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The Japan Research Reactor No.2 (JRR-2) dis a heavy water moderated and
cooled research reactor using 93% enriched uranium fuel formed in
cylindrical and MTR fuel elements.

Since attaining its initial criticality in October 1960, the JRR-2 has
served with a maximum thermal neutron flux of 2 x 10" n/cm®<*sec at the
power level of 10 MW for wvarious utilization, such as neutron physics and
solid state physics.

Since the first ascending to the nominal power of 10 MW in October
1962, The JRR-2Z has been operated in stability and utilized for more than
28 vears, and achieved approximately 66,000 hours operation.

The reactor core has been converted from high-enriched uranium (HEU,
93% EU) fuel to medium—enriched uranium (MEU, 457 EU) fuel since November
1987, in order to increase proliferation resistance of nuclear materials in
the JRR~-2. 1In this paper the modification works and the characteristic

tests on the JRR-2 are described.

Keywords: JRR-2, RERTR, HEU, MEU, Modification Works, Criticality Experi-~
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1., Introduction

The JRR-2 had been operated with high-enriched uranium (HEU, 93% U-235)
fuel until April 1987.

From the view point of the Treaty on the Non-Proliferation of Nuclear
Weapons, however, RERTR (Reduced Enrichment for Research and Test Reactors)
program has been carried out over the world, and it was decided accordingly
to use lower enriched uranium fuel for the JRR-2. The RERTR program on the
JRR-2 was started by establishing "JAERI RERTR Program' in 1979.

At first candidates for new fuel were examined under the condition
that core configuration and fuel element dimensions should not be changed
and reactor performance should not be reduced., As a result, while low-
enriched uranium (LEU, about 20% U-235) fuel was not met with the
requirements on uranium loading density in the fuel core, medium—-enriched
uranium (MEU, 45% U-235) fuel was appropriate for a new fuel, which is
uranium aluminum compount (UAl,~-Al) dispersed in aluminum matrix with 1.6
g/cm3 of uranium density. The new fuel element is named JRR-2 cylindrical
BM type fuel element, which is shown in Fig. 1. And specifications of
JRR-2 cylindrical BM and B type fuel element are shown in Table 1.

To‘meet with the demands for in-core irradiation to the maximum
extent possible, new JRR-2 reactor core composed by all of the cyrindrical
fuel elements was designed so that 24 in-core irradiation holes could be
provided in the JRR-2 reactor.

The safety review for the conversion of HEU fuel core into MEU fuel
core was over in December 1986 and the works required for the fuel
conversion program were completed in November 1987.

The following works, expefiments and characteristic measurements had
been carried out. |

(1) Modification works for full MEU fuel core

{ 1) reinforcement of emergency cooling system
(11) rearrangement of control system
(ii) rearrangement of emergency electric power supply
(2) Characteristic measurements on reactor core loaded with MEU fuel
elements
(i) Criticality experiment
(ii) Control rod calibration
(#i) Measurements of individual fuel element reactiﬁity worth and
other reactivity effects -
(iv) Measurement of neutron flux distributicn

—1—
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{ v) Xenon (Xe-135) poisoning effect

The details above are described as follows.

2, Modification works for full MEU fuel core

The JRR-2Z operation using HEU fuel was terminated at the end of
April 1987 (R2-62-01 cycle). After that, a reconstruction of the reactor
safety system was done. New design criteria and technology were applied
for the modificaton works in order to conform with the requirements by the
.safety review for the conversion.

The requirements include the followings.

{1) Reinforcement of emergency cooling system

Based on "Single Failure Criterion", the emergency heavy water pump
DP-4 is required to run continuously during reactor operation, as a
countermeasure for the main pumps DP~1 and DP-2 accident. In order to
back up the accident of the sﬁmp pit recirculation pump named EP-1A is
required to be installed additionally in the sump pit. An emergency core
cooling system (ECCS) is also required to be provided with the reactor as
main countermeasure for the loss of coolant accident (LOCA). The emergency
core cooling system consists of an emergency heavy water storage tank ET-1,
two emergency heavy water supply pumps EP-2, EP-2A and pipings (Refor to
Fig. 2 and Fig. 7).

{2) Rearrangement of control system

Control system was reviewed from the view point of human engineering.
Control system was modified and signal cables were renewed. Five control
rods, neutron absorbers and drive mechanisms were changed to new ones
(The JRR-2 has six control rods ... See Fig. 3). Residual control rod
(C6) was changed in 1985,

(3} Rearrangement of emergency power supply

The emergency power supply system consists of a battery power supply
and two diesel-engine generators.

Following the modification of the safety system, the emergency power

supply system was rearranged.

These modification works were completed by the end of November 1987.
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3. Characteristic measurements on reactor core loaded with MEU fuel

elements

The following characteristic measurements on the reactor core loaded
with the MEU fuel elements were carried out from the end of November 1987
to the end of January 1988.

The results of the measurements are compared with the calculated

values.

3.1 Criticality experiment

Loading of MEU fuel elements into the reactor core was started from .
the fuel position 1A at 1l:24 on November 25, 1987, After loading of fuel
element at the fuel pesition 5B, the first criticality was reached at
19:23 with eleven MEU fuel elements {(Refer to Fig., 3)., All shim rods from
Cl to C5 were fully withdrawn and regulating rod C6 was withdrawn by 59.80%.
The reactor power was 1W and heavy water temperature in the reactor core
was 20.5°C. The critical mass was foreseen by a calculation as 2,222 g
(10.1 fuel elements). It was a good agreement with the calculated value
of about 2.2 kg by the Standard Reactor Analysis Code, SRAC.l)

The criticality approach curves are shown in Fig. 4.

3.2 Controel rod calibration

Reactivity worth of each control rod was measured with the positive
period method (P.P.M.) and the total reactivity worth was 32.9%Ak/k.

It agreed with the calculated value (31%Ak/k) by the SRAC. Measured
values of excess reactivity, maximum control rod worth and shut down
margin also agreed with the calculated values.

These results are shown in Table 2. Calibration curves of shim rod
Cl on MEU and HEU fuel reactor cores are compared in Fig. 5. It is shown

that both reactivity worth values are almost the same.

3.3 Measurements of fuel element reactivity worth and several reactivity

effects

Results of reactivity measurements on JRR-2 reactor core loaded with
the cylindrical BM type fuel elements are shown in Table 2, The measured
reactivity worths agreed with calculated ones. The details are as

follows:
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{1) Fuel element reactivity depending upon location in reactor core

As the reactor core was under cold clean state, fuel element
reactivity was measured for each location in the reactor core. A fuel
element reactivity was determined by the difference between the excess
reactivity of full fuel elements (24 fuel elements) loaded reactor core and
that of 23 fuel elements loaded reactor core. (except the fuel element to
be measured the reactivity)

Results are as follows:

UNIT : ZAk/k

location | A-ring | B-ring | C-ring | D-ring
1 2.05 1.33 0.86 1.14
2 2,19 I.19 0.90 1.40
3 2,11 1.26 | 1.36 | 1.03
4 1.98 1.39 1.26 0.82
5 1.88 1.71 6.85 0.85
6 1.98 1.44 ¢ 0.89 0.97

average 2.03 1.39 1,02 ' 1.04

Core average ————-— L.48%Ak /k

(2) Moderator temperature coefficient of reactivity

Experimental conditions are as follows:

Reactor power 50 W

Main heavy water pump (DP-1, DP-2) in operation
Emergency heavy water pump (DP-4) in operation
Shim rods (Cl ~ C5) position flat pattern

The reactivity caused by temperature difference of the moderator was
measured by the regulating rod, C6 position. Coolant temperature was
changed using Joule's heat of the main pumps. The results are shown in

Fig. 6 and Table 2.

(3) Reflector (heavy water)} dump effect

‘ Reflector material is heavy water. The reflector dump effect is
expected to give negative reactivity enough to shut down the reactor when
the control system accident is happened. Heavy water was drained about
620 mm from the normal level to the dump level through the dump valve
(DV=-14) (See Fig. 7 and Fig. 8).
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As shown in Fig. 8, about 0.7%ZAk/k of negative reactivity is obtained

as maximum value for this effect,

3.4 Measurement of Neutron flux distribution

Neutron fluxes are measured by the foil activation method using gold
foils for thermal neutron flux and nickel foils for fast neutron flux.

Cadmium covered gold foils are also used to determine the cadmium ratio.

(1) Measurement of neutron flux distribution in JRR-2 cylindrical BM type

fuel elements

Distribution of thermal neutron flux and fast neutron flux in the MEU
fuel plate are shown in Fig. 9 and Fig. 10, respectively.

Tt is obviously estimated that the maximum thermal neutron flux on
the fuel plates of fuel element was about 7.0 % 10'® n/cm®ssec at 10 MW

(thermal) and the maximum fast neutron flux was about 7.3 X 10%3 n/cmzfsec.

(2) Measurement of neutron flux distribution in irradiation holes

There are seven in-cecre irradiation holes (3A, 6B, 2C, 6C, 2D, 5D,
6D) in the fuel region, nine vertical irradiation holes {(VI-1, 4, 5, 7,
8, 9, 10, 11, 12) and two pneumatic tubes in the reflector region.

Thermal neutron fluxes in some of the irradiation holes are decreased
in the fuel region (in-core irradiation holes) in comparison with the HEU
core. On the other hand, the thermal neutron fluxes in the reflector
region are mnearly equal to those of the HEU core. TFast neutron flux 1is
increased in the fuel region comparing with that of the HEU core. It
seems that the effect is caused by Increased U-238 in comparison with HEU
fuel element (Refer to Table 1).

The neutron flux measured is shown in Table 3. From these results,
it is apparently understood that neutron flux of each irradiation hole
in the MEU core is nearly equal to or about 10% lower than that in the

HEU core.

3.5 Xenon (Xe-135) poisoning effect

Xe-135 is a fission product and its neutron absorption cross section
is 2,7 % 10% barn (10'2“ cmz). As reactor operates, Xe-133 concentration
in the core is increased. And its concentration is saturated. The Xe-135
poisoning effect is very important for reactor operationms, egpecially for
restart up after high power continuous reactor operation. A characteristic

test for Xe-135 saturation was carried out to operate the reactor

__5__



JAERI-M 89-104

continuously for about 40 hours at the power level of 5 MW (thermal). And
Xe-135 poisoning effect after reactor shut down was measured at the power
level of 10 kW by means of the control rods position,

Poisoning effects for Xe-135 saturation and after shut down were as

follows:
Xe~135 poisoning saturated value (5 MW) 3,975k /k
Xe-135 over-ride 7.0%0k/k

These values showed a good conformity with the calculated values.
Results of Xenon poisoning effect comparing with the data on the HEU core

are shown in Fig. 11,

4. Conclusion

According to. the results of those characteristic tests on the fully
loaded MEU fuel reactor core, it is concluded that the fuel conversion from
HEU to MEU has been successfully completed. The obtained data can be
utilized for the operation and management of the reactor with the MEU core.

Experimental results are as follows:

(1) Total reactivity worth is 32.9%Ak/k.

(2) Reflector (heavy water)} dump effect is about 0.7%Ak/k of
negative reactivity.

(3} The maximum thermal and fast neutron flux on the fuel plate
were about 7.0 X 10'% n/cm®+sec and 7.3 x 103 n/cm?-sec at
10 MW, respectively.

(4) Neutron flux of each irradiation hole in the MEU core is nearly

equal or about 10% below in comparison with that in the HEU

core.
(5) ZXe-135 poisoning saturated value (5 MW) 3.972Ak/k
Xe-135 over-ride 7.0%0k /k

The JRR-Z has been operated for capsule irradiations, beam experi-
ment and so on by using MEU fuel elements at the full power of 10 MW
since Feburuary 8, 1988. No trouble in fuel elements and other parts have

been observed and the JRR-2 has been operated safely on schedule.
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Table 1 Spefification of JRR-2 cylindrical BM and B type fuel element
" Fuel element | JRR-Zcylindrical JRR-Zcylindrical
Items B type fuel B type fuel
Dimension{mm) ¢ 105x 950 ¢ 105 % 550
J-235 enrichment(wt¥) 45 93
U-235 content(g/element) 220 195
U-density(g/cm?®) 1.6 0.69
Meat thickness(mm) 0.51 0.51
49 49
H8 58
width(mm) 67 87
76 76
85 85
length{mn) 600 800
Clad thickness{mm) 0.38 0.38
Fuel plate | thickness{nnm) 1.27 1.27
58 58
687 67
width(mn) 76 76
85 &5
94 a4
length{mm) 625 625
Cooling water pipe 3] 4]
Cooling water gap{nn) 2.50x%x 1 2.50x 1
3.00%x b 3.00%x b
Fuel meal material dispersicn alloy
(UAlx-41) {U-41)

Cover material

A1 alloy AG 3 NE
or corresponding

carticle

A1 JIS A& 1200
or corresponding
article

Struclbure material

A1 alloy AG 3 NE
or corresponding
article

Al JIS & 6061-T6
or corresponding
article

Maximum burnup

Element average 40%
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Table 2 Measurement values of demonstration test comparing with
the calculated ones

MEU core
Itens UNIT i IEY core
Measured | Caleculated | {Measured)
Critical nmass E 2222 2200 2184
Excess reactivity % Ak/k 17.3 18 15
Total control % A k/k 32.8 31 35
rod warth
Highest control % Ak/k 6.4 10 6.3
rod worth
Shut down margin % Ak/k 5.6 14 20
Ore rod % Ak/k 9.2 4 14
stuck margin
Moderator % A k/k/C 0.7 1.8 0.7
dump effect
Temperature % Ak/k/°C | -1.9X107% | -2.3X107% | -2.0X107%
coefficient (at 17°C) | {at 17°C) | (at 17°C)
Thermal neutron flux
in-core average n/cn® sec 5x10'® 7X10'° gx10'®
in-core maximum n/em®-sec 1.3x10'+ | 1.5X10'% | Z2.0Xx10'*

% (Calculated by SRAC code




JAERI-M 89—194

m w M aqny
J _ |
£°9 29 ,ﬁ 2 01X0°¢ 2:0TX§°7 201X T8 L 0IX0'8 |7 -1 aTqemnalg
((22)) ¢ “ (( :0TXGT ) ({ :01X0°8 ) n0IXZ' T | ZT-1A
) _ SSTGUTYT
(e g°e I {( & 0IXZT ) (( «:0IX0°L)) A0TXE T IT-1A
M TelURUTIadRa
(Cvz ) 1°¢ W {(( &, 0TXET )N 2.0IXE° L ({ . 0TXL8)) OIX0T 0T-I1A
i TESTIIR4
({61 2 (( £.01X8°7 )) £.0TIXG°Z (C . 0TXE T ) ~0TX0°Z 1-1A
(913 (0°2) (CedIX0'F )1 ({ e 0TXSE )| ({ e0IXZTF 1| {(£.01XZ°9)) a9
({811 (( 20IX8°€ )) | *x(( e 0IXEE )| (( £0IX8G)) as
((9°71)) C(Cea0TXL )Y [#((2:00X878 )Y | (( 101X8°G )) WA
€861 Ut (cLrn (0°2) {( e 0IX5E)) { . 0TX0'% ) (( e 0TXL T D) { = 0IX¥'G ) 29
paJnsesll ! !
(91 | (( \0Tx8°€ )) ({ =:0TX3°7 ) 7
ad1d Ty
Jo enfea T4 1(( )) | ((81)) (6 1) (( £ 0TXZ°G ) ( £0IXGG) ({ «01X8°G)) ( «0IX0"L) a3 se 1oy
ansded Ty (( =.01XEF )) qg uor3eTpRLIT
o entea gy o ()
ﬁ m..ﬁ u A mpoﬂXw.__.L v A mHoHXc.m v mm 2100-U]
uer3ne)
((s1) (0 e 0IXSF ) | #(( «:0TXC'G )} | (( 20TX3°G)) ¥e
8102 NAH 3102 MI3H 200 {|AW 3102 [2H 8100 9K 2302 (|34 sa 1oy
UVHEY UCT]BTpRIL]
0TJBJI UNTIEPE?) ( 99S.,W3/U ) XRT4 UCI3NSN 1SBY ( 98S.,W2/U ) ¥NT UoJAnOy TBMJISY]

3100 9nd NIH PUER (AW 211 JO OT3IBI WNTWPED PUB XN[J UOIINSU WNNIXEY § 9[qE]




JAERI-M 89184

Jusus e Tand 9dAl KWg TBOTIPUTTAD g-qur 1 ‘814

laidopo lamaT

Jajdopo laddn

aqn) 19ing

1loddns alo|d |and

ajo|d jand

3,01d Jaud]

0-Q 1011335

apinb a[nsdod Jaddn

wd }io0ddng

apinb ajnsdo)

quiod

O |ao|r— [ o i O —

0-) U011385

g-g uoll%as

V-V M3IA

G0¥890!

SEREEDT

C6#
I

£Ql s

!

I

NG/ B
801 #




JAERI—M 89-—-154

X . ] .',.-, ,' T - T ‘_'p' v,
R B upper shield P
LIRS I : e o,
TN b — .
N i - lower center -bhleld.,'
l '] 1 ol k RETrasa B
ower ring shield | o g ot
D20 core tank \_L;;vJ | S r
thernal shield water tank ‘-4;? -:; overflow level
. . . . ) s 1. _1
therral shield water-xkﬁ{;:; submerged maintenance level
". .. “.a.
¥ s ',-\
. ‘, N <
.!, ':_ ”'a" ‘o
e A
J ell o ; ° Jv
Su“o?--b‘. ., . 'll N aq’. ."’.: -""‘-‘{
. . [ 1 . R NI L] [}
RO e 5—— core inlet o f]—1", IR S °
/’ . vy e J‘J - : .t o R I T ey ~ 9 e a4/
He line —=={>< , 7
three direction valve core outlet f-ﬁ}g; core outlet
e N AN | | DV-5 {58
He'seal }<
pv-77 V-6
heat exchanger heat exchanger ”G)h“e
1
DE-2 N
_ emergency | - . -

D20 storage tank

w - \ R ) i
@)’ A @3 1 main D20 pump || gain D0 pump | EV-6-2
E\/-Gr V-6-4 : ;19 (o | @
. 5 Nl
sunp pit | T’Cﬂamergency 0 pune L"i
recirculation _J l -
pump 1= ;g__ :
1 ‘ S — O Lo energency
Py e ' . ! 1 . vre ¥ A \ e et DZO bupply lpump
supp plt

Fig. 2
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Appendix Main items of JRR-2 RERTR program
Y EAR | TEM
197 7 The President of the United States published

Non-Proliferation policy

197 7 INFCE under the auspices of [AEA
( International Nuctlear Fuel Cycle Evaluation !}
Started discussion by the eighth department conference

1 979 Established “ JAERI RERTR progranm
1 980 INFCE conclusion

To use HEU fuel is undesirable under the
Non-preoliferation policy

1 980 Fabrication of dummy fuel elements using depleted
uraninm

1 9 81 Flow test using dummy fuel elements

1 98 3 Application for permission of change of reactor

establishment concerning fuel element for
irradiation test

March 31,1983 Application

July 22,1983 Permission

Application for sanction of the design and methods of
construction

August §. 1983 Application
August 22,1483 Sanction
1984 Irradiation of test fuel element

Oct.1.1984~Dec. 20. 1985
{ Average Burnup 40% )

1 985 Post-irradiation examination of test fuel element
i Metal phase test and Scanning type clectron
microscope inspection etc. |

1 9836 Reactor modification application on Full Core NEU
i conversion
: September 10,1984 Start of prehearing
May 30,1986 application
December 5.1985G Permission

Construction application on making MEU fuel element
December 26. 1986 application
19487 March 206.1987 Sanction
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YEAR | T EM

1 987 Construction application on installed more Several
equipments and repair
March 3L, 1987 application
May 2.1987 Authorization

Modification and repair work
May 6. 1987~ Nov. 22,1987

Criticality test
19: 23 November 25,1987
Achieved first critical

Characteristic test
Nov. 284. 14587~
1 988 Jan. 29,1988

Routine operation by MEU fuel element
at LOMW C(thermal?

February 4.1988




