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Since hydrogen produced by nuclear should be economically competitive compared with other
methods in a hydrogen society, it is important to build hydrogen production system to be coupled
with the reactor as a conventional chemical plant. Japan Atomic Energy Agency started the safety
study to establish a new safety philosophy to meet safety requirements for non-nuclear grade
hydrogen production system. Also, structural concepts with integrating functions for the Bunsen
reactor and sulphuric acid decomposer were proposed to reduce construction cost of the IS process
hydrogen production system. In addition, HI decomposer which enables the process condition to be
eased consisting of conventional materials and technologies was studied. Moreover, technical
feasibility of the HTTR-IS system in which the hydrogen production rate of 1,000Nm’/h by using the
supplied heat of 10MW from the intermediate heat exchanger of the HTTR was confirmed. This
paper describes the conceptual design of the HTTR-IS hydrogen production system.

Keywords: Hydrogen Production, IS Process, HTTR, HTTR-IS System, VHTR Hydrogen Production
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Table 1 Design Measures to the Boundary Failure Accidents
Event Example of the Safety issue to be solved Design measure
category initiating event
Failure of = Rupture of the As in the case that the Isolation valves are installed at
the process pipe of the safety valve fails to close the penetration of the reactor
boundary IS system after the blow down, building to prevent the ingress
between mixture of the flammable of the mixture of the flammable
secondary gas and the air may enter gas and the air into the
helium and into the secondary helium secondary helium system pipe
IS process system and the inside the reactor building.
fire/explosion may occur,
any countermeasure should
be provided.
As to the integrity of the
IHX tube, no measures are
necessary.
Failure of = Rupture of the Countermeasure to the Fire/explosion
the IS process pipe of the flammable gas and the toxic In the case that the enough
process IS system gas should be provided. distance cannot be kept, the
boundary protective wall should be settled
between the reactor building and
the IS system.
Release of the toxic gas
Ventilation & air conditioning
system of the main control room
should be designed to protect the
operators during the release of
the toxic gas so that the
operators can stay in the main
control room.
Ss Simultaneous In the case that the Isolation valves are installed at
Earthquake failure of the all secondary helium system the penetration of the reactor

equipments except
the S class

and the IS system are
designed as seismic class C,
simultaneous failures of the
both systems may causes
the ingress of the mixture of
the flammable gas and the
air into the reactor building.

building. The isolation valves
and the pipe between the valve
and the reactor building are
designed as seismic class C (Sg)
so that their boundary function
should be kept even if the Sg
earthquake occur to prevent the
ingress of the mixture of the
flammable gas and the air into
the reactor building.




JAEA-Research 2007-058

Table 2 Safety Classification of the IS System

Class  Function Structure, system, component

PS-1  Primary pressure boundary -

Prevention of insertion of excessive reactivity —
Core constitution —

MS-1  Emergency stop of reactor -
Maintain subcriticality —

Prevention of excessive pressure of primary pressure —
boundary
Decay heat removal -

Engineered safety system —
Core cooling —
Containment of FP —
Sending signal for engineered safety systems and  (Addition of the safety protection signal

reactor shut down system “IHX tube rupture detection”, if
necessary)

The other systems having safety related function  Isolation valve of secondary helium
system

Protective wall

PS-2  Containing primary coolant -
Storage of radioactive waste —
Safety handling of fuel —
Function related to irradiation test -
Closing safety valve at proper pressure —

MS-2 Decrease of FP release —
Post accident measurement —
Reactor shut down outside control room

The other systems having safety related function  (Ventilation & air conditioning system
of the main control room)

PS-3  Containing primary coolant (which is not classified —
as PS-1 and PS-2)
Circulation of primary coolant -

Storage of radioactive waste —

Cooling of secondary helium circuit during normal  Secondary helium cooling system
operation Pressurized water cooling system
1S hydrogen production system
Maintain differential pressure between primary and —
secondary helium circuit

Plant control and instrumentation (except engineered —
safety features actuating function)

Plant auxiliary function -

Cooling of vessel cooling system during normal -
operation
Function related to irradiation test —

Prevention of FP release to primary helium coolant —
Purification of primary coolant —

MS-3  Mitigation of reactor power increase -
Mitigation of decreasing coolability in reactor core —

Mitigation of temperature increase of primary —
pressure boundary
Significant function for off-site emergency plan —
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Table 3 Design Condition of Bunsen Reactor

Item Condition
Flow rate 240 t/h
Process fluid Pressure Fluid head
Temperature 100°C (after cooling)
Mixer 1 min
Holding time
Settler 5 min

Table 4 Design Condition of Sulfuric Acid Decomposer

Item Helium side Process side
Flow rate (t/h) 8.3 7.5
Pressure (MPaQG) 4 2
Inlet 880 410
Temperature(°C)
Outlet 532 495
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Table 5 Design Condition of Sulfuric Acid Concentration System

Concentration Temperature Pressure Flow rate

(Wt%) (°0) (MPa) (t/h)
Inlet H,S04:47, H,0:53 84 0.11 12.9
Outlet H,S04:88, H,0:12 177 0.11 8.7

Table 6 Major Specifications of the Multistage HI Decomposer

Pt/y-alumina
Reaction time kg+s/mol | 60 40 20
Catalyst Weight kg 3300 2200 1100
Charging height m 1.1 0.8 0.4
Stages - 2 2 6
Outer diameter mm 508.0
Reaction tube Thickness mm 6.4
Number (each stage) | - 19
Reaction vessel Outer diameter m 4 (Approx.)
Height m 13 (Approx.)
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Fig.2 Control System for the Alternative of the Normal Heat Removal Function
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