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=PFL  Exercises of today

B Exercise Session 14

12 NEUTRON KINETICS - PART 1
12.1 Prompt neutron lifetime

12.2 Prompt neutron lifetime Il

12.3 Stable period T proportional to 1/p
12.4 Stable period |

Divide in groups of 5:

We will do Exercise 1 together at the board

» | will leave you time for Exercise 2 (10 minutes)
« We will go through the solution together

» | will leave you time for Exercise 3 (10 minutes)
«  We will go through the solution together

Exercise Session14 N



=PFL 1. Prompt neutron lifetime

Exercise description:

Calculate the prompt neutron lifetime in an infinite critical thermal reactor, composed of a
homogeneous mixture of 2**U and H,O of unit density at ambient temperature.
The diffusion time ¢ ,,, in HO is 2.1.10* s and 1yg=2.065.

Knowledge to be applied: ke =nqf =1
Expected results: [ = 1.1 X 10™%*s

B Exercise Session 14
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=PFL 1. Prompt neutron lifetime

Take a step back, the prompt kinetics equations:

dP

Evolution of the d?
neutron population

= vF(t) — (A(t) + L(t))

v

Production by fission Loss by absorption  Loss by leakage

T

Recasting the equation using k:
vF(t) dP
ke (t) = —> — = (kegr(t) — 1) - (A(f) + L(¢
"= a3+ Lo g = Ferlt) = 1) (AR + L)) dP k’eﬂ‘(t)_lp(t)
— — =

Assuming proportionality of loss term to neutron population: d¢ [
; A, L] x P = A(t)+ L(t) = est - P(t) ~ @ l solution
N P(t) = P(0) exp [ Tt~ 1t>
f Measure of the time taken for !

the disappearance of neutrons ———— _Does it remind
PP you of something?

Exercise Session 14 &
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1. Prompt neutron lifetime

Take a step back, what is I: Remember how flux and

Exercise Session 14

neutron density relate?

Leakage ~ supplementary absorptions corresponding to: X/, ~ D B>

Thus, L(t) = DB?*vP(t) = A(t) + L(t) = (4 + DB*)vP(t)

S O 1 - 1
ST AN T LO) T v(Z, + DB2) | uSg(1+ B2L?)

|

You need to express this as a function of:
moderator diffusion time and fuel utilization factor

L, P : _ - _ _
One has:l = A0) + L@ with A(t) = /V Yoo(rt)dV = Eava n(r,t)dV = X, vP(t)

Remember the reactor
equation?

Vi + B =0



=PFL 1. Prompt neutron lifetime

What is the geometrical buckling for an infinite thermal reactor?
For an infinite thermal reactor (B2 = 0).

What is the prompt neutron lifetime for an infinite system?

[ =ty » Diffusion time
How can we relate this to the moderator diffusion time?
1 1 ¥ 1 Remember four
_ _ . am _ “am . . _ — factor f la?
g — — 1 — 1 actor formula“
[=tq vi, Vigm 24 % ( f) td’m( f)

Aam - er e
where tg ., = ‘;’” is the diffusion time in the moderator.

11
nn  2.065

Thus, I = tg,,(1—f) =2.1x107%(1 - 0.484) = 1.1 x10~*s

Because the reactor is critical, ko, = f =1, 1.e. f = = 0.484

B Exercise Session 14
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=PrL 2. Prompt neutron lifetime i

Exercise description:

Calculate the values of | for an infinite critical thermal system, consisting of a homogeneous
mixture of 2**U and

(a) D,O (with 0.25% H,O impurity), tg,=4.3.107s
(b) Be, tan=3.9.10"s

(c) graphite, t4,=0.017 s

where tgy 18 the diffusion time in the moderator.

For 233U, nyg=2.285.

Knowledge to be applied: t;,,, = A’“m A=— ko =nuf =1, E‘”" =(1-/)

vZa
Expected results: (a) [l = 2.4 X 107%s (b)) [ =2.2X 1035 (c) L = 0 010s
Exercise solution:

B Exercise Session 14
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=PrL 2. Prompt neutron lifetime i

B Exercise Session 14

AsinEx. 12.1,1 = tg,,(1 — f) with f = i
t

For 233U, ng=2.285, so that £=0.438.
Thus,

a)l =43 X 1072(1 — 0.438) = 2.4 X 10~ 2%s
b)l =3.9%x 1073(1 — 0.438) = 2.2 X 1073s
¢)l =0.017(1 — 0.438) = 0.010s

Exercise Session 14
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3. Stable period T proportional to 1/p

Exercise description:

Show that for small values of reactivity, the stable period T is inversely proportional to p.
What is the order of magnitude of the values of T for which this relationship is valid?

Knowledge to be applied: |w;|<<1; = p = Aw; + Y-, lﬁz—&ﬂ, T=—

Wi

Expected results: T %}, condition of validity (|w;|<<A4;) T>>80s

Exercise Session 14



=L 3. Stable period T proportional to 1/p

Take a step back, the point kinetics equations with delayed neutrons:

» Fraction f of n’s in reactor are delayed, so that the neutron production rate # v/ F'

6
. ltis, in fact: \T'F'Sl‘ﬁ)+2 Z‘L X &(t) ]

Prompt Sources = Decayconstant ~ Precursor density at time t

~
Delayed Sources

. Thus ——v v F(E)-B)- [A(t)+L(t)]+2?xC,(t

6
L 4P _pO-B p), She0)
» As before, substituting dt A &

dC. .
k()= _YFO o PO Jmicf(w%f’ ) i-1..

AL AL e d
e kerr —1 A few ingredients to solve these:
p=-L_~

dP (1 B )I(eff (t) 1><P(t)+ 2)\‘ C (l‘ " kefy « Laplace transform

d + Partial fraction decomposition

B Exercise Session 14

» Laplace transform again

-
(-]
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=L 3. Stable period T proportional to 1/p

The point kinetics equations with delayed neutrons has the following solution :

;
: .(u
P(t)= 2 B, exp(ojt) w ; solutions of p = Aw + E b. {
. i ((1) + 7\1) Group Precursor T2 (s) Ai (1/s) Bi (%)
1 $7Br, 142Cs 55.7 0.012 0.022
. 1371 88
For sufficiently small values of p, such that |w;|<<A1;, 2 L 7B 227 0.031 0.142
the Reactivity Equation simplifies as follows: 3 | PL%Br... 62 0.11 0.127
P P 4 139, Cs, ... 23 0.30 0.257
0=~ Aw + Zﬁiw —wla+ z& 5 MOL K, ... 0.61 1.14 0.075
- A — Ai 6 Br, Rb, ... 0.23 3.01 0.027

11 ; : 1
Thus, T = — = ;(/1 + Z?=1§—i)--- (1), iLeTo” Proof done, what is the condition of validity.

The condition of validity* is |w| < 4; i.e. |w| < 411, A; being the smallest A, value (0.0124 s'in

LWRs). This corresponds to values of T, for which: T = I_cil > Ai i.e. T>>80s

B Exercise Session 14
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