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ABOUT THE COVER

The cover photo shows a real-time neutron image intensifier outside
Beam Port #4 prior to the installation of the collimator., The intensifier
is being positioned in preparation for the next radiography exposure. This
is part of the equipment purchased from Precise Optics to develop PSBR's
real-time neutron radiography capability. Our readers will be interested
to know that this equipment is capable of real-time video recording of
neutron radiography - a large step compared to last year's cover picture.
That picture required the exposure of a gadolinium foll behind the
objecting being radiographed, exposure of a film by the foil, development
of the film and finally printing of the negative.
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>> hIGHLIGHTS <<

Three unannounced NRC compliance inspections were made during the past
year - no violations were found.

Over $787,000 was given by 18 sponsors to support research for 15
investigators which, at least in part, involved the use of the PSBR
facilities,

Forty-six faculty/staff members and twenty-seven graduate students were
involved in the twenty-four reported research projects.

One bachelor, five masters, and six doctoral degrees resulted from the
reported projects.

Seven papers and eleven publications relared fo rhese projects are
reported.,

Twenty persons from five industries made use of the PSBR faciiities,

Eighteen Nuclear Engineering Technology students logged 16 hours each at
the controls of the PSBR.

Sixty-three reactor operator trainees from three electrical utilities
were involved in twelve training programs comprising 196 hours over
thirteen weeks.

Nineteen educators from six states attended the 15th Nuclear Concepts
and Energy Resources Institute (NCERI) for four weeks,

Fifty-two high school classes (975 students total) visited rhe PSBR for
a day of experiments and/or a tour under the CURE program.

Ten college groups totaling 93 students were involved in Reactor Sharing
Projects at the PSBR.

One hundred and twenty groups totaling more than 2,400 participants
toured the PSBR on formal tours.

Mr. Edward Wenzinger, of the NRC, presented newly created license

certifications to 8 Senior Reactor Operators and 2 Reactor Cperators at
a special luncheon honoring the licensed recipients.

vii



i Ll e L e A e i

I. INTRODUCTION

The Thirtieth Annual Progress Report of the operation of The
Pennsylvania State University Breazeale Reactor is submitted in accordance
with the requirements of Contract DE-AC02-76ER03409 with the United States
Department of Energy. This report also provides the University
administration with a summary of the utilization of the facility for trhe
past year.

Administrative responsibility for the Breazeale Reactor facility
resides in the Department of Nuclear Engineering in the College of
Engineering. It is operated as a facility of the University that 1is
available to all colleges of the University for their education and
research programs. In addition, the facility is made available ro
Commonwealth industries to provide services thal are essential in solving
their research and development problems.

This is the second year for including the section "Highlights" in the
progress report, Statristical information presented in the highlights will
no longer be included in the Introduction except when making speclial
comment.s regarding the Highlight,

In 1965 the MTR type core was converted to a TRIGA core. Twenty years
has passed since that time with the consequence that tne facility must now
submit. an application for relicensing the reactor facility to NRC. The
requirements for obtaining a license today, far exceeds that required by
NRC twenty years ago. Nevertheless, the license applicaticn was submitted
on time and the facility expects to receive a new license during the next
academic year,

Penn State continues to emphasize research which is evident as many
faculty from different departments make use of the reactor facility. The
wide range of research using the PSBR can be noted by reading Chapter VII
"Facility Research Utilization"., The research performed using the PSBR
covers studies on the dietary patterns of the prehistoric population of the
Maya Center at Copan, Honduras and the physiological effects of low pH
water on the survival of larval amphibians to noise analysis of the TRIGA
core, Many departments have used the research reactor this past year.


































































an as-needed basis, and rlux mapping is performed for various irradiation
facilities used for irradiating samples. Rad-waste water is analyzed for
gamma-emitting radio-isotopes and air monitor {ilters are analyzed to
determine the radio-isotopes deposited on them,

New laboratory equipment has just been received which will enhance the
research capabilities and provide back-up instrumentation. A new large
volume, high resolution, portable, intrinsic germanium detector has arrived
which will be used in conjunction with a portable multi-channel analyzer
and will make gamma-ray spectrum analysis possible cutside the laboratory.
New electronics have also been received Lo build another beta-particle
counter to assist in flux monitoring and monitoring for radioactive
contamination.

La" ratory personnel have developed a new laboratory experiment which
has bee1 used in conjunction with some of the nuclear utility training
programs that are conducted at the facility. The experiment uses
radio-isotopes produced at the facility to demonstrate the eiTectiveness of
different types of ion exchange resins for removing cations and/cor anions
from radiocactive feed water., The laboratory's multi-channel
analyzer-computer-Ge(Li) detector system is used to peiform the analytical
work involved,
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VII, LOW LEVEL RADIATION MONITORING LABORATORY

The Low Level Radiation Monitoring Laboratory (LLRML) has continued
its expansion and growth in terms of staff, Facilities, research and
services perrormed.

Our staff has recently been expanded by the addition of a part-time
analyst trainee, Patrick Boyle, who was a 1985 graduate of the Nuclear
Engineering Department.

The analytical capacity of the LLRML has significantly increased
this year through several major equipment purchases. A third High-Purity
Germanium detector is on its way from ORTEC. And our existing Nuclear Data
Model 66 Multi-Channel Analyzer system is being expanded by the addition of
a Nuclear Data 680 computer and two more analog-to-digital converters,
thereby doubling our existing gamma spectroscopy capabilities. When
complete, this system will be interchangeable with the system currently in
use at the Radionuclear Applications Laboratory.

Research projects this year have involved the investigation of a
technique for the detection of radon-222 dissolved in water. This is a
major concern to home owners in Pennsylvania, and there is no established
procedure for the accurate detection of this naturally-occurring
radiocactive gas Lo date. Using the facilities of the LLRML, Eileen Supko,
a Nuclear Engineering undergraduate student, chose to work on this topic as
part of her senior project. Work is also underway to develop homogenecus
gamma spectroscopy standards with densities both less than and greater than
water, This will aid in the precise quantitating of radionuclides found in
various types of environmental samples.

The LLRML continued its work for the Pennsylvania Power and Light
Company (PP&L). For four years now we have been analyzing approximately
10 percent of the environmental samples collected from the vicinity of
PP&L's Susquehanna Steam Electric Station at Berwick, Pennsylvania, This
year, though, has seen an expansion in our range of services to PPiL. We
are now preparing and analyzing spiked samples, using various media, that
are then submitted to PP&L's principle analytical laboratory for analysis,

Related to this work is the gamma spectroscopy analyses we performed
for the Academy of Natural Sciences of Philadelphia in cooperation with
Emory University of Atlanta, Georgia. During the year, we have analyzed
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139 environmental samples (mainly soil, vegetables and tree leaves) that
were collected by the Academy at several garden locations around PP&L's
Berwick plant. In order to plan this coming year's work i{or the Academy,
and to view their Tacilities for the irst time, two members of our staf{
along with PP&L and Academy representatives, traveled to Emory University
in May of this year.

Additional services periormed by the LLRML this year have included the
analysis of about 170 drinking water samples for gross alpha activity as
part of the Sale Drinking Water Act, and the analysis of some 25 water
samples for radium-226 and radium-228 activity, and several for
strontium~89 and strontium-90 activities. We have also assisted
Drs. Levine and Catchen in the irradiation of approximately 1300 thermal
luminescent detectors (TLD's) using the Health Physics Department's Cs-137
irradiation racility.

The administration of the Sarfe Drinking Water Act is in the process of
being transferred from the United States Envir-nmental Protection Agency
(EPA) to the Pennsylvania Department of Environmental Resources (PADER),
As one of the six laboratories in the eastern United States certified to
periorm radiological analysis on drinking water, this has meant some major
changes for the LLRML. The laboratory has to once again apply for
certification and be inspected by field representatives rom PADER, We
also must now be certified for all radiological parameters instead of just
those we have a commercial interest in, as was the case with the EPA, Two
members of our staff attended a workshop in Harrisburg this past April
sponsored by PADER to inform all laboratories of the transition and the

new requirements,
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VIII. FACILITY RESEARCH UTILIZATION

Research continues to utilize the major portion of the available
operation time of the reactor and tne Cobalt-60 Facility. A wide variety
of research projects are currently in progress as indicated on the
following pages. For convenience, the University oriented research
projects are arranged alphabetically by authors under the various
departments. Theses, publications and papers follow the research
description to which they pertain. In addition, a section is provided with
examples of industrial research utilizing the facility.

The facility cotinues to serve as a research tool available to all
faculty, staff and g:aduate students of the various departments and
colleges within the university., Forty-six faculty and staff members and
27 graduate students have used the facility in the past year for research.
This represents a usage by 16 different departments or sections in 7
colleges of the University. In addition, 1 person from one other
university and 20 individuals from 4 industries were involved in the
research projects listed in this section, Names of the personnel involved
in research using the facilities of the PSBR are arrangec alphabetically
under their college or company and departmental affiliations in Appendix A.

The following list of current research projects indicates the broad
utilization enjoyed by the Breazeale Reactor Facility., The 24 projects
described involve one bachelor's thesis, 5 master's thesis, 6 doctoral
thesis, 11 publications, and 7 papers or reports, The examples cited are
not to be construed as publications or announcements of research. The
publication of research utilizing the facility is the prerogative of the
researcher.
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UNIVERSITY RESEARCH UTILIZING THE FACILITIES OF THE PENN STATE BREAZEALE
NUCLEAR REACTOR

Anthrolpology Department

PALEONUTRITION AT COPAN, HONDURAS

This research involves the nuetron activation analysis of
nutritionally sensitive trace elements in human bone. Variations in the
concentrations of these elements in skeletons representing members of
various sub-groups within the prehistoric population of the Maya center at
Copan, Honduras are expected to indicate dietary patterns which reflect the
demographic structure and complex social order of the Maya.

Both the Rabbit pneumatic transfer system and the central thimble
oscillator are used to conduct irradiations for this research. Soil
samples associated with the burials will also be analyzed for evidence of
the effects of diagenetic contamination and/or leaching of trace elements
between the buried skeletons and their soil matrix.

Doctoral Thesis

"Paleonutrition and Social Organization at Copan, Honduras," Geidel,
Richard A., Ph.D, dissertation, expected date of completion, 1986,
Department. of Anthropology, J. W. Hatch, advisor.

Publication

"Status-specific Dietary Variation in Two New World Cultures," J, W,
Hatch and R. A. Geidel, J. of Human Evol,, 1985, in press,

Paper
"Paleonutrition and Social Stratification,"” R, A. Geidel and J. W.

Hatch, paper delivered at the annual meeting of the American
Anthropological Association, Chicago, Illinois, 1983,

Biology Department

THE EFFECT OF ACIDIC PRECIPITATION ON TEMPORARY POND BREEDING AMPHIBIANS
IN PENNSYLVANIA

W. A, Dunson
J. Freda

We have used Na-24 generated at the reactor to Investigate the

physiological effects of low pH water on larval amphiblans, We have found
that aclidic water inhibits active uptake of sodium and causes a massive

30



acceleration in sodium efflux. Animals die when 50% of the total body
sodium pool is lost and differences in the rate of loss account for inter-
and intra-specific variation in tolerance to low pH water,

Doctoral Thesis

"The Effect of Low pH Water on Amphibians," Freda, J., Ph.D. thesis,
Fall 1985, Ecology Program, Biology Department, W. A. Dunson, advisor.

Paper

"Field and Laboratory Studies of Ion Balance and Growth Rates of Ranid
Tadpoles Chronically Exposed to Low pH," J. Freda and W. A, Dunson, Copeia,
1985, 415-423,

Biology Department

THE EFFECTS OF LOW pH AND WATER HARDNESS ON SODIUM INFLUX AND EFFLUX, AND
ON BODY AND PLASMA SODIUM CONCENTRATIONS OF AN ACID TOLERANT SUNFISH

W. Dunson
R. Gonzalez

The effects of low pH and water hardness on sodium influx and efflux,
and on body and plasma sodium concentrations of an acid tolerant sunfish
(Enneacanthus obesus) were examined. The effects of humic compounds on
body sodium concentration were also studied. 1) Sodium {nflux in E. obesus
showed no less inhibition by low pH than in the low pH intolerant salmonids.
2) Sodium efflux, in contrast, underwent less stimulation at low pH's, It
remained at control levels of pH 3.5 and above. After prolonged exposure
to pH 3.5, sodium efflux even declined below control levels, 3) Sodium
efflux of sunfish in hard State College tap water (TW) was accelerated less
at pH 3.0 than when they were placed in artificial soft water (ASW)., &)
Plasma sodlum concentrations remained unchanged during chronlc exposure to
pH 3.5 while body sodium concentration showed a transitory depression. 5)
After two weeks of exposure to TW, body sodium concentration was elevated,
and no significant body sodium depression resulted during subsequent
chronic exposure to pH 3.25 bog water (BW). 6) The presence of humic acids
in Webb's Mill BW had no additional effect on body sodium concentration at.
pH 3.5 other than that observed in ASW at the same pH.
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Biology Department

IONIC REGULATION IN THE PREDACEOUS DIVING BEETLE, DYTISCUS VERTICALIS
(SAY) (COLEOPTERA: DYTISCIDAE)

W. A, Dunson
M, P. Frisbie

Relatively little research has been conducted investigating the ion
regulatory capabilities of air-breathing aquatic insects, Sytiscus
verticalis adults and larvae are abundant predators in many small and
temporary pond habitats in central Pennsylvania. Indeed, they may often be
the most important top carnivore in these ponds. Adults live several years
and remain active in the water throughout the winter, Because the major
food source in these small ponds is larval amphibians, dytiscid adults face
a huge variation in available food resources: abundant in the spring and
diminished in the fall and winter after most amphibians have metamorphosed.

This project seeks to (1) characterize the basic ion regulatory
capabilities of both D. verticalis adults and larvae, with particular
emphasis on the major hemolymph cation, sodium, (2) study the relationship
between feeding rate and body sodium levels, and (3) investigate the ionic
and energetic response of field individuals to fluctuating food resources,

The Breazeale Reactor has provided 2UNa wnich has been used in the lab
to determine sodium influx and efflux rates of larvae and adults under
various environmental conditions.

Biology-Chemistry Department

EQUILIBRIUM ISOTOPE EXCHANGE STUDIES ON ASPARTATE TRANSCARBAMYLASE

F. C. Wedler
G. K. Farrington

In this study, an attempt was made to synthesize P32 labeled

carbamyl-phosphate, However, the reaction failed to give the desired
product.,

Chemical Engineering Department

CO OXIDATION CATALYSTS

M. A, Vannice
K. I. Chol

This study was conducted to measure the contents of Pd and Cn welights
in Aqua Rega solutions by Nuclear Activation Analysis,
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