PENN STATE BREAZEALE REACTOR

Annual Operating Report, FY 90-91
PSBR Technical Specifications 6.6.1
License R-2, Docket No. 50-5

Reactor Utilization

The Penn State Breazeale Reactor (PSBR) is 4 TRIGA Mark 111 facility capable of |
MW steady state operation, and 2000 MW peak power pulsing operation. Utilization of the
reactor and its associated facilities falls into three major categories:

EDUCATION utilization is primarily in the form of laboratory classes
conducted for graduate and undergraduate students and numerous high school
science groups. These classes vary from neutron activation analysis of an
unknown sample to the -alibration of a reactor control rod. In addition, an average
of 2000 visitors tour the PSBR facility each year.

RESEARCH accounts for a large portion of reactor time which involves
Radionuclcar Applications, Neutron Radiograpy, a myriad of research programs by
taculty and graduate students throughout the University, and various applications
by the industrial sector,

TRAINING programs for Reactor Operators and Reactor Supervisors are
continuously offered and are tailored to meet the needs of the participants.
Individuals taking part in these programs fall into such categories as power plant
operating personnel, graduate students, and foreign trainees.

The PSBR facility operates on an 8 AM - § PM shift, five days a week, with an
occasionai 8 AM - 8 PM or 8 AM - 12 Midnight shift 1o accommodate reactor operator
training programs or research projects.

Summary of Reactor Operating Experience

Between Ju{y 1, 1990 and June 30, 1991, the PSBR was

critical for 521 hours or 2.1 hrs/shift
subcritical for 334 hours or 1.3 hrs/shift
used while shutdown for 459 hours or 1.9 hrs/shift

Total usuage 1314 hours or 5.3 hrs/shift

The reactor was pulsed a total of 111 times with the following reacuvities:
less than $2.00 33
$2.00 to $2.50 78
greater than $2.50 0

The square wave mode of operation was used 74 times to power levels between
100 and 500 KW.

Total energy produced during this report period was 318 MWH with a consumption
of 16 grams of U-235.
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Unscheduled Shutdowns

Major Maintenance With Safety Significance




Major Changes Reportable Under 10 CFR 50.59
Facility Changes

September 21, 1990 - The light beam alarm in the reactor beam hole lab was
eliminated. The purpose of this alarm was to alert the reactor operator if someone
entered the neutron beam area without the operator's permission. A new system
was installed featuring a normally locked beam gate to control access 1o the neutron
beam area. Opening this beam gate when any one of the seven beam hole doors is
open, gives a local alarm and also an alarm to the reactor operator. In addition,
opening an outside access door to the beam hole lab monitored area would also
trigger the same alarm to the reactor operator (this door is normally bolted and
locked from the inside).

November 19, 1990 - An existing six foot section of six inch pipe in the primary
side of the reactor heat exchanger was cut at two locations and a section was
removed; flanges were welded on the pipe at the cuts to accommodate a magnetic
flow sensor that has its own set of flanges. The flow sensor was installed to
provide information for a new heat balance method to determine the reactor’s
thermal é)owcr. A flanged spool piece has been fabricated to replace the flow
sensor if it has to be removed for some reason.

March 6, 1991 - A four foot section of bolted flanged six inch pipe was removed
from the primary side of the reactor heat exchanger to install a well coupling o
accommodate a temperature probe, The pipe section was then returned to the
previous location, The temperature probe is used to provide information for a new
heat balance method 1o determine the reactor's thermal power.

March 25, 1991 - Infrared motion detectors were installed to replace ultrasonic
motion detectors in the fuel storage room to meet changes in the facility's modified
Physical Security Flan.

Procedures

All procedures are reviewed as a minimum biennially, and on an as needed basis.
Changes during the year were numerous and no attempt will be made to list them.
A current copy of all facility procedures will be mad.  ilable on request. Since
none of the procedure changes were a result of Tech apecs changes, none of the
procedure changes are considered major.

New Tests and Experiments
None having safety significance.

Radioactive Effluents Released
Liquid

There were no liquid effluent releases under the reactor license for the report period.
Liquid from the regeneration of the reactor demineralizer is evaporated and the
distillate recycled for pool water makeup. The evaporator concentrate is dried and
the solid salt residue is disposed ot in the same manner as other solid radioactive
waste at the University.
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Liquid radioactive waste from the radioisotope laboratories at the PSBR is under the
University byproduct materials license and is transferred to the Health Physics
Office for disposal with the waste from other campus laboratories. Liquid waste
disposal techniques include storage for decay, release to the sanitary sewer as per
10 CFR 20, and solidification for shipment to licensed disposal sites.

Gaseous

The only gaseous effiuent is Ar-41, which is released from disolved air in the
reactor pool water, dry irradiation tubes, and air leakage from the pneumatic sample
transfer systems.
The amount of Ar-41 released from the reactor pool is very dependent upon the
operating power level and the length of time at power. The release per MWH is
highest for extended high power runs and lowest for intermittent low power runs.
The concentration of Ar-41 in the reactor bay and the bay exhaust was measured by
the Health Physics staff during the summer of 1986. Measurements were made for
conditions of low and high power runs simulating typical operating cycles. Based
on these measurements, an annual release of between 236 mCi and 714 mCi of Ar-
41 is calculated for July 1, 1990 to June 30, 1991, resulting in an average
concentration at the building exhaust between 15% and 44% of the MPC for
unrestricted areas. These values represent the extremes, with the actual release
being between the two values. The maximum fenceline dose using only dilution by
the 1m/s wind into the lee of the building is on the order of 0.2 % 10 0.6 % of the
unrestricted area MPC.
During the report period, several irradiation tubes were used at high enough power
levels and for long enough runs to produce significant amounts of Ar-41. The
calculated annual production was 69 mCi. Since this production occurred in a
stagnant volume of air confined by close fitting shield plu;lg'; most of the Ar-41
decayed in place before being released to the reactor bay. The reported releases
from dissolved air in the reactor pool are based on measurements made, in part,
when a dry irradiation tube was in use at high power levels; the Ar-41 releases from
the tubes are part of rather than in addition to the release figures quoted in the
previous paragraph.
The use of the pneumatic transfer systems was minimal during this period and any
t{;lrl-dl releases would be insignificant since they operate with CO-2 and Nitrogen as
ill gases.

Environmental Surveys

The only environmental surveys peiformed were the routine TLD gamma-ray dose
measurcments at the facility fenceline and at control points in residential areas
several miles away. This reporting year's measurements tabulated below represent
the July 6, 1990 to June 30, 1991 period. A comparison of the North, West, East,
ane South fenceline measurements with the control measurements at Houserville (1
mile away) and Bellefonte (10 miles away) show the differences to be similar o
those in the past.

1s0Or  20dQur  3dQu  4hOQu  Totwl

Fence North 21.46 14.69 19.95 16.49 72.59
Fence West 18.96 15.06 19.40 15.85 69 27
Fence Fast 23.90 14.05 2093 16.92 75.80
Fence South 18.67 13.83 19.26 16.38 68.14
Control-Bellefonte 22.44 14.35 20.28 16.56 73.63

Control-Houserville 14.48 12.97 15.07 13.15 55.67
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Personnel Exposures

No reactor personnel or visitors received dose equivalents in excess of 25% of the
permissible limits under 10 CFR 20,
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L. INTTODUCTION

The Radiaton Science and En';'mecnng Center (RSEC) sustained its record of providing

educational and research sup
ful

or a broad spectrum of users. In addinon, major new

achievements included the followiag:

Fabrication of the new digital computer based reactor control system was completed, the
systemn was delivered and site-tested and a license amendment request was filed with the
uclear Regulatory Commission. Advenced control thaory research commenced using the

new control system.

The RSEC staff was awarded a three year National Science Foundation t of
$212,063, for a program for high school science teachers entitled, "Nuclear Concepts and
Technolofcd Issues Institute and Educatonal Outreach Program.” Matching funds were
provided by industry sponsors.

The RSEC staff was awarded a $39,123 Department of Energy grant for reactor radiation
monitoring instrumentation =nd new gamma spectroscopy equipment,

Instructional laboratory equipment was upgnded through the addition of computer
equipment and new ionizaiion chambers. Funding was provided by student surcharge
money ($4,228) and the Ben Franklin Partnership Program (34 ,000),

The Perturbed- Angular Correlation (PAC) Laboratory at the RSEC was expanded by the
addition of a second complete PAC spectrometer, new computer ¢ juipment and a
Muossbauer spectromete:.

The RSEC "Qu - lity Assurance Prograni for Analysis, Examination and Testing of
Components or Systems,” was effectively implemented for the first time.

The RSEC swff hosted the annual meeting of the Trst, Research and Training Reactor
management and an NRC seminar for Non-Power Reactors

A brochure was prepared with specification sheets for the various RSEC facilives and
equipment.

One RSEC staff member received a Reactor Operator license from the Nuclear
Regulatory Commission,

Along with all tnese enhancements in facilities, programs and operations, the staff assisted
researchers, in:tructors and students in many routine ¢ ments, laboratory classe< and service
irad .+ wons. Fre-college education was also prominent in RSEC programming, as evidenced by
the many tour groug ., field trips/work shops and teaching sessions ed by the staff. The
RSEC staff is to be commended for working diligently during the past year in accomplishing a new
threshold of productivity and professional development.






Ii. PERSONNEL

The position of Deputy Director was eliminated when Ira McMaster retired at the end of the
ﬂrvmus fiscal year. His duties were assumed by Terry Flinchbaugh in his eu)mded role as
anager of Operations and Training and Dan Hughes in his new position as Manager of
Engineering Services

Joseph Bonner resigned his position as Rosearch Assistant on Auf’usl 15, 1990
Robert Gould was hired as a project assistant on September 4, 1990. Patrick Boyle was hired as
reactor supervisor/nuclear education specialist on November 1, 1990.

Rebecca Batschelet resigned her position as environmental analyst in the Low Level Radiation
Monitoring Lab (LLRML) on August 10, 1990. Hermina Boyle, who had waorked in the lab in a
wage parroll position for 7 weeks, assumed the environmental analyst position effective
September 4, 1990.

Bonnie Ford resigned her position as supervisor of the LLRML on September 23, 1990,
Michael McClain assumed the supervisor position on October 1, 1990 and resignca on March 19,
1991,

Hermina Boyle moved from the analyst to supervisor position in the LLRML on March 19,
1991, Julie Goodfellow, who had worked in the LLRML for five weeks in a wage payroll
position, assumed the analyst position on April 15, 1991,

Thiery Daubenspack, who had worked at the LLRML on a part time basis dunng the Spring
1991 semester, began work in a full time wage payroll position on May 13. Other LLRML wage
payroll and work-study heip during the year was provided by Calvin Sleppy, Ed Rentanen, Ha
Cheung and Brett Kellerman.

Jennifer Wellar resigned as secretary and receptionist on Noven.ber 24, 1990. Lisa Large
worked as a wage payroll secretary from December 3, 1990 to January 2, 1991 when she assumed
the secretary and receptionist position. Kim Conlin was hired on April 3, 1991 as a wage payroll
secretary.

Reactor work-study and wage payroll positions were filled by Richard Brown, Thie
Daubenspeck, John DeMarco, Steve Maderas, Steve Nomhold, Jeff Nugent and Ken Sahadewan.

On January 1, 1991, the following changes occurred in the membership of the Penn State
Reactor Safeguards Commitiee. Jerry Blakeslee (Assistant Superintendent of Plant, Pennsylvania
Power and Light) resigned from the committee after seven years of service, the last four as
chairman. Fan-bill Cheung (Associate Professor of Mechanical Engineering) and Masoud Feiz
(Assistant Professor of General Euﬂmﬂnwm resigned from the committee after each serving a
three yeas term. Joining the committee for their first three year terms are Pat Loftus (Manager,
Product Licensing at Westinghouse), Ed Figard (Supervisor of Maintenance at Penns lvania
Power and Light) and Dan Hughes (Research Assistant). Ward Diethorn (Professor of Nuclear
Engineering) who had joined the committee in 1989 1o fill out a vacant unexpired term, accepted an
appointment for a three year term. Committee member Gordon Robinson (Associate Professor of

uclear Engineering) assumed the chairmanship on January 1, 1991.

On January 1, 1991, Frank Ruddy (Senior Scientist, Westinghouse) replaced John Bartko
(Advisory Scientist - retired, Westinghouse) on the Penn State Users Advisory Commitiee.
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S. Carpenter National Institute of Science ond Technology (NIST)

J. M. Cimbala Associate Professor, Mechanical Engineening, Penn State
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Center

*served through January 1, 1991






®O =03
s M=

0
P
E

NZO - R



I1l. REACTOR OPERATIONS




The number of Scrams Planned as Part of Experiments reflects experimenter needs. One of the
Unplanned Scrams Resulting from Personnel Action was by a student in the NucE 444 course,
Nuclear Reactor Operations tory, one was by a staff operator trainee and three were by
licensed staff operators. 1t should be pointed out that a scram shuts down the reactor before a
safety limit is reached. The unplanned scrams resulting from Abnormal System Operation were
due 10 electrical failure and system operational problems.

Table 3, Part A, Reactor Usage, indicates Hours Critical and Hours Subcritical, and also
Hours Shutdown such as for instruction or experimental setup. Occasionally a component failure
prohibits reactor operation. The necessary repair time is included in Reactor Usage as Reactor Not
Available o reflect total reactor utilization on @ shift basis.

Part B gives a breakdown of the Type of Usage in Hours. The Nuclear Engineering
Department and/or the Reactor Facility receives compensation for Industrial Research and Service,

for Industrial Trainin ngnms. University Research and Service includes both funded and
non-funded research, for genn tate and other universities. The Instruction and Training category
includes all formal university classes involving the reactor, experiments for other university and
high school groups, demonstrations for tour groups and in-house reactor Operator training,

Part C statistics, Users/Experimenters, reflect the number of users, samples and experimenters per
shift. Part D shows the number of eight hour shifts for each year.

INSPECTIONS AND AUDITS

During October of 1990, Penn State faculty member Samuel H. Levine (Nuclear Engineering)
conducted an audit of the PSBR 10 fulfill a requirement of the Penn State Reactor Safeguards
Committee charter. The reactor staff has implem=nted changes suggested by that report, all of
which exceed NRC requirements.

During January of 1991, a NRC routine inspection was conducted of activities authorized by
the materials license 37-00185-05 for the 1-60 facility. A violation (senior operator on
occasion inserted and removed samples for vertical tube irradiation without wearing a finger-ring
dosimeter) was cited. Corrective action has been taken by the reactor staff to prevent recurrence.
No other violations were observed.

During February of 1991, a NRC routine inspection was conducted of activities authorized by
the R-2 reactor license and the SNM-95 special nuclear materials license. A licensee-identified
violation of a technical specification of License R-2 (licensed tor briefly stepping outside of
the control room with the reactor not secured) was reviewed. No other violations were observed.
The reactor staff has implemented changes suggested by the audit which exceed NRC
requirements.
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TABLE 3

Reactor Unlization Data
Shift Averages
July 1, 1988 - June 30, 1991

8889 §9-90 2091
Reactor Usage
1. Hours Critical 2.2 2.1 2.1
2. Hours Subcritical 1.7 1.3 1.3
3. Hours Shutdown 24 1.6 1.9
4. Reactor Not Available 0l Q0.0 g.g

TOTAL HOURS PER SHIFT 6.4 50

Type of Usage - Hours
1. Industrial Research and Service 0.9 1.1 0.8
2. University Research and Service 2.2 1.8 2.1
3. Instruction and Training 1.7 0.9 1.2
4. Industrial Training Programs 0.1 0.1 0.1
5. Calibration and Maintenance 1.5 1.2 1.1
Users/Expenments
1. Number of Users 33 24 24
2. Pneumatic Transfer Samples 1.2 1.3 0.5
3. Total Number of Samples 43 36 2.5
4. Sample Hours 2 2.6 2.2
Number of 8 Hour Shifts 251 240 247
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TABLE 4

Cobalt-60 Utilization Data
July 1, 1988 . June 30, 199}

Time Involved (Mours)

1. Set-Up Time

2. Total Sample Hours

Numbers Involved
1. Samples Run

2. Different Experimenters
3. Configurations Used

Per Day Averages
1. Experimenters
2. Samples

sl amieniin dt e sl B ol i 0 L
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336
6,798

8290 2091
358 215
11,692 14277
1,433 756
23 30
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1.95 0.8
576 3.04
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The RSEC was used by several Nuclear Engineering and other courses during the year,

Semester Course lnsruoer  Swdents  Houns
Summer 1990  Sciid 497 - Exploring the Nuclear Option C. C. Davison 20 4
Summer 1990  NucE 497B-Nuclear Concepts C. C. Davison 18 4
Summer 1990  NucE 444-Nuclear Reactor Operations 1. ]. Bonner 9 22
Summer 1990  Food Science 313-Process Plant Product R. B. Beelman 27 2
Fall 1990 NucE 401 Introductior to Nuclear 5. H. Levine 25 3

Engineering
Fall 1990 Nuck 451-Reactor Physics E. S. Kenney 1% 37
W, A Jester
Fall 1990 Physics 457-Experimental Physics P E. Sokol : 7
Spring 1991 NucE 450-Radiation Detection and G. L. Catchen 14 ls
Measurement W. A Jester
Spring 1991 NucE 444-Nuclear Reactor Operations D. E. Hughes 8 24
Spring 1991 'P_d‘ucE 505-Reactor Instrumentation and E. § Kenney 6 3
“ontrol
Spring 1991 Enmmmi:s&lnwc& Pest Management A. Hower 5 2
Spring 1991 EMch ondestructive Evaluation of C. E. Bakis 28 §
lows
Spring 1991 NucE 445-Nuclear Digital Instrumentation E. S. Kenney 16 90
Spring 1991 Physics 599-Special Topics P. E. Sokol 6 15
Summer 1991  SciEd 497-Exploring the Nuclear Option C. C. Davison 17 4

Zenon Lopaciuk, a prior Intematicnal Atomic Energy Agency (IAEA) Fellow in the Nuclear
Engineering Department, returned from his native Poland in February 1991 under IAEA
msorship 1o assist in the installation of a new control sysiem for the Penn State TRIGA reactor,
AECL Technologies/Gamma Metnics system features a state-of -the-art digital control,
rotection and monitoring system with an integral analog system for safety functions. Mr.
f.opuiuk attended training classes for Penn State licensed reactor operators and assisted in pre-
installaton operationa! checkout of the system, gaining familiarity with the hardware and software
design. He pmici&ated in experimants to evaluate the :{:tem control performance and conducted
experiments with Penn 3tate faculty in auiomanc control theory,

In December of 1990 and January of 1991, a total of 38 Univmitx Police Services personnel
were given training and retraining sessions by C. C. Davison at the RSEC 1o ensure familiarity
with the facilities and 1o meet Nuclear Regulatory Commission requirements.

Assisting the reactor operating staff and continuing education staff in ¢ g our the above
mentioned educational programs were several other staff members. S. K. Ripka, J. L. Wellar, L.
Large and K. Conlin provided secretarial services, D. §. Vonada and M. E. Bryan provided
electronic design and maintenance services and K. E. Rudy, R. L. Eaken and J. E. Armstrong
provided mechanical maintenance services.

During the past year, the RSEC operating stalf as maintained reactor operator competence and
safe facility operation through training and requalification, and shared the many man-years of
operating experience with operator trainees from utilities. The RSEC and coninuing education
staffs have disseminated knowledge directly to the general public through tours and y
through programs such as Nuclear Concepts for high school teachers, un{‘:rduclﬂow
opportunities have been provided 1o students in university courses both nuclear and non-nuclear.

16



TABLE §
University Reactor Shuin, Program
College and High School Groups
1990-1991 Academic Year

Those who came to the RSEC for exru'imenu received instruction on the basics of radiation

and nuclear energy and received a tour of the facility. All but on‘e‘gruup conducted the Afpmu:h 10
Criucal Experiment with the reactor. Most groups also did one of the other experiments listed
below.

Gamma Ray Spectroscopy

Neutron Activation and Complex Decay of Silver

Barium-137m Decay or Silver Decay

Neutron Activation Analysis

Relative Stopping Powers for a,  and y in Air, Aluminum and Lead

Number of
Month School and Teacher Students & Teachers
October | Greensburg High School 11
Cheryl Harper, Eric Eisaman
17 Antietam High School 42
Helen Luckenbach
November 13 Punxsutawne, High School 13
William Stuchell
13 Daniel Boone High School 15
Larry Tobias, J. Lenhant
January 18 Jersey Shore High School 20
James Allen
25 Bucknell University 5
J. Ben Austin
February I State College High School 14
Camlé: Holt, David Dillon
25 State College High School 33
Mrs. Hershey
27 State College High School 17
Dave Klindienst
March 1 State Colle 32
Todd McPherson
12 Redland High School 20
Robert Lighty, Elaine Foster
13 Bellefonie High School 19
Craig Munnell, Walt Young
21 Twin Valiey High School 28
Douglas nz
27 N. Bedford High School X
April 3 !t'{la!ﬁonCeQwHigh School 7
nter
John Petrosky
9 Wilkes College 2
11- Suffern High School 10

12 Howard Tokosh, Robert Neff

16
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15
18
23
23
26
26
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TABLE §
University Reactor Sharing Program
Collc and High School Groups
1991 Academic Year

(Continued)

Schooland Teacher

Cowanesque High School
Ed Stuart, Georgia McCutcheon
Carmichaels Hi School
Pat Gibson
omhock High School

Juniata Collcgc
Norm Siems
St. Mary's High School
William Scilingo
Ridgwa H:;h School
Ernest
Chartiers- Houston High School
Helen Wicker
Warren Area High School
Dan Giffin

17
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14

24
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VI. NEUTRON BEAM LABORATORY

The Neutron Beam Laboratory (NBL) is one of the experimental facilities that is a part of the
R5EC A well collimated beam of neutrons, thermalized by a D;0 thermal column, is passed into
the NBL for use in non-destructive testing and evaluation. Work now being done utilizes a Real
Time Neutron Image Intensifier, by Precise Optics, Inc., for real time radiography. The beam is
also being used for static neutron radiography and neutron attenuation studies, and flash
radiography utilizing pulsing. There is also equipment available to digitize the real time

radiography images for image processing.

The NBL was established partially with funds from the U.S. Department of Energy with
matching funds from the University, Neutron Beam Laboratory at The Pennsylvania State
Umversity RSEC was established to:

1. Educeie students and the public on an important use of neutrons from a research reactor,

2. Establish a demonstration center, “"Neutrons in Action,” 10 show that their use is
bent” ‘o mankind, and

3. Expa .. the use of neutron radiography in research, both as a tool for improving the
development of U.S. industrial products and 1o develop new information in other fields of
science and engineenng.

Unfortunately, there has not been any funded research conducted in the last vear utilizing the
beam lab. However, we have had some funded service work utilizing the beam to measure
neutron attenuation of boroflex materials that have seen service in fuel storage pools. We continue
o ha‘::d interest from people looking for solutions to their problems but no large project: have
resulted.

During the Fall and Spring 1991 semester, Dr. Sokol of the Physics Department conducted a
graduate laboratory project utilizing the neutron beam. The expenment used a chopper to measure
the neutron energy spectrum of the beam, Dr. Sokol plans to further develop this experiment and
others for future laboratory instruction.

19
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VI, RADIONUCLEAR APPLICATIONS LABORATORY







VIII. LOW LEVEL RADIATION MONITORING LABORATORY

The staff of the Low Level Radiation Monitoring Laboratory (LLRML) provides analytical and
environmental monitoring services 1o community water suppliers, private laboratories, utilities and
researchers at the University.

The LLRML was established in 1979 10 assist the water supply companies of Pennsylvania in
meeting their Safe Drinking Water Act requirements. It is currently certified by the Pennsylvania
Dermmem of Environmental Resources (PA DER) to perform gross ulgha. lgmn beta, radium-
226 and radium- 228 awns on drinking water. The ML is also a PA DER certified radon
laborutory capable of analyzing charcoal canisters.

One requirement for maintaining PA DER certification is participaiion in the U.S.
Environmental Protection Agency's (EPA) Environmental Rudluacu‘via Laboratory
Intercomparison Studies Program and the U.S. EPA National Radon Measurement Proficiency
Program. These programs involve the anaiysis of numerous blind samples which have been
spiked with the radionuclides for which uie laboratory is certified. Results from these analyses are
then submitted for comparison with all other participating laboraturies.

Most of the work performed at the LLRML involves the md‘nu of water samples for natural
radiation (gross alpha, radium-226, radium-228 and radon) and the analysis of charcoal canisters
for airborne radon. Other analytical capabilities of the laboratory include strontium-89, strontium-
90, radon and tritium analysis of water samples and gamma-ray spectroscopy analysis of various
sample media. The laboratory can also provide environmental monitoring services and spiked
sample preparation services to utilities, and conduct research both independent and in cooperation
with other University researchers.

A spiked sample program was established in 1985 for Pennsylvania Power and Light
Company (PP&L). This pro‘gnm 15 used 1o ensure analytical quality control of both the sending
and receiving laboratories. Using various types of sample media, the LLRML prepares samples of
known isotopic concentration, analyzes them, and then splits them in half, lhipgag them 1o
PP&L's REMP QC Laboratory in Allentown and Controls for Environmental Pollution Inc. in
Santa Fe, New Mexico. Thermoluminescent dosimeters are also processed quanerly for PP&L.
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IX. THE ANGULAR CORRELATIONS LABORATORY

The Angular Correlations Laboratory has been in operation for approximately 5 years. The
laboratory, which is located in Room 116 and Room 4 of the RSEC, is under the direction of
Professor Gary L. Catchen. The laboratory contains two spectrometers for making Perturbed
Angular Correlation (PAC) measurements. One apparatus, which has been in operation for five
years, measures eight coincidences concurrently usinf cesium fluoride detectors. A second
spectrometer was acquired this year, and it measures four coincidences concurrently using barium

uoride dewcm..%qxe detectors and electronics provide a nominal time resolution of 1 nsec
FWHM, which places (he measurements at the state-of-the-art in the field of Perturbed Anguiar
Correlation Spectroscopy.

Currently, Penn State has a unique research program that uses PAC Spectroscopy to
characterize technologically important electrical and optical materials. This program represents the
synthesis of ideas from two traditionally very different branches of chemistry, materials chemistry
and nuclear chemisty. Although the scientific questions are germane to the field of materials
chemistry, the PAC technique and its associated theoretical basis have been part of the fields of
nuclear chemistry and radiochemistry for several decades. Two federul agencies, the National
Science Foundation and the Office of Naval Research, are sponsoring this program.

The PAC technique is based on substituting a radioactive probe atom such as either ''in or
ISIHS into & specific site in a chemical system. Because these atoms have special nuclear
properties, the nuclear (electnic quadrupole and magnetic dipole) moments of these atoms can
interact with the electric field gradients (efgs) and hyperfine magnetic fields produced by the
extranuclear environment.

Siatig nuclear electric quadrul:ole interactions can provide a measure of the strength and
symmetry of the crystal field in the vicini? of the probe nucleus. In the case of static interactions,
the vibrational motion of the atoms in the lattice is very rapid relative 1o the PAC imescale, i.e.,
0.1-500 nsec. As a result, the measured efg appears to anse from the time-averaged positions of
the atoms, and the sharpness of the spectral lines reflects this "motional narrowing” effect. In
contrast to static interactions, (ime-valying ineractions arise when the efg fluctuates during the
intermediate-state lifetime. These interactions can provide information about defect and ionic
transport. The effect of the efg fluctuating in either strength or direction, which can be caused, for
example, by ions "hopping" in and out of lattice sites, is to destroy the orientation of the
intermediate state. Expenimentally, this loss of orientation appears as the attenuation or "smearning-
out" of the angular correlation. And, often a correspondence can be made between the rate of
attenuation and frequency of the motion that produced the attenuation.

Magnetic hyperfine interactions, which can be measured in ferromagnetic and paramagnetic
bulk and thin-film r uterials, are used 1o study the effects of defects and lattice distortions in metal
and semiconducting structures that have nominai cubic symmetry. The general approach is to
measure the magnetic hyperfine interaction in a material with few defects. The cubic symmetry
requires that the electric quadrupole interaction vanishes. When either defects or distortions are
!roduoed. a quadrupole interaction arises that attenuates the usually-well-defined magnetic
nteractions. Thus, the analysis of this attenuation can provide information, for example, about the
type of defect that produced the quadrupole interaction,

C activit
During the last year, the PAC technique has been used to investigate phase transitions and local

ordering in ferroelectric perovskites such as lead titanate and barium titanate. These compounds
and other related materials are widely used as dielectric materials for capacitors, piezoelectric
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I'he current pla e 10 continue the research on the ferroelectric matenals. This work will
nave several parallel thrusts. In particular, since few of the ABO: nerovskites have been
investigated, similar isurements need to be performed cn KNb(y, KTa0s, and similar materials
['he objectves ar 0 extend the scope of the data base and 1o eva uate the ettects of different k
vaiences. A parucular nieresung and technologically u p rant family of ferroelectrics is the
relaxor type, of la 05)0h is an ;'\.;.’!1'\1( 'hey have unusual electrical properiies
ind these propertes are thought to be caused by local disorder in the B-ion composition. In

ainon, these relaxor ferioelectrics can be prepared so that they have convennonal terroelectric

iecmeal properues. This feature means \.‘..1‘ paraliel measurements can be made on relaxor
prepared and convenuonally-prepared samples that have the same stoichiometry. The experimental
vjecuve 1s to compare linebroadening m Cts that can be related to relaxor disorder. This
LOmpanson couid delineate whether the disoraer is either a static or a dynamic effect. In another
pro;ect, expenments will be performed on materials such ¢ s BaTiOx that can be prepaied in a
reduced, oxygen deficient form. These matenais have quite different electrical properues than theu
NChIometric counterparts as they ar wncucave, Under the proper co A\l.km 1§ Of temperature and
'XYEEN pa.tial pressure, OXygen vac y Oorn rates would be measured. This information
vOUPL Iead 10 Goveloping a good model tor wefect transport in tf 2s¢ matenials. Moreover, since
IeleCt Kineucs are not well understood but are thougnt 1o be responsible for many ecl |
proviens, such a model could have a positive 'mpact on the elecrronics industry
\nother important area of research in electronic miaterials is the Characteri.anon of chemical
ieracuons on molecular-beam-epitaxy (MBI ) produced surfaces. In pninciple, the PA(
iechnique can meassure the strength and symmetry of the chemical bon im.: of the “'!In probe at
on MBE-produ . «d surfaces of gallium arsenide and other -V - ~enals. Currently, electron
atienng 1s ¢ oredomunant technique that is used o evalnate the morphoiogy of MBE-produced
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A
[1I-V surfaces. But, these measurements do not

provide any detailed, mic rmm; IC information

about for example, the effects of step edges and kinks on the chemical voncing of im pInging atoms
On these surfaces. The PAC techn jue, which would use the '''In probe, could be used to
measure these effects. Moreover,

"LQT"‘!.' the last decade, a ()""'T‘.l'x 1T\M.r has shown that PA(
measurements on Cu and Culn surfaces under uxzmr*.:‘u vacuum are feasible and that the
measurcinents do provide infor rmation about cnemical bonding on MBE-produced surfaces. A
project of (?a 1§ type requires a collabor: mm between an expert in MBE-produced surfaces and an

.\.
expert in PAC spectroscopy. Penn State has such an expert; namely, Profes sor David L. Miller of

the Department of Electrical § ’..ttulrwcr:'.g The Center for Electronics Materials and Processing (of
the College of Engineering) has a lar ge state-of -the-art Varian | m‘kﬂ machine. But, to dope the

n " . 2 . N . S
Mi [ roduced ‘“a..‘.\(‘.,. a small dedica

ed ultraliigh vacuum chamber needs to be added 1o the

cxisting MBE system to prevent contamination of the main system. Recently, the National Scienc
Foundation hm tunded this project and work is underway
' ‘
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X. NUCLE;AR MATERIALS ENGINEERING LABORATORY

During the past year, the hot cell renovation was completled. The upgrades and changes made
to the cells include: painting the cell interior with radionuclide diffusion barrier paint, manipulator
servicing, creation of a cell-to-cell transfer Fon for moving specimens between cells, and
fabrication of an in-cell shielded container for storage of high activity specimens. The new Instron
8500 mechanical test load frame has been installed inside the mechanical property test cell.

In additior to the changes associated with the hot cells, several new pieces of materials research
equipment have been added to the NMEL. An optional measuring microscope with resolution of
0.00005 in. was purchased. The microscope will be used in the near term 10 measure creep in low
melting eutectic alloy melt wires from nuclear pressure vesse! surveillance capsules. An annealing
fumace was purchased for creep experimentation and for use in sensitizing stainless steel for
corrosion research. An electric potential system was also purchased for measuring crack extension
in borated stainless steel fructure toughness specimens. The positron annihilation equipment has
been set up and calibrated. Positron annihilation spectroscopy is being used to study radiation
damage in pressure vessel steels. Discussion of the various research projects conducted in the
Nuclear Materials Engineering Laboratory can be found in Chapter XI.
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Chemistry Depantment
LAMINATION OF ORGANIC POLYMER SURFACES WITH POLY
(ORGANOPHOSPHAZENES)

Participants:  H. R. Allock
R. J. Fitzpatrick
K. B. Visscher

Services Provided:  Gamma lrradiation

The field of biomaterials is one of the fastest growing branches of science today. In order 10 be an
acceptable biomatenial, a complex must be: compatible with tissue surfaces, non toxic and non
carcinogenic, chemically inert and stable and must possess an adequate mechanical strength. Some
common biomatenals include polymers-such as Teflon and Nylon, metals-such as Titanium alloys
and ceramics-such as Aluminum oxides and silicates. Each type of biomaterial has its advantages
and disadvantages-such as degradation and low biocompatibility.

Poly(organophosphazenes), however, break down to non-toxic compounds such as phosphates
and ammonia upon ¢-.composition and have, in the past, found many applications as biomaterials.

It is the goal of this project to develop a method of laminating common, established, viomaterials
(organic polymers) with biocompatible poly(organophosphazenes) and to covalently link the
materials at their surface interraces by %Co gamma radiation induced crosslinking. In this way,
the well established biomedical properties of organic polymers are combined with the non-toxic,
hydrophilic properties of poly(organophosphazenes).

Poly(organophosphazenes) may be prepared by the thermal ring opening expansion of
hexachlorocyclotriphosphazene. Following polymerization, the chlorine atoms may be reolaced
via nucleophilic substitution with alkoxy, arvloxy or amino substituents.

These laminated materials will be characterized using solid state NMR and Transmission Electron
Microscopy (TEM) and contact angle measurements to show the phosphazene polymer coating the
organic polymer after irradiation.

These materials will be tested for biocomparibility, blood compatibility and gas permeability.

Chemistry Department
INTERPENETRATING POLYMER NETWORKS OF POLY
(ORGANOPHOSPHAZENES) AND ORGANIC POLYMERS

Participants:  H. R. Allcock
1. Manners
K. B. Visscher

Services Provided:  Gamma Irradiation
The purpose of this research is to prepare Interpenetrating Polymer Networks (IPN) of
Foly(organophosphazenes) and organic polymers. These materials may be used as hiomaterials

which combine a hydrophobic organic polymer dispersed in a crosslinked hydrophilic
phosphazene polymer matrix.
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POLY(ORGANOPHOSPHAZENES) WITH POLYALKYLETHER SIDE GROUPS:

A

A STUDY OF THEIR WATER SOLUBILITY AND THE SWELLING
CHARACTERISTICS OF THEIR HYDROGELS




Poly(di(methoxyethoxy)phosphazene |, poly|di(aminoethoxyethoxy)phosphazer.s),
poly[di(methoxyethoxyethoxy)phosphazene], poly[di(ethoxyethoxyethoxy)

phosphazene) and poly|di(butoxy ethoxyethoxy)phosphazene]. It was observed that as the
temperature of the aqueous solutions of these polymers increased each of the macromolecules
precipitated from solution at a specific emperature. This effect was independent of both the
polymer concentration in solution and the pH of the aqueous media. However,
poly|di(aminoethoxyethoxy)phosphazene] w as fully soluble at all polymer concentration
Hydrogels of these polymers were prepared by subjeczinﬁothcm 10 gamma radiation (1 MegaRads,
5 MepRnds and 10 MegaRads). crosslinked Polyp sphazenes behaved in a similar fashion
to their soluble counterparnts. As the temperature of the aqueous media increased, the hydrogel
became opaque and lost mass (losing imbibed water weight). The weight loss percentage was
independent of both the pH of the aqueous media and the radiation dose received. There was no
significant decomposition of the polymers nor was there any loss of integrity of the hydrogeis
through several heating and cooling cycles. Also, this solubility phenomenon was inherent to
water and was not observed in other common organic solvents. An explanation of the low critical
solubility temperature of the poly(alkyl ¢ " -")phosphazenes is provided as well as potential
applications of the hydrogels.

Chemistry Department
POLYMER BLENDS OF POLY(ORGANOPHOSPHAZENES) WITH
POLY(ORGANOPHOSPHAZENES) AND ALSO WITH ORGANIC POLYMERS

Participants:  H. R. Allcock
K. B. Visscher

Services Provided:  Gamma Irradiation

The purpose of this research is to prepare polymer blends composed of poly
(organopho‘ls{hauncs)/poly(organophosphazcncs) and poly (organophosphazenes)/ organic
polymers. These alloys will be tested as biomaterials.

Polymer blends may occur in a single phase (miscible blends) or multi-phase (immiscible blends)
system. Both types of materials have great industrizl application and their degme of miscibility
may be determined by FT-IR, which determ ‘nes intermolecular interactions; canning Electron
Microscopy (SEM), which allows one 1o luok at the individual domains within the system; and
Differential Scaning Calurimetry (DSC), which shows the thermal transitions of the material,

The ideal polymer biend biomaterial would be composed of both a hydrophobic and a hydrophilic
component-the hydrophilic portion allows partial solubility in aqueous media, and toe hydrophobic
portion prevents complete dissolution in aqueous media.

We have investigated the blending properties of the following poly(organophosphazenes):

[NP(HNCH3)2]n

(NP(OCH2CH20CH2CH20CH3)2 Hydrophilic
[NP(OCH20CF3)2]n Hydrophobic
[NP(OCgH5)2]n

[NP(OCgH5-CO2CH2CH2CH3)2]n
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Geosciences Departmens
FE ISOTOPIC ABUNDANCES USING NEUTRON ACTIVATION

Parucipants:  Lee R, Kump
Gregg Bluth

Services Provided:  Neutron Irradiation and Laboratory Space

We are developing new techniques 1o measure the relative abundances of the stable iron isotopes
using NAA. 1g1us far we have been able to demonstrate significant and replicable differences in
the S4Fe/*¥Fe ratio among high purity materials. Presently we are refining our prepurification
sieps to improve the precision of the measurement of natural, geologic materials. We will pertcrin
a survey of natural abundances, and then begin a study of the 1sotopic fractionat' =1 mechanisms.
The initial study will focus on microbial iron reduction in saltmarsh sedin.ents.

Sponsor:  National Science Foundation, $13,406

Geosciences Department
PETROLOGY & GEOCHEMISTRY OF THE ROCKY BOY STOCK, "“ARPAW
MOUNTAINS, MONTANA

Participants:  David Eggler
Steve Shank
Lee Kump

Services Provided:  Neutron Irradiation

The origin of alkaline and subalkaline magmas in central Montana is unclear. There are three
possible sources for the magmas; subcontinental lithosphere, asthenosphere and the subducting
Farallon Plate: However, the relative contributions, if any, of each possible component is poorly
constrained. To help clarify this question, a suite of unusual potassic alkaline rocks from the
Rocky Boy Stock in the Bearpaw Mountains in north-central Montana is being studied. The three
possible sources are chamcterized by distingt trace-element signatures. The subcontinental
lithosphere beneath centra. Montana is distinguished by high Ba and extreme enrichment in the
light rare-earth elements .., Ce and Nd. The asthenosphere is characterized by high
concentrations of Ta, Ti and Nb. In cor*=sst, subduction-related magmas are distinguished by
strong depletions in Ta, Ti and Nb, b < niched in Cs, Th and Rb. The trace-element data
determined by INAA will aid ir the 1.+ cariee of the source(s) of the magmas, and will provide
constraints on the relative proportion derived irom each possible source.

Doctoral Thesis:

Petrology and Geochemistry of the Rocky Boy Stock, Bearpaw Mountains,
Montana, Shank, S., Geosciences, D. Eggler, advisor. (In progress)

Sponsor:  National Science Foundation
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Sisstans Bastarnc

EXPLORATORY INVESTIGATION OF NUCLEAR QUADRUPOLE
INTERACTIONS IN A Vi-DOPED NiAl ALLOY

Participants:  Gary L. Catchen
Donald A. Koss

Services Provided Neutron Irradiation and Angular Correlations Lab

A structural material that we investigated is one member of the family of NisAly alloys. This
particular alloy offers the potential to provide & high strength-to-weight ratio, but currently this
particular family of alloys lacks ductility. It is far too britile 10 make any structural components out
of. The ductility of this alloy depends on the concentration of dopants such as Hf, for example, as
well as on the particular defect structure of a specific al'. v. We made the preliminary
measurements on a sample of NiAl doped with 0.1 atomi. percent of Hf. We found that the
I8IHf/'¥1Ta probe can be used 10 measure nuclear quadrupole interactions in this alloy. The
measured interactions indicate that the lattice is disordered, but considerably more work i< needed
to arrive at more definitive conclusions.

T

TEMPERATURE DEPENDENCE OF THE Ti SITE ELECTRIC-FIELD
GRADIENT IN TITANITE, CaTiSiO¢

Paricipants: Gary L. Catchen
Clive A, Randall
David M. §
Stephen J. Wukitch
James M. Adams
Robern L. Rasera

Services Provided:  Neutron Irradiation and Angular Correlations Lab

Perturbed- Angular-Correlation (PAC) spectroscopy was used 10 measure nuclear-clectric-
quadrupole interactions at the Ti sites in ceramic samples of titanite. The primary objective was ©
measure the effects of the antferroelectric-to-paraelectric transition, which occurs ai spproximately
500 K, on the electric-field gradients (efg) at the Ti site. The samples were doped with 2 and U.5
at. % of Hf that carried the '¥!Hf - 181 Ta PAC probes. Measurements were niade over a
temperature range from 10 to 980 K. Over the temperature range near the transition, the efg
parameters V,, and 1 showed no significant inflectons. Over the entire temperature range, as
temperatures increased, V,; decreased approximately linearly and h remained relatively constant.
Using the point-charge model, the absence of any discernable effect of the transition on the
measured values of V,, and 1 could be attributed to the direction and symmetry of the Ti-ion
displacement =elative to the Ti-site efg axes.

Publication:
“Tem Dependence of the i Site Electric-Field Gradient in Titanite

CaTiSi0s," Catchen, G. L., C. A, Randall and R. L. Rasera, submitted to the Physical
Review B, August 1991,
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ORDER-LISORDER EFFECTS IN THE PHASE TRANSITIONS OF LiNbO3 and
LiTaO3 MEASURED BY PERTURBED ANGULAR CORRELATION
SPECTQROSCOPY

Participants:  Gary L. Catchen
David M. Spaar

Services Provided:  Neutron Irradiation and Angular Correlations Lab

Perturbed- Angular-Correlation (PAC) spectroscopy was used to measure nuclear-electric-
Quadrupole imeractions at the Li sites in two isostructural, ferroelectric lernary-metal-oxides,
LINDO; and LiTaO3. These compounds were prepared as ceramics doped with approximately
0.01 at. % Hf that carried the radioactive #1Hf - !81Ta PAC probes. PAC measarements were
made over a temperature range from 295 K to = 1100 K, which included the ferroelectric-to-
paraclectne transition for LiTaO;. Because the transition wemperature Te for LINbO; exceeded the
accessible temperature range of the available apparatus, the investigation focused mainly on the
features of the LiTaOy ransition. In particular, the measured perturbation functions show well-
defined, high-frequency, static interactions =2 are characterized by extensive linebroadening at
lemperatures wed below T and by significantly iess linebroadening at temperatures above T,. At
temperatures above T, the electric-field-gradient (efg) asymmeltry parameter 1) is close 1o zero; but
at temperatures well below T, 1) is significantly larger than zero. This result is not expected,
because the axial symmetry at the Li site associated with the diffraction-derived structure implies
that h should vanish at iemperatures both below and above T¢. The observed 1 temperature
dependance is explained using an order-disorder model. This model suggests that Li Frenkel-pair
defects (and 10 some extend group V antisite defects) occupy normally-vacant metal sites and break
the axial symmetry associated with the Li site. At temperatures helow T, the efg component V,,
increases as iemperature increases. Distortion of the probe-containing oxygen octahedron that
increases with temperature could produce this change in V. Over the same temperature range, the
spontaneous polarization fecreases. For this reason, Vg, may not be strongly coupled to the order
parameter for the transition. However, the anomalous temperature depondence of 1) suggests that
N may b= coupled to the order parameter.

Paper:
"Unusual Linebroadening Temperature Dependence Assoviated with Nuclear
Quadrupole Interactions in LiNbO; and LiTaOs ," Catchen, G. L., D. M. Spaar ard !
D. Williams, 93rd Annual Mesting & Exposition of the American Ceramic Society,
Cincinnati, OH, April 28-May 2, 1991,

Publication:
"Order-Disorder Effects in the Phase Transitions of LiNbO» and LiTaO; Measured
by Perturbed- Angular-Correlation Spectroscupy, Catchen G. L. and D. M. Spaar,
submitted to the Phys. Rev. B, June 1991,

Sponsor: Office of Naval Research  $45,000
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Nuclear Ensineer

ANALVSIS OF THE FERROELECTRIC PEROVSKITE POTASSIUM NIOBATE
BY PERTURBED ANGULAR CORRELATION SPECTROSCOPY

Participants:  Gary L. Cawchen
Stephen J. Wukitch

Services Provided:  Neutron Irradiation and Angular Correlations Lab

Perturbed-Angular-Correlation (PAC) spectroscopy was performed on the ferroelectric perovskite
potassium niobate, KNbO,, using the '*'Hf/!¥1Ta probe. The samples prepared by the adapted
resin-intermediate process were doped with 0.1 at. % of Hf that carried the 8H{/8!Ta probe.
Phase-pure KNbO; ceramic samples were produced using this method, but significant precautions
had 10 be taken to prevent the samples from reacting with water and carbon dioxide. Nuciear-
electric-quadrupole interactions were measured from 295 K to 769 K, and the interactions were
assumed to be measured at the Nb-sites. The electric field gradients associated with the XNbO;
phase transitions were expected to be similar to those observed in barium utanate, BaTiOs.
However, the measurements yielded some results that were inconsistent with this expectation. The
paraelectric cubic phase of KNbO1 gave an experimental perturbation function that differed
significantly from those measured by others on the cubic phase of BaTiOs. But, the measurements
on the orthorhumbic structure yielded a relatively constant EFG in magnitude, which was similar to
those observed by others on the two low-temperature phases of BaTiOs. The measurements on the
orthorhombic structure were characterized by the anticipated large asymmetry values.
Measurements on the tetragonal and cubic structures, however, revealed significant asymmetry
values that within experimental error were expected (o be zero. The remperature dependence of the
line broadening parameter, 8, was also found to be anomalous. The measurements on ti.2 high
temperature phases should have showed small 8-values, but the measurements on these tetragonal
and cubic phases showed large 8-values. Future PAC measurements of KNbOs, which would
inclu.’z several experimental refinements, could possibly produce more detailed insight on the
fundamental nature of crystal defects and structural phase transformations in this material.

Bachelor's Thesis:
"Analysis of the Ferroelectric Perovskite Potassium Niobate by Perturbed Angular

Correlation Spectroscopy,” Wukitch, S. 1., 1990, Nuclear Engineering,
G. L. Catchen, advisor.

Mdan: Snat s
TRITIUM CONTAMINATION OF METALS

Participants:  W. S. Diethomn
A. R. Dulloo

Services Provided: ~ Neutron Irradiation, Radiation Counters, Laboratory Space,
Machine Shop, Isotope Production and Electronics Shop
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Tritvin contamination of equipment creates problems in waste control, radiological safety and
tritium accountability at large ritium-processing facilities in the U.S. The purpose of this study is
10 investigate triium distribution and desorption kinetics at elevated temperatures in materials of
interest to the tritium-processing industry.

Doctoral Thesis:

"An Experimental Study of the Distribution of Recoil-and Diffusion-charged Tritium
in Metals," Dulloo, A. R., Nuclear Engineering, W. Diethern, advisor, (In progress)

Paper:

"Radioassay Techniques in the Study of Tritium Contamination of Metals,” Dulloo, A. R,
ANS Student Conference (PSU), Spring 1990,

Sponsor: Mound Laboraiory, third year

Nuclear Engineening
TRIGA REACTOR OPTIMAL CONTROL

Participants:  Robert Edwards
James Turso
Dan Hughes
Mac Bryan

Services Provided:  Laboratory Space, Electronics Shop, Reactor Instrumentation and
Staff Support

A Bailey Network 90 Distributed Control System is being used to implement advanced control
strategies on the TRIGA. The secondary control rod drive (SCR) which travels in the central
thimble, has been connected to a Bailey multifunction controller. 1n addition to the standaid
control functions of the muldfunction controller, the capability to program additional controller
algorithums via the "C' programming language is also available

Using the point kinetics equations (along with the appropriate TRIGA parameters) and thermal
hydraulic theory (for fuel temperature calculations), a simulation has been developed using ACSL
(Advanced Continuous Simulation Language). This in turn was used to develop and implement an

imal control strategy, state feedback assisted control, on the TRIGA. State back Assisted

trol (SFAC) consists of a state feedback controller (with the feedback gains "optimally”
determined to give a desired fuel temperature response) sending a remote setpoint to a "rlassical,"
proportional controlier. This arrangement is essentially a classical contro!'er cascaded < ff of an
optimal controller.

The experimental setup, consisting of the secondary control rod drive motor and SCR, was
developed by the reactor facility staif.

The experiment consists of a reactor operator bringing the TRIGA up to 700 kw. At this power,
with the SCR fully withdrawn from the core, reactor control is given to the Bailey system. A step
ch:gi?.e in demand (a negative 50 kw step) is introduced. The reactor response (1.e. power,
modified demand sent from the optimal controller, fuel temperature, etc.) is observed and
recorded.
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At present, two experiments have been run with increasingly better results. Several changes have
been made to the controller accordingly. A third experiment is scheduled.

Paper:

"Experience with Developing a Real-World Advanced Control and Diagnostic
Testbed Using a University Research Reator,” Turso, 1., R. Edwards, D. Hughes
and M. Bryan, to be presented at the ANS Al91 conference, September 1991,
Jackson, Wyoming.

Nuclear Enginaest
NEUTRON ATTENUATION MEASUREMENTS OF BOROFLEX

Participants:  D. Hughes
D. Kline
D. Vonada
K. Linquist

Services Provided:  Neutron Irradiation, Neutron Instrumentation and Beam Lab

The purpose of this project was to measure the neutron attenuation of boroflex coupons that have
been taken from fuel storage racks. It was a part of a larger project 1o assure the integrity of the
boroflex which maintained the low Keff of the storage pool. The attenuation measurements were
made by using a fission chamber instrument to compare the incident beam with the transmitted
beam.

Sponsor:  Northeast Technology Corporation ~ $2500

N s

TESTING OF A CONCEPT FOR ENVIRONMENTAL MONITORING OF
AIRBORNE CARBON-14 AND TRITIUM ACTIVITY RELEASED FROM
NUCLEAR POWER PLANTS

Participants:  William A. Jester
Khalid M. Alam

Services Provided: ! abora., .y Space and Machine Shop

This research project is based upon the collection of carbon dioxide and water vapor from air.
Later on, the species mentioned above are desorbed by heating. The activities of carbon-14 and
tritium contained in the species collected are determined using liquid scintillation counting.

The system was built in the facility machine shop and calibrated in the laboratory. The experiments
were performed in a hood with the exhaust fan turned on. A typical experiment involved the
absorption of 111 nCi of carbon-14 and 16 nCi of tritiated water on approximately 100 g of
molecular sieves. Later on the sieves were heated to 825°F. Desorbed tritiated water was collected
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Publication:

“Development of a Beta Skin Dose Monitor Using a Silicon Detector,” Chung, M.,
W. A Jester and S. H. Levine, IEEE Transitons on Nuclear Science 38, No. 4
(accepted), August 1991.

Sponsor. FERMI $22,326.00
Duguesne Light Company  $25,000.00
GPU Nuclear Corporation  $15,000.00

Nudlear Ensinas
PIPE WALL THINNING NDT USING X-RAY SCATTER

Participants: Edward S, Kenney
X Xu

Services Provided:  Hot Cell Lab, Lavoratory Space, Machine Shop and isotope
Production

Pipe wall thinning is a serious problem in the secondary system of PWR's. Accidents have killed
several workers when pipes exploded. This project seeks to demonstrate an NDT ool for
measuring pipe wall thickness using gamma ray scatter. Progress to date includes Monte Carlo
simulations and experiments using Cs-137 gamma rays and lower energies. The simulation work
has led to construction of a proto-type gauge using Ir-192 gamma rays

Doctoral Thesis:
"A High Speed Wide-Ar<nure Compton Scatter Imaging Technique - A
Computational Study with Application to Pipe Wall Thinning," Lee, Houlung, 1991,
Nuclear Engineering, F S. Kenney, advisor.

Sponsoi: FERMI  $25.000

CHANGES EFFECTED IN WOOD AND WOOD PULP BY IRRADIATION

Yartcipants: D. Kline
D. Vonada
D. Raupach

Services Provided:  Gamma Irradiation and Laboratory Space

Pennsylvania has an exceptionally large hardwood timber industry. Wood usage somewhat
exceeds the use of synthetic polymers, and it is the subject of a significant research effort. At PSU
much of the research is carried out at the Forest Resources Lab.

Irradiation of wood and pulp has been carried out at the PSBR as an adjunct for research to try to

understand physical property changes and to explore methods by which the properties can be
modified and enhanced.
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B. OTHER UNIVERSITIES' AND INDUSTRIAL RES] \RCH

UTILIZING THE FACILITIES OF THI RADIATION SCIENCH
AND ENGINEERING CENTER
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(Continued)
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