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ABSTRACT Japan joined the FCF program in late 1992, and i_s
participating both technically and financially. The Japanese

The next major step in Argonne's Integral Fast Reactor (IFR) role is led by the Japan Atomic Power Company, with
Program is demonstration of the pyroproeess fuel cycle, in participation from Japanese utilities, CRIEPI, and Japanese
conjunction with continued operation of EBR-II. The Fuel industry.
Cycle Facility (FCF) is being readied for this mission. This
paper will address the status of facility systems and process When in full operation, FCF will recycle metallic U-Pu-Zr
equipment, the initial startup experience, and plans for the fuel for the Experi_nental Breeder Reactor-II (EBR-II),
demonstration program, collocated with FCF at Argonne's fast reactor test facilities in

Idaho. In addition to this production mission, FCF will be
I. INTRODUCTION used for process optimization. Waste processing equipment

aimed at maximizing recovery of transuranics will be a later

Argonne National Laboratory's Fuel Cycle Facility (FCF) addition.
has been undergoing refurbishment since 1988 in order to
demonstrate the pyroprocess fuel cycle technology that is key The main economic potential for the pyroproeess lies in its
to the success of the U.S. Integral Fast Reactor (IFR) program, relative simplicity and compactness. A small number of
Global '93 coincides with an advanced startup phase of FCF. process machines can be deployed in limited process cell space.
This paper reports on the startup experience, the status of the In the case of FCF, nine machines are needed for the main
facility systems and process equipment, and plans for the fuel process steps. These are deployed in cells with floor area of
cycle demonstration program, about 250 m:. The demonstration program is aimed at

establishing this potential. The pyroprocess is depicted in

Demonstration of the pyroprocess fuel eyele t is the next Figure 1.
major step of the IFR program. The FCF program directly
supports the U.S. Department of Energy advanced reactor
development program milestones to (1) determine IFR technical
and economic feasibility by the end of FY 1995, and (2) reach
an implementation decision on an IFR demonstration project, _ _______ f _ _
reactor and fuel cycle, by the end of FY 1998. Thus the FCF
program is the vital activity which might lead to a U.S. fast

reactor demonstration project. This possibility has been FCF,U_ [-__ __
jeopardized by the Clinton Administration's FY 1994 budget
proposal, but both the Administration and DOE support --

=mp,o,,onofOo,o,y ,o omo  a,ionOoov r ',,a,oo,the IFR program is in the hands of the U.S. Congress.

"The submitted manuscript has been authored by a contractor
of the U.S. Government under contract No. W-31-109-

ENG-38. Accordingly, the U.S. Government retains a Figure 1 - Process Flow In The Fuel Cycle Facility
nonexclnsive, royalty-free license to publish or reproduce
the published form of this contribution, or allow others to Disassembly oi' spent fuel assemblies and reassembly of
do so, for U. S. Government pu_ose._, recycled fuel is accomplished on the Vertical Assembler/
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Dismantler (VAD). This is an existing device being
refurbished for the demonstration. At the chopper, fuel '
elements are sheared and the segments are loaded into anode
baskets for electrorefining. The chopper is operable today in

• the FCF argon cell.

The heart of the pyroprocess is the electrorefiner. Here
' fuel is dissolved electrolytically and electrotransported to one

of two types of cathodes. A KCI-LiCI electrolyte is used in a
vessel operating at 500°C. The basis for separation of fission
products is the difference between the free energies of their
chlorides and these of uranium and transuranic chlorides. The

separation is not perfect, but more than adequate given the high
energy spectrum of the neutrons in the metal-fueled IFR. The _,
electrorefiner for use in FCF, shown in Figure 2, has been
fabricated and shipped to Idaho.

Figure 3 - Installation of the Cathode Processor In
The Mockup Shop

and installed in the argon cell. Figure 4 shows the casting
furnace prior to installation in its permanent location.

The pin processor is a multi-module device which will strip
the molds from the cast fuel pins, shear them to length, provide
quality control checks and insert accepted pins into fresh
cladding tubes which will have been pre-loaded into a
magazine. The pin processor has now completed its remote
qualification phase, where like ali equipment destined for hot
cell use, its ren,u_e operation, maintenance, and repair
capability was verified.

The welding station is where an end cap is inserted in the
Figure 2 - Partial Assembly Of The FCF Electrorefiner cladding, a TIG weld is made to seal the element, and a visual

(TV) inspection is performed. A module is also included

Cathodes, with 4-10 kg of heavy metal each, are further which can provide a Xe-Kr tag gas, if needed. The welding
processed in the Cathode Processor. This machine carries out station has been fabricated and is undergoing remote
a high-temperature retort operation wherein the electrolyte and qualification. Next a relatively simple low-temperature
process cadmium in the cathodes are retorted and the heavy "settler" furnace is used in order to settle the fuel slug down
metals are consolidated into ingots. Fabrication of the Cathode through a small amount of metallic sodium pre-loaded into the
Processor is complete. The device is being assembled for cladding. This provides an efficient thermal bond between fuel
remote qualification in the FCF mockup shop, as shown in pin and the reactor coolant. The settler is also being remotely
Figure 3. An identical unit is being assembled for out-of-cell qualified.
testing and continuing R&D, beginning in July of 1993.

The final fuel element inspection occurs at a station which,

Injection casting of metal fuel is the technology used for by x-radiography, assures that the fuel pin has settled to the
ltta,,utaCtHtli,E,LtJx,_-**tuc, since tahereactor began operation ii] ............... ........ E,. An --,,6,- permits
1964. A new injection casting furnace has been constructed viewing the bond sodium level, which assures that the sodium



optrati<ms that will t<_llow 'l'tl_:l\>urplla._es of facility starttlp
' _ are detined as tOIIo,.vs:
'i

_.-., I'llase 1 l"acilltv Rcadv 1_ l:irst Tran_ler c_f ]'r_ce,_.s
lLquipment int,_ ttlc 1:(?17Art,<_n(Tell

l'ha_¢ 2 l:acility Read,, 1ol Operati_n _1 Pr_n_'ess
l!,quipmcnt (Ising l)cpleted l.traniuln

lqlase 3 l:acility Ready for ()perati_n with Unirradiated
l-nriched ttranium and lqut_nium

Phase 4 I:acility Ready for Processing Irradiated II:R
Fuels (tt_t Operation)

Phase 1 was completed in September 1991 when the

element chopper ,a'_mtransferred into the argon cell, initiating
remote princess equipment checkout. A significant program
milestone was achieved in April 1993 when !)OF. approval was
granted for I'hase 2 operation. "lq_e first depleted uranium

casting with the FCI-" injection casting furnace took piace in
early summer. Phase 3 startup operations are scheduled to

begin in September 1993, with Pha3e 4 following in February
1994.

For startup Phases 2 through 4, the project activities have
been organized into 32 discrete work packages. Each work
package represents a logical grouping of tasks for a given
system, or related systems, that assures the necessary hardware

and software are in piace, operability of the equipment has
Figure 4 - FCF Injection Casting Furnace been demonstrated, documents have been reviewed and

approved, and personnel are trained and ready.
has wetted the fuel pin and cladding. The fuel element

inspection station is in final design. Several ,:omponents have A major advantage of the work package approach is that it

been received and tested, allows the facility review and approval process to run
somewhat concurrently with construction. As a work package

II. FACILITY MODIFICATIONS is completed, it is turned over to an ANL evaluation team

which independently confirms the status of hardware,
Extensive modifications to F'CF were ne_xted both from a procedures, and personnel. On-site DOE personnel also have

programmatic and a regulatory perspective. An example of a the option of reviewing each completed work package. When
programmatic change is a new contaminated equipment repair the complete set of work packages for a startup phase is

area that has been added to the facility basement for repair of finished, an operational readiness review is conducted by an
equipment contaminated during the demonstration program, independent board. This process, which worked well for Phase
But most of the facility moditications have been done as a 2 start.up, is now being applic_ to the much more complex set
result of changes in DOE safety requirements since FCF was of activities that must precede plutonium operations.
originally constructed in the early 1960s. These safety

modifications have included numerous confinement A complete description of the work packages and their
improvements as well as installation of a safety-class exhaust status is too lengthy to present here, but a look at the work
system and a 360 kW emergency diesel system in a new package titles for Phases 3 and 4, shown in Table I, gives a

interconnected 240 m"_building. I)Of review and approval of fair hint at what systems are involved. The work packages for
the safety documentation, including the Final Safety Analysis Phase 2 included Facility Systems, Safety Assessment,
Report, the Technical Safety Requirements, and the Criticality Fmvironmental Documents/Notifications, and Administrative

Safety ltazards Report is expected to he completed before the Documents. There are 11 additional work packages which will
end of August 1993. be completed atttr Phase 4 startup that d_ not affect the safety

of hot operations.
In order to facilitate as early a start as possible for the

demonstration program, the facility modification activities and Figure 5 shows the installation of the new safety exhaust

princess equipment are being completed in four stages that will system (SI-S) that is a requirement lk_rPhase 3 startup. Figure
allow a phased startup of facility operations. Each stage hasa 6showsthe new transfer tunnel, which needed t_ have limited

set of modification requirtments that are determined by the functional capability t_)r Phase 2 but lntlst be c_mpleted and
added degree of radiological risk associated with the facility approved pri(_r t(_ the Phase 4 startup.





Table 1 - Work Package Titles For Phase 3 and 4 Startup developed and demonstrated at engineering scale for depleted
uranium and at bench scale for plutonium-uranium alloy.

PI4ASE3WORKPACKAGES I PHASE,WORKPACKAGES Extrapolation from the present database to the fuel cycle
_C+_T,,+,,_+,+___ -.... demonstration will include larger batch sizes, irradiated fuel,Argon CellC_'#_ment Bounda_

_.c.o_,__,_ _,,, _,,,,_,,__,E_+,o,+_ ,____,___oo_.-+,+°+ remote operation and maintenance, recycled (Mark-V) fuel for
_od_,,_=_s,=_co_,_,o,_,_ I_0.o_.,,L.o_Wa+,e EBR-II, and large scale retorting.

_ _ N_e S_l_ s 1_ Hot Rep_a!rFac_htL_a__.A.y_CellSystems

_etyEau_umS_tem i Emcuo'ehner The program will contain elements of research and
_,_+_,,_(_,_,_ _ic=_'P'="°' development in addition to demonstration of scaled-up
_c_e_=,sr=,,, IFcFs"''_v,_ processes. With new equipment and process flowsheets that

E_rt StackF=m=lindBdk_g _ .n_ E_usl System+ t
- I have not been tested under the FCF operating conditions, the
_,_,,,,_________,_t_,,Qs_,_+ _ occasional need for modifications is anticipated. Plans arem_erce|Trtnd_Systems ........ -i

__s_+ already being made for new or improved process equipment
s_s_,_,_m __+ and components, particularly in the waste operations.
Raa_onUorcza_

"_'_ , In order to evaluate the commercialization potential of the
e_+:_" IFR closed fuel cycle, operational and institutional data will be
c_,_s_,_,,_m,,_, taken in addition to measurements of parameters needed to

E,,_,,,_,=,_W,_,-,_-_= characterize the processes. A sound nuclear materials
_.wm,-w+,_,_,, safeguards system and a record of safe operation will be needed
,,_=_,_F_,=, tOdemonstrate institutional acceptability. Detailed operational
_-+._.._.,_,,_,T,mm,,,',_P,.,m,,,m,,, records will be maintained for use in an eventual economic

evaluation of reliability and maintainability. Once FCF is in
full-scale operation, it will provide ali the driver fuel required
by EBR-II.

The products recovered from irradiated fuel refining during
the initial operations will be used to produce Mark-V
subassemblies, which contain a ternary alloy of enriched
uranium, plutonium, and zirconium. The plutonium will be
initially provided from cold plutonium feedstock. Later in the
demonstration these subassemblies, produced in FCF and
returned from the reactor, will be available for processing.

Typically, two years of in-reactor time will be required to
reach the design burnup limit (approximately 10 atom percent)
for these subassemblies. A few subassemblies will be removed

after partial burnup to provide early and varied data for fuel
pyroprocessing.

For the first two years, the majority of the actinide
processing experience with irradiated fuel will be obtained by
refining subassemblies that are currently in the reactor or that
have recently been discharged. The EBR-II core primarily
contains subassemblies which are composed of a binary fuel

alloy with enriched uranium and zirconium. The
characteristics of the currently available subassemblies are
shown in Table II. In addition, some 200-400 experimental

pins, containing from eight to twenty-eight weight percent
plutonium, will be available for processing.

Prior to the availability of irradiated Mark-V fuel,

plutonium feedstock will be added to the electrorefiner to
demonstrate large-scale transuranic processing with and without

Figure 6 - Transfer Cart and Platen With Ram In Up fission products present. By mixing in the appropriate amounts
Position For Final Phase 2 Checkout of plutonium with the EBR-II binary driver fuel, a very good

simulation of dissolved commercial IFR fuel can be achieved,
III. DEMONSTRATION PROGRAM as shown in Table III.

Tb.e fuel cycle program will demonstrate processes ).hat
previously have been carried out in glovebox operations.
Technical feasibility of pyrometallurgical reprocessing has been



Table II - Irradiated Subassemblies Available for Processing Table IV - Relationship Between Program Demonstration
Characteristics Mark-IIC Mark-liCe Mark-III Mark-IliA Operations and t'aClllty

_ = I Q

Readiness
...........

Presently Available J! 9 29 58 5 1_ 5
-- Program Expected Starting Requiraa Facility Process Equlpm,nt Requirements

Demonetretlon Time Readiness Phase

_'ro_'led Available b...... t3c 42c 62 c 84 5 c Operations. (Project Dcta- I
StartupFabrication May 1993 Phase 2 Casting Furnace PinProcessor. --

Peak P..urnupo {at %..I 64 & 89 6 4 10 10 Operations (Apnt 1993) ": Element Weloer/Selller. & DOE
approval for operahons"

&verage Burnup 0 (a! %) 48 & 6.9 4 8 .... 82.... 82 Cold Plutonium OcloOer 1993 Phase 3 Casting Furnace. P,n Processor
Fabncat=on Operations (September 1993) Element WelOerlSertler, & DOE

Number Cooled <I Yr _ 4 c 13c 3.5 c 7Z>c approval for o_rahons •
' Refined Fuel May 1994 Phase'4 Casllng Furnace. Pan Processor.

Number CoOled > I Yr: <2 Yrs e 5 8 28 .... 12.5 Flbric_ion Operations (FeOruary 1994) Element We der/Setller. Elemenl
Inspection & VAD plus I_'O£1uctfrom
refinmq operat,ons"

Number Cooled >2 Yrs e 4 21 ._. 30.5 0 Statlup Refining Marct_ 1994 Phase 2 Element Chopper. Electroref,ner -
C_.ay Power st 180 Oaysd Operetvons Starlup'. Station 3. & CathoOe
_V/SA) 142 & 202 142 337 & 277 337 & 277 Processor
Oecay Power el I yeard Starlup Refining May 1994 Phase 3 Element Cho_per. Electro, abner.
{W/SA) 72 & 107 72 189. &.159 ., 189 & 159 OperatK)ns with Cold Seat,on 3. LJquK:l.Cadmlum
Decay Power at 2 years d Plulonium Cathode;._.& Catho0e Processor
('W_A) t b.d. 20 49 & t b.d. 49 & I.b.d Irrad,eted'Rehning July 1994 Phase 4 VAD. Element el'topper.

OperatDons Electroref,ner" Stahon 3. & Cathode
lt 180 cJeys0 {CUSA) 38682 & 55219 38682 92491 & 76040 92491 & 76040 Processor

EquilibriUm ep-rat,one June 1996 Phase 4 Ali Fabricating an0 R,fin=noI
Aclhdty al ! ,,vear¢l(C_'SA) . 19678 & 29251 19678 I 51835 &.43535 51835 & 43535 ... Equipment

eSubas_mb_ies available as of Feb,"ua_ 1. 19<J3. " Indicates the critical Path flee for each operahonaJ category
b'rotal Number o! su_oassemblies expected to be evadable on February 1, 1994. --The prelect date _s the t_mewhen the proleclas_.sDOE tor permission to commence operat*ons
CTt_se values include en estimate of the number end types of subassemblies to be removed from EBR-II
between 2/1/93 lhd 2./1/94.
dMerk.llC includes cont.,'o_and s.afety rods, Mark.{ICS includes HW cOntrol rods, and Mark.III and Mark-

i,u_, co.,_. _ _,,.ru.._et*,_,rs. Fuel refining operations involve the element chopper, the• Cooling times are o_mateO fo¢February 1, 1994.

electrorefiner, and the cathode processor. The key goal for
fuel refining, and in fact for the whole demonstration, is the
quantitative recovery of plutonium together with uranium and

Table III- SimulatediFRTernarYFuel,FUelCompared With the minor transuranic elements in the presence of a highconcentration of fission products. Other than waste processing,
Chemlcel Element ' ESR-II Binary Driver Simulatedrernery rVPioeiIFRD,,v,, this is the only process step that requires a significantFuel Eyries) Fuel (grlml) Fuel (grams)

.... extrapolation from the laboratory results or past EBR-II fuel
ur.a.nium 9959. 7760 .. 7760 experience.
plutonium 37.5 2210 2211

arr_rlctum 0.00012 .0.44 to 46 16.3

_.,_ 3,g 3.9 12.o For the retorting step in the cathode processor, the goal is
=t_,_m _6 .... 230 ,08 to obtain a high-purity actinide ingot with minimal loss of
_,_ow._,_,_ ,34 .... 7z5 _2o.... product. A secondary goal is to collect the volatized salt or
_,k,,,, 62, ,8, 76.3 cadmium for recycling to the electrorefiner.
,odium 270 ..... 210 174

l_.,_um 31.4 ,,, 24 4 49.5

=,,i_ 66.o .. 86.7 ,., 136 The goal for the element chopper operation is simply to
=,._tium 26, _os _64 provide fuel element segments for the electrorefiner anode at

zimo_um 1291 too2 _33_ a rate sufficient for the demonstration. This piece of
n_,,, .... .o_._t ,o.o85 o.oos equipment, designed for EBR-II fuel elements, is not meant to
o_,_o_0_,_,_ _1_ t6s 356 be prototypic of a commercial operation. However, the key
|notn'mllTe¢l to 10 kg Charge OI actinides Item 10% t_umup fuel d,sctaarged from 900 MWt commercial IFR performance parameter, lifetime of the die used to shear

sodium-bonded ternary fuel elements, will be demonstrated.

For planning purposes, the fuel cycle technology Fuel fabrication equipment is comprised of the casting
demonstration program has been broken into 10 distinct ..._,rnace,=" e, e'r'e";n'rocessor,

operational categories: startup fabrication operations, cold and the element inspectiontheelementstation,welder,ThemainelementgoalSettler'isto
plutonium fabrication operations, refined fuel fabrication fabricate acceptable Mark-V fuel for EBR-II with feedstock
:)perations, startup refining operations, irradiated refining obtained from processed spent fuel.
:)perations, equilibrium operations, process stream

operations,:haracterizati°nwaste°perati°nS'form• ":-fissi°n product separation The FCF injection casting furnace is a close relative of
test,n_, and advanced separation previous casting furnaces that have been used to manufacture

:)perations. Basically, these are just fabrication, refining, and EBR-II fuel for almost 30 years. The goal is to cast
waste operations during different phases of the demonstration, commercial-size batches (-- 20 kg) of ternary fuel pins that will
Equilibrium operations refers to the collective set of operations meet EBR-II Mark-V series fuel specifications. Previous
once irradiated Mark-V fuel is available for processing, ternary fuel production has been a glovebox operation for batch
Startup fabrication operations, which involve just depleted sizes of less than 1.3 kilograms. A secondary goal is to
uranium, have begun. Startup refining operations initially demonstrate routine fabrication of metallic fuel containing a
involve depleted uranium, then follow with processing of significant fraction of minor transuranic elements, americium
unirradiated plutonium. Separate program plans are being in particular.
developed for each of the 10 categories. The relationship of
these program categories to facility readiness is shown in Table
IV.



Goals for the pin processor operation include The direct process streams include principally salt and
demonstrating an effective process for shearing the fuel pins to cadmium from the electrorefiner, used fuel element hardware,
length, loading pins into sodium-bearing cladding, and and subassembly hardware. For these streams, the objective is

,providing acceptable elements and pin data to the remainder of to produce two waste forms suitable for permanent regulated
the fabrication process. Another important goal is to disposal, one form containing the salt and another containing
demonstrate that pin measurements of length, diameter, and the metal. A major thrust of the IFR program is to make these

,weight, combined with compositional data, are sufficient to permanent waste forms as free as feasible of ali transuranic
control fuel reactivity, elements in order to reduce the required isolation time, and

thus possibly ease the requirements on a geologic repository.
The FCF element welder, although sized for EBR-II, is a The initially developed waste forms will provide the baseline

robotic device that will demonstrate some advanced fabrication for future TRU minimization.
features. The main goal of the welding operation will be to
demonstrate automated tungsten-inertgas (TIG) welding of type After approximately a year of processing, the fission
316 austenitic stainless steel and type HT9 ferritic/martensitic product buildup in the electrorefiner will reach a thermal limit,
stainless steel to reactor fuel quality standards. A second requiring a separation operation to remove asubstantial fraction
important goal will be to demonstrate quality control using of the fission products. Initially, the demonstration of
automated weld inspection based on a vision system. A third separation operations is planned to take piace in the
goal will be to tag individual subassemblies with a unique electrorefiner itself. Later, advanced extraction equipment will
krypton-xenon gas mixture in order to determine the location be demonstrated to provide a more prototypic database for
of any failed pins within EBR-II. commercial equipment design and operation.

The element settler is a relatively simple device used to The ultimate goal of the waste operation_; will be to
establish an effective thermal bond of sodium between the fuel produce the salt and metal waste forms that can be made
pin and the cladding of an EBR-II fuel element. The goal for available for testing at ANL and, most likely, other
this operation is simply to establish the parameters needed for laboratories. Production of acceptable waste form samples is
adequate bond quality, a major technical hurdle that must be cleared before full

commercialization of IFR fuel cycle technology is possible.
The element inspection station introduces new technology

for the application of examining finished fuel elements. An x- Although the FCF process is not designed for continuous
ray system is being used to examine the fuel position and high-volume operation, its overall technical operability will be
sodium bond in each element. Because the fuel has a high essential to evaluation of the commercialization potential. A
gamma field from fission products carried over in the refining goal of the demonstration is to develop a comprehensive
process, x-ray inspection techniques are a challenge. But they database covering the details of facility operation during the
offer a rapid and effective inspection technique if the problems program. This database should include maintenance and
with the gamma background can be overcome, repair records in addition to process records and records for

the facility support activities. This database should provide
Much support for the IFR program arises from its promise information needed to establish a baseline for processing rates,

to deal effectively with the issue of nuclear waste. In addition, although process improvements and more automated equipment
environmental regulations require strict waste management would be expected to increase rates in a commercial facility by
practices in the facility. Accordingly, the program goals for more than an order of magnitude in some cases.
the IFR fuel cycle waste operations 2 are ambitious. The key
goal of the FCF waste operations is to produce licensable low- Another goal of the overall facility operation is to
volume waste forms with a minimum of TRU content. The demonstrate a level of safety commensurate with the robust
first operations involve separating fission products from useful reactor safety already demonstrated in the IFR program.
process materials. Fission product separation operations will Safety experiments are not specifically planned for the fuel
be delayed for approximately two years, allowing sufficient cycle program, but at the end of the demonstration the record
materials to accumulate from the fuel refining operations, of operation is expected to show an adequate margin of safety.
Separation flowsheets and equipment will be developed
specifically to meet FCF requirements and the pyroprocess The current schedule for the FCF demonstration program
development needs, is shown in Figure 7.

The initial goal is to characterize the process streams in the To summarize, a major FCF milestone, approval for
facility and to provide safe storage of the materials pending operation with unirradiated plutonium and enriched uranium,
further treatment or disposal. The categories of streams is expected to occur around the time of the Global '93
include direct process waste, gas-borne waste, indirect process conference. By February of next year, facility modifications
liquid waste, indirect process solid waste, and non-radioactive and process equipment will have reached a state of readiness
waste. Materials will be characterized according to for irradiated fuel operations. Completely recycled U/Pu/Zr
radioactivity, TRU content, and the presence of hazardous fuel is expected to be provided to EBR-II in 1996.
materials. Characterization protocols will be developed as a
part of the program. A key parameter in safe storage is the
heat load of the material.



Fuel Starlup ColdPu Refined Fuel Equilibrium

Operations .n Roa_o, ., , 1 :

i i _L I

i

• Fuel staaup I Irradiated _0 Equdibrium

Refining ' ' "
Operations

,d ProceSs Stream FP Waste
i Characterization Separation FormTesbng

Waste ......
i - -- _ --_. - -..._-..•...... • ,-.._.._._;

!

Advanced Separations

1993 1994 1995 1996 1997

Calendar Year

Figure 7 - Schedule For The IFR Fuel Cycle Demonstration
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