
XA04C1591

PULSTAR FUEL, LOW ENRICHMENT, LONG LIFETIME,
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INTROIXJCTION

In 1962, the Western New York Research Center, Inc., located at the State
University of New York at Buffalo, decided they had a need for a reactor with
pulsing and high power steady state capabilities. Both General Atomic and the
American Machine and Foundry Corporation (AMF) were contacted to ascertain if
it were feasible to construct a dual purpose reactor of this type. The General
Atomic proposal indicated the feasibility but would not warrant a steady state
power of 2 MW with ultimate capability of MW. ANY did provide a conceptual
design for such a dual reactor, call the PULSTAR, and sufficient design informa-
tion to confirm that the operating specifications could be met.

The PULSTAR fuel consisted of 6 enrichment U02 sintered pellets in
zircaloy tubes (pins) mounted in a x 5 array inside a fuel assembly
(see Figure 1). The fuel design was patterned after fuel that was under
development for light water power reactors and that had been extensively
tested under high power pulse conditions in the SPERT Test Reactor. The fuel
assemblies are rectangular in a horizontal cross section, 315 inches by
2.74 inches, allowing for flat control blades to be inserted in the core
grid arrangement (See Figure 2 Figure 3 shows a mockup of a partial
core. The active height of the core is approximately 24 inches.

In the initial Buffalo AMY contract, a collaborative development
agreement was signed in conjunction with agreement to construct the facility.
After completion of the Buffalo nSTAR Reactor, the PULSTAR fuel underwent
an extensive test program which resulted in some minor changes in the basic
design.

In 1965, North Carolina State University contracted with AMY for the
construction of a dual MW steady state (with ultimate capability of M)
and pulsing PULSTAR Research Reactor. Their fuel is identical to the
Buffalo fuel except for aving an enrichment of 4 U-235.

In 1969, AMF disbanded its Atomics Division and sold the rights to
Hittman Nuclear Corporation. Hittman Nuclear Corporation and the Institute
for Resource Management, Inc. (IRM) assisted in the final installation,
startup�and testing of the N.C. State PULSTAR. Since the Hittman Nuclear
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Fig. 3 Mock-up of PULSTAR Core.
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Item N. C. S. U. a S.U.N.Y. b

FUEL
Material U02 U02
Form Sintered pellets Sintered pellets
Enrichment (wt% 235U) 4% 6%

Inventory core (kg-UO2) 359 285
235U per fuel pin (gm) 20.2 30.2

FUEL PIN
Pellet (diam in.) 0.423 (nominal) 0.423 (nominal)
Diametrical gap (in.) 0.0085 (nominal) 0.0085 (nominal)
Zircaloy-2 clad thickness 0.0205 (nominal) 0.0205 (nominal)
O.D. pin (in.) 0.4725 (nominal) 0.4725 (nominal)
Rectangular spacing (center-to- 0.606 x 0524 0.606 0524

centerin.)
Clearance (pin-to-pinin.) 0.043 x 0125 0.043 x 0125
Clearance (pin-to-boxin.) 0.019 x 0060 0.019 0060
Height of pellet stack (in.) 24 24
Pins per core 625 500

FUEL BOX
Material Zr-2 Zr-2
Inside dimensions (in.) 2.620 x 3030 2.620 x 3030
Wall thickness (in.) 0.060 0.060
Clearance between elements (in.) 0.040 0.040
Fuel pins per element 25 25

aReference core is x 5 for the North Carolina State University.

bReference core is x 4 for the State University of New York.

Fig. 4 Parameters of PULSTAR Reactor Fuel.
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Corporation was not oriented towards research reactor hardware, all rights to
the PULSTAR Reactor were sold to IRM in 1975. Since then, IRM has performed
additional design and performance analyses on the PULSTAR and presently
markets the fuel and reactor facility for power levels up to MW. The
research reactor program at IRM is managed by Dr. Bobby E. Leonard and
Robert E. Carter. Dr. Leonard's experience dates back to the world's first
private research reactor at North Carolina State University and Mr. Carter
was initially a staff member at the SUPO Reactor in Los Alamos in 1943.
Together they offer 57 years of research reactor experience.

OPERATING HISTORIES OF PULSTAR REACTORS

The Buffalo reactor is the oldest PULSTAR reactor facility and is
presently on its second fuel cycle.1 The initial core achieved a total energy
generation of 95,000 MW-hours. The second core was loaded in June 1977. The
750 new fuel pins were enough to construct 30 fuel assemblies, reusing the
initial assembly housings. Even with increased utilization above the 12
days, 24 hours per day schedule, the anticipated high burnup cycle for the
core will insure uninterrupted use through 1993. Currently, the Buffalo
reactor is used primarily for radioisotope production and presently produces
approximately 40% of all short lived isotopes for medical use in the U.S.A.

The North Carolina State PULSTAR was started-up in 1972, and has developed
fewer MW-hours of operating timesince it is used primarily for training
students and power reactor operators and for short duration research experi-
ments. Since the fuel is so similar to light water reactor fuel, the
training has seemed to be especially appropriate.

Figure 4 lists the parameters of the fuel in these two operating
PULSTAR reactors, but, as mentioned, only the uranium enrichment and core
loadings are different.

PERFORMANCE FEATURES OF PULSTAR FUEL

1. Operational Performance - Steady State

The basic PULSTAR design is suitable for steady-state operation up to
power levels of at least MW. However, because the core required for W
operation is significantly smaller 20 elements) than the core required for
5 MW 24 elements), there are differences in performance characteristics.
A typical core which is representative of the various configurations which
can be used is discussed in the following.

For 1 MW operation, approximately 20 fuel assemblies, corresponding
to a loading of 15.1 kg of U-235, are required. At least four control rod
assemblies are necessary if the reactor is to have pulsing capability.
Detailed computations and operational data reveal many interesting and
unique characteristics of a U02 core when used in research reactor applica-
tions. For example, the reactivity required to compensate for equilibrium
xenon is only 0.65%Ak/k, which is about one-third the value required in a
reactor employing highly enriched fuel. This is an important advantage of
the low enrichment core when compared with a highly enriched one, since less
excess reactivity is required for sustained operations.
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Within reactor cores of comparable volumes, the average thermal neutron
flux density is inversely proportional to the loading of U-235. However, the
fast flux density is proportional to power density, and the density of
neutrons available for beam tubes and other experiments in the reflector is
therefore related to the neutron leakage characteristics of the core. Since
the power density and neutron leakage characteristics in PULSTAR are very
similar to those of MTR-type cores, the useful and available neutron flux
densities are also comparable. Furthermore, since PULSTAR is relatively
undermoderated, experiments requiring epi-thermal neutron beams are favored
by a PULSTAR reactor.

Another important characteristic of PULSTAR is the low heat flux in the
2core. The maximum heat flux at 1 MW is less than 114,000 Btu/hr/ft which

provides a very important safety feature. The core will not melt even in the
unlikely event that all water is suddenly and completely drained while
operating at 1 MW. Thus, even in applications where there is no desire to
ultimately operate at power levels above I MW, the high power capability of
PULSTAR results in important safety advantages.

A significant advantage of PULSTAR is very long fuel life. This is a
consequence of the heavy loading and the Pu conversion which takes place.
For example, at MW a core lifetime of about 3900 MW-days is achievable.
This is equivalent to operating around the clock for 2 years at MW. Long
core lifetime results in longer intervals between refuelings, and their
attendant costs, and hence in much lower fuel operating costs.

A simple comparison of operating costs is given in Fig. 5, which is an
update of a table presented in the ANL report RSS-TM-3. This was redone
mostly because of the large increase in costs for uranium during the past
year. A simplifying assumption was made that 25% more fuel was initially
provided than is required for cold, clean, criticality, and that when that
excess is consumed, new fuel is required. It is assumed that the same sort
of fuel rotations and manipulations can be performed with any of the reactors,
in order to achieve optimum operational and utilization versatility. Only
the two lower-enrichment systems have been updated.

2. Pulsing Performance

A unique feature of PULSTAR is the dual capability - steady-state operation
at high power levels and ability to produce intense bursts or pulses. The
primary shutdown mechanism which permits PULSTAR to be pulsed to very high
power levels is the increased capture, due to Doppler broadening, in the
U-238 as the temperature of the fuel rises. This Doppler effect is achieved
by utilizing low-enriched fuel and by optimizing the ratio of water t U02
in the core. The extremely high pulse energies are a consequence of the very
high heat capacity Of U02 fuel. The nominal output of 35-40 MW-sec, which
is easily achieved in PULSTAR, results in a maximum fuel temperature of only
2000'F. This is about one-half the sintering temperature of U02 and well
below the melting point Of U02, which is approximately 5000'F.
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Total Fuel
Uranium Element Supply Cost
supply Fabrication Total Fuel per Unit

kg 235U kg U Cost MWD/ MWD/Me- Cost Cost Supply Cost Flux Timea
Enrichment Core Core $/kg Core tric ton U ($IMWD) ($/MWD) ($/WD) ($/1013nv.Da

University e 9 301 6.2 6.67 23,597 1 20.0 180,000 1 1 80 211 13.3
Missouri
U-Az

x

Buffalo 6% 15.1 251.7 1,120 3776 15,000 75 53 128(235)b 33.3
Pulstar

Standard 20% 2 3.1 15.5 4,575 900 58,000 79 207 286(500)b 50.0
Triga Fuel

"Flip" 701� 7 13.2 13.0 17,430 3500 185,000 94 87 181 30.0
Triga. Fuel

8$1 3 Day $/MWD myth peak/MW, where th peak is measured in units of 1013nV.

bBased on IRM calculations

Fig. 5. Fuel Supply Costs for Representative Reactors.



3. Safety Features

In addition to excellent operational and performance characteristics,
PULSTAR offers significant advantages in safety and reactor siting require-
ments. For example, it is possible to design a 1 MW facility to preclude
any credible accident which could result in a fuel meltdown. This is a
consequence of two features: PULSTAR's ability to withstand the insertion
of large amounts of reactivity; and the relatively low reactivity worth of
components such as fuel elements. The first feature has been discussed in
connection with the pulsing characteristics. The second feature is illustrated
by the fuel assembly's worth. A centrally located fuel assembly is only
worth 1.98%Ak/k in the PULSTAR core whereas a centrally located fuel assembly
in an MTR-type core is worth approximately 5%. If the core is designed so
that the maximum credible accident involves accidental insertion of a
centrally located fuel element, fuel melting can be precluded under
conditions of both the maximum credible accident and complete draining of
the pool. In a MW installation, it is possible to design the core in this
manner.

The use Of U02 in pellet form offers significant safety advantages over
the MTR type reactor cores. The U02 has a very high heat capacity which
permits large energy releases under transient conditions without excessive
increases in fuel temperature. The low thermal diffusivity of U02 produces
a long thermal time constant (approximately 4 seconds). The time constant
for a typical plate-type aluminum fuel assembly is only a few milliseconds.
The long time constant prevents the explosive formation of steam as experienced
in plate-type reactors undergoing severe reactor transients. This long time
constant is one of the key features which permits the PULSTAR to be pulsed
safely to high energy releases while still offering safety in event of an
accidental excursion.

A great deal of experience and information has been gathered on the
properties Of U02 as functions of temperature, irradiation, etc. The
chemical and radiation stability Of U02 is excellent. U02 undergoes no phase
transformations from room temperature to the melting point. The ability of
U02 to retain fission products is also excellent, and provides another strong
argument for its use. The use of the U02 in pellet form provides a distinct
advantage over fuel in a powder form. It protects against dispersal of fuel
throughout the system, should a loss of cladding integrity occur.

Perhaps one of the strongest arguments for the inherent safety of PULSTAR
is the similarity to the SPERT U02 core which has undergone extensive testing
at the National Reactor Testing Station. Transients releasing as much as
110 MW-sec of energy have been initiated at the SPERT facility with no damage
of any sort to the core. Therefore, a pulse energy of 40 MW-sec represents
a very conservative rating for PULSTAR.

All of the usual safety considerations for research reactors have been
developed in quantitative detail, and in every instance the PULSTAR system
is more than adequate. Fig. 6 lists the major topics investigated. The
superior performance of PULSTAR does not compromise the safety features
found in existing pool reactors, but actually offers improved safety which
may relax the siting requirements for high power pool reactors.
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A. Rod Withdrawal Accident

B. Loss of Water Accident

C. Void in Coolant Channels Accident

D. Control Element Removal Accident

E. Cold Water Accident

F. Fuel Loading Accident

G. Flooding of Beam Tubes Accident

H. Water-Logged Fuel Pin Accident

Fig. 6 Accident Conditions
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4. Availability of PULSTAR Fuel

In the previous discussion, reference has been made to other U02 fuels, such
as in SPERT and light water power reactors (WR), and it is implied that the
design and fabrication parameters are similar. This fact has three far reaching
consequences for PULSTAR fuel, namely, a) much of the prior engineering, develop-
ment, and operating experience of both experimental and operational U02 fuels
have been incorporated, b) any re-processing or ultimate disposition problems of
PULSTAR fuel will be solved simultaneously when the problems of WRs are solved,
and c) fabrication of PULSTAR fuel pins can be provided by any of a number of
existing suppliers, on a commercially competitive basis. Specifically, PULSTAR
fuel may be purchased from independent fuel manufacturers other than IRM as long
as IRM's patent rights are respected. For example, on the North American conti-
nent, EXXON, Canadian Westinghouse, and Westinghouse have indicated a willingness
to supply PULSTAR fuel. Due to the similarity to LWR fuel, many fuel manufacturers
in the U.S. and overseas have the "in-hand" capability to manufacture the fuel.
Further, unlike TRIGA Zr-H fuel, the technology for reprocessing PULSTAR fuel
is readily available. In the U.S., U02 fuel in test and research reactors is
presently being processed at Department of Energy facilities. Overseas, U02
fuel can be processed at private, commercial reprocessing facilities. Therefore,
unburned uanium, and the cost thereof, is recoverable in the PULSTAR system.
In the TRIGA fuel, this cost is not presently recoverable.

5. Resistance to Diversion for Weapons Applications

All of the previous factors tend to insure that a fully developed fuel
for research reactors is currently available, and will continue to be available,
and furthermore, it meets present criteria with respect to resistance to diver-
sion for use in explosive devices. On this latter point, the enrichment of the
uranium is believed to be too low to sustain a nuclear explosive reaction, and
simple computations indicate that the production of Pu-239 in a conventional
PULSTAR geometry is of the order of 03 gram per gram of U-235 consumed. This
Pu build-up helps to extend the life of the fuel at power levels of several
megawatts, without significantly increasing its attractiveness to diversion.

ADAPTABILITY OF MTR CONVERSIONS

Since the initial PULSTAR fuel design was to accommodate the conversion
of the Buffalo reactor from a MTR plate type 93% enrichment fueled core, the
PULSTAR fuel is ideal for MTR conversions. The end pieces and fuel assembly
boxes are dimensioned to accommodate an MTR grid plate with spacings of 315
inches. Figure provides the basic dimensions for a PULSTAR fuel assembly.
The active fueled length is 24 inches to match that of standard MTR assemblies.
The minimum number of assemblies for operational PULSTAR cores at MW and
5 MW steady state powers are 20 and 25 fuel assemblies, respectively, which
is also compatible with MTR core size requirements.

The thermal/hydraulic demands are important in the consideration of MTR
fueled reactor conversions. Replacement of MTR fuel with new fuel which
requires greater coolant bulk flow and flow rates than is possible in the
existing facility could result in significant additional costs. The PULSTAR
Reactor thermal/hydraulic characteristics and parameters are very similar to
those of the MTR reactor facilities (Fig. 7 Therefore, no problems are
anticipated.
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Cross Sectional Heat Transfer Equivalent Fueled

Flow Area Area Diameter Height

(CM2) (CM2) (cm) (cm)

4-1 10-Plate MTR 35.2 8600 0.99 60

16-Plate MTR 35 13760 0.62 60

Standard TRIGA 21.1 1830 1.88 38

16-Pin TRIGA 24.6 3880 1.28 56

PULSTAR 27.7 5750 0.96 61

Fig. 7 Heat Transfer Characteristics of Various Fuel Element Types.



The PULSTAR has proven pulse capability. There is no question that
it can operate at very large safety margins compared to MTR cores of similar
power level and excess reactivity requirements. Partial conversion from MTR
fuel to PULSTAR fuel in a given reactor core can introduce considerable
distortion of neutron flux densities within the core and result in a
considerable distortion in the power and temperature distributions. This is
mainly due to the undermoderation characteristic to the PULSTAR fuel as
compared to the MTR fuel in H20 moderated reactors. Therefore, partial
conversions would require careful analysis and fuel positioning.

Figure and 9 indicates comparative operational characteristics of the
MTR and PULSTAR type cores.

PULSTAR FUELED REACTORS

In previous sections, it has been pointed out that PULSTAR fuel is
significantly superior to other research reactor fuels available world-wide
for high power research reactors. These we define as reactors above 0.5 W
steady state power. Here we will discuss some recent design and performance
analyses for low power PULSTAR reactors.

1. Low Power Facilities (�_0.5 MW)

A 5 x 4 core configuration is suitable for a PULSTAR reactor operating at
power levels up to 1.0 M. Lower powered reactors are most commonly used for
training and neutron radiography since the neutron fluence levels are not
sufficient to make them competitive for radioisotope production or major
original research. We shall discuss a specific PULSTAR reactor designed for
a neutron radiography facility.2 Pig. 10 shows a core configuration with two
6-inch-diameter neutron beam tubes and graphite reflector assemblies on the
other two sides. These reflector assemblies provide reactivity flexibility
during a core fuel cycle lifetime of 56,000 full power hours at 250 kW.
The reactivity characteristics of this core are:

1) Operational Reactivity - Sufficient operational reactivity at
all times during the core lifetime to enable achieving a power
of 250 kW within 15 minutes. Further, shutdown must
be achievable within 15 minutes.

2) Xenon Override - Sufficient reactivity during the core lifetime
to enable the override of Xenon poisoning for a hypothetical
infinite operation at 250 kW and enable startup at any
time after shutdown.

3) Self-Limiting - Reactivity loading such that the fuel element
safety limit is not exceeded and the fuel clad integrity is
maintained under all reactivity transient conditions, without
scram, up to and including simultaneous withdrawal of all
control rods at the maximum rod drive speed.

4) Burnup - Sufficient excess reactivity to permit operation
of the initial core for a duration of 56,000 full power hours.

During the entire core lifetime the operating excess reactivity is limited
such as to prevent the maximum possible power level under accident conditions
from exceeding 175 MW. Since the reactor is designed to be cooled by natural
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U-Al PULSTAR

Fuel Material U-Al alloy U02 pellets

Fuel Enrichment 93% 6%

Uranium Inventory 6.2 kg 378 kg

235U Inventory 5.76 kg 22.68 kg

Number of Elements 30 30

Cladding Material Al Zircaloy-2

Core Weight 128 kg U-Al 429 kg 02

Typical Reactivity Inventory
(f or MW, % Ak)

Temperature 0.17 2.0

Control 0.25 0.2 a

Experiments 2.0 2.00b

Xenon 3.49 3.1

Samarium 0.80 0.80

Burnup 2.4 240 MwD) 1.8 1820 MwD)

9.1b 9.9bTotal Excess Reactivity

Moderator Temperature Coefficient -3.5x,0-5Ak/OF _8x,0-5Ak/OF

Moderator Void Coefficient -6.oxlo-4%Ak/cc -1.2x,0-3%Ak/cc

Fuel Temperature Coefficient 0 -2.5x,0-5Ak/OF

aAlso provides 225% for pulsing.

bWater reflected (i.e., no thermal column).

Fig. 8. Core Parameters.

146



PULSTAR 8 hrs/day
Io 

9

8

6 -

cc

U-Al
5

CD
C--) A

f9

3

2

I

0 1 2 3 4

POWER LEVEL [Mw]

Fig. 9 Core Life,

147



Graphite BEAM
Assemblies TUBE Fuel

Row Assemblies

bbbb�-� Control Rod Blades
.00000 00001-
00000 --) 0 0 n_ C'. 0D 0 30000
'00000 D00010 _OQPC\C 0000,-food. -IC

UU;:

. 5COCC.- 0'--JOCC 0,-,,.-
00000 b C. 0,3 a OC ococc;

1.0000C OC,000!
00001- .-,C.OCC OC-�DCO! BEAM

00000 067 TUBE
i'OOOOC .3 GC I00 CIC C 'D CO C.3':
!.001000 O C) -I C,

�'DOOI--- -GCr
OCCICO �ac)o- K- occc-:

oC�00 O."O 0 0 0 0 '-:60-0 0 b O- 0-'b,
D 000001.0 00 0011;0 00 O & O O 0 0 C,

00000,:00000:-�00000' 00000
K)0000'':(,)Oooo:!00000;."Doooc(onc)r),(-(Dc)oo.'n(,)oo(-..�)o

00000!!(,)Ooc)o,.,:()(-)C)C)C)::'ooooo
00000.,OOOOC-00000. ..,;00000
O O 0 O C.). C)"0000OVD0000

-)Ok

3

Column z 3 4 5

Fig. 10. PULSTAR Core - 2 Beam Tube Neutron Radiography Facility.
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convection and can operate safety at 175 MW the reactor is thus inherently
safe. Accident conditions under which this reactor has been shown to be
safe are listed in Fig. 6.

The 250 kW Neutron Radiography PULSTAR Reactor is completely safe
against situations that could cause damage to the facility or endanger the
operating staff or general public.

2. High Power PULSTAR Facilities

Whereas, for low power PULSTARs, the primary features are safety and
peaking of the fluence at the core-reflector boundary, there are major advan-
tages to PULSTAR fuel for high power reactors. Fig. 11 provides a view of
the North Carolina State PULSTAR core and beam tubes arrangement; the fuel
consists of a x 5 matrix. Fig. 12 shows the fluence distributions,
illustrating the fluence peaking found in all PULSTAR reactors. The Buffalo
PULSTAR has a similar core configuration and fluence distribution.

A Department of Energy study3 of research reactor fuels included Fig. ,
reference to which was made earlier. IRM has performed additional fuel cost
calculations based on recent price increases for uranium. T ese resu ts are
shown in parentheses. Basic conclusions from the figure and as verified by
core performance at Buffalo are that from a fuel cycle viewpoint, the
PULSTAR fuel has nearly a factor of 4 greater fuel lifetime as compared to
the low enriched 20%) standard TRIGA and over a factor of 2 less cost in
terms of dollars per megawatt day of operation.

Thus, the higher the power and the greater the fuel burnup rate, the
greater the advantage of the use of PULSTAR fuel.

SUMMARY

The preceeding sections have presented basic information about the
characteristics and performance of the PULSTAR Research Reactor fuel. The
following summarizes this information.

1. The fuel is of sufficiently low enrichment to preclude use as
nuclear weapons material.

2. Although Pu is produced, its continuous burnup precludes
the use of the fuel to produce Pu for nuclear weapons
material.

3. The fuel is readily available on the world-wide market,
andthereforepurchasers do not have to depend on one
sole-source fuel supplier.

4. The fuel is inherently safe against any conceivable accident
condition.

5. Unlike other research reactor fuel, the fuel can be reprocessed
with present technology and present reprocessing facilities.

6. Due to the similarity to power reactor fuel, the fuel
facilitates research related to fuel and core development
for power reactors.

7. The undermoderated nuetron fluence spectrum enables
studies of fast neutron effects and provides high thermal
neutron fluence peaking at the core boundary and in "flux traps".
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8. The long fuel burnup cycle provides a fuel lifetime at
least a factor of 4 greater than competitive low
enrichment 20%) fuels.

9. The cost per megawatt day of operation is a factor of
2 less than competitive low enrichment 20%) fuel.
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DISCUSSION

KUECHLE (Karlsruhe): A similar reactor to this one for the pulse size, is
now in operation in Cadarache in France as a common Franco-German venture
called the fast reactor safety investigation. This reactor is entirely used
in the pulse mode and I think that this is the main application area of this
type of reactor. If you use it for steady state operation, a very high 235U
loading, as you showed it on your slides, four times more than you have in the
MTR type reactor, reduces the thermal flux in the core and also has a disad-
vantage in the loops or in the other reflector. For steady state, I don't
think it is comparable to the MTR type, but if you want to combine pulse mode
with steady state or your emphasis is on pulse mode this is a particularly
interesting type of reactor.

LEONARD: In the first place, at least in the U.S., in the application of
pulse capable reactors like the TRIGA and the PULSTAR, the pulse mode is not
very frequently used. I think the only reactors in the U.S. that have con-
ducted major use of the pulse mode for pulse type reactors are those that have
been built by the Department of Defense for nuclear weapons studies looking at
radiation bursts simulating nuclear weapons bursts. In the U.S., in particular,
the Buffalo and the North Carolina State reactors, it seems to be just an
added feature. It's nice to have, but most customers don't really have large
programs using the pulse mode. Secondly, regarding the economics of the fuel
and practicality for steady state, the Buffalo reactor, for example, because
of the three flux traps they have, produces approximately 40% of all the
short-lived radioisotopes that are used in the country for medicine and so
it's used around the clock at steady state operations.

KYGER (ANL): Would going to 20% have a significant effect on your Doppler?

LEONARD: Yes, it would have some effect. Whether or not, like Prof.
Almenas pointed out about the TRIGA, decreasing the size of the fuel diameters
on the TRIGA, does that mean it's no longer a TRIGA? We don't know whether
going to 20% would mean the Pulstar is no longer a Pulstar. It is something
we would have to examine.

GIETZEN (General Atomic): Since there is no current commercial supplier
of this fuel, what is the basis for your fuel price estimates in your slides?

LEONARD: The Buffalo fuel, which was just procured, was procured from
Canadian Westinghouse, and the current prices are current that we've got
commitments on presently.

SCHLAPPER (U. of Missouri): On your MW plan, do you still intend to
use the 6 enrichment?

LEONARD: Yes

SCHLAPPER: You're not considering going to something like 12-20% to re-
duce proliferation problems?

LEONARD: Well, we were committed somewhat to this 6 for the MW that
I'm talking about. There would be a possibility of going higher on one of
them. But the answer is, at the present time, there will be no plans as far
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as going ahead with a higher enriched core, and we would feel that some develop-
mental work would be necessary in a program of going to a higher enrichment
before going ahead with their complete reactor system.

CUNNINGHAM (ORNL): I would just like to call your attention to a power
reactor development fuel that you may be interested in. It was developed
specifically to get around the mechanical chemical interaction problem. It's
a sol-gel sphere pack, and it's now showing substantial reduction in costs4 We're
working with EXXON to transfer this information to EXXON, and they are making
power reactor fuels for testing. You might want to look into it for applica-
tion in Pulstar. It was developed strictly to get around the problem at the
clad/fuel interface on chemical interaction and on the mechanical problems
because the spheres you see are like ball-bearings, and even though you go
all the way up to melting right at the clad fuel interface if they don't melt,
they just slide up and down. The way the process has been developed, it has
great economic advantage.

TRAVELLI (ANL)-. You mentioned about the two kilograms of plutonium being
produced in the first core in the Buffalo reactor. Do you know how many
megawatt-days of operation that one core had gone through?

LEONARD: 95,000 megawatt-hours, which would be 4000 megawatt-days.

von der HARDT (JRC Petten): When it comes to higher power, I have certain
doubts about the economics of this fuel cycle and the lowest figure that your
last table quotes after the latest fuel cost adjustments, 235 dollars per
megawatt day. I figured out that for a European highly enriched materials
testing reactor, this figure comes to $160/MWD.

KUECHLE (Karlsruhe): I don't understand how you can make such a reactor
with 20% enrichment fuel because, if you have high density in this high enrich-
ment your thermal neutrons impinging from outside the core are absorbed in a
few millimeters. You have very strong power peaking gradients right across
pins, pin bowing effects. Within the pin you have a strong flux depression.
And finally, your core size will be extremely small if you have such a high
density, high enrichment fuel. Then you have no irradiation space left anymore.

LEONARD: There are several things that probably could be done. One
would be a mixture Of U02 and zirconium, or aluminum to dilute the uranium.
This peaking that you mentioned, yes, it would be a problem because you would
have a higher thermal-neutron-absorbing composition inside the core.

YAGGEE (ANQ: You have an assembly there that looks very much like a
water reactor assembly, and I believe you said that you had no failures in
any of the pins. And yet we see stress corrosion cracking type failures in
both boiling and pressurized water reactors. Can you tell me something about
the density of the fuel, and perhaps the rate at which you ramp the reactor.

LEONARD: At one megawatt the peak fuel temperature is about 190'F. For
two megawatts, it's on the order of 3000F. So we are not talking about high
temperatures with our present reactors.
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YAGGEE: What is the fuel density; i.e. what percentage of theoretical is
it?

LEONARD: The U02 is about 097 theoretical.

PARADISO (Union Carbide): Do you know the value for the flow requirements
for MW, 5 x 5 array?

LEONARD: 2500 GPM.
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