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ABSTRACT

The fast Flux Test Fac!lity {FFf7F) 43 2

400 Mu{t), Jcop-type, sodium-cooled, fast
neatron reactor. It is operated by the
Westinghouse Hanford Company far The United
States Qepartment of fnergy at Richland,
Washington. The FFTF 45 a multipurpose test
reactor used to Yrradiate ‘uels ang matsrials
for programs such as Ligquid Metal Reactor
{LMR} research, fusicn regearch, space powar
systems, 1sotope arosuction and internatip-al
research.  FFTF At also used for tecting cone
cepts to be used 4n Advanges Reacisrs which
will be designed to maximize passive s3fety
features and not reguire complex shutdo. s
systems to assure safe shutdown and heat
removal. The FFTF 2738 provides prperisnce
in the operation and maintemance of 2 reactor
having prototypic rumponents ant 3yt tems
typical of lerge (MR {(UMF3R) power plancs.

FETF achieved criticaity 4n february 1980
ang first achiewed 100% oower inm December of
that year. 1In April 1882, the FFTF began 4+
first 100-day Yrragiation cycle. 3eginnirg
in Cycle 5 4n June, 1988, <he zie Jeagthg
have gradually increazes %o a 138-0ay operat.
ing perled dusing Cycie 5A %n 1987, 3'nce
the start of aperaticn, FTTF hap operaisg
exceptionally we'l, contimuing to 18t new
performance marky. fighlitghts dncluds achiev-
fng @ TIXK {apacity Tacizr n 1985 as weil asg
an average Jperatipnal [6f clency Factar of
36 7% fram Y923 ‘ttrough 986, Two Aupa-aer
and forty-sever fue7 a:sempltas 195 2 wntrn
arz experiments) and seer 52,7000 ‘ngivigya’
fuel pins nave peen ‘rraglated theguon

Cycle 3A, some dn eacets 9f 195 (00 Mws 47
Metal surnup.  Cpecialiieg aguipment arc
systems unigue “o togdum.codied reagtar
plants have perfprmeg very well,

INTRODUCTICY “Zystem Jero~izeian)

The FFTF (figura 1 '3 2 ADD ey, +m)
cooted Tast neutron FTux tett regpvar ooavg
on the Jnitel Ttates gover memt-swres rar
Retervation "n joutheategrs wWaimingion <tate.

Figere 1. Fast Flux Test Facility.

The reazior i3 ogarated for the Untted Shates
Bepactment of Ine~gy Oy the wWeltinghouse
tanfard Cotpany.

This three-oop plamt was detlgred for
testing fuels ant matertalds a2 prototynic
thermy? and tegtrinic smyiroament. T meu-
tron stesgy sPecitum Y% tyntical of extde-
fuelag fast reactors. Witked refleciors suyr-
TRUNE the tore tn intensify the meyutrer ¥ iux,
Thus permiteing ite plamt %o rapldly attaln
Aigh Durnud Jewels for Compoment trradiatiecs.
(The peak dur=up 3327 2f 80,300 megawait days
per merric 127 of metal (MuWEsMIM) For the red.
arenea riwer fus” | fpe Anttance, was achiswved

P oen’y three operating swcles.) The plamt’s
ap1l%ty 12 raxicly achiave high durnup ievels
'5 tompiementad 3y the apility to rapidly
oRiain prelisingry tesd gata from trradlated
(are components 17 the (ntarim fxamimation

400 Malatenante 291, 3 In-plant faciltsy.
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The saaregr wtateg 17 4 shieigeq co2il
in tha fantes 9% ive camsatnment 53t lging
{Frgure 70 “2at "1 remgues from the reactar
Dy over 237 w3 1735 00 3atlons) of liguid
SOUium anic (frnTates ynder low Dressure

thruugn tmree o-'eary rnolant lpops. Thrse
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figure 2. Reactor Containment Buildimg.
intermegtate heat exchzngers separate radio-
active sodium %n the primary system from yofi-
radtcactive sodium In the £8 m

{18,000 gallon} secondary systems. Secondary
sodtum loops transport the reactor heat from
the intermediate heat exchangers to the atr-
conled tubes of the twelwe dump Meat
exchangers.

Table 1 orovides some significant
technical design/operaling parameters of FFIF.

The reference driver tuel 1pa¢ was cmn-
prised of about 16,000 pins of co-pracipitated
U-Pu mixed oxide feel of 27.5 any 27 percent
Pu. Tacn fuml supassemdly contained 217 pilns
spaced by wire wrap ant identified by a unigu
Xe-Kr gas mixture to icentify possinle clad-
ding fatiure. Fuel clagding was Type 31D
stainlests steel. Refuriing s only performea
wilen the reattor 5 shutddwn.

Aglacent to the planmt s 2 simulator of
the FITF contrel room wnich imcludes the FFTT
Main neat “ransport System {#TSY, Reattor,
and assoclated controls, ind%cations argd
alarms. The Ogerations Training Simulator
{0TS) prowvides simuiation which 15 ¢l9se
enpugh tu trne predicted plast responsss to
allow prucecures to te developed Sor plant
control and to contuct effective trataing for
the operators befere actusd testing or opera-
tion cccurs. Tests nawve incluged cunditions
outside the normal opperating condittons. The

TABLE 1V

FFTF TECHNICAL PARAMETERS

® THERMAL POWER
® HEACTOR VESSEL INLET

400 MW

TEMPERATURE 350°C (680°F)
® REACTOR VESSEL OUTLET
TEMPERATURE SOTC (938°F)

® NOMINAL CORE aT

® PRIMARY SODIUM FLOW
CAPABILITY

® PRIMARY SODIUM DYNAMIC
HEAD

® CORE [1AMETER

® CORE HEIGHT

® PEAX FAST FLUX

® NORMAL HREAT REMOVAL

167°C (300°F)
2734 Us {43,506 gpm)

152.4 m (500 f3)
12152 om {3 1)
81.44 cm {3 M)

T x 10'3 n:gm? -sen

SOBAUM-TO-A4F-
HEAT EXCHAMGERS

® BACKUP HEART REMOVAL

0TS 2%so supports the tentinuieg treining and
recertification of gualiftag sperators, super-
visors and managars.

This paper reports an FFIF uperating
sxparience Juriag the f9rst fliwe wears of
powsr operation. Deeral? plant performance
15 discwssed as #2717 33 fagerience with thuse
Tyhtams any componetts thal are unligee to
sodium-co0lnd reacteTI.

FFIF OPERATING #ISTTsY

Startup and IniTeal speration of Ite
FFTF was contucted %% zonfzmacie oish 2 rig.
orous Acceptance Test Frogeam (ATF). A com-
prenensive seriey of muglsar and son-tuclesr
TLITS were CONGulTes 20 weridly Ane tnermal,
hydraulic and meatremic wndcartzristics of
the meactor. OF spezial Amnersst wEre ine
satural circulation 2231D (onduited 16 denon-
strate an inherent safety feature of the FFTF.
These tests werz songleted wory fwrcessfully
and hawe Deem recorisc previgusly.’ These
tests were COMCLIZTES @323% 1N the Suldmer of
1986 as part of 2 serize of Passtwe Salely
Tests which imclutes 23172 8F 2 mew dewice
calleg a Gas fxparcinr Moz e [REM).  The
natural circulatien I21% w2l agatm weTY fud-
cessful ang %s rezsrizc Yr & sedarate paper .t
Tycle 1 operatisn Segzrm oo Zori) 1e, 1982,
marking the eng of fa2%7%%y zcoepramce tesiing
and the begisming 2¢ cyciic cperations. Int-
11ally 100-day cstlet wdre the agra, dut for
cycle five and Seyons, 37:22ually increasing
cycle rum times were 2cmieseg, Cycle 34

-l
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achleved 137.7 fffective fuyll Zower Days
{tFPO). Operation of the plant has been
highlighted by ever-‘nrredasing performance
capabyliity.

Table 2 shows the Cumuiatiee statistics
by cycle through the first 5 years of apera-
tion. Loading plans have bheen devised which
permit 150 EFPD Yrradiation perlods in subse-
quent cycles. Capacity Factor {Figure 3), a
measure of the plant operation at 100% power,
steadily increased annually from 55.9% 9in
1983, the first full year of operation, to
71X in Y985. Due tc the many startups and
shutdowns as weil as operation at low power
levels for Passive Safety Testing, the capac-
ity factor was only 46.2% during 14986.
Huwever, 1987 will see a retura to higher
capacity factors with the annua’l goal again
targeted at 70%. Availability Factor {Fig-
yre 43 likewise increased anruailly from 61.7%
in 1983 to 73% in 1985. Agalin, due to the
Passive Safety Testing conducted 1o 1985,
awailability fell to 56.8% but ‘: srojected
to be greater than 10% during 1937. But
perhaps the best measure of the FFTF's opera-
tiona3 excellence 15 the Operational) EFF4-
ciency Factor (figure 5). This measure of
how well the operations are conducted against
a pre-approved plan has averaged 35,6 from
January 1983 through December 1986. During
this period, onty 3.4% forced outage time
peourred,

Perhaps the mest interesiing sbservation
made during the First 102-EFPD of operatiom
was that of an intreasing nressure dron across
the reactor core. Altheugn this pressented no
Timitation tn a4 second operatiog cycte, adad-
tignal data gathering ant ewvalua’ion were
reguired. The ircrease ‘n pressgrs drop
across the resctor core continued Myt At a
much lower radte during Tycie 3. Core sub-

EFPD FLR
LCYCLE. 105

TOTAL PLANY
EFPD AT ELL 1338 re n 338 3

CAPACITY

FACTOR 1“3} 50.3 831 83.2
AVAILABILITY

FACTOR (°u) a2 845 9 0

MAXAUM FUTL
BURNUP AT
EQC MWI/MTM) 35 .20C

PERCENT

100 ¢ i 4
ec; _m#__:
= (| ¥
5 60 - | i
e | .
o | | :
{ T e I GOAL: -
20;{ S| :55.911; 854} AR . 70*._—-5
1282 1983 1984 1989 1936 1987
YEAR “EOLM 27848673
Fiqure 3. FFTF Capacity factor.
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.~-~1 i b & | 4 1A e | ] leoanid
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Figura &, FFTF awvatlapility Factor.
100 ¢ : ' T = = W
i oy 3 11 1 i
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LE o i i : 3
g 700 L RE ) G0aL
e 803358731 |B26] fe8.0) [58.7 380
55 i g . 440 a3 %
1882 1%83 1884 1983 1338 1987
YEAR

AruRCET 2

TR
Pigare B, FFTF Cpevadtloval $943%¢tency Factor,
assemdly changes and midtycle refuslimg cul-
3ges. cumbineg «!th iM% Tneer rate of ingrease
vhserent during Cycte 2, resgliiee 2 an eng-
vf-cyele (ROT) waiwe % 133 23%. Tetg com-
pared with 16T pid 3% ive omd of Cecle
Analytical swaluationg amg tesifing per’irmed

oA S A A
£9.3 122.7 134 & 122 3 #EC *3F.7
5.8 SEH.5 T2 S $24 2 BEF 3 0280

33.% Ta3 33 1% 3 732
0.0 F4.6 3.5 B4 5 5% 3.0

105,000 128,000 135.700 154.700 135,000 147,500
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during Cycles 1 and 2 have elimiaated al) but
are theory: an incredse in sorface roughness
'n the inlet regton {(e.g., shleld-arifice
Diocks) of the core assembltes. This
tncreased roughness 1s believed to be caused
Dy 3 stlicon-based crystal growth, Althougn
the iIncreased pressure drop had little \mpact
on the operation of the FFTF, this phencmenon
must be considered in the decign of future
1iquid metal cocled reactors.

Quring Cycle 28, small random fluctua-
tions (<2X peak-to-peak) in reactor power
wera2 expertenced for the first time and they
were attributed toc a newly tinserted expers-
mental control red. This control rod had
more radial flexidbiiity and a higner 108
enrichment than standard FFTF cantrol rods.

A series of diagnostic tests were conducted
to confirm the role of this rod in the power
oscillations and to quantify the effects for
Lycle 3 operation. At £0C 2, 4t was com-
pletely withdrawn €rom the core region. Two
3gdvanced-design control rods, prototypic of
the advanced fFTF absorber design, have been
subsequently tested. Ouring later cycles,
tests to vertify irraglation performance and
getermine operational characteristics were
conducted and radial movement within the
clearance between the inner and cuter ducs is
believed to be of source of tne fluctuations.

Cycle 2B also imiroduced the First
"Anteractive” experiment into the reactor. A
special 40-Ffr-long experiment, the Materdsls
Open Test Assendly (MOTA). can contadn pwer
2500 materdal test specimens in 40 separate
canisters. A computer control system permits
ingividual canister temperature measyrement
ang independent adlustmenttc in relation Lo
surrounding sodium temperaturss. Thete mMeag-
urements permit 3 more acturete Carrelation
between Arradiation effects ang temperature
than has been previously poscinle . an syser-
thal step An the developaent ang desonsiratisn
of extended-19%¢ Tue?! astembiles,

As more experients wmilh Ga'ned 'R speret.
ing the plant, revw wadys, 10 “mprowve efficrency
gt pperations were found. far example, &
tpeclal Dump Medl €achanger | BHRX) 1solation
tent was Conducted at JOC 3 12 cetermine 44
s Ysolaled DX Could e reTurmec TO Operat’on
wlitout requiett ] "eduCtion 0f raaCtor powst
1o SR, The fTest cortirmed thal oy sligntly
vpening The DX Vipiatten valve 1o malatalin 4
trickle flow of sogium end Dy controlling the
temperature with fatural cirgulation atr £low,
11 was possiblr 1o restore a DidA module whiis
The redctor 15 operating 81 91% power
Cranges whiCh revy teg trom (1S 4esl hawse
substantially be'ped TmMProve gL e Lapai t e
t AL TOS ,

Irradtation of full-size test assemblies
using &n advanced alloy began during Cycle &
along with run-to-cladd¢ing dreach tests, Y.e.,
reference fuel operated beyond gesign life
Timits. Startup of the Fuel Storage Factiity
(FSF) also began during this perted. The FSF
's a sodlum-filled tank containing a carousel
with storage positions for 466 fuel assemblies
or canisters intended for the storage of spent
or irradlated fuel. Sodium f{11 of the FSF
storage vessel was completed in February,
1984. Approximately 117 m3 (31,000 gallons)
of sedium brought the sodium to the desired
level. Sodilum purification and Nak heatup
and purification for the two FSF heat
exchangers continued through the year.

During the early stages of the fifth
outage, some probiems were encountered with
the instrument and control circuitry in the
ex-vessel fuel handling machine. These prob-
lems 1nittally delayed refueling activities
2Dout one weex. Im addition, difficulty was
encguntered in disconnecting primary contro?
rod A-1. A bellows fallure had 21lowed sodium
inte an area that caused dinding and raquirad
replacement of the control rod drive mecha-
nism.  The time 103t to these delays was
guickly recowered, ang the sntire ocutage
effort was completec on schedule.

In the JIW Tell, the nighes: burnyp
assembiy to cate {VOD0,000 Mwd/MT™3, was pro-
cested while decay heat lewels wers in sxcese
of % kik. Lorkicrew deformstion of fhe pins
1 the fuel reglon wsi observed.

The Fast Fluz Test Facilty (FFTF) come
pleteg i3 £9ih major cpereting cycle In
November 1984, The tolal cprle Jenmgtm of 123
Full-power days estabifishied & mew cperating
rerorg for the agwanced it reactor and Turte
fassed the old record »f 1B gays set earider
in ine year with Cycla 4.

In latter 1984, while preventive meimte-
nette w24 belng perfaraed, a sedtun lear from
a4n 2lessraragnetic 100lum nakeuD TOND was
¥siowered Drior o Cyole & clartay. Tis
fallure marked the Firs? lesw of e resctor
Pramary spo0tam coolant dn the olant ¢hmie
im322Y codtum FA11.,  SapsetuEmt ump ripliace-
wENT Celdped the 2Rant'i TeT.TY 1T Dower by
aDBUT hrase weeks

Tesns performet Curteg & wg-Tyole &
SEULLOWD rawed led That NAgY exnosuare
(9 & 10T nemd) and stees flux gragients
ALT055 the reflectars a bow 7 Mad causes
Hlstortian that resuliss o nignec-than-
erpeCind wMINATINaT Turses Sur fuel antendlles
16 Aow §. "C-’\".-kﬁ{u?ﬂ.@-emz‘}g' the "3 *lgmest.

Lapasere Row 7 redlecturs were 2sztarced ang

i




the remalatng 19 were rutated 180° in an
attempt to extend the!lr residence Vifetimes.
Both a Row 7 reflectar and an adjacent fuel
test assembly were examinec in the Interim
Examination and Malnzendance (IEM) Cell to
characterize the withdrawal forges. The
reflector showed significant bowing while the
fuel assembly's measured bow was in the pre-
dicted range. This confirmed that the primary
cause of the high Row & withdrawal forces
rests with the Row 7 reflectors and not with
adjacent fuel assembites 'n Row 6. In fact,
the core was so "tight” that a new technigue
had been developed by the next outage wherehy
up to five nonadjaceznt fuel assemplies were
removed to "loosen” the core. Though time-
consuming, this proved ts be a successful
technique.

By the end of the first six sperating
tycles, there had been 2 tot2) of seven Fis.
sion gas releases as the result of pin
breaches. Twa of thesa evenis had deteciable
gdelayed neutron emissions assoctated with
them. four of these piIn dreacthes had occurred
during Cycle & operation, ome of which
resulted tn a2 sizeable release of fission
products into the orimary system. Plamning
for installation of a cesfum trap Hegan to
evolve, due to interest in future operations
with falled fuel and reduction in radiation
levels in the primary sodtum shouls Future
tests 1ovolive run-beyond-cledding breach
tests., Modificarions to 1nstall eads
eguipment continued ihrouvgh Cycle 3A.

Also, Dy the #nd of (yele %, over 35 400
driwer fuel ping had been trraciated; 15, 500
exceeded the peak Hur~up design gual of
BD.000 MWo/MTH and 4 30D0 sxcoeded
100,000 mwa/MTM.  3ased on this sacellens
performence, the gec4s1an was DAle To sxtenp
the exposyre Timit from three to oo to Flwe
tycles, depending on core posi%iom. This
Increased residente time extends N Current
fuel supply to the yrar 1930 ang retylted 4o
a subttanttal cost caving i3 ths program,

Lycl2 7 operaziong hegam *n buguss 1685
angd the raactor teviing was conguried In Swo
paris: high-power testing labeve 9% Suwer)
early An the Cyo'e ang Tow-Jowee ta1timc
Laboul 0% power) at tee end 0f tne g ls
The Tedrtor «a5 marually Tt oown 45 Deoemper
To replace the two driwer Fuel gotempliden
(DFA5) Age~i3f1ed as cotent a’ < 5idom gay
sourTEs . Gince Leth dssembites ngd identica
T4 941 ANT burnup Bistories, o' ¥erentda-dpn
wds N3t possihle.  The releaie 94 add'ttong.
fig540n gas trom one pf the assemnlies swhenp
towds removed Trom ghe gare enTiemeg ths
identity af the leaner TN, L. he aniy
DFA 1o braach, tut 4h's IFR wil «-pi1 beyong
cestge Wfetime at 104 700 Mg MM

The Cycle 8A Qutage proved to be a suc-
cessful demonstration of the "mini-outage*
concept -~ a full refueliing without ex-vessel
transfers. Key factors in the efficient
refueling were the rellabtlity of refueltng
machines and the fact that the core was not
"tight.® This last factor was due to assembly
rotations in previous refuelings that have
compensated for the distortions caused by
irradtation.

The plant returned to power operatir 15
in February 1986, to begin an extensive : :'ries
of Inherent Safety Tests (IST). These t: 575
were designed to accyrately measure the reac-
tivity feedbacks in a prototypic Liquid Metal
Reactor {LMR). These feedbacks are the
changes in the balance nf neutron production
and loss that occur when the temperature
conditions in the reactor change. The 15T
aeries for Lycle BA consisted of 198 measure-
ments of the poesition of control rods at
seiected power and coolant conditions. The
power of the reactor was varted from 10% %o
100%. <Covlant conditions cowered *hs 1 inge
of B7% to 100X flow rate amgd S77°F %o & G°F
tore iniet temperature. Plant gondittoos fo»
these tests all $el) wizhin currest goera-
thonal Timits. Evaluations indicate the
results are constistent i pra¢iciioms mage
Defore the tests.

Another development during Cycle € was
the identification of the failed Suel pin in
assenly BE-%. UE-3 was {he Tirsh Braached
assenibly fo be processed o the L% Cell.
when the pin weighing system €%¢ mot 4ofin-
itely pinpoint the breat®. a fuel Din washing
lerapigue wat devalupsd. The subnegeenl wath-
Ing of sach fuel pim ang ive remowal of fhe
wiTe wrap 21Aminated 317 Flewing ebstructien,
from the pin cladding suriage, Afisr waghing
I3 pims, the preach was lorated by visuald
espmimation.  There 13 mow figh confidemce te
the capability of Tocaties and Mdemtdfying a
breached pin Lhe Intertm Zaaminatiom and
Masaterante (I1€%) Celd. IF Lmignt
Fiereace data cammet DYapaint 2 besach,
thers 13 fow 8 27080 SRcawd techtiger For
Yrelation ang Ydeniifocatasm.

Guring Tycle BT, 4 gsuc%es of Loss of

Tlow @ithgut GUram CLTTMIG) (2375 w4t ger-
Ported Trom sower lewrly of up o 0% With
e reduction tn DU TIny ACIT ARG AAtural
VitruTatton cangittong TRirtee= (OFWDG Sests
w22 rangutted Trom presr . These Teslt

1o Tuded 14 powee 2500013, "8 zerg.power
2023, % primary 19n1790 P00 wrsih weatyre
menit, 3 29 startiups Tor ferp-power ohyglics
2015, There were o unplanmed icrams and
Tandutt of TesIANG it wrensifres Ime gwer
a1t syiiem responte may n glose agreement
with peagictiong
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Merthe of preparation culminated in the
tinal week af the Cycle 9 outage with a suc-
cessful corduct of the complex Integrated Leaw
Rate Teszt {ILRT) of the reactor's containment
structure. To prepare for the test, most
systems and equipment ¥n contatinment had to
be altered in scme way. Results of the ILRT
showed the FFTF containment leak rate ta pDe
at least 20 times lower than test allowable.

FETF's first fuli-size metal fuel experi-
ment was installed in Cycle 9, as well as the
first isotope preoduction tests. 1In addition,
16 Yong-life assemblies (10 fuel and & blan-
ket] were Inctalled to begin the Core Demon-
stration Experiment (CDE). Because of the
design of the CDE assemblies, maximum power
was reduced to 291 MWt. This refuelding
effort, thougnh large and complicated, was
completed five days ahead of schedule.

MAJGR ACCOMPL ISHMENTS

fuel Fatlure Identification

Early detection and characterization of
breached test materilal specimens and experi-
mental fuel pins in the Fast Flux Test Facil-
ity 4s accomplished by monitoring nodle gas
radialisotopes. &nother paper prewented ay
this meeting w111 addaress the gas tagging
system in pore detsll. Since reactor cpera-
tion began, owver 100 Andivigual capsulizs  ome
driver and nime test assembly Breaches hawe
peen successfully Ydentifisd. A large aumser
of tag gas releases result from the MOTA
stress rupture capsules. The gas tag system
perforned very well, identifying indivicual
capsules, @ven 1o multiple release ewemts.

Pasqtwe Safety Tests

These tests are part of 2 netlonal aoffor?
to develop & reacter cesign that cem accommp-
datte 32 large range of accidemt conditinns
without relying on engioeered safety compon-
nents or continuous electrical puwer o oper-
ate the coclant pumps. The matural or
Anherent characteristics of the reactor «11%
Shut down Ihe realtOr And Caryy awdy the
reRtdusl heat deimg produced n the fuel.

Dempnstration angd characterization of
the passive safely capadtlitles of Tiguic
metal resrtors { MRS} 4t well ubdemway at
FFTF. Tww sertes of (1ST5 were complelad as
plamned gfuring Cycle 8. Jne sertes of 241y
dncluded a gelayes pony motar trin {DAMT)
test, 4 pleady-siate natural cidrculatisn
{SEINEY test and & Yoss of flow without scranm
{10FW0S) to gany wtor flow test. Results of
this serdes of Teslt were ail ¢lese Ip
predictions.

Also completed was a series of LOFWOS
tests from power levels up to 50% with flow
reductton to both pony motor and natural
circulation conditions. This serles of tests
demonstrated the ability of the Gas €xpansion
Modules (GEMs) to provide the negative reac-
tivity to turn a LOFWOS event Ynto a benign
reactor shutdown {Figure &) .

The Gas Expansion Module (GEM) (Figure 7)
is designed to passively shut down the reac-
tor, even 1n the remote event of an unpr -
tected loss-of-flow event.3 The device
uttlizes 1ts internal volume to trap arg
cover gas. The gas bubble remains trapped as
long as the assemdly rewa$ns jmuersed in
sodium. The unique feature of the GEM 1s
that 1t can instantly react to a reduction ia
flow by sensing the loss of inlet plenum pres-
sure. This loss of pressure permits the gas
bubble inside to expand, displacing the sodium
down delow the core Jevel. This displacement,
in the first row of the radial reflector aor
blanket, causes Increased radial) and axlal
neutron leakage from the core which facili-
tates reactor shutdown, The degree of neu-
tronic shutdown 15 a funct¥on of positi on,
mumber of GIMs ut1lized and core geomerry.
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Thirteen fenty were conducied hetwien
HI% ahd SO% mower. Un the mMOSY xggressive
teit (50% power/YOOX), the peak sadtum tem.
perstures wers lgwer tHhan predictod. Nine
GEMY were tested 30 Yimes and the conclustan
15 that the GEW %5 a viable device for safely
terminating a LOFWOS event \n 2 LMR.

Advanced Reactor Design Lxperiments

In support of the inncvative Yiquid metal
reactor deveigpment program, natural convec -
tion alr cooling tests were performed using
the FFTF Interim Decay Starage Factlity (10S).
The 10S s a 43-foot Nigh sodium-filled ves-
sel that is used to store trradiated core
components and test assemhblies. An annulus
that s located outside an enclosing guard
tank was designed to provide backup emergency
natural draft air cooling. Using *his backup
system, natural convection air cooling tests
were conducted for periods of 3 to 5 hours
starting from seodium temperatures of 400°F,
§50°F, 700°F, 550°F-repeat and 400°f -repeat.
The vessel and guard tank of I0S are well
instrumented and additional temporary
Instrumentaticr was installed during these
tests to measure alr coolant temperature rise
and flow rate,

A thermal model of IDS, which was devel-
oped during inittal FFTF acceptance testing,
was used for test predictions and in the
evaluation ¢ Yncal heat transfer data.
Results from the tests indicate that in each
case, natural convection alr €licw was 1nlti-
ated rapidiy when inlet and exi4 valves were
opened and effectively cooled the I05. Over-
all heat removal was greater than expected
and local heat transfer was significantly
higher than predicted, using the forced con-
vection Dittus-Boelter relationship for the
Tocal heat transfer coefficient. In these
tests, local heat transfer by thermal radia-
tion was comparable to convection. Extrapo-
lation of the 10S results te¢ other jarge
annular natural convection cooling concepts
appears reasonable.

Reactor Contalnment Buiidirg Intearated
Leakage Rate Test

A significant part of the survelllance
requirements foar the FFTF ‘nvolves the assyr-
ance of ‘sciation of radicactive contaminants
from the environament due to either narmal
operation or as the censeguence of an acchi-
dent. The reactor primary contatnment butld-
ing which surrounds the nuciear reactor and

13 heat transport system gcts as a fimal
barricr to mitigate the :orsequence af a
radiological release. 4ppendix J of 10LFRS0
defines the basis for a surveillance program
tao snsure that the primary conta'nment will
perform a: designed for the 1iie of the plant.

The mmst significant tost preieribed by
Appendla J of YOCFRSO. the Hoagtgr Butidtng
tantatnment Integrated Lesk Tsts Test {ILRTY,
invotves simulating as clotely as t¢ practical
the predicted condttions within the primary
containment after the most severe postylated
accident. The leakage of atr from &he primary
contalnment to the environment V5 measured to
demonstrate that offsite exposure to posti-
lated radtoactive contaminints will not exceed
the calculated maximum. various glant des Ygr
and reactor specific features deterfitne a
predicted maximum pressure expected to exist
witthin the primary contatnment under accident
conditidns. A1) valves that close cofitafnment
penetratfons are aligned to the pasition they
aytomatically would assume after a radiologi-
cal accident. Lines postulated to rupture
Inside the primary containment are dratned to
the extent practical of fluld and vented to
containment atmosphere for the duration of
the test. Lines postulated to rupture outside
the primary containment are drained to the
extent practical of fluid and vented to the
environment. The ILRY 15 conducted at a test
pressyre equal to or greater than the calcu -
lated peak pressure expected for the Design
Basts Accident (DBA). With 1.7 psig as the
predicted peak pressure during a DBA, 2 psig
was selected as the appropriate test pressure.
Ap acceptable leakage rate of 0.5 welght % per
day at 2 psig meets 10CFRICO dose consequence
1imits for site selection.

The Integrated leakage rate was deter-
mined by the Absolute (macs point) Method.
The Absolute Method of leakage rate testing
constituted the determinatiocn and calculation
of atr losses by contalnment leakage over a
24 hour period by the meant of direct pres-
sure, temperature, and humidity cbservations
during the test pertod. 7n's method assumes
that the temperature variations during the
test will be insufficient <o effect signifi-
cant changes in the irternal volume of the
structure. In practice, however, the calcu-
lated mass of air with'n ine FFTF containment
displays a distinct ncnlinsar change which |
correlates with diurnal zemperature changes
within the building. The seriod of apparent
mass change Ys aoprox‘mately twenty-four hours
and appears to be assciiated with the datly
temperature changes. Siscz the FFTF contaln-
ment 1s constructed of whin steel shell
with a few inches of 2xtz-n31 insulation, |
this diurnal effec: mzy 32 due to small
changes in the conta‘rment volume caused Dy
solar heating of the veszal,

a
.

Human Resources: “welve Hour Shift |

Schedule

In 1985 the eperat'n; crews at FFTF
changed from an 8-hour/2z4 to a 12-hour/day
rotating shift schecile. The primary oblec-
tives of the scheduie cnange were to improve




the average leved of qualification by redqucing
ALIF¥tion and Intreasing job satisfaction
Althoggh attrition at FFIF 4s not hign by
Industry standargs, e reduction Yo attritian
wou'ld ratse the average ‘evel of expertence
and qualificaticns for the operating crews

and would reduce training custs,

Before irying the 12-nour/day shift
schedule, the primary concern was that opera-
tors would hecnme fatigued after working
12 hpurs per day for four consecutive days,
and that operatdir fatigue could lead to errors
that wbuld Jeéopardtze plant safety. The
effect of the Y2-hour shift on safety was
assessed by comparing the number and severity
of off-normal events on the 8- and 12-hour
shifte. The result of this analysis indicates
that there was no statistizally measurable
difference between the B- and 12-hour shifts
in either the number or severity of events.
The evidence on operator alertness was con-

- tradictory, however, since evidence from a
variety of other sources, including computer-
Yzed tests of alertness, indicated that most

T operators are generally somewhat mare fatiqued

_on the 12-hour shift. However, as was men-

7 tioned, this has not resylted Yn a statisti-
ctally measurable increase in th2 number or

-~ severity of ¢ff-normal events.

As a result of the schedule change, 1t
seems clear that plant performance improved
in two ways. The operator error rates in keep-
ing the Technical Specification Compliance
Logs was already very low ar the 8-hour shift.
On the 12-hour shift, the rate was even lower.
Also, the operator interface with craft per-
sonnel resulted ‘n an increase in the produc-
__Ytivity of the craft personnel.

Fully 84% of the cperators were in favor
of the 12-hour shift. Althcugh the change
caused at least two operators to leave, there
is reason to believe that ihe general increase
in satisfaction will eventually lead to a
lowered rate of attritica. Thus, the evidence
indicates that the i2-hour shift has aiready
met one of 1ts goals (general increase in
satisfaction), and will likely meet 1:s other
goals (reduced sttrition and a higher average
level of quaiifications), without sacrificing
plant performance or zafety.

The principal conclusion 1s that tne
12-hour/day shift schedule 15 2 reasonable
alternative to an 8-hour/day scnedule at FFTF,
Since no ather facility ts zxactly ltke FFTF
in all respects, constderation should be given
to such factors as employe age, sex, commuie
time, indtvidual differences, the character~
1stics of the 12-hour spift schedule, and
modifications in shift-turnover procedures
before other facilities adopt a 12-hour shift.

UNIGUE PROBLEMS Y0 SOOLUM-LOBLLY REACTORS
Biading of Primary Pump Shaft

A major problem developed during Cycle 1
when one of the three primary sodium pumps
wou'ld not rotate. Durfng a shutdown period
after a scram and subsequent restart af pri-
mary sadium pump P-1, a flash-over occurred
in the brush/slip-ring area of the pump motor.
The resulting pump aoverspeed and flow imbal-
ance among the three primary coolant loops
forced sodlum tnto the shaft annulus and con-
tributed to the binding of the shaft 4 pri-
mary sodium pump P-3. The upper portton of
the pump was disassembled, revealing a reduced
shaft clearance in the pump baffle area.

This reduced clearance was attributed to
sodium residue from the unplanned transient.
The pump was freed Dy heating the shield plug
and pump tank. After reassembly, vibration
and coastdown measurements were taken which
verified no additional problems existed.

Electromagnetic Sodium Makeup Pump Leak

In November 1984, a primary sodium leak
was discovered upon entry into a pump cell to
‘nvestigate a shorted trace heat element. At
the time of discovery, the FFTF had completed
five operating cycles and was in a refueling
and maintenance period prior to startup for
the sixth operating cycle. The leak had
occurred 1n the Auxiliary Liquid Metal System,
which Includes two electromagnetic makeup
pumps, P-38 and P-39, which operate in paral-
te} and take suction from the primary system
overflow tank, T-42. The pumps are located
in steel-1ined cells which normally contain a
nitrogen atmosphere.

Prior to the discovery, the two primary
makeup pumps were frozen off during installa-
tion of temporary electrical power for main-
tenance on the high voltage feeder circuits.
Review of plant data suggested that failure
cccurred elther during sodium meltout follow-
ing the installation of temparary power or
during the high flow operation immediately
following meltout.

Cleanup and decontamination of the
¢pt1ied sodium and replacement of the failed
pump began immediately after discovery.
1n1t1a] cleanup and decontamination removed
approximately 0.3 m3 (75 gallons) of sodium
from the pump cell and reduce¢ the general
raclation levels from 100 mrem/hr to
5 mrem/hr. Because of the caustic environ-
ment, breathing air and full protective ¢cloth-
ing was required to work in tne pump area.
As work progressed, protective clothing
requirements were reduced accordingly. The
entire project was accomplisned in 33 days,
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Examination of the pump duct showed that
the faslere, which was a small frregular hole,
was probably caused by cavitation erosion
when the pump was operated at flow rates
»3.8 Vs (>60 gpm). The damege was acceler-
sted by duct deformation From multiple
freeze-thaw cycles. A replacement pump was
installed, along with enhanced Jeak detection
capabiiity on all normally inaccessible
sbdlum pumps. Visual Inspections were ser-
formed on the other remaining sodtum EM SUMmps .
[t was concluded that fatlure of the EN type
pumps 15 not expected tf the scdium 4s kept
molten and the pump ts operated at flow rates
which preclude cavitation.

FUTURE MISSIONS

FFTF Power Addition

Demonstration of reltable power genera-
tion is an essenttal stepping stcne to LMR
commerctalization. With the cancellation of
CRBR, modification? of FFTF is a viable
option to fulfi1l this misston 4n the U.S.
The power addition design philoscphy 45 to
minimize interfaces between the nuclear
reactor and the conventtonal electric p._wer
plant. Upset conditions in the power nlant
must be prevented, 3s much as possibie, from
affecting reactsr operation. The extent *o
which this philesephy can he effectively
implemented may have a bearing on future
plant design and operatiens.

The 40C MW of thermal energy produced at
FETE 35 currently not utilized. GCump Heat
Exchangers reiect this heat to the atmo-
sphere. The proposed modification (Figure 8)
would add steam generators to twe of the
existing three secondary sndium ¢coling loops.
The steam from Deth loops will be combineg to
drive a singie turbine-generator, producing
108 MW of eiectricity. The power w!l} be fed
to the Bonneville Power Administraiion grid
and s suffictent to meet all Hanford loads.

An environment3l evaluztion was perio
in July 1983, which concluded that the ant
pated impact of the project is negiigible.
The project site s w!'thin an area which s
currently secu-ed and stabilized in zontunc-
tion with FFTF gperation. %o gasecus ¢r par-
ticulate effiysnis will he discharged to the
atmosphere.
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FFTF Power Addition.

Figure 8.

Extended Life Fue}

Evaluation of the FFTF driver fuel has
been completed and the performance of this
fuel system has been outstanding.5 Only
one driver fuel pin breach has been observed
in five years of reactor power operation.

The 1ifetime of the fus! has been demonstrated
to be 50 percent greater than the design goal.
How, 2 third generation of mixed oxide fuel
testing 1s in progress. The Core Demonstra-
tton Experiment (CDE) which consists of ten
fuel and six blanket assemblies, started
irradiation *n lat= 1986 and is expected to
continue irradiation until early 1997,

Progress in the develgpment of absorber
assemblies has matched that achieved with
fuels. Lifetimes of reference absorbers fab-
ricated with 316 S35 components have been
extended by at least 5C percent, and develoo-
ment tests have supportad the design of a new
FETF absorber assembly with a design 1ifetime
of 900 EFPD, a three-fold increase over that
for the initial FF7F an:isrber assemblies.

Since 1980, “re n'shiy instrumented and
temperatyre controlled Materials Qpen Test
Facility (MOTA) has been the premiere factidty
supportiing the develooment of advanced mate-
rials for use in nuclear environments. The
LMR materials orogram nas progressed fram
cold worked 216 35 to §% austenitic alloys,
the martensitic HT3 alloy inclyding a modi-
fled HT9 with supertor high temperature nrop-
erties, and to the dispersign strengthened
alloy MASST. fine’ evaluyation of these alloys
has Seen and =117 cantinye to be the'r per-
formance as claddirg and/or duct components
of full size FFTF fuel assemblies.



A program to canvert f77F 3 4 Yong
Itfetime metal fuel sysvtem has bequa. The
f1ret two leag tests, u$ing utranium/zircontum
fuel and Yang life/slow swelling components

began Yrracdtation ¥n FFYF 9n YGH7.  Addi-
tinnal tests will be tnitlated 'n 1988 ana
beyond, leadting to an expected converston of
FEIT to an 411 metal core starting $n 1991,
Irrzdiation of a lead prototypic-sized test
far the Integral Fast Reactor {IFR} metal
fuel program was inlttated \n FFTF in 1986.

leradiation Programs

Tne FFTF s supporting international
cooperation through cooperative LMR develop-
ment programs witn Japan and Switzerland.

Twe prototypic MGNJU fuel and one prototypic
MONJU bianket assemblies will begln irradia-
tion in 1987. These tests, using cladding

and duct components pravided by PNC, wili be
jrradiated under conditions prototypic of the
MONJU reactor. Results from these tests and
matertals property Data from MOTA frradtations
will support MONJU licensing activities. A
Joint urantum-plutonium carbide fuel assembly
containing Swiss (EIR) fuel is currently being
irradiated in FFTF.Y

The MOTA s also being used as a major
tool for the deveiopment and evaluation €
matertals for fuston reactors as well as mate-
rials for space power applications.

Praduction tests to demonstrate the
pctential for production of radiclosctopes
important for medical applications began in
Cycle 9A.

SUMMARY OF OVERALL PERFORMANCE

In assessing the 5 years of FFTF opera-
tion, 1t is clear that the pliant has operated
reliably and safely. Operational experience
with sodium systems and component performance
unique to 1iguid metal reactors has been
obtained which ts vital to development of
future LMR designs.

Unplanned automatic scrams are & measure
of the plant's reltabiitty. These occur from
transtients in operation, equipment fallures,
human error or spuricus signals. Figure 9

i1lustrates the numper of scrams that cccurred

through 1986. In general, FFTf has averaged
two unplanned scrams per year.

The safety and reltability of the FFTF
{s further emphasized by an enviable record
in keeping radiation exposures low tO opera-
tional staff. {Figure 10) The five year

average plant racdtation exposure was

6.3 man-rem/year, compared to an industry
average exceeding &00 man-rem/year for light
water reactors.
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