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To obtain the data necessary for evaluating the nuclear design method of a
large-scale fast breeder reactor, criticality tests with a large-scale
homogeneous reactor were conducted as part of a joint research program

by Japan and the U.S. Analyses of the tests are underway in both countries.

The purpose of the present paper 1s to describe the status of this project.

I. Introduction

The large-scale fast reactor criticality program, which is a joint re-
search program being undertaken by the Power Reactor and Nuclear Fuel
Corporation (DONEN) and the Department of Energy of the United States,
is called JUPITER (Japan-United States Program of Integral Tests and
Experimental Research). The test was conducted with ZPPR (Zero Power
Plutonium Reactor )[1, 2] at Argonne National Laboratory (ANL) in the
United States from April 1978 to August 1979. Analyses are in progress
independently in both the U.S. and Japan. The present test was performed
‘'with 2 assemblies called ZPPR-9 and -10 [3, 5] and is called JUPITER
Phase I to differentiate it from future JUPITER tests. DONEN sent two
technicians** to ANL-Idaho for a period of about 2 years beginning in
Auguét, 1978. They participated in planning, executing, and analyzing
the criticality test [6] and obtained information concerning these

*By LANGUAGE SERVICES, Knoxville, Tennessee,

**K, Shirakata and T. Ikegami (DONEN). - asﬁR
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activities. In Japan, on the other hand, a FBR reactor core design
(JUPITER) committee was established in DONEN in 1978;*** a core design

and experimental plan and the direction of analyses have been studied.

1. Significance of JUPITER Phase 1

To clarify the significance or the position of JUPITER Phase I, Figure 1
shows those fast reactor simulated criticality tests which have been
performed to date in Japan. JOYO simulation tests [7, 8] were conducted

as the V assekbly series with the use of a fast criticality test unit,

FCA, at the Japan Atomic Power Research Institute beginning in February
1970. Following this, the partially simulated MONJU test was performed

as the FCA VI and VII assembly series starting in August 1972. Since then
simulated tests for specific portions of MONJU have been carried out;

these involve core melting, control rod pins, calcndria, the lower structure
of the reactor core and fuel storage tanks outside the reactor. A full-
size simulated test (MOZART) [9, 10] in conjunction with the joint re-
search project carried out by Japan and England was performed over a period
of one and a half years starting in>September 1971 with the criticality
test.unit ZEBRA located at Winfrith Laboratory.

JUPITER Phase I follows these part activities as regards Japan's fast
reactor simulated criticality tests. Its meaning or position in relation
to these tests is described below.

-
(1) 1In this program a reactor core of a verification reactor clasé has
been used for the first time as a subject of simulation. The core volumes
of ZPPR-9 and ZPPR -10 of 4,600 - 6,200 £ (equivalent to 700 - 900 MWe)
are the largest ones ever used in a criticality test for a fast reactor.
(2) This program is the first comprehensive criticality test of a large-
scale homogeneous reactor in the world. Data from ZPPR-9 will be especially
useful in the future for two-area clean benchmark data for large-scale

reactors.

+

**%%T, Iijima (NAIG); S. Ishiguro, H. Kuroi and H. Yoshida (JAERI); K.
Inoue (Hitachi); A. Shimizu, A. Sugawara, and M, Yamamoto (FBEC); Y.

Seki (MAPI); T. Takeda (Univ. of Osaka; H. Nakagawa (Denji-Ren); and

Nakamura (Fuji-Denki). 9
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(3) The property data of the large-scale homogeneous reactor* obtained
in the present tests should be able to be compared with the properties of
the benchmark reactor core of a large heterogeneous reactor,** which
would be subjected to future tests.

(4) The joint Japan-U.S. test can eventually promote mutual exchange

of measurement technologies and anralytical methods for fast reactor
criticality tests and can provide meaningful stimuli for Japan's re-

actor physics research.
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Figure 1. Implementation Procedure for Fast Reactor Simulated Criticality

Tests.
Key:
a. 1970 b. 1971 c. 1972 d. 1973 e. 1974 f. 1975
g. 1976 h. 1977 i. 1978 j. 1979 k. 1980
1. for experimental reactor m. for prototype reactor
n. for verification reactor o. JOYO simulated test (FCA)
p. MONJU partial simulated test (FCA) q. MOZART test (ZEBRA)
r. MONJU special portion simulated test (FCA) s. JUPITER test (ZPPR)
Numbers in{__jindicate an assembly number or name.
*[see key]
*%A type of reactor which has a blanket in the core area in the shape of a
ring or an island. 3
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2. Purposes of JUPITER Phase I

JUPITER Phase I is a benchmark test whose purpose is to obtain necessary
information for the initial stage of the reactor core design of a veri-

fication reactor class. Its objectives can be summarized as follows.

(1) The data on basic nuclear propertiés of two-area homogeneous reactors
of the 700 - 900 MWe class are to be obtained by measuring a clean core,
EOC (end of cycle cores) and BOC (beginning of cycle) reactor cores.

(2) the size effect of the homogeneous reactor properties is to be in-

vestigated by comparing the above data with those of the conventional

small to medium-size reactors.
(3) The accuracy of the present analytical method utilized for a large-

scale homogeneous reactor is to be evaluated.

3. Implementation Procedure of JUPITER Phase I

The implementation procedure of JUPITER Phase 1 is shown in Figure 2,
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Figure 2. JImplementation history of the JUPITER program.
period

a. 1978 e. Japanese-U.S. contract (Phase I), contract
b. 1979 f. two technicians at ZPPR

c. 1980 g. Phase 1 test

d. 1981 h. Japanese-U.S. memorandum signed
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Key to Figure 2, continued:

ANL-PNC Conference (ANL-E, -W)

Japan submitted requests concerning ZPPR-10

Japan submitted requests concerning ZPPR-10 and ZPPR-11
DOE~ANL-PNC Conference (ANL-W, -E)

First JUPITER Analysis Conference (ANL-W)

Second JUPITER Analysis Conference scheduled (PNC)
ZPPR-9 analysis '

APPR-10 analysis

Japanese analysis

4a
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The tests were performed for both ZPPR-9 and ZPPR-10 over a period of ome
year and five months. The Japanese side requested that an additional 31
rods of the CRP (control rod position) system be tested at a 6,000 £ re-
actor core, and, as a result, the test was later extended to two months
under the title, ZPPR-10 Phase D. Based on the requests made by the
Japanese research group, additional tests were conducted involving such
areas of the multi-control-rod pattern with a one-rod stack, the effect

of control rod sizes at off-center, the neutron streaming effect, zones in
ZPPR-10 Phase D and Na void effect, and the measurement of the reaction
rate distributions at the control rod insertion time in Phase D in the

system both before and after criticality.

The test results of JUPITER Phase I were analyzed with ENDR/B-IV at ANL
and GE. In Japan ZPPR-9 was analyzed [11, 12] with JENDL-2B [13] by five
domestic companies.* In September, 1980, the first JUPITER analysis
conference was held at ANL-Idaho, and the analytical results of ZPPR-9
were reported and discussed by both the Japanese and U.S. groups. Since

then analyses of ZPPR-10 have been underway in Japan.

II. Summary of Tests

1. Test System

As far as the assemblies are concerned, the scope of the JUPITER Phase 1
test covers ZPPR-9 and ZPPR-10, and ZPPR-10 is further divided into four
phases: A, B, C, and D. The major features of each of these reactor cores
are shown in Table 1. In all these assemblies, the cell pattern and com-
position of the core are basically, with the exception of detail parts,

the same. ZPPR-9 and ZPPR-10 are called large scale homogeneous reactor
series at ANL. 1In the core programs for ZPPR, the above two are thus
differentiated from those assemblies before ZPPR-8 and after ZPPR-1l.

*M, Yamamoto, K. Kato, and Y. Nishi (FBEC); T. Kamei, T. Yoshida (NAIG);
T. Yokoyama (Toshiba); A. Zukeran, K. Hirukura, H. Kawashima, and H.
Urushibara (Hitachi); Y. Seki and Y. Kaise (MAPI); H. Nakamura and T. Aoki
(Fuji-Denki).
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ZPPR- ZPPR- ZPPR- ZPPR- ZPPR-
9 10A  10B__WC 14D

CHFLEE(em)! 1199 1266 1266 1448 144.8
Ao E(am) 1018 1018 1018 101.8 101.8
CHFLCHEICION 4,509 4,506 4,506 6,168 6,112
ol Fissile Pult (kg) 1,956 2071 2,292 2,578 2,612

& 1 CRP.CR 2 XL LMD G YT
£ 11 CRP.CR ©rx /v -l i

Table I. Major specifications for ZPPR-9 and ZPPR-10 cores.

Key:

a. core radius b. core height c. core volume
d. quantity of fissile Pu

e. equivalent radius of core area including CRP and CR

f. volume of core area excluding CRP and CR

ZPPR-9 is a two-area cylindrical clean reactor core, which is the standard
component of this series. Figure 3 shows the core structure of ZPPR-9.

A core volume of 4,600 £ is equivalent to a design output of 700 MWe.in
the early stage of the CDS (conceptual design study) [14] in the U.S.

A core composition simulating Pu-U oxide fuel has a fuel volume ratio
of 41 7.

Figure 3. Core structure of ZPPR-9

a. reflector

b. outer core

c. internal core
blanket
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The purposes of the tests with ZPPR-9 were to investigate output distri-
butions, control rod values, the effect of Na voids and the core size effect
upon external monitoring properties, and to study the basic problems re-
lated to the presently employed analytical methods for a core of a large

reactor so that they may'be improved.

ZPPR-10A is a two-area hexogonal core with the same core volume as that

of ZPPR-9 and a system with 19 CRP of Na channels, which is an EOC simulated
reactor core. This 10A is the closest system to ZPPR-9 among the phases

of ZPPR-10 and is the standard for the ZPPR-10 series.

ZPPR-10B has a structure in which simulated control rods (CR) are inserted
into the central CRP and 6 outer CRP of 10A, and it is a simulated core of
BOC. The major purpose of 10B is to investigate, by comparing with 104,
the effect of the presence of control rodsVon each property, especially

the variation of neutron flux distributions.

ZPPR-10C is a simulated core of EOC with 19 CRP and a core volume of 6,200 {£.
The core structure of 10C is shown in Figure 4. The fuel which is normally
used for ZPPR is % inch thick 88% fissile Pu depleted U-Mo alloy plate
called ZPPR fuel. ZPPR-10C is the largest core capable of being loaded

with theVZPPR fuel of the same specification. It has a core larger by

about 307% than that of 10A, while its core structure is similar to the
latter. The purpose of 10C is to measure the properties of a 900 MWe

class core and to investigate the size effect of each property by comparing

it with 10A.

ZPPR-10D has the same core shape as that of 10C but has 31 CRP, Photo-
graph 1 shows the radial cross section of 10D.* The main purpose of 10D is
to study the control rod values of the 31 CRP system and to obtain the re-
action ratio distribution at the time of the control rod insertion. This
10D has to subphases in addition to the above D. One is criticality system
D/1, in which a simulated control rod was inserted at the center CRP, and
the oﬁher‘ig criticality system D/2, in which simulated control rods were
inserted at 6 CRP positions at the corners of the second ring. ZPPR-10D/2
is the laigest in respect that it is loaded with 2,740 kg fissile Pu.

* See page 12 of tranélation.
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- Figure 4. Core structure of ZPPR-10

a. reflector
b. outer core
c. internal core
d. Na channel

e. blanket
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2. Test Items

Table 2 shows those test items which were measured for each assembly of
JUPITER Phase I. Important test items in this series were reaction rate
distributions, Na void reactivity and control rod values, which are all
subjects of study as properties of a large scale reactor. Since ZPPR-9 is
the standard core, comprehensive cases for these three items were subjected
to measurement. As far as reaction ratio distributions were concerned,
both radial and axial measurements were made with 239Pu, 235U and 238U
foils three-dimensionally in the assembly, including the blanket. With

the use of a micro-fission chamber (MFC), the radial distributions of 24OPu

233y 234U, 235U, and 236 were also measured. TFor the reaction rates,
233U, 234U, 236U, 2380’ 239U, 2405, ang 241

’

fission ratios of Pu against

235U were measured with a back-to~back chamber (BTB, which will be dis-

cussed later).
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Table 2. JUPITER Phase 1 tests.

Key:

a. criticality b. reaction rate distribution c. foil
d. radial direction e. axial direction foil

f. reaction rate ratio g. control rod value

h. material reactivity value

i. Na void reactivity value

j. radial map k. axial map 1. zone
m. Dopplet reactivity n. gamma-ray heéting

o. neutron spectrum

For the void reactivity, the streaming effect of the plate system was
measured for the central zone, void, radial and axial maps and void
reactivity. Those items which were measured for control rod values in-
cluded multi-control rod values, the radial distribution of the values of
the two symmetrical control rods about the center,; interference effect,
size effect, composition effect, pin control rod wvalues, and the reactivity
values of Ta and Eu203, which were substitute materials. In addition to
the above_three major test times for ZPPR-9, measurements were made as

shown in Table 2 for criticality, reactivity values of materials, Doppler

9
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reactivity, gamma-ray heating, and neutron spectra. Since the reactor
composition of each phase of ZPPR-10 is basically the same as that of ZPPR-9,
Doppler reactivity and neutron spectra which are the properties dependent
upon composition were not measured again for ZPPR-10. The purposes of ‘the
ZPPR-10 test were to investigate the effects of shapes such as differences
between cylindrical and hexogonal cores, between the presence and absence

of CRP, between varied numbers of CRP, between the presence and absence of
control rods and varied sizes of cores. For this reason emphasis was placed
in the case of ZPPR-10 on the measurements of reaction rate distributions,
Na void reactivity, the dependency of control rod values upon shape. Al-
most the same cases as those for ZPPR-9 were measured for 10A, with emphasis
on the above three items. On the other hand, limited cases were studied for
10B to observe the effect of the presence of the control rods, also with
emphasis on the three items. Using the foils, 10C was studied in the areas
of radial reaction rate distributions, control rod values and the neutron
streaming effect of diluting materials. Another activity was the correction
of an in-core fission chamber (the IFC, which will be discussed later) by
irradiated foils. In the case of 10D, measurements were taken of radial

and axial reaction rate distributions, control rod values, zone-void re-
activity and gamma-ray heating. As mentioned earlier, the main purpose was
to obtain the reaction rate distribution during control rod insertion. With
subphase D/1 and D/2, the radial reaction rate distribution was measured

with the foils. .

3. ZPPR Test Technology

The reactivity with ZPPR was measured by an inverse kinetic method [15]
instead of a criticality method. Very small reactivities such as the
reactivity values of materials, Doppler reactivity and Na void maps were
measured by the oscillation method. The zone-void reactivity and the
control rod values were measured by a corrected neutron source multiplying

method [16, 17] with the use of 64 IFC installed inside the assemblies.

Reaction rate distributions were measured with irradiated foil and MFC.

Gamma-ray heating was measured by TLD (thermoluminescent dosimeter) of

10
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7LiF and CaFZ:Mn, and the neutron spectra with a proton recoil counter.

The IFC and BTB are independently developed measuring technologies with
ZPPR. The IFC is a fission counter designed for measuring pre-criticality
systems which was constructed using a Na void tube. It is capable of being
mounted without disturbing the original plate cell. The development of the
IFC has made it possible to perform measurements with an accuracy of from
1.5 % to about 50 Z pre-criticality by the corrected neutron source
multiplying method without an inserted control rod pattern. The BTB is
constructed of parallel-plate-type fission counters which are put together
back to back, and it is capable of measuring the reaction rate of two types

of nuclides at the same moment and location.

ITII. Status of Test Analyses

As far as the analysis of the ZPPR-9 and ZPPR-10 tests by the consistent
methods (hereafter called a standard analysis) is concerned, the analysis
of the former has been practically finished, and the analysis of the latter
is now in progress. In conjunction with this, analyses* are also being
performed at the Japan Atomic Energy Research Institute by an improved data
‘processing method which uses group constants, and at Osaka University
leakage is being evaluated using a unified diffusion coefficient [18].
Another type of analysis is also in progress at this university involving
the calculation of control rod group constants, for which a new method has
been applied.** Described below is primarily the status of the standard

analysis.

1. Procedure of Standard Analysis

Based on experience gained through the MOZART program, the standard analysis
is proceeding according to the following guideline.
(1) For efficiency of analytical operations and clarification of evaluating

the justification for the nuclear calculation method, basic analytical

+

*S. Iijima and H. Yoshida (JAERI)
**T, Takeda (Osaka University)
11
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methods are to be standardized for use by those researchers who are
involved in the analyses.

(2) To minimize calculational errors and to trace the sources of pro-
blematic points, the analytical method must be specified in detail within
the scope of a practical calculation method. _

(3) 1In organizing the total analysis, its relationship to a design
technique must be clarified.

Photograph 1.

ZPPR-10D at the time of assemblies

separating in half.

2. Summary of the Standard Analytical Method

Figure 5 shows a basic analytical procedure. JENDL-2B was used as a
nuclear data file, and the resonance data of compound nuclides, TIMS-1
[19] was used. All other nuclear data were processed by PROFGROUCH-G-11
[20], and a ABBN type [21] 70 group constants library* was created. A

*This was created at the Nuclear Data Center and distributed to different
institutions.

12
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70 group cell average effective group constant was obtained by one-
dimensicnal cell calculation with the use of a SLAROM [22] code in the
library. This was then compacted to 18 groups by 70-group one-dimensional
diffusion calculation of SLAROM, and further compacted to 7 groups by rz
diffusion calculation. As regards individual nuclear property values, those
were obtained which are equivalent to the results of the three-dimensional
calculation, in which the correction of the transport factor is taken into

account.

£

T YHRUMTars5e s

M1

b 7-rnn o
PROF-GROUCH-G-Tl 1 RTH AN
TIMS-~1 {SLAROM)

k

Na #4 FRIGE
[T 4251, 4
4 T v I AR L3 12
£ AR T O 3T 2RTKHRLR Yo 75 —REK
(SLAROM) (CITATION-FBR etc.)
t 7om
AT -
mEn i

BES®H %
3194 L3 4 44

BRI

a. nuclear data file JENDL-2B

b. data processing PROF-GROUCH-G-II, TIMS-1

c. ABBN type, 70 group library

d. calculation of cell average effective group constant (SLAROM)
e. 70 group cell average group constant

f. one-dim;nsional compacting calculation (SLAROM)

g. 1B-group constant

13
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(key to Figure 5 continued):

h. two-dimensional compacting calculation (CITATION-FBR, etc.)

i. 7-group constant

j. analyses of reaction rate distribution, reaction rate ratio, and control
rod reactivity _

k. analyses of Na void reactivity, material reactivity, sample reactivity,
and Doppler reactivity

Note: program name is given in ( ).

3. Results of ZPPR-9 Standard Analysis

The major analytical results from ZPPR-9, along with those obtained in the
U.S., are shown in Table 3. The analytical results of ZPPR~9 do not show
large discrepancies with those obtained in the past, but they contain
several elements which may become problematic in speculating about the
properties of a large-scale reactor. Characteristic items of the analyti-

cal results are summarized in Table 4.

The analytical result of keff——which was greatly affected by the accuracy
of the nuclear data, reaction rate ratios, and central sample reactivity--
indicates that results obtained by JENDL-2B are acceptable at the present
stage. However, much greater improvement in the accuracy of the JENDL
nuclear data must be made, since problems cited in 1I-a), VII-b), and d)
in Table 4 were all at tributed to problems in calculating the neutron flux
distributions. The larger the reactor core, the more this effect may

tend to become prominent. Therefore, one of the important tasks to be

carried out today is to find the cause of this problem.

Items IV-b) and VI-b) are problems related to the diffusion coefficient
calculation method of drawer or fuel assemblies. Research underway at
Osaka University [18] is.expected to provide one promising contribution
toward the solution of this problem since it focuses on the effect of

surrounding drawers (or fuel assemblies).

+

14
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Table 3. Major analytical results for ZPPR-9.
Key:
a. quantity of property b.

-

analysis results obtained in the U.S.#*3

criticality e.
reaction rate distribution g.
internal core i.
radial blanket k.
axial blanket m.
zone void o.

15

analysis results obtained in Japan

reaction rate ratio
radial distribution
outer core

axial distribution
Na void reactivity*l

central term
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(key for Table 3 continued):

p. term of leakage q. axial void map

r. control rod reactivity, one rod in the center

s. 6 internal rings

t. 6 outer rings

u. CRP reactivity, one piece in the center

v. central sample ~

w. Treactivity

x. Doppler reactivity

*1 C/E value of the void reactivity is the reciprocal numbers of a and b
when a form z x (calculated value of central term) + b (calculated value
of leakage) is matched with a test value.

*2 (calculated value)/(test value)

*3 Analysis by ENDF/B-IV

*4 value of reaction rate distribution of (C/E)% o

*5 control rod reactivity and the value in ( ) of CRP reactivity are
the result of xv diffusion calculation at 1 mesh/drawer

*6 This is the analytical result of measuring the axial distribution and
has a meaning only for the relative comparison between those obtained

in Japan and the U.S.

Problems VII-c) and VIII-a) in Table 4 are considered to be attributed

to the ABBN type group constant library creation method and to interpolation
of the f-table. These matters may be clarified when results of analyses

by the group constants derived from an improved data processing method now

being done at the Japan Atomic Energy Institute are available.

At present, the cause of III-b) is not known. It is it related to a pro-
blem inherent to the testing system itself such as the effect of plate
heterogeneity, this problem must be solved before any analytical result

is applied to the design.

The analysis¢ of gamma-ray heating, one of the test items of ZPPR-9, has
not been started. To implement this analysis without delay, it is necessary
to prepare a standard gamma-ray library in Japan as soon as possible.

16




Table 4.

Specific items of analytical results for ZPPR-9

¢8LY—13-INY¥O0

Property Specific Items Note
I. Criticality a) Dependency of k_c. on C/E system is small {13,22] To be confirmed by analyzing APPR-10
II. Reactlion rate ratiq a) Overestimation of oczslcrf[‘9 Greatly affect breeding and combustion
property
III. Reaction rate a) C/E increased toward outer core Could be attributed to errors in calcula-
- b) Underestimation of‘of28 reaction rate in axial ting neutron distribution or to unique
blanket property of testing system
IV, Na void reactivity a) Overestimation of ~20 % of central term in Could be the property of JENDL-2B
analysis made in Japan
b) Overestimation of term of leakage in void map Problem related to cell group constants
V. Control rod reactivitya) Dependency of C/E upon space, especially prominent Could be the same reason as II1I-a)
in analysis made in Japan
- V1. CRP reactivity a) Same dependency of C/E oh space as control rod Could be the same cause as III-a) and V-a),
~ reactivity
b) Overestimation of -20 Z by diffusion approxi- Overestimation of axial neutron streaming;
mation _ Error of -0.5 % &k/k affecting LI
Vi1. Central sample a) U.S. results overestimated 10-20 % as before Cause not known
for fuel nuclides
b) Japanese results greatly overestimated only Could be the same reason as II-a) or
2380 among fuel nuclides overestimation of low energy neutron
spectrum
¢) Japanese results indicated 12 7 overestimation Could be caused by overestimation of low
of 10B; Tendency of being different from C/E of energy neutron spectrum
control rod reactivity
d) Japanese result of Na is larger than that of U.S. Same cause as IV-a)
20 Z; Similar tendency to void reactivity
VIII.

Doppler reactivity a)

Japanese analysis showed tendency of C/E on

temperature

Could be interpolation error of f-table
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IV. Future Plan

1. Evaluation of JUPITER Phase I

The analytical operations of ZPPR-10 now in progress are to be completed

in the future and the analytical results of ZPPR-10 obtained in the U.S.

and in Japan are to be compared at the second JUPITER analysis conference
scheduled to be held in the U.S. in the fall of 1981. Based on the results,
comprehensive evaluation of the Phase T program with ZPPR-9 and ZPPR-10 is
scheduled to be carried out. It is expected that the accuracy and problems
of the present analytical method with respect to application to a large
homogeneous reactor will be revealed. Plans are to examine the preliminary
accuracy of a nuclear design method for a large-scale homogeneous reactor

and to clarify directions for improving data methods.

2., JUPITER Phase II Plan

In addition to the conventional homogeneous reactor, the heterogeneous
reactor is being considered by some nations, especially European nations for
selection as a large-scale fast reactor since it has the advantages of low
Na void reactivity and high breeding ratio. The CRBR (Clinch River

Breeder Reactor) in the U.S. and the CDS reactor design of CDS are to
involve, at this stage, heterogeneous reactors. In Japan, the hetero-
geneous reactor type is being considered as a substitute for the verifi-
cation reactor conceptual design. With this background, both Japan and the
U.S. are examining a plan to implement a large scale heterogeneous benchmark
test in the future in conjunction with JUPITER Phase II involving joint

Japanese and U.S. research.

V. Conclusions

At this stage the standard analysis of ZPPR-9 has been completed, and ZPPR-
10 is being analyzed. As a whole, the analysis of ZPPR-9 has shown proper
results. Haqwever, the results of the reaction rate distribution and the
control rod reactivity indicate a problem in the calculational accuracy of

the radial neutron flux distribution; this is believed to be a problem
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uniqie to large-scale reactor. When ZPPR-10 is analyzed in the future,
it is hoped that very valuable data will be obtained for applying the
present calculational method to a large-scale reactor in such areas as the

dependencies of a core upon sizes and of control rods upon the insertion

condition. . .

The authors wish to thank the Sigma Committee members; Y. Kikuchi and H.
Narita of the Nuclear Data Center, Japan Atomic Energy Research Institute;
Y. Ishiguro, H. Takano, and M; Nakagawa of the Atomic Reactor System
Research Laboratory; and H. Yoshida and S. Iijima of the Fast Reactor
Design Research Laboratory--who provided support in carrying out the.
analytical operations, nuclear data processing and the application of codes
in Japan. The authors also express their gratitude to T. Takeda at Osaka
University who gave valuable advice as regards studying analytical model

construction and the analytical results.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United State:s
Government. Neither the United States Government nor any agency thereof, nor any of thel-r
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any }nforma}tlon, apparatus, product, or
process disclosed, or represents that its use would not infringe anately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,

, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, rec'om-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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