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As HTGR hydrogen production systems, such as HTTR-IS system or GTHTR300C
currently being developed by Japan Atomic Energy Agency, consists of nuclear reactor
and chemical plant, which are without a precedent in the world, safety design
philosophy and regulatory framework should be newly developed. In this report,
phenomena to be considered and events to be postulated in the safety evaluation of the
HTGR hydrogen production systems were investigated and basic principles to establish
acceptance criteria for the explosion and toxic gas release accidents were provided.
Especially for the explosion accident, quantitative criteria to the reactor building are
proposed with relating sample calculation results. It is necessary to treat abnormal
events occurred in the hydrogen production system as an “external events to the nuclear
plant” in order to classify the hydrogen production system as “no-nuclear facility” and
basic policy to meet such requirement was also provided.

Keywords: VHTR, Nuclear Hydrogen, HTTR. IS-Process, Safety Analysis, GTHTR300C,

Event Selection, Gas Explosion, Toxic Gas
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Table 2.1 Major design specification of the GTHTR300C

(a) Reference Hz cogeneration plant

Hydrogen production rate

Reactor thermal power 600MWt
Core coolant flow 324kg/s
Core inlet / outlet temperature 594 C/950 C
Gas turbine inlet temperature 850 C
Core coolant pressure 5.1MPa
Secondary helium temperature 900 C

at IHX outlet
Electricity generation 202MWe
Hydrogen production rate 24,000Nm3/h

(b) Higher Hs production capacity

Reactor thermal power 600MWt
Core coolant flow 324kgls
Core inlet / outlet temperature 594 C/950 C
Gas turbine inlet temperature 850 C
Core coolant pressure 5.1MPa
Secondary helium temperature 900 C

at IHX outlet
Electricity generation 87TMWe

52,000Nm3/h

Table 2.2 Additional components of the GTHTR300C to the GTHTR300
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Reactor containment vessel

Secondary concentric SPWC
hot-gas-duct

Auxiliary | AHX Pressurized
water [AGC | | water pump
air cooler | A .
| — | | | .
=N SNE =
i N —
@ : 1 Reactor i @
E Primary concentric T (x3) ' Pressurized
| ; hot-gas-duct | water
Auxiliary i \| | air cooler
water 1_ _ _ _ _ _ . _ _._._. L I P [
pump . i R
Auxiliary cooling system ' Main cooling system

IHX :Intermediate heat exchanger PPWC  : Primary pressurized water cooler

PGC : Primary gas circulator SPWC : Secondary pressurized water cooler
SGC : Secondary gas circulator AHX : Auxiliary heat exchanger
AGC : Auxiliary gas circulator VCS : Vessel cooling system

Fig. 2.1 Present system Configuration of the HTTR

Hydrogan Production Faciity

{IS process)

Fig. 2.2 Schematic diagram of a candidate HTTR-IS system
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Primary halium loog

Fig. 2.3 Flow sheet of the GTHTR300C
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Table 4.1 Event categories used in the FMEA for the HTTR-IS system
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Table 4.3 Category notations to the event classification for the HTTR-IS system
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Table 4.4 Investigation results of necessity to analysis

(Anticipated operational occurrences)(1/2)
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Table 4.4 Investigation results of necessity to analysis

(Anticipated operational occurrences)(2/2)
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Table 4.5 Investigation results of necessity to analysis (Accidents) (1/2)
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Table 4.5 Investigation results of necessity to analysis (Accidents) (2/2)
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Table 4.6 Selection results of events to be evaluated for the HTTR-IS system
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Table 4.8 Categories of the anticipated operational occurrences of the
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Table 4.10 Event categories of the accidents of the GTHTR300C
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Table 4.12 Design basis events of the anticipated operational occurrence of the

GTHTR300C
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Table 5.1 Allowable limit guidelines of the toxic gases concentration in air

(HANT : mg/m3)

N A IDLH24 ERPG-220 AEGL-227
A b 262 7.9 2.0
R ACHR SR 15 10 8.7
ERVE |9 € 11
ERVES 20 5.2
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Po

P (V)
Py ()

JAEA-Technology 2008-093

o
M |

a
4 Po
H ]
1 §
H LS ' t
a) Shock wave b) Pressure wave

Fig. 5.3 Classification of blat wave shape
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Fig. 5.4 Four edges fixed slab model for the building wall
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Fig. 5.7 Survey results for the explosion mass 100 kg of hydrogen
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