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ABSTRACT

Efforts are to be continuously devoted to establish and upgrade HTGR
technology in the world. Japan Atomic Energy Research Institute (JAERI) has
conducted the R&D of HTGRs since the 1960's in Japan, focusing on mainly the
construction of High Temperature engineering Test Reactor (HTTR) which is an HTGR
with a maximum helium gas temperature of 950 °C at the reactor outlet and HTGR
utilization systems. The HTTR achieved first criticality on November 10, 1998 and will
restart from January in 2001.

In the R&D program of HTGR utilization systems, JAERI has conducted
hydrogen production systems with HTGR to demonstrate the applicability of nuclear
heat for extensive energy demands besides the electric power generation. JAERI has
developed a hydrogen production system by steam reforming process of natural gas
using nuclear heat supplied from the HTTR. Prior to the demonstration test of HTTR
hydrogen production system, a 1/30-scale out-of-pile test facility is under construction
for safety review and detailed design of the system. The out-of-pile test facility will be
started in 2001 and will be continued about 4 years. The hydrogen permeation and
corrosion tests have been carried out since 1997. Check and review for the
demonstration program in the HTTRhydrogen production system will be made in 2001.
Then the HTTR hydrogen production system is scheduled to be constructed from 2003
and demonstratively operated from around 2006.

In parallel with the R&D of the HTTR hydrogen production system, hydrogen
production method by thermochemical water splitting, so-called IS process, has been
studied in JAERI. The IS process is placed as one of future candidates of the heat
utilization systems of the HTTR following the steam reforming system. Continuous and
stoichiometric production of hydrogen and oxygen for 48 hours was successfully
achieved with a laboratory-scale apparatus mainly made of glass. Following this
achievement, the study has been continued with a larger-scale apparatus with 0.05 m3/h.
The apparatus has been constructed from 1999 and the test will be initiated in 2001.
In addition, the feasibility study of high temperature gas turbine system has been
conducted to obtain a promising concept of the system which has high thermal
efficiency and is economically competitive in JAERI. In the study, the net thermal
efficiency is estimated to be around 47% for a 600 MWt power generation plant.

In addition the R&D in JAERI, the activities ofHTGR have been made by study
groups in Japan. These study groups have actively investigated possibility of
commercial HTGRs: a working group of the "Future Perspective on' Nuclear
Application" under the Committee on Nuclear Heat Application of Japan Atomic.
Industrial Forum (JMF), an activity by Research Associationo'f HTGR Plant (Mill)
and so on.
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INTRODUCTION
In order to relax the global warming issue, that is, to reduce CO2 emission, new

energy resource/carrier and technologies for these are required to be developed at

present. Nuclear energy is able to satisfy a large amounJ;. o~ energy demands without

significant CO2 emission. High Temperature Gas-cooled Reactors (HTGRs), which

have many outstanding safety features, can produce a very high outlet temperature as

high as 1000. HTGRs can, therefore, generate electricity with high thermal efficienc":( of

about 50%. In addition, the nuclear heat with high temperature such a 1000 °C is

possibly used in the non-electric field, because it can cover the region of 60-70% to all

kind of industries. Then, HTGRs can supply nuclear energy to both electric and non-

electric fields, and can contribute to reduction of CO2 emission.

Japan Atomic Energy Research Institute (JAERI) has constructed a 30 MWt

HTGR with a reactor outlet coolant temperature of 950 °C, named HTTR (High

Temperature engineering Test Reactor), to develop technology and to demonstrate

effectiveness of high temperature nuclear heat utilization. Fuel loading to the HTTR

core was started in July 1998 and the first criticality of the HTTR was attained on

November 10, 1998 (1). Fuel were column-wise loaded from the outer fuel column to the

inner one and 19 of the total 30 fuel columns at the criticality. After the criticality,.the

other inner fuel columns were filled in to give the full size core by December 1998.

After that, the rise to power tests were conducted. During the tests, the reactor had two

automatic shutdowns by signal due to malfunction of gas circulator control and measure

systems in October, 1999 r.nd July 2000. The rise to power tests will restart in January

2001 and the HTTR will be expected to attain in the full power by the spring of 2001.

Then, 

the reactor will start to normal operation from 2002 to conduct various tests such

as evaluation of reactor performance and safety demonstration tests. After these tests, a

high~temperature nuclear heat utilization system is planned to be connected with the

HTTR from around 2003.

A hydrogen production system is considered as one of the leading nuclear heat

utilization systems in non-electric field because hydrogen has superior characteristics as

energy carrier/source. If combustion of fossil fuels would not be allowed because of

reducing CO2 emission, an altemativefuel to obtain heat energy with high temperature



Prosiding Seminar ke-5 Reaktor Temperatur Tinggi
Yogyakarta, 22 Nopember 2000 ISSN : 0854 -8803

is only hydrogen which burns to become water. Its demand is estimated to increase in

future.

Th~ R&D program of hydrogen production systems connected to HTGRs has

been proceeded in JAERl. The one of systems is a hydrogen production system by

steam reforming of natural gas using the HTTR. The reason why the steam reforming is

selected is its technology has already matured in existing fossil-fired plants. The

objective of this program is to demonstrate the applicability of nuclear heat to the other

energy demands than the electric power generation. The program is entrusted from the

Science and Technology Agency (STA) of Japanese government. As one of the other

possible hydrogen systems, JAERI has been carrying out study of an iodine-sulfur (IS)

process of a kind of thermochemical method for hydrogen production by means of

water splitting. The basic study on the IS process has just succeeded in a laboratory-

scale test, then the study goes forward to an large-scale test as a next step by the same

support from the ST A

On the other hand, substantial developments have been made in medium and

small sized HTGR with gas turbine power generation systems in the last decade, as

represented in south Mrican Pebble Bed Modular Reactor (PBMR) and US-Russian

Gas Turbine Modular Helium Reactor (GT -MHR) projects. These HTGR systems are

made the best use of attractive features of inherent safety and cost competitiveness.

Corresponding to the recent circumstances, studies related to HTGR systems have been

made in Japan; feasibility study in JAERI, activity in study group of Japan Atomic

Industry Forum (JAIF), study in Research Association of HTGR Plant (RAHP) and so

on.

The paper describes the present status of the R&D program of HTGR utilization

systems including activities of study of HTGR gas turbine power generation system in

Japan.

Hydrogen Production System Connected with HTGRs

In a preliminary design conducted from 1990 through 1996, a framework and

key design of the HTTR steam reforming plant had been developed. On the basis of the

results, a conceptual design of the HTTR hydrogen production system by a steam.

reforming process was carried out from 1997 to 2000. Prior to constructing the HTTR

3
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hydrogen production system, an out-of-pile test facility has been constructed and "the

out-of-pile test will be started in 2001 to confirm safety, controllability and performance

of the steam reforming system under simulated HTTR operational conditions. The out-

of-pile test facility is an approximately 1/30 scale of the HTTR hydrogen production

system and simulates key components downstream from an intermediate heat exchanger

(IHX). Furthermore, two component tests; a hydrogen permeaton test and a corrosion

test of catalyst tube of a steam reformer (SR) has been carried out to obtain data

necessary for the design of the HTTR hydrogen production system

Design of HTTR Hydrogen Production System

The HTTR hydrogen production system using a steam reforming of natural.gas

has been designed to demonstrate the nuclear heat utilization for the first time in the

world. The main items of the demonstration tests are to show high efficiency of nuclear

heat utilization, high hydrogen productivity competitive to that of a fossil-fired plant,

easy operability, controllability and safety acceptable enough to commercialization.

Figure 1 shows an arrangement of the main components. The HTTR can supply a

nuclear heat of 30 MW with 950 °C to parallel-loaded two heat exchangers in the

reactor cooling loop, namely the IHX of 10 MW at the rated heat exchanging rate and a

pressurized water cooler of the remaining 20 MW. The nuclear heat of 10 MW

transferred from the rnx to the secondary helium loop is utilized for producing

hydrogen. The key concept was already developed as follows:

(1) Improvement of steam reformer to enhance hydrogen productivity

Since the steam reforming conditions in the HTTR are higher pressure of 4.5 MPa

and lower temperature of 800 °C comparing with 1-3 MPa and 850-900 °C in

existing fossil-fired plants, the lower hydrogen productivity is forecasted in

comparison with a fossil-fired plant. The following improvement are, therefore,

introduced to the SR to increase hydrogen productivity of around 4000 Nm3/h as

much as that of the existing plants

1) To increase heat input into the reforming process gas which flows in catalyst

tubes,

.1
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To increase a reaction temperature, that is, a process gas temperature at the outlet

of catalyst zone in the catalyst tube, and,

3) To optimize a process gas composition of a steam and a natural gas so as to

enhance the reforming rate

These improvements attain a high hydrogen productivity and high thermal efficiency,

that is, a thermal energy utilization of 78% is competitive to that of a fissile-fired

plant of80-85%. A schematic view of the SR is shown in Fig. 2 (2). The technologies

improved here are applicable also to other HTGR hydrogen production systems

because those are essential for all chemical reactors of a heat exchanger type with

endothermic chemical reactions.

(2) Steam generator for stable controllability and as a safety barrier

A steam generator (SG) installed at downstream of the SR in the secondary helium

loop is designed to provide the stable controllability for any disturbance at the SR

due to the large capacity of the heat sink. In a thermal transient state that the helium

temperatures at the SR outlet and the SG inlet goes up by a malfunction in the

reforming process gas line, the helium temperature at the SG outlet can be kept

constant at the saturation temperature of steam in the SR. That is, the SG is utilized

to avoid a reactor scram due to a malfunction or accident at the reforming system.

The secondary helium gas is designed to be passively cooled only by the SG, using

natural convection of steam and condensed water between the SG and a radiator

installed above the SG. These passive cooling system by the SG is now under design

to meet safety requirements with reasonable configuration

(3) Safety barrier againstfirelexplosion

A functional or physical barrier is required to assure the safety of a nuclear and

public. The HTTR hydrogen production system has a potential possibility of two-

type fire/explosion of inflammable gas; namely, outside and inside of a reactor

building (RB). Against the fire/explosion outside the RB, it is reasonable to assure

integrity of safety items against a potential fire/explosion because a low possibility of

fire/explosion should be assumed. Against the fire/explosion inside the RB, however,

it is the principle to take safety measures to prevent occurrence offire/explo.sion. The

basic design concept is to limit the ingress of amount of explosive gases from the SR

through the secondary helium loop within an allowable value. A combination of
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isolation valves in a containment vessel and emergency shutoff valve in the process

gas feed line is effective to restrict the amount of a gas ingress.

Out-or-pile Test

Prior to constructin~ the HTTR hydrogen production system, an out-of-pile test

is required to confirm the safety, controllability and performance of the steam reforming

system under simulated the operational conditions. The facility of the out-of-pile test as

shown in Fig. 3 is an approximate 1/30 scale of the HTTR hydrogen production system

and simulates key components downstream from the IHX of the HTTR- It has an

hydrogen production ability of about 110 Nm3/H. Design specifications of the facility is

shown in Table 1. Schematic drawing of the SR is shown in Fig. 4. In the facility, one

bayonet-type catalyst tube made of Alloy 800H is installed in the SR while 30 catalyst

tubes made of Hastelloy XR will be installed in the HTTR system. Dimension of a

catalyst tube is approximately the same as that of the HTTR system. The main

objectives of the test are as follows:

1) To verify calculation codes for transient behavior of the HTTR hydrogen

production system,

2) To verify performance of high temperature components, such as the SR, SG,

catalyst tube and so on, including hydrogen productivity,

3) To establish operation and control technology so as not to give the reactor any

significant disturbance by some troubles at the reforming system.

The design and construction of the facility of the out-of-pile test have been carried

out since 1997, and the out-of -pile test will be performed from 2001 for 4 years.

Component tests

In parallel with the out-of-pile test described above, the following tests are

carried out to obtain detailed data for a safety review of the HTTR hydrogen production

system and development of calculation codes; a hydrogen permeation test and a

corrosion test.

(1) Hydrogen permeation test

Tritium produced in the HTTR core flows with the primary helium coolant to the

IHX, then permeates trough the Hastelloy XR tube of the IHX to the secondary

helium coolant and through the HasteUoy XR tube of the SR, at least, mixes with the
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process. The Hastelloy XR is a nickel-base, helium corrosion- and heat- resistance

super alloy developed for the HTTR in JAERI, Thus, while tritium produced in the

HTTRcore permeates in to the hydrogen production system, hydrogen in the product

gases also permeates in the opposite direction from the SR to the primary helium

coolant loop. therefore, hydrogen and tritium concentration in the process gas should

be calculated because tritium can not e perfectly removed by a purification system in

the HTTR. The objectives of the hydrogen permeation test are as follows:

1) To obtain the data of permeation coefficient in the very low tritium partial

pressure less than 10 Fa.

2) To examine the effect of mutual diffusion of hydrogen and the tritium in the hot

metal at the same time

3) To examine the effect of protection for hydrogen and tritium permeation by the

coating film on the reforming tube such as oxidation film, calorizing film and so

on

The basic data on the hydrogen and deuterium permeation has been obtained for the

Hastelloy XR tube. The effect of mutual diffusion is being examined at present.

(2) Corrosion test

The catalyst tube will made of the Hastelloy XR, whose strength in high

temperature is nearly equal to that of Alloy 800H. In order to verify the validity of the

structural design of the HTTR hydrogen production system, characteristics of corrosion

due to metal dusting and oxidation, and strength reduction due to hydrogen

embrittlement are evaluated in the corrosion gases such as C~ CO, H2O and H2

simulating the SR condition. Metallography and material tests on strength and creep are

in progress with test specimens exposed in the corrosive gases at temperature up to 900

°C.

Study of Hydrogen Production by Water Splitting

Hydrogen production from water using HTGRs is considered as an ideal method

JAERI has beenbecause CO2 emission is scarcely expected from the system.

conducting basic studies on a hydrogen production process on the IS process, which is a

kind of thermochemical methods for hydrogen production by water splitting, as a next

heat utilization system of the HTTR following the steam reforming system described

7
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above. The IS process utilizes plural chemical reactions and works like a chemical

engine to produce hydrogen by absorbing a high temperature heat with 800-900 °C

through endothermic decomposition of sulfuric acid (H2SO4) and dissipating low

temperature heat through exothermic reaction as shown in Fig. 5. The IS process

attractive features such that all the process chemicals are used in its fluid phase and the

endothermic sulfuric acid decomposition reaction proceeds stoichiometrically with large

entropy change. HTGRs supplies the high temperature heat for decomposing sulfuric

acid

JAERI's effort has so far been concentrated on providing the continues hydrogen

production by connecting the these chemical reactions. By acquiring physico-chemical

data related to the step of decomposition of sulfuric acid, it could be realized the

continuous and stoichiometric production of hydrogen and oxygen with a stable rate.

Figure 6 shows a result of the laboratory-scale test carried out. Stable production of

hydrogen of 0,00 I Nm3/h and oxygen of its half from water has been successfully made

in a closed process operated continuously for 48 hours. The result shows also the

stability of the process solution, the fluctuation of the iodine concentration in sulfuric

acid solution is also shown to be small.

At present, a decomposition using a scaled-up apparatus has been studied, where

the operating condition will be modified to realize the more efficient hydrogen

production. And an introduction of advances separation technologies, which includes

ceramic hydrogen separation membranes for efficient ill decomposition.i&,under study

to improve the process scheme. In parallel with these process studies, study ,of structural

material for further scaling up facility is in progress to meet the corrosive process

conditions, such as boiling sulfuric acid and SO2-S03-H20-02 gaseous mixture at

800°C As for the boiling sulfuric acid condition, iron-silicon alloys and silicon

impregnated SiC are the promising candidates from the viewpoint of corrosive

resistance. A large-scale apparatus with hydrogen production of 0.05 Nm3/h has been

constructed from 1999, and then the closed cycle test will be carried out for 4 years.

8
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Feasibility Study of HTGR Gas Turbine System

In JAERI, a feasibility study of Iigh

'emperature 

Gas

'urbine 

(HTGR-G'

system has been started January 1997, as an entrusted work by the STA. The objectives

of the study is to obtain a promising concept of HTGR-GT system which has a high

thermal efficiency and at the same time is economically competitive. Design of three

candidate plants have been conducted and their power generation cost will be evaluated

by the spring of 200 1. In parallel with design works, some experimental works such as a

fabrication of a plate-fin type heat exchanger core model, fabrication of C/C composite

discs for compressors and fission product filter tests have been carried out. A main part

of the study will be completed in 2000 except supplement improvement design efforts

in 2001. Conceptual designs of power plants with thermal capacity of600, 400 and 300

MWt has been carried out in cooperation with domestic nuclear makers (3).

Design

(1) Design of600MWtPIant

The block type fuel core was adopted because the more amount of power could

be generated than in a pebble-bed one and the design method is established based on the

experience of the HTTR. In the case, the maximum achievable power is expected to be

600 MWt to fabricate a steel reactor pressure vessel (RPV) which can satisfy a passive

cooling system. The reactor outlet gas temperature of 850 °C was considered to be

optimum from the trade off between the fuel temperature and the higher thermal

efficiency. And the inlet gas temperature of 460 °C was selected instead of cyclically

optimum 500 °C because the value is required to ease the RPV structural design by

establishing a sufficient material strength of 9Cr-IMo-V steel. The pressure of 6 MPa

was selected to restrict the weight of the RPV due to fabrication limit. The flow scheme

and mass and heat balance obtained are shown in Fig. 7. It is expected to achieve the net

thermal efficiency of 46. 7 % in the plant.

(2) Design of300MWtPlant

There are some needs for smaller size plants in the case of remote siting ~r the

cascade heat utilization due to cogeneration of both electric power and steam. In,

addition, it can be thought that the smaller plant size than 600 MWt may be more

Q
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competitive according to the mass and factory fabrications of standard modules. Then a

plant capacity of 300 MWt was considered. As there is a standard pebble-bed core

design of 200 MWt, the annulus core was employed in the plant. A pebble-bed core is

believed to be more effective than the block-fuel loading system and the

achievable reactor outlet gas temperature. Then, the temperature of 900 °C was

selected. The further increase of temperature has no advantage because of the

requirement of significant cooling for the turbine blade. By providing a thin thermal

insulation within the RPV, the reduction of RPV temperature is realized forihe modest

power density without sacrificing the passive cooling ability as a result of preliminary

survey. This structural concept, the temperature of RPV is kept less than 3500. It is

expected to achieve the net thermal efficiency of 45.7 % in the plant.

(3) Design of 400MWtPIant
As these results, the increase of reactor power from 300 MWt to 400 MWt is

judged to be possible. Then, the thermal output was adopted to improve the economic

aspect. Other specifications are quite similar to those for the 300 MWt plant design.

Trial Fabrication of Recuperator Model

In the above closed cycle gas turbine, the recuperator effectiveness of nearly 95

% is requested. The value is far challenging than the exist technology which is around

89 %. Then, the development was focussed on the fabrication of plate-fin heat

exchanger with extremely small fins. The target of 95 % can be expectediffor the heat

exchanger of reasonable size by using small fins of around 1 mm. A triaf fabrication of

a cubic model of 200 mm box with a fin height of1.2 mm was conducted. The pressure

and leakage tests have been finished successfully. By cutting it after these tests, the

sectional brazing appearance was examined and found to be satisfactory.

In the next stage, new program will start to establish a commercial HTGR~GT

system concept which can be constructed in 201 Os. The program contains conceptual

design and R&D of key components such as magnetic bearing, compressor, parts of

generator and so on. The budget for the_.program is requested to the government at

present

In
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Activities by study groups in Japan

Corresponding to the recent circumstances, activities of HTGR study have been

made by study groups in Japan. One of them is a working group of the "Future

Perspective on Nuclear Application" under the Committee on Nuclear Heat Application

of Japan Atomic Industrial Forum (JAIF) (4). The group has studied (a) survey of

development history and characteristics of modular HTGR, (b) identification of possible

heat application system, (c) issues and countermeasure for commercialization, (d)

development scenario and action plan. These survey results was reported in March

2000. And also the group proposed to the government to take following actions in order

to give a clear position to the modular HTGR in the national nuclear energy policy;

"(1) For the power generation application, firstly, a feasibility study should be made on

commercial modular HTGR. Then, an overall evaluation should be done to judge

whether or not to introduce commercial modular HTGR in Japan. Following the overall

evaluation, upon general consensus to proceed with the commercialization, a new

preparatory action should be taken to initiate the commercial development under a

certain organization to be newly established. For the commercial development, the

information from overseas commercial development projects shall be effectively

utilized, which is obtained through international cooperation, etc.

(2) In parallel to the actions mentioned above, additional tests and/or R&D necessary

fpr the commercialization shall be conducted within a framework of the HTTR as well

as those currently planned. And also a survey study including concrete cooperative

development scenario shall be examined on the HTGR systems to be beneficially used

in the developing countries in Asia or neighboring countries."

The working group of the JAIF has just resumed examining an plan to concrete a

cooperative development in the developing countries in Asia and development scenario

of hydrogen system with HTGR such as fuel production system for fuel-cell cars.

The other is an activity by Research Association ofHTGR Plant (RAHP) (5). The

organization is the sole research association on HTGR plants in utility and industrial

sector of Japan. The recent activities are as follows:

(a) To investigate world R&D trend,

(b) To study HTGR commercialization strategy and fuel cycle scenario,
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(c) To support international R&D or commercia~ization program related activities

(funding to IABA's global HTGR R&D network (GHTRN) activities),

(d) International exchange of information and views on HTGR,

( e) Public acceptance (P A) related activities (writing special articles on journals,

lectures to academia or industries).

In addition, there are activities related to HTGR, such as a Japan group on

HTGR in relation to South African PBMR program to study of possibility of future

technical cooperation on HTGR development, HTGR feasibility joint study by Japan

Atomic 

Power Co. (JAPCO) and JAERI, and tentative study works.

Concluding Remarks

JAERI has been carried out the R&D of HTGRs since the 1960's, focusing on

the HTTR and HTGR utilization systems. Figure 8 shows the development schedule of.

the HTGR utilization systems in JAERI. Excursion of items shown by dotted.lines in

the HTTR hydrogen production system will be decided in a check and review (C&R). In

the HTTR, the rise to power test will restart in January 2001 and the full power of 30

MWt at reactor outlet temperature of 850 °C will be scheduled to attain by the spring of

2001. The various tests by the HTTR will make a great contribution to conform

excellent characteristics ofHTGRs including high inherent safety and reliable supply of

high temperature heat as high as 950 °C and the application of its heat from HTGRsto.
various fields to relax global environmental issues.

JAERI has also conducted the R&D ofHTGR hydrogen production systems. To

establish the connection technologies between a nuclear plant and a chemical plant,

JAERI has been designing the hydrogen production system to connect to the HTTR as a

study entrusted by the ST A. In the HTTR hydrogen production system, a steam

reforming of natural gas was selected as a hydrogen production method because its

technology has already matured in existing fossil-fired plants. Prior to constructing. the

HTTR hydrogen production system, the out-of-pile test of the steam reforming system

will be conducting from 2001 to 2005, and the results will be reflected to design and

safety review of the HTTR hydrogen production system. The licensing and construction

of the HTTR hydrogen production system are planned to start from around 2002 after

2
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taking the C&R in 2001, and will be hopefully followed by the demonstration test as

shown in Fig. 8.

In parallel with the R&D on the HTTR hydrogen production system, the study

of the IS process has been carried out. The IS process is placed as one of future

candidates of the HTTR following the steam reforming system. The basic study of the

IS process has succeeded in the laboratory-scale (0.001 Nm3/h) test. O~Othe basis of the

result, the large- scale test apparatus (0.05 Nm3/h) has been constructed until the spring

of 200 1, and immediately the test will be started in 2001.

In JAERI, the feasibility study ofHTGR-GT system has been started January

1997, as an' entrusted work by the ST A. Conceptual designs of power plants with

thermal capacity of 600, 400 and 300 MWt have been carried out. The net thermal

efficiency is estimated to be 46.7% for the 600 MWt plant and 45.7% for the 300 MWt

one. New program system will be started to establish a commercial HTGR-GT from the

next year.

In addition to the R&D in JAERI, the activities of HTGR have been made study

groups in Japan. These groups have actively investigated possibility of commercial

HTGRs: a working group of the "Future Perspective on Nuclear Application" under the

Committee on Nuclear Heat Application of Japan Atomic Industrial Forum (,JAIF), an

activity by Research Association ofHTGR Plant (RAHP) and so on.

Acknowledgement
The author wishes to thank S. Shiozawa, M. Ogawa, Y. Muto, Y. Inagaki and S.

ShimIzu, D~partment of Advanced Nuclear Heat Technology in JAERI, for their many

helpful suggestions to the paper.

References

1
2

3

4

JAERI, "Present Status ofHTGR Research and Development", march, 2000.
K. Hada, T. Nishihara, T. Shibata and S. Shiozawa, "Design of a Steam Reforming
System to be connected to the HTTP", Roc, 3rd JAERI Symposium on HTGR
Technologies, JAERI-Conf96-010, 1996.
Y. Muto, "Present Activity of the Design and Experimental Works for HTGR-GT
System in JAERI", Helium Gas Reactor Workshop, held at EPRI in p'alo Alto,
California, USA, Dec, 7-8, 1999. ;

JAlF, "Summary Report of Perspective of MHTGR and Its Commercial
D'evelopment", query at www.jaifor.jp/english/kouonro.htm, 2000.

13



Prosiding Seminar ke-5 Reaktor Temperatur Tinggi
Yogyakarla, 22 Nopember 2000 ISSN.. 0854 -8803

Y. Tsuchie, " Status of High Temperature Gas Cooled Reactor (HTGR) R&D in
Japan", Helium Gas Turbine HTGR Workshop, held at EPRI in Palo Alto,
California, USA, Dec, 7-8, 1999.

5

Table 1 Design specifi,cati.ons rrrTR hydrogen production system and out-of-pile test facility.

Fig. 1 SchB=a.tic flow diagram. of' HTrR hydrogen production syste=.

Process gas (450OC)

"\

Process ga
(600-C)He I ium

(60QoC)

Fin

Bayonet tube "
Catalyst

Hel ium (880"C)

Fig. 2 Schematic v1B'W of" HTTR s~azn reror=er.

4



Prosiding Seminar ke-5 Reaktor Temperatur Tinggi
Yogyakarta, 22 Nopember 2000 ISSN: 0854 -8803

I Combustion line 1

(&1Control
valve

-~ .1-'L
i

1 Flare stack
i ~..

-~~ ,

(~ "p)..JPressure
difference
cQntrol

I Inert gas fee~!~~e- _I

L~::~~~~_.~mp Ev_rator ~ge.t_ank

I Natural gas feedlin~1
Water I Steam feed lin~ I Radiator

tank Pr~ssure Fan. ,,~
control P {M] Steem

Pump enerator
...

CJ
-;.wJ-

@ Pressure difference gauge

@ Pressure gauge

[M] Motor~

~

\.=.;Filter Circulator EI t . h t Hot gas duct
ec nc ea er

Fig. 3 Schematic:flow diagram of out~of-pile test facility.

,Cess 

gasCn---11:!J Process gasI 
...~

Prc

.:J~

He 

gas

Thel]nal insulatorU--'

0
r--
IX)
0)

Cumpensation heater

Catalyst tube
Inner tube

Inner tube
\ Cf!alyst tube

\ , 'Disc-type fin

~-.II.:z: atalyst

<? He gas flow

Process gas flowif
He gas

Fig. 4 Schematic view of steam reformer of out-oi-pile test facility.

lJ~team '

'I reformer,



Prosiding Seminar ke-5 Reaktor Temperatur Tinggi
Yogyakarta, 22 Nopember 2000 ISSN: 0854 -8803

J2

Decomposition of sulfuric acid

(endothermic)

Decomposition of hydrogen

iodide OsothermaJ) H2 H2.0

(~Q~
Applying nuclear heat

'fi .
~}

~~~

-_:(~)-<=~)- --
Bunsen reaction (exothermic)

Fig. 5 Reaction scheme of thermochemical 1$ process.

20 30

time [hJ

40 500 10

Fig. 6 Results of continuous production of hydrogen and oxygen with laboratory-scale test.

16



Prosiding Seminar ke-5 Reaktor Temperatur Tinggi
Yogyakarta, 22 Nopember 2000 ISSN: 0854 -8803

Fig. 7 Mass and heat balance of 600 MWt power generation plant.
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DISCUSSIONS:

I. QUESTIONS: (Mr. As Natio Lasman -Batan)

The role of magnetic bearing is very important to protect the helium leakage from the

gas turbin. Is there any R&D program for the magnetic bearing in JAERI or in

industry

ANSWERS: 

(Mr. Miyamoto)
New program will start to establish a commercial HTGR-GT system concept which

can be constructed in 201 Os. The program contains conceptual design and R&D of

key components such as magnetic bearing, compressor, parts of generator and so on.

In magnetic bearing, development work contains controllability of flexible shaft

supported by magnetic bearing, development of an auxiliary bearing with ceramic

balls, development of a large capacity power amplifier, and compatibility of

magnetic bearing with high temperature and high pressure helium environment. The

budget for the program is requested to the government at present.

ll. QUESTIONS: (Mr. Asmedi Suripto -Batan)

1. Didn't mention how enthusiastic the industry has been participating in HTTR use

for industry any explanation?

Does/did JAERI do any improvement on the Catalyst of the reform reaction?2.

Anything 

about backend fuel cycle ofHTTR?3

ANSWERS: 

(Mr. Miyamoto)

1.

Enthusiasm of industries for participation of the H1TR project. Japanese

industries have high level technologies to construct nuclear reactor plants. They

had participated the HT1R project to take partial charge of the system of the

HTTR plant. I think that they have technology to construct any HTGR plants.

Improvement of catalyst in steam reforming. We consider that commercial2.

catalyst will be used in H1TR hydrogen production systerm, because we have no

3

experience to research catalyst.

Back end fuel cycle of the HITR After stored for long term in the H11R site,

spent fuels must be reprocessed.

18



"
Prosiding Seminar ke-5 Reaktor Temperatur Tinggi
Yogyakarta, 22 Nopember 2000 ISSN: 0854 -8803

III. QUESTIONS: (Mr. Bakri Arbie -Batan)

How is the status of gas turbin development in the world at this moment?

2. Other problems magnetic bearing, could you also elaborate this problem?

ANSWERS: 

(Mr. Miyamoto)

Status of gas turbin development. In the world, many commercial experiences

exist for the land-base open cycle gas turbin, whose maximum capacity is more

than 26M"W; whose size is roughly equhJalent to 300MW in closed cycle helium

turbine. In PBMR, capacity of gas turbine ;s 120MW and the fabricator is

Alstorm-UK. In GT -MHR, it's capacityt is 300MW and now designed by OKBM

JAERl's design is 300M"W; which can be fabricated by three domestic makers in

Japan. 

Then, we consider that there is no problem with respect to the capacity.

2.

Magnetic bearing technology. The technology of magnetic bearing is fully

develop and used in many commercial application. The size of existing magnetic

bearing is smaller than that requested in HTGR-GT: Nevertheless, in the

horizontal layout, the larger capacity is easily achieved In the vertical layout,

the size of axial bearing and it's catcher bearing exceed the state-of-the-art

technology and significant R&D works are needed.

IV. QUESTIONS: (Mr. Amir Rusli -Batan)

Philosophy and the main objective of steam reforming for hydrogen production,

are you only concerned about the safety of it's included for commercialization

2
purpose?

What field of potential cooperation between BATAN (Scientist) and JAERI in

development of is process?

ANSWERS: (Mr. Miyamoto)

Philosophy and objectives of steam reforming. As I mentioned in my

presentation, the objectives of hydrogen production system by steam reforming

(SIR) is (1) first demonstration of HTGR nuclear heat utilization in non-nuclear

field and (2) second development of key technologies acceptable for future

commercial plant. The SIR system is selected to be the first heat litilization

system of the H1TR, since (1) its technology matured in fossil-fired plant
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enables to connect to the H1TR in the early 2000 's, (2) the SIR will contribute to

any other hydrogen production system, and (3) it's basic technology for

refornling of other hydrocarbon fossil fuels.

Potential cooperation" ben-veen BATAN qnd JAERI in is process. In is process

research, we have conducted development of ceramic hydrogen separation

membranes for efficient HI decomposition to improve the process scheme. Then,

there is a possibility of cooperation in the field of development of

membrane.

IV. QUESTIONS: (Mr. Soekarno Suyudi -Batan)

Could you elaborate more, why in reacting the full power of HTTR takes time

(first critically November 1998 and full power on spring 2001)

2 Are there any additional condition with regard to the safety which caused longer

duration in reaching full power.

ANSWERS: (Mr. Miyamoto)

1. Duration for the rise to power tests of the H11R. After attaining the first

criticality of the HTJR on November 10, 1998, the rise to power tests started

Unfortunately, the reactor had two automatic shutdowns by signal due. to

malfunction of gas circulator control and measure system in October 1999 and

July 2000. We need long duration (about 2-3 months) to procedure of submit to

the STA after even an automatic scram. In addition, four months per year are

requjred to the annual mspectjon. More over, the HTTR has two operatjon

modes: single loaded and parallel loaded operation. Then, it looks two reactor

2.

operation in the rise to power test. And it takes two years due to these causes.

Additional conditions with regard to safety. There are no additional conditions

with regard to safety.

20




