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ABSTRACT 

During the academic year 1971-1972, the Ford Nuclear 
Reactor of The University of Michigan continued to serve 
as an integral part of the educational and research activities 
of the University. It also served other schools, hospitals, 
and industrial research organizations. The continuous 
operating schedule of the reactor was maintained through
out the year. 
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I. INTRODUCTION 
The Ford Nuclear Reactor is operated by the Michigan Memorial-

Phoenix Project of The University of Michigan. The Project, estab
lished in 1948 as a memorial to students and alumni of the University 
who died in World War II, encourages and supports research on the 
peaceful uses of nuclear energy and its social implications. In 
addition to the Ford Nuclear Reactor (FNR), the Project operates 
the Phoenix Memorial Laboratory (PML). These laboratories, together 
with a faculty research grant program, are the means by which the 
Project carries out its purpose. 

II. FACILITY OPERATION 
General Operation 
In January, 1966, a continuous operating cycle was adopted for 

the FNR at its licensed power level of 2 megawatts. This cycle con
sists of approximately 25 days at full power followed by three 
days of shutdown maintenance. During the period of July 1, 1971, 
to June 30, 1972, the continuation of this cycle made the FNR 
available for use approximately 92% of calendar time. The following 
tabulation reviews the over-all utilization of the reactor during 
the past three academic years. 

Operating Hours 
Accumulated Megawatt Hours 
Experimental Utilization 

(experiment hours) 
Teaching Utilization (hours)* 
Reactor Availability 

(% of calendar time) 89% 86% 92% 
*Those experiment hours accumulated in support of formal univer
sity courses. 
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1969-70 
7,818 
13,558 
93,085 

960 

1970-71 
7,571 
14,244 

101,508 
3,018 

1971-72 
8,074 
15,137 
98,283 
7,916 
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The experimental utilization of the reactor is composed primarily 
of three major types of irradiations: 

1. The use of the reactor beam ports in neutron spectroscopy 
and other types of "beam" experiments. Six of the eight 
available ports are so used. 

2. The irradiation of samples for a period of one cycle or less. 
3. The irradiation of small targets for many cycles for use 

as gamma sources in spectrographic studies. 
The long-term presence of this last type of sample in the core 

tends to bias the effectiveness of using the experiment-hour as a 
measure of reactor utilization. The following is a comparison of the 
experiment-hours accumulated on the reactor over the last three years 
after the long term irradiations have been subtracted. 

1969-70 1970-71 1971-72 
Experimental Utilization 67,974 72,362 78,330 
As can be seen from the above, the over-all utilization of the 

reactor for all types of experiments increased during this three 
year period. i 

Fuel and Heavy Water Usage 
Standard fuel elements are retired after burn-up levels of 

approximately 18% are reached, while control elements are retired 
after burn-up levels of approximately 36% are reached. This replace
ment schedule resulted in the use of 4 control and 21 standard fuel 
elements during 1971-72 

During this academic year, the use of the Heavy Water Reflector 
Tank on one face of the FNR core required a throughput of 450 pounds 
of heavy water. Fresh heavy water is used to replace heavy water in 
the tank as the tritium level reaches the limit imposed by the reactor 
operating license. 
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Radioisotope Production 
During 1971-72, the FNR continued to assist the Phoenix Memorial 

Laboratory in producing radioisotopes and providing neutron activation 
analysis to research groups within the University, groups from other 
schools, and industrial research organizations. 

Five isotopes are routinely produced: Bromine-82, Fluorine-18, 
Potassium-42, Argon-41, and Tc-99m. Bromine-82 is used to label motor 
oil for engine oil consumption studies. During this academic year, 68 
samples containing a total of 8.1 curies of Bromine-82 were prepared. 

The short-lived Fluorine-18 (1.87 hour half-life) is used for 
bone scanning by the following hospitals: 

1. University of Michigan Hospital - Ann Arbor, Michigan 
2. Veteran's Administration Hospital - Ann Arbor, Michigan 
3. St. Joseph Mercy Hospital - Ann Arbor, Michigan 
4. Hurley Hospital - Flint, Michigan 
5. Henry Ford Hospital - Detroit, Michigan 
6. Wayne County Hospital - Detroit, Michigan 
7. Mount Carmel Mercy Hospital - Detroit, Michigan 
8. St. John's Hospital - Detroit, Michigan 
9. Edsel B. Ford Institute - Henry Ford Hospital - Detroit, Mich. 

10. North Detroit General Hospital - Detroit, Michigan 
11. Oakwood Hospital - Dearborn, Michigan 
12. William Beaumont Hospital - Royal Oak, Michigan 
13. Highland Park General Hospital - Highland Park, Michigan 
14. Veteran's Administration Hospital - Allen Park, Michigan 
15. Sinai Hospital - Detroit, Michigan 
16. St. Mary Hospital - Livonia, Michigan 
17. St. Vincent's Hospital - Toledo, Ohio 
18. Outer Drive Hospital - Lincoln Park, Michigan 
A total of 288 samples containing 5.8 curies of sterile, carrier-

free Fluorine-18 was provided to these hospitals during the academic 
year. This is an increase of 39% over last year. 

Forty-nine samples of Tc-99m labelled Human Serum Albumin con
taining 245 millicuries of activity were supplied to the University 
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Medical Center. Potassium-42 was supplied to the Internal Medicine 
Department for exchangeable body potassium determinations, and Argon-41 
was supplied to the Geology Department. 

Research Activities, PML 
Three research projects on mercury levels in fish were conducted 

by the Laboratory. "Historical Changes in Mercury Contamination in 
Great Lakes Walleyes," funded by the Bureau of Sport Fisheries and 
Wildlife, Department of Interior, is nearing completion. All ana
lytical work including neutron activation analysis of some 145 recent 
and museum specimens of walleye for total mercury concentration has 
been completed. This study, which investigated the validity of pre
served fish specimens as indicators of past levels of mercury, measured 
the levels of Hg in the flesh of walleyes of the Great Lakes Basin in 
the period 1908-1935. The current levels of contamination in the 
same species from similar localities in the basin were compared to the 
past levels. 

"Mercury Contamination in Fish Populations in the Huron River 
Basin, Michigan," funded by the Institute for Environmental Quality, 
is also nearing completion. This study, involving over 400 recent 
and museum specimens of fish and fish food organisms from 10 locali-
t ies, is at tempt i ng_t o_e s± a b 1 i sh—the—1-e vei— of— me r c ur y-c on t a minat tori 
in fish tissue relative to environmental sources and trophic structure 
of the aquatic communities and to document any change in mercury 
levels over the recent historical past. 

"Non-Destructive Neutron Activation Analysis of Fish Tissues," 
funded by the National Marine Fisheries Service, Department of Commerce, 
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was completed during the year. A final report on 300 samples of 
vital tissues of fish and other marine specimen was provided the 
funding agency in June. This work provided information on the quan
tity of Se, Cr, Sb, Zn, Co, Ag, Ni, and Rb, present in the specimens 
analyzed as part of a larger study being made by the N.M.F.S. to 
assess the possible accumulation of metals in fish. 

Other Services, Reactor related 
The following analyses were performed by PML personnel: 
a. Neutron activation analyses of various polymers for mercury, 

chlorine, and bromine were performed for Owens Illinois Technical 
Laboratory. 

b. Neutron activation analyses of fish, and determination of 
mercury in samples used in inter-laboratory procedure checks. This 
was done at the request of the National Marine Fisheries Service, 
Milford, Connecticut. 

c. Neutron activation analyses of seal livers for mercury content 
for the National Marine Fisheries Service, Seattle, Washington. 

d. Multielement analysis of a cleaning agent used to clean 
timing mechanisms used in space craft before and after use. Bendix 
Aerospace, Ann Arbor, Michigan. 

Public Education Programs 
The Phoenix Laboratory continued its program of assistance to 

other schools and to the general public. An all day series of lectures 
and tours was presented to groups from Grand Rapids Jr. College, 
Kalamazoo College, Albion College, Tri State College, Carthage 
College, and Washtenaw Community College. Guided tours of the facility 
were given to over 6,000 students and non-students during the year. 



41,568 
36,678 
7,225 
6,072 

48,587 
37,542 
4,009 
8,776 

59,349 
26,906 

984 
651 
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III. FACILITY UTILIZATION BY UNIVERSITY DEPARTMENTS 
General 
During 1971-72, more than 89% of the utilization of the reactor 

was by student and faculty researchers from teaching departments in 
the University. The following tabulation compares the utilization 
of the reactor by University groups over the last three academic years. 

UNIVERSITY DEPARTMENT 1969-70 1970-71 1971-72 
Nuclear Engineering 
Physics 
Chemistry 
Other Departments 

90,602 98,914 87,890 
Total Experimental 

Utilization for the Year 93,085 101,508 98,283 

While the departments of Physics, Nuclear Engineering, and 
Chemistry were the largest users, the departments of Dentistry, 
Geology and Mineralogy, Meteorology and Oceanography, The Rackham 
Arthritis Research unit, the Kresge Radioisotope unit of the University 
Medical Center, the Great Lakes Research Division of the University's 
Institute of Science and Technology, and the Museum of Anthropology 
also made use of the reactor. 

A further indicator of the level of utilization of the reactor 
is the number of transfers of radioactive materials from the reactor 
to other units of the University by Radiation Control Service, the 
University's radiological safety organization, as well as the transfer 
of such materials to licensed organizations outside of the University. 
These are summarized below: 
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1969-70 1970-71 1971-72 
Transfers to U of M Units 
Transfers to other 

Organizations 
TOTAL - - -

467 
541 
1008 

645 
504 
1149 

662 
464 
1126 

Nuclear Engineering Department 
The Nuclear Engineering Department, the largest user of the reactor 

in terms of experiment hours, has the largest commitment of faculty, 
graduate students, and equipment to research projects at the facility. 
The department also uses the facility in several formal courses. 

The research programs that use the reactor are primarily neutron 
spectroscopy, neutron radiography, radiation effects, and measurement 
of reactor core parameters. 

In support of the programs in neutron spectroscopy, the depart
ment has built and operates: 

1. A triple axis crystal spectrometer for neutron inelastic 
scattering measurements. 

2. A velocity selector for neutron inelastic scattering measure
ments and for use as a time-of-flight diffractometer. 

3. A polarized beam crystal spectrometer for neutron elastic 
scattering measurements on magnetic materials. 

4. A fast neutron spectrometer using polyethylene radiators ' 
and solid state detectors for measuring fast neutron spectra. 

5. A crystal spectrometer for general purpose neutron scattering 
measurements. 

The crystal spectrometer has been used in this report period for a 
number of supportive measurements. Among these were: 

a. The gluing construction of a 10 cm target of ZnTe from 
small single crystal pieces. 

b. Initial investigation of LiYF^ and a series of 2-crystal 
LiYF^ rocking curve measurements to determine the crystal 
"mosaic". 
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The triple axis crystal spectrometer was in continuous operation 
throughout 1971-72. It was used primarily for the study of.the lattice 
dynamics of single crystal targets of ZnS and CaWO^ The techniques 
used include inelastic, coherent, thermal neutron scattering from 
single crystals Momentum and energy transfers to the lattice phonons 
of the targets are made for all "external" vibrational modes of the 
target, in high symmetry directions. On the order of 50 "phonons" 
are measured for each target. The duration of these phonon runs 
varies from 6 hours to 48 hours. 

The complete vibrational picture of ZnTe has been mapped out. 
A partial mapping of the much more complex CaWO^ target was made at 
U of M and completed at the HFIR facility at ORNL. In the cooperative 
work with ORNL, 95% of the work is undertaken at U of M and only the 
final data oh difficult events is taken at ORNL. 

A small study was also made to determine the crystal position 
coordinates of light elements in a "CaWO/j-like" but "ionic" crystal 
of LiYF4- The F positions were measured by conventional Fourier 
inversion techniques. ;. 

The diffraction patterns for momentum transfer have been 
measured for vitreous silica, glassy carbon and amorphous beryllium 
fluoride. The silica data, though in general agreement with other 
data, shows features beyond the range of any measurement or model 
calculation. 

The radial distribution function of glassy carbon has been 
o compared with that of graphite. Agreement of the first peak (1.42 A) 

o with that of graphite suggests that tetrahedral bonding (length 1.54 A) 
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can be present in glassy carbon only in an amount less than 10%. 
Absence of a peak in the region of 3.4 8 suggests a model similar to 
turbostratic graphite. This is the first neutron diffraction study 
of amorphous carbons. 

Diffraction data have also been obtained for a sample of vitreous 
beryllium fluoride (BeF2) over the momentum transfer range 0.9 A < 

o-l Q < 25 A . These data have been reduced to differential cross 
section form and a preliminary radial distribution function has been 
obtained. This measurement, with its wide Q range, will most cer
tainly be the highest quality yet reported on vitreous BeF2» Inelastic 
scattering measurements have been carried out at Argonne National 
Laboratory using the same sample, and will aid interpretation of the 
fraction data. 

Publications: 
1. Gurman, E. , Daniels, E., and King, J.S., "Crystal Structure 

Refinement of SrMo04, CaMo04, SrW04, and BaWO. by Neutron 
Diffraction," J. Chem. Phys, 55, (August 1, 1971). 

2. Steinman, D.K. ,' King, J.S., and Smith, H.G., "External Modes 
in CaWO^," IAEA Symposium on Neutron Inelastic Scattering, 
Grenoble, France, paper IAEA/SM-155/B-4, (March 1972). 

3. Steinman, D.K.,; "Lattice Dynamics of CaWO^ by Coherent 
Inelastic Neutron Scattering," PhD Thesis, Univ. of Mich., 
(May 1972). 

4. Feldkamp, L.A.,Steinman, D.K., Vagelatos, N., King, J.S., 
and Venkataraman, G., "Lattice Dynamics of Cubic Zinc Sulfide 
by Neutron Scattering," J. Phys. Chem. Solids, 32, (1971). 

5. Werner, S.A., "Choice of Scans in Neutron Diffraction," 
Acta. Cupt., A27, 665, (1971). 

6. Sato, H., Werner, S.A., and Yessik, M. , "Short Range Order 
in Cu-Mn Alloys," A.I.P. Conference Proceedings, No. 5, 
508, (1972). 

7. Gurman, E., Werner, S.A., and Arrott, A., "Collapse of the 
Small-Angle Magnum Scattering in Fe as a Function of Mag
netic Field," A.I.P. Conference Proceedings, No. 5, 1340, 
(1972) . 

8. Mildner, D.F.R. and Carpenter, J.M., "Neutron Diffraction 
from Glassy Carbon," American Physical Society 1972 Spring 
Meeting, Washington D.C. 
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9. Carpenter, J.M. and Sutton, J.D., "Equal-Path Time-of-
Flight Neutron Diffraction," Nucl. Inst, and Meth., 99, 
453-460, (1972). 

In research on radiation effects, departmental programs include 
studies of thermal neutron capture recoil damage as well as fast 
neutron effects areas. Though there have been extensive national. 
research efforts in fast neutron damage, to date very little attention 
has been given to radiation damage effects by thermal neutrons. The 
purpose of one departmental program is to fill this information gap. 
Research on Cd containing semiconductors, such as CdTe, has found 
that both the electrical conductivity and photoluminescence are 
extremely sensitive to thermal neutron irradiation. 

Another project makes use of the Mossbauer effect to study 
precipitation processes and fast neutron irradiation effects in copper-
rich, Cu-Fe alloys. Experiments are being conducted to examine the 
effects of heat treatment, cold work, and fast neutron radiation on 
low iron content Cu-0.6 a,t.%Fe alloy. The well known characteristics 
of the Mossbauer resonance spectra for the precipitate phases (i.e., 
relative areas, isomer shift, and hyperfine splitting) are used to 
determine the functions and type of precipitate (coherent gamma phase 
or incoherent alpha phase) formed as a function of various heat treat
ments, cold working, and fast neutron exposure. Irradiations are 
carried out in the FNR for periods from one to three cycles to achieve 
fast neutron exposures of 10 to 5 (10) nvt. 

Spectra of the irradiated Cu-Fe samples are yielding results 
which distinguish between the competitive irradiation induced effects 
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of enhanced precipitation and of dissolution of small precipitate 
particles due to displacement spikes. This Mossbauer effect research 
is supported by NSF Grant GK-17073. 

Publications: 
1. Gould, T. H. and Vincent, D. H. , "Mo'ssbauer Spectroscopy 

Study of Aging and Fast Neutron Irradiation Effects in a 
Cu-rich CuFe Alloy," Bull. Amer. Phys. Soc., Ser. II, 17, 
678, (1972). 

During the 1970-71 academic year, research on neutron cross 
sections of radioactive nuclides concentrated on a search for the 
inelastic scattering reaction from isomeric states. This necessitated 
the development of in-core irradiation facilities and of the capability 
for fast neutron spectroscopy in the 10-200 Kev range using a proton 
recoil detector. The calibration of this detector was achieved using 

14 14 
the N (n, p)C reaction with thermal neutrons from a crystal spec
trometer and with resonance filters in the 1/E flux component of the 
neutron radiography beam from the D_0 facility. 

Work has continued during this report period on a search for the 
inelastic scattering reaction from isomeric states of Ag-110 /Ag-108 , 
Co-58 and Eu-152 . A new proton recoil detector was obtained, spiked 

3 with He to provide a calibration reaction. The ability to measure 
fast neutron spectra was markedly improved by the availability of the 
computer-based Nuclear Data 4410 analyzer system now in the Phoenix 
Memorial Laboratory. 

During this academic year, the reactor has been used to prepare 
Na-Be photoneutron sources. A spherical shell of Be is placed around 
a core of NaF, which is activated to produce the 15-hour Na-24 activity. 
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Gamma rays from the Na-24 decay interact with the beryllium to pro
duce neutrons of energy about 960 Kev. Typical gamma ray activities 
of approximately 35 curies are produced in each irradiation, giving 

7 a neutron yield of about 4 x 10 /sec. immediately upon removal from 
the core. 

An in-core sample rotation assures uniform activation of the 
sodium. The neutron activity is measured each time relative to the 
National Bureau of Standards Ra-Be photoneutron source, NBS-II. 

This work is sponsored by the U. S. A. E. C. under contract 
No. AT(11-1)-2025. The last progress report was submitted in 
December 1971: 

"Absolute Fission Cross-Section Measurements," COO-2025-2 
by G. F. Knoll. 

The neutron radiography program made modifications in beam, foil, 
and emulsions required for high resolution work, as well as projection 
microscope techniques to accurately measure density profiles. During 
1971-72, the experimental] work has been in two areas: experimental 
image analysis, and exploratory applications in industry. The image 
analysis portion has included work on the basic characteristics (reso
lution, scatter, contrast, etc.) of neutron transmission images as well 
as feasibility studies on possible medical applications. The tech
nique was used for local firms to examine parts which were difficult 
to inspect by conventional methods. 

The development of a gas filled Cerenkov Detector for use as a 
reactor power monitor continued during 1971-72. The detector design 
discriminates against low-energy fission product decay gamma rays by 
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the Cerenkov effect. The detector consists of a 10-foot long, .277" 
I. D. highly polished aluminum tube, the lower end of which is located 
in or near the reactor core. Ultrapure (99.99%) C0„ at 400 psig and 
30 C, used as the radiating medium, provides a practical beta energy 
threshold of about 3.0 Mev. Cerenkov light generated in the lower end 
of the tube is reflected up the tube, where it passes through a pressure-
retaining end window of UV transmitting glass and is focussed by a lens 
onto the ,040" diameter photo-cathode of a Bendix Channeltron Photon 
counter, used in a current-output mode. 

During 1972, the graduate student working on this project com
pleted his research and was awarded the PhD. 

1. Humphries, J. R., "The Gaseous Cerenkov Threshold Gamma Ray 
Detector As A Reactor Power Monitor," U of M Thesis, (1972). 

2. Humphries, J. R. and Carpenter, J., "Gaseous Cerenkov Detector 
Reactor Power Monitor," IEEE Transactions on Nuclear Science 
Vol NS-19, No. 1, 807, (1972). 

The Nuclear Engineering Department also uses the reactor for 
several courses. 

NE 315: Nuclear Instrumentation Laboratory -
This course is an introduction to the devices and 
techniques; most common in nuclear instruments. The 
reactor is used as a supplier of short-lived radio
active sources. 

NE 425: Applied Nuclear Radiation -
This course is concerned with the technical applica
tion of radioisotopes and nuclear radiations. The 
reactor is used to provide sources for laboratory 
experiments. 

NE 445: Nuclear Reactor Laboratory -
In this course, experiments are performed to measure 
core power densities and fluxes, shim-safety rod 
calibrations, void coefficients, critical experiments, 



shutdown power, xenonsamarium transient, and other 
reactor operating parameters. Experiments are per
formed using the general purposes crystal spectro
meter and the reactor pneumatic tube facilities. 
Nuclear Measurements Laboratory 
A basic course in the principles of nuclear radia
tion detectors and their use in radiation instru
mentation systems which use the reactor as a supplier 
of sources. 
Neutron Laboratory 
Measurements in the area of neutron physics relevant 
to reactor technology. 
Master's Project 
and 
Special 
and 
Doctoral 

Project ■ 

Thesis • 
While these are not formal courses, a large fraction 
of the students involved use the reactor or its 
experimental facilities as part of their research 
effort. 

During 197172, some limited use was made of the reactor in 
providing demonstrations for nuclear engineering undergraduate students. 

Physics Department 
The Physics Department was the second largest user of the reactor 

in terms of experiment hours. This group uses the reactor primarily 
for irradiation of small samples used in nuclear structure studies. 

1. Dietrich, J. and Wiedenbeck, M., "Conversion Electron Spectra: 
A Line Shape Analysis for Permanent Magnet Spectrometers," 
Nuclear Instruments and Methods 103, (1972). 

2. Gardulski, P., "GammaGamma Directional Correllations in 
Four EvenEven Nuclei," U of M Thesis, (June 1972). 

NE 515: 

NE 545: 

NE 599: 

NE 799: 

NE 999: 
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Another experimenter from the Physics Department used the reactor 
and laboratory facilities to make Tungsten-187 sources. These sources 
were used to investigate the possibility of observing the precision of 
angular correlation radiation pattern associated with a 479-72 Kev 
gamma cascade of Re-187 by current correlation and power spectrum 
analysis rather than by coincidence techniques. The method did not 
prove to be feasible for the measurement of short half-life nuclear 
interactions. 

Chemistry Department 
Work is continuing on the activation analysis of historical 

objects. Ancient and medieval silver coins and metallic art objects 
were analyzed for their silver, copper, gold, zinc, antimony, and 
arsenic contents by irradiating minute streaks of metal obtained by 
rubbing etched quartz tubing against the metal objects. The technique 
enables analysis without the necessity of removing the objects from a 
museum or coin room. As a!result, it was possible to get cooperation 
from the curators of museums in England, France, Italy, Iran, and 
Russia, as well as the United States. The level of gold impurity in 
the silver, which is usually less than one percent, was found to cluster 
at various periods and in particular geographic regions. This data 
may suggest the general location of ancient silver sources and, hence, 
likely locations for finding silver sources today. Further, certain 
types of modern forgeries, both of coins and art objects, can now be 
determined by comparing their gold-impurity levels to those in authentic 
coins and art objects. 



-16-

During 1971-72, over 1,500 samples were irradiated and analyzed 
in these programs. One project, based on the gold impurity level in 
silver coins, involved determination of the fraction of European 
coinage made of South American (Potosi) silver during the period 
1550-1650 A.D. Another study involved a comparison of the gold impurity 
levels in Achaemenid (Iran: 5th-3rd Century B.C.) silver art objects 
and Achaemenid and Parthian (Iran: 3rd Century B.C. - 3rd Century A.D.) 
coins. These data suggest that a number of the museum objects labeled 
Achaemenid probably should be attributed to the Parthian period. A 
trace-impurity study of North Italian coinage of the ll-14th century 
has assisted in the redating of some of these coins. 

A separate study of the levels of trace-metals in samples of human 
hair up to 300 years old is allowing the establishment of a base-line 
for the human intake of trace metals. This study, supported by NSF-
RANN, will eventually involve the neutron activation analysis of up to 
10,000 hair samples. Preliminary data suggest that the human intake of 
a few metals may actually have decreased during the last 100 years. 

In addition to these research activities, the department uses the 
reactor in the following courses: 

Chem 555: Radioisotope Techniques -
This is a course for graduate chemistry students 
in activation analysis and radiation chemistry. 

Chem 399: Introduction to Research (Honors) -
Under this program, several Honors Program students 
participated in the activation analysis program 
related to the study of archaeological artifacts. 

Chem 391: Physical Chemistry Laboratory (Honors) -
In this course, students perform a series of 
activation and gamma spectrum measurements. 
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Other Departments 
The use of the FNR by other departments is centered primarily on 

the use of neutron activation analysis. The Department of Meteorology 
and Oceanography uses stable In-114 as a tracer in rainstorms. Samples 
of the rain are collected and analyzed to give the area and time pattern. 

Members of the Rackham Arthritis Research Unit have developed a 
technique (1968-71) combining neutron activation and paper chromato
graphy and have applied the methodology to qualitative and quantitative 
estimation of sugar nucleotides and acid mococpolysaccharides found 
in normal, inflammatory and aging connective tissues. (Sugar nucleo
tides are phosphorous-containing intermediates involved in the bio-
systheses of naturally occurring carbohydrate polymers.) The techniques 
have now been successfully applied to several studies and the program 
is awaiting funding to permit its continuation at a more active rate. 

A researcher from the Department of Internal Medicine continues to 
pursue a program to measure the amount, turnover, and metabolism of 
thyroid hormones in cell components, as a step toward understanding 
the mechanism of hormone action. The naturally occurring isotope, 
1-127, is measured by neutron activation, post-irradiations extraction 
of 1-128 plus 1-127 (added carrier), and timed scintillation counting 
of aqueous solution utilizing Cerenkov radiation. The use of Cerenkov 
radiation simplifies sample preparation. 

The samples analyzed in this period have included: mitochondria 
and subtractions thereof, obtained from the livers of normal or hypo
thyroid rats, some injected with L-thyroxine; purified proteins prepared 
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from beef heart mitochondria; and rat liver cell fractions (mito
chondria, nuclei, microsomes, cytosol) from animals injected with 
125 

I-L-thyroxine, to measure specific radioactivity. 
Publications: 

Dimino, M., F. L. Hoch, Fed. Proc, 31, 213, (1972). 
Dimino, M. et. al., Arch. Biochem. Biophys., 150, 618, (1972). 

,The group plans to begin a series of experiments to study the 
participation of the thyroid hormone in the events of mammalian 
acclimatization to cold. 

A researcher from the Department of Botany pursued a research 
program to determine: 

1. The potential for mercury concentration by cultures of 
axenic plankton algae. 

2. The mercury levels in plankton and fish in Frains Lake, 
near Ann Arbor, which has been subject to extensive human 
influence. 

3. The mercury levels in plankton and fish from several lakes 
in northern Michigan which have had a minimum of human 
influence. 

Results from the axenic algal culture experiments indicate that 
the algae used (Anabaena Flos-aquae) are capable of concentrating 
HgCI many times over the levels found in the culture solution. 

A researcher from the Museum of Anthropology is continuing his 
study of archaeological specimens using activation analysis. During 
this report period,_Jhe has-been-investigating the chemical-composition 
of cherts (a rock resembling flint) in order to assign different archae
ological specimens to the geological sources of origin of the material 
from which they are made. Three PhD theses are in varying stages of 
progress and several publications are in press for publication during 
1972-73. 
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A group from the School of Dentistry, including a Visiting 
Professor of Dental Materials from Geneva, Switzerland, worked on a 
two phase project to assess the degree of fluid exchange which takes 
place at the margins of dental restorations. In the first phase, a 
comparison was made of manganese, indium, vanadium, and dysprosium 
as suitable trace elements. Theoretical calculations were made to 
determine the most suitable activating conditions and were then tested 
utilizing standard clinical procedures on extracted teeth. It was 
concluded that dysprosium, activated for one minute and analyzed after 
three minutes for a peak at 108 Kev, provided the most accurate results. 

The second phase, still in progress, involves the use of this 
technique to gain actual quantitative values for leakage in microgram 
uptake of dysprosium around the margins of dental restorations. The 
restorative materials being examined are a new class of composite 
resins currently being marketed to practicing dentists. 

A Dental School researcher is using Cerenkov radiation as a measure 
of beta-emitting radionuclides in an investigation of the wear of 
fluorapatite and dental enamel. 

The ultimate goal of the project is to measure quantitatively 
the debris of enamel under various sliding conditions. A technique 
has been devised that involves collecting wear debris of dental enamel 
in an aqueous solution. The solution is enclosed in a sealed poly
ethylene tube, irradiated for 15 minutes in the Ford Nuclear Reactor 
and then poured into a suitable scintillation vial and counted in a 
liquid scintillation counter. Current research involves the deter
mination of the sensitivity of the technique and the obtaining of a 
suitable calibration curve. 
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During the past year, researchers from the Great Lakes Research 
Division of the Institute of Science and Technology used neutron 
activation to analyze automobile exhaust emission particulates, Lake 
Michigan sediments, and Lake Michigan tributary inputs. 

Automobile exhaust emissions contain small particles of lead 
halides, primarily lead bromo-chloride, which originate from the com
bustion of antiknock fluid. An interesting and potentially useful 
property of these lead halide particles is. that the halogens (especially 
Br) are slowly lost from the particles as they age in the atmosphere. 
By determining the halogen content of aging exhaust particulates, it 
has been possible to develop a quantitative mathematical model which 
accounts for halogen loss in terms of diffusion of halide ions through 
the crystal lattice to particle surfaces where the ions are oxidized 
to volatile species. If further studies confirm that halogen loss is 
controlled primarily by the internal characteristics of lead halide 
particulates rather than by conditions in the atmosphere such as the 
amount of ozone, water or ultraviolet radiation present, these particu
lates may be thought of ass possessing internal clocks. A potential 
means of ascertaining the age of a collection of urban atmospheric 
particulates might then be to determine the halogen and lead content. 

The chemical composition of sediment samples obtained from coves 
in Lake Michigan are being analyzed, especially for the stable element 
counterparts of important radionuclides. Many elements such as Pb, 
Cu, Zn, Cr exhibit markedly high concentrations near the sediment-
water interface and diminish rapidly in a nearly exponential way with 
depth below the sediment surface. While the current explanation for 
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observed surfical increases is that they reflect increases in the 
cultural inputs of the elements to the lakes, the evidence is circum
stantial. A series of experiments combining neutron activation analysis 
with a determination of the sedimentation rate obtained from a study 
of the pollen and possibly Pb /Ra content, are in progress and 
may provide some definitive answers on mechanisms leading to surface 
enrichments. 

Another aspect of the sediment study has been a search for 
trace metal deltas. The Grand River, entering the eastern side of 
Lake Michigan at Grand Haven, appears to be a singularly large source 
of such soluble trace metals as Cr, Cu and possibly Zn. An analysis 
of sediments taken in the vicinity of the river mouth, exhibit rela
tively high corresponding trace metal contents. 

Freeze dried water samples collected on a seasonal basis, starting 
in February, 1971, from most of the significant tributary rivers have 
been analyzed for major and minor dissolved elements. The intent of 
this study is to refine estimates of trace metal loadings to Lake 
Michigan and to identify rivers having unusual trace metal character
istics. Activation analysis has been used primarily as a means for 
cross checking results obtained via atomic absorption spectrophotometry. 

Publications: 
1. Robbins, John A., and Snityz, Franklin L., "Bromine and 

Chlorine Loss from Lead Halide Automobile Exhaust Particu
lates," Environmental Sciences and Technology, 6, 164-169, 
(Feb. 1972). 

2. Robbins, John A., Landstrom, Edward, and Wahlgren, Morris, 
"Tributary Inputs of Soluble Trace Metals to Lake Michigan," 
Proc. 15th Conf. on Great Lakes Research, (April 1972) in 
press. 
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3. Robbins, John A., Callender, Edward, and Wahlgren, Morris, 
"The Chemical Composition of Lake Michigan Sediments near 
Grand Haven, Michigan," Proc. 15th Conf. on Great Lakes 
Research, (April 1972). 

4. Robbins, John A., Callender, Edward, Edgington, D. N., and 
Wahlgren, Morris, "The Lake Michigan Environmental Chemistry 
Project," First Annual Report, (February 1972). 

Engineering Summer Conferences 
Each year the College of Engineering offers short courses for 

engineers and scientists. During 1971-72, a Conference which made use 
of the reactor as part of its laboratory work was as follows: 

Elements of Nuclear Power Reactor Engineering 
Chairman: Prof. F. G. Hammitt 
This conference covered reactor core design theory and fuel 
cycles, reactor materials and instrumentation, radiation 
protection and health physics, shielding theory, and the 
thermal aspects of power reactor systems. It was attended 
by approximately 5 engineers, the majority of whom were 
employees of electric utility companies. 

Training Program : 
During the weeks of Jiiine 12, 19, and 26, the operating staff of 

the reactor conducted a special laboratory course for the Toledo 
Edison Company. This was a part of the Operator Training Program of 
that company for its employees who are assigned to their Davis-Besse 
Nuclear Power Station presently being constructed on Lake Erie between 
Toledo and Cleveland, Ohio. 

IV. FACILITY UTILIZATION BY OTHER UNIVERSITIES 
During 1971-72, the irradiation services provided to other univer

sities totalled 864 experiment hours. Direct technical assistance to 
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other schools was approximately 100 man-hours during the report period. 
It was possible to maintain this support level to other schools despite 
budget stringencies because of funding assistance provided through the 
Reactor Sharing Program of the U. S. A. E. C. (Contract No. AT(ll-l)-
2117). Another request for additional assistance under this program 
has already been made so that the level of support given area schools 
can be continued. 

The heaviest user of reactor services during this period was 
Eastern Michigan University. 

At Eastern Michigan University, the continuing research programs 
of a Chemistry Department faculty member include: 

1. Decay scheme studies of fission products, initially concen
trating on the Ce-Pr chain. 

2. Fission studies concentrating on fission yields. 
3. Radiochemical separations. 

Two students, one an undergraduate and the other an M. S. Candidate 
are involved in the radiochemical separations studies. 

A radiochemical separation technique for the separation of anti-
i 

mony from tin is being developed by this experimenter using solvent 
extraction. Such a procedure will be useful in the study of tin and 

124 antimony nuclides. For this study 60-day Sb, prepared by irradiation 
of antimony oxide in the Ford Nuclear Reactor, is being used. Cur
rently the extraction of antimony is being studied as a function of 
various parameters. 

A method is also being developed for the milking of niobium 
from zirconium-niobium absorbed on an inorganic ion-exchanger column. 
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This study is being carried out using radioactive tracers of zirconium 
and niobium, prepared by irradiation of zirconium compounds in the 
Ford Nuclear Reactor. 

This same faculty member formulated a new course at Eastern 
Michigan University — Chemistry 485: Radioisotope Techniques for 
Chemistry and Biology majors. The reactor is used to produce the 
necessary short-lived radioisotopes, and for activation analysis. 
This course was offered for the first time in the Fall 1971 semester 
with eight students enrolled, and will be offered again in the Fall 
1972 semester. 

The Physics Department at Eastern Michigan University continues 
to use the reactor to provide radioactive materials for their classes 
in Physics 581 and Physics 471. Some of these are demonstrations 
and others used in student laboratory experiments. They also have 
continuing experiments in undergraduate and graduate research projects 
involving activation analysis. 

In addition to the above services, the facility regularly arranges 
tours of the Laboratory for Eastern Michigan University students from 
a number of different departments. 

The second largest user of the facility is the Physics Department 
at Wayne State University. Their continuing research projects include: 

1. Nuclear Resonance Fluorescence in Mo-99 and various rare-
earth isotopes for the purpose of determining absolute 
transition probabilities in the decay scheme of the isotope. 

2. Electronic Lifetime Measurements and the Fast-timing Charac
teristics of some Channel Electron Multipliers: 
This work was carried out by a graduate student for his 
PhD thesis. He extended the capabilities of fast-timing 
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-9 experiment (10 sec.) to previously inaccessible energy 

levels by use of continuous-strip electron multipliers, 
and discovered a method of improving the time resolution 
of this type of detector by a factor of 2. 

Publications: 
Green, M., Kennealy, P., and Beard, G., "Fast Timing Charac
teristics of Some Channel Electron Multipliers," Nuclear 
Instruments and Methods, 99, 445, (1972). 

3. Mossbauer Effect Studies resulted in a PhD thesis: R. 
Bukrey, "The Mossbauer Effect Study of the Structure and 
Magnetic Properties of Iron in Alkali Borate Glass," Thesis, 
Wayne State University, (June 1972). 

4. Calibration Standards: The reactor continues to be used to 
provide Wayne University Physicists with'sources of cali
bration standards. The nearness of the reactor makes this 
feasible for short-lived isotopes as well as for longer-
lived ones. , v 

A researcher from the Wayne State University Chemistry depart-
45 ment also made some use of the reactor. Scp°3 w a s irradiated to 

46' 
form approximately 1 mCi Sc^O... The oxide was dissolved is hydro
chloric acid forming soluble scandium chloride. This was treated with 
benzylic acid to form insoluble scandium tribenzylate. Its solubility 
was then determined using standard radiochemical techniques. 

The findings are published in a thesis by Michael H. Mullin, 
"The Analytical Chemistry of Scandium." 

A faculty member at Albion College and one of his students has 
begun a research project involving reactor noise analysis utilizing 
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equipment and techniques he developed while at the Oak Ridge 
National Laboratory. < 

William Beaumont Hospital sponsored a training program in 
nuclear medicine for resident physicians in Detroit area hospitals. 
It included a one-day laboratory on Fluorine-18 production at the 
reactor. 

In the course of carrying on a project in a course in advanced 
analytical chemistry, one student from Kalamazoo College did a series 
of neutron activation analyses of Kalamazoo River water for mercury. 

Several of the schools made use of the program of all day 
laboratory sessions provided by the facility. These are lecture/ 
demonstrations conducted by staff personnel on the uses of radioiso
topes, activation analysis techniques, laboratory techniques, and use 
of the cobalt-60 source. The schools taking advantage of this program 
included: 

Albion College ; 
Grand Rapids Jr.. College 
Tri State College 
Carthage Collegej 
Washtenaw Community College 

V. FACILITY UTILIZATION BY INDUSTRIAL RESEARCH LABORATORIES 
The General Motors Corporation Research Laboratories (GMRL) as 

well as several of the operating divisions of the corporation continue 
to use motor oil labeled with Br-82 in engine oil consumption studies. 

The reactor is also used to assist GMRL in: 
1. Radioactive seals for engine wear studies. 
2. Neutron activation analysis for the evaluation of materials 

including copper in transmission oils. 
3. Radioactive tool bits for tool wear studies. 
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4. Irradiation of Yb203 source for density measurements of 
cast engine blocks. 

5. Irradiation of ferrosilicon for studying flow characteristics 
in casting iron. 

Research staff members of the Ford Motor Company Scientific 
Laboratory, in cooperation with the Department of Nuclear Engineering, 
operate two crystal spectrometers at the FNR for neutron elastic 
scattering studies. They also use the reactor as a source of irradi
ated materials, and to support their large activation analysis program. 

The programs using the crystal spectrometers involve: 
a. Neutron diffraction on Cu (Mn) alloys and Au (Fe) alloys. 

The Cu (Mn) system was studied over the range of 4.2 K to 
800°K. A single crystal af Au (8% Fe) was examined at 4.2°K. 
No antiferramagnetic Bragg reflections were observed in any 
of the samples. Neutron intensity due to short range atomic 
ordering in Cu (Mn) was observed and correlated with the 
short range magnetic order. 

b. The Debye-Walleri factor was measured in potassium metal 
at 4.2°K„ 77°K, 0.20°K, and 298°K and was found to be isotrophic. 

c. Calculations (S.; Werner 1971) on the choice of scans in 
neutron diffraction on single crystals of Fe, Si, and K 
were verified. 

d. The phase composition of various polycrystalline samples 
of the high temperature ceramic materials Sic and SiN were 
determined with neutron diffraction. 

The publications produced by this group have already been listed 
under the Nuclear Engineering Department summary. 
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The Ford Scientific Laboratory has also used the reactor to 
support studies in: 

1. Determination of sodium in an alumina ceramic. 
2. The continuation of research toward the goal of chemical 

analysis of solid surfaces. 
3. The determination of aluminum in borosilicate glass. 
4. The determination of zinc in airborne particulates, especi

ally the possibility of their source being the wear of 
tire treads. 

5. The determination of bromine and lead as indicators of auto 
exhaust emission particulates. 

This latter publication resulted as a part of a large scale 
project involving a 1972 experimental program on Los Angeles smog. 

This experiment involves collaborations from a number of institu
tions to make measurements of a multitude of types later this year. 
The basic objectives are to find out how the aerosol forms, what are 
the important sources for the visibility reducing and respirable 
aerosol, and what parameters can be measured as an index for predicting 
smog situations. The Ford part in this is to make rapid on-line 
measurements of the chemical elemental composition of the smog aerosol, 
using a Si (Li) x-ray fluorescence spectrometer. Working with Ford on 
this are the EPA and the Lawrence Radiation Laboratory at Berkeley. 
The Si (Li) x-ray fluorescence method in this application requires 
validation, so they have been collecting aerosols, analyzing them by 
the Si (Li) x-ray fluorescence techniques for 10 or 12 trace metals, 
and checking the results by the other methods, chiefly neutron acti
vation. This validation is essentially completed. 

The Ford research project on the search for airborne particulate 
debris from rubber tires continued during the year. The activation 
analysis of collected aerosol samples from vehicle tunnels and near 
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roadway sites determine the Br content and Zn content - Br as an 
index to the amount of tailpipe particulates and Zn as an index to 
the amount of tire particulates (tires are 1% Zn). This work was 
presented in a paper delivered at the 161st National Meeting of the 
ACS, in Washington Sept. 1971. W. R. Pierson, W. Brachaczek, and 
J. T. Kummer, "Search for Airborne Particulate Debris from Rubber 
Tires." 

Irradiations of targets have also been performed for several 
Michigan industrial research groups including the Dow Chemical 
Company, Dow-Corning Corporation, Bendix Corporation, Energy Conversion 
Devices, Inc., the Environmental Research Group, Inc., and BASF 
Wyandotte Corporation. 

The Environmental Research Group, Inc. (ERG), has used the 
facilities of the Phoenix Memorial Laboratory and the Ford Nuclear 
Reactor to pursue a basic environmental study for six major utility 
companies currently building nuclear power plants on Lake Michigan. 

During this report period ERG made use of the reactor primarily 
i 

to activate samples of water, sediment and Biota from Lake Michigan 
for neutron activation analysis. The study resulted in a report which 
includes a comprehensive chemical study of Lake Michigan. Other 
reactor uses by ERG during this period were largely for this purpose of 
activating heavy metals (Ir, Au, Pt, Re, Rh, etc.) on Alumina. This 
study represents continuing research into possible catalysts for 
automotive emissions. 

The BASF Wyandotte Corporation has used the facilities to test 
for and determine trace impurities in its products. Attempts were 
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made to determine trace levels of metallic impurities in hydraulic 
fluids but these failed due to the interference of sodium and potassium 
present in the samples. Attempts were also made to determine trace 
zinc in expandable polystyrene, but these also were unsuccessful due 
to a bromine interference. Successful analyses included the deter
mination of trace levels of chloride ion in toluene diisocyanate and 
trace amounts of aluminum in phthalic anhydride in conjunction with 
a corrosion test. 

VI. CONCLUSION 
During 1970-71, as in previous years, the operation of the Ford 

Nuclear Reactor has provided major assistance to a wide variety of 
research and educational programs at the University of Michigan, 
programs at other universities, and of industrial research labora
tories. The continuous operating schedule of the reactor enables a 
sustained high level of participation by University research groups. 

The continued support by the U. S. Atomic Energy Commission 
i 

through the University Research Reactor Assistance Program has been 
instrumental in maintaining this continuous operation of the reactor 
facility. 


