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Annual Report on Operation, Utilization and Technical
Development of Hot Laboratories
(From April 1, 1996 to March 31, 1997)

Department of Hot Laboratories

Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 5, 1998)

This report describes activities, in fiscal year 1996, of the Reactor Fuel
Examination Facility (RFEF), the Research Hot Laboratory (RHL) and the
Waste Safety Testing Facility (WASTEF) which belong to the Department of
Hot laboratories. In the RFEF, Post-Irradiation Examinations (PIEs) of PWR
fuel assemblies irradiated in the Takahama Unit 3, a BWR fuel assembly
irradiated in the Fukusima Daini Unit have been performed. Also, PIEs of
assembly materials irradiated in the Fugen Reactor have been carried out.

To support R&D works in JAERI, refabrication of segmented fuelurods have
been done using irradiated LWR fuel rods for pulse irradiation in the NSRR
and re-irradiation tests in the JMTR. PIEs have been performed on high
burnup fuel rods and ROX fuel rods.

For the RHL, PIEs have been performed on segment fuels irradiated in the
NSRR, fuels and materials for HTTR, standard fuels for JRR-3M and materials
for nuclear fusion reactor. In addition, a monitoring test of fuel elements in
accordance with the surveillance program of the Magnox reactor of the Japan
Atomic Power Corporation has been continued.

In the WASTEF, leaching tests on TRU in simulated glass forms and a low
flow rate tests on glass waste forms have been carried out. The examinations
of alpha damage acceleration for the Synroc waste forms have also been
performed.

Keywords: Hot Laboratory, Post Irradiation Examination, Hot Cell, Fuel
Assembly, Waste Forms
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Current Status on PIE Techniques in DHL/JAERI

Akira Kikuchi

Department of Hot Laboratories
Japan Atomic Energy Research Institute
Tokai—mura, Naka—gun, Ibaraki—ken, Japan

Abstract

The Department of Hot Laboratories (DHL) in JAERI has the three
hot cell facilities and has developped various PIE techniques in accordance
with the user’s demand. In this enlarged meeting, the author introduces
current status on PIE technmiques such as ones for 1) fabrication of
irradiation capsule, 2) colour etching, 3) rod —interval, 4) thermal diffusivity
and 5) micro—hardness measurements.
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FABRICATION OF INSTRUMENTED CAPSULE WITH SPENT FUEL
FOR RE-IRRADIATION EXPERIMENTS USING NSRR AND JMTR

K Ichise , M. Nakata , A. Umino, H. Kanazawa and T. Sukegawa

Fuel Examination Division

Department of Hot Laboratories

Tokai Research Establishment

Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken, 319-11, Japan

ABSTRACT

The re-fabrication and re-instrumentation
techniques of irradiated Light Water Reactor
(LWR) fuel rods were developed in the
Reactor Fuel Examination Facility (RFEF) to
prepare the re-irradiation fuel segment for the
pulse irradiation test and power rump test.

To provide a data base for the regulatory
safety guide of LWRs, the behavior of reactor
fuels on Reactivity Initiated Accident (RIA) is
being studied in the Nuclear Safety Research
Reactor (NSRR) program in the Japan Atomic
Energy Research Institute (JAERI).
Numerous examinations were performed using
the NSRR. As one of these experiments, the
behavior of irradiated LWR fuels was
investigated under RIA  condition.
Furthermore, ramp tests on irradiated fuels
using the Boiling Water Capsule (BOCA) in
the Japan Material Testing Reactor (JMTR)
were performed to investigate the fuel
behavior under transient condition.

Under  these  circumstances,  the
re-fabrication and re-instrumentation
technique are very important to verify the
safety margin of irradiated fuel rod. Up to the
present, 15 fuel rods for NSRR and 5 fuel
rods for JMTR were re-fabricated in the
RFEF. In this report, the authors describe
the  details of  re-fabrication  and
re-instrumentation techniques.

1. INTRODUCTION

The RFEF was established as the facility
for Post Irradiation Examination (PIE) of full
size LWR fuel assemblies to obtain the fuel
performance data and to confirm the integrity
of LWR fuels. Since 1979, the RFEF has
carried out PIE of LWR fuels and also
developed several PIE techniques.

Recently in Japan, the fuel development is
focusing toward more economical and safety
usage of reactor fuels with higher burnup.
Under this circumstance, the re-fabrication of
irradiated commercial fuel rods have been
strongly needed for RIA and BOCA tests.

A segment is prepared from the irradiated
commercial fuel rod by cutting with keeping
the original feature, and is assembled with
several components and in-core instruments.
Up to the present, the re-fabrications have
been carried out in the RFEF for 15 LWR
fuel rods for the NSRR, and 5 BWR ones for
the JMTR, respectively. The re-irradiation
tests using these fuel rods were successfully
completed.

2. RE-FABRICATION PROCEDURE

An irradiated commercial fuel rod has the
fuel stack length of about 3.6 m. To utilize
the rods for the re-irradiation tests in the
NSRR or the IMTR, it is required to have the
fuel stack length of about 0.3m adjusting to
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Present Status of PIE Techniques in Tokai Hot Cell Facilities
Tsuneo Kodaira and Akira Kikuchi

Department of Hot Laboratories

Tokai Research Establishment

Japan Atomic Energy Research Institute .

Tokai-mura, Naka-gun, Ibaraki-ken, 319-11, Japan

Abstract a vy ones with 2 lead cells. The RHL was -

The Department of Hot Laboratories
(DHL) operates three hot cell facilities
including the Reactor Fuel Examination
Facility (RFEF), the Research Hot Laboratory
(RHL) and the Waste Safety Testing Facility
(WASTEF). The RFEF is
examining the reliability of actual power
reactor fuel assemblies for PWR, BWR and
ATR. The RHL is established to Aperfonn post
irradiation examinations (PIEs) for fuels and

especially

materials irradiated in research and test
In the WASTEF, glass and Synroc
waste forms are prepared and investigated for
the safety disposal of high level radioactive
waste. i

reactors.

The present paper mainly describes
current status of PIE techniques and several
technical topics on ultra micro-hardness tester,
melting point measuring apparatus, thermal
diffusivity measuring apparatus and ion micro
-probe mass analyzer.

1. INTRODUCTION

DHL is operating three hot cell facilities,
i.e. the RFEF, the RHL and the WASTEF.
The RFEF was established in 1979 and it is
equipped with 6 B 7 concrete cells and 2

established in 1961 and expanded in 1965 in
which there are 10 8 7 concrete and 38 8 ¥
The WASTEF was established in
1981 and it is equipped with 3 G concrete
cells, 2 @ 7 ones with 1 lead cell and 6 glove
boxes.

lead cells.

In this report, current activities of these
facilities are described and several R & D
works are also presented as technical topics.

2.CURRENT STATUS ‘*’
2.1 RFEF

The RFEF is principally used for
examining reactor fuels. The flow diagram
on PIEs is presented in Fig.1, and the working
activities in the facility can be divided into the
following five categories:

| Fud Asmambly | g5 Ful Rod Fuel Specimen |
Vird Taspomson Vood Lapoms Cornme grashy
Drimensme Mew, PRay Semaieq Laeadotdd
Lot Gup Mew. Dimesrws Mow. Dawiy Mow.
Shdy Coment Tomt Ou-Gu Avdpw
Omde Thinhname M, Z 2oy Ddbmans
X Rop Rekopmpdy Mading Pous Maw.
WC Owp Mow, Them, Diffe, Mow.
7 Gu daipe oo
ma
[ Dimsmmdly b Sroctun! Material J Claddiag 3pecimen
iR
] [ [
Betows Tom [ Y
Toamia Toot Toasde Tea
Braveese Aosime Vot Tt
2€ Ton
r Re-Fabrication ] Apegen Aesipw
[ retummites |

Fig.1 Flow Diagram of PIEs in the RFEF
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g #i{+o077 . kg R T 7 e~ g p
B 5t ¥ s Y » b |1, L 102 7 7 T
x5 w7 v =<7 A 3 vt 10° | ¥ # G
BHFEE |5 L v v K BELALL | oV 10° | # # M
¥ H OB W mol HIEREE | u 103 * =] k
*, Elh v 73 cd 102 | ~ 2 ¢ h
“F ®m m|3 v 7 v | rad 1 eV=1.60218x 10-'°J 00|57 #| da
Mk B|RF5ITY | st 1u=1.66054x 107" kg 0| ¥ v d
1072 = vV F C
107 ] 3 ) m
%£3 EHOLHE 6O SHETRG 0o | w400 4
&4 SIEHticHEN i
. e | 10D STHE 10 ¥ n
g mo |an | OS2 i s B G U A
23 id i~ o v| Hz| s & W 2 5 107" 7= 4t f
ba) Z—a—bFv| N m-kg/s? Avrzbo—o A ] Iy a
e /7 . M Bl 2 # | Pa N/m? - _ y b ,
I (tH BE |2 2 — | J N.m e _ W bar GE)
L#®., ME &7 - ~| W[ Js . w|  Gal L &1—53 (EMEMR] F5 K @
EAW®, EM|7 — o v C As ¥ a2 ) = Ci ER%RE 1985 FHiTIck %, 115L, 1eV
B/, B, &8N |K L bV W/A A N R BLU 1 udDfiid CODATA D 1986 £F # 42
% & = #®|7 7 72 F| F C/V 5 K rad BICk > 1o
HE O OIE LA - 4 Q V/A v I rem ;
Sy s s valv—Avz| S | AV 2 ﬁ“‘f_‘iﬁi Jo b T T
i # |9 = — | Wb | Vs 1A=0.1nm=10""m CALARATLAHARORMLOTL
B & % H|F 2 3| T | Wo/m? | b= 100 fm?—10-%* m? CTUEBLE,
. . oo - . .
{4 vy v o ke ) H Wh/A 1 bar=0.1 MPa=10°Pa 3. barid, JISTREZKDE HEEHTH
vy AGE ey RE] T 1 Gal=1em/s?=10-2m/s? BRBOE20HFTY —ICHESATY
# #Hlw — 4 Y| Im cd-sr al=lem/s = m/s P
d 1 Ci=3.7x10'°Bq °
# B~ 7 A| Ix | Im/m 131—2 x10Clkg 4. ECHMREHLIEH T bar, barnkk
1 a |~ 7 v | Bg | s’ ' S U TmEORA ] mmHg & 20HF 7Y
® X & ®|7r v 1| Gy J/kg lrad=1c¢Gy=10"*Gy CEANTLS
@ OB Y g|v-—~ah]| Sy J/kg 1 rem=1¢cSv=10"*Sv °
% =1 F.3
71| N(=10°dyn) kgf 1bf It | MPa{=10 bar) kgf/cm? atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 750062 x 10° 145.038
9.80665 1 2.20462 #1| 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ 1Pas(N.s/m*)=10P(#7 %) (g/(cm-s)) 1.33322 x 107* | 1.35951 x 10~* | 1.31579 x 10°? 1 1.93368 x 1072
B 1m¥/s=10°St(Z b — 7 ) (cm¥s) 6.89476 x 107" | 7.03070 x 107* | 6.80460 x 10~ 51.7149 1
x| J(=10"erg) kgfem kW-h cal Gt &%) Btu ft « Ibf eV 1 cal = 4.18605 J (5tEH:)
+ n xy
" 1 0.101972 | 277778 x 1077 0238889 | 9.47813 x 10 * 0.737562 | 6.24150 x 10 =4.184J (ML)
e
| 9.80665 1 2.72407 x 10°° 2.34270 9.20487 x 10* 7.23301 6.12082x 10° =4.1855J (15°C)
g 3.6 x 10° 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10%° =4.1868 J (HHRETK)
- 4.18605 0.426858 | 1.16279 x 10”° i 3.96759 x 107* 3.08747 261272x10"  jrisE | PS (IAED
" 1055.06 107.586 2.93072 x 10~ 252.042 1 778.172 6.58515 x 107! =175 kgf-m/s
1.35582 0.138255 | 3.76616 x 1077 0.323890 | 1.28506 x 10* 1 8.46233 x 10 = 735.499 W
1.60218 x 107" | 1.63377 x 10°?°| 4.45050 x 1072} 3.82743 x 10" | 1.51857x 10°7%| 1.18171 x 10~1° 1
bivd Bq Ci UM Gy rad 3 C/kg R 5 Sv rem
- s g4 !
1 2.70270 x 107! ) 1 100 & 1 3876 ] 1 100
(i1 o - ¢ &
3.7 x 101 1 0.01 1 2.58 x 10 1 0.01 1
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