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ABSTRACT

A parameter study for the optimum fuel design of the JRR-4 has
been performed with the SRAC code system which was newly developed
by JAERI. The optimum fuel element specifications at 19.75 were
found to be 22 gU/cm3 uranium density, 0089 cm meat thickness,.
0.038 cm cadding thickness, 0335 cm channel gap, 16 plates and
221.4 g U-235 content with Akx-Ak fuel. The calculated Keff for a
cold clean core is enough to obtain the same core life as the present
core

As a part of safety analysis coolant flow tests were performed
with a hydraulic mock-up facility simulating the LEU core. It was
observed from the test that a flow rate was uniformly distributed
over the fuel elements within t4% of the average flow rate.

I INTRODUCTION

The JRR-4 is a 35 MW swimming pool type with ETR-type of 93% U-235
enriched U-AZ alloy fuel elements. Under the JAERI Reduced Enrichment
Reseach and Test Reactor (RERTR) program the core conversion of the JRR-4 from
93% to below 20% U-235 enrichment fuel elements has been studied. The main
reason to convert the core directly to 20%, in contrast to other JAERI reactors,
is that the burn up conditions in the JRR-4 is relatively mild so that a high
uranium density fuel by the currently established technology could be used.
Furthermore, the use of 20% enriched fuel meets the final goal of the REM
program, where the use of LEU fuel is sooner or later inevitably anticipated.

A design of a new fuel element was-carried out under the condition of the

reactor core structure unchanged while keeping the neutronic characteristics

such as thermal neutron flux at irradiation holes keDt as have been.

Parameter studies for the design of the low enriched fuel element have

been done and the optimum fuel element specifications were decided. Subsequently,

coolant flow tests were performed as a part of a safety anlysis for the

regulatory licensing review. This paper describes the neutronic and flow

analysis of the low enriched uranium core in the JRR-4.

II NEUTRONIC DESIGN

A preliminary calculation of neutronics in te JRR-4 had been carried out

with computer codes MAIL, REMAIL, ANISN and FEM2L and LEU fuel element specifica-

tion was tentatively determined in 19801) Recently a recalculation has been

done using the Thermal Reactor Standard Nuclear Design Code System SRAC2) newly

developed in JAERI. As a result it has become apparent that alterations of

specifications should be necessary due to the short of excess reactivity.
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Parameter studies for the optimum fuel design were performed with SRAC code
system which has been benchmarked with the initial critical core of Ford Nuclear
Reactor beforehand) The core loading patterns assumed for two dimensional
critical calculation are shown in Fig. 16 fuel elements; initial loading
core). In the equilibrium core including 20 fuel elements, additional 4 fuel
elements are to be loaded at the each corner of the initial loading core. With
regard to the number of energy groups for the neutronic calculation, 18 groups
for fast region and 9 groups for thermal region are assigned to the cell
calculation and 2 groups and groupe respectively are assigned to the critical-
ity calculation. A parametric survey on uranium density, number of plates etc.,
however, was carried out by the simplified method i.e. two-dimensional quarter
core configuration.

The calculation results of burn up effect of the effective multiplication
factor (Keff) are shown in Fig 2 for the equilibrium core. It is derived that
2.2 g/ CM3 uranium density, 17 plates and 22 g/CM3, 16 plates might be possible

to operate more than 10% average burn up which is presently reached in the high
enrichment fuel core. From point of view of a control rod effectiveness,
however, it is desirable that the neutron spectrum in the low enrichment core
is not much different from that in the high enrichment core. To this end, a
larger channel gap is preferable, thus 22 g/cm 3 uranium density-16 plates fuel
element would be optimal. Sepecifications of the above fuel element are shown
in Table 

A power (thermal output) distribution in the core was calculated using
two-dimensional full core configuration model by the same method as applied to
the benchmark test for SAC code with the FN0 The calculated peak-to-average
power ratio is shown in Fig. 1. The hot channel factor was estimated as 125.

III FLOW TEST

As a part of safety analysis, coolant flow tests were performed with a
hydraulic mock-up facility (simulating the LEU core) using dummy fuel elements
consisting of 19 and 16 plates respectively as shown in Table .

The main objective of the flow test is to confirm the flow distribusion in
the core for the calculation of surface temperature at the hot spot with the
hot channcl factor derived from the power distribution calculation.

1. Pressure Loss Measurement for Fuel Element

Before the flow test using the hydraulic mock-up facility a correlation
between a flow rate and a pressure loss was measured by the dummy fuel element
flow test equipment in which 6 dummy fuel elements are able to be loaded
simultaneously. In this measurement a dummy fuel element was put into one
channel and the rest channels were blocked by plugs. The flow rate was measur-
ed by a turbine flow meter with the accuracy of ±0.4% over the flow rate
ranging from 6 to 60 m 3/hr and the pressure loss was determined by the measur-
ing the pressure difference between the inlet and the outlet of the dummy fuel
element with a water manometer.

The following experimental equations for the pressure loss were obtained
as a function of the flow rate Q (m 3/hr) and the water temperature T (C).

AN 3.400 x 10-4 . Q1.910 T_ 0.0599 (1)
H

AP 4.369 x 10-4 . Q1.887 T_ 0.058.5 (2)
L6 L6

AP 5.874 x 10-' Q 1.872 T_ 0.0613 (3)
L9 L9

- 342 -



JAERI - M 84 - 073

where AP is denoted as a pressure loss in kg per cm2 and subscripts H, L6, L9
denote HEU fuel element (15 plates), LEU-16-plates fuel element and LEU-19-plates
fuel element respectively. The percent difference between the measured value
and the estimated value by the above experimental equations was approximately
±1% in the flow rate range of 10 11, 30 m/hr.

2. Flow Tests for LEU Core

Flow Tests, using the hydraulic mock-up facility which simulated the JRR-4
core and was located in No. 2 pool, were performed for both LEU-19-plates and
LEU-16-plates fuel element. The JRR-4 core as shown i Fig. consists of fuel
elements, reflectors, control rods and irradiation pipes. A coolant flow
through not only fuel elements but also 35 coolant holes of 15 mm diameter on
the grid plate for cooling the outer plates of fuel elements and reflectors.
Moreover the grid plate has gaps for the control rod plate guide and guide holes
of reactor tank support legs. The main purpose of the mock-up flow test is to
obtain a flow distribusion between the fuel elements and the rest pass way
mentioned above and to confirm the uniformity of the flow between fuel elements.

A flow rate passing through a fuel element was measured by the Petot tube
and/or turbine flow meter installed in the lower part of dummy fuel element
which was moved to every channel for both 16 and 20 fuel elements core.

It was confirmed that the average difference between the measuered flow
rate and the calculated one was approximatly 2. With the calculation, the
flow rate of LEU-16-plates fuel element in the case of 16 elements core is
about 3 smaller than that of HEU fuel element but the channel velocity of the
former is about 10% higher than that of the latter as shown in Fig. 3.

The fraction of total fuel element flow rate to total core flow rate is
shown in Fig. 4 It is apparent that the flow distribution would not be
strongly affected by the changes in flow area between plates in fuel element.
It was also confirmed that the flow rate was uniformly distributed over the
fuel elements within ±4% of the average flow rate.

3. Surface Temperature at Hot Spot

The maximum surface temperature at the hot spot with the hot channel factor
derived from the power distribution given in Section II was calculated using the
flow test results for both HEU and LEU-16-plates fuel element in the case of 16
element core. The calculated temperature for HEU and LEU-16-plates are approxi-
mately 110'C and 106'C respectively. It is understood that no problem of fuel
integrity would arise in normal operation conditions. In addition, it seems
that the changes in the water saturation temperature and onset of nucleate
boiling (ONB) temperature due to the increased flow friction of LEU fuel
elements are negligible.

IV CONCLUSION

Under the JAERI RERTR program neutronic calculations and coolant flow
tests for the full-core demonstration of the JRR-4 have been carried out for LEU
fuel element design and a licence application for operation of the JRR-4 with
LEU fuel.

Optimum fuel element was designed by SRAC code system as UAkx-Ak fuel with
2.2 g/cm3 uranium density, 16 plates and 19.75% enriched uranium.

The calculated Keff for LEU cold clean core consisted of 16 elements is
enough to obtain the same core life as the present core.

The ratio of peak to average output in LEU cold clean core was obtained
and the hot channel factor was estimated as 125.
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Coolant flow tests were performed using dummy fuel element with the
hydrauric mock-up facility simulating the LEU core.

It was observed that a flow rate was uniformly distributed over the fuel
elements within ±4% of the average flow rate.

Approximately 80% of the total core coolant may flow through the fuel
elements.

Through these studies described herein, no serious problems are so far
identified in converting the JRR-4 core to 20% enriched one.
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Table Specification of LEU Fuel and HEU Fuel for JRR-4

LEU Fuel LEU Fuel 2 HEU Fuel 3
( 16 Plates ( 19 Plates ( 15 Plates

Material UA1x-Al UAlx-Al U-Al Alloy

Enrichment (w/o) 19.75 19.75 93.15

Meat U-Density (g/CM3 2.20 (1.10)*4 1.81 (0.9062)*4 0.65 (0.325)*4

Dimension (mm) 0.89x65.4x600 0.89x65.4x6OO 0.5Ox65.4x6OOl)*4

U-235 (g) 14.76 (7.38)* 4 12.5 (6.25)* 4 11.86 (5.9

Clad Material Al Al Al

Thickness (mm) 0.38 0.38 0.38

Fuel Plate Dimension (rrm) 1.65x74.5x630 1.65x74.5x630 1.26x74.5x630 00

CD

No. of Fuel Plates 16 (Inner 14, Outer2) 1.9 (Inner 17, Outer2: 15 (Inner 13, Outer2)

Fuel Element U-235 Content (g) 221.4 225 166.0

Channel Gap (mm) 3.35 2.55 4.1

Dimension (mm) 60x80x1025 80x80x1025 80x80xl025

Flow Area (C1112) 35.38 3 2 3 4 4 1

*1 Present Calculation Code SRAC

*2 Preliminary Calculation Cdes MAIL, REMAIL, ANISN, vi-M21,

*3 Denoted as "B type Fuel"

*4 Outer 2 Plates
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