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Inkroduct ion 

The SNAI,W program be ing  cond;lc;ed by P h i l l i p s  a t  t h e  NRTS has  t h u s  far 
included t h e  SNAPTRAN-3 water  immersion d e s t r u c t i v e  t e s t  and t h e  SNAPTRAIT-1 
r e a c t o r  k i n e t i c s  t e s t  s e r i e s ,  The SNAPiPAN-2 d e s t r u c t i v e  t e s t  i s  c u r r e n t l y  i n  
prepara t ion .  
SNAERAN-2 d e s t r u c t i v e  t e s t  p r e d i c t i o n s  s ince  these  two r e a c t o r s  are q u i t e  
similar.  
s i g n i f i c a n t  d i f f e r e n c e s ,  however, from t h a t  observed i n  SNAFTRAH-3 d e s t r u c t i v e  
t e s t .  

?he k i n e t i c s  data from SNAFTR.UJ-1 a r e  gene ra l ly  app l i cab le  t o  t h e  

The treatment, o f  disassembly behavior  f o r  SNAPTRAIT-2 w i l l  have 

The a n a l y s i s  t o  be desc r ibed  was undertaken t o  es t imate  t h e  r e s u l t s  of t he  
SNAPTRAN-2 d e s t r u c t i v e  t e s? .  
l i m i t s  on energy r e l e a s e  and m a x i m u m  power. 
s tud ied  inc lude  t h e  e f f e c t  o f  o p e r a t i o n a l  v a r i a b l e s  such as r e a c t i v i t y  
i n s e r t i o n  r a t e s ,  t h e  t i m e  sequence of  mechanical events  dur ing  disassembly as 
r e l a t e d  t o  t h e  power curve,  and t h e  r a t e  and c h a r a c t e r i s t i c s  of  t h e  disassembly. 
The conclusions reached have been used i n  t h e  hazards  eva lua t ion ,  i n  es t imat ions  
of requirements f o r  instrumenta5ion and photography, and as a tes t  of  e x t r a -  
p o l a t i o n  from non-des t ruc t ive  t e s t i n g  da ta .  
c a l c u l a t i o n s  w i l l  g r ea t , i y  a i d  i n  i n k r p r e 5 i n g  t h e  r e s u l t s  of t h e  SNAFTRAN-2 
t e s t .  

Among t h e  mcst important o f  t h e s e  r e s u l t s  are 
Other s i g n i f i c a n t  f e a t u r e s  

It i s  expected t h a t  t h e s e  

Desc r ip t ive  Model 

A c ross -sec t ion  of t h e  r e a c t o r  i s  shown i n  Figure #l. The co re  c o n s i s t s  
of 37 uranium-zirconium hydr ide  fuel  elements i n  a hexagonal a r r ay .  
bery l l ium re f l ec$or  surrounds t h e  r e a c t o r ,  w i t h  c o n t r o l  exe rc i sed  by  r o t a t i o n  
of t h e  four beyl l ium drums as shown. 
inches  and i t s  l eng th  about 12  inches .  
by r o t a t i n g  t h e  c o n t r o l  d r m s  t o  the f u l l - i n  p o s i t i o n .  
are l abe led  s t e p  drums and p u l s e  drums. 
t oge the r ,  t hen  t h e  pu l se  drums a r e  r o t a t e d  toge the r .  

A 

me diameter of t h e  core  i s  about 9 
The d e s t r u c t i v e  t r a n s i e n t  i s  i n i t i a t e d  

Note t h a t  t h e  drums 
F i r s t ,  t h e  s t e p  drums are r o t a t e d  

* Associate  Member, American Nuclear 
** Member, American Nuclear Soc ie ty  

- 1  

Soc ie ty  

- 

I l 8 6 3 9 b  



Disassembly occurs  i n  a SNa4P'-Mt -tj-pe r e a c t o r  5:- relecsn .-lf hydrogen 
from t h e  f u e l  matr ix  a f t e r  a c e r t a i n  f u e l  tempZratKrs thrt-s>ol," i s  reached, 
and by subsequent a c c e l e r a t i o n  of  var ious  core  and rer'lec t o r  compoiients i n  
an outward d i r e c t i o n  as a r e s u l t  of bydrogen p res su re  bui ldup.  A schematic 
of t h e  disassembly model i s  shown i n  Figure #2. 
assumed. 
"des t ruc t ive  zone" on t h e  f i g u r e ,  i s  assumed t o  c o n t r i b u t e  hjdrogen t o  t h e  
p re s su re  p u l s e .  
parameters  s tud ied  i n  t h i s  a n a l y s i s .  

C y l i n d r i c a l  geometry i s  
In our  s impl i f i ed  model, on ly  a p o r t i o n  of the  core ,  l abe led  

The volume and shape of  t h i s  reg ion  i s  one of the  va r i ab le  

The p res su re  p u l s e  i s  i n i t i a t e d  when t h e  core  hot-spot,  reaches t h e  
th re sho ld  temperature  which i s  l g O O O F  f o r  t h i s  type  of f u e l .  
by t h e  p re s su re  i s  r e s t r i c t e d  u n t i l  t h e  temperature  a t  t h e  boundary of t h e  
d e s t r u c t i v e  zone reaches t h e  threshold  Temperature. 
t o  a c t  r a d i a l l y  on t h e  mass of -,he r e f l e c t o r  and ou te r  r i n g  of f u e l  
elements and a x i a l l y  on t h e  inne r  f u e l  elements and g r i d  p l a t e s .  

Radia l  a c t i o n  

The p res su re  i s  assumed 

The space-independent r e a c t o r  k i n e t i c s  equat ions  as shown i n  Figure 
#3 a r e  used t o  compute r e a c t o r  power, I n  F igure  #4, t h e  time dependent 
r e a c t i v i t y  i s  descr ibed  as t h e  sum of i n i t i a l  s u b c r i t i c a l  r e a c t i v i t y  l e v e l ,  
t h e  r e a c t i v i t y  i n s e r t i o n  as a funcxion of t ime,  t h e  feedback e f f e c t s  of 
i nc reas ing  average core  temperature,  and t h e  r e a c t i v i t y  e f f e c t  of core  
disassembly. 
core  temperature  i s  assumed, as shown i n  eq.  (5), with  an upper l i m i t  f o r  
temperature  feedback provided as a va r i ab le  parameter .  
be l i eved  necessary t o  account f o r  u n c e r t a i n t i e s  i n  r e a c t i v i t y  e f f e c t s  
a f t e r  t h e  hydrogen has  been transformed t o  The f r e e  s t a t e .  
e f f e c t  o f  disassembly i s  considered l i n e a r  in both  a x i a l  and r a d i a l  
displacements  as shown i n  eq. (6), 
necessary t o  shut  down t h e  pawer b u r s t ,  t h i s  approximation i s  considered 
reasonable .  

A constan+, temperature c o e f f i c i e n t  w i th  r e spec t  t o  average 

Such a l i m i t  i s  

'The r e a c t i v i t y  

Since only  small displacements a r e  

The drum r e a c t i v i t y  i n s e r t i o n  i s  shown i n  F igure  #5. The s t e p  drums 
a r e  r o t a t e d  i n t o  t h e  r e f l e c t o r  i n  approximately 100 msec t o  b r ing  t h e  r e a c t o r  
t o  a delayed c r i t i c a l  level . ,  
i n  about 18 msec t o  pu t  t h e  r e a c t o r  on a minimum pe r iod  of around 200 psec .  

The pu l se  drums a r e  r o t a t e d  i n t o  t h e  r e f l e c t o r  

- 
T ,  t he  hot -spot  temperature ,  < I ,  t h e  average temperature  i n  t h e  d e s t r u c t i v e  
zone, Tz, and t h e  temperature a t  t h e  zone boundary, %. 
appropr i a t e  value of t h e  volume-weighting f a c t o r  f i s  employed. 
h e a t  c a p a c i t y  i s  assumed t o  be l i n e a r l y  dependent on f u e l  temperature over 
t h e  range where thermal  feedback i s  important .  

In Figure  #6, t h e  general  equat ion used t o  compute t h e  average core  temperature,  

I n  each case ,  t h e  
The core 

I n  F igure  #7, eq.  (8), t h e  expression i s  shown t h a t  desc r ibes  t h e  r e l e a s e  
of  hydrogen from t h e  f u e l .  
d e s t r u c t i v e  zone. 
f r eed  from t h e  Z r  l a t t i c e .  
d i s i n t e g r a t i o n  along d i s l o z a t i c n s  i n  t h e  f u e l .  
T2 (about  2 6 0 0 0 ~ ) ~  s u f f i c i e n t  p re s su re  i s  generated wi th in  t h e  f u e l  mat r ix  t o  
cause a l a t t i c e  d i s i n t e g r a t i o n .  
e s s e n t i a l l y  a l l  t h e  hydrogen behaves as a f r e e  gas .  
t o  i n t e r p o l a t e  between these  two temperatures ,  

W i s  t h e  weight of hydrogen r e l eased  i n  t h e  
A t  T1 (about  SgOOOF), approximately 1% of t h e  hydrogen i s  

This  quan t i ty  of hydrogen i s  s u f f i c i e n t  t o  cause 
When t h e  temperature reaches  

A t  t h i s  temperature  it i s  assumed t h a t  
An exponent ia l  i s  used 



The volume a v a i k b l e  to t h e  hydy-.sge:: ‘.s calcdl;”,ei: v i t h  ?a,* (9). I t  is 
t h e  volume of t h e  des t . ruc t ive  zone inc lue ing  t h e  exparision, minlvs -the volume 
of t h e  f u e l  m a t e r i a l ,  The p res su re  of t.he gas  i s  approximated wi th  t h e  
p e r f e c t  gas law as shown i n  eq.  (ll)-, where T i s  t h e  temperature of -the s 
hydrogen. The two displacements  a r e  ca l cu la t ed  with eqs.  (ll), which a r e  
j u s t  expressions of a c c e l e r a t i o n  = force/mass.  I n  t h e  case  o f  t h e  a x i a l  
displacement,  c o r r e c t i o n s  have been made t o  t h e  e f f e c t i v e  a r e a  on which 
the  pressure  a c t s  t o  account f o r  drag e f f e c t s ,  

The computation of t h e  gas  temperature,  i s  descr ibed  i n  F igure  if.8. 
-g’ Equi l ibr ium thermodynamics i s  used t o  write an energy balance which equates  

t h e  change i n  i n t e r n a l  energy p l u s  expansion work t o  t h e  i n t e r n a l  energy 
of a quan t i ty  of gas  e n t e r i n g  a t  temperature ,Tz. ‘The incremental  energy 
changes a r e  expressed i n  convent ional  fash ion  i n  t.erms of  mole num-ber N 
i n  eqs ,  (13) and (14). Combining these  expressions,  applying t h e  p e r f e c t  gas  
l a w ,  and s e t t i n g  t h e  logar i thmic  d e r i v a t i v e  of N equal  t o  t h e  logar i thmic  
d e r i v a t i v e  of  W l e a d s  t o  t h e  d i f f e r e n t i a l  equat ion f o r  ‘TI shown i n  eq. (15)- 

ig 

S e l e c t i o n  of Model Parameters 

The r e s u l t s  of  non-nuclear t e s t i n g  of f u e l  m a t e r i a l s  have been used f o r  
t h e  es t imat ion  of  f u e l  p r o p e r t i e s ,  p a r t i c u l a r l y  hydrogen r e l e a s e  and the core  
h e a t  capac i ty  iapproxima5ely 0.01 Mwsec/OF a t  68OF ) . ‘The SNAPTKAN-1 k i n e t i c s  
t e s t i n g  s e r i e s  e s t a b l i s h e d  a prompt neutron genera t ion  t i m e  of 6*5 2 0.3 msec, 
as w e l l  as a prompt temperature  c o e f f i c i e n t  of  about O.l3$/OF, cons t an t  when 
used i n  conjunct ion wi th  t h e  h e a t  capac i ty  descr ibed  previous ly .  
SNAPTRAN-3 d e s t r u c t i v e  t e s t  provided an es t imate  of t h e  worth of r e f l e c t o r  
removal of about 8 d o l l a r s / i n c h ,  and, i n  add i t ion ,  an approximate 
v e r i f i c a t i o n  of t h e  l i n e a r i t y  of t,he h e a t  capac i ty .  The d e s t r u c t  t h re sho ld  
temperature of  approximateiy l9OOOF i s  est imated from non-nuclear t e s t i n g  
as w e l l  as ex t r apo la t ion  from S N A P I ” J - 3  r e s u l t s .  

The 

3esu l t . s  and Zonclusions 

The c a l c u l a t i o n s  descr ibed  have been made using t h e  bes t - e s t ima te  inpu t  
parameters and reasonable  v a r i a t i o n s  i n  ;hese parameters t o  p l a c e  bounds on 
t h e  c a l c u l a t i o n a l  r e s u l t s  and t o  s tudy t h e  e f f e c t s  of i n d i v i d u a l  u n c e r t a i n t i e s .  
A t y p i c a l  case  i s  shown i n  F igure  #9 based on parameters  near  t h e  bes t -es t imate  
values .  
4.85 d o l l a r s .  
p rev ious ly .  The m i n i m u m  pe r iod  f o r  t h i s  case  i s  220 psec .  The peak power 
i s  120 Gw with  an t o t a l  nuc lea r  energy r e l e a s e  of  68 Mwsec. 
t h e  disassembly behavior  i s  shown. Disassembly begins  about 250 psec  before  
peak power. 
Axial and r a d i a l  displacements  a r e  shown i n  inches .  Fue l  i s  a c c e l e r a t e d  
a x i a l l y  t o  a v e l o c i t y  around 800 f t / s e c ,  and t h e  r e f l e c t o r  i s  a c c e l e r a t e d  
r a d i a l l y  t o  a v e l o c i t y  o f  about 300 f t / s e c .  

The inpu t  r e a c t i v i t y ,  corresponding t o  +,hat shown i n  F igure  #4, i s  
Other parameters  a r e  gene ra l ly  t‘ne same as t h e  values  mentioned 

In Figure  #lo, 

Pressu re  r i s e s  r a p i d l y  t o  a maximum of  t h e  o r d e r  of  140,000 p s i .  

By v a r i a t i o n  of i npu t  parameters ,  it i s  found t h a t  t h e  energy r e l e a s e  i s  
h igh ly  s e n s i t i v e  %o t h e  degree of  thermal  feedback a t t a i n e d  be fo re  t h e  
disassembly begins .  Although the  temperature  c o e f f i c i e n t  i s  q u i t e  w e l l  known 
from t h e  SNAPTRAN-1 t e s t i n g ,  even small v a r i a t i o n s  i n  t h e  temperature  c o e f f i c i e n t  
and h e a t  capac i ty  i n d i c a t e  t h a t  t h e  unce rza in t i e s  i n  t h e  upper l i m i t  on 
energy from t h i s  effect ,  may be a s  l a r g e  as 20 Mwsec. It i s  a l s o  found t h a t  
v a r i a t i o n s  o f  d e s t r u c t i v e  zone volume and geometry and t h e  drag  e f f e c t s ,  o r  
l a c k  of such e f f e c t s ,  produce an unce r t a in ty  The of  t h e  o rde r  of  5 Mwsec. 
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uncertainty in worth of dfsassembly lead; to t variation of 2kc;t 5 Mwsec. 
Although these variations may lead to a large range of disassembly velocities, 
the net effect on energy release is quite small. The most recent calculations, 
made for an insertion o f  5.05 dollar's corresponding to planned test conditions, 
indicate that the range in energy release, considering all parameters, is 
from 60 to 120 Mwsec f o r  a $5.05 destructive test. 

In conclusion, it is found that the test conditions indicate an expected 
energy release of about, 68 Mwsec:. 
phenomenon of temperacare feedback which is well known compared to the other 
parameters. _"he destrkctive test i+,seif will be very important in extending 
o-,.r knowledge cf C,'llese effects at nigh temperatures. 
is quite simpiified and uncersainties in some parameters q;lite large, the 
use of such simple disassembly model appears just;ified by the lack of 
sensitivity +,e parameters concerned with %he disassembly. The mathematical 
model, as pcstulated, should describe the SNAP'TRAN-2 test adequately 
f o r  the objectives w'liic3 were established. 

Tl.e majar source of uncerttainty is the 

Although the model 
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G A S  RELEASE AND REACTOR DISASSEMBLY 
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GAS TEMPERATURE EQUATION: 

ENERGY B A L A N C E :  d U +  P d V =  dU' 

WHERE y = I + R / ~ v  = c ~ / ~ v  
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