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Abanact 

• ita resard to fission (as transportation laaide fuel roc. foLiowias; 

tnrse aecaamsas ere isport.*nt: ; a localised and ciae lepenaent fission 

;as .-*iease f.-oa UOo fuel to pellet/clad jap. ,2,' tae consequent {*s pressure 

dfferenee Between til* sap and 13* pieaua. and .2, tae tater-diffusion of 

initially filled Melius sod released fusion fas such as Xenon. Aaonc taes* 

tnree secaamsas. tae 2ad aecaanisa would result 1a tae- as* ciaensionai flov 

•-arouts ? "C cap ia tae axial direction, wiuie -a* 3rd averaging -a« local 

fission gas concentration iiffereace. 

In this paper. *a atteept was sade to develop a coaputenzed aodei. 

LINuS _lii«*r flaw aaa diffusion uncer He-Steady condition) iesc-ioisc tae 

400V- two secnanisos. itess.'2/ and .'3 The ilea ,l: is treated as ar. input. 

Th* :ooe was applied to analyse snort lesxtn experisemal fuel rods aad ions 

ien«tft coaaerciai fuel rods. The calculated use evolution of l(e 

concentration aloni fuel col una shows taas. tae dilution race of Xe in 

loaniereiii fuel rods is aucft slower man tnat 13 snort sxperiaentai fuel 

rods. Sose otaer sensitivity studies. suca as tae effect of 

3r*-ors«urt:»c;jn are also presented. 

. Introduction 

To use tne LtfR oxide fuel for tne extended ournup. it is sost isportaat 

to prevent fission {as release froa fuel pellets. Tais relesse is very 

sensitive to tne fuel teeperature and it is necessary to '<eep tne tesperature 

low enousa to acdieve aixa fission fas retention. 3ut. wnen a certain aaount. 

of fission fas was released in tne saall (ap voiuae. asp conductance is 

deteriorated due to a ai*n Xe concentration and results in a stepwise juap of 

tne fuel teeperature and induces sore release. This is tae temperature 

feedsacx effect Known as tne <ey seehanisa of Significant fission <as release 

experienced at power reactor fuels and aust 3e avoided under usual opereiia*" 

conditions. Sxperiaents for ournuped fuels snow tnat soae temperature snoek 

can induce a transient of fission <as release vnicn is possioly sore 

siaaifieast as tne c-urnup increased Recently, several in-reactor 
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exper neat* »r* proposed aiaiag ".a understand the tiae depeaaenee af the gas 

-eleese tnraugn -eai ".in* aeesu.-eeents af rod internal-pressure- These data 

enaoie us to LOOK into tne temperature feedback sort in aetail The previous 

computer aoaeis far teaperatur* estiaation issuaed tae instantaneous aix.ng 

of tne ' * I U S M ( u ana tae stored Heliua. This assumption marked well far 

A * un-presasurised. rods oecaus* the fr»* voiuae- we* cootaaiaatea ay the-

f-.ssian gas laaeoiateiy after tiie- start of the release. 3ut :'ar -.3* 

pre-pressurised roc*. this treatment is not sufficient to maerstaad tne 

temperature feedbacx effect. The analysis of the tiae dependence of this 

*r":*ct is necessary to evaluate the effect of the 3rt-ers»uri»::sn ana "-a 

st-iay tne efftstive .aproveaents far tae aiga auraup fuel design aaa 

operation. 

far *.a« first stage of this analysis, the increase af tne fission gas 

concentration is u « ?/C cap suxt a* weiL siauiated. Veen the transient 

release was initiated, the {as pressure increases locally 12 the cap and 

causes a gas flaw m axial direction. The released gas. aamiy Xe^ will se 

sixee vim the stared Helium in plenum and ?/C jap. Tats axial transport 

process is the sunjeet of this vortc end a coeputsrtzea model. 1,INUS ;i_lnear 

flav and iiffusion under in-Steady conditions; was developed. In tnis race, 

one c'tessional flow aad diffusion aodei was enployed. Some parametric 

studies far commercial reactor fuels are aainiy presented. 

2. 3esertptioa af Sodels 

The Basic equations are suaaarized in Tedle—'i vhere z is sol density af 

the aixed gas and Z is Xe concentration. The first tnree equations descriae 

the prtssur* induced flav. The flaw resistance, estiaated an lite assumption 

af laminar flow, was calculated axis* Hasan nuaoer ay whicn {as flow 

experiments were successfully analysed (2.3.4.5'. . A reflecti'/e aounaary 

condition was used at m e lawer rod end to attain flow stagnation At the 

ather aounsary vnere :"uei stacx and planus is ianneetec, i: is assuaed t.tat 

tne not zas froa fuel stacie is instantaneously caoied down :a :ne piectua 

teeperature. The gradients of pr9*s\ir9 and conceatratian are neglected in the 

plenua -/oluae. usthalpy of the !i»*\9a gas. released froa nigh teaperature 

oxide truss to cold gap. is sot considered in :iis sodei. The last equation 

describes aenposite effect of drift and diffusion on the transport of Xe in 

Me. The released fission gas contains Xe and :<r. aut :he fraction af <r is 

small and negiec.ea in :his analysis. The tni«r-aiffusion constant of Xe anc 

He is approxiaated ay tne 3-diaensianal diffusion ineory and neasurements. 
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3**\L*ctias; tsa- *tf*et of sestx.-2-diaaasioaal geoaatr? sacausa '.a* ***a f r*« 

aaca. of X* *••** to 3* fairly saorear taan aaa sap siza. ."raa -*f ;5] t3a 

LINUS .is** 12* failavias; liffusiaa constant: 

,_: *sg , r , . . , ,, 
J» • A ' .sar/see) 

3 275.15 

3*r*. •••p«r»txf* is. iff <*i-'ix tad sressura- i*. ,s \ta-. ?3 sol/*- tae-

diffusion aquation, .loraal l i /feranca ic&eae- i s IOC applisacl* 3*caus* as* 

i r i f t tars 3*csa*s /*r7 Lars* and doaiaast at aae 3«ci23iax at* aa* {as 

r*l*es* ana indue* suaancal i3s tao i l i :y la :s» LINUS 33a*-. 4 -ewl/ 

developed aecsoa iy Zkad* is icopesa. mtcs vas appl.ea ".a la* iaae <iaa af 

prooiea* successf-iixy ;T.3] 

3. 3eatt.lt*. af Caicuiacioa 

Thar power r*«e:ar f-j*l. itiLaa. 3a*, paiiec stack: 3t* 360ca ana a. *iss;i* 

pleaua at tne jpper *aa. w**> analysed 37 ca* LINUS. ~-e f i s s ion fa* vas 

l u u i t d to 3* released aai'ar-aly alone t /3 af ta* total stacic ac a constant 

rat*. ?h* total roa LA divided iato 31 iod*s C30 for p*il*t stacic ana far 

?i*nu» voijBB'. ?h* effecti-/* sap far as* 'low res is tasc* vas sat a* * 

constant during tae transiant. The planus ja* teBperatiir* vas assuaed *.a s* 

ttte saae as t.l* coo J. an a t*sp*ratur* of 300* C. 

3.1 laduced flow- ac tn* stare of release-

2u.-'.n« tae i n i t i a l stage iusc a/ter -3*- start of fi.sso.on zas release. 

so** pressure difference is induced Local!/ around :S» released region ana 

causes in axial flow vnica transports aa* released {as towards, as* jpcer 

planus, r igs . i and 2 represent ;.*.* tia* dependent sensviour of is* X* 

3onc»n-..-aiJ.oa »ao en* flow -/•loeir.y alons -3* fu*i staclc. T*ts i t s ;s .-9Uas«3 

froa 1/3 of aa* ?*ll*c jaaclc it. tS* siddl* pare of ait* rod vaco ;.!• radial 

gap of ZOum. ?h* aoaal r*l«as*d <as is I2sc (NT?; and eft* duration af a.1* 

.'*l«*s« .* 300s*c ac a sonscanc rac*. 

Vh*a as* r«i«as* vas saar'.ad. avo diffsrsac flows; an* .s ao an* ipp«r 

?l«nu* and an* oc.S*r is ao aa* Low*r sad of an* rod. *r* iadua*d. Afa«r a 

snore seconds, around aa* ooc&oa of en* rod, til* shortac* of an* Cm* voiua* 

leads co u * ;3cr«*s* of pressure aad an* / e l o c i t / of :ne aawRvara* flow 

oecoees slower aad aersisaees. lit soncrase vita ait* oocasas ide . ane / e loe ia / 

of til* upward flow seeoae* faster du* to t3e santisuous i.icresse of as* 

pressur* differene* setveen arte released rtcios and tae alenua. The 

dev*iopa*dt of :a* S;<a pressure recion toward :»* plesua causes soae 

/ • loc . ty excursion around *.&• ipper end. vrticn relaxes 13 a smuts, ' i n a l l / a 
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steady flow is established after two to three einutes froa the start of the 

release. The riliuM gas is transported eeialy by the axial flow in this 

ir-itial stat*- The stored Ha in the P/C cap eoatributas ;o ailute the 

raiaasad Xa so that the 100S concentration is achieved only ta aayaptotie 

Banner. 

3.2 Pra-preaaurixatioa. Release- rata.' Feel stack least* 

Fig. 3 shows the effect of pre-pressurigation oa the tiae depeaoeaca of 

fission cas conceatration at the centra of tha fuel stack. Tba pressurization 

increases tne density of stored Ha in the gap *nd suppresses the increase of 

the X* concentration. 

The affaet of fission gas release rate is shove in Fig. A. where tha 

total voluaes of 12. 24 aad 36ec (NTP) are released in 20 hours, the 

increasing rata of the concentration :s non-linearly dependent on the raUasa 

rate as a result of the non-Unear dependence of the coneantratioa on tba 

releasea total voiuae. 

Tha dilution and aixiag is slower at the bottoa ead dua to the long 

diffusion length to tha plenum. Fig.5 shows the Xe concentration at the 

SOL ton comparing tba effect of fill gas pressure. The seal! ?/C gap of 5u* is 

assuned so tnat the gap free voluae is such saaller than the previous case 

and Xe concentration is approximately tOOS after the release. Tha fill gas 

pressure significantly affects the sixing rate and high Xe concentration is 

leapt for aany hours in high pressure rods. 

The short rods such as ones usad at test reactors aay have diffarent 

behaviour froa the power reactor fuels. Fig.6 eoaparas short 40ca rod and 

long 3VR8x8 rod assuaing the saaa asyaptotic concentration. The aixing in the 

short rod completes in soae sinutes while the 3WR rod needs aora than tan 

hours. 

4. Discussion 

When the gap was widely opened, tha vesper a lure feedback induces fuel 

temperature increase up to saveral hundred deg.C. In this case, 

pre-pressunsation can confine relatively large aaouflt of He gas in the vide 

gap and the increase of Xe concentration can be suppressed. The concentration 

increase at the point vhere axial flow has negligible effect is approxiaatad 

by the following; 

whera Xe and He ara locally raleased and locally stored gas vol use 

respectively This equation approximately reproduces the approacning 

behaviour of the concentration to the saturation shown la the Fig.2. 
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la e«s« taac tas- fi.ixi.aa ess r a l e s * * was taitifcted, »y i csrtsxa powerr 

jnoclc. :.i» - » i * a s * ra ts SSA 3 * soaswdat U r t t r aad tas- released eaeuat ess b* 

men eaousn to f i l l t a * saa l i voiua» of ta.* ?/C cap. Jadar caas* transient 

re-leas* sonartions. pre-pressurisstioB cannot suppress '.a* :eaperature-

f**4b*cx.. For exaapls-.. a t tna- oov*r reaptasj •xparvaaet* ssaduetse ta> 

investigate- ta * SCZ fai lure- tasresaaid. especially f a r tae* rod irradxated a t 

lower aest .-etiac to avoid. : a * cms. r-»i*as» u a t i i l & » r ' . u a bursup. 

s ign i f icant f iss ion gs*> reieas*- oesars durias; taa oov*r raapiac > M isprow.ac 

* f f * e t -.a rsauc* est- f a i l u r e caresaold ay t a * or*-eressur-.:atios casaot be-

;os*rv«a. 

Tor 13* a t *» burmtped rod*, t a * ?/C gap. *triob: * * * opened, aac i l sow.* 

sidcl*- s tag* of ads bursup. c lass* ou* i s tits- f iss ion gas u d solid, product 

*us-iiia».. £ap*c i * i iy a t a burnup rase* <*nera- ess* transient release- sen 3*-

easi ly tr iggered, ta ia sve i l iag aay oe- s igni f icant saouga to. oloae tae opened 

gap and * • cannot expect t a * e f fec t of th * pre-pressurtzation. r a t a i * case 

t a * teaperature r tss by ess- ftsdbscic say also b* ssal l step, but i t caa "3* 

orler sf 200' C tea cars i f can aaice a Large ef fect arouad t i e tsresnol l 

temperature of t i e transient release. 

rtega ore— pressurtsation suppresses tae occurrence of Local pressure 

dif ference iue to f a * release- aad prevents tan a x i a l flow. Ta* di f fustoa 

constant is laversely proportional to t a * pressure of t a * aiz*d (as so taat 

( 3 * ;ransportacion by ca* 4i/?usion is also slow. Tssss :vo effects -aaJce tae 

f ission ias Localize*, around '.a* rslaassd rssioa and tsis local i i «3 X* 

oonesntracion Lasts long. <sspiac ai<a fuel taspsracurs. £sp«eial l7 ac iaa 

bocioai «ad, ;aa is tsr -d i f fus ioa stxiag caicss placs /s r7 slowly. Slspls 

anai/Cic oalculacioa snows case ta*- sisias ra(s is iavsrssly proporcioaal 1a 

ia« squars of psiiac stack Isasta. r as anai/sss. of r i «s .5 and * Udicacs case 

cbs snort Lansta rods, sues as lastrussatad f-jsls ta tast r tsetors or 

sssssntad fusts ia :.-!*- powsr .-sactor sxpsr'.asats. ssy bsnav* s i / f a r s s t l y f fos 

tas .-sal f u l l Isngd powsr rssetor fusls and sarsful. aasl/sss t r * (iscssssr7 to 

sxt.-apolst* tas sttort rod f ission sss rslasss data to power rase tors fuels. 

Diffusion sodol ia t a * LXNUS assuaea only atosie in tar -d i f fus ioa Sue 

t i t* turbulsat d i f fus ion, vbica is two disssstoasl, ssy sxisc sad sessisrst* 

d i f fus ional traasport. furtbersore, :se r7C sap ssy vary ia o«cilatary saansr 

i f resctor powsr or fue l tsapsraturs; fUstustss isduciag reciprocal flow 

*iuca sontributes t a * s ix ias s isa i f icaaely . The- a f fect or caese addit ional 

soeasnisas of ine transport is so a i f f i c u i t to 9e> sstisatad tsst la - resctcr 

expenssnts are seeesssry ;a saeck. ;as / a l i o i i y of :X»»0 oalsulations. 
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S. Ceaelusios 

A coaputer sodel. LINUS, vaa developed to analyse the axial fission gas 

transport aad soae paraaetrie studies revealed tae fciioviag; 

- As far as tae atoaie diffusion is doaiaaat for taa iater.-diffusioa 

aecaaaisar ia tha small rVC gap. tat increase? of tae- fill**. Ha pressure 

delays the diffusion using af the released fission (as sigsificaatly. 

-The Ha- pre-pressurizatioe has ao effect oa tae- ispreveaent of the 

failure taresnold it. the pover raapiag because tae tas release La the 

suraupeo rsos is fast saouss ta eoataaiaate tae sap ana to laduee the 

temperature feedback isstaataaeeusly. 

-Tha snort leasts rods for tast raactors aad the long iaa*ta rods for the 

power raactsrs are different ia taa teaparatura feedback effect so that 

careful analysis is necessary to axtr ape lata taa results of experiaeats 

to taa povar reactor fuels. 

-Ones taa bottom of taa povar reactor fuel is contaaiaated 3? the fission 

(as. it takes aaay sours to dilute tae (as ay tae He stored la upper 

pleaua aad tha sixidg tise—constast is proportional to the square of 

tha rod. itagth. 

These quantitative analyses by the LINUS soda indicate that sore 

careful analysis of the temperature feedback is .necessary to kss»*s the 

operating condition or to propose improvements for extending tha ournup of 

W R fuels. 
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