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Executive Summary

The OSU Radiation Center is pleased to report the completion of another successful year
- @ year in which there was a continuation of the growth identified in previous years, as
well as significant advances in several new areas. However, betore we summarize our
achievements, we would like to express our appreciation to everyone who contributed
to our success. In particular, we wish to thank the university's administration for their
financial and administrative support and for their encouragement. We are also most
grateful to the U.S. Department of Energy for their valuable support through the
university reactor sharing program and for the benefits we received from the DOE's
important new program designed to help modernize research reactor equipment. We
would also ke to extend our gratitude to the many other organizations whe funded
research and technical services conducted at the Center. The resources obtained
through these channels continued to create valuable opportunities for numerous students
and new researchers to use the unique facilities present at the Radiation Center.

With respect to one of the Center's most visible programs, the reactor remained busy
and continued to be used about 90% of the available 45-hour work week. This use
frequency is the maximum possibie for a one-shift operation. In order to increase the
availability of the reactor within the limits of our present operating schedule, we
encouraged simultaneous use of the reactor's numerous irradiation facilities. As a result,
for the second consecutive year we experienced a 13% overall increase in the time the
reactor was used to support more than one project, which is a further indication of the
growth in demand for reactor irradiation time at OSU. However, as in previous years,
we occasionally were required to operate beyond our normal schedule to accommodate
all of our requests for irragiations.

In the area of teaching, the Radiation Center's use also remained high as illustrated by
the aporoximately 50 OSU classes which were accommodated using Center facilities.
About one-half of these classes used the reactor and about 25% of the reactor's tota'
operating hours were in direct support of such classes.

This year we are especially pleased to note that the overall number of students involved

in academic projects using the Radiation Center and reactor showed a 101% increase.



More significant, however, is the fact that this increase included a 108% increase in
students from OSU. In addition, there was a 68% increase in the number of graduate
student theses based on work accommodated by the Radiation Center.

Growth in the volume of research performed at the Radiation Ceriter was also prominent
again this year. Several key indications of this expar .ed research effort are the number
of individual Radiation Center prcjects accommodated, which increased 26%; the
number of funded research projects, which increased by 29%; and the number of
shipments of radioactive material for use in research, which increased by 46%.

A particuiarly notable addition to the Radiation Center's facilities this year was the
purchase and installation of a 7000 curie cobalt-60 gamma irradiator. This ne.v device
will enable the Radiation Center to perform considerably higher dose gamma irradiations
in much shorter time intervals and will thus greatly improve our capability in this area.
We are very pleased to have this new irradiator and feel confident that it will see much
use. For example, even though the new gamma irradiator was not installed until the end
of the current reporting period, the number of cobalt-60 gamma irradiations last year still
increased by 36%.

The Radiation Center also continued to be a popular place to visit, particularly for high
schools, community colleges, and interested citizens. We again hosted nearly 800
visitors during the course of the year.

Scholarly publications involving a contribution by the Radiation Center increased in
number by about 5%, and there were 34 presentations at professional meetings where
the Center supported the development of the research data being reported. Considering
the publications currently in print, those presently submitted for publication, and those
in the final stages of preparation, there have been approximately 118 total articles
generated during the 1989-90 reporting period which involved a contribution by the
Radiation Center.



As a result of this past year's performance, we believe that the OSU Radiation Center

has continued to enhance its image as a regional and as a nationally recognized
instructional and research facility, and we are gratified by the fact that the number of
institutions using the Center continues to increase each year. This year the increase in
user institutions was 15%; however, it is very important to note that this increased use
did not reduce the availability of any Radiation Center facilities, particularly the reactor,
to OSU students or researchers. In fact, the amount of reactor time used for OSU
research showed a healthy 19% increase.

As a final note, we feel that it is very important to poinc out that there were no items
of reguiatory noncompliance and no emergencies or security events relating to the
Radiation Center during this reporting pe 1od. Furthermore, all of the increased use of
the Radiation Center and reactor was accomplished with no increase in personnel
radiation exposure or any impact on the environment. The comprehensive radiation
protection program at the Radiation Center once again showed that the Center and the
reactor can be operated safely and within the international goal of keeping personnei
doses and releases of radionuclides as low as reasonably achievable (ALARA).



Introduction

The current annual report of the Oregon State University Radiation Center and TRIGA
Reactor follows the new expanded format by inciuding information relating to the entire
Radiation Center rather than just the reactor. However, the information is still oresented
in such a manner that data on the reactor may be examined separately if desired. It
should be noted that reactor operating data in this report relate only to the FLIP-fueled
core. For a summary of data on the reactor's original 20% enriched core the reader is
referred to Table 1V.A.2 in Part |V of this report, or to the 1976-77 annual report if a

more comprehensive review is needed.

In addition to providing general information about the activities of the Radiation Center,
this report is designed to meet the reporting requirements of the U.S. Nuclear Regulatory
Commission, the U.S. Department of Energy, and the Oregon Department of Energy.
Because of this, the report is divided into several distinct parts so that the reader may
easily find the sections of interest. An executive summary is also included for those
already familiar with the Radiation Center's operation.
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D. Qverview of the Radiation Centri

The Radiation Center is a unir,ue facility which serves the entire OSU Campus, all other
institutions within the Oregon State System of Higher Education, and many other
colleges and universities throughout the nation. The Center a'so regularly provides
special services to state and federal agencies, particuiarly agencies dealing with law
enforcement, energy, health, and erwvironmental quality, and renders assistance to
Oregon industry. In addition, the Radiation Center provides permanent office and
laboratory space for the OSU Department of Nuclear Engineering, the OSU Radiation
Safety program, the Institute of Nuclear Science and Engineering, and for the OSU
nuclear chemistry, radiation chemistry, and geo- and cosmochemistry programs. There
is no other university facility with the combined capabilities of the OSU Radiation Center
in the western half of the United States.

Located in the Radiation Center are major items of specialized equipment and unique
teaching and research facilities. These include a TRIGA Mark |l research nuclear reactor;
two ceobalt-60 gamma irradiators; a 300 kVp X-ray generator; a number of state-of-the-
art computer-based gamma radiation spectrometers and sssociated germanium
detectors; a neutron radiography facility capable of taking still or very high speed
radiographs; and a variety of instruments for radiation measurements and monitoring.
Specialized facilities for radiation work include teaching and research laboratories with
up-to-date instrumentation and related equipment for performing neutron activation
analysis and radiotracer studies; laboratories for animal and plant experiments involving
radioactivity: a facility for repair and calibration of radiation protection instrumentation;
and facilities for packaging radioactive materials for shipment to national and
international destinations. Figure 1.D.1 shows the layout of these facilities at the
Radiation Canter.

The Radiation Center staff regularly provides direct support and assistance to OSU
teaching and research programs. Areas of expertise commonly involved in such efforts
include nuclear engineering, nuclear and radiation chemistry, neutron activation analysis,
neutron radiography, radiation effects on biological systems, radiation dosimetry,
production of short-lived radioisotopes, radiation shielding, nuclear instrumentation,
emergency response, transportation of radioactive materials, instrument calibration,

radiation health physics, radioactive waste disposal, and other related areas.



In addition to formal academic and research support, the Center's staff provides a wide
variety of other services including public tours and public instructional programs, and
or~fessional consultation associated with the feasibility, design, safety, and execution
of experniments using radiation and radicactive materials.



Figure 1.D.1

Floor Plan of the Radiation Center
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Summary of OSTR Environmental and Radiation Protection Data

Year July 1, 1989

1. Liquid Effluents Released (See Table V.B.1) Through June 30, 1990
a. Total estimated quantity of radioactivity
released (to the sanitary sewer)’ 3.34 x 10* Curies
b. Detectable radionuclides in the liquid waste 34, 8'Cr, ®Co, %®2n, ®Se

¢. Estimated average concentration of released

radioactive material at the point of release 2.59 x 10°® uCilce
d. Percent of applicable MPC for released

liquid radioactive material at the point 1.0%2

of release 0.03%°

e. Total volume of liqu'd effluent reicased,
including diluent, which containred an OSTR
contribution® 3415 gallons

(1)

(2)
(3)

(4)

The OSU operational policy is to subtract only detector background from our water
analysis data and not background radioactivity in the Corvallis city water.

Based on values listed in 10 CFR 20, Appendix B, Table 2, Column 2.

Based on values listed in 10 CFR 20, Appendix B, Table 1, Column 2, applicable to
sewer disposal.

Total volume of effluent plus diluent does not take into consideration the additional
mixing with the over 7,500,000 gallons per year of liquids and sewage normally
discharged by the Radiation Center complex into the same sanitary sewer system.
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Year July 1, 1889

2. Airborne Effluents Released (See Table V.B.2) Through June 30, 1990

Total estimated quantity of radioactivity
released

Detectable radionuclides in the gaseous
waste'

Estimated average atmospheric diluted
concentration of argon-41 at the point
of release

Percent of applicable MPC for diluted
concer . ation of argon-41 at the point
of release

Total estimated release of radioactivity
in particulate form with half-lives
greater than 8 days®

3. Solid Waste Released (See Table V.B.3)

Total amount of solid waste packaged and
gisposed of

Detectable radionuciides in the solid waste

Total radioactivity in the solid waste

(1)

(2)

6.5 Curies

YA (T" = 1.83 hr)

4.1 x 10°® uCilce

1.0%

None

Year July 1, 1989
Through June 30, 1°

15.0 ft°

*Ne, ‘%8¢, *'Cr, v,
%800, ®re, %Co, '%2n,
5ge, %9T¢, '2sb, %sb,
1311' ISZTQ, ‘37C8, MOBG,
|4OL8' 147 :e’ lSZEu'
'S‘EU, \BZTa

1.3 x 102 Curies

Routine gamma spectroscopy analysis of the gaseous radioactivity in the stack discharge
indicated that it was virtually all argon-41.

Evaluation of the detectable particulate ragioactivity in the stack discharge confirmed
its origin as naturaily occurring radon daughter products, predominantly lead-214 and
bismuth-214, whicl are not associated with reactor operations.



4. Radiation Exposure Received Dy Personnel Year July 1, 1989
(See Table V.C.1) Through Jyune 30, 1990
a. Facility Operating Personnel (mrem)
(1) Average whole body i)
(2) Average extremities 47
(3) Maximum whole hody 135
(4) Maximum extrerm ' es 480

b. Key Facility Research Personnel

(1) Average whole body 2
(2) Average extremities 10
(3) Maximum whole body 20
(4) Maximum extremities 210

c. Physical Plant Maintenance Persconnel

(1) Average whole body <1
(2) Maximum whole body 20

d. Laboratory Class Students

(1) Average whole body 0]
(2) Average extremities 5
(3) Maximum whole body 0
(4) Maximum extremities 120

e. Campus Police and Security Personnel

(1) Average whole body 3

(2) Maximum whole body 0
f. Visitors

(1) Average whole body <1

(2) Maximum whole body

(1) "O" indicates that each of the beta-gamma dosimeters during the reporting period was
less than the vendor's gamma dose reporting threshold of 10 mrem or that each of the
neutron dosimeters was less than the vendor's threshold of 30 mrem, as arplicable.
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Number of Routine Onsite and Offsite Year July 1, 1989
Monitoring Measurements and Samples Through June 30, 1990

a. Facility Survey Data
(1) Area Radiation Dosimeters (See Table V.D.1)

(a) Beta-gamma dosimeter measurements 136
(b) Neutron dosimeter measurements 48

(2) Radiation and Contaminatiorn Survey
Maasu-ements (See Table V.D.3) ~6000

b. Environmental Survey Data

(1) Gamma Radiation Monitoring (See Tables
V.E.1 and V.E.2)

(@) Onsite monitoring

-- OSU TLD monitors 108

-- Radiation Detection Co. TLD monitors 72

- Monthly gR/hr measurements 108
(b}  Offsite monitoring

- QSU TLD monitors 264

-- Radiation Detection Co. TLD monitors 104

-- Monthly yR/hr measurements 252

(2) Soil, Water and Vegetation Surveys
(See Table V.E.3)

(a) Soil samples 16
(b) Water samples 16
(c) Vegetation samples 56



History

A brief chronology of the key dates and events in the histary of the OSU Radiation

Center and the TRIGA reactor is given below:

June 1964

July 1964

Oct. 1966

March 1967

August 1969

June 1871

April 1972

Sept. 1972
Dec. 1974

March 1976

July 1876

July 1977

Jan. 1980

Completion of the first phase of the Radiation Center, consisting of
32,397 square feet of office and laboratory space.

Transfer of the 0.1 W AGN 201 reactor to the Radiation Center. This
reactor was initially housed in the Mechanical Engineering Department
and first went critical in January of 1959.

Completion of the second phase of the Radiation Canter, consisting of
9,956 square feet of space for the TRIGA reactor and associated

laboratories and offices.

Initial criticality of the Oregon State TRIGA Reactor (OSTR). The
reactor was licensed to operate at a maximum steady state power ievei
of 250 kW, and was fueled with 20% enriched fuel.

OSTR licens.J v uperate at a maximum steady state power of 1 MW,
but could do so only for short periods of time due to lack of cooling
capacity.

OSTR cooling capacity upgraded to allow continuous operation at 1
MW,

OSTR Site Certificate issued by the Oregon Energy Facility Siting
Council.

OSTR area fence installed.
AGN-201 reactor permanently shut down.

Completion of 1600 square feet of additional space to accommodate
the rapidly expanding nuclear engineering program.

OSTR refueled with 70% enriched FLIP fuel.

Completion of a second 1600 square feet of space to bring the
Radiation Center complex to its current total of 45,553 square feet.

Major upgrade of the electronics in the OSTR control console.



July 1980

June 1982

Dec. 1988

June 1890

AGN-201 reactor decommissioned and space released for unrestricted

use.

Shipment of the originai 20% enriched OSTR fuel to Westinghouse

Hanford Corporation

AGN-201 components transferred to Idaho State Univessity for use in

their AGN-201 reactor program.

Instaliation of a 7000 Ci %°Co Gammacell irradiator
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PART Il
. PEOPLE

i This part contains a listing of all people who were residents
! worked a significant amount of time at the Center dunng this rep

B and C list the academic staff, trainees and students, while sec

n

Radiation Center's operating staff. Section H shows the OSU Radié

and section | provides the cumposition of committees involving

it ehould be noted that not all of the tacuity and students who

their teaching and research are listed .~ this part. Summary

! given in Table VI.C.1, and individual names and projects are listed
A. Faculty

‘!

*Johnson, Arthur G

Director, OSU Radiation Center i

sirector, OSU Institute of Nuclear Science and Engineering
Professor of Nuclear Engineering and Radiation Health
. 1l
- » 1

Binney, Stephen E |
Associate Professor of Nuclear Engineering
. Chairman, OSTR Reactor Operations

ommittee

Conrady, Michael R :
‘ Research Assistant .
3 Neutron Activation Analysis Specialist

Cordell, Sharon M e
, Research Assistant

.

Rad'ation Protection Technologist

Daniels, Malcolm
Professor of Chemistry ‘5

*Dodd, Brian
Reactor Administrator

» Professor of Nuclear Engineering
.

*Reactor users for research and/or teaching

4



Mart, Lucas P
R(‘S(?B"f\ ASSI_)L,B{(" :f\§_~rv Stry

*Higgiribotham, Jack F
Senior Health Physicist
Assistant Professor of Nuciear Engineering

Klein Andrew C
Assit (.t Professor of Nuclear Engineering

*Loveland, Walter D
Professor ¢f Chemistry

MacVicar, Robert
President Emeritus, OSU

Maki, Leonard M.
Professor of Nuclear Engineering (Visiting)

*Pastorek, Christine
Instructor of Chemistry

Popovich, Milosh
Vice President Emeritus, OSU

*Pratt, David S
Research Assistant
Health Physicist

Reyas, Jose N.
Assistant Professor of Nuclear Engineering

*Ringle, John C
Professor of Nuclear Engineering
Associate Dean of the Graduate School, OSU

*Robinson, Alan H
Head, Department of Nuclear Engineering
Professor of Nuclear Engineering

*Schmitt, Floman A
Proftessor of Chemistry

*Reactor users for research and/or teaching




Walker, Robert J
Research Assistant
Neutron Activation Analysis Specialist

Wang, Chih H,
Professor Emeritus, OSU

*Reactor users for research and/or teaching




Name
*Abdur, Rahman

Behm, Marten

*Coliing, Derek

*Yokoyama, Akihiko

Bield (Al

Nuclear Engineering
(Bangladesh)

Nuclear Chemistry
(Sweden)

Oregon Episcopal School
(Portland, Oregon)

Nuclsar Chemistry
(Japan)

*Reactor users for research and/or teaching.

Adwvisor or Research

~Lrogram Director

A. H. Robinson

W. D. Loveland

J. F. Higginbotham

W. D. Loveland



%

QSV Graduate Students
Degree
Name Brogram Eield Advisor
Al-Baroudi, Homean PhD Nuclear Engr. A. C. Klein
Ala, Abbas PhD Nuclear Engr. J. N. Reyes
Almarshad, Abdullah PhD Nuclear Engr. A. C. Klein
Almasoumi, Abdullah Phy Nuclear Engr. S. E. Binney
Anand, Ajay PhD Nuclear Engr. S. E. Binney
Baik, Seung-Hyuk M$S Radiation Health J. F. Higginbotham
Bukar, Kyari A. MS Nuclear Engr. A. H. Robinson
Cho, Byung-Qh MS Nuclear Engr. A. H. Robinson
Eichenberg, Thomas W. M$ Nuclear Engr. J. N. Reyes
Fu, Yingxian MS Chemistry M. Daniels
*Greek, Kevin PhD Nuclear Engr. A. H. Robinson
Greene, Kenneth PhD Nuclear Engr. A. M. Robinson
Guishan-Ara, Zubaida MS Nuciear Engr. A.C. Klein
Heaberlin, Joan PhD Nuclear Engr. A. H. Robinson
Hicks, Thomas mMS Radiation Health B. Dodd
*Hill, Brittain &, PhD Geosciences E. M. Taylor
Jordheim, Danial P. MS Nuclear Engr. S. E. Binney
King, John MS Nuclear Engr. J. N. Reyes
Lafi, Abd Y. PhD Nuclear Engr. J. N. Reyes
Lee, Msing M. mMS Nuclear Engr. A. C. Klein
Lewis, Bryan R. MS Nuclear Engr. A. C. Klein
*Liu, Yung-Gang PhD Chemistry R. A. Schmitt
Marks, Tim MS Nuclear Engr. A. C. Klein
Miles, Todd L. MS Nuclear Engr. S. E. Binney
Pauley, Keith MS Nuclear Engr. A. C. Klein
Pawlowski, Ronald MS Nuclear Engr. A. C. Klein
Piepmier, Edward H. PhD Pharmacy J. W. Ayres
*Pratt, David MS Radiation Health A. G. Johnson
Reardon, Nichael F. MS Nuclear Engr. S. E. Binney
Saieh, Hassan PhD Nuclear Engr. S. E. Binney
*Schilk, Alan J. PhD Chemistry R. A. Schmitt
Van Winkle, James A, mS Nuclear Engr. A. C. Klein
*Walker, Robert J. PhD Geosciences C. W. Field
*Yousef, Samir MS Radiation Health J. F. Higginbotham
Zahm, Lance MS Nuclear Engr. A. C. Klein

*Reactor users for research and/or teaching.



Business, Administrative and Clerical Staff

Director
Business Manager
Administrative Assistant

Qffice Specialists

Custodian

Office Coordinator
(Nuclear Engineering)

Word Processing Specialist
(Nuclear Engineering)

Reactor Operations Staff

Principle Security Officer
Reector Administrator, Senior
Reactor Operator
Reactor Superviser, Senior

Reactor Operator
Senior Reactor Operators

Reactor Operator

Radiation Protection Staff

Senior Health Physicist

Health Physicist

Radiation Protection Technologist

Health Physics Monitors
(Students)

Oommp

<OPO VO

momoO Z

O«

Johnson
Campbell
Flickinger
Dalton

Hopkins

BTMx OO0

Smith

Benad

Cramer

Keen

G. Johnson
Dodd

V. Anderson
E. Binney
F. Higginbotham

D. Hall

F. Higginbotham
S. Pratt
M. Cordell

Cook
Evans
Grier

Meacham

. Moreno

Rak

. Reese
. Rockett
. Starr

vostmeye!




Scientific Support Staff

Senior Neutron Activation Analyst
Neutron Activation Analysis Specialists

Neutron Activation Analysis
Technicians (Students)

Scientific Instrument Technicians

QSU Radiation Safety QOffice Staff
Title
Radiation Safety Officer
Acting Radiation Safety Officer

{(May 15, 1990 - June 30, 1990)
Radiation Specialists

Secretary

R. A. Schmitt
M. R. Conrady
R. J. Walker
T. Berkman
A. Mathis

E. Schuefort
M. Streck

H. L. Busby
S. P. Smith

Name
G. A. Little

R. M. Farmer
D. L. Harlan

K. L. Miller

"7



Reactor Operations Committee

Name Atfiliation

$. E. Binney, Chairman Nuclear Engineering

D. L. Amort Electrical and Computer Engineering

T. V. Anderson Radiation Center

8. Dodd Radiation Center and Nuclear Engineering
J. F. Higginbotham Radiation Center and Nuclear Engineering
A. G. Johnson Radiation Center and Nuclear Engineering
J. C. Ringle Nuclear Engineering and Craduate School
A. M. Robinson Nuclear Engineering

R. A, Schmitt Chemistry and Radiation Center

W. H. Warnes Mechanical Engineering
Radiation Safety Committee (QSU)

G. Merrill, Chairman Biochemistry/Biophysics

R. Collier Oceanography

J. Higginbotham Radiation Center ana Nuclear Engineering
D. Keszler Chemistry

S. Rados~vich Forest Science

C. Rivin Botany and Plant Pathology

G. Rohrmann Agricultural Chemistry

C. Schreck Fisheries and Wildlife

G. Little, Secretary & RSO Radiation Safety Otiice

Radiation C S - .

: il

W. D. Loveland, Chairman Chemistry

T. V. Anderson Radiation Center

M. L. Busby Radiation Center

S. C. Campbell Radiation Center

M. R. Conrad® Radiation Center

J. G. Higgir votham Radiation Center and Nuclear Engineering
A. G. Jo'inson Radiation Center and Nuclear Engineering






PART Il
FACILITIES

. A. Research Reactor
1. Rescription

The Oregon State University TRIGA Reactor (OSTR) is a water-cooled, swimming

pool type of research reactor which uses uranium/zirconium hydride fuel elements

in @ circular grid array. The reactor core is surrounded by a ring of graphite which

serves to reflect neutrons back into the core. The core is situated near the bottom

of a 22 foot deep water-filled tank, and the tank is surrounded by a concrete

bioshield which acts as a radiation shield and structural support. See Figures
LA, 111LA.2 and 1I1LA.3.

The reactor is licensed by the U.S. Nuclear Regulatory Commission to operate at
a maximum steady state power of 1.1 MW, and can also be pulsed up to a peak
power of about 3000 MW.

The OSTR has a number of different irradiation facilities including a pneumatic
W transfer tube, a rotating rack, a thermal coiumn, four beam gorts, two sample-

holding (dummyi fuel elements for special in-core irradiations, and a cadmium-lined

in-cor~ irradiation tube for experiments requiring a high energy neutron flux.

The pneumatic transfer facility enables samples to be inserted and removed from

the core in a few seconds. Consequently, this facility is normally used for neutron

activation analysis involving short-lived radionuclides. On the other hand, the

rotating rack is used for much longer irradiation of samples (e.g., hours). Thre rack

consists of a circular array of 40 tubular positions, each of which can hold two

sample tubes. The rotation of the rack ensures that each sample will receive the
. same amount of irradiatiun.
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The reactor's thermal column consists of a large stack of graphite blocks which
slow down neutrons from t..@ reactor core in order to increase thermal neutron
activation of samples. Graphite blocks are removed from the thermal column to
enable samples to be positioned inside for irradiation.

The beam ports are tubular penetrations in the reactor's main concrete shield
which enable neutron and gamma radiation to stream from the core when a beam
port's shield plugs are removed. Two of the OSTR's beam ports are permanently
configured for neutron radiography while the other two may be used for a variety
of experiments.

If samples to be irradiated require a large neutron fluence, especially from higher
energy neutrons, then such samples may be inserted into a dummy fuel element.
This device will then be placed into one of the core's inner grid positions which
would normally be occupied by a fuel element.

The cadmium-lined in-core irradiation tube enables samples to be irradiated in a
high flux region near the center of the core. The cadmium lining in the facility
eliminates thermal neutrons and thus permits sample exposure to epithermal
neutrons only. The cadmium-lined end of this air-filled aluminum irradiation tube
is inserted into an inner grid position of the reactor core which would normally be
occupied by a fuel element.

lizati

The two main uses of the OSTR are instruction and research. During this reporting
period, the reactor was in use an average of 40 hours during a typical 45-hour
work week. Hence, the reactor was used approximately 80% of the available

time.



Instruction

Instructional use of the reactor is twofold. First, it is used significantly for
classes in nuclear engineering, radiation protection, and chemistry at both
the graduate and undergraduate levels to demonstrate numerous principles
which have been presented in the classroom. Basic neutron behavior is the
same in small reactors as it is in large power reactors, and many demonstra-
tions and instructional experiments can be performed using the OSTR which
cannot be carried out with 8 commercial power reactor. Shorter-term
demonstration experiments are also performed for many undergraduate
students in nhysics, chemistry and biology classes, as well as for visitors
from other universities and colleges, from high schools and from public
groups.

The second instructional application of the OSTR involves education of
reactor operators, operations managers, and radiation health physicists. The
OSTR is in a unique position to provide such education since curricula must
include hands-on experience at an operating reactor and in associated
laboratories. The many types of educational programs that the Radiation
Center provides are more fully described in Part VI (section VI.C.5) of this
report.

During this reporting period the OSTR accommodated 23 different OSU
academic classes. In addition, portions of classes from other Oregon
universities were also supported by the OSTR. The OSU teaching programs
utilized 245 hours of reactor time. Tables I1LA.1 and IIl.LA.2 as well as Table
I1.E.1 provide detailed informaticn on the use of the OSTR for instruction
and training.

Research

The OSTR is a unique and valuedle tool for a wide variety of research
applications, and serves as an excellent source of neutrons and/or gamma
radiation. The most popular experimental technique requiring reactor use is



Tabie LA

OSU Courses Using the OSTR

Course

Number Course Name

NE 111X Nuclear Engineering Orientation

NE 112X Nuclear Engineering Orientation

NE 203 Nuclear Radiation Detection and Measurement
NE 405A Field Practices in Radiation Protection (Undergraduate)
NE 406D Design Projects (Nuclear Engineering)

NE 441 Nuclear Reactor Experiments

NE 461 Radiation Protection Engineering

NE 503 Thesis (Nuclear Engineering)

NE 5085A Field Practices in Radiation Protection (Graduate)
CH 106 General Chemistry Laboratory

CH 107 General Chemistry Laboratory

CH 202 General Chemistry

CH 207 General Chemistry Laboratory

CH 419 Radioactive Tracer Methods

CH 461 Experimental Chemistry |l

CH 503 Thesis (Chemistry)

TH 528 Activation Analysis

4170 Personal Health

M 544 Man, Health, and Environment

G 503 Thesis (Geology)

ME 503 Thesis (Mechanical Engineering)

OC 503 Thesis (Oceanography)

PH 3503 Thesis (Physics)




Table Iil.A.2

OSTR Teaching Hours

|

|
I
i

Annual Cumulative
Values for Values for
; July 1, 1989 ; August 1, 1976
Description | Through Through
June 30, 1980 June 30, 1990
hours) (hours)

\
l
|
I

i
I
|
|
!
s

Departmental % 168

2804

———————————

Nuclear Engineering 113
Chemistry ‘ 49
Health & Human Performance 6
Geology'" ‘
Mechanical Engineering

Oceanography'"

Physics'"’

Special Classes and Projects” 7

Total Teaching Hours'®4® 24

(1

\

!

Use hours by these departments are not shown under "Teaching Hours," but are refiected
under Thesis Research, both funded and unfunded.

A variety of educational classes were conducted which involved one-time meetings for

orientation or support purpofss. These included: high school science classes, new

student programs support, reactor operator orientation and training, community college
classes anc classes from other universities,

See Table !li.E.1 for classes and student enroliment
See Table IV.A.5 for a summary of all reactor use categories.

Total teaching hours reflect all time the reactor was in use for teaching, and because of
this the total hours include time the reactor itself may not actually have been in operation.




neutron activation analysis (NAA). This is a particularly sensitive method of
elemental analysis which is described in more dgetail in Part VI (section
VI.C.1). Part lILLB provides a listing of equipment uscd in NAA at the
Radiation Center.

The OSTR's irradiation facilities provide a wide range of neutron flux levels
and neutron flux qualities, which are sufficient to meet the needs of most
researchers. This is true not only for NAA, but also for other experimental
techniques such as fission track dating of geological and anthropoiogical
materials.

During this reporting period, the OSTR accommodated 102 funded research
projects which utilized 1096 hours of reactor time, and 16 unfunded
research projects which utilized 76 hou*s of reactor time. Details of the
reactor's use specifically for research are given in Table IIl.A.3. Additional
information regarding reactor use for research, thesis and service can be
found in Tables VI.C.1 through VI.C.3. In these tables OSTR use is indicated
with an asterisk.
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110
. Tabie 111.LA.3
OSTR Research Hours
Annual Cumulative
Values Values
for for
Types of Research July 1, 1989 August 1, 1876
Through Through
i 30, 1990 June 30, 1990
nours) (hours)
OSU Research 481 6243
Off-Campus Research 711 3620
Total Research Mours'"'? 1172 9863
(1) Total research hours statistics:
. (a) 94% (1096 hours) of the total research hours were user-funded by federal,
state, or other organizations.
b4 (b) 6% (76 hours) of the total research hours were user-unfunded studies in

support of graduate thesis research or other academic investigations. Reactor
costs for this research were absorbed (funded) by the OSU Radiation Center.

(2) OSTR operating hours in support of OSU teaching and research programs approximately
equal the hours the OSTR operated for off-campus ressarch projects. Of the off-
campus research hours OSTR recorded, nearly 7% (approximately 80 hours) were in
direct support of research being conducted at the University of Oregon.
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The Radiation Center has a great variety of radiation detection instrumentation.
Much of this equipment involves the latest in counting technology as represented
by the fourteen state-of-the-art gamr~a ray spectrometers with their associated
computers and Ge(li) or intrinsic germanium detectors. Tables I111.B.1 through
111.B.3 provide a brief listing of typical laboratory counting devices present at the
Center. Much additional equipment for use in the classroom, and an extensive
inventory of portable radiation detection instrumentation are also available.

tilizati

Radiation Center nuciear instrumentation receives intensive use in both teaching
and research applications. Inaddition, service projects also use these systems and
the combined use often results in 24-hour per day schedules for many of the
analytical instruments. Use of Radiation Centar equipment extends beyond that
located at the Center and instrumentation is commonly made available on a loan
basis to OSU researchers in other departments.



Table 111.B.1

Radiation Center Spectrometry Systems:

Gamma, Low Energy Photon, Alpha

mn-12

Rei. Effic.
Room System (%)
B100 Adcam 1, Bk Ortec, Ortec HP Ge 26.8
8100 Adcam 2, 8k Ortec, PGT GelLi) 13.0
8100 Adcam 3, 8k Ortec, Canberra Ge(lLi) 19.4
B100 Adcam 4, 8k Crtec, PGT GelLi) 13.2
Float Adcam 5, 8k Ortec, Backup Analyzer N/A
C126 Ace 1, 4k Ortec, Nal(Ti) 3x3 N/A
€123 Ace 2, 4k Ortec, PGT Gelli) 18.7
c126 2 K, ND60, Na!(Tl 3x3 N/A
A138 H.P. Scaler, Nal(Tl) 2x2 N/A
A48 Ace, 4k Ortec, Ortec HP Ge 30.0
A1486 Ace, 4k Ortec, Ortec Ge(li) 27.0
C134 4x4 k ND Micro MCA, PGT Gel(Li) 16.2
C134 4x4 k ND Micro MCA, PGT Gel(li) 18.3
C134 4x4 k ND Micro MCA, PGT LEP N/A
C134 4x4 k ND Micro MCA, Canberra LEP N/A
C126 Ace 3, 4k Ortec, 576A Alpha Spectrometer N/A




Table ill.B.2

Radiation Center Liquid Scintillation Counting Systems

Room

System

3136

Beckman, Betamate
Beckman, Betamate
Beckman, Betamate
Beckman, Betamate

Beckman, LS 7500

Searie
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- Table 111.B.3

Radiation Center Proportional Counting Systems

Room System

c126 NMC 1, PC5S

C126 NMC 2, FCSB

C126 NMC 3, PCB

A138 NMC, PCC-11T and DS 2

A138 NMC Auto Counting System w/iBM XT

» "
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Radioisotope Irradiation Sources

Rescription

The Radiation Center is now equipped with twe cobalt-60 gamma irradiation
facilities which are capable of delivering high doses of gamma radiation to a wide
variety of materials. During June 1990 a new Gammacell 7000 Ci cobalt-60
gamma irradiator was installed at the Radiation Center. This is a significant new
facility which considerably expands the useful range of gamma doses available to
researchers. The new irradiator will provide dose rates of the order to 900 krad/h
compared to about 18 krad/h delivered by the old Budd irradiator. These two
irradiators complement each other, so that the one which delivers the most
appropriate dose rate for a particular experiment will be used.

Typically, the irra-iiators are used by researchers wishing to perform mutauon and
other biological effects studies, studies in the area of radiation chemistry,
dosimeter testing, sterilization of food materials, soils, sediments and other media,
gamma radiation damage studies, and other such applications. In addition to the
cobait-60 irradiator, the Center is also equipped with a variety of smaller
cobalt-60, cesium-137, radium-226, plutonium-beryllium, and other isotopic sealed
sources of various curie levels which are available for use as irradiation sources.

Utilizati

During this reporting period there was a diverse group of projects using the
cobalt-60 irradiator. These projects included the irradiation of a variety of
biological cells as well as the irradiation of flowers, seeds and leaves. In addition,
the irradiator was used for radiation dosimeter analysis, soil sterilization, and
materials evaluation. Data showing uses of the irradiator for this reporting period
are given in Table 11i.C.1.
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Cobalt-60 Irradiator Use ;
[ N - -
Purpose of Dose Range Number of JUse Time
irradiation Samples rads rradiations hours
| Sterilization Soil 9x10° - 5x10 | 10 5626
| 1 |
Botar ~a| | Onion | 2x10%-1.1x10° | 3 15 5
| | .
Studies flowers, bean | i a
seeds, quince | E
leaves : | .
+ - i
Biological Collagens | 1x10° - 4.5x10° 58 795 1%
Studies spieen cells
dried protein s
| bacteria, y
IL culture |
| Dosimeter TLDs, other 1 35 - 3x10 ‘ 36 e
| 1
| Analysis dosimeters , ‘
| 7‘ - 'Tal 4 ‘) | 1
| Materials Wood, golf | 3x10f 6x10° 10 080 ;
| Evaluation | balls f ;
r I Y = ‘\5‘}
| TOTALS | , 120 756C
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D. X-Ray Maching

. 1 pescription
A General Electric Maxitron 300 kVp X-Ray generator is located in the Radiation ‘l

Center. This davice is situated in a shielded roomn which is large enough to |

accommiodate a wide variety of experiments. The machine is capable of operating |
ard

at 300 kvp and 20 mA, and devices for calibrating the beam intensity are

! available.

i tion ‘ -

N

The X-Ray machine continued to be used as a radiation source where students
could perform state-required radiation surveys of a fixed X-ray machine installation

and carry out other safety checks required for such a facility




The Radiation Center is equipped with a number of different radioactive materials
laboratories designed to accommodate classes offered by various OSU academic

departments or off-campus groups.

Instructional facilities available at the Center include a laboratory especially
equipped for teaching radiochemistry and two nuclear instrumentation teaching
laboratories equipped with modular sets of counti.,g equipment which can be
configured to accommodate a variety of experiments involving the measurement
of many types of radiation. The Center also has two stud~n’ computer rcoms
equicped with microcomputers and terminals which are linked to other computers,

both on and off campus

Iin addition to these dedicated instructiona! facilities, many other research
laboratories and pieces of specialized equipment are regularly used for teaching
In particular, classes are routinely given access to appropriate state-of-the-art
gamma spectroscopy equipment located in Center wuoratories. A number of
classes 2lso regularly use the reactor and the reactor bay as an integral part of

their instructional coursework,

There are two classrooms in the Radiation Center which are capable of tolding

about 35 students each. In addition, there are two smaller conference rooms
suitable for graduat classes and thesis examinations. As a service to the student
pody, the Radiation Center also provides a stud :nt study room/lounge as well as

an office area for the student chapter of the .american Nuclear Society.

This reporting period saw the beginning of a new thermal hydraulics laboratory in
the space previously used by the AGN reactor. This laboratory is being developed
by a member of the nuclear engineering faculty and involves the construction of

several scale loops to meet .ne research needs of the nuclear industry




Ytilization

All of the laboratories and classrooms are used extensively during the academic

year. For example, a listing of 50 courses accommodated at the Radiation Center

during this reporting period along with their enroliments are given in Table III.E.1,

Table Ill.A.1 gives a separate listing of the 23 classes specifically accommodated
by the reactor during the reporting period., In addition, several laboratories are

used for research projects throughout the year




Student Enroliment in Nuclear Engineering and Nuclear Science Courses
Which Are Taught or Partially Taught at the Radiation Center

4

[ Number of Students
,
Course Credit Course Title F Fal winter Spring |
| 1989 | 1988 | 1990
Nuciear Engineering Courses
*NE 111X 3 Introduction to Nuclear Engineering 18 |
*NE 112X 3 Introduction to Nuclear Engineering o * 14
NE 103 3 Intro. Nuclear Engineering & Comp ‘ 1" i
NE 201 3 Nuclear Energy Fundamentals B & |
NE 202 3 Nuclear Radiation and Matter l , 18 q
*NE 203 3 Nuclear Radiation Detection & Measurement | ;‘ 17 |
NE 361X 3 Nuclear Reactor Systems | f 12 E l
*NE 40BA + 1-3 R&C/Field Practice Radiation Healtt ? 1 { ; ‘
NE 406 1-8 Projects ’ 1 \ ; é .
**NE 406D 16 Individual Design Project ‘: 0 | 10 ‘» 3 |
NE 407 1 Seminar ‘ 10 ! 11 5 9 ‘
NE 4156 4 Principles of Radiation Safety | 18 ‘I |
NE 421 3 Nuclear Reactor Analysis & Computation 10 | (
NE 422 3 Nuclear Reactor Analysis & Computation 11 '
NE 423 3 Nuclear Reactor Analysis & Computation 12 ‘
NE 430 3 | Nuciear Fuel Cycle 26 |
NE 431 3 Reactor Thermal Mydraulics 12 '
NE 432 3 Nuclear Reactor Design 13 . ! !
NE 433 3 Nuclear Reactor Design - e 5
NE 434 3 Nuciear Reactor Design ! | 12 <
**NE 44 3 Nuclear Engineering Experniments | ‘ 1 i
**NE 4861 3 Radiation Protection Engineering . 16 ,
NE 465 3 Nuclear Rules & Regulations ‘ | 14
NE 501 1-18 Research | . ! - 3
**NE 503 118 Thesis | 18 l 17 4
NE 508 118 Reading & Conference . 1 1
*NE 505A 1-3 R&C/Field Practice Radiation Hea'th - 1
NE 508 118 Projects 1 1 3
NE 507 ] Seminar 3 1
NE 511 3 Neutron Transport Theory 2
NE 512 3 Advanced Nuclear Reactor Theory 8
NE 532 3 Advanced Nuclear Reactor Design 3
NE 533 3 Advanced Nuclear Reactor Design | - 3
NE 534 ! 3 Advanced Nuclear Reactor Design ‘ - 3
NE 542 B Advanced Thermal Hydraulics . , 10
NE 681N 3 ST/Advanced Numerical Techniques 1
NE 583W 3 ST/Radioactive Waste Management 'i l 16 |
| NE 589X | 3 | ST/Radioactive Material Transport lA 'L - J 9
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Table IL.E.1 (Continued)

(-23

Number of Students

Course ! Credit Course Title Fall Winter Spring
' 1989 | 1989 | 1980
Chemistry Courses
*CH 106 + 5 General Chemistry 33
*CH 107 2 General Chemistry Lab 8 -
*CH 202 3 General Chemistry . 62
*CH 207 2 General Chemistry Lab 6 -
**CH 419 4 Radioactive Tracer Methods -
*CH 461 3 Experimental Chemistry 24
*CH 503 1-16 | Thesis (Chemistry) -
**CH 528 4 | Activation Analysis
Other Courses
*G 503 1-16 Thesis (Geosciences) 3 3 3
*ME 803 1-186 | Thesis (Mechanical Engineering) 1 1 )
*0OC 503 1-16 | Thesis (Oceanography) 1 1 1
*PH 503 116 Thesis (Physics) 4 4 4

*OSTR used occasionally for demonstration and/or experiments.

**OSTR used heavily.

+ Class held Summer Term 1989.
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Rescription

The Radiation Center has a facility for the repair and calibration of essentially all

types of radiation monitoring instrumentation. This includes instruments for the
detection and measurement of alpha, beta, gamma and neutron radiation, and
e compasses both high range instruments for measuring intense radiation fields
and low range instruments used to measure environmental levels of radioactivity.
The Center's instrument calibration capability is described more completely in
Section VI.C.7 of this report.

lizati

The Center's instrument repair and calibration facility is used regular'y throughout
each year and is absolutely essential to the continued operatior of the many
different programs carried out at the Center. In addition, the ¢bsence of any
comparable facility in the state has led to a greatly expanded instrument calibration
program for the Center, including calibration of essentially all ‘adiation detection
instruments used by state and federal agencies in the State of Oregon. This
includes instruments used on the OSU campus, plus instruments from the Oregon
Health Division's Radiation Control Section, the Oregon Department of Energy, the
Oregon Public Utilities Commission, the U.S. Environmental Protection Agency, the
U.S. Bureau of Mines, and the U.S. Forest Service. Additional information
regarding instrument repair and calibration efforts, is given in Tables VI.C.4 and
VI.C.5.
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The Radiation Center has libraries containing significant collections of texts,
research reports, and videotapes relating to nuclear science, nuclear engineering,
and radiation protection.

The Radiation Center is also a regular recipient of & great variety of publications
from commercial publishers in the nuclear field, from many of the professional
nuclear societies, from the U.S. Department of Energy, the U.S. Nuclear
Regulatory Commission and other federal agencies. Therefore, Center libraries
maintain a current collection<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>