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COMPARISONS BETWEEN PREDICTED AND MEASURED FUEL PIN PERFORMANCE 

F. J. Homan C .  M. Cox W. J. Lackey 

ABSTRACT 

The FMODEL computer code i s  being developed t o  p r e d i c t  and analyze 

t h e  i r r a d i a t i o n  performance of s t a i n l e s s  s t e e l  c lad (U,pU)Oz LMFBR f u e l  

p ins  i n  terms o f  thermal and mechanical performance. Detailed compari- 

sons were made between predicted and measured f u e l  p i n  performance i n  

terms of cladding deformation, oxide fuel  r e s t ruc tu r ing ,  and Tuel tem- 

pe ra tu res .  Reasonable agreement was  obtained i n  each of  t h e s e  compari- 

sons without r e s o r t i n g  t o  t h e  use of a r t i f i c i a l l y  adjusted parameters 

t o  f i t  t h e  data. It i s  concluded t h a t ,  while added soph i s t i ca t ion  will 

improve t h e  performance p red ic t ions ,  the  current  vers ion  of FMCIDEL i s  
a r e l i a b l e  t o o l  f o r  design ana lys i s  and i n t e r p r e t a t i o n  of i r r a d i a t i o n  

t e s t s .  
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INTRODUCTION 

This paper compares f u e l  p i n  performance predicted. by t h e  FMODEL 

ccn?pi.f;er code wi-th t h a t  measwed both during and a f t e r  i r r a d i a t i o n  o f  

U P B R  type f u e l  p i n s ,  

y s i s  of t h e  combined e f f e c t s  of numerous f a b r i c a t i o n  and operat ion v a r i -  

ab les  and thus serve a u-seful purpose i n  fuel. p i n  design and evaluat ion.  

Measured performance of fue l  p ins  i r r a d i a t e d  under fast  flux condi- 

Such computerized models v a s t l y  f a c i l i t a t e  anal-  

t i o n s  i s  p re sen t ly  l imi ted  .Lo what can be observed during p o s t i r r a d i a t i o n  

examination. This i s  because instrumentat ion i s  very 1.im.ited i n  EBX-11, 

t he  only fast  r eac to r  i n  t h i s  country in which a s u b s t a n t i a l  number of 

mixed oxide p ins  have been i r r a d i a t e d .  In - t e s t  da t a  can be obtained 

from i r r a d i a t i o n  t e s t s  i n  s e v e r a l  thermal f l u x  f a c i l i t i e s .  Although it 

i.s recognized t h a t  thermal. f l u x  - tes t s  a r e  genera l ly  unsui tab le  f o r  proof 

. t e s t s  of f a s t  r eac to r  f u e l  elements, such t e s t s  can be valuable  f o r  

untlers.tanding c e r t a i n  aspects  of rue1 performance. Pending t h e  ava i l -  

a b i l i t y  of instrumented t e s t  da ta  from f a s t  r eac to r s ,  we have u t i l i z e d  

-thermal f l u x  .test data  t o  .Lest t h e  accuracy o f  OIIX thermal performance 

models. Fast  f lux  t e s t  data were used f o r  t h e  comparison between pre-  

d i c t ed  and measured d iamet ra l  expansion. 

Comparisons between predic ted  and measured performance a r e  divided 

i n t o  .the four  a reas  (1) diamet ra l  emansion of t h e  p ins ,  ( 2 )  f u e l  r a d i a l  

po ros i ty  d i s t r i b u t i o n s ,  ( 3 )  diane ters  of' c e r k r a l  void,  columnar, and 

equiaxed-grain regtons,  and ( 4 )  fuel cent e r - l i n e  temperatures.  
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DESCRIPTION OF THE FMODEL CODE 

Since t h e  ob jec t ive  of t h i s  work i s  t o  compare pred ic ted  and mea- 

sured f u e l  p i n  performance, t h e  desc r ip t ion  of t h e  a n a l y t i c a l  model 

w i l l  be d e l i b e r a t e l y  b r i e f .  A l i s t  of re ferences  concerning ind iv idua l  

models and mater ia l s  da ta  included i n  FMODEL can be found i n  a recent  

repor t '  concerning so lu t ions  t o  a round-robin exerc ise .  

FMODEL u t i l i z e s  a f i n i t e  d i f fe rence  technique t o  determine t h e  

s t r e s s  d i s t r i b u t i o n  i n  t h e  c1.addin.g. 

t i o n  i s  required f o r  t h i s  method. Temperature d i s t r i b u t i o n s  i n  both 

fie1 and cladding are determined by numerical i n t eg ra t ion  of t h e  

Fourier equation for  s t eady- s t a t e  heat  conduction i n  a c y l i n d r i c a l  body 

wi th  an i n t e r n a l  heat  somce .  

continuously throughout t h e  i r r a d i a t i o n  l i f e t i m e  of t h e  p in  by pore 

motion due t o  a vaporization-condensation mechanism. 

i s  considered to occur both by thermal" and irradiation-enhanced5 mecha- 

nisms, while creep of t h e  f u e l  i s  ca lcu la ted  from out-of-reactor  

f o r  UO;?. The creep equation f o r  the  f u e l  ma te r i a l  ind ica tes  a s i g n i f i -  

cant inf luence of  g ra in  s i z e .  Accordingly, Lackey's' equation f o r  in- 

r e a c t o r  grain growth of' (U,Pu)O2 i s  enrpl-oyed i n  t h e  code. 

cladding mechanical i n t e r a c t i o n  i s  influenced by t h e  f u e l  cracking model. 

Br ie f ly ,  t h i s  model assumes t h a t  t h e  roo t  of radial niel cracks i s  de te r -  

mined by out-of-reactor  data descr ibing t h e  rupture  s t r eng th  of 1JO2. 

Fuel ou ts ide  t h e  crack, whose rad ius  changes with time, i s  assumed t o  

t ransmit  forces  d i r e c t l y  from t h e  crack root  to t h e  cladding once mechan- 

i c a l  contact  i s  obtained. Cladding swelling due t o  void f o r m t i o n  i s  

ca lcu la ted  w i t h  published equations5,' ' and swelling of t h e  f u e l  due to 

A general ized plane s t r a i n  asswnp- 

Fuel r e s t ruc tu r ing  i s  assumed t o  occur 

Cladding creep 

The fue l -  



an  accilmu1at;ion of solid. f i s s i o n  products i s  based on an empi.rica1 anal-  

ysis'' of  published da ta .  

art:: ca lcu la ted  by a modification" of t h e  Greenwood-Speight model, l 3  

and f i s s i o n  gas r e l e a s e  as a fluiction of temperature i s  determined from 

an e n p i r i c a l  three-zone model. 

fue l  swelling t o  a degree determined by temperature and based on an 

empiri.ca1 ana lys i s  . I 4  

Forination and growth of f i s s i o n  gas bubbles 

Poros i ty  i s  assumed t o  accommodate 

Subs tan t i a l  f l e x i b i l i t y  has been b u i l t  i n t o  t h e  FMODEL code. It 

i s  capable of s imulat ing s teady s t a t e ,  cycling, and t r a n s i e n t  operat ion 

of a f u e l  p in .  E'liel-cladding mechanical i n t e rac t ions  due t o  d i f f e r e n t i a l  

thermal. expansion or d-ue t o  f u e l  swelling agai.nst t h e  cladding can be 

analyzed. 5,16 

FMODEL contains no ad jus t ab le  parameters f o r  a r t i P i c i a l l y  "f i t t i -ng"  

pred ic ted  performance to measured performance. Agre2ment between pre- 

d i c t i o n  and measurement depends only on t h e  fabri .cation da ta  and ii-ra- 

d i a t i o n  conditions input ,  t h e  thermophysical and mechanical p rope r t i e s  

of the  f u e l  and c.laddi.ng, and t h e  v a l i d i t y  of  .the models. If agreement 

i s  not s a t i s f a c t o r y  t h e  reason i s  sought i n  erroneous data, f a u l t y  

assurflptions, o r  omission of  an important f a c t o r  from t h e  model. 

The phys ica l  and mechanical property data on Yuel m d  cladding a r e  

These data ,  along with t h e  creep and important t o  predicted. r e s u l t s .  

t e n s i l e  proper t ies  of t h e  f u e l  and cladding m t e r i a l s  cu r ren t ly  used i n  

t h e  code, have been sumna,rized.' 

DIAMETRAL EXTANSiON 

Permanent diametral  expansion of a n  i r radiated.  fuel p in  i s  due t o  

claddiilg dens i ty  decrease from void formation, p l a s t i c  s t r a i n  accumulated 



throughout i r r a d i a t i o n ,  and e l a s t i c  s t r a i n  present  a t  room temperature 

due to f i s s i o n  gas pressure and cladding swelling gradien ts .  Predicted 

diametral  expansions are s e n s i t i v e  t o  the  assumed cladding s t r eng th  and 

pin f a b r i c a t i o n  and operat ing condi t ions ~ 

Figure 1 summarizes some e a r l y  FMODEL analyses on diametral  expan- 

s ions  of s e v e r a l  p ins  fYom t h e  General E l e c t r i c  P-2 series i r r a d i a t i o n  

e ~ p e r i m e n t s " ~  i n  Em-11. 

w a s  not considered i n  t h e  ca l cu la t ions  r e f l e c t e d  i n  t h i s  f i gu re ,  and t h e  

August 1969 vers ion  of  t h e  WARD-PNL cladding swelling correlation' '  was 

used. 

expansion between f'uel and cladding w a s  p red ic ted  f o r  F2Q and F2H. 

Notice t h a t  t h e  g r e a t e s t  measured d iamet ra l  expansion for both these  

p ins  occurred a t  t h e  cold end (bottom), where t h e  f u e l  and cladding 

d i f f e r e d  most i n  thermal expansion. 

Irradiation-enhanced creep of  t h e  cladding 

Mechanical i n t e r a c t i o n  on s t a r t u p  due to d i f f e r e n t i a l  thermal 

Two of t h e  p ins  shown i n  Fig. 1, P2Z and F2H, were included i n  the  

A more d e t a i l e d  comparison of the mea- modeling round-robin exercise . '  

sured and predic ted  diametral  expansion f o r  t hese  p ins  i s  shown i n  

Figs. 2 and 3. 

exerc ise  r e s u l t e d  i n  far b e t t e r  agreement between p red ic t ion  and mea- 

surement f o r  F2Z than for F2H. Hoxever, we have noted' t h a t  both t h e  

heat  r a t e  and neutron f luence provided i n  the round-robin da ta  package 

were below those reported i n  t h e  l i t e r a t u r e  f o r  F2H. These e f f e c t s  

account f o r  p a r t  of t h e  b i a s  between observed and predic ted  diametral. 

expansion f o r  t h i s  pin.  

Calculat ions performed with t h e  da ta  provided f o r  t h i s  

Figure 4 compares pred ic ted  and measured diametral  expansions f o r  

This p i n  i s  p a r t i c u l a r l y  i n t e r e s t i n g  becaxse t h e  fabri- f u e l  p i n  F2S. 

cated smear dens i ty  and heat  r a t e  were high, t h e  f u e l  was a x i a l l y  
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r e s t r a ined ,  an.d t h e  cladding was 30 mj.1.s t h i ck .  ‘The p o s t i r r a d i a t i o n  

prof i lometer  t r a c e  for F2S indica tes  a g r e a t e r  diametral  expansion a t  

t h e  hot end of t he  p i n  than a t  t h e  co ld  end. Reca l l  t h a t  this is  

opposi te  t o  t he  observat ions rnadk for F2H and F2Q. 

gested.18 t h a t  t h e  a x i a l  r e s t r a i n t  a t  t h e  top  o f  F2S prevented any axial. 

movement of f u e l  i n  t h a t  por t ion  of t h e  p in ,  whereas t h e  f u e l  a t  t h e  

bottom of t h e  pin,  being more remo.te f r o m  t h e  r e s t r a i n t ,  may have been 

f r e e r  t o  move a x i a l l y .  GUT analys is  supports t h i s  hypothesis.  ‘i’wo 

s e t s  of assumptions were made i n  ca l cu la t ing  t h e  predic t ions  p l o t t e d  i n  

Fig. 4.  F i r s t  we assumed t h a t  thermal expansion and swelling of t he  

f u e l  occurred i so t rop ica l ly ;  then we assumed t h a t  t h e r e  was complete 

axial  r e s t r a i n t  i n  all regions of t h e  p in .  Good agreement between pre-- 

d i c t i o n  and measilrement was achieved at t h e  bottom of t h e  p i n  using 

t h e  i s o t r o p i c  assumption and at  t h e  top  of t h e  p in  using t h e  a x i a l  

r e s t r a i n t  assumption. 

It has ’ueen sug- 

A1.l comparisons between predtc ted  and measured f u e l  p i n  diametral  

expailsion a r e  sumna.rized graphica l ly  i n  Fig.  5.  Each poin t  of tlne p l o t  

represents  one a x i a l  p o s i t i o n  for the  p i n  ind ica ted .  The measured 

values a r e  t h e  average o f  t h e  0 and. 90” prof i lometer  t r a c e s .  ‘The pre-  

d i c t e d  values a r e  those  p l o t t e d  on t h e  previous f igures ,  with t h e  

exception of  F2S. The predic ted  values f o r  t h i s  p i n  were based on t h e  

i so t rop ic  assumption at t h e  bottom of t h e  p i n  and- t h e  a x i a l  r e s t r a i n t  

assumption a t  t h e  top  of  t he  p in .  With t h e  exception o f  p i n  F2H, where 

the  ac tua.1 operat ing conditions were imcertain,  agreement i s  exce l l en t .  

Even i n  t h i s  case t h e  agreement was wi th in  30%. 

p in  must be considered f o r t u i t o u s  s ince  t h e  cladding dens?-ty changes 

Exact agreement for any 
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gene ra l ly  accounted for at  l e a s t  ha l f  Lhe predj-cted d iamet ra l  expns ions ,  

and t h e  da ta  from which the  swelling co r re l a t ions  were derived have a 

wtde s c a t t e r  band. 

FUEL W I A L  POROSITY DISTRIBUTION 

FMODEL u t i l i z e s  a continuous, time-dependent fuel i -es t ruchi- ing 

model adapted3 from Nichols' equat ionl9 f o r  pore motion by a vaporizat ion-  

condensation mechanism. 

t h e  comparison of pred ic ted  and measured void diameters and diameters 

of t h e  columnar and equiaxed-grain regions.  However, a d i f f i c u l k y  with 

such comparisons i s  t h a t  a x i a l  movement of  f u e l  w i l l  inf luence t h e  mea- 

sured diameters and thus d i s t o r t  t h e  comparison. I n  addi t ion ,  columnar 

and equiaxed g ra ins  a r e  not exact i nd ica to r s  of  t h e  po ros i ty  present  i n  

a given f u e l  region.  

sured radial poros i ty  d i s t r i b c t i o n s  i n  the  fue l  provides a much sounder 

basis for  judging t h e  usefulness  of t h i s  mod.el .  Uinfortunatel-y, few 

Systematic measurements of radial  po ros i ty  distr3.bukions of p ins  irra- 

d ia t ed  under f a s t  flux condi t ions a r e  reported i n  t he  l i t e r a t u r e .  

k c k e y  and Kegley20 measured t h e  r a d i a l  porosi.ty d i s t r i b u t i o n  f o r  a 

Sphere-Pac f u e l  p in  operabed a t  13.6 kW/ft t o  about 0.7% FIMA i n  t h e  

Engineering Test Reactor. (ETR) . 
with  two p red ic t ed  radial .  po ros i ty  d i s t r i b u t i o n s  f o r  t h i s  p in  a t  the  

end of 1.ife. The two curves a r e  based on diffs?:;.int asswfiptions. i n  

one case we assumed that, a l l  po ros i ty  was of  -ihe open tjrpe and thus  

connected Lo the  gas p3.einLvD.. ALL a l t . e rna te  ass - .on was t h a t  porosity 

i n  regions of l e s s  t h m  997~ desCjity Zias open ~~8 -;::e: plenum, but  po ros i ty  

One measure o f  t h e  v a l i d i t y  of such a. model i s  

Therefore, a c t u a l  comparison of pred ic ted  and mea- 

Their data a r e  shown i n  Fig.  6 along 
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Fig. 5 .  Comparison of Calculated and Measured Radial  Porosi ty  

Dis t r ibu t ion  f o r  Uo. 5Puc,. I ,O, I r r ad ia t ed  a t  13,G kFJ/ft t o  0 .?$I FIMA. 



i n  t h e  regions of g rea t e r  than  90% dens i ty  w a s  closed.. 

p lo t t ed  ti1 Fig. 6 show thal; the predicted. i-a,clial poros i ty  d i s t r i b u t i o n  

i s  t n sens i t i ve  t o  t h i s  assumption f o r  t h i s  p i n  with very 1m7 bwnup. 

The r e s u l t s  

Examination of  Fig.  G ind ica tes  t h a t  agreement between predic t ion  

and experiment i s  good, except fo r  fractional.  f u e l  r a d i i  l e s s  than 0.3.  

I n  t h i s  c e n t r a l  region t h e  temperature gradient  was  considerably 1-ras 

s t eep  than i n  the  outer  fue l  regions,  and .the vaporizztion-condensation 

model may be oversimplif ied,  We invest igated,  with negative r e s u l t s ,  

t h e  p o s s i b i l i t y  t h a t ,  f o r  t h e  region near Tile f u e l  center  with t h e  low 

temperat-xe gradient ,  t‘ne dominant mechanism f o r  pore migration might 

be sur face  or volume diffilsi-on r a t h e r  than vaporization-condensation. 

This i s  not l i k e l y  s ince  the  increase i n  pore ve loc i ty  f o r  a un i t  

increase. i n  temperature i s  1-arger foi- .the vaporization-condensation 

mechani:;m than f o r  e i t h e r  surface or  volume d.iffusion. 2 R  

A s  mentioned e a r l i e r ,  another measure of t h e  v a l i d i t y  o f  any f u e l  

r e s t ruc tu r ing  mod-el i s  t h e  comparison between predicted and measured 

void diameters and diameters of t h e  columnar and equiaxed-grain regions.  

Although t h i s  comparison i s  ilot as useful. 2 s  one between predic-Led and 

measured radial  porosity- d i s t r ibu t ions ,  considerabl-y more data a r e  

ava i lab le .  A surrriiary of pred ic t ions  with measurements reported17 f o r  

General E l e c t r i c  F2 s e r i e s  i r r ad ia t ions  i s  p l o t t e d  i n  Fig. 7 .  3 e  

beginning-of-li.fe heat rates fo r  t h e  pin.s considered ranged from ‘3.7 t o  

17.A kW/ft, and t h e  f ab r i ca t ed  fue l  dens i t i e s  ranged from 83.8 t o  98.2$ 

of theo re t i ca l .  It should. be emphasized that, FMODEL does not p red ic t  
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columnar and equiaxed regions as such. Rather, it p red ic t s  po ros i ty  

d i s t r i b u t i o n s .  The coliumar region has been a r b i t r a r i - l y  assigned as 

any po r t ion  of the f u e l  wi.t'n l e s s  than  2% poros i ty .  

equiaxed region has been a r b i t r a r i l y  assigned as t h e  region between t h e  

columnar region and t h e  region of as- fabr ica ted  dens i ty .  

Similar ly ,  t h e  

The r e s u l t s  presented i n  Fig. 7 ind ica t e  t h a t  FMODEL somewhat over- 

p red ic t s  f i e 1  res t ruc tur ing .  This conclusion i s  reached through t h e  

observation t h a t  most of t h e  p l o t t e d  poin ts  l i e  above the diagonal l i n e .  

In  con t r a s t ,  t h e  discussion and r e s u l t s  presented i n  t h e  sec t ion  on 

r a d i a l  po ros i ty  d i s t r i b u t i o n s  suggest Lhat under-prediction of  t h e  

r e s t ruc tu r ing  should be more l i k e l y  because t h e  vaporization-condensation 

lllodel appears t o  p red ic t  l e s s  pore movement i n  t h e  col-umnar g ra in  region 

than i s  a c t u a l l y  occurring, based on the comparj.son between predicted 

and measured porosity d i s t r i b u t i o n s  for  one p in .  

Although it i s  not ye t  perfected,  we f e e l  t h a t  t h e  present  model 

i s  a s i g n i f i c a n t l y  b e t t e r  approximation of f u e l  r e s t ruc tu r ing  than t h e  

three-zone empirical  model t h a t  we have used i n  the  past ."  

t o  p red ic t  fuel. r e s t r u c t w i n g  on a time-dependent basis i s  p a r t i c u l a r l y  

necessary when r e l a t e d  t o  t h e  need t o  determine fuel-cladding mechantcal 

i n t e rac t ions  due t o  d i f f e r e n t i a l  thermal e-xpansion during s t a r t u p .  Using 

t he  e a r l i e r  three-zone model we  would assume t h a t  r e s t ruc tu r ing  occii.rred 

"iristantaneously" and would thereby underestimate the  thermal expansi-on 

of t he  f u e l  and p l a s t i c  deformation of t h e  cla,ddi.ng. 

The a b i l i t y  
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FUEL CENTER- LIrm TEIWEMTURES 

I r r a d i a t i o n  experiments i n  which f n e l  cen ter - l ine  tempertatures are 

measured have not ye t  been conducted w i t 2 1  ( U , P u ) O 2  f u e l  p ins  i n  t h e  

l imi t ed  instrumented f a c i l i t i e s  ava i l ab le  i n  EBR-11. Therefore, we 

have used thermal r e a c t o r  da t a  t o  t e s t  the heat generat ion and t r a n s f e r  

por t ion  of t h e  FMODEL code. 

t h e  ORR of  an instrumented capsule t h a t  contained 82% smear dens i ty  

(U,Pu)O2 Sphere-Pac and p e l l e t  I'uel p ins  i n  tandem. 

F i t t s 2 2  r ecen t ly  completed i r r a d i a t i o n  i n  

Variable  heat  r a t e s  

were achieved by moving t h e  capsule t o  d i f f e r e n t  f lux pos i t i ons  within 

t h e  ORR pools ide f a c i l i t y .  Fuel cen te r - l i ne  temperat i res ,  cladding 

sur face  temperatures,  and f u e l  p i n  heat  generat ion r a t e s  were continu- 

ously measured and recorded during t h e  109 days in- reac tor .  

Data po in t s  represent ing t h e  e n t i r e  range of heat  r a t e s  from 0 t o  

10 kW/ft were se l ec t ed  randomly for each p in .  

cladding sur face  temperatures and a r a d i a l  power d i s t r i b u t i o n  predicted 

Using the measixed 

by t h e  ANISN23 neutron t r anspor t  code, f u e l  cen te r - l i ne  temperatures 

were ca lcu la ted  wi th  ??MODEL f o r  both t h e  Sphere-Pac and p e l l e t  p ins .  

A value of 0.73 W ("C>-' w a s  used f o r  t h e  heat  transi 'er  c o e f f i c i e n t  

across  t h e  fuel-cladding gap i n  t h e  p e l l e t  pin,  and a value or' 

1.93 W cm-' ( " C ) - '  w a s  used f o r  t h e  Sphere-Pac p in .*& 

measwed f u e l  cen te r - l i ne  temperatures a r e  compared in. Fig. 8 .  

Calculated and 

Examination of  Fig. 8 revea ls  t h a t ,  I n  general ,  good agreement 

between predic ted  and measured f u e l  cen te r - l i ne  temperatw-es was 

achieved €or t he  Sphere-Pac f u e l .  However, s e v e r a l  measured da ta  poin ts  

between 14 and 16 kW/ft appear to be low on t h e  temperature scale. 

F i t t ~ ~ ~  suspects  t h a t  one o r  more of t he  four calor imeter  thermocouple 
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p a i r s  used t o  measure t h e  heat  generat ion r a t e  may have been giving 

erroneous readings i n  t h i s  range and thereby a f f e c t i n g  the  average 

heat generat ion r a t e s  p l o t t e d .  He i s  s t a , t i s t i c a l l y  analyzing t h e  da ta  

t o  see if '  any of t h e  calor imeter  readings can be j u s t i f i a b l y  discarded.  

The same d iscuss ion  app l i e s  t o  t h e  p e l l e t  da t a  above 9 kW/i?t. As  shown 

i n  Fig.  8, t h e  agreement between measured and ca lcu la ted  f u e l  ceuiter- 

l i n e  temperatures f o r  t h e  p e l l e t  f i e 1  i n  t h i s  heat  r a t e  range i s  poor. 

An a l t e r n a t e  explanat ion f o r  t h i s  poor agreement for  the  p e l l e t  pin i s  

t h a t  t h e  heat  t r a n s f e r  coe f f i c i en t  across  t h e  fuel-cladding gap may be 

s u b s t a n t i a l l y  lower than  t h e  value used f o r  t hese  ca l cu la t ions .  

SUMMABY AND CONCLUSIONS 

The agreement between experimental observations and FMODEL predic-  

t i o n s  of  f u e l  p in  i r r a d i a t i o n  per formnee  i s  s u f € i c i e n t l y  good t o  give 

confidence t h a t  FMODEL i s  a useful a n a l y t i c a l  t o o l  f o r  design OP i r r a -  

d i a t i o n  experiments and i n t e r p r e t a t i o n  of t h e i r  r e s u l t s .  Although t h e r e  

i s  s u b s t a n t i a l  room f o r  improvement of  t he  code, improvements and 

added soph i s t i ca t ion  must be guided by t h e  r e s u l t s  of' comparisons such 

a s  those previously presented. 

such comparisons i s  t h e  lack of p rec i s ion  w i t h  which f a b r i c a t i o n  data 

and i r r a d i a t i o n  condi t ions a r e  reported.  For instance,  t h e  peak heat  

r a t e  f o r  f u e l  p in  F2H i s  reported d i f f e r e n t l y  i n  t h r e e  d i f f e r e n t  

sources , "-" with values ranging from 14.5 t o  17.2 kW/ft. 

given1 i n  t h e  modeling round-robin da ta  package was 25.1 kW/ft. 

addi t ion ,  t h e  a x i a l  v a r i a t i o n  i n  cladding sur face  temperatures i s  seldom 

published. Often, experimenters repor t  only peak cladding temperatures 

One d i f f i cu l - ty  encountered i n  making 

The value 

In 
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and give  no mention of t h e  a x i a l  l oca t ion  of t h e  peak cladding tempera- 

t u r e .  Therefore,  a x i a l  temperature p r o f i l e s  of  t h e  cladding sur face  

must be estimated, introducing t h e  p o s s i b i l i t y  of errors of 25 t o  50°C. 

Errors  of t h i s  magnitude can s t rong ly  inf luence claddt-ng swel l ing pre- 

d ic t ions  as w e l l  as f i e 1  temperature p r o f i l e s .  UncertaTnty i n  t h e  fas t  

neutron exposure for a given f u e l  p i n  cont r ibu tes  considerable  uncer- 

t a i n t y  t o  pred ic t ions  of cladding swel l ing.  

These d i f f i c u l t i e s  notwithstanding, t h e  FMODEL c0d.e has been use- 

fil i n  our LMFBR f u e l s  development progrm,  and with added sophis t ica-  

t i o n  and irnproved operat ing da ta  we f e e l  that; t h e  corflparisons between 

measured and predic ted  f u e l  p i n  performance can be irnproved 

s i g n i f i c a n t l y  . 
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