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JAERI Tokai has three hot cell facilities to examine high radicactive
materiais; the Research Hot Laboratory, the Reactor Fuel Examination
Facility and the Waste Safety Testing Facility.

This report describes briefly the current status of their post-
irradiation examination activities including general description of the

facilities.
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1. Abstract

JAERI has 4 hot cell facilities in order to examine high radioactive
materials. Three of them, the Research Hot Laboratory, the Reactor
Fuel Examination Facility and the Waste Safety Testing Facility are
located in the JAERI Tokai site, and the rest is the JMTR Hot Laboratory
in the Qarai site.

The Research Hot Laboratory (RHL) was constructed for post-
irradiation examination (PIE), especially general basic research experi-
ment, such as metallurgical, chemical and mechanical examination on
fuels and materials irradiated in research and test reactors. This
facility has 10 large dimension concrete and 38 lead cells. At present
the RHL is used for various kinds of examinations of high radioactive
samples such as fuels of research and test reactors, power reactors and
high temperature testing reactor (HTTR), and structural materials.

The. Reactor Fuel Examination Facility (RFEF) was designed and
constructed for carfying out PIE of irradiated full-size fuel assemblies
of light water reactors (LWRs). This facility has a storage pool, 8
concrete and 5 lead cells. They are currently used for safety evaluation
on high burnup and advanced LWR fuels as part of the national program.

The Waste Safety Testing Facility (WASTEF) was designed and
constructed for safety research on long~term storage and disposal of
high level radioactive wastes generated by fuel reprocessing. The
WASTEF has 5 concrete cells and 1 lead cell. Examinations on the
behavior of various long-lived fission products in a glass form and in
a canister and, releasing behavior of them ocut of a canister are carrying

out under the conditionm at storage.

2. Introduction

Nowadays the mission of PIE facility for high radioactive materials
becomes more important than ever with progress of nuclear research and
“development. In the early stage of nuclear research and development at
the JAERI, radioactive samples irradiated in the small research reactor

Japan Research Reactor-1 (JRR-1) had not so high radioactivity.
Therefore a small hot cell was installed in the reactor building,

mainly to separate irradiated samples from capsules.

_17
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Following the construction of large scale research reactor JRR-2Z,
the RHL capable for PlEs on very high radiocactive materials lrradiated
in the JRR-2 was constructed in conjunction with the JRR-2, and has
been operated since 1961. With increasing wide variety of PIE items
for nuclear fuels and structural materials irradiated in JRB~2, -3,
Japan Material Test Reactor (JMTR) and the commercial gas cooled power
reactor.of Japan Atomic Power Co. (JAPCO), numerous modification and
additions of the hot cells became necessary. Under these circumstances,
extension of the facility and installation of the new PIE apparatus
were carried out.

Since LWRs were introduced in Japan, new important needs occured;
one is PIE of full-size fuel assembly to verify the good performance
of fuel assembly throughout its life in reactor core, and the other
is examination of high level waste disposal. The facility for the
former is the RFEF, and for the latter is the WASTEF. These facilities

were established in late 1970's.

3. The Research Hot Laboratory (RHL)I’z)

The Research Hot Laboratory (RHL) was built to examine nuclear
fuels .and materials irradiated in research or test reactors, and
started operation in November 1961. Initial design of the RHL was as
follows: '
. 4 concrete caves for metallurgical and mechamical property examination
2 concrete caves for chemical treatment
. 14 lead cells for radiochemical analysis
. 3 semi-hot cells for radiochemical experiment on small samples
Main PIEs in the early stage were mechanical property and metallurgical
examination on reactor fuels and reactor structural materials irradiated
in JRR-2 or foreign country reactors.
To monitor fuels and moderator graphite samples, and to survey
reactor vessel steel samples of Tokai Power Station of JAPCO, the
extension of the facility was started in 1963, and completed the work
in 1965. The monitoring tests on these materials have been carried
out as one of the main PIEs at the RHL.
After that, further improvement makes the RHL a versatile beta-

gamma hot cell facility. The latest floor layout of the facility is

_27
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shown in Fig. 1. Main specifications of these cells, and available
techniques and equipments to the PIE in each cell are shown in Table 1
and Table 2, respectively. Figure 2 shows the relative use of the hot
cells by JAERI and external organizations in Japan. The utilization
for LWRs' safety-related tests including both of fuels and pressure
vessel materials accounted for 43.7%, and for the high temperature gas
cooled test reactor (HTTR) program for 30%Z. The results of FIE on
these program were reported elsewhere.

Because new research and technology needs to the hot cell facility
are increasing, to satisfy these needs, re-extension and improvement

of the facility have being considered presently.

4. The Reactor Fuel Examination Facility (RFEF)S’“’S)

When LWRs were introduced in Japan, it was a matter of concern
that the integrity éf the fuel assembly throughout its whole life shall
be verified by PIE. However, the RHL has not capability to treat full-
size commercial LWR fuel assembly, construction of another hot cell
facility at JAERI Tokai was decided in 1974, and the new facility RFER
started its operation in 1975.

Layout of the RFER is shown in Fig. 3. A storage pool, 6 beta-
gamma concrete cells with 3 lead cells, 2 alpha-gamma concrete cells
with 2 lead cells are located at the first floor. Main specifications
and functions of these cells are shown in Table 3. Major advantages of
the beta-gamma cells are capability to receive, store, handle, disassemble
and re-assemble full-length of LWR fuel assembly and to carry out non-
destructive examination for full-length fuel rods with vertical locatiom.
And also, the RFEF has JAERI's first alpha-gamma concrete cells for the
PIE of advanced fast breeder reactor (FBR)} fuel under development,

Fuel assemblies irradiated in power reactors are shipped to the
RFEF using a special transfer cask for PIE. The fuel assembly is first
inspected in the pool and cell No. 1, then disassembled in the cell
" No. 3. After fuel rod cutting, detailed destructive examinations such
as metallurgical, mechanical property and analytical PIE for pellets and
cladding tube specimens are carried out. These PIE flow is shown in Fig. 4.
Following the PIEs, fuel rods are re-assembled and sent to a reprocessing

" plant at Power Reactor and Nuclear Fuel Development Corporation (PNC)

4.3_
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in Tokai-mura.
So far, PIEs of 2 BWR, 6 PWR and 2 Fugen (ATR) fuel assemblies,
and some gadolinia bearing and high burnup of 48 GWd/t fuel rods have

been performed successfully as shown in Table 4.

5. The Waste Safety Testing Facility (_WASTEF)B)

The safety on the long-term storage and disposal of high level
waste is one of the most important part in nuclear safety. It has
decided that high level waste (HLW) from fuel reprocessing plant is
vitrified to solid waste, and will be storaged in deep underground in
Japan. Behavior of radioactive substances released from the solid
wastes in long-term storage and disposal condition is most important
parameter on safety evaluation to this method, and it has to be estimate
accurately. Construction of the WASTEF focusing on these experimental
items was started in 1978. The facility is composed of 3 beta-gamma
concrete cells for solidification and sampling, and 2 alpha-gamma
concrete cells, 1 lead cell and 4 glove boxes feor experiment and analyses.
Layout of the facility is shown in Fig. 5. Main items of the examination
are vitrification, radivactivity balance, homogeneity, alpha radio-
activity stability, volatility, leachability and devitrification tests.
These tests have been carried out since 1982,

To date, more than 40 HLW vitrified samples have been produced.
Following the vitrification test, samples were provided for testing on
characterization of HLW glass forms, and release behavior of radiocactive
substances under storage and disposal conditions. Tn addition, an
accelerated alpha radiation stability test continues in connection with
characterization of returnable forms from oversea reprocessing.

Figure 6 shows a typical test result on release behavior of 134Cs

into the plenum of a canister from a vitrified glass for evaluation of

safety in a storage condition.

6. "~ Summary

Hot Laboratories in JAERI Tokai are outlined their specificatioms,

functions and their current activities. The sphere of PIE activities
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in these facilities are continued extending to R & D on LWR, HTTR,

fusion reactor and high level waste management. As a versatile PIE
facility, the RHL continues PIE on variety of very high radiocactive
samples such as fuels and materials for research and test reactors,

LWR, HTTR, and fusion reactor materials. The RFEF does PIE works on

the high burnup and advanced fuel performance for LWRs in Japan. The

WASTEF does work for safety research on long-term storage and disposal

of high level waste.
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Table 1 Specification of hot cells in the RHL
s fcells Inside Dimension Narber of Kindoas | Garma-Shielding | Gamma—Capacity
e ol e Wx DX Him) *1 %1 (TBa)
Clean 10 X268 x4.2 3 nagnetite 3,700
corcrete
Dirty 12 X265 x4.2 4 3700
density 3.5g/cc
Storage 4.4 X286 x4.2 2 tickness 100cm 3,700
Kaintenance 3,0 x26 xd.2 1 3,700
Kata!lurgy 24 xX2.4 X410 3 ragnetits 1. 100
ABC 3 cells corcrets
Ketaliurgy D 4,0 X2 4 x4.4 2 density 3.50/cc 1. 850
tickness 100an
Chemistry 24 X200 %38 F3 370
2cealls
U {1~1.63x11 %1 12 Lead
Nel~12 i2 cells Hal~4 :25n 370
Ho 5 ~12 1 1Tcm 18.5
Stesl Nol~8 1.5 ®1,3 x2.3 § Lead  1lkem 0,183
Jnior L1 x10 X1,0 14 Leag  15em 18.5
14 cells
Semi-hot . [ (1.0~1.2)X0.8 4 Lead  10cm 0, 185
®(1L0~1.2}
SE 21 X1,3 x1.2 2 Lead  15cm 18,5
%1, Windon means morking position far P 1 E.
#2. All of cells are non-gas tight (- reells).
Table 2 Available PIE items in the RHL
Namo of Calls {tems of Post-irradistion Examination
Storage Leading. Unloading. Storage
Clean NDE : Yisval inspection. Dimension measurement, X-ray radiogaphy
Dirty Dismantling {fuel eloments. Capsules)
Kas1o dispesal: Cutting. Conoressing.  Packeqing
Maintenanco | Decomtaminatien and repair of eauipment
Cz2l1A] Dismantling. Storage Cef1B + €] Tensile test (Max. 1500 C),
Metallurgy  [[CelT] Gama-scarning. Yisual Inspection
Creep test {max. 900°C) Feidhirg
«Fission gas collection (Purcture)
Chemistry »Eilectrolytic deconsalidation and acid leaching
- Dissolution of fuol far bunrn-up dotamination
U Hetallography and its preparation mork @ Saspling.  Mountirg,  Polishing,
Ho1~12 fiching, Optical micrography. Auteradicgrachy, Hardness test, elc,
Steel Tensile and Cororessive test. Instrumented impact test.
Not~8 Fracture toughness test
SE SEM Observation.  X-ray microanalysis
Jnior and | VYisval inspection  X-ray microradiegraphy  X-ray diffraction
Seni-hot Comoression test and Yery high tomerature heating of coated particle fuel
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Table 3 Specification and function of hot cells in the RFEF

Cell or Pocl | Insida Shielding | Ho.of Window | Max. Actlvity Functiion
Dimension{m) Katl (em) (TBa)l
10x6 x15.5 Loading, Storage, Carry out Assy.or fuel rod
Pool (Depii) 2, 6x10" to / from Call Ho.l via, canal.
¥lsual Inspactien. Radiatlon Measurement
¥xDxH 12¢ (High B Assy: ¥lsua! Inspn. & Photoa., Motroiogy,
Ho, 1 | B.5x 3 x 2.6 Density 3. 0xl0? Temp. Measurement, Da-cruding

Congretel} Rod: ¥isual Imepn. & Photo., Profilometory
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