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POISON TRANSIENT AFTER POWER CUTBACK
AND ITS EFFECT ON REACTIVITY

By C. Roderick

ABSTRACT

The xenon-135 and samarium-149 transients due to rapid power cutbacks
and the effects of these transients on reactivity are studied and presented in a
general manner, so as to be applicable to both the Converter and PuP Reactors.

I. GENERAL

Xenon and samarium are important and demand design consideration be-
cause of their large absorption cross-sections for thermal neutrons. The poison
problem is accentuated when the reactor suffers a sudden power cutback to some
fraction of operating level or to zero power (scram) since xenon and samarium
continue to be formed from fission product decay but are ‘‘burned out’’ at a
slower rate. This results in the poison building up to a maximum before it ul-
timately decays. It is possible for such a poison buildup to make the reactor in-
operative for a period of time if the reactivity available is insufficient to over-
ride the poison.

" Xenon and samarium are formed in the following manner:

Tei35 2 min 1135 6.7 hours ‘Xe135 9.2 hours Csl35

eaeh
ours Pmm’ 47 hours ‘ Sm“s

Nd149 ;

1I. XENON BUILDUP

A. Iodine Concentration

Assuming that iodine-135 is produced directly by the fission process in the
fractional yield A, then the rate of increase of 1'% nuclei with time is
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dI
2= AZ; — Ml - 91 0y

where A is the decay constant for iodine-135 and ¢ is the flux. Since g, for i
is approximately equal to 7 barns and the discussion which follows considers
fluxes of 10'° or less, the term ¢Io, may be neglected in comparison with A, I,
(\ = 2.9 x 107° sec™). The above equation then becomes

dI
F=AZ® — Ml 2

In general, ¢ is a function of time, but for purposes of this analysis ¢ is held

constant at ¢, until power cutback, at which time ¢ drops to ¢, a fraction of
steady operating level, ¢,.

B. Xenon Concentration

Xenon is formed by the decay of iodine-135 at a rate I and is destroyed by
neutron capture and radioactive decay, such that the rate of change of Xe with
resSpect to time is

dXe 3
77 S ML — N Xe — 0, Xedy (2)

where ), is the decay constant for Xe!3® = 2.1 x 10™° sec™ and 0,, is the thermal
neutron absorption cross-section for Xe!d? = 2.6 x 10718,

C. Solution of Eqgs. (1) and (2)

The assumption is made that the reactor has been running for a long enough
time, such that equilibrium iodine and xenon concentrations have been attained.
That is:

=»A2f¢o) Sl B

R Py

Mt o0 Nto, P

, from Eq. (2)

These amounts of I and Xe are present at time t = 0 when reactor power is
suddenly cut back to Py, and, for all practical purposes, the flux may be con-
sidered to drop to ¢,.

Eq. (1) may be written




dI
“Ept ML= AZcp,

subject to the condition that at

Azf ®
A

t=0,1I=

The solutmn is

1-— [(<;b0 ¢)e*"1 +¢]

Eq. (2) may be written

dXe
dt
The solution is

(P9 — ¢4)
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S & (A2 + 0, ¢1) Xe = M1 = A% [(¢0 — e Mty ¢1]

Xe = AX =Mt o= + 0y @t
S {[(xz e el
+( o ¢4 e
Az ik Uaz¢0 Az e 0-32¢1/

As will be seen later, it is convenient to write Eq. (3) in the form

Ea(Xe)

2,U

Z,Xe) o Py —99)
EaET I~ .84 A{[(M‘P(Taz(pl)—}\i]

(e™ Mt

b4

+ —_
(Aa + Gaz ¢1

where Z;U has been replaced by 0.84 Z,U.

III. SAMARIUM BUILDUP

A. Promethium Concentration

Since neodymium has a 1.7 hour half-life, the assumption is made that 47
hour promethium is formed directly as a fission product.

\ - <>\,+a,t pur PO
0+ Gs,‘f’

e'— Qz + Oaz¢1)t )

e Og+ °a§¢1)t
Ay + Oa, ¢1
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dPm

T= BEf(b = A3Pm = ¢ Pm O'aa with B = 0.014

As in the discussion of iodine buildup, the absorption cross-section of Pm is
small, and hence ¢ Pmo, may be neglected in comparison with A;3Pm

dPm

—— = BZ:¢p — A\qPm
T P —Ag 4)

B. Samarium Concentration

Samarium is formed by the decay of promethium-149 at a rate A3Pm and is
destroyed by neutron capture, such that the rate of change of Sm with respect to
time is

dSm
T= k;;;]?l!l-—()‘a3 Smao (5)

where

Ag=4.1x107% sec!

O = 9.3 X 1072 cm?

C. Solution of Egs. (4) and (5)

When the same conditions are applied to Eqs. (4) and (5) as were applied to
Egs. (1) and (2), the following results.

BZ
Equilibrium Pm = —Af—%
3
A3 Pm o Bzf

Equilibrium Sm =
Uas ¢0 033

The solution of Eq. (4) is

O-as (Ua3¢1 - >\'3)

F BZ¢ {(% — $4)0 5 [e-m e W ¢1t] + 1} (6)
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Eq. 6 may be rewritten

5, )| i B ey 2t ot } =
E:U 0.843{(0'33 b1 =A3) [f > e ?’:]*— 1{ i )

L

V. EFFECT OF POISONS ON MULTIPLICATION

S AN T — e i i e

t
)

The effective multiplication factor for a bare reactor is given by
2
=T o=¥ir
ketf = ka3 p2@ TP T 2@

Since there is negligible change in neutron scattering due to the presence of Xe
and Sm, the fast neutron leakage will remain constant. The thermal migration
area will decrease somewhat, but the thermal non-leakage probability,
1/1 + L%, is not very sensitive to changes in L? and, for purposes of this
analysis, can be considered invariant. Therefore, keff may be taken propor-
tional to the thermal utilization, f.

If f; is the thermal utilization at t =0, that is with steady state Xe and Sm
poisons, and f; is the thermal utilization at time t, then

k - f, —f
ify — Suity TSN reactivity, p, if at t = 0, the reactor is critical; i.e.,

keffz 2 keffl =1

bk fz—f1= 1_&= ¥ ZaU/(ZaU+ Z, R+ EaP0)= 1_EaU+ LR+ Z_. P
fs f, . U/(Z,U+Z,R+ Z,P) Z,UFZ R+ Z,P,

ZaR | Z5P

o = o eIt

AR £ EaU Zz,U

p— zaR Eapo

+
Z,U0[ 2, U

where Z, U = absorption cross section of the fuel

Z ,R = absorption cross section of the moderator and structure

Z,P) = absorption cross section of the equilibrium poison

Z ,P = absorption cross section.of the poison at time t
~ In the plotting of p vs t, the parameters ¢, and ZaR/Z,U are varied over the
range of interest in the Converter and PuP Reactors. Z,R/Z,U is allowed to

take on the values, 0, 0.2, 0.4 and 0.6, and ¢,/ ¢, is permitted to assume the
values 0 and 0.5.
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REACTIVITY NECESSARY TO OVERCOME POISONS (PER CENT)
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REACTIVITY NECESSARY TO OVERCOME POISONS (PER CENT)

12

ol

10

Reactivity necessary to overcome poison
transient due to rapid power cutback

plotted vs time for the case where average
steady-state flux = 5 X 10! peutrons/cm?®-sec

ZgR CUTBACK TO O POWER =
(SCRAM)
CUTBACK TO 50% POWER
=
4 8 12 16 20 24 28 32 36

TIME AFTER POWER CUTBACK (HOURS)

I707-ADHV

e



THIS PAGE
WAS INTENTIONALLY
LEFT BLANK






