
Reactor Physics Aspects Related to LMFUR Safety 

1. Introduction 

During the last 15 years there have been done studies of fast reactor safety, 

continually increasing in depth. Witn the development of the prototype 

generation of 200 - 300 W e  power, the licensing procedures for these advanced 
\ 

reactor systems, at least in Germany, requested that a complete failure of 

the safety system has to be considered sinultaneously with an unforeseen 

distrubance of the adaquate power/coolant relationship, and that, in course 

of such a unnormal situation, the released energy and radioactivity has to 

be contained in the system. Near COT-ercial reactors of about 1500 Nh'e yield 

a correspondingly larger energy release, if conventional two-zone core designs 

are to be built. 

In this contribution, we try to outline the r6le of reactor physics in the 

analysis of fast reactor safety. 

Vith regard to safety, we briefly give here a survey on those accident situ- 

ations, which are of special interest today, i.e. 

a) Local failures and tne possibility of 

failure propagation 

b )  Unprotected whole core accidents, e.g. caused 

by pump coast down or reactivity insertion. 

I'or the discussion of the related reactor physics aspects, we mainly deal with 

reactor physics in its classic definition: the distribution of neutrons in 

space, energy, and time (neutronics). This aspect is broadened and some of 

the important non-neutronic physical features in LMFBR safety studies are 

described (see especially section 3). 



2. Local Failures in Fast Reactors . . -- 

Local pin failures in a fast reactor core can not be excluded during operation 

of the plant. They night be caused for instance by undetected material defects 

prior to assenjlage of a subassembly or during assemblage (e.g. scoring by 

spacer grids). Important for safety considerations is the case, if this pin 

failure leads to a releasc of fuel into the coolant channel, which then will 

be partly deposited in spacer grids, thus forming a local blockage. This 

local blockage can lead to local sodium boiling. If the blockage is not de- 

tected and propagates further, the coolant-flow through the subassembly fina1l.y 

will be stopped. Integral boiling in a subassembly around the center region 

of the core caused a power rise with consequent melting of part of the fuel 
- 

and cladd material: Local fuel coolant interactions (FCI) and the meltthrough 
- 

of the subassembly walls may proceed to a subassembly to subassembly propa- 

gation and finally to a large accident situation. This fault chain, naturally, 

can occur only, if pin to pin propagation acts fast, thus that there are no 

means to detect an early blockage, or if the detection devices fail. 

1 
From this scenaris following research objectives follow: 

a) Early detection of local failures (Acoustic and neutron noise, DND etc) 

b )  deteraination of the time scale of blockage growth and fuel nass in the 

blocked area. 

C) Lffects of local boiling and local FCI on the subassembly structure. - 

d) Proof that a subassem!>ly accident is unlike to proceed to a core destruction 

(e.g. via F C I ) .  

It is not t'ie aim of this paper to discuss in detail the present status of 

the art; tnis can be found in the corresponding literature. 

3. Whole Core Accidents 

Presently tvo classes of unprotected accidents are being considered: 

a) ?he prixary sodium pumps and simultaneously the safety systein fail. 

b) Positive reactivity insertion into the core 



.- - In case of pump coast down the following sequence of events can be envisaged: 

After a few seconds the coolant will boil, starting at the upper core/blanket 

interface. Because thc sodium void coefficient is negative in this region, 

the reactivity response will be negative. The voided zone will grow towards 

the reactor midplane, thus introducing positiv reactivity. 

The coolant channel subsequently will dry out, clad and fuel melt. By the dragging 

forces of the steam, clad material may be moved in axial direction towards the 

axial blanket regions; freezing of the clad on the pins is possible, thus a 

blockage of lower and upper parts of the coolant channel is possible. The 

fuel moveaent, if directed from the top to the reactor midplane will cause 

additional positive reactivity insertion, thus the molten fuel will vapourise 

and by pressure build-up will disassemble the core. 

In case of a primary reactivity insertion, e.g. by a control rod efection, the 

pins will fail; fission gas and molten fuel will enter the coolant channel. 

If the FCI vapourises the coolant, an additional reactivity ramp is generated 

due to the positive sodium void effect. If there is a negligible fuel move- 

ment to the outer core region, again a core disassembly follows. The situation 

is even nore complex with the release of fission gas; it can behave as a 

driving force to push the sodium out of the channel, or it can cause the fuel 

to foam such that no energetic FCI can take place. 

As research objectives in this area we summarize the important aspects: 

Fuel Pin Failure 
--------------A- 

The importance of a relatively accurate prediction of fuel pin failure in an 

overpower transient emerges from the sensitivity of subsequent accident se- 

quences on this process, in particular, 

- fuel movement in the central pin cavity upwards if the pin fails in the upper 
part of the core, leading to a negative reactivity feedback contribution, 

- mode and amount of fuel expulsion into the coolant channel, initiating FCI 
and fuel sweep out, 

- mode and axount of fission gas release during fuel melting, leading possibly 
to a scronz and fast disassembly mechanism. 



The e x p e r i m e n t a l  ev idence  on mode o f  p i n  f a i l u r e  mode i s  r i t h e r  poor .  One . . 

of: t h e  wa in  r e a s o n s  i s  t h a t  p o s t  mortern i n s p e c t i o n s  do n o t  ' p r o v i d e  r e l i a b l e  

answers ,  e x c e p t  on t h e  l o c a t i o n  of f a i l u r e ,  and "on l i n e "  i n s p e c t i o n  f o r  i n -  

p i l e  e x p e r i m e n t s  up t o  now a r e  G i f f i c u l t  o r  i m p o s s i b l e .  Fur the rmore  i n  ex- 

p e r i m e n t a l  i n v e s t i g a t i o n s  no r e l i a b l e  r e s u l t s  c a n  b e  found on whe the r  t h e  

r e t a i n e d  f i s s i o n  g a s  c a u s e s  t h e  f u e l  t o  foam d u r i n g  m e l t i n g  and e x p u l s i o n  

o r  whe the r  a n  e f f e c t i v e  s e p a r a t i o n  o f  g a s  and f u e l  o c c u r s .  

F u e l  Coo lan t  I n t e r a c t i o n  ........................ 
Exper imenta l  r e s u i t s  w i t h  G O 2  and sodium show t h a t  UO f r a g m e n t s  e x t e n s i v e l y ,  2 
b u t  no e x p l o s i v e  i n t e r a c t i o n  h a s  o c c u r r e d  up t o  now e x c e p t  i n  t h e  c a s e  where a 

few grams of  s o d i u n  were  i n j e c t e d  i n t o  mol ten  UO 2 '  

T h e t b a s i s  of  e x p l o s i o n s  i n  t h e  meta l -wa te r  sys tem is t h e  f a c t  t h a t  t h e  c o n t a c t  

t e m p e r a t u r e  i n  p r a c t i c a l l y  a l l  c a s e s  i s  f a r  above t h e  s t a b i l i t y  l i m i t  of  t h e  

w a t e r  a t  which spon taneous  n u c l e a t i o n  s t a r t s .  Thus h o t  metal e n t e r i n g  t h e  w a t e r  

i s  covered  by a  ' s t a b l e '  vapour  f i l m  which e n a b l e s  t h e  m e t a l  t o  d e v e l o p  a  l a r g e  

i n t e r f a c e  w i t h  t h e  w a t e r  w i t h o u t  any  v i o l e n c e  a s  i s  connec ted  w i t h  n u c l e a t e  b o i -  
i 

l i n g ,  and w i t h o u t  l a r g e  h e a t  l o s s e s .  I f  now t h e  vapour  f i l m  i s  caused  t o  c o l -  

l a p s e ,  a  s u r f a c e  e x p l o s i o n  o c c u r s ,  i . e .  a  volume of  w a t e r ,  which i s  g i v e n  by the  

c o n t a c t e d  m e t a l  s u r f a c e  t i n e s  sonre p e n e t r a t i o n  d e p t h  of t h e  h e a t ,  i s  r a i s e d  t o  

a  mean t e iupera tu re  a  l i t t l e  below t h e  c o n t a c t  t e m p e r a t u r e  b u t  s t i l l  f a r  above 

t h e  s t a b i l i t y  l iai t  s o  t h a t  i t  e v a p o r a t e s  sudden ly  w i t h  c o n s i d e r a b l e  v a p o r  p r e s -  

s u r e .  I f  :he t r i g g e r i n &  nechanism c a u s i n z  t h e  f i l m  c o l l a p s e  o r  f a s t  subsequen t  

p r o c e s s e s  produce new n e t a l  s u r f a c e ,  t h e  v i o l e n c e  of t h e  e x p l o s i o n  o b v i o u s l y  i -  

i n c r e a s e d .  Khen t h e  i n i t i a l  m e t a l  t e m p e r a t u r e  i s  s o  low t h a t  t h e  c o n t a c t  tem- - 

p e r a t u r e  i s  below t h e  s t a b i l i t y  limit, t r a n s i t i o n  b o i l i n g  a n d / o r  n u c l e a t e  b o i l i r  

may c o n t r i b u t e  t o  f r a g m e n t a t i o n  of t h e  m e t a l  bu t  no e x p l o x i v e  v a p o r i z a t i o n  

o c c u r s .  T h i s  c o n d i t i o n  a l s o  i s  met i n  t h e  L'U2-!;a c a s e .  Fauske and co-workers 

have d e r i v e d  t h a t  t h e  b u l k  t e m p e r a t u r e  of t h e  UO must exceed 5000 K t o  7000 K 2 
i n  o r d e r  t h a t  t h e  c o n t a c t  t e m p e r a t u r e  exceeds  t h e  s t a b i l i t y  l i n i t  of  t h e  sodium. 

At lower t e m p e r a t u r e s  t h e  UO -;ia s y s t e m  l a c k s  t h e  i n s u l a t i n g  v a p o r  f i l m  which 
2 

is  t h e  b a s i s  of t h e  above d e s c r i b e d  v a p o r  e x p l o s i o n  mechanis;:l. R a t h e r  b o i l i n g  

w i l l  o c c u r ,  l e a d i n g  t o  r a p i d  c o o l i n g  of  t h e  f u e l .  The problems of  f r a g m e n t a t i o n  

and mixing zone l o r z a t i o n  have become i m p o r t a n t  q u e s t i o n s  of  F C I .  I n  t h e  

t h e o r e t i c a l  models t h e s e  p r o c e s s e s  a r e  c h a r a c t e r i z e d  by two p a r a m e t e r s :  The 

f u e l  p a r t i c l e  r ; rd ius  and t h e  n i x i n g  t ime .  



I n  connect ion with t h e  consequences of  FCI, t h e  aspec t  of incoherent  onse t  of 

FCI i n  subassenbl ies  with d i f f e r e n t  burnup w i l l  have cons iderable  in f luence  on 

the  a s soc ia t ed  voiding r e a c t i v i t y  p a t t e r n  and the re fo re  a l s o  on t h e  product ion  

of thermal energy. The c y l i n d r i c a l  r i n g  coherence of our models i s  conserva t ive .  

A c y c l e  s t r a t e g y ,  which i s  based on t h r e e  types of subassemblies wi th  d i f f e r e n t  

burnup, would t h e r e f o r e  r e s u l t  i n  on ly  113 t h e  void r e a c t i v i t y  ramp r a t e  of t h e  

p resen t  c y l i n d r i c a l  r i n g  void ing  ramp together  with a  corresponding lower reac-  

t i v i t y  l e v e l .  I f  according t o  t h e  preceding d i scuss ion  exp los ive  v a p o r i z a t i o n  

(due t o  p res su r i za t ion )  can be considered a s  a  very u n l i k e l y  process ,  v i o l e n t  

b o i l i n g  i n  only  a  small p a r t  of t h e  subassemblies would y i e l d  only  moderate 

r e a c t i v i t y  changes. Fuel sweep o u t  f i n a l l y  would make t h i s  acc iden t  sequence 

a  r e l a t i v e l y  unimportant one, i f  t h e  r e l e a s e  of f i s s i o n  gas i n t o  t h e  channel 

does not  take  over .the r o l e  of a  f a s t - a c t i n g  voiding mechanism. 

The importance of t h e  f u e l  r e l e a s e  mode and t h e  f u e l  sweep o u t  was a l r e a d y  

mentioned. I n  s p i t e  of t h e  f a c t  t h a t  t h e  neutron hodoscope a t  t h e  TREAT 

f a c i l i t y  has  q u i t e  well  de t ec t ed  slow e r u c t a t i o n s  of molten f u e l  i n  f low 

coas t  down experiments.  But i t  i s  n o t  s u f f i c i e n t  t o  f i n d  some f u e l  o u t s i d e  

t h e  t e s t  s e c t i o n  i n  pos t  morten in spec t ions ,  s i n c e  an e f f e c t i v e  s h u t  down 

mechanism i s  provided on iy  i f  f a s t  f u e l  movement occurs .  

"I c o n s i s t e n t  t reatment  of f u e l  movement i n  t h e  channel seems t o  be t h e  u s e  of 

the  usuai  FCI ~ o d e l s  with a  mixing zone concept and cons ide ra t ion  of h y d r a u l i c  

f u e l  sweep ou t .  The ques t ions  a r c ,  where t h e  n ix ing  zone i n i t i a l l y  i s  s i t u a t e d ,  

and how x c h  f u e l  a c t u a l l y  r e a c t s  w i th  t h e  coolant  and r e l i a b l y  i s  swept out .  

The e f f e c t  of such a  cons ide ra t ion  on t h e  re leased  excursion energy has  been 

demonstrated by va r ious  parametr ic  s t u d i e s .  Obviously t h e  r e s u l t s  depend on 

t h e  choice of t i e  above mentioned open pa rane te r s .  The r e l e s e d  energy y i e l d  

can be reuced by a  f a c t o r  2 t o  4 .  

I n  an unprotected pump c o a s t  down acc iden t  t h e  f i r s t  important  f e a t u r e  i s  t h e  

b o i l i n g  and dryout sequence. Up t o  now b o i l i n g  phenomena have been t r e a t e d  theo- 

r e t i c a l l y  only i n  a  one-dimensional geometry. Uut t h e r e  e x i s t s  a temperature 

g rad ien t  ac ross  a  subassembly which i s  enhanced f o r  reduced flow cond i t ions .  

This  means t h a t  t h e  subchannels near  t h e  subassembly wall  a r e  below the  s a t u r a t i o n  

temperature and therefore b o i l i n g  i n  thcse  channels w i l l  occur wi th  an appre.- 

c i a b l e  t i n e  delay.  This b o i l i n g  incoherence i n  a  subassembly will lnodify t h e  



v o i d  r e a c t i v i t y  p a t t e r n  and t h i s  i n f l u e n c e s  t h e  subsequen t  c o u r s e  o f  e v e n t s .  - - 

To t h e  above mentioned i n c o h e r e n c e  one  rnust add t h e  i n c o h e r e n c e  of  f u e l  slump- - 
i n g  i n  s u b a s s e n ~ b l i e s  w i t h  d i f f e r e n t  burnup.  To o u r  p r e s e n t  u n d c r s t n n d i n g  f o u r  

major  e f f e c t s  may s i m u l t a n e o u s l y  o c c u r  d u r i n g  t h e  f u e l  slumpin': nbase :  

a )  A f t e r  d r y o u t  t h e  c l a d  w i l l  m e l t  and under  t h e  g r a v i t y  and Sa v a p o r  d r a g  

f o r c e s  t h e  c l a d  w i l l  be  noved towards  t h e  b l a n k e t  r e g i o n s .  3 e s i d e s  t h e  a s s o c i  

a t e d  p o s i t i v e  r e a c t i v i t y  e f f e c t  (which p o s s i b l y  w i l l  be  smal l  d u e  t o  n e u t r o n  

s t r e a m i n g ) ,  t h i s  c l a d  n o t i o n  may l e a d  t o  a  p a r t i a l  o r  complc te  b lockage  o f  

t h e  c o o l a n t , c h a n n e l s .  T h i s  was i n d i c a t e d  i n  t h e  e x p e r i m e n t s  of  t h e  L s e r i e s  

i n  TREAT. 
- 

- 

b)  The m e l t i n g  f u e l  r e l e a s e s  t h e  r e t a i n e d  f i s s i o n  g a s e s  a n d / o r  f u e l  jets may he  

d r i v e n  o u t  of  t h e  p i n  t o  r e l i e v e  t h e  p r e s s u r e .  

C) Fue l  w i l l  move down t h e  c e n t r a l  p i n  c a v i t y  and f i l l  i t  up. T h i s  w i l l  l e a d  t o  

a  d e c r e a s e  i n  r e a c t i v i t y  a t  t h e  b e g i n n i n g  of  'downflow',  b u t  l a t e r  a n  i n c r c a s t  

of  reactivity c a n  f o l l o v ,  when t h e  c e n t r a l  p i n  c a v i t y  h a s  been s u f f i c i e n t l y  

f i l l e d .  

d )  I n  i r r a d i a t e d  p i n s  t h e  f i s s i o n  g a s  p r e s s u r e  i n s i d e  nay  b u r s t  t h e  p i n s  rela- 

t i v e l y  e a r l y ,  w h i l e  i n  f r e s h  f u e l  m e l t i n g  c a n  b e  t h e  dominant mode. 

e )  A f t e r  t h e  l o s s  of  mechanical  p i n  s t a b i l i t y  t h e  u p p e r ,  no l o n g e r  s u p p o r t e d  
- 

p a r t s  of t l ie  f u e l  may move towards  t h e  midp lane  of t h e  sys tem,  t h u s  increasd _ 

t h e  r e a c t i v i t y .  

A t  p r e s e n t  e x p e r i m e n t a l  r e s u l t s  a r e  i n s u f f i c i e n t  t o  draw s a t i s f a c t o r y  and reli-  

a b l e  c o n c l u s i o n s  on t h e  nodes  ment ioned above.  s o  t h a t  t h e o r e t i c a l  m o d e l l i n g  

must  i n c l u d e  t h e  v a r i o u s  e v e n t s  i n  p a r a m e t r i z e d  form,  t h e  t r u e  impor tances  be- 

i n g  unknown. The main i n t e r e s t  i n  t h e  e v e n t s  a )  - d )  i s  r e l a t e d  t o  t h e  accom- 

panying r e a c t i v i t y  e f f e c t s .  One of t h e  most  e s s e n t i a l  q u a n t i t i e s  i n  c u r r e n t  

loodels is  t h e  pa ramete r  on which depends  t h e  mot ion  of  t h e  upper  p a r t s  o f  t h e  

f u e l  p i n s .  We have found by s e n s i t i v i t y  a n a l y s i s  t h a t  w i t h  a  c o n p l e t e l y  b l o c k e d  

upper r e g i o n ,  a  pump c o a s t  down a c c i d e n t  m i ~ h t  n o t  r e a c h  a  d i s a s s e m b l y  c o n d i t i o n  

w h i l e  f o r  t h e  assumpt ion  of a  f r e e  o r i i n d e r e d f a l l ,  t r a n s i t i o u  t o  c o r e  d i s a s -  

s e o b l y  t a k e s  p l a c e .  Thus t h e  u n c e r t a i n t y  i n  t h e  b e h a v i o r  of t h e  c o r e  a f t e r  l o s s  



of mechanical pin stability has large consequences. The radial incoherence of 

slumping in a subassembly very probably will result in reduced reactivity 

insertions so that a more realistic description may yield less conservatism 

and milder consequences. 

Recriticality ------------ 

Besides the problem of decay heat removal, the possiblility of recriticality 

of the distorted core after disassenbly is of great importance. Due to the 

high enrichment of fissionable material in fast demonstration plants of 

/ about 300 Xh'e, recriticality can be acchieved in principle either in the core 

itself, or in the tank, or in an external core catcher below the tank. The 

uncertainties are rather large in this area, since there is only poor experi- 

mental support from some out-of-pile investigations, especially concerning 

thern~odynamic behaviour of molten core materials. Because of this situation, 

the theoretical procedure can only give rough and plausible estimates on 

possible configurations, accident sequences and related energy yields. Of course 

in such a situation one must keep the analysis strictly conservative; nevertheless 

one should try to avoid overly pessiaistic assumptions. 

The consequences of an unprotected power excursion of a East prototype reactor 

are unlikely to result in a wide dispersion of hot core material; more likely, 

most of the molten fuel and steel ;.ill remain somewhere at the location of 

the core just after nuclear shut down. If this is assumed, the compact molten 

or granulated core material can and probably will go critical with some moderate 

reactivity insertion rate; the ramp rate depends strongly on the assumptions 

made with respect to the dynamics or' xolten material on the way to criticality 

and superprompt criticality. If tie excursions are mild, one can expect also a 

mild energy yield and possibly the removal of some fuel out of the core region. 

This process can be repeated, probably several times. We will not discuss in 

detail the melting of the fuel through the grid plate and also through the 

tank, where again recriticality cannot be excluded in the absence of preventive 

measures. The addition of neutron absorbing materials to the molten or granulated 

material in the bottom of the tank r-ill reduce the chance for a further excur- 

sion. In priciple, low reactivity ramp rate excursions in the tank or core 

catcher operate as a dispersion mechanism for the molten material and therefore 

should be tolerated. However, it could not be demonstrated so far that only 

such mild excursions can occur. In fact, if one makes the pessimistic assumption 



t h a t  two s u b c r i t i c a l  blocks approach under g r a v i t y ,  and t h a t  t h e  blocks con- 

s ist  of low dens i ty  g r a n u l a t e ,  one can c a l c u l a t e  excursion ene rg ie s  which 

probably cannot be contained.  

Thus, a t  p r e s e n t ,  one can only c a r r y  out  s e n s i t i v i t y  s t u d i e s  t o  a s s e s s  t h e  

in f luence  of d i f f e r e n t  parameters.  One can expect t h a t  t h e  growing knowledge 

on t h e  dynamic behavior of molten m a t e r i a l s  w i l l  he lp  t o  narrow t h e  u n c e r t a i n t i e s  

t o  a n  accep tab le  range. 

4 .  Xelated Reactor Physics  Aspects -- 

We have d iscussed  some of t h e  p resen t  problems i n  f a s t  r e a c t o r  s a f e t y  a n a l y s i s  - 

i n  order  t o  judge t h e  connect ion between r e a c t o r  phys ics  and s a f e t y .  I t  can - 

be  concluded from s e c t i o n  3 ,  t h a t  t h e  u n c e r t a i n t i e s  i n  f a s t  r e a c t o r  s a f e t y  

a n a l y s i s  a r e  dominated by t h e  non-neutronic c h a r a c t e r i s t i c s  of t h e  acc iden t  

sequences: ma te r i a l  dynamics, them.ohydraulics and thermodynamics. I n  a d d i t i o n  

i t  i s  seen t h a t  c o n s t i t u t i v e  and c o n f i r n a t i v e  experiments,  i n  p i l e  a s  wel l  a s  

o u t  of p i l e ,  a r e  needed t o  support  and check t h e  t h e o r e t i c a l  n r o d e l l i n ~  of t h e  

v a r i o u s  phenonena. 

Reactor physics  p lays  a  c l e a r l y  def ined  r 6 l e  i n  the  a n a l y s i s  of f a s t  r e a c t o r  

s a f e t y ,  a l though the  degree of u n c e r t a i n t y  of t h e  r e l a t e d  phys ics  parameters 

i s  much l e s s  than the  u n c e r t a i n t y  i n  t h e  non-neutronic parameters.  This  i s  s o ,  

because the  physics  methods widely could be checked expe r inen ta l ly  and theo- 

r e t i c a l l y  i n  numerous examples i n  zero power f a c i l i t i e s .  These f a c i l i t i e s  
- 

a r e  even nore  complicated from the  neu t ron ic s  poin t  of view a s  t h e  power r e -  

a c t o r  i t s e l f  ( s n a l l  co res ,  he terogenei ty  and streaming e f f e c t s ) .  With t h e  

SEFOK r e a c t o r  and s i n c e  some yea r s  a l s o  from Phhnix and PFR experience was 

gained f r o 2  l a r g e r  t e s t  and pro to type  r e a c t o r s .  

The lilost i n p o r t a n t  r e a c t o r  phys ics  a s p e c t s  i n  f a s t  r e a c t o r  s a f e t y  a n a l y s i s  a r e  

t h e  appropr i a t e  p r e d i c t i o n  and v e r i f i c a t i o n  of  

- 1)oppler r e a c t i v i t y  e f f e c t  i n  t h e  predisassemhly and disassembly phase of a 

nuclear  excursion 

- Sodium Void r e a c t i v i t y  d i s t r i b u t i o n  i n  t h e  complex core  s i t u a t i o n  wi th  c o n t r o l  

rods 



- Reactivity effects of fuel and clad motion 

- Control rod worth distribution 

- Developaent and check of space tixe dynamics, especially for large reactors. 

The accuracy of the first four item have been discussed intensively and 

presently has reached a degree, vhich in almost all cases satisfies the re- 

quirements in fast reactor safety analysis (Dopplercoefficient: 15 - 20 %, 

Na-Void coefficient: about 15 X ;  control rod worth: 10 Z ) .  

h e  of the main problems, is to really find out the necessary simplification 

over sophisticated static analysis, which can he tolerated in excursion analysis, 

thus that an efficient coaputerized description of the complex situation is 

possible. This is true especially for those cases, were space-time dynamic 

investigations are filt to be cecessary. 

At first we draw the attention to t5e energy representation in multigroup cal- 

culations. aecause material novenents as the boiling ejection of sodium cause 

spectrua changes, the nuaber of energy groups required, are between 10 and 20 , 
much more than is necessary for thema1 reactors. Efficient methods have been 

studied already as energy synthesis and coarse group methods with hilinearly 

weighted group constants, they are not yet used in routine safety analysis coded. 

Space-time dynamic codes in 1 and 2 iimensions are already in operation, al- 

though a proper balance with the thernohydraulic and materialdynamic .phenomena 

has not yet acchieved. For the exccrsion analysis of 300 W e  prototype reactors 

it scens, as if point kinetics (at least in some sophistication with pre- 

described reactivity tables) gives cot too poor results. Special attention 

must be given to 

- the reactivity effect of control rod movements, calculated in first order 
perturbation theory 

- the reactivity response connected with local sodium boiling (e.g. near core/ 

blanket in a pump coast down accident), and material (clad, fuel) movements 

before core disassembly, 

- the reactivity effects associated with gross material movement in the dis- 
assembly phase. 



A s  a l r e a d y  ment ioned.  t h e s e  problems becore  even more i m p o r t a n t  f o r  l a r g e  . - 
r e a c t o r s .  h s p e c i a l  t r e a t m e n t  r e q u i r e s  a l s o  t h e  s p a c e  r e p r e s e n t a t i o n  i n  c a s e  

of m a t e r i a l  movements: many zones  have t o  b e  u s e d  w i t h  v a r y i n g  zone b o u n d a r i e s  

d u r i n g  m a t e r i a l  movement. I n  some c a s e s  a l s o  t r a n s p o r t t h e o r e t i c a l  t o o l s  a t  

l e a s t  have t o  be  used f o r  check ing  t h e  a c c u r a c y  of  d i f f u s i o n  t h e o r y ,  e.g. f o r  

t h e  d e s c r i p t i o n  of  n e u t r o n  s t r e a m i n g  i n  empt ied  c h a n n e l s  o r  f o r  s i t u a t i o n s  i n  

which f u e l  s lumping h a s  r e s u l t e d  i n  coxpac t  c o n f i g u r a t i o n s ,  o r  where a f t e r  a 

p r imary  e x c u r s i o n  sone  p o r t i o n  of f u e l  a p p r o a c h e s  under  g r a v i t y  a n o t h e r  a l -  

r e a d y  mol ten  p a r t  of  c o r e  m a t e r i a l .  

One major t a s k  of  r e a c t o r  p h y s i c s  i s  t o  p r o v i d e  r e l e v a n t  c o r e  p h y s i c s  d a t a  f o r  

l a r g e  r e a c t o r s ,  which a r e  a b l e  t o  i z p r o v e  t h e  s a f e t y -  and b r e e d i n g , p o t e n t i a l  

o f  t h e s e  p l a n t s .  However, o n e  h a s  t o  keep i n  mind t h a t  a l r e a d y  10 y e a r s  a g o  
- 

r i n g -  and modular c o r e  d e s i g n s  have been d i s c u s s e d  i n  o r d e r  t o  min imize  t h e  

sodium v o i d  r e a c t i v i t y  e f f e c t .  B e s i d e s  of t e c h n o l o g i c a l  d i f f i c u l t i e s  a t  t h a t  

t ime  t h e  f i n a l  s a f e t y  c h a r a c t e r i s t i c s  were  n o t  improved. The main c o n c l u s i o n  

was t h a t ,  i f  p r i m a r y  r e a c t i v i t y  i n s e r t i o n s  ( a s  t h e  f l o w  o f  l a r g e  g a s  b u b b l e s  

th rough  t h e  c o r e  o r  c o n t r o l  rod e j e c t i o n s )  l e a d  t o  t h e  m e l t  down of t h e  c e n t e r  

p a r t  of t h e  c o r e ,  t h e  subsequen t  s l u z p i n g  of c o r e  m a t e r i a l  by f a r  d o m i n a t e s  

t h e  e x c u r s i o n  b e h a v i o u r .  Thus ,  a l s o  i n  modern h e t e r o g e n e o u s  c o r e  des igns ,  o n e  

h a s  t o  p rove  t h a t  g r o s s  f u e l  slumpin: o r  f u e l  compact ion d o e s  n o t  o c c u r ,  o t h e r -  

w i s e  t h e  a d v a n t a g e  of  a  l o u  s o d i u n  vo id  r e a c t i v i t y  e E f e c t  i s  o v e r r u l e d .  

To conc lude ,  most a t t e n t i o n  should  Se c e v c t e d  t o  t h e  deve1op:nent of a r e l i a b l e  

ins t rumcn:a t ion and s a f e t y  systefil.  I n  t h i s  a r e a  e s p e c i a l l y  e x p e r i m e n t a l  r e a c t o r .  

p h y s i c s  work aay i n p r o v e  t h e  p r e s e n t  s i t u a t i o n .  
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