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JINT
(UMRE) poreparatione are underwvay {ar
‘N enricned uranium (HEU ) fue. Wilii D reviacec
Uranium £l : , the simllar seometrvy.
118 work 18 & theoreticai anaive of The new
core, L€ 1led 1nvestigatione inte the reactor nhveijces
énhavior plav an i1mportant part of this anailvsis
€€t of computer vrograms has neen orovided hy the Argonne
aboratorv for the theoretical anaiveis, More cetailis on
@l Pacrare ancd the analvtical ITIVEET 1 P& 1ONE are siver
important to verifv the methods and oroceciures usead 1n
£ince no comparable experierice is avallahle &t this
re techniques suggested for tne COnversion ana.vsils
tnhe oresent HEU core. In doing 0. the
tse for a number of impbortant core parameters
nave nheen comprared with the exXperimental data.
r
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i thls report., 1t will be reported on reactivitv measurementes

per:ormed for the isotope Production (IFP) element inserted in two

different positions of the HEU core 67 Uu. The method will be brieflv

clscussed, resujts analvzed, and cornclusions dar awrn . A comnarieon

With the theoretical results will be made 1in this revort,

MEASUREMENT METHOD

~
i

he method used to measure a reactivity worth of the IP element

1 &

& tased on the neutron multiplication in a suhicritical reactar.

subcritical multiomlication factor M 1= ief 1nea s
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where n. *= number of neutrons produced by the source
n- = number of neutrons produced in the reactor after r
renerat ions
k * effective multivplication factor (< i.0)

-
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ror a sufficiently long time., ea, (1) eimplifies to

(2)
where n. and n. were replaced with C. and C. respectivelyv., which are
counts measured with a neutron counting equioment during a certain
time i1nterval. Thev are, of course. proportiona: to n. ana n.
respectively,

Using eq. (2) for two Bubse2guent changes in the effective

multiplication factor k. and ®: the count rate C. can be eliminated.

C 1=K

g 1
C']"‘1-k

2 (3)

Therefore, when k. i& known and the count rates C, and C: are
measured the new effective multiplication factor kK: can be
calcula}ed. Obviously, the accuracy with which C. and C: were
measured and k. determined is verv important in this method. The

error (or the uncertainty) in the value of k, propagates according to

the formula

C1
i
(u)
where Ak, = uncertainty in k.
ok: = error in the calculated value of k: (assumineg C. and C.

error-free)

The reactivity change between two gubcritical states k. and k.

can be expressed using the following formula
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Table | IP Element 1n D%
1o Reactar Ave SO Rate b

b el AN I [ N v KRR .5 G R ¢y
RR @ Jou"

all S5 @ 1&v 277 O .&57887 «16 , &°T

e ne lpP = o ——————————
RR & 2u"»

¢ all 5SS ¢ 18" “OS .6 0.902708 ! =10.78

P—————— \ YT 2 . L .

RR @ 2u*

3 all SS @ 18" «02.? 0.9202008 “10.8¢
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From Table 1. ane can tee that the reactivity worth of the &ir -
filled element in the e sition D-% is about §.8¥%.

Flooaing with water will decrease ite worth bv atout 0.1%.
Incidentallv., this vaiue 1s of the same order of magnitucde as the
meaeurement error., For the reactivity one-s1emaé deviation wase
cCailculated %« he 0.07% .

Measuremer t tata

. Y.
iedile 1.,

resulte {or

the porition C-7 are shown in

Table 11, IP Element in C-7
Step Reactor Avg. Count Rate ! k
i & SRS (cpm] B NS LRl
RR & 24"
| all SS 0 18" : 6246, 0.983267 “0.678
PRI, T b _ X
KRR @ 24"
é all Ss @ 18" 12388.1 0.996608 =0, 340
- Al wiair . s
RR @& 24" :
3 all €S 0 18" <S708 .7

e s—— M/ W B L €T

0.99B 36 t~0.16M
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LM1E comparison
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The errc ( cetermining the reactivity worth of the 1P element

Quite large, varving tetween 20 and 60% depencing upon w!

cceptled as the true one. The worth of void 1s. however
at least for both experimental methoce. Orie should

large error can be attached to the reactivity of

er-fililed IP element cdue to ar incarrer

in the subcritical calculation. this becomes rathe:

neequential when btoth reactivities are compared bhetweer

the reactivity worth of the "woid anlv*

1'e well with 1he

ur se .




the above Table,
CONCLUSLONS

The methoa of subcritical mu.tiplication can be used to measure
the reactivity of an unknown ob ect placed &t or inte the reactor
provided that ite megnitude 1s larger than .%. For obirects whose
reactivity worth je leses than 1% this method can be used too. but the
accuracy will suffer, 1f the velue of k. is not known well. The
method seems to be verv well suitable (even for umnall reactivities)
if only a comparison between two different sauvles (or states of a
sample) 18s sourht. Then the value of k. does not seem to he relevant
because only the difference in reactivity of the two samples is the
variable of interest,

It was shown in this work that flooding of the isctope
production element positioned in the HEU core center will have only
negligible reactivity effect. At the core periphery, flooding will
give rise to & small positive reactivity change of aboul 0.2%¥. A

similar behavior 1s expected for the proposed LEU core
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Void Reactivity vs. Core Multiplication
(Void tube in B—4)
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Figure 1,
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F - Standard Elements
C - Control Elements
* HF - Half Front Element
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