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ABSTRACT
aci’;sy {FFIF) is & 100 Mwt sodium-cooled fast resctor operating at the Hanford
ment Laboratory, Richland, Washington, to conduct fuels and mateérials testing in
Léqald Metal Fast Breeder Reactor (LMFBR) program

Startup and initial power testing included a comprebensive series of non-nuclear znd nuclear tests
to verify the thermaly hydrﬂulic, and neutroniec characteristics of the plant. 4 specially designed
series of natural circulstion tests were then performed Lo deponstrate the Inherent safety feztures
gf the plant.

Early in 1982, the FFTF began its first 100 day Iirradistion cycle.  Since that time the plant has
cperated very well, zchieving a cycle capacity factor of 24% . in the most recent Irradiation coyile.
Seventy-five specific test zssemblies and 25,000 individual fuel pins have been irradiated; some ia

excess of B0 MWd/Xg.

INTRCDUCTICS addition, eight core positions can have

The Fast Flu¥ Test Faeility is z 400 MW openw-loop best assemblies with instrument leads
{trermal} scdiumecooled [ast test reactor through the rezctor head, Two of these

lecated on' the government-cwned Hanford site in positions have been utillized for Fusled Upen
sputheastern ?asnlngtoa State,  The FFIF is Test Assemblies (FOTA). These units have up to
cperated by the Westinghouse Hanford Company for 48 thermocouples and an sxit flowmster

the United States Department of Energy. menitoring fuel performance. & An Absorber Upen

Teat Assenmbly {(A0TA} is zlso presently in core,

The FFIF is & thres-loop plant desigrned It has a number of in-core pressure sensors in
primarily for- the purpcose of testing fulle-scale addition to the inm-core thermocouples.

core components in a probtolypie thermal and
neutronic environment. Design of the plant Extensive reactor core characterization
emphasized features {o enhance this ifest measurezents were completed to ;revide the
capebiiity. Heat removal if by sodiume-to-air neutron and gamsa specira and profiles; fission
neat exchangers rather Lhan steam generstors. rates and other physics data needed to design
Niekel reflectors surround the core in lisu of a and evaluate tests irradiasted at FFIF., Initisl
breedi.g blanket to intensily the neutrom {lux measurezents used active sensors traversed

n the core region, The net result is a2 plant ax?ally in an cpen thizble located near core

that is relatively quick and easy to start up center. These were followed by passive foil
and operate znd thai provides the flexibility experipents widely distributed throughout the

reeded to fulfill its test objesctives. Figure 1
gives the more significant technical paraneters i??’i‘? TECHNICAL PAF{AMETERS}
of the plant.

The reference driver fuel loading is comprised © THERMALPOWER _...........cccoivminriainaninns 200 rav
of about 15,000 pins of co~precipitated U-Pu & REACTOR VESSEL INLET GPERATING YEMPERATURE. .. .. Sa0°F 3B0°C

ixed oxide fuel of 22.%5 and 28% Pu. The fuel
& REASTOH VELSSEL DUTLET GPERATING TEMPERATURE .| 538°F SR

wag manufaciured commercizlly by ferr-Melze and
}mmC, shout &"t:a.xl}’ divided betwsen the twe ., ® MOMINAL CORELATY . . iiiriirinracransiranacernnonse HROF I

:Tac** f”*E’ *‘*tas%.ﬁly "Gsta*.és 217 ‘%ins sp ceé & PRIMARY SODIM FLOW CAPRSIUTY ... ... 50 gom 7185 neoses
@ PRIMARY SODIUM DYNAMIS HEAD .. .. ve e w0 R 452 6 e
& COREDARMETER . ... .oceeeene v, IO an 12197 em
0 @ COREMEIGHT oot 36 2148 cm
& PEAEFRSTRUX . . BT 73 3078w onlane
® CICAYMEATREMOVAL ... ... . NATURAL CIRZULATION
s —
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e in two separate irradiations, cne zt low

20
power znd the cther at full power.

L

ke BN

i3 paper discusses the results achieved in the
r3t three cycles of cperation teginning in
ril, 1982 and carrying through to the fourth

eactor cycle which began in January, 1688,

n.wﬁ
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Supzary Of Cperafions
Startup and initial operation of the FFIF was
conducted in confeormance with a2 comprehensive

tecceptance Test Program (ATP). Objectives of
the ATP were to verify plant performance within

design criteriz znd to demonstrate plant
operability. zqually important objective was
toc neszsure safety-related parareters and confirms

!‘u—'

safety marging designed into the system. These
latiter aspects have Deen addressed in separate
parers {refs. 1, 2, 3, 4) and are not trezted
here, Figubre 2 shows the key events in the
acceptance tast program leading to the first
cycle of cperation.

Cyclic operation of the FFIF (See Fig. 3} began
in April, 1982. Sirnce that time, an average of
two 10D day rezsctor operating cyecles have been
complieted ezch year. . Cycle czpacily and
availzbility factors have inores ed with each
successive cyele and are cpprca ing the meximum
attzinable; considering the test g migsion the
facility was designed to perform.

At the completion of Cyele 3 the
accummulated 336 Equivalent Full
(EFPD) of operation with 2 cycle capacity factor -
of 94%, COperation of the sodium systems has

been excellent in the five years since sodium

reactor had
Power Days

£11l. Driver fuel performance has been flawless
and mere than 25,000 fuel pins have been
irradizated in 75 specific test assepblies The

design burnup goal for driver fuel (89 Mad/Kg}
was achieved abt the end of Cycle 3 and ¢ne

river fuel evaluaticn zsseobly will excesd 100
had/ng during Cyele 4. In sumnary, opération of
the plant in support of the irradiation Lest

FFTF GPERATING HISTOGRAM -
TEST PRUGRAM
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program, has been excellent. Details of the
completed coperating cycles follow,

Cyele 1 The first cyele began on April 16, 1582
with a low startup rate to allow restructuring
of the new fuel in the core. All systens
operated as expected until the fuel failure
monitoring syatem detected a small fission gas
1gak. The subsequent gas tag analysis
sdentified the faulty element (an experiment)
and reactor operation continued unﬂnterrupted.
4fter 30 days of &trouble free cperation, the
plant was automatically scrammed due to
inadvertent auxiliary system valve operation
during routine maintenance. - During the recovery
from the scram, several primary pump problems

zreose whiceh tock several 5onths to resolve
{discussed later in paper). fter the pumps
were returned to service, the ;¢a§t cperzted at
full power for 53 consecutive days, surpassing

f
the previous U.S. record for an LMFBR.

7]

r monitoring during the early
cyele detected a small, gradual
:ary system pressure drop.

he not affect reactor
£4 of igh i“~
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2 g est to ths LMFBR
ity. Ex e piant tests to
racterize and understapd this pheéncmenon were
ormed during Cycle 1 and the subseguent
es to date. This is discussed in more
i1 in the system performapce section of the
r Cyecle 1 was complebed on Foveamber 11,
led reactor shutdown and
adiation exposure.
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2 operaticon was initiated on
7983. Full-power coperation (Cyele
Ja

wENUArY

24) vegan on January 30 following several
planred holds at various power levels to allow
restructuring of fuel and gathering of reactor
pressure drop data. During the initial power
ascent, two phenomena were ohserved: 1) a power
#iuctuation of approximately D.7% and 2) an
unusua zental tag gas releases

14
2t
1 number of experi
E

{ocourring earlier than planned) frcm a
saterizle experiment. DSoth these phenomena
continued throughout Cyele 2 dut did not impact
overall plant operation.

br; ary 19, a planned 8-day reactor shutdown
i tad Lo instzall a power-to-pell fuel

. A& rapid programmed startup {to
iteé melting in the experiment) was

to return the reactor to full power for
. During this cycle, two diagnostie
were con dncted to determine whelher an

et rber assembly in 2 contrel rod
sn was the cause of the previously

ed power oscillations. This is discussed
Cyele 2 was
. The
ed the
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transient caused by an electrical storm. The
plant was restarted and a slow startup was
conducted to allow fuel restructuring.. Full
power was achieved on July 18. The plant
cperated at full power for 56 days until
September 11, when cone of the dunmp heat
exchangers had to be isclated due to a fan trip,
requiring power reduction to 91%9. On September
26, a second module was isclated, zgain due Lo a
fan problem. The power was reduced to 59 to
recover the isclated nmodules on September 28,
and then the plant returned to Mll pover.
Shutdown was initiated on October 22 after over
100 days of uninterrupted nuclear operaztion.
The cyele capacity factor was an cutstanding

qug.

Perhaps the most significant event of Cyecle 3
oceourred at the end of the cyel
leading fusl assemblies in the ;1
the goal buroup of 80 MWd/¥g. This is a
milestane in FFIF's test progrzm since it
rifies the integrity of the fuel design and
e*s the stzge for extending fuel life by up to
itional years. The three leading
es znd four additionzl conss, which
ed the 80 WH4/Kg goal, are highly
erized test assexblies - all using
standard driver fuel pins. Most of these
zssemblies were remcved from the reactor durin
the Cyecle 4 refueling cutzge, but one assembly
recained in the reactor for anoth

Cyole B The outazge for Cycle I bte
refueling, which was completed by
th

Hovember 18, 1483, Then, in a thres-week
pericd, the Materials Cpen Test Zssenbly
{MCTa=14) was removed, rexotely disa °sem§led

irradiated specizens renoved, znd a
reconstituted MOTE-1B azssspmbly retu‘deé to the
reactor.,

Throughout the cutage, an ambitious surveillance
progran was performed, ?ich for the first tinpe
since the start of nucl perazicn, inc’"ded
use of periscopes te in ¢

piping and puxp snd IHX *‘.:ard
loop. No signs of deteriora

W
£
3

vessels in one
ion were observed.

Tre plant returned to full power operation on
January 1%, 1384, 3y the compleiion of Cycle 4,
the one leading driver fuel assembly will have
achieved a burnup of =zore than 100 MWd/Kg.
RECERT CORE PERFURMANCE

Cperation of the plant during the first three

cycles has confirzmed that the nuclear

characteristics are well within design

predictions with 2ll parazsters remaining inside

the coperating envelcope deflined Lty the Technical

Specifications, Tenmperature and power
coefficients have ressinsd substazntizlly

negative as ithe core burnup reache

equilibriup value., Stabllity marg

and reproducible., There were no u

reactivity effects until the begi

Cyele 2, when Lhe rezcior cperalc

ocoasiconal fluctuations in reacts

lazrge 23 0.7% of full power in zz

zeasured peal-to-pezk., As 1008 1



reached, the magnitude of the fluctuations
inereased ¢o approximately 1% ;eak¢»c-peak.
4lthough the plant design can readily

d

acconpodate 29 pﬁwer fluctuations, previous
estimates showed that poaer fluctuaticns of
epprcx mately 0.2% could bLe expected {rom the
cLtor.

i

’l

in investigation into the cause of the
u“exyecved phencoenon centered on experinents
installed in the reactor during the refueling
perlod just prior to the start of Cycle 2.
During disgnostic testing, the operators noted
that vertical mcvements of Contrel Rod § caused
changes in the magnitude and frequency of the
fluctuations. This evidence pointed to an
experimental test absorber szssembly (ADVAB-2) as
potential initiastor of the power
uaztions., The ADVAR-2 experipent n d been
led into the Control Rod 6 Position during
srevious refueling period.
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1 control rod utilizes slightly
lant orificing and a modified
n an additional joint to permit
ntering of the movzble porticon in
nary duct The cogbination of
ent 1
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|HTS LOOP SCHEMATIC|
{ONE OF THREE)

INTERMEDIATE
HEAT
EXCHANGER

PRIMARY N

PuUMP

?
REACTOR 1 i
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rzactor power. FProcedures were developed to

zt cperation of the reactor with the rod
fally withdrawn if the oscillalions excseded
2%. To date, this problem has not reguired any
special cperational resirictions and the
oscillations have not exceeded 1%9. The
experiment continues £o be irradiated and wil
be taken to goal exposure.

arameters neasured during the startup
itial operstions have always bteen clcose to
predicted values. For example, during the
Cycle 4 startup; the secondary rod bank height
at criticality was 13.1 inches vs., a predicted
12.8 inches (maximum height - 3§ inches). These
data generally indicate sufflcisnt reactivity te
complete an operating cyele of 110-112 EFPD,

Control rod drop times reasured at start of
Cycle 4 showed eight of the rods within the
normal time of £4C0-670 nilliseconds.  4An
advanced absorber test zssembly, with a round
sross-section and other advanced design fsature
changes, dropped in 330 milliseconds (vs. a
predicted 430). 4n excellent resultl

<33

PLANT SYSTEMS PE
he FFIF Main EHe
onsists of thre
loops. A schernma
shown in Figure 4.
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,

composed of a primary loop (the reactor vessel
veing common to all three loops) and a secondary
loop (the three secondary loops being completely
separate from one another). The coolant in both
the primary and secendary loops is liquid
sodium., Heat generated in the reactor Is
transferred arcund the primary loop and then
into the secondary loop via a tube and shell
heat exchangsr, Ultimate heat rejlection {rom
the secondary loops is to ambient air via forced
air flow dump heat exchangers (DHK).

13

ger Thermal Performance

tb rough the first three cycles has

ted a very constant IHE thermal
ce of spproximately 7530 W/md - OC
ar -rtz OF) with little varizticn
hree units (approximately 3%). Db
er fe;mance hag also been constant with
varistion between units. DEX fan
power restrictions limit reactor power to
a3 than 100% at amblent temperatures above
apprcx::ately 299C {B4OF) consistent with
predictions. Finally, no significant changes
»ave besn noted in DEX heat loss characteristics
during periods of plant shutdown. Shutdown heat
s is an operationzl concern and alsc has
sty implications {e.g., potential for
mature freszing during off-ncrmal plant
n
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Ferformance
nydraulic performance is checked quarterly
by comparing mezsured cperating characteristies

b4
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{pump speed, flow and head) to the original pump

curve. No significant changes or variations
setwesn puxps have been noted, Pump coastdown
mes are also measured periodically and no

nificant changes have occurred.
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reviously, a plant scram occurred

1y one month af'ter the start of

. This was caused by the Inadvertent
ining of the electrolyte from the loop 1

ary pump liguid rhecstat. In the process of
rting the primary pump main motors

ing refill of the rhecstat, the motor on

op 1 pump arced due Lo an accumulation of
d bon dust in the brushes, EHaplacement
or aith a spare was required; the
ubsequently rebuilt., Approximately
ter while the plant was still shut
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own and cperating on pony motors, the pump in
primary loop 3 seized. H;Eh zpplied torgues were
nitially unsuccessful In rotating the pump.
However, subsequent heating of the upper portion
of the pump plus mechanical exercising of the
shaf't were sucgessaful in returning the pump %o
cperation without regquiring removal.

Tellowing extensive evaluations, 1t was
coneluded 2hat the cause of the seizure was the
relocatio a sodium compeound deposit which
nad reps ir the upper {cool) poriion of the
rump sh ermal baffle annulus from a punp
flos dent in 1879%. Ezrly in Crecle
this ched its paximum egquilibrium

Lenp in the shield reglion, for the first
tize *he seram the shield plug was still
cool the seizure oceurred. Although
radl ion of this sodium depcslt had a

ignificant effect on pucmp operation at pony
motor speed no effect on zain nmotor operation
was anticipated and none has been observed. In
any case, seizure of cone primary pump at full
power is an analyzed plant event with
demonstrated acceptable results, Shaft swing
checks performed in July of 1983 indicate
slightly less than nominal znnulus clearance and
thus the continued presence of sodium deposits
in this pump. Further heating of the upper
portion of the pump during subsequent power
cperation is expected to have reduced the sodium
deposit sopewhat. Pariodic svaluation of the
annulus clearance Is utilized Lo assess
continued pump operability,

"
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p Hydrzulie Charantariciing
minal values of the HTS pressure drop are
-

m o
g 3

pproximately $80 x’a (184 psi) and 544 kPa (80

-
: r
i
<3

W

for the primary and secondary locps
pectively. Early in Cyele 1 it was observed
t the primary system pressure drop and pump
ed were increasing while at constant flow.
mArY system “ress_re dnsp continued Lo
rroceeded but at a
At the time of the
in lzte Yay 1%82, the prizary systenm
o irop had increased from approximately
?a (145 psi} to approximzately 1055 kPa (155
Upon plant restart, it was found that

1 recovery of the pressure drop increase
ximately 1027 kPa (151 psi) had

The pressure drop continued to

cugh ail of Cyele 1B such that by

e cyecle the value was approximately
psi}.
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ight reduction in prizary system pressure
of 1% k¥Pa (2 psl) was expected from Cycle 1
yole 24 due painly to replacement of one

re shi by 2 fueled assenbly., In fact 2
eduction was experienced, again
1 recovery of the pressure drop
lzr trend of increasing

s uring full power coperstion and
tial recgve"y during shutdown has been
&
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ease cver ”clean“
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igation into h history of the primary
ten r

ptznce Test Progranm indicated that the
essure drop increase phencmenon had existed
from the beginning of operatiocn. However, the
power runs were of such short duration that the
increases were not readily apparent., It was
also observed that complete recovery of any
increases occurred during periods of reactor
shutdown. 4&s plant operation continued, several
theories as to the cause of the pressure drop
increase were developed. These thecries ranged
from mechanical effects to gas entrainment.
However, the only theory that has withstcood the
test of considerable analysis and Iin-pliant
testing is an increase in- surface roughness in
the inlet orifice region (see Figure 6) and
lowar poriion of the fuel pin bundle in the core
assenblies., The incrsased poughness is believed
t¢c be caused by the deposition of silicon based
crystals which form in the cooler regions of the
heat transport system. The scurce is postulated
to be silicon leached from the core and hot leg
steel in addition to scme csntributicn from
construction residue {e.g., silicon carbide).
The phencmencn observed in r-TT is consistent
with testing previcusly done at HEDL
specifically to study the hydraulle effects of
silicon leaching znd crystal depeositicn in
sodium loops (ref. 5.
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zary systsm pressure drop has
i Tact on plant operation.
cability was available to
ry flow. The only other
e frequent recalibration of the
sure instrucents which are
rse measurezent of primary
lant Protective System. Data
|4 assezblies in the core
have been signiflcantly
e
t

mpact was

are replaced during
he =¥ m pressure

e

stesl reasches zpproxizately 525%¢C (9?7GF).
Also the secondary loops do not have a high
veloeity/high pressure drop region such as the
shield orifice block of the core assemblies,
The hydraulic performance of both the primary
and zecondary systems will continue to be
closely monitered in future operating cyecles,

Fuel Failure Yonitorirg Svstems
The fuel failure zonitoring system, consisting
of cn=line cover gas monitoring and delayed
neutron detection, has been fully functional
since plant startup. The cover gas monitoring
system flows a continuous 28,000 scem flow from
the reactor vessel to the monitoring csll, where.
900 scem are passed through a charcoal column
ad‘"seat to & gerzainium diocde detector. Four
ission product/tag gas activation isctopes ar
mcn;vored by single channel aznalyzers for
indications of gas release, 2Rack up evaluation
is provided by a pultichannel anzlyzer. Tag gas
(e, Kr mixture) identification is faeilitated
by concentration of xsnon and krypton on a
cryogenic charcoal trap, which 'is then processed
in & mass spectrometer te deterzine the isotopic
rztics., Dstection of delayed neutrons fron
fission product relezse to the resctor sodiunm
coclant is provided by EFs proportional
detectors in shlelded enclosures on each prinary
sodium loop.

During the first cycle, a single pin in a test
assexbly developed & small gas leak, the tag was
detected and identified and the azssexbly was
removed, Likewise, noble gas tag releases are
monitored and used to identify Yaterials Cpen
Test Assembly (MOTA) creep-rupture specinmen
failures.

The Delayed Neutron Monitor (DHM) background
count rates have stazyed essentially constant
during the first three cycles. This count rate
1s zssociated with the photoneutrons produced by
the interaction of gemma rays from the sodium
with the deuterium contained ip the water in th
concrete walls of the cells. Hone of the
chsarved count rate is belleved to be azssociated
with the delayed neuirons which would be
expected 1 the sodiuzm were Lo come in expossd
fuel. HNo count rate itrend is spparent within

the normal statistical flucituations noted.
a
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Considerastion is being given to fission

product source test that would establish the

senaiti’*ty of the TN system to the injecticn

rate of fission fragments into the sodiunm at

varicus core lpcaticns. Such 2 test would
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count rates dur
breached fuel pins,
calculations indicate that the DHM is

sufficiently <ens;*“ve to detect cladding

breaches that are zuch smaller than can be
telerated In the rezctor, thereby giving 2 wide
margin of safety.

The primary system contains §80,000 ib. (430,820
Fg) of sodium. Puristy in the system %
maintained by & 400 gsllon {1.5%1 md) HaeX

cocled flow-through oold Lrap with a2 flow rate
of £C grm (0,227 z2/=in) at an inlet




s

temperature of 900CF (482°C). Each

secondary locop contains 133,900 1b. (60,737 Kg)
of sodium. Purity in each secondary loop is
zaintained by a 180 gallom (.72 a3) air cooled
flcw~through cold trap with a flow rate of

10 grm (0.379 n3/min) at an inlet temperature
of 6CQOF (3159C).

No difficulties have been encountered in the
cperation of these systems. Tests of impurity
source rates, by isolaticm of the cold traps
during power cperaticn, have demonsirated that
sources are much lower than expecited in the
secondaries and are comparable to design in the
primary. The measured sodium Izmpurity sources
are 30 g/day in the primary and 6.9 g/day in
ezch secondary, versus an expscted 20 g/day and
10 g/day respectively,

~

nrLMounted £ 7ﬂeran"3
hree in-vessel handling machines are used to

} 3]

rans
n-vessel storage positions or to one of the
nree fuel transfer ports. Considerable effort
xpended during the Installation and initial
tion of these units to achieve dependable
tion., Since start of fuel lcading in 1979,
nree machines have performed all required
tzsks without significant maintenance.
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ine control rod drive mechanisms have given
years of service with only limited
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@, most likely Taulty at time of
iaticn. These leaks caused the position
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tion rods to bind from sodium oxide
ion. The units were replaced and there
cen no further problems of conzeguencs.
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e instrurent Lrees provide temperatures and
odium flow rates from the discharge of each
dividual core component. They must be rotated
from the core during refueling. Two of the
s have been trouble-free. The third unit,
ver, has sxperienced high rotating torque

y due to sodium frost formation In the,
ructure. The torgue to rotate seems to
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erforpance of sodium and cover gas systexn
alves has been excellent., There are zbout 250

bellows-sealed valves, Z-inch (100 mm) and
smaller in service. There have not leen zny
bellows failures. One valve was replaced
because of excessive leakage across the seat but
it was later determined that it had been
supported improperly.

wenty=four valves with freeze-zealed stems on
f~inch (200 mm) sodiunm piping have given good
service with essentially no maintenance.

The three swing-check valves in the 16~inch
(400 mm) primary piping have performed well at
temperatures up to 4289C., Performance of
these valves is checked annually by shutting -
down and then restarting one primary loop pony
motor at a tine.

PERSONNEL EZXPCSURE & PLAKT RADIATION LEVELS
Plant perscnnel radiation exposures are very
low, as shown in the fable below. The values
are within the statistical variation in the
dosimelry systen for very low doses and are at
precoperational levels.  An on-going proegram
monitors the bulld up of radiastion levels in the
varicus parts of the plant. Of most interest is
the increase in activity of the primary systeém
piping and components since this has a direct
bearing on the difficuliy to perfora futur
maintenance. FHadiaticn measurements recently
made in the primary ETS Loop 3 cell show that
corrcesion product buildup continues essentizlly
as predicted. A residual activity of 230
mrem/hr was wzeasured in the vicinity of the cold
leg, which broke down to 131 mrex/hr from Mpn-54
and $9 zrem/hr froz Ng-22. Although small
guantities of Co-80 had been predicted (2-4
mrem/hr) in the hot leg area, none has been
detected so far. Fredictions now say that
residual Mn-58 zeotivity after five years of
cperation will be in the 200300 mrem/hr range
near the cold leg components.

IRRADIATION TE

Since the malor ob the FFIF i3 to test
core components, L rizte to briefly
summarize the g 2 and equirment
capabilities. he Cycle reripent loading is
deseribed in Figure 7 on next page. A3z can
be seen, approxirately £ the core loading
consists of experimental assemblies of sonme
type. OSome of the nore unique designs are
described on the folleowing page.

PERSONNEL EXPOSURE LEVELS

Znd Quarter CY-83 3rd Quarter C¥-83 2en Quarter CY-83
Ho. in Lve., mrem/ Ne. in ive, mrem/ ¥o. in Lve. mrea/
GROUP Croup Person Group Ferson Group Ferscon
Cperations 114 10 87 13 108 H
Support Services 1885 4 174 g 177 3
Fuel Bandling Cell 30 o] 20 2 29




ECTA .
Puels Open Test issepblies are contact
temperature and flow instrumented test
zssemblies with 217 standard driver fuel pins.
These tests are designed to verifly basic reaclor
therzal-hydraulic performance and fuel pin
cladding conditions. Two FOTAs were inserted
with the initizl core lcad. The tempsrature
data obtained during the initial ascent to full
power provided the necessary confidence that
redicted and actual orerzting conditions were
conpatible, so that full power testing was able
Lo progress satisfactorily. The FOTA zssemblies
were also instrumental in permitting accurate
oring of core conditions during the early
tural circulation test series, OCne FOTS was
rezoved after Cycle 3 and one continues in the
reactor during Crcle 4,

[CYCLE 4 EXPERIMENT LOADING]

TYRE NUMBER (¥ CORE CBJECTIVE

ESTABLISH REFERTHCE FUEL DESIGN
UFE AR INCREASE iF POSSIBLE.

REFERENTE OX1DE FUEL 2
VERIFILATION

SAPROVED OXIDE FUEL 18 EXTENOED WFETIME WiTk NOMEWELL-

SEVELOPRENT NG ALLQYS AND REDUCED FABRICA.
IO CUSTS,

REFERERCE OXIDE BLANKEY 2 BLANKET DESIGN FOR SUTURE

DEVELOPMENT REATTORS.

SHREOABER (CONTROL RODY k1 WWCREASED LIFETIME. VENTED #iNE,

AEATERIALS LARGER DI&METER PING.

SRFETY TESTS 2 PROVIDE SRE-IRRADIATED 1S FOR
TRAKGIENT TESTING.

STRUCTURAL MATIRIALS 5 LONG-TERS IRRADIATION EFFECTS O

’ STRUCTUNRAL MATERIALS. ADVANCED

ALLOY DEVELOPMENT,

Py 39

YOTA

The Vibration OUpen Test Assembly is a UQ«foot
{(12.2 =) long, nonfueled test article designed

o measure vibrational and nuclear startup
racteristics within the core. It was

erted with the initial core load and provided
needed confidence during initial full flow
pewer operation that there were not abnormal
ztions in the core., Nesutron and gamza flux
ctors provided valuable data to verify
icted s
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tartup values. The VOTA was removed

erials Open Test Assembl
g on the next prage)} is b
obtain fast flux irradiztion da n materials
specizeéns at a rate much higher than was
previously available in the USA, It is a
40=-foot (12.2 m) long, instrumented open test
assembly. The 12-foot {3.6 m) duct conteins

ht tiers (levels) containing up to six

cizen canisters each. ive tiers are lonzated
the core region, two tlers are zbove th

& 1d one tier is located below the core,

¥ {shown in
eing used to
ta o

t

2
t

.
3

[ ]

F

4]
jo Be s I BN

[#4
o
]

s &I

During reactor operation, test specimens inside
these canisters are sublected to varied
irrzdiztion ecoenditions depending on their
lecaticon in the rezgtor and the heazt and
radiation emitied by surrounding fuel and iest
zasenblies.

The MOTA vehicle design permits automatic
control of specicen temperatures in 31 of the
test canisters. These canisters feature a
constant low flow of reactor sodium through an
inner chamber containing the test specimens,
Specimen heating is via gamma energy
deposition, Temperature control is achieved by
varying the gas mixture and resulting thermal
eonductivity in an argon-helium "gas-gap®
surrcunding each canister. This "gas-zap®
design permits researchers to study alloy
behavior inm fast reactor conditions at
texperatures ranging from 830 to 1300°F
{543~7049C)., 7The remaining nine canisters are
open to the mzip reactor environzent and sodium
coolant. Using 2 computerized control systesm,
HMOTA permits direct control and close
measurenent of specimen temperatures to within a
few degrees.,

Zach of MOTA's 40 canisters contazins from 30 to
100 smzll metal specizens, including tiny
pressurized tubes which are used for creep
rupture tests. & tag-gzs system provides
accurzte I1dentification of in-reactor stress
rupture of these experizments, Many of the
specimens are subjected to additiconal structural
materisl testing after they are removed frozx the
reactor. Some zre returned to the reactor after
interim exsminztion. A total of 2,000 zpecicens
are in the current MOTA test program.

During HMC0TA's Tirst period of irrediation
testing in 1983, all design gozls were met.
Successful temperature monitoring of all 40
canisters was performed, 2s well as individual
texperature control of the 31 specizl canisters,
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CHCLUSICNS

Cperation of the FFIF during its first three
cyeles can only be summarized as excelleant.
Performance of the sodium systems has been
virtually flawless. The core continues to te
very stable and predictable. Improvements
resulting from operational experience have been
numerous, thus permitting FFIF to achieve an
increasing capacity factor each cycle. uture
efforts will be directed toward streamiining
operztions to reduce costs, nmaximize plant
availability, and carry out ocur assigned missicn
in LMFBR resezrch and development.
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