radiation Biology in 1957. His research looked at the solubility of radon in body 
tissues. 

The first license issued by the U.S. Atomic Energy Commission was on August 27,1958 (13­
04004-01). This license listed four short lived isotopes (tl/2 of days) along with Strontium-90 
which has a tl/2 of 28.90 y. The maximum amount of all isotopes was 10 mCi. Dr. Nussbaum was 
listed as the supervisor. 

Elmer Nussbaum did studies of Diffusion of Radon and Tritium through semi-permeable 
membranes - indicated by publications from 1961 to 1964. No further work on this project is 
indicated after 1964. This work was done in a stainless steel hood in a back room (12' x 20') of 
the steam generator building. That building was torn down in 2010. All radioactive materials 
had been removed from the steam generating plant in 1967 when the Science Center was 
opened across campus. The radioactivity lab in the heat plant was tested for residual 
radioactivity using a wipe test with a gas flow proportional counter or multi-channel analyzer 
sensitive to alpha, beta, and gamma radiation (personal communication from Roger Roth). 

There are no records of actual amounts used in these experiments. Most of the publications 
were USAEC reports that are no longer available. We tried looking at the NRC online library for 
these and contacted individuals at the library to see if we could get hard copies. The NRC 
librarians were not able to locate these references. We also sought help through our university 
library to no avail. Dr Dan Bowell, the head librarian, has a friend with expertise in government 
documents. He was not able to help us. 

There were a few publications in journals that we could access. We also obtained Dr. 
Nussbaum's dissertation from the University of Rochester. None of these resources included 
enough detail to be able to calculate a maximum amount of residue that could have been 
released into the lab. 
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The only basis we have of determining the amounts that could have been released into the lab 
are those reported in the license. Based on our experience, this does not indicate that those 
isotopes where actually ever on site. In more recent years, individuals have listed themselves on 
the license but never possessed or used any of the materials they were licensed to use. This 
could have been the case with Dr. Nussbaum. He may have antiCipated a use for a certain 
isotope but never actually used it. 

Dr. Nussbaum was very fastidious in everything he did, including his work with radioactive 
materials. Being a radiation biologist (he would have considered himself a health physicist), he 
was familiar with the hazards of using radioactive materials. He did routine wipe tests (personal 
communication from Roger Roth) of the area and eqUipment where radionuclides were used. A 
gas flow proportional counter or multi-channel analyzer sensitive to alpha, beta, and gamma 
radiation (communication from Roger Roth, photo in Chronicle-Tribune from March 6,1977, 
1979 NRC license) was routinely used in these tests. 

Short-lived materials were allowed to decay before disposal and long-lived materials were 
disposed via Atomic Disposal Co., Kinley Park, IL. (1979 NRC license) 

2. 	 From 1957 to 1967 student labs and projects were conducted in a room in the steam generating 
building that had limited and restricted access. These involved exempt levels of radioactive 
materials. Labs that were conducted included (as determined by student lab write-ups from the 
period): 

• 	 Geiger Mueller Counting 
• 	 Proportional Counting 
• 	 Decay of Ag-ll0 and Ag-l10m 
• 	 Determination of Thermal Neutron Flux (used Pu-Be source stored in 55 gal drum with 

paraffin shielding). 
• 	 Alpha spectroscopy lab: 241Am, 210pO 

• 	 Beta spectroscopy lab: 2~1 
1311• 	 Gamma ray spectroscopy lab: 137CS, 60Co, 51Cr, 

Some of these labs were done on campus and some were done at Oak Ridge Labs. Dr. 
Nussbaum frequently took students to Oak Ridge during January Interterm or in the summer. 
Since some of these lab projects involve isotopes that were not on the license and Taylor did not 
have a Pu-Be howitzer at the time, those labs must have been done at Oak Ridge. 

In one ongoing project, students would collect outside air samples on millipore filters which they 
then counted. They reported daily air sample "fallout" numbers to a local radio station. A 
plated RaDEF (as it was called then) standard was used to calibrate the proportional counter. 
Alpha only and alpha plus beta counting rates could be determined. 

Subsequent licenses during this time period in which the radioactivity lab was housed in the 
steam generating building listed primarily short lived isotopes (P-32, 1-131, Fe-59, Po-210, Zn-65, 
Br-82) with maximum quantities of 10 mCi; other short lived isotopes (In-114, Ga-72) with a 
maximum of 5 mCi; while Au-198 had a maximum of 30 mCi. The longer lived isotopes listed 
were Sr-90 (28.9 y, 100 mCi), H-3 (12.32 y, 50 mCi), C-14 (5730 y, 10 mCi), Co-60 (5.27 y, 1 mCI). 
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3. 	 In 1967 the work with radioactive materials moved to the new Science Center (Later renamed 
Nussbaum Science Center). No research using regulated radioactive materials has been 
conducted in the building. The same hood that had been used in the old building was used in 
the Science Center. This was housed in NS 014 which was isolated from the rest of the building. 
The hood was never connected to an exhaust system. 

According to Roger Roth, previous RSO, Dr. Nussbaum did wipe tests ofthe hood and bench 
before it was moved to the newer facility. He also did wipe tests on the surfaces of the room in 
the steam generator plant before it was repurposed. All these were negative for radioactivity 
above background levels. Unfortunately, no records of these tests survive. 

The radioactive isotopes were moved to the new facility in NS 014 and were housed in the 
stainless steel hood within a lead brick castle. There were some additions to the previous 
license of short lived isotopes of Ca-45 (5 mCi), S-35 (5 mCi), Ag-ll0m (50 mCi), Cd-l09 (100 
mCI) and a few longer lived isotopes Am-241 (0.3 uCi), Ba-133 (SOO mCI), and Cs-137 (3 mCi). 
The tritium amount was increased to 2 Ci to accommodate an old (dated 1957) gaseous tritium 
light source (GTLS) used in demonstrations. 

Students in the Nuclear and Modern Physics course (PHY 311) only used exempt quantities of 
materials in their labs which were set-up in NS 212. This typically involved counting cards. The 
counting cards were prepared in the hood in NS 014 from bulk samples. Only exempt quantities 
of radioactive materials left NS 014. Some further preparation may have been done in NS 207 
and NS 208 on occasion. The latter two rooms are faculty offices that had bench work and 
hoods for research purposes. However, only exempt quantities were ever used or temporarily 
stored in those labs. The hoods were removed in the late 1990s. 

In 1973, a Pu-Be howitzer was obtained from Monsanto in Dayton, Ohio (Special License SNM­
700). It was kept in its paraffin filled drum in NS 014. It had a port for inserting foil samples for 
activation. Most commonly indium or silver foils were activated and used for a short half-live 
experiment in Physics courses. This would become the major source of materials used by 
students in PhysiCS labs. The activated foils were carried up from the basement by the faculty 
member. The neutron source was leak tested before use by Dr Nussbaum or Roger Roth via 
wipe tests and a gas flow proportional counter. A neutron dosimeter was worn and recorded 
during this testing. These leak tests were always negative (personal communication from Roger 
Roth). 

Students were frequently taken to Oak Ridge Labs for more extensive projects using materials 
designed by Oak Ridge Associated Universities (ORAU). Dr. Nussbaum was often an instructor at 
the Institute of Nuclear Studies at Oak Ridge. 

We obtained some radioactive materials from the RCA lab in Marion as it was being phased out 
(late 1960s -1970s). These were stored in NS 014 but never used. Dr. Nussbaum may have felt 
obligated to take them as a gift from Dr. James Lee who was a researcher at the Marion RCA lab 
and also taught Physical Chemistry at Taylor University in the 1960s. 

Sometime in the early 1980s the older licenses (13-04004-01 and SNM-700) were terminated 
and combined into one license (13-04004-02). 
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Dr. Stan Burden is shown as a supervisor of radioactive materials in the late 1970s but never 
actually used any radioactive materials (personal communication from Dr. Burden). Similarly, 
Dr. Andrew Whipple's name began to appear on the license in the early 1990s, but he never 
used any materials listed (personal communication from Dr. Whipple). Dr. DG Hammond is also 
listed. He only used exempt quantities of tritium and C-14 for a brief period (2000 - 2002) and 
very infrequently. 

Use of radioactive materials in physics teaching labs slowed down significantly after 1985 when 
Dr. Nussbaum retired. 

4. 	 By 1994 there were no labs using non-exempt quantities of radioactivity being taught according 
to a lab syllabus for the Nuclear and Modern Physics course (PHY 311) from that and subsequent 
years. All radioactive materials were moved to a locked closet in NS 014B which were further 
sequestered in a shield made of lead bricks. Dr. Hank Voss came to Taylor University in 1994 
and the emphasis in the Physics Department changed to focus on space science. 

In 1998 the Pu-Be source was transported to Los Alamos National Lab (DOE & NRC Nuclear 
Material Transaction Report, 5/27/98). 

All radioactive materials (except for a few items of exempt quantities) were stored in the locked 
closet in NS 014 and not disturbed except for routine inventories until 2010. Official notification 
of cessation of the use of licensed radioactive materials was sent 7/21/2010. Most materials 
were removed by Bionomics, Inc. on 11/4/10 (waste manifest). The remaining materials could 
not be taken because there was no licensed waste depot at that time. The remaining materials 
were taken on 5/6/11 (waste manifest) when a facility opened to receive these materials. 

II. 	 Survey Scans 

All regulated radioactive materials had been stored in a locked closet within a lead castle since the 
mid 1990s. These were never removed until they were disposed in 2010 and 2011 and the closet 
was only opened for routine inventory or inspection. The closet is in a locked room (014B) within 
another locked room (014A). These two rooms are within a very low traffic area open to the outside 
of the Nussbaum Science Center via a door that is also normally locked. Only a very few faculty and 
students can access this space and even fewer can access the locked closet. 

Only very small, exempt, quantities of radioactive materials ever left this secluded area and entered 
the Nussbaum Science Center proper in the 46 year history of the building. Therefore only 
Nussbaum 014A, 014B, and the storage closet were scanned for radioactive materials. 

We borrowed a calibrated survey meter from Ball State University in Muncie, IN. The survey meter 
used a Victoreen Model 491-30 probe, which is very sensitive to Beta and Gamma rays. The probe 
was connected to a Victoreen Model 290 survey meter which allows measuring in both CPM and 
mR/hr. The shield on the probe was open for all scans. 

The instrument was calibrated on Oct 18,2012 by Fluke Biomedical. 

An MDC value of 1312 dpm/100 cm 2 was calculated for this set-up. 
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Nussbaum rooms 014A, 014B, and the storage closet were surveyed in both the CPM and the mR/hr 
modes. 

A background check was conducted in our new building (Euler Science Center) which has never had 
any radioactive material in it and on the third floor of the Nussbaum Science Center which also does 
not have radioactive materials. The background was slightly higher in Nussbaum (a cinder block 
building) than in Euler (primarily drywall), The background in Nussbaum was 0.02 mR/hr or 
0.000175 mSv/hr based on several 5 min observations. The background observed for the CPM 
mode was 20 CPM based on several 5 min observations. 

The closet is 3.3 ft x 3.3 ft x 8 ft and made of cinder block and lined with lead to about 6 ft above the 
floor. All radioactive materials were stored within the closet and most were inside another 
container made of lead brick. There were also two large lead pigs. All radioactive materials were 
removed from that closet by Bionomics, Inc on 11/4/10 and 5/6/11. The walls, floor, and shelving 
were slowly scanned at a few mm from the surface. Fixed point measurements were taken at 
several suspected hot spots within the closet which included the shelving in the storage closet, the 
floor of the storage closet, within the lead brick castle, and within the lead pigs. This is the most 
likely area to have any radioactive residue. There were no readings above background in either 
mode for scans conducted on 1/9/13 or on 1/10/13. 

The other two rooms are also cinder block with 014A being 16 ft x 12 ft and 014B being 16 ft x 10 ft. 
Both have 8 ft ceilings. The walls, floors, and bench tops of each room were slowly scanned at a few 
mm from the surface. Fixed point measurements were taken of suspected hot spots, Surveys were 
done using both the mR/hr and CPM modes. There were no readings above background in either 
mode for scans conducted on 1/9/13 or on 1/10/13. 

Given the fact that all radioactive materials were removed from the closet by a licensed waste 
hauler (Bionomics, Inc.) and no residual radioactivity was found in areas were these materials were 
used, Taylor University would like to officially be considered decommissioned. 
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