The Lifetime Formulation

For this representation of point kinetics, one first defines the prompt neutron lifetime. This can
be done in an intuitive fashion by arguing that, at steady state, the total neutron loss rate is given
by the total neutron population divided by the neutron lifetime. In equation form, this can be
written as

neutron population cn neutron population
loss rate = pap or lifetime = popP

lifetime loss rate

Defining 1, as the prompt neutron lifetime, the one-speed approximation gives

1
o (W 0)
1, = v (1)
(—V-DVwO>+(anO>
where the numerator is just the total neutron population at steady state conditions (recall that
¢=nv or n=¢/v).

Note also that within the context of the 1-group diffusion equation, the multiplication factor, k,
can be written as:

neutron production rate from fission ~ production (VZT‘W(,)
kK= - = Q)
loss rate loss (=VeDVy, ) +(Z,y,)
We now divide every term in the neutron balance equation by the neutron loss rate to give
S (w)
, bl dT (VEry, )

(—VoDV\pO ) + (Za\po ) dt (4=F

1
T+ > A C;
(=VeDVy, ) +(Z, v, ) Z '(—VoDVq;0>+(an;0)< )
1 (Q) = <_V.DVWO ) £ (ano>
(-V-DVy, ) +(Z,w,) (=V-DVy,)+(Z,v,)
and use the definitions of k and 1, to simplify to

dT 1 :
L= =[A-Pk-1]T + Zi:kj (—V-Dku>+(2a%><Cj> ' <—V°Dvwo>+<za‘”o>(q>

Dividing by 1, gives
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Now, if we define the time dependent normalized precursor and external source amplitudes as
1

¢;(t)=

—(CG®) “)

;(Wo>




q(t)=ﬁ<qu)> 5)
) wo

v

we get the standard form of the neutron balance equation for the lifetime formulation of point
Kinetics , or

%:[(I—_E)—k_—l]T + ke + g (6)

p

To complete the derivation, we need to manipulate the precursor balance equation in a similar
fashion. In particular, dividing the precursor equations by the total neutron population, (wo)/v,
gives

: %<Ci>=BiMT - Tmi-ll (C.'> fori=1,2,---6
vl V() )

Using the definitions in eqns. (1), (2), (4). and (5), this expression for the precursor balance can
be converted into standard form, giving
dc;
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¢ P

Equations (6) and (7) represent the Lifetime Formulation of the point kinetics equations.
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The solution of the Lifetime Formulation of the point kinetics equation with no reactivity
feedback and no external source for a step change in external reactivity (step change in k) is
typically given in terms of the so-called reactivity equation. For six delayed neutron groups
using the lifetime formulation, the reactivity equation can be written as

03.‘?
P 1+m£ 1+mf me

Now, your job for this problem is to explain, in detail, your understanding of point kinetics via a

thorough discussion of this particular form of the reactivity equation. In your discussion you
should address such things as:

What does this expression mean and where does this come from (a formal derivation is not
required here since this is done in a previous HW problem -- but a good explanation of the
general process will suffice in making this problem stand on its own)?

Discuss its interpretation in terms of the actual time dependent behavior of the neutron density
for both positive and negative reactivity insertions.

How many roots are there? What is the sign of the roots for both positive and negative
reactivity? What is the significance of the dominant root? How about the most negative root?

Be sure to introduce the concepts of reactor period and prompt jump/drop in your discussions and
also use appropriate sketches as needed!!!
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FIGURE 6-2. A graphical determination of the roots to the inhour equation
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