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INTRODUCTION

The thorium fuel cycle development at ORNL is directed almost
solely at HTGR fuels. These fuels consist of large blocks of graphite
containing coolant channels and fuel and blanket holes. The fuel and
blanket are made of microspheres of uranium or thorium compounds
separately, or of mixtures of them in a single microsphere. The
microspheres are coated with layers of pyrolytically deposited carbon
and in some cases silicon carbide. The microspheres are retained in

the holes in the graphite blocks in a bonded state.

Development work on all aspects of HTGR fuel recycle is in
progress at ORNL. In addition, a major recycle development facility,
the Thorium-Uranium Recycle Facility (TURF), has been built at ORNL,
and the Coated Particle Development Laboratory (CPDL) has been put
into operation in Building 4508. TURF is intended to be used as a
development facility for fuel recycle. The CPDL is for engineering
development studies leading to design of the equipment to be used in

TURF.




I. HEAD-END PROCESSING DEVELOPMENT

The objective of this program is to evaluate head-end processes
for converting irradiated HTGR fuels to a form suitable for recovery
and decontamination of the thorium and uranium by a solvent extraction
process. ©Small samples of irradiated and unirradiated fuel are
studied to determine effects of irradiation on fuel reprocessing steps
and to correlate with metallographic studies. An important objective
is the determination of the amount of breakage of particle coatings
and the resultant amount of cross-contamination of the fertile Th-
233U and fissile 235U components in alternative processing steps.
Mechanical systems are being developed for degrading the fuels and
providing a material suitable for use in studies of the burn-leach
steps using fluidized-bed or fixed-bed burners. The mechanical and
burn-leach engineering development work is carried out using full-
scale unirradiated fuel of the type to be used in PSC, and is designed
to provide scale-up data for use in the design of pilot or full-scale

processing plants.,

l. Studies with Irradiated Fuels
(V. C. A. Vaughen, J. H. Goode, G. Davis)

Procurement of Irradiated Dragon Fuels

We have been in negotiations with the UKAEA for the procurement
of 9 irradiated Dragon compacts of the (Th/U)Ce, ThC,, UC 5» UChys
and (U/Th)O2 varieties, and 7 unirradiated controls for our head-end
studies. We have now received notice of shipment of the unirradiated
compacts. They should be at ORNL about mid-October. The paperwork
for the irradiated Dragon fuel samples is still in the British
Ministry of Transport. We are hopeful that the irradiated compacts
will be sent shortly.




2. Head-End Engineering Studies
(R. 8. Lowrie)

The head-end engineering studies comprise two principal areas of
investigation - "mechanical" and "burn-leach." The general approach
followed has entailed the comminution of a fuel element to produce
suitable feed material for the burn-leach process. A number of changes
have occurred in the overall HTGR program during the past year and
some of them, such as the recent decision of GGA to use bonded fuel
sticks instead of loose particles in HTGR fuel elements, has led to
changes in our ideas of the mechanical equipment required to reprocess

spent reactor fuel.

2.1 TURF Process Flowsheet Calculations (R. S. Lowrie)

Detailed process flowsheets are being prepared showing the
compositions of inlet and outlet streams for the head-end, acid-thorex
solvent extraction, sol formation, and microsphere preparation steps
during the hot demonstration run in TURF. Major assumptions on which

these flowsheets are based are listed below:

1l. Production capacity of these steps during the hot demonstra-

tion run will be 12 kg/day of (Th-U)O, microspheres with a

2
thorium-to-uranium ratio of L4.25/1.

233

2. All of the U will be supplied from spent Ft. St. Vrain

fuel elements.

3. Production of v 150 recycle fuel elements: +this will require
reprocessing all the fuel elements discharged from Ft. St.
Vrain during the first three years of full-power operation.
For simplicity, the uranium concentration and isotopic
composition calculated by the @RIGEN code for fuel discharged
after two years exposure were used in these calculations as

the average values for all fuel elements.

Using these assumptions, reprocessing v 10 fuel elements per

day will provide sufficient uranium, when combined with the internal




uranium recycle stream, to produce 12 kg of recycle microspheres per

day. The major waste streams consist of barren graphite, burner off-
gas (containing small amounts of 3H and 85Kr which must be recovered),
fissile particles, leacher residue, and the solvent extraction liquid

waste streams containing dissolved fission products and thorium.

2.2 Calculation of the Isotopic Composition, Activity, and Thermal
Power of Irradiated Ft. St. Vrain Fuel Elements (M. J. Bell,
R. S. Dillon)

The ORIGEN Code1 has been used to calculate the isotopic composi-
tion, activity, and thermal power of the irradiated fuel discharged
from the Ft. St. Vrain reactor. Calculations were made for the
fertile and fissile particles separately, for exposures of two, four,
and six full power years, and for postirradiation times up to 10 years.
The fissile particles treated in the calculations consisted of 93%
enriched uranium and thorium carbides at a Th/U ratio of L4.25, and .
the fertile particles contained only ThCz. The total core loading of
heavy metal consisted of 0.882 metric tons of U and 19.2 metric tons .
of Th.2 The exposures were carried out to 100,000 Mwd/metric ton of
heavy metal using a load factor of 0.8. The normalized volume-
averaged neutron spectrum3 used in the calculation was assumed to have

the shape

¢, (E<2.38 ev)/d = 0.34k, ¢fast (E > 0.18 Mev)/d = 0.183.

th total total ~

The volume averaged fuel temperature was taken at 1L50°F.

The isotopic composition of the heavy metal in the fertile
material discharged after two full power years exposure is shown as a
function of postirradiation time in Table 1. This information will be
used to develop the flowsheets for preparation of 233U recycle fuel in
the TURF facility.

1
Chem. Technol. Div. Ann. Progr. Rept. May 31, 1969, ORNL-LL22, .

pp. 89-91.
2Data taken from Table A-1 in Appendix A of National HTGR Program Plan.

3Personal communication from W. Simon, GEES, Aug. 4, 1970.




Table 1. HTIGR Fort St. Vrain Reactor--Fertile Particle (2 yr Exposure)*

Power = 9.24 Mw/MT
- Burnup = 8437 Mwd/MT
Flux = 4.84 E 13 n/cma-sec

Nuclide Concentrations, g/MT fuel charged to reactor
Charge Discharge
30.0 Days 90.0 Days 150. Days 365. Days 3652. Days

uHe 0.0 1.68 E 03 1.80 E 03 2.05 E 03 2.31 E 03 3.32 E 03 2.35 E 02
208Pb 0.0 2.20 E 03 2.48 E 03 3.12 E 03 3.85 E 03 7.17 E 03 1.08 E 01
228, 0.0 9.86 E03 1.08E02 1.26E02 1.42EO02 1.9%E 02 3.79 E 02
229, 0.0 6.66 E 02 7.03 E 02 7.81 E 02 8.59 E 02 1.14 E 01 5.45 E 01
230m, 0.0 1.85E0L 1.85E0lL 1.86E0l 1.87EOL 1.890E 0l 2.19 E Ol
232m 7.70E 05 7.50 E 05 7.50 E 05 7.50 E 05 7.50 E 05 7.50 E 05 7.50 E 05
2315, 0.0 5.42 E 00 5.44 E 00 5.44 E 00 5.44 E 00 5.44 E 00 5.43 E 00
233pq 0.0 9.33 E 02 4.37 E 02 9.58 E 01 2.10 E 01 1.82 E 01 1.36 E 08
232y 0.0 1.59 E 00 1.59 E 00 1.59 E 00 1.59 E 00 1.58 E 00 1.45 E 00
233 0.0 1.05 E 04 1.09 E O4 1.13 E Ok 1.14 E O4 1.14 E o4 1.14 E o4
23k 0.0 1.24 E 03 1.24 E 03 1.24 E 03 1.24 E 03 1.24 E 03 1.24 E 03
23% 0.0 1.64 E 02 1.64 E 02 1.64 E 02 1.64 E 02 1.64 E 02 1.64 E 02
236y 0.0 1.22 E 01 1.22 E 01 1.22 E 01 1.22 E 01 1.22 E 01 1.22 E 01
237Np 0.0 3.73 E 01 3.94 E 01 3.95 E 01 3.95 E 01 3.95 E 01 3.95 E 01
238p, 0.0 5.40 E 02 5.52 E 02 5.51 E 02 5.50 E 02 5.48 E 02 5.11 E 02
:izPu 0.0 7.77 E 03 7.77 E 03 7.77 E 03 7.-77 E 03 7.77 E 03 7.76 E 03

Pu 0.0 2.18 E 03 2.18 E 03 2.18 E 03 2.18 E 03 2.18 E 03 2.18 E 03
SUBTOTAL 7.70 E 05 7.63 E 05 7.63 E 05 7.63 E 05 7.63 E 05 7.63 E 05 7.63 E 05
TOTAL 7.70 E 05 7.63 E 05 7.63 E 05 7.63 E 05 7.63 E 05 7.63 E 05 7.63 E 05

*These values are at variance with results obtained from GGA because GGA's results were calculated
from a more accurate knowledge of fuel loading and flux patterns in Fort St. Vrain Reactor. They sre,
nonetheless, suitable for our use and in conjunction with results for other exposures provide us with
a self-consistent set of values.




IT. REFABRICATION DEVELOPMENT

1. Particle Preparation

The fuel material of primary interest for ORNL recycle studies is
the Th02-UO2 particle, which has a thorium-to-uranium ratio of about
4.2. The uncoated fuel particles are to be microspheres 350 * 100 u
in diameter, made by the sol-gel process. Fuel preparation includes
development and demonstration of all process steps involved in making
remotely the Th02—UO2 microspheres. The steps include demonstrating
reliable, remote processes for reproducibly mixing Th(NO3)h and
U02(NO3)2 solutions in the desired thorium-to-uranium ratio, preparing

the mixed, stable Th02-UO sol in concentrations exceeding 1 g-mole

3
of oxides per liter, forming ThO. -UO_, gel microspheres, and converting

2 3
them to dense Th02—UO in good yield.

2
Experimental studies of processes and equipment for preparation
of sols and microspheres are reported here. The present emphasis is
on processes, procedures, and prototype equipment for preparation of
oxide microspheres in the Thorium-Uranium Recycle Facility (TURF).
Tests of flowsheets and procedures to be used for test materials

preparation are also included.

1.1 Sol and Microsphere Preparation Development (P. A. Haas)

The solvent extraction sol preparation system and the CPDL sphere
preparation system will be operated to supply Th02--UO2 spheres for
head-end reprocessing test elements. Components of both systems were
borrowed or moved to meet needs of the CUSP UO2 development studies
and replacement of these components has started. This production

effort will be planned to also meet the following development needs:

(1) Demonstrate the improved 2EH recycle procedures (developed

for CUSP UO2 sols) for Th02—UO3 sols.

(2) Demonstrate the flowsheets for the Th/U ratio required for

FSV HTGR fuel elements. The exact ratio depends on revised




calculations of nuclear requirements. While Th02—U02 spheres
of 2.0 to 4.25 Th/U ratio have been prepared, variations in
the ratio require variations in the flowsheet conditions.

(3) Check some of the procedures and equipment proposed for

remote operation and control of sphere forming systems.

The schedule for these operations will be selected to meet the M&C
Division schedule for test element fabrication and to result in a

minimum interference with our CUSP development studies.

1.2 Sphere-Forming Column Chemistry (W. D. Bond, J. W. Snider,
P. A, Haas)

Our previous studies have shown that pH, surfactant concentration
and water content of 2-ethyl-l-hexanol (2EH) are important variables
in the microsphere forming process. We are presently examining methods
for improving the control of pH and surfactant concentration during
continuous operation of sphere forming columns. Our present system
for controlling the water content is adequate. For water content
control, a portion of the used solvent is heated at 150-160°C to
remove most of the water, and the desired water content is obtained

by mixing this relatively dry 2EH with the remaining wet solwvent.

In the past, sphere forming columns have been operated continuously
by making periodic additions of surfactants to off-set the losses of
surfactant caused largely by reaction of the nitric acid (extracted
from the sol) with the surfactants during removal of water by distil-
lation. In addition to reactions during distillation, a relatively
small amount of reaction occurs in the forming column as evidenced by
slow discoloration of the solvent when the forming column is batch
operated without a distillation system. The pH or acid contents of
the 2EH that have been employed in continuous operation, have been
mainly those governed by the amount of acid extracted from the sol
which can subsequently be maintained in the 2EH with the distillation
system operating. When higher acid contents are required, nitric acid
must be added to the 2EH and reactions with surfactants and 2EH are

increased. Laboratory studies have shown that reactions of nitric




acid during distillation could essentially be eliminated by removal
of the acid prior to distillation step by ion exchange. The acid
content of the alcohol could then be maintained by adding nitric acid
to the alcohol after the removal of water by distillation. We are
presently evaluating this procedure as a means of controlling the pH
and surfactant concentration of the UNOP sphere forming column during
continuous operation. We are also studying a total purification
method in which the 2EH is recovered by distillation, the used surfac-
tants are discarded, and the 2EH is recycled to the forming column
after surfactants, water and nitric acid are added. Studies are
continuing on the effect of surfactant and water content, and the pH
of 2EH on sphere forming using different sols in batch operated

laboratory forming columns.

Chemistry of 2EH Recycle (W. D. Bond, C. W. Greene)

Previous data had indicated that if nitric acid were removed
from the microsphere forming solvent (2EH) prior to recycle to distil-
lation, then the surfactants, Span 80 and Ethomeen S/15, would not be
depleted or degraded by the distillation process. When the HNO3 is
removed by a basic ion exchanger prior to the distillation in the UNOP
column recycle circuit, we find that periodic addition of Span 80 is
still required. The Fthomeen S/15 appears to be unaffected. Labora-
tory studies have been started to determine the stability of the Span
80, a sorbitan monooleate ester, to acid hydrolysis and to hydrolysis
by the basic ion exchanger. Ion exchange resins are reported to be
almost as effective catalysts in the hydrolysis of esters as are

dissolved acids or bases.l

The stability of Span 80 to acids was measured by analyzing a 10
vol % Span 80-2EH solution that was 0.01 N in HC1 for free oleic acid
after one week at room temperature. In this experiment, 2% of the
Span 80 was hydrolyzed as determined by titration of the liberated
oleic acid. Analysis of the Span 80 prior to the acid hydrolysis test

1
H. Samelson and L. P. Hammett, "Structural Studies of Ester Hydrolysis

by Strong Base Ion Exchangers," J. Am. Chem. Soc. 78, pp. 52L4-26,(1955).




showed that 5 mole % oleic acid is originally present. Experiments

with basic ion exchangers are in progress.

1.3 Equipment Development and Design (P. A. Haas, B. C. Finney,
C. C. Haws, R. S. Lowrie)

Chemical flowsheets based upon recovering the 233U from spent
FSVR fuel elements were prepared for the Head-End, Acid-Thorex, Solex
and Microsphere Forming processes. The spent elements were assumed
to be two-year burnup elements and the feed rate to head-end was 9.6
elements/day. This provides sufficient 233U for 12 kg/day of calcined
microspheres with a Th/U mole ratio of L, o5,

The principal waste streams from Head-End include: (1) gaseous
waste consisting of 002, 3H2, 85Kr, 12

consisting of graphite and fissile particles.

and Ze, and (2) solid waste

The principal waste streams from the Acid-Thorex process include:
(1) gaseous waste from the dissolver, (2) liquid waste of about 5000
liters/day, and (3) solid waste from the dissolver (SiC hulls and

A1203).

The principal waste stream from the Solex process is a liquid

stream consisting of 106 liters/day.

The principal waste streams from the Microsphere Forming process
include: (1) gaseous waste from the microsphere drying and calcining
operations, (2) liquid waste of about 130 liters/day (The ion
exchange treatment to remove nitrate is included in this flowsheet.
About one-half. of the liquid waste generated is associated with the
regeneration of the ion exchange resin.), and (3) solid waste from

the ion exchange treatment step.

The periscope purchased for in-cell observation of sol drops and
gel spheres was unpacked and inspected as a preliminary to setting it
up for testing. The alignment and assembly of controls for the two
eye pleces do not appear to be correct and we will consult the

manufacturer before proceeding further.
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2. Fueled Graphite Fabrication Development

(F. J. Furman, W. H. Pechin, C. B. Pollock,
J. M. Robbins, and J. D. Sease)

We are developing processes and equipment for the refabrication
of HTGR fuel as detailed in fhe Nationai HTGR Recycie Developmenf
Program Plan. The fuel consists of microspheres of thorium and/or
uranium as the oxide or carbide, coated with multiple layers
of pyrolytic carbon and silicon carbide. These particles are
loaded into hexagonal graphite logs which contain both fuel and

coolant holes.

Our work is divided into particle coating, particle handling
and inspection, fuel stick making, and element assembly. Last
report period we concentrated on particle coating development.
We continued the work reported last period on modifying the prototype
coating furnace and continued a series of tests to establish load
limits of a 5-in.~diam coating furnace, paying particular attention
to coating HTGR reference recycle particles with a minimum of soot
inclusions and faceting. We began setting up a fﬁel stick fabrication

line.

2.1 Particle Coating

We are investigating how variation of the parameters used
in coating reference recycle HTGR fuel particles affect the quality
of coatings and furnace cone life. Specifically, we are interested
in minimizing faceting and sooting in propylene coatings. We have
coated 8 kg of (Th,U)0, with buffer coatings for use in these experiments.
Initial tests will concentrate on the temperature, hydrocarbon
flow, and diluent flow. In subsequent tests the furnace pressure
and particle load will be varied. The eventual result will be
a description of the range of coating conditions that produce
fuel of reference density and anisotropy, and delineation of the
subregions within this range of coating conditions which minimize

faceting and sooting and maximize cone life.
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2.2 Particle Inspection

Particles coated by the thermal decomposition of propylene
tend to have faceted surfaces. We desire to limit this faceting
because the faceted particles pack in a tighter array than spherical
particles and make difficult the injection of bonding material
containing high quantities of filler. 1In addition, the faceted
coating may be structurally inferior to a spherical coating, although

this has not been demonstrated by experiment.

To develop a coating process that minimizes faceting we must
have a good method to measure it. Methods exist for measuring
the faceting, such as selecting individual particles imaged by radi-
ography, the maximum and minimum coating thickness, or the diameters
of included and excluded circles, but these processes are extremely

tedious.

While theoretically capable of determining the amount of
faceting, the measurement of the coating thickness on both sides
of each particle, without paying attention to the position of maximum
and minimum coating thickness, is not as sensitive as other methods
and is still somewhat laborious. We have developed a mechanical
method which is somewhat insensitive but can be used as a quick
quantitative test for sphericity. The device is a tiltable plate,
the angle of which can be calculated where 50% of the particles
roll off. The surface of the plate has been roughened with coarse
abrasive paper to prevent the particles from sliding. A sample
of 50 or more particles lined up so they will not interfere with
one another is placed on the plate which is tilted a few degrees
at a time. A graph is constructed showing the percent particles
remaining versus angle of the plate. The procedure is repeated

to establish an average.

Some tests were done to establish limits of the method. Particles
coated with acetylene-derived pyrolytic carbon (hence highly spherical)
averaged 9.7 degrees as the point where 50% of the particles rolled

off the plate. Some highly faceted, coated ThC, particles averaged
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19 degrees at 50% roll off. The worst material, judging from visual
inspection, produced in the 5-in.-diam prototype remotely operable
coating furnace averaged 16.1 degrees at 50% roll off. Particles
with a comparatively thin layer of propylene-derived coating over
highly spherical particles with only minor faceting, as determined
by visual inspection, averaged 14.8 degrees at 50% roll off. The
scatter of the above three tests was greater than the difference

in the averages. Thus the test can only indicate large differences
in faceting. However, the test is sensitive enough to provide

a measure for determining unacceptably high faceting. For instance,
~an upper limit would be selected for the average degree at 507%

roll off and this figure would be used in quality control.

2.3 Fuel Stick Fabrication

We are constructing an HTGR fuel stick fabrication line with
a production capacity of up to 400 in. of fuel sticks per day.
The line will consist of a coated particle batch blender for preblending
the fissile and fertile particles separately, a combination fissile-
fertile particle blender and fuel stick mold loader, fuel stick
molds, mold heater, pitch injector, and fuel stick ejector. The
line will be capable of fabricating fuel sticks of various lengths
and will be instrumented to provide data needed for the design
of the TURF fuel stick fabrication line. This line will use principally

the existing equipment so it would not constitute a major expense.

ITII. TURF EQUIPMENT DESIGN AND ENGINEERING

(A. L. Lotts, J. W. Anderson, J. D. Sease
J. W. Snider, and J. M. Chandler)

The objective of this part of the program is to design, construct,
and to perform operational testing of three pilot plants to demonstrate
recycle of HTGR fuels. These pilot plants are the Head-End Reprocessing
Pilot Plant, Acid Thorex Pilot Plant, and the Refabrication Pilot
Plant. The Head-End Pilot Plant and the Refabrication Pilot Plant
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will be installed in Building 7930 and the Acid Thorex Pilot Plant
will be installed in Building 3019. The design of these pilot

plants will include processing equipment, materials handling equipment,
waste treatment and disposal equipment, and modifications to the
facilities of Buildings 7930 and 3019. These engineering efforts

will include major processes and equipment involved in recycle
Head-End, Solvent Extraction, Sol-Gel, and Refabrication, as well

as Special Tasks such as waste and material handling and shipping.

These are reported subsequently under their respective subsections.

General project activities during the reporting period included
a continued effort toward updating the National HTGR Recycle Development
Program Plan and the preparation of simplified process flow diagrams
to be included in the program plan. The program budget was reviewed
and some revised estimates were incorporated into the budget. A
basic cost control system with a cost updating procedure was prepared

for the program.

1. Head-End Reprocessing Equipment

Efforts continued toward updating the flowsheets proposed
for the pilot plant. Plans were made for preparing a space utilization
study for the equipment to be installed in Cell G, Building 7930.
These studies will result in the preparation of preliminary equipment
layouts being prepared within two or three weeks. The materials
handling and waste treatment and disposal requirements were reviewed
to coordinate between the work plan for this activity and the budget

estimates for this part of the program.

2. Solvent Extraction Equipment

Work during this report period was mainly concerned with
preparing flowsheets for the Acid Thorex Pilot Plant. Additional
planning for material handling took place with some better definition of
thie requirements for handling the feed material to the plant and‘packaging
and shipping the product from the plant. The budget estimates for"

the pilot plant were reviewed and updated to reflect current requirements.
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3. Sol-Gel Equipment

Updating of flowsheets for this part of the Refabrication
Pilot Plant was continued during the report period. The budget
estimates for this part of the program were also updated to reflect

current requirements.

4. Refabrication Equipment

Included in this subtask is the remainder of the processing
equipment to be installed in the Refabrication Pilot Plant, not
included in Subsection 3 above. General work in this area during
the report period included developing a better definition of the
activities to be performed in this subtask and an updating of the

budget estimates for these activities to reflect current requirements.

4.1 Refabrication Equipment Design

(W. A. Pate, F. C. Davis, and D. D. Cannon)

Several different methods to fabricate fuel sticks were developed
and six approaches were presented to the program personnel in the
form of freehand sketches. The ideas presented in these sketches
were thoroughly discussed and a decision was made to prepare a conceptual
design of one particular approach. The basic approach is a unit
that traverses a column of fuel particles axially within a tube
past a small annular opening through which hot pitch is forced
to fill the void between fuel particles. As the column continues
its axial motion, it passes by a cooling coil to solidify the pitch.
The final product is a fuel stick that is the correct diameter

and length to be inserted into an HTGR fuel element.

A conceptual design of a remotely operated machine to load
the fuel sticks into the HTGR element is being prepared. The assumption
has been made that the fuel sticks will be 15 in. long, thus requiring
two sticks in each fuel hole and 414 fuel sticks per element. To meet

the proposed process rate, fuel sticks must be loaded into the

element at the rate of approximately two per minute.
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5. Special Tasks

5.1 Material Handling

A memo was prepared and distributed outlining the materials
handling requirements for the demonstration subtask of the program
and evaluating present capabilities of existing facilities for providing
these requirements. Very preliminary plans were developed for additioms
and modifications needed to provide for the handling requirements, and

a budget estimate was prepared for performing this work.

5.2 Waste Treatment and Disposal

A preliminary listing of the waste which must be handled from
the pilot plants was prepared and a budget estimate for providing

for these needs was developed.

IV. MATERIALS IRRADIATION

1. HTGR Recycle Fuels Irradiation

(T. N. Washburn, R. B. Fitts, and A. R. Olsen)

The irradiation tests on the HTGR recycle program have two
main objectives: (1) to provide irradiated fuel for head-end process
studies, and (2) to provide irradiation proof tests of the products
of coated particle process development for the Thorium-Uranium
Recycle Facility. The test conditions of interest include fuel
temperatures between 600 and 1300°C, burnup to 20%Z FIMA in the
(Th,U)0; particles, and fast fluence exposures up to 8 x 10%*

2
neutrons/cm .

The first two stages in this program were implemented this
year. They are: (1) the start of accelerated burnup rate capsule
irradiation and (2) irradiation of eight fuel elements in the Peach

Bottom Reactor.




16

1.1 Capsule Irradiation

Fabrication of the experimental capsule components is &402
complete. The principal delay in this hardware preparation has been
associated with the delivery of the die required to size the thermal
neutron shrouds. This was received during the past report period
and a stainless steel mockup of the shroud was fabricated and sized
satisfactorily to the required outer diameter and ovality. This
mockup shroud is currently being reamed for testing the proposed
assembly procedure for installing the shrouds on the capsule tubes.

A draft of the shroud fabrication procedure has been reviewed and is
currently being modified for final review and approval in accordance
with the required quality assurance procedures. We have obtained
verbal approval from the Idaho Nuclear Corporation to utilize these
shrouds without submitting them to the elaborate corrosion test
normally given to zirconium and hafnium materials. This approval is
based on the low shroud operating temperatures and the fact that they

are not part of the capsule containment.

An attempt was made to utilize reject RTE fuel sticks for the
loading of the critical mockup capsules. To do this we had to bore
a 0.255-in. hole through the center of the sticks. Because of the
brittle nature of these sticks after carbonizing, we were unable to
drill this hole. We now plan to load loose particles into the fueled
regions for these capsules. A nuclear safety review of the proposed
loading procedures was made by the ORNL Criticality Review Committee.
This review was required because of the interaction of our small
quantity (30 g fissile total for all four assemblies) with other
currently approved activities in the laboratory involving larger

quantities of fissile material. The procedures were approved.

The fuel sticks for these capsules will be fabricated next
month during the campaign to produce also the additional sticks for
the Recycle Test Elements. All of the particles for fabrication into

sticks have been prepared. The particle characterization is 80%

complete.
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A suggestion has been made to include carbonized fueled resin
particles in the loose bed sections of these capsules. The use of the
(75% enriched) uranium particles prepared for HFIR irradiations blended

with similarly produced thorium particles is being evaluated.

1.2 Large Scale Irradiation

The initial set of six RTE's has been inserted into the Peach
Bottom Reactor. The reactor went to power on July 14, 1970 and
has operated without incident since that date. The accumulated
73 days of irradiation (to September 25, 1970) is 24% of that planned
for the low burnup elements and 7.3% of that planned for the highest

burnup elements.
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