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Reference: NAM No. 3 by J. Hadley, "Reactor Vulnerability t o  Neutron Flux". 

I n  the referenced memo a discussion i s  given of w h a t  happens t o  

the power leve l  of a reactor when an instantaneous very large neutron source 

i s  introduced. The motivation f o r  the problem arises from the question of what 

happew r b  is  s 

The present note looks a t  the same problem as tha t  which i s  

discussed i n  NAM No. 3 but i n  s l igh t ly  more de ta i l .  The resul ts  obtained are  

essent ia l ly  the same as those of NAM No. 3; somewhat more attention i s  given t o  

the nature of the assumptions made. 

The kinetics model used i s  the space-time separable, one delayed 

Space-time separabili ty i s  almost certainly a poor assumption i n  group model. 

th is  case. When a very large neutron wavefront impiqges on a reactor, the 

subsequent short  t i m e  behavior can hardly be that predicted by t h i s  simple 

m d e l .  One would expectwvery large loca l  power densit ies i n  one par t  of the 

core before another part  would see anything unusual.. The other assumption, 
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one delayed group, is not necessary bu-Ck-makes the mathematics simpler, and 
_ 1  

in view of the first assumption is probably quite acceptable. In spite of 

these simplifications the model gives results which should  have^ qualitative 

physical relevance. 

The problem to be solved is: 

where 3 E total reactor neutron population at time t 

L 4 mean prompt neutron lifetime 

f i  E delayed fraction 

E the one delayed group decay constant 

k neutron multiplication factor 

The forcing function is assumed to be a square wave beginning at time t = 0 

and ending at time t = tl. . 



To solve Eq. 1 and 2 employ the Laplace transform technique. 

The transformed equations are: 

Where 

0 

5 independent variable in transform space 

45 = x &(q 

Carrying out the integration Tndicated in (3) yields 

Equations (3 I )  and (4) are simultaneous linear equations in %- and C, Solving 
for +z 



which w i t h  manipulation and the definit ion 

K (1 -&)e/ a =  
-0th 

becomes 

Before taking the inverse transform of (6) it is convenient t o  assme K . = 1. 

This i s n ' t  necessary as f m  as finding the  inverse transform i s  concerned, but 
it does make the result simpler, and t h i s  assumption will have t o  be made sooner 
o r  l a t e r  anyway i n  order t o  eliminate Co from the solution. T h a t  is, it w l l l  

necess ha s been exactly a1 for  a long 

enough tlme pr ior  t o  the pulse t o  insure that precursor population is  saturzted. 
In  t ha t  case Co is simply related t o  and can be eliminated from the resul t .  
With the  assmptlon K = 1 the denaminator common t o  each of t he  three ter;?s i n  
(6) becmes 

and with the definit lon b 
a form which is convenient fo r  finding the inverse transform 

- @++;\)plus more manipulation, C6) takes 

, 



From tables of Laplace transforms, one finds the inverse t ransform of (7) 
t o  be 

where u(t-t, ) = u n i t  step f b c t i o n  shifted t ,  uni t s  t o  the r ight  of the 
origin, i.e. 

Now invoke the assumption tha t  k was exactly 
t-s . .  

one for some time pr ior  to 
the arriva.l of the source pulse. In t h a t  case a t  time t = 0. 

t= 0 

Substitution of (9) in to  (8) and further manipulation yields the  following 
two equations f o r  the neutron population a s  a function of time. The first 
is val id  during the source pulse ti'me interval the second is val id  after 
the pulse is removed. 



I s  a s o r t  of "characteristic time" for  / where = - -L = 

Jz 
the reactor t ime behavior. 

!That Eq. 10 is a solution to the system (1) and (2) w i t h  the 
added assumption of steady state prior t o  t = 0 can be verif ied by 

substi tution in to  (1) and (2 ) .  
finding the solution for C( ver. This won't be done here. It i s  

This method of checking requires f irst  

eh of 10.1 and 10.2 i n  some limiting cases. 

1. At t = O = z* 

2. A t  t = t, i.e. a t  the end of the pulse, both 10.1 and 
J 

10.2 give the same result for n( t ) .  

increment of 



Notice that a hypothetical reactor wi th  no delayed fraction (p-0) 
would have itn increase i n  neutron population equal t o  the to t a l  
nmber of neutrons contained in the ~ u l s e .  Notice also t ha t  

the added increment i n  population increases with an increase 
i n  ,&* . Evidently a longer prompt lifetime reactor 
“ r e m e m b e r s “  i t s  past history bet ter  than a short  lifetime 
reactor does. 

4. If - t, C L  the highest neutron poplat ion attained 
Y J 

is  72 ($.,?= 72, +- A, 2, 
is s m a l l  compared t o  the reactor chasacterist ic t i m e ,  the peak 
power is  independent of the prompt lifetime and delayed group 
characterist ics.  

. That is, i f  the pulse width 
/o, / 

As far as damage t o  the reactor is  concerned an important quantity 
is the t o t a l  mount of energy generated during the t ransient  result ing fram 
the source pulse. The assumption tha t  power is  propr t lona l  t o  neutron 
population allows calculation of t h i s  quantity. It is convenient, first, 

sionless form. f ine the 
following: 

With these definit ions and a l i t t l e  more manipulation, 10.1 and 10.2 
become 

11.1 



The l e f t  hand sides of these equations ase dimensionless and .we proportional 
t o  the incremental increase i n  power level. 
energy generated by the  pulse, consider the rough sketch below of Eq. 1l. 

Preliminary t o  determining the 

I 

0, g z -  4 
z 

The energy generated during the transient is  proportional t o  the area under 
the curve shown i n  the figure. In computing the contribution due t o  the 

decay af’ter the source is removed it is convenient t o  subtract out the small 

residual which persists as 0 - 3 4  . This a l lows the upper limit of 
integrztion t o  extend t o  CQ and yields a closed form result. Hence, the 
area computed i n  the following calculation i s  the one shaded i n  the  sketch - 
the long time contribution i s  subtracted out. 

grab tennhed axe 
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The contribution t h a t  w a s  subtracted out to  make the integration convenient 
can be added back in at t h i s  point. 
t o  define a time @ after which the disturbance is  assumed t o  be non- 
existent. If @ = 8, f 5  the tail of the disturbance i s  essent ia l ly  
gone ( 0.007 ) So if the disturbance is over at @ I 8, f 5 , 
the  contribution to  be added t o  Eq. 1 2  is 5 h T . Then the total  
extra energy generated; by the disturbance is  proportional t o  

In order t o  do this it is necessary 

6.0 

Changing the form of (13) back t o  familiar reactor parameters yields 

, - - - -  
, . . . ... . . . 
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The term within the parentheses In E;. 14 i s  a f’unction of pulse width, 

reactor prompt lifetine and reactor delayed group characterist ics.  
however, f o r  any reasonable values which these parameters may assume the 

term i n  parenthesis i sn ’ t  a Ruzction of any of them. 
significance is the first. For example, assume the same values for  reactor 

In fact ,  

The only t e r m  of 

* parameters as those used i n  N-W No. 3 (1 = 10 - 4 see, f l = O . 0 0 5  A. o.+ 1 
Then the parenthesis term becomes 

4 +-  4 
20 sp= 701 

/-f - 

Notice t h a t  the duration of the pulse would have t o  be a f e w  seconds before 
a sfgnificant contribution would mise. This is much longer than any pulse 
t o  be elrpected from a nuclear explosion. 

Finally, the t o t a l  ex t ra  energy generated due to the large pulse of 
neutrons is  

A E  = e ( ~ t , )  
i\ 

Where C is  the proportionality factor between t o t a l  reactor neutron population 
and reactor power. This result, except for  the apparance of > which i s  
small compared t o  1 is identical  t o  the result obtained i n  NAM No. 3 .  

-.@+ 

Discussion 

The results arrived at  above w e r e  based upon the assump-tion of a 

square wave forclng fbnction. 
pulse widths t o  be expcted  the t o t a l  energy generated is  probably quite 
insensitive to the shape of the pulse. The peak power attained is samewhat 
more sensit ive t o  pulse width which suggests tha t  peek power in the general 
case would be sensitive t o  pulse shape, 

However, they suggest t ha t  for  any sensible 
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