
Finally, the KFA-JUllch plana a concentration of HTR-projects and 
capacities within the framework of a new directive in the priori
ties of Its research programme. Activities on safety techniques 
and waste disposal form the priorities in the programme In the 
HTR-field. The traditional institutes for reactor technology and 
research into safety were integrated Into a new Institute for re
search Into safety and reactor technology. 

In 1989, the financing of the overall project was thu responsibi
lity of industry, UMFT, NRW-MNHT and the Research Centre JUllch. 

Industry undertakes and provides the finances for planning work 
for follow-on plants, the drawing up of documents for assessing 
safety as well as numerous activities connected with marketing. 

In 1990, BMFT supports about 70 individual projects in industry, 
engineering companies and research institutes. These cost a total 
of 120 mill. DM in 1990 and the next years. Por an average support 
rate of SO %, support grants amount to 7 2 mill. DM, of which 
24,S mill. DM were paid out for projects being carried out in 
1990. Support rates for RSD projects In Industry are calculated 
individually according to criteria of research policy. 

Since support for new developments in the field of nuclear energy 
has been stopped in the state of Northrhine Nestfalla, activities 
supported by NRH-MNHT are limited to R&D projects started in pre
vious years which are now coning to an end. These involve the de
velopment of HTR-components and materials for the generation of 
process heat. Grants amounting to about 8 mill. DM were given out 
for these projects in 1990. 
Additional payments are made for work specifically for the HTR at 
the Research Centre Jiilich. 
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STATUS OF THE HTGR DEVELOPMENT PROGRAM IN JAPAN 

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

Abstract 

According to the revision of Long-term Program for Development and 
Utilization of Nuclear Energy issued by Japanese Atomic Energy Commission, 
High Temperature Engineering Test Reactor (HTTR), which 1s a first HTGR 1n 
Japcn, will be constructed by Japan Atomic Energy Research Institute (JAERI) 
1n order to establish and upgrade the technology basis for an HTGR, serving at 
the same time as a potential tool for new and Innovative basic researches. 
The budget for the construction of the HTTR was approved by the Government and 
the JAERI now proceeds the construction design of the HTTR, focussing the 
first crltlcallty 1n the end of FY 1995. 

In order to establish and upgrade HTGR technology basis systematically 
and efficiently, and also to carry out Innovative basic researches on high 
temperature technologies, Japan will perform necessary R40 mainly at the JAERI 
as a leading organization of the R&D. In addition, 1n order to promote the 
RSD on HTGRs more efficiently, Japan will promote the existing International 
cooperation with the research organizations 1n foreign countries. 

1.INTRODUCTION 
It Is essentially Important 1n Japan, which has limited natural 

resources, to make efforts to obtain more reliable energy supply by extended 
use of high temperature heat from nuclear reactors. Hence, efforts are to be 
continuously devoted to establish and upgrade HTGR technologies and human 
resources accumulated so far. It 1s also expected that making basic 
researches at high temperature using an HTGR will contribute to innovative 
technologies 1n future. Then, the construction cf HTTR was decided by the 
JAERI and has been financially approved by the Govsrnment. 



2| The HTTR alms at establishing and upgrading the technology basis 
necessary for HTGRs, serving at the same time as a potential tool for new and 
innovative basic researches. 

This paper summarizes the H TTR Project in section 2, following research 
and development (R&D) for HTGRs in Japan and "inally the future prospects of 
international cooperation is described in brief. 

2.HTTR PROJECT 
The HTTR project was initiated in 1987 according to the Long-term 

Program for Development and Utilization of Nuclear Energy, As the leading 
organization of the R&D on HTGRs, the OAERI will play a key role to construct 
and operate the HTTR, and now proceeds the construction design of the HTTR. 
The main objectives of the HTTR are as fellows: 

l)To establish basic technologies for future advanced HTGRs, 
2)To serve as an irradiation test reactor in order to promote innovative 
high temperature new frontier technologies. 
The outline of the HTTR design and the time schedule are given in brief 

in this section, 

2.1 Outline of HTTR Design 
The HTTR consists of a core of 30MWt, a main cooling circuit, an 

auxiliary cooling circuit and related components. The reactor pressure vessel 
coi.tains the core, graphite reflectors, metallic core structures and radial 
restraining devices as shown in Fig.l. The major specification 1s listed 1n 
Table 1. 

The HTTR is graphite-moderated, helium gas-cooled with hexagonal fuel 
elements. A st .ndard fuel element is made up of fuel rods and a hexagonal 
graphite block. The fuel consists of TRISO coated particles of low enriched 
uranium dioxide. The structure of fuel element 1s presented in Fig.2. 

There are three important items from a viewpoint of reactor safety in 
accidental conditions. These are as follows: 

l)to shut down the reactor, 
2)to remove residual heat, and 
3)to contain radioactive materials. 

As for item 1), two independent and diverse reactor shut-down systems are 
provided in the HTTR, a control rod system for a normal shutdown and a backup 
shutdown system in case of co'trol rod system out of functioning. 

Control rod 

Reactor pressure 
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Main coolant 
outlet pipe 

Auxiliary coolant 
outlet pipe 

—Stand pipe 

Permanent 
reflector 

Aeplactabla 
reflector 

Hot plenum 
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Thermal 
Intulator 

Support plate 

•"-Coolant flow 

F i l l Reactor v e s s e l and core . 

TABLE 1. MAJOR HTTR SPECIFICATIONS 

Reactor thermal output 
Outlet coolant temperature 
Inlet coolant temperature 
Fuel 
Fuel element type 
Direction of coolant flow 
Pressure vessel 
Number of main cooling loop 
Heat transmission 
Primary coolant pressure 
Containment type 
Plant lifetime 

30MW 
850°C / 950°C 
395°C 
Low enriched UO^ 
Prismatic block 
Downward-flow 
Steel 
1 
IHX and PWC(parallel loaded) 
4MPa 
Steel containment 
20 years 
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Fig.2 Structure of HTTR fuel clement. 
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As concerns the removal of decay heat, an auxiliary cooling system is 
normally provided, while the reactor vessel cooling system is provided in a 
depressurization accident or an inner pipe break accident where the auxiliary 
cooling system is not available. 

The containment vessel is provided in the HTTR to contain radioactive 
materials specifically for accidents like pipe rupture in the primary circuit 
although the coated fuel particle is reliable barrier of fission product 
release. 

2.2 Tine Schedule 
The JAERI had completed the detailed design of the HTTR based on R&D 

results accumulated in Japan along with the environmental survey at Oarai 
Research Establishment of the JAERI as an HTTR site. 

The budget for the construction of the HTTR was finally approved by the 
Government in January 1989 and the JAERI submitted the safety analysis report 
of the HTTR to the Science and Technology Agency (STA) for the safety review 
by the Government on February 10 1989, which was approved in the end of 1989. 
Aftei that, the safety review by Nuclear Safety Commission (NSC) follows it, 
and has been almost finished. 

In parallel, the graphite structural design code and high temperature 
structural design code have been developed by the JAERI, and the review by the 
STA is underway and will be finished within this year In time the coming 
installation permit. The inspection criteria for the fuel and the graphite 
components have also been established by the JAERI and will be authorised by 
the STA 1n the end of FY 1990. 

The installation permit will be Issued in the end of 1990 just after the 
safety review approved by the NSC and it will take about five years for the 
construction of the HTTR plant. The first reactor crlticaHty will be 
attained 1n the end of FY 1995. 

A draft schedule of the HTTR construction Is shown in Flg.4. The first 
reactor critlcaHty is expected to be attained In the end of FY 1995 and the 
operation in Phase I will last several years 1n order to conduct normal 
operation under outlet coolant temperature of 850°C, high temperature test 
operation under outlet coolant temperature of 950°C, material and fuel 
irradiation tests and safety demonstration tests. 

During the operation of Phase I, a heat utilization system is planned to 
be connected to the HTTR. Candidates of the heat utilization are the hydrog; i 
production by IS process, the hydrogen production by high temperature 
electrolysis of water and the steam reforming. The detail of the heat 
utilization system will be determined in a few years based on the evaluation 
program which 1s in progress at the JAERI. After that, a mock-up test of the 
selected heat utilization system will be carried out using HENDEL (Helium 
Engineering Demonstration Loop) before the demonstration test 1n the HTTR. 

As for Improvement of core performance, reactor outlet coolant 
temperature 950°C, power density 5-10W/cm3, fuel burnup about 100GWD/T are 



n« n 1981 :. 1989 1990 : 1991i 1992 i 1993 i 1994 1995i 1998 i 199? i 1998 1999i 2000 

Dfliin 

Safety Revie» 

Deaign Codes t 
Inapection Criteria 

Coastruct ion 

Operation 

Heat Uli1 na t ion 
F a c i l i t i e s 

Development of 
Advanced Fuel 

: : ; 

Comnij'jioninj Tei t'a 

Phase U 

._ ! A 

Dfliin 

Safety Revie» 

Deaign Codes t 
Inapection Criteria 

Coastruct ion 

Operation 

Heat Uli1 na t ion 
F a c i l i t i e s 

Development of 
Advanced Fuel 

1 Construction Design 

Comnij'jioninj Tei t'a 

Phase U 

._ ! A 

Dfliin 

Safety Revie» 

Deaign Codes t 
Inapection Criteria 

Coastruct ion 

Operation 

Heat Uli1 na t ion 
F a c i l i t i e s 

Development of 
Advanced Fuel 

V S u t m i i u i of Safety Report 

L 1 \ i 
by STA : by NSC : \ 

Comnij'jioninj Tei t'a 

Phase U 

._ ! A 

Dfliin 

Safety Revie» 

Deaign Codes t 
Inapection Criteria 

Coastruct ion 

Operation 

Heat Uli1 na t ion 
F a c i l i t i e s 

Development of 
Advanced Fuel 

Pre 1 minary | \ rFinal revie* by STA 

Comnij'jioninj Tei t'a 

Phase U 

._ ! A 

Dfliin 

Safety Revie» 

Deaign Codes t 
Inapection Criteria 

Coastruct ion 

Operation 

Heat Uli1 na t ion 
F a c i l i t i e s 

Development of 
Advanced Fuel 

rFinal revie* by STA 

Comnij'jioninj Tei t'a 

Phase U 

._ ! A 

Dfliin 

Safety Revie» 

Deaign Codes t 
Inapection Criteria 

Coastruct ion 

Operation 

Heat Uli1 na t ion 
F a c i l i t i e s 

Development of 
Advanced Fuel 

I I i ; ; 
Tei t'a 

Phase U 

._ ! A 

Dfliin 

Safety Revie» 

Deaign Codes t 
Inapection Criteria 

Coastruct ion 

Operation 

Heat Uli1 na t ion 
F a c i l i t i e s 

Development of 
Advanced Fuel 

; First Crit ic 

Korku 
at HE 

a l l t y i r Phase I 
Phase U 

._ ! A 

Dfliin 

Safety Revie» 

Deaign Codes t 
Inapection Criteria 

Coastruct ion 

Operation 

Heat Uli1 na t ion 
F a c i l i t i e s 

Development of 
Advanced Fuel 

; First Crit ic 

Korku 
at HE 

L j - v . 

Dfliin 

Safety Revie» 

Deaign Codes t 
Inapection Criteria 

Coastruct ion 

Operation 

Heat Uli1 na t ion 
F a c i l i t i e s 

Development of 
Advanced Fuel 

; First Crit ic 

Korku 
at HE 

p test; : 
NDEl j | 

Dcaonstraiion Test 
! ; at IITTR 

Dfliin 

Safety Revie» 

Deaign Codes t 
Inapection Criteria 

Coastruct ion 

Operation 

Heat Uli1 na t ion 
F a c i l i t i e s 

Development of 
Advanced Fuel 

Dc 
il 1 " " ~->. 

Dcaonstraiion Test 
! ; at IITTR 

Dfliin 

Safety Revie» 

Deaign Codes t 
Inapection Criteria 

Coastruct ion 

Operation 

Heat Uli1 na t ion 
F a c i l i t i e s 

Development of 
Advanced Fuel 

Dc terminal ion of System ! j Construction ' 
: Advanced Core 

Dfliin 

Safety Revie» 

Deaign Codes t 
Inapection Criteria 

Coastruct ion 

Operation 

Heat Uli1 na t ion 
F a c i l i t i e s 

Development of 
Advanced Fuel 

R k D i Test at IITTR ^ \ 

Dfliin 

Safety Revie» 

Deaign Codes t 
Inapection Criteria 

Coastruct ion 

Operation 

Heat Uli1 na t ion 
F a c i l i t i e s 

Development of 
Advanced Fuel 

F i g - 4 S c h e d u l e o f t h e H T T R p r o j e c t ( D r a f t ) . 

expected as targets of an advanced core of the HTTR. The advances of the HTTR 
core will be attained mainly by advanced fuel elements to be developed through 
the basic technology R&D. The development of the advanced fuel elements will 
be concentrated on optimization of the design of the coated particles. 
Improvement of fuel compact fabrication process, and development of ZrC 
coating layer and monolithic fuel rods in several years, where in-pile test 
data using OGL-1 (Oarai Gas Loop-1) at JMTR and other test facilities will be 
accumulated. Subsequently, the irradiation test will be scheduled in the HTTR 
before the installation of the fuel as HTTR driver fuel. Therefore, the 
advanced fuel element will be employed in the HTTR core in Phase II. 

3.RESEARCH AND DEVELOPMENT 
The RSO on HTG9s have been performed since 1969 mainly by the JAERI as a 

leading organization in Japan. The R&D have covered all fields necessary for 
the reactor construction, that is, fields of fuel, materials such as graphite 
and heat-resistant alloys, reactor engineering such as reactor physics, 
thermal-hydraulics and instrumentation & control, high temperature helium 

technologies and also nuclear heat utilization technologies like hydrogen 
production. These works have been performed by using large scale test 
facilities such as OGL-1 at JMTR for fuel and material irradiation, VHTRC 
(Very High Temperature Reactor Critical Assembly) for reactor physics 
experiments and HENDEL for demonstration tests of high temperature components 
as well as small scale test facilities. The R&D for the coming HTTR has been 
completed from a licensing point of view and some of the R&D 1s succeeded by 
the future advanced HTGR projects as new and innovative basic researches. 

For utilization of hi.,'* temperature heat of HTGRs, several hydrogen 
production process such as thermo-chemical process, high temperature 
electrolysis and steam reforming process have been studied at the JAERI. 
Pilot plant tests of heat utilization system using developed material and 
components is to be conducted at HENDEL. Then, the verification test by 
supplying high temperature heat of about 900°C is to be performed by 
connecting the system to the HTTR through the Intermediate heat exchanger In 
the near future, as stated 1n section 2.2. 

The R&D using the HTTR is also scheduled In a wide range to establish 
the technology basis on HTGRs such as study on nuclear and thermal-hydraulic 
characteristics and overall performance of high temperature components, to 
upgrade present HTGR technologies such as developments of advanced fuel and 
graphite, to establish high temperature nuclear heat process application 
technologies such as hydrogen production and to research innovative high 
temperature technology such as R&D on material development, nuclear fusion 
reactor and radiation chemistry. 

Major results 1n the R&D conducted and the R&D subjects for the future 
HTGRs are summarized in Table 2 and Table 3, respectively. 

4.0THER ACTIVITIES 
Besides the activities mentioned above. Research Association on High 

Temperature Gas Cooled Reactor Plant, which 1s non-governmental organization, 
was set up in 1985. They had reviewed and surveyed on the various aspects of 
the HTGR plants In the first three years, Phase I, after the set up of the 
association. In the following fiscal year of 1988 In Phase II, based on the 
Phase I studies, they entered the viability assessment study on the HTGR Power 
Plant in Japan under the various environments Imposed on the nuclear 
dt'elopment 1n Japan such as extremely limited siting areas or very severe 



TABLE 2. MAJOR R&D RESULTS ON HTTR 

Iteejs WD results 
( . Instrumentation and control 

' Instrumentation 'Development of high-teaperature thermo
couples (1000 - 1300°C) 

•Development of FFD and FP monitoring 
system 

•Control -Development of VHTR control method 
•Establishment of diagnostic technology 

S.High-temperature helium 
technology 

6.Heat utilization technology 

•Construction of HEN0F.I 
- operation at 400 - 1000°C for 15,000hrs 

(Integral) 
- demonstration of various components 

Integrity 
•Construction of fuel stack test section 

- themal-hydrauHc data 
•Construction of In-core structure test 

section 
- fabricateHty aid Integrity of in-iore 

structures 
- cross-floe data 
•Oevelopieent of hydrogen production 
technology 
- thermo-chemlcal process (Iodine-Sulfur 
process) 

bench-scale test underway 
- high teaperature electrolysis 

neterlal selection of solid 
electrolysis and electrodes 

- steam reforming of methane 
fundamental design of system 

Itc 
l.Fael 

K M results 
•Est blishaent of HT6R fuel fabrication 
(TOOkg-U/y) 
•Irradiation data (JKTR/0SL-1) 

Teaperature : 1050 - 1900°C 
turnup : S0GU0/T (aax) 

?.Materials 
•Graphite (core) 

•Graphite (support structure) 

•Carbon Material (insulator) 

•Heat resistant alloys 

•RPV material 

?.Reactor physics 

•Development of IG-110 
•Irradiation creep data (JMTR, HFR) 

Teaperature : 500 - 1200°C 
Neutron fluence : ««10*'n/ea* (m*») 

•PGX Irradiation data (JrTTR. HFR) 
- corrosion, physical properties, 
mechanical strength, etc. 

Temperature : 500 - 1?00°C 
Neutron fluence : lulO^n/ca 2 (max) 

-ASR-0R8 data 
- physical properties, mechanical 
strength, etc. 

•Development of Haste!loy XR 
- corrosion data 

800 - 1000°C, M.OOOhrs (ma») 
- creep data 
•? 1/aCr-lHo steel data 
- mechanical strength, toughness 

Temperature 
Neutron fluence : 10 , B - Z.lO^n/ca 2 

•Construction of VHTRC 
•Integration of physical data 
- critical mass, control rod north, 

reactivity coefficient, etc. 



32 TABLE 3. HTGR R&D PROGRAM 

1.HTGR technology basis 
(l)Fundamental tests on reactor system 
(2)Nuclear and thermal-hydraulic characteristics 
(3)Plant dynamics, operation ind control 
(4)0verall performance of high-temperature components 
(5)FP release behavior and related items 
(6)0peration and maintenance of the plant and long-term 

continuous operation 
2.Upgrading present HTGR technologies 

(l)Basic technologies 
- Coated particle fuel 
- Fuel element 
- Graphite materials 
- Heat resistant materials for hot gas piping and 

high-temperature components 
(2)Core performance 
(3)High-temperature nuclear heat application technology 

and improvement of thermal efficiency 
(4)Passive safety technology 

3.Innovative basic research on high-temperature technology 
(l)RSD on nuclear fusion reactor 
(2)R&D on radiation chemistry 
(3)0thers 

seismic conditions. In the work of Phase II, they have discussed on the 
clarification of the mechanisms of the inherent characteristics of the passive 
safety and on the development of a scenario on introduction of HTGR plant in 
Japan. 

5.INTERNATIONAL COOPERATION 
In order to promote the R&D on HTGRs more efficiently, Japan has 

international cooperation with the research organizations mainly in Federal 
Republic of Germany (FRG), United States of America (USA), People's Republic 
of China (PRO and IAEA as shown in Fig.5. 
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F i g . 5 S c h e m e o f i n t e r n a t i o n a l c o o p e r a t i o n . 

For the e f f i c i e n t prosecut ion of the R&D on HTGRs in Japan, i t is 
important to introduce foreign experiences and technologies and to promote 
internat ional cooperation by o f fe r ing Japanese technologies. As for future 
prospects of internat ional cooperation, the fol lowing are envisaged. 

l)Based on the domestic technolog ies and the r e s u l t s of R&D, i t i s 
essen t ia l to e s t a b l i s h technology basis by ourselves through the 
construction and operation of the HTTR. I t is also necessary to make 
e f f e c t i v e u t i l i z a t i o n of fo re ign technologies under i n t e r n a t i o n a l 
cooperation with forward countries such as the FRG and the USA. In 
addi t ion, Japan considers that i t is appropriate to upgrade the HTGR 
technologies based on our own technologies and to o f fer them overseas. 

2)The HTTR can be used for i r rad ia t i on tests of large sized specimens at 
high temperatures and also for an i n t e r n a t i o n a l i r r a d i a t i o n t e s t 
f a c i l i t y for HTGR fue ls , graphite, heat res istant mater ials, ceramics, 
etc. Moreover, the HTTR is a unique research f a c i l i t y from a viewpoint 
of supply ing h igh temperature heat of about 900°C at e x i t of the 
in termediate heat exchanger and is expected to be served as an 
i n t e r n a t i o n a l j o i n t research f a c i l i t y of nuclear heat u t i l i z a t i o n 
system. 



3)1 f the HTGR technology basis is established, small and medium sized 
reactors with inherent safety peculiar to the HTGRs are to be realized. 
Japan is. therefore, willing to transfer the results of RSD to other 
countries, which need them, under the agreement of the appropriate RSD 
international cooperation. 

6.C0NCLU0ING REMARKS 
The HT P r has a superior performance supplying high temperature heat and 

having high triermal efficiency, inherent safety characteristics and high fuel 
burnup. To promote the HTGR program in Japan under the recognition of present 
status of circumstances around the HTGR, the HTTR project has been initiated 
in 1987 according to the Long-term Program for Development and Utilization of 
Nuclear Energy, which has recommended that Japan should proceed with the 
development of more advanced new technologies for the future. As the leading 
organization of the RSD on HTGRs, the JAERI will play a key role to construct 
and operate the HTTR, carry out the RSO to establish and upgrade HTGR 
technology basis in cooperation not only with universities, industries, 
national research institutes in Japan but also with the research organizations 
in foreign countries such as the FRG, PRC, USA, IAEA, etc. 

Furthermore, the HTTR should be most utilized for upgrading present HTGR 
technologies, conducting innovative basic research on high temperature 
technologies, establishing high temperature nuclear heat application 
technology and improving thermal efficiency. 
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