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EXCESS REACTIVITIES ASSOCIATED WITH CERTAIN CORE CONF IGURATIONS
OF THE PKNC RESEARCH REACTOR AND THE PROPOSED POOL CRITICAL FACELITY

Dr. Aviva E, Gileadi

Scoeg

Excess reactivities associated with certain core configurations of the
proposed PRNC-Pool Critical Fac}lity are computed. The same computatipnal
method and the same input data, when Qsed to compute the excess reactivity
of a given core configuration of the PRNC | MW Research Reactor, yleld
results that agree very well (within «2%) with those measured in critical
loading experiments on the same configuration - thus estabiishing confi- |
dence ih the validity of the computations reported herewith. (See pp. 12 5 ‘16)
One of fhe objectives is to provide dependable reactor physics data to be
used in the safety analysis of the proposed PRNC-Pool Critical Facitity.
However the usefulness of the data p?e#ented herewith is not limited to
the splﬁtion of that probiem, it is more general than that: The group
constants may be used as input data to a variety of calculations concer-
ning both the PANC Research Reactor and the PRNC Pool Critical Facility,
including calculations of flux distribution, depletion, pérturbption etc.
The fuel elements to be used in the proposed PRNC-Pool Critical Facility
are identical with those used in the PRNC Research Reactor. They are
MTR~-type, 18 platg fuel elements containing 10.67 g of 20% enriched-usoa
powder per plate, Ffor the exact description of the geometry and the
materials' composition of these fuel elements reference is made to the

Final Hazards' Summary Report PRNC-37. (see ref. i)




The results are presented Jh the following order:

1. Computed values of few group constants.

2. Computed values of effective mu!tiplication fagtors (keff)
for & set of configurations of the PRNC Pool Critical
Facility.

3. Comparison of msasured and computed *eff values for a given

configuration of the PRNC Research Resctor.

I. Computed Valuas of Few Group Constants
Tﬁo,‘three and four group constants were éetermined for the
following regions:
3. Standard fuel element
b. Partial fuel element
¢. Center well

d. Pure water reflector

The group constants were calculated at the Computing Center of
Brookhavsn National Laboratory, using the HAMMER-code which was deve-
loped at BNL. HAMMER contains THERMOS library for thermal and MUFT
Ifbrary for fast miéroscopic €ross sections; tﬁe rest of the necessary
Input data describe the materials composition and the geometry of the

region. HAMMER-computed few group constants by regions and by energy

groups are given in Tables (1 - 4),
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2.

'_Effectiéé mﬁltip!lcatlén-factors were cﬁmput;d‘OH the Contrbl Data

- 160k=A cumputer of the ORNL Mathematics Division, using '"TWENTY GRAND',
a few group. few region diffusion code developed at ORNL.

. Four groups were used. The core configurations chosen include the pro-
posed ba;ic ;onfiguration of the Pool Critical Facfiity as well as
“certain @ther cenfiguratibns of the same facility qbtainéd by adding
one, twb; thres or four standard fuel elements to the basic configura-
'iion. into the corner positions. Soms of these cbnfigurations were
instrﬂmehtll in-daterminihg the excess resctivity associaitd with the
méximu@ cradibte pccldent, agread upon in the case bf the PRNC~Pool
Critlc.!iFlcilFty'ls insdvertently dropping a standard'fQQI Qloment
into a corner position.when the core li al ready crltic#l in its basic
conflguratian. _ | | |

The conflguration called 'CONTROL CASE" refers to the actual configuration
of the PRNC Resaarch Reactor used in a crltical loading axpariment.
THSNTY GRAND calculated cffactivc multipl)ication constants, together

with the cauflguratnon diagrams are given in figures | - 5,
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3. COmparison of Measured and Computaed Data for the "CONTROL CASE"

In order to check the overall validity of these computations a com-
parison was made with experimentally determined results. A set of
criticai ¥§ading experiments were performed ~n the PRNC-Research Reactor
Core in the open pooi position and the excess -=activities were determi-
ned with thé aid of a calibrated regulating rod and one calibrated |
shimrod. The regulating rod was calibrated by the stable period method
and the shimrod by the trading method.

Integral calibration_curves of the regulating and of the shimrod are
shown in figures 6 and 7 respectively.

Figures 8.thfough Il show the core-configurations for which a critical

loading has been performed.
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~dditions of one standard fuel
element in lattice position 50

to the "CONTROL CASE" core results
in 33.¢ excess reactivity - as it
can be read off from the calibration

curves.

Rod positions at criticality

SH=] SH=2 SH=3 SH-4

23.9

RR

100, 100. 100. 100,
Addition of the last fuel element
amounts to an addition of $1.7%
of reactivity - as can be read
off the calibration curves of the

regulating rod and shimrod #3.
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The discrepancy between measured and computed ko¢f values in thé ”CONTROL
CASE" is .0029, which is very satisfactor}lespGCIalIy if one takes into
account thuf the computations refer to a clean core aqd tha.maasurements
were performed on a core that has had an operating history of approximatelyr
80 megawatt d;ys.
Conclusions
}. From the close agreement obtained between measured and computed values
we conclude that using the BNL-HAMMER code for generating few group
constants and the ORNL-TWENTY GRAND code forldetermining the effective
multfplication-facgor leads to valid computed results. {n an attempt
to corrbborat! this conclusion further calculations are being made on
measured cores.
2. We h#ve seen that for configuration A of the proposed PRNC Pool
Critical Facility we obtain a computed kegf = 1.014 corresponding to
clean cold excess re?ctivity of approximately $2.00 which is a reason-
able value for a facility of that type. One can decrease this value
by substituting partial fuel eiecments for some of the standard elements -

preferably in the center of the core.

3. The excess reactivity associated with the postulated maximum credible

accident is computed as the difference betwaen the kofg's of cases

A and B i.e,

AK = 0.0068684 :x 90¢
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