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ABSTRACT

The fast Flux Test facility (fTfFj s a
400 Awit), 19oop-typle, sedium-,coiaed. fast
neutrn reactor. It is operated by the
Vestingluse Hasfod Cmoany for tne UtAt
States Senartment of ENergy at Richland

MWAshington- The FTWT is a alttpurpose test
reaictor used to irradiate fuels and smterlals
foir programs such as Liquid Metal Reseter

LA)research, fzsIo" researct, svace ;sever
systems. Isoto1 e Produrton and iaternathea'
researtr, FFT Is also used for testing cmi-
rcets te be used in Advanced Reactors whitn
will be desiged to matmize passivn safety
features And net recuire cvlex stwtd.,
systems to assure sa'e sbutdown bnd heat
removal. The TPf also pr'oivi4es experice
io the overation -and mtaitervanc of a rente-r
havinq prototypic Vcgoesets sa" sytems Ftwr Fist Flux 'Test F-actilty.t yi a l of la rg e m R i w e 9 r tr Z r m n tf i : T f l 0,:i w y . S tate s

FFTf acmieved cri tica it* io rebrimr y C Artivnr Er;y t1t9e dse90tihot4
and first achtevel 100% amwer 11 Deverrer tf 1tnftgJ :Mmni
that year. In April 19k82 the fFTf bega, its
first 100-day Trrat4loi, cycle. ;enisan . *:tqmed forin Cycle 5 in 3wve. "9A. the tie lengt. testN fu aSpthave gradually increasec to a 'fi-Cay merat- ttaerma' ans wrigrnend

lliig period dluttgs Cyce 9 M 1A 1981. S1tce
the start of ojtratlc-i. UFT 'has coe-ated % lst tatel
eceptionalily we'l, crtotenui to oet mew
oerformance narlk. ;is z'hts lnclude icn tus :ermttng tn oamt to raily att
mog a 71% apac:tl "actzr in 1985 as Weld as levels for asonent rrad'attruan average Operational Uftciency Fatir of
9b.7% from 1933 ttruo '98. Two *i ec
and forty-sever f4,e < zem p 85 (5 <f * n 'Z e
are exoerirentSj and er 52,90r n'4! v Ael pint have been '-*zc4 ated th re)gn
Cycle 9A, some 1, excesi of a55O0SD tqc iTMetal turnUp Serla': et ;utpment at Dte !a +r.
systems unioue -o C oZte d reactoror n i tlpTlat: have pertorhc- 4 r pl-4 l las p

teINTRtDUCTg ftels aezsds nn ; a rtetep ce
Th.e F777 (tlgure 1? ti a 4h u 1? -eat1 ptreersIpom he reactorc.,caled rasc neuzton <us xe 'et e' cca 1c 7 '7 e r3 a t s) of exuidon *the jni41, -ate, gC. t 'eoled jn ioler low oressurer u "It cutatee tostlry tont ole

eReter,,aon - e t, r i of0( T Tor th ree-

4,t ie c* o @sachsahee

S he pal tce- h ln



TABLEI

FFTF TECHNICAL PARAETERS

MAM~alitANA

*THERMAL POWER 400 MW
g 2 t tREACTOR VESSEL INLET

TEMPERATURE eat (60F
1REACTOR VESSEL OUTLET

TEMPERATURE 503-C (938-Fj

*NOWMAL CORE AT 167-C (200-F)

pra c RnAhY SOUM FLOW
( 0ga ) CAPAUTY 2744 143.500 opm

,F T PRIMARY SODI DYNAMIC
HEAD L1O2W m (500 00M

CORE CIAM R OL VSCM (4 Il

*O L CORE EIGHT 9174cm (3 f)
* PEAK FAST FLUX X PIIS LOWm2 -sc

- * PRMARY SODUMOVA DYNAHEDt5Am 5- t

f igure 2. Rteacrtor Cont~ajmept 8uii jdltt OTS also CsAports t22e cwltwnug tra (i and
reAcertficat a of allf xd ra s u pemr-

inteirmealate beat ezcflj Separate rfi~o. rIS~ori And "aunarI.
active snrdtus An tile ,pfriaory sistem fram .-

:radioactive so4ium In thle 68 mn' This paer reports wr FF~ mperatt 3r
{(1S4V3O gallon) secondary systems. SecoaUry exper14imc diurl N tie firsft fiv $w:Years -6-
sodita loops transport thbe reactor teat frum power peratio5. o p erar on a"n erfomnw e
tle Int-ermedtate heat ectange~r to 'the 'air- i& drcjSi*at %O efqalriertrs itape
cooled tubes of thbe tkwelw'e duru teat system A4 :z~~il~ttat r s Itat
exr anders. aer.

Table I provIdes soom significant filTf OFEUIkAfl .71
tecTs prcal des of poTFr

starto al WaVC *rvaolt
The referene drlmef fxelp ec wad g cm-he fistore years :a r;1

prised of about 16A1D pinas of co-precipItat~eC4 *,rmws Mtcest e TeTst u AmeeC A ctm-
,U-Ru mined uxaide fiael of ZZ2J ari 27 verc-tt piensIve setrles a '4 4eer a no-qmvlir

pu. Eaai fuel suDaas-semnly crntained 217 py's tests wan co4sttare y attte ttoy .
spaced b wre rap nt tetliied by a iqt tycraod fl-c ad neatret 4 of

a-blr ga aicura to gcenIJy wssItce clat - te PreactaWS Of ereM
ding failre. eanl claer ing as Tepe Z16 Atural cTculatlat tts to Cn-
'zaInle..s Steel . Refaiiy I I V Is only ~rfnrmeo 5teStartp Vntnt ta 'eattire of te *
thei the reactor es e-ftutdow.M. Tthe tests ortacvf ri ec sitia l g

Pe have ee npmarzt Aretl os0y) Tcee
acdacent to t e plant Is a sldmultto r of tes s lAre caettJatet dAi vn sticr of

the Fgas control tow *nicnf yncides t.s e FF7 t1s as art of 4sr'e : pasIn Safet
dAn Hea t st TRreacctorT Teetcdd asTyp a atr Zcl est
ard associated cnrntnult, loidAtiOnS ard calle4 as Wher: Naz te ofs The

alarm. The Opertlons Trainn. Simulator natural circwlavctes mer ucc sery sug-
fl provides s~~i~atlan snich Is tiosv ctsoand and Is ot a selarate paTer

enojgh tcent tor teted plaso respoiss to tycle I ecrat s Zaga t 16 132.
all pr eioures to te for plitht narkIng ttee ead Fr f ' e acze nc testng
control and to conduct effez: e trainig for and te begiasEnias; j:r'-: or)tranS. e -
the operators before actual testing or opera- tially lfS-day czcwer trt .ie norm, but for
tion occurs. Tests nave Included condItions Cycle five and Iegzt. tRa'ly increasing
outside -.he normal oerating condiltion. The cycle run ties wants arthec. Cycle 9A



ichleved 137.7 Effective fuill ?wer OayS
(EFPO). ODeration of the plant has been
highighted by ever-tncreasing prformnance o
capability. 60

40Table 2 shows the LuMlat've ttatistics
by cycle through the first 5 -years of opera- 2 OL
tion. Loading plans have been devised which
permit 150 EFPO irradiation periods in suose- 19M2 1983 198A 1985 1986 1987
quent cycles. Capacity Factor (Figure 3). a YEAR
measure of the plant operatton at 100% power,
steadily increased annually from 56.9% In Figure 3. FFTF Capacity Factor,
1983, the first full year of operation, to
71% in 1985. Due to the many startups and lot _ _ 7
shutdowns as well as operation at low power
levels for Passive Safety Testing, the capac-
ity factor was only 46.2% during 1986.
Retever, 1987 will see a return to higher -i

capacity factors with the annual goal again
targeted at 710. Availability Factor (Fg. I at
ure 4) likewise increased annually from 61.1% 0
in 1983 to 73% in 1905. Again, due to the YEAR
Passive Safety Testing conducted in 1996.
availability fell to 56.8% but is orojected Fgure 4. FTF Availabillty Fattor.
to be greater thaA 19% during 1987. But
perhaps the best measure of the FfIF's opera-
tional excellence is the Operatlonal Efft-
ciency Factor (figare 5). ThIs easure of z
how awell the operations are conducted aga80st
a pre-Approved plea as averaged 96-6 from H
January 1983 t Drough December 1996. During r
this period only 3.4% fOrced outage tIMe La
occuvrred.1:8 98 9A 1 5 196 18-

Perhaps tte mest interesting obsrvat1Vn Y
made during the first 12-UPO OF tirateM g;4re - ;1T ;actor.
was that of an tfacesing pre*sure dra across
the reactor cere. AlthWsg. thi; aresewted no aeoy Ia-s an le uel Ig
lmitatilon toi a seond operan trce, ad1i- ages -5
tional data q4thering ant evaluatezn We're o'Lrce an, f a 11-
required. The Irmep ls pre *,a r4 apn, .

across the cactur comre r"iuead tut at a w'd wtli ;sl at t rT -1 off
mui-gh Tower -rat-0 ®In~sp iy~le 0. t Dl-r Sulb- lar'ci o5-

AEA

FgPu FC3. R

TOTAiL PLANT4

CAPACITY
FACTOR 5 S3 1 93 5 91 192 198 94 1 95 9

A VA1ILA9JI TY
FACT:,,P ilj 53 G o 90 Oi0 9.' 7 1 AI - 9.
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during Cycles 1 and ? have eitminated all but Irradiation of full-size test assemblies
one theory: an increase in surface roughness usig an advanced alloy began during Cycle 4
in the Inlet region (e.g., Shield-orifice along -wth run-to-cladding breach test,, I.e.,
blocks) of the core assemblies. This reference fuel operated beyond design life
increased roughness is believed to be caused limits. Startup of the Fuel Storage Facility
by a silicon-based crystal growth. Althouqn (SF) also began durIng this period. The FSF
the increased pressure drop had little impact Is a sodium-filled tank containing a carousel
on the operation of the FFTF, this phenomenon with storage positions for 466 fuel assembies
must be considered in the design of future or canisters intended for the storage of spent
liquid metal cooled reactots. or Irradiated fuel. Sodium fill of the FSF

rg Cycle 28, small random fluctua-February.
Durig Ccle 13,smal radom lucua-1984. App-roximately 117 03 (31.000 gallons)

tIons (<2% peak-to-peak) in reactor power of sodium brought the sodium to the desired
were experienced for the first time and they level. Sodium purification aW Mat, heAtup
were attributed to a newly inserted experi- and purification for the two fSF heat
mental control rod. This control rod had exchangers continued through the year,
more radial flexibility and a higher 1 08
enrichment than standard FTTF control rods. During the early stages of the fifth
A series of diagnostic tests were conducted outage, soe problems -were encou~ntered with
to confirm the role of this rod to the power the instrment and control Orcuitry in the
oscillations and to quantify the effects for ex-vessel fuel handling machne. Thtse prob-
Cycle 3 operation. At EOC 2, it was cam- lems InItially delayed refuelig activitlei
pltely wlthdrawn from the core region. Two about one WeeK. In Addition, difficulty was

advanced-design control rods, prototypic of CU113ttred 10 diSCOM"'Ong PrIAry control
the advanced fFTf absorber design, have been red A-1. A bellows failure had Allowed sodium
subsequently tested. During later cycles, Into An area that caused bindIng and required
tests to verify Irradiation performn e and replacemnt of the control rod drive atcha-
determine operatlonal characteristics were nlsn. The tne lost to these delays was
conducted and radial moveMent within the zuickly recovered, And the "tire outage
clearance between the Inner and outer duct is effort ws cowlete * on Wsed
believed to be of source of the flectuatlons,

!nt thbe IE Cell, the Alijhest bartlu
Cycle 28 also introduced the first Assemly to 10. A . Mas Pro-

%iteracive espriant into thle reactor. A set wt le 4etay heat 1twel Sere n elcess
special 40-ft-leos experiment, the Materials: r~trew dfarmt'pn V te Aln's
open Test Assembly (NOTA. can cantalm over vn %*e Nel region wis ohserwed.
2590 material test spectines in 40 separate
canisters. A com=puter control system permits The 4st T'Ax Test T*Olllty Tf
individual casister temperature Meaurement Pletez fts flih 'VQQW QiratU4 tgcle In
and Indeptdett adjustments In relation to NoveMer IU4. The 4
surrounding sodeUM temPeraturis. These mevs- f"l1ptVwer 'days estahlsb" a se* Oeatlmq

uorements Permtt a Mere accurate treaioro te a arel ttt rutor and Swr-
beotwee iartadiati.n effects a.d temperature palstd tte old revd :0 1 tar4 set arlj* r
tham has been SevOus h' possible an esser- 'M the W*Ar Mitt cie A
1Tia step in the develop.zent and deatratson
of extende-lfe fe assembules, .er$4. 'ile Prewentiwe nease-

Ai more expteerenc- a, g nr4 In up-.-e rzmaqnetiic zt4n naelp ;UM 4s
1' the plant, etw .ay" to rprove effIc enc-1- prir to Cfcl s
Sopenratons were found. for e pamole. .fa4l ra Mar the f irst Itl t reactor
t tel Owmp He~a j .ch4ng r Da,; piation prci~ j r.v t iln :at e

was cond e at i tC t otttrimne i ia f .fH'-
4 uolated Ma ,od we rieturfP'd tof0 peto

itout requirg ~eduction of reactor power'firewei
tu 5%, The tto; rnirrn T tha,. t~ iI tt

on ing the DhX I lj;t un vae to uwialta in a -r~v; r 7 t c a r cle
t *le flow o d otuim and by ontroilien The

tardersate mitr, Salufal araaiaair flow. =it was possible to ruestore a Od module sarilse'reto, h ~~
t!e reactor is eratin at 91'% Lwr tht reute !r
Chnges wtci re' a ted e . test have
s.titantially he ped legroe :.yce capaC1 '' t.

ra-oW 7 -r fultt-r tet aem t



the remaining 19 were rotated 180' in an The Cycle 8A Outage proved to be a suc-
attempt to extend their residence lifetimes. cessful demonstration of the "mini-autage
Both a Row 7 reflector and an adjacent fuel concept -- a full refueling without el-vessel
test assembly were examinec in the Interim transfers. Key factors In the efficient
Examination and Maintenance (IEM) Cell to refueling were the reliability of refueling
characterize the withdrawal forces. The machines and the fact that the core was not
reflector showed significant bowing while the *tight.* This last factor was due to assembly
fuel assembly's measured bow was in the pre- rotations In previous refuelings that have
dicted range. This confirmed that the primary compensated for the distortions caused by
cause of the high Row 6 withdrawal forces Irradiation.
rests with the Row 7 reflectors and not with
adjacent fuel assemblies It Row 6. In fact, The plant returned to power operatis
the core was so *tight' that a new teclnique In February 1986. to begin an extensive 2ries
had been developed by the next outage whereby of Inherent Safety Tests (1ST). Thes* t
up to five nonadjacent fuel assemblies were were designed to accurately measure the reac-
removed to 'loosen' the tore. Though time- tivity feedbacks in a prototypic Liquid Metal
consuming, this -roved to be a successful Reactor (LMR). These feedbacks are the
technique. changes in the balance of neutron production

and lass that occur when the temperatutre
By the end of the first six operating conditions in the reactor change. The 1ST

cycles, there had been a total of seven fMs- series for Cycle SA consisted of 198 measure-
sion gas releases as The reiult of pin ments of the position of control rafs at
breaches. Two of these events had detectable selected ower and coolant conditions. The
delayed neutron emissions associated with power of the reactor was vari from 10% to
them. four of these pIn breaches had occurred 1001. Coolant conditions covered the Tinge
during Cycle 6 operation, one of which of 61% to 100% flow rate and 577f to I O'F
resulted in a sizeable release of fission tore inlet temeeature. Plant conditis s f-
products Into the primary system. Planning these tests all fell witr'n curent "era-
for installation of a cesium trap began to tioral limits. Evaluationi it7cate the
evolve, due to Interest in future operations results are consIstent ytt preclctlwis vade
with failed fuel and reducton in radiation tee the tests.
levels in the primary sodium stouk future
tests involve runv-beyond-claddirg breach -Antter delomxet lvring 4rie a "s
tests. Modifications to install this tte identificatio 3f the 'ailed bid pin In
egquipmtnt ContItwed thfrav;w, Cycle SA. assnbiy 1L-9. VZ-1 was the f 4rst breached

asebytv be! incse tte IZIR CVlLAlso, by the e-nd of Cytcl 4, over 35,00 When the P1 M q system d t tefm-
driver fuel plns ha been 1rnldIeteo; 15,00 itely onolrt the brth, a fuel P!A wavta1
exceeded the pesek brtun deigt goal of tezheia e waL devlo2W. 7he sab gee 'WA-

&60.=8 </14T1 ard AD00 exceeded i; of each fve Z" ant erein*d I1 t
-l,000 MWc/TW. USed 04 this excetient rwrap ellwrnatto 401 wWvi'

performaine, the decisi was rade to erteep f "on The nli ting t at-r
the exposare limit fronm P'rer to t; to five Z3 pins, tbe trutt was tate1 by isiva* -cycle; 4 deeding as ce-re nositon. Thiset tiiw Ter nwbu er tnuS
14creased residence t me stent the current the cnahi1iv *f 'nestIms and a
fuel supply to the year 19910 anti result*4 brn'-%eo V1n te linterim a t
a substantil cost .avil; to the program.. tf -n 1e

if~4rrce-r data catwp mm ab-ecCycle 7 vceateOnt eqrA N Augusti . tare 1s tow a je 4r for
a-nd the reActor ;ettng wa ouea In twe ' oMtefa-

* pat:: hirh-powr It-nt sRbovr 75% er
-early in the cyc e snt isw->we test ng uig r ~.a ~ i

about 20% ptwerj at te' era 1c- r:e yk 1 ene
is r.4L~ ar aualt I r f-4r or- t-sti 'o am 'y,-rW-'to 'eTD1&Cq tie two -. 1ro A1,4 1,&~.er~ wr'%.-tt c'-- -~~'- A *!Q1nAto

(~~~~- Ofm L344t tt'. f 9 sra st : ecouret I nCe b a tt assemt as ad Adentr i El t
* . 45an hr a -..sere .- ,-oC2.twa..-'cMmi1*Ap qa "antt uiarmu T, r ;c Vc -1'3tL% t jtf)j

es not pohelCe. ThAO r tctg pr oe asucson gae tssrfm demne of otrtisonof the -mS notage*t d.,as nrtrA rr-refuelng wiee the r bl ofe -refu aei
ldenllt .) s-r leater. ~ 'P-uSA*- A-" h- ~Sflf.A to -reach, b th'ti >t A e~j i#,machlns ea the at that tecras

teghn t."e Ts ls factor .at due t- atsm bly



Mcnttp of Dreparation culminated in the Also completed was a series of LarWOS
final week of the Cycle 9 outage with a suc- tests from power levels up to so% with flow
cessful conduct of the complex Integrated Leak reduction to both pony motor and natural
Rate Test (ILRT) of the reactor's containment circulation conditions. This series of tests
structure. To prepare for the test, most demonstrated the ability of the Gas Expansion
systems and equipment in containment had to Nodules (GEMs) to provide the negative reac-
be altered in some way. Results of the ILRT tivity to turn a UJFWOS event Into a benign
showed the FFTF containment leak rate to be reactor shutdown (Figure 6).
at least 20 times lower than test allowable.

The Gas Expansion Nodule (GE-M) (figure 7)
FFTF's first full-size metal fuel expert- is designed to passively sut down the reac-

ment was installed in Cycle 9, as well as the tar, even in the remote event of an unpr -
first isotope production tests. In addition, tected loss-of-flow event.3  The device
16 long-life assemblies (10 fuel and 6 blan- utilizes itS internal volta. to trap Arg a
ket) were Installed to begin the Core Demon- cover gas. The gas bubble remins trapped as
stration Experiment (CDE). Because of the long as tht assembly remains irsed In
design of the CD assemblies, maximum power sodium. The unique feature of the SEN is
was reduced to 291 MWt. This refueling that It can instantly react to a reduction in
effort, though large and complicated, was flow by sensing the los3 of inlet plenu pres-
completed five days ahead of schedule. sure. This loss of pressure ermts the ga

bubble'inside to expand. displacing the sodium
MIAJOR ACCOIPLISHIENTS down below the Care level This displacement.

In the first ra of the radial reflector or
Fuel fal lure ldentif icatiao blanket, causes Increased radial and axial

neutron leakage from the core which far ilIlI-
Early detection and caracterization of tat reactor softdoW. The degree of M-

breached test material specimens and experi.- trnic shutdown Is function of posit A,
mental fuel pins in the fast Flux Test acil- numer of WS utilIzed and tore gerry.
ity is accopVtised by nitoring noble gas
radioisotopes. Anotter paper presefted at $
this metin *All address the gas taggItg
system-in more detai lare reactor opera-
tion began over 100 AidivIdual capsults one -
driver And iae test assebly breaches 'have
been suctssfully Ideptified. A Uarge numter
of tag gas releases result frm the NOTA
stress rupturt capsules. The gas tag system
perfaored very well, ideotifyinj iadivoual
-capsvles, even mnultlple rtlease evtents.

Pa'sqv InS afety Te'sts

These tests ae Dart of a nftIoal effort
to de-elot)a reatr oesig that -can accam-

late 4arge range of accident condItons
wdtheut relydog anengineered safety wuo-pe
weats or ccntwew eletricai power to -oper- #00V TRAPh s$cWUOS
ate the coi ant ;amps. The natural or
interent characteristics of the reactr wil
Shut down tthe -riztr and cdrry away tere

tre-sstdual tfr bo powi n tu f-telw

iemrnstrctuili caodntioar t thsee ofof tests

d-monstrated thefatylcysof thetGas Expansio

Imeta rea-sr1 IMS- is ,1 weluderWY it-
itO~f T e'e o Tswr cofvi1etvt a's -

&niioue (urGAE Cjtopoe vb. the nsaits of recA
Inciz.--ed a delai&Q ponlY =12F trIp -IV44T)
test, A sttaoy-ttatr natural ctrculatt eng
it(ssktj test tnd a loss 'Zq f lowwtiu scram - C ; 1 I

Li0f45) to P-fy ~ flec testt huttdo 'wn (Fgr 6).
vih seres z~fre-sts~re aWPUMPS ONtPMSI

Figure 1G as Expanson odue(

is deindt asieyso dw h e



pr t ere owr t t t M o*dtt aqe A* nrl J af I*VO. the tor Bulldvw)tw ft(U powr0%, the 00s toilu tom-.Ca~e Interati*4 Ltek qate TeSt (ILR'i),Pea~fW 10W~. tt'NAo'ed1Cted. N Ine vtnve rulatiorl 4.1 0tslt 4as '1 ptai
GIEMs wes tested 30 t1Mes ans the ccttesion the oredittecoinditions vltn tho arlmary
it that the OEM is a viable device for safely containment after the most severe Postulatedterminating a LONOS event 16 a LXR. accident. The leakage Of air froM the OImary

containment to the environment is, Measureri toA~Fdftce Reator ~ terimets emonStrAte that 00fsittexposure to postui-lated radioactive Coxtennts will not excts
In support of the innovative liquid metal the Calculated maxioumi. various plant desg,reactor development program, natural convec- and reactor specific feature, dettrolte a

tion air cooing tests were performed using predicted maximum pressure expected to existthe ffTF tnterit becay Storage Atility (IOS). witwin the primary containment under accidenThe 103 Is a 43-foot high sodium-filled ves- conditions. All valves that close containment
sel that is used to store irradiated core penetrations are aligned to the position they
components and test assemblies. An annulus automatically would assume after a radiologi-
that is located outside an enclosing guard cal accident. Lines postulated to rupture
tank was desIgned to provide backup emergency Inside the primary containment are dtained tonatural draft air cooling. Using this backup the extent practical of fluid and vehted to
system, natural convection air cooling tests containment atmosphere for the duration of
were conducted for periods of 3 to 5 hours the test. Lines postulated to rupture outside
starting from sodium temperatures of 400*F, the primary containment are drained to the550F, 7000F, 55D*F-repeat and 400OF-repeat. extent practical of fluid and vented to thrThe vessel and guard tank of IDS are well environment. The ILRT Is conducted at a t-t
instrumented and additional temporary pressure equal to or greater than the calcL.
instrumentation was installed during these lated peak pressure expected for the Design
tests to measure air coolant temperature rise Basis Accident (08A). With 1.7 psIg as the
and flow rate. predicted peak pressure during a DBA, 2 psig

was selected as the appropriate test pressure.
A thermal model of IDS, which was devel- An acceptable leakage rate of 0.5 weight % per

oped during initial FFTF acceptance testing, day at 2 psig meets lOCTRlQO dose consequence
was used for test predictions and in the limits for site selection.
evaluation :f local heat transfer data.
Results from the tests indicate that in each The Integrated leakage rate was deter-
case, natural convection air flow was initi- mined by the Absolute (mass point) method.
ated rapidly when inlet and exit valves were The Absolute Method of leakage rate testing
opened and effectively cooled the IDS. Over- constituted the determination and calculation
all heat removal was greater than expected of air losses by containment leakage over a
and local heat transfer was significantly 24 hour period by the means of direct pres-
higher than predicted, using the forced con- sure, temperature, and humidity observations
vection Dittus-Boelter relationship for the during the test period. 7his method assumes
local heat transfer coefficient. In these that the temperature variat'ons during the
tests, local heat transfer by thermal radia- test will be insufficient to effect signifi-
tion was comparable to convection. Extrapo- cant changes in the Irternai volume of the
lation of the IDS results to other large structure. In practice, however, the calcu
annular natural convection cooling concepts lated mass of air within the FFTF containment
appears reasonable. displays a distinct nonlinear change which

correlates with diurnal temperature changesReactor Cotainment Buildino Integrated within the building. The oeriod of apparent
Leakage Rate Test mass change is aoprox'mately twenty-four hours

and appears to be assor'a-el with the daily
A significant part of the sAerveillance temperature chances. 5 e the rFTF contain-

requirements for the FFTF involves the assur- ment is constructed of a *In steel shell
ance of isolation of radicactive contaminants with a few Inches of exte-7al Insulation,
from the environment due to either normal this diurnal effect 7 :- due to small
operation or as the conseouenre of an accl- changes In the conta'r-et volume caused by
dent. The reactor primary containment build- solar heating of the we;;ei.
ing which surrounds the nuclear reactor and
its heat transport system acts as a final Human Resources: -ve Hour Shift
barrier to mit'gate the consequence of a Schedule
radiological release. Appendix 3 of 1OCFRSO
defines the basis for a surveillance program In 1985 the oeats crews at FFTF
to ensure that the primary conta'nment will changed from an to a 12-hour/dayperform as de~ned ;or the life of the plant, rotating shift shece. The primary objec-

tives of the sctedule cnsrqe were to improve



the average leoc-l ofO4 f !a tl bJ rso lg tfloXut PROhLEM5 TQ 0 mCO0RAT~attrtloo aha easA0 satsfation,
Although attrittin at FrIF it not N11A by ______________

industry standses. a tkeution in attrition
would raise the 4verage level of experience A major problem developed dutinq Cycle I
and qualiflatlofs for the operating crews when one of the three primary sodiua pumps
and would r*duce training costs. would not rotate. During a shutdown period

after a scram and subsequernt restart of pri-
Before trying the 12-hour/day shift a oVe occrred

schedule, the primary concern was that opera- in the brush/slip-ring ae of the oump motor.
tors would become fatiued after working The retulting pump overspeed and flow imbal-
12 hours Der day for four consecutive days, ance among the three primary coolant loopsand that operator fatIgue could lead to errors forced sodium into the Shaft annulus and con-
that would jeopar4izLe plant safety. The tributed to the binding of the shaft in pri-
effect of the 12-hour shift on safety was mary sodium pump P-3. The upper portton of
assessed by comparing the number and severity the pump was disassembled. revealing a reduced
of off-normal events on the 8- and 12-hour shaft clearance in the pump baffle area
shlfts. The result of this analysis indicates This reduced clearance was attributed to
thal. there was no statistically measurable sodium residue from the unplanned transient.
difference between the 8- and 12-hour shifts The pump was freed by heating the shield plug
In either the number or severity of events. and pump tank. After reassembly, vibration
The evidence on operator alertness was con- and coastdown measurements were taken which

-tradIctory. however, since evidence from a verified no additional problems existed.
variety of other sources, Including computer-
ized ttsts of alertness, indicated that most glectromaanetic Sodium.Makeuo Pump Leak
operators are generally somewhat more fatigued
on the 12-hour shift. However, as was men- In November 1984, a primary sodium leak

Ctioned, this has not resulted In a statisti- was discovered upon entry Into a pump cell to
cally measurable Increase in the number or investigate a shorted trace heat element. At-severity of off-normal events. the time of discovery, the F had completed

five operating cycles and was in a refueling
As a result of the schedule change, it and maintenance period prior to startup for

seems clear that plant performance improved the sixth operating cycle. The leak had
in two ways. The operator error rate in keep- occurred In the Auxiliary Liquid Metal System.
ing the Technical Specification Compliance which includes two electromagnetic makeup
Logs was already very low on the 8-hour shift, pumps, P-38 and P-39, which operate in paral-
On the 12-hour shift, the rate was even lower. lel and take suction from the primary system
Also, the operator interface with craft per- overflow tank, T-42. The pumps are located
sonnel resulted in an increase in the produc- In steel-lined cells which normally contain a
tivity of the craft personnel. nitrogen atmosphere.

of Fully 84% of the operators were in favor Prior to the discovery, the two primaryfthe 12-ho~ur shift. Although the chanee makeup pumps were frozen off during Installa-caused at least two operators to leave, there tion of temporary electrical power for main-
is reason to believe that the general increase tenance on the high voltage feeder circuits.in satisfaction will eventually lead to a Review of plant data suggested that failurelowered rate of attrition. Thus, the evidence occurred either during sodium eltout follow-
indicates that the 12-hour shift has already Ing the installation of temporary power or
net one of its goals (general increase In during the high flow operation immediatelysatisfaction), and will likely meet Its other following deltout.
goals (reduced attrItIon and a higher average
level of qualificatons), without sacrIficing Cleanup and decontamination of theplant performance or safety. spilled sodium and replacement of the failed

pump began IP3ediately after discovery.The principal conclusion Is that tne Initial cleanup and decontamnaton removed
12-hour/day shift schedule is zT reasonable approximately 0.3 m3 (75 gallons) of sodium
alternative to an 8-naur/day schedule at FFTF from the pump cell and reduced the general
Since no other facility Is exactly like FFTF radiation levels from 100 mremlhr toIn all respects, consideration should Te given 5 uremhr. Because of the caustic environ-to such factors as employe age, sex, coirniute nent. breathing air and full protective cloth-time, individual differences, the character- Ing was required to work in tne pump area.
istics of the 12-hlour snIft schedule, and As work progressed, protective clothing
modifications in snIft-turnover Procedures requirements were reduced accordingly. The
before other facilities adopt a 12-hour shift. entire project was accomplisne in 33 days,
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Examiation of the pump duct showed that
the failure, which was a tmall irreqular hole,
was probably Caused by cavitation eroston
06" the pump was operated at flow rates
>3.8 1/$ (60 gpm). The dafage was acceler-

tate by duct deformation fre multiple
freete-thaw cycles. A replacement pump was
Installed, along with entanced leak detection
cauability on all normally inaccessIble
sodht puMps. Visual lnpections were per-
formed on the other remaining sodium EM pumps.
It was concluded that failure of the EM type
pumps is not expected if the Sodium 'is kept
molten and the pump is operated at flow rates
which preclude cavitation.

FUTURE MISSIONS

FFTf Power Addition Figure 8. FFTF Power Addition.
Extended Life Fuel

Demonstration of reliable power genera-
tion is an essential stepping stone to LMR Evaluation of the FFTF driver fuil has
commercialization. With the cancellation of been completed and the performance of this
CRSR, modification4 of FFTF is a viable fuel system has been outstanding. 5  Only
option to fulfill this mission in the U.S. one driver fuel pin breach has been observed
The Dower addition design philosophy is to In five years of reactor power operation.
minimize interfaces between the nuclear The lifetime of the fuel has been demonstrated
reactor and the conventional electric 0-der to be 50 percent greater than the design goal.
plant. Upset conditions in the power plant Now. a third generation of mixed oxide uel
must be prevented, as much as possible, from testing is in progress. The Core Demonstra-
affecting reactor operation. The extent to tion Experiment (CUE) which consists of ten
which this philosophy can be effectively fuel and six blanket assemblies, started
implemented may have a bearing on future irradiation in late 1986 and is expected to
plant design and operations. continue irradiatlon untl early 1991.

The 400 MW of thermal energy produced at Progress In the development of absorber
FFTF is currently not utilized. Dump Heat assemblies has matched that achieved with
Exchangers reJect this heat to the atmo- fuels. Lifetimes of reference absorbers fab-
sphere. The proposed modification (Figure 8) ricated with 316 SS components have been
would add steam generators to two of the extended by at least 50 percent, and develop-
existing three secondary sodium cooling loops. ment tests have suoported the design of a new
The steam from both loops will be combined to FFTF absorber asserbly with a design lifetime
drive a single turbine-generator, producing of 900 EFPD, a three-fold Increase over that
108 MW of electricity. The power will be fed for the Initial FFTF aosarber assemblies.
to the Bonneville Power Administration grid
and is sufficient to meet all Hanford loads. Since 1980, the ",qhiy Instrumented and

temperature controlled Materials Open TestAn environmental evaluation was performed Fa "Y (MO'A) has been the premiere faci'Ity
in 3uly 1983, which concluded that the antici- SUDportlng the development of advanced mate-
pated impact of the project is negligible. rials or use in nuclear environments. The
The project site 'is within an area wrich is LRR materials oqran as progressed from
currently secured and stabilized in conjunc- cold worked 316 S to D9 austenitic alloys.
tion with FFrF operation. No gaseous or par- the martensItIc H79 alloy including a modi-
ticulate effluents will be discharged to the fled HT9 with suprior high temperature prop-atmosphere. erties. and to the dsoersion strengthened

alloy A957. Fnal eva'uatlon of these alloys
has een and dii oneirue to be their per-
forvance as claddn at/or duct components
of full size FF fuel assemblies.
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began irtdiation in FFIF In 197. AddI-
tional tests will be initiated in 1988 and 4
beyend, leading to an expetted conversion of 2r
FfTF to an all metal core starting In 1991.
Irratiation of a lead prototypic-sized test
for the Integral Fast Reactor (IFR) metal 1982 1983 1984 its l
fuel program was Initiated in FFTf in 1986. YEAR

Figure 9. Unp~lanned Scrams,
adat14 Programs 

The FFTF is supporting International
cooperation through cooperative LMR develop- * *1EA) AVERACE

ment programs with Japan and Switzerland.
Two prototypic M0NJU fuel and one prototypic
MONJU blanket assemblies will begin irradia-
tion in 1987. These tests, using cladding
and duct components provided by PNC, will be o 17714 - 1 2 1 2 Z 24

irradiated under conditions prototypic of the 1982 I9t. 1984 1985 1986
MONJU reactor. Results from these tests and QUARTER
materials property Data from MOTA Irradiations Figure 10. Personnel Radiation EPoSur,.
will support MONJU licensing activities. A
joint uranium-plutonium carbide fuel assembly ACKNOWLEDGEMENT
containing Swiss (EIR) fuel is currently being
irradiated in FFTf.6  The assistance of Joann Barker in typing

this document is gratefully acknowledged.
The MOTA is also being used as a major

tool for the development and evaluation r" REFERENCES
materials for fusion reactors as well as mate-
rials for space power applications. 1. R. L. STOVER. et al. 'fflf Natural

Circulation Tests,' Trans.. Am. Nuclear
Production tests to demonstrate the Socity, 39, (1981).
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important for medical applications began in and W. K. KECHT, American Nuclear
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Texas.
SUMMARY OF OVERALL PERFORMANCE 3. J. B. WALDO, A. PADILLA, 0. H. NGUYEN and

S. W. CLAYBROOK, 'Application of the GEM
In assessing the 5 years of FFTF opera- Shutdown Device to the FFTF Reactor,'

tion, it is clear that the plant has operated American Nuclear Society. November, 1986,
reliably and safely. Operational experience Washington, D.C.
with sodium systems and component performance 4. J. R. HONEKAMP, S. GUTTENBERG, 3. SANDERS,
unique to liquid metal reactors has been J. K. SEDDRE, K. SUGOEN, "Evaluatlon of
obtained which is vital to development of the Feasibility of a Utility-Financed
future LMR designs. Power Generation Facility at the FFTF,'

American Nuclear Society, September,
Unplanned automatic scrams are a measure 1987, Richland. Washington.

of the plant's reliability. These occur from 5. R. J. NEUHOLD. R. 0. LEGGETT,
transients in operation, equipment failures, L. C. WALTERS, and R. B. MATTHEWS, *High
human error or spurious signals, Figure 9 Reliability Fuel In the U.S.,' American
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J. R. HUNTER, 'Operating Experiences and
The safety and reliability of the FFTF Programs at the Fast Flux Test Facility

is further emphasized by an enviable record and the Experimental Breeder Reactor-1l,'
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water reactors.
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