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

(a) Reference H2 cogeneration plant 

Reactor thermal power 600MWt 

Core coolant flow 324kg/s 

Core inlet / outlet temperature 594¯C/950¯C

Gas turbine inlet temperature 

Core coolant pressure 

850¯C

5.1MPa

Secondary helium temperature 

 at IHX outlet 

900¯C

Electricity generation 202MWe 

Hydrogen production rate 24,000Nm3/h

(b) Higher H2 production capacity 

Reactor thermal power 600MWt 

Core coolant flow 324kg/s 

Core inlet / outlet temperature 594¯C/950¯C

Gas turbine inlet temperature 

Core coolant pressure 

850¯C

5.1MPa

Secondary helium temperature 

 at IHX outlet 

900¯C

Electricity generation 87MWe 

Hydrogen production rate 52,000Nm3/h

Table 2.2 Additional components of the GTHTR300C to the GTHTR300 

�����������������������

���



6

Reactor containment vessel

VCS

AHX
AGC

Auxiliary
water

air cooler

Auxiliary
water
pump

Auxiliary cooling system Main cooling system
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SPWC

SGC

PGC
Reactor

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

Pressurized
water pump

Pressurized 
water 
air cooler

( 3)Primary concentric
hot-gas-duct

Secondary concentric
hot-gas-duct
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water
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water
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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

Pressurized
water pump

Pressurized 
water 
air cooler

( 3)Primary concentric
hot-gas-duct

Secondary concentric
hot-gas-duct

Fig. 2.1 Present system Configuration of the HTTR 

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

(1)

No. 

T1 2 He

T2 IS

T3 2 He

T4 IS

T5

T6( ) SG

(2)

No. 

A1 2 He

A2 2 He

A3 IS

A4 2 He/IS

A5 IS

A6( ) SG
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Table 4.3 Category notations to the event classification for the HTTR-IS system 

A

B-1

B-2

C

D-1

D-2
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Table 4.4 Investigation results of necessity to analysis 

(Anticipated operational occurrences)(1/2) 

( )

(1) A

A

(2) A

(3) 1 B-2 (IHX
)

B-1 (
)

A

B-1 (1
)

(4)

(T3)

B-2 (
)

B-1 (

)

       

B-1

B-1

B-1

(5) 1 A

A

A

A

A

(6) 1 A

1 A
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Table 4.4 Investigation results of necessity to analysis 

(Anticipated operational occurrences)(2/2) 

( )

(6)

( )

B-1 (

)

2 A

A

B-2 (
)

B-1 (

)1
B-1

3
B-1

(7) 2

(T1)

2 B-1 (

)
B-1

B-2 (
)

2 D-2 (

)

SG ( ) D-1 (2
)

(8)
(T5)

A

(9) SG

(T6( )) 

SG D-1 (2
)SG D-1

He
D-1

(10) IS

(T2)

D-1

SG ( )
D-1

D-1
(11) IS

(T4)

D-1 ( AC
)

D-1
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Table 4.5 Investigation results of necessity to analysis (Accidents) (1/2) 

( )

(1)
 A 

(2)
 A 

(3) 1
 A 

 A 

1 1
 A 

(4) 1 1
 A 

 A 

 A 

(5) 2

(A1) 

2
 B-2

(
)

2

 B-1

(

)

(6) 2

(A2) 

2

 C 

(IS CV

IHX CV
)

SG D-1

He D-1

(7)  A 

 A 

 A 

1
 A 

2
 A 

(8)
 A 
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Table 4.5 Investigation results of necessity to analysis (Accidents) (2/2) 

( )

(9) 1
 A 

1
 A 

 A 

 A 
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 A 
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2 He
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Table 4.6 Selection results of events to be evaluated for the HTTR-IS system 

(1) Anticipated operational occurrences 

( )

(3) 1 B-2 (IHX
)

(4) B-2 (

)

(6) B-2 (

)

(7) 2 B-2 (

)
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)
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( )
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B-2 

(

)
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2

 C 

(IS CV
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C

)

(11) 1

2

 C 

(2
CV

CV

1

)
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)
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Table 4.8 Categories of the anticipated operational occurrences of the 

GTHTR300C

GTHTR300  GTHTR300C
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Table 4.10 Event categories of the accidents of the GTHTR300C 

GTHTR300  GTHTR300C

21

22
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Table 4.12 Design basis events of the anticipated operational occurrence of the 

GTHTR300C 

( )

Table 4.13  Design basis events of the accidents of the GTHTR300C 

( )

(

)
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(2 He 860 905 )
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Fig. 4.1 Major change of the reconstruction of the HTTR-IS system 
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Fig. 4.2 Subjected area of the FMEA (HTTR-IS system) 
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2

1
i ÖÖ=  (11) 

5.2.5

1. Pr 5.2.3(6)  28.5kPa

2. ir 5.2.3(6) 1.23 kPa s

Pr ir

 (5.4.1 ) 23)

Ps tp

Ps tp (10) (11) Pr

ir

5.2.3(3)
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5.3

2.3

( )

10

(i) IDLH (immediately dangerous to life and health) 24)

30

NIOSH, National Institute of 

Occupational Safety and Health) NRC

Regulatory Guide 1.7825

( ) ERPG Emergency Response and Planning Guideline 26)

(AIHA, American Industrial Hygiene Association)

60 3

ERPG-2 60

( ) AEGL (Acute Exposure Guideline) 27)

(EPA, Environmental Protection Agency) 10

8 3 2

AEGL-2

Table 5.1
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5.4 ( )

5.2 Multi-Energy

5.4.  Multi-Energy 23)

Multi-Energy

(Fig.5.5 )

 r’

( )1/3

0E/P

r
r' = - (12) 

r’ 

r (m) 

E  (J) 

P0  (Pa) 

Fig.5.5 (a) (b)
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0ss P P'P *= - (13) 
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Fig.5.5 (a) (b)
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i’

i (Pa s)

Fig.5.6 0.2

5.0 6 10

10

10

5. .2

3

5 10

( )  1.473 108 J/kg 

  100 kPa 

  343.7 m/s 

  1.4 

100kg (10)

Pr Fig.5.7 (a) (11) Fig.5.7 (b) Fig.

5.7 (a) 100 kg

7 10 120m 70  90m

Fig.5.8 100m

100 m

7 10 70kg 120  150kg

                                                 
3

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

( mg/m3)

IDLH24) ERPG-226) AEGL-227)

262 7.9 2.0 

/ 15 10 8.7 

- - 11 

20 5.2 - 
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Fig.5.1  Spring model with single-degree-of-freedom 

Fig. 5.2 Pressure-Impulse diagram 

0

wave)(Pressure          1         

wave)(Shock
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0

�����������������������

����



45 

Fig. 5.3 Classification of blat wave shape 

Fig. 5.4 Four edges fixed slab model for the building wall 

a) Shock wave b) Pressure wave 
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(a) Peak side-on pressure 

(b) Positive phase duration and blast-wave-shape 

Fig.5.5 Multi-Energy method blast chart23)
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Scaled distance R' (-)

Fig. 5.6 Scaled impulse calculated by the Multi-energy method 
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(a) Peak reflective pressure vs, distance 

 (m)

(b) Impulse vs. distance 

Fig. 5.7 Survey results for the explosion mass 100 kg of hydrogen 
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(a) Peak reflective pressure vs. explosion amount 

(b) Peak reflective pressure vs. explosion amount 

Fig.5.8 Survey results for the explosion distnace of 100 m 
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6.

HTTR-IS GTHTR300C
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(1 )

1 1

1 ( Fig. 5.1 )
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Fig.1 “Step” load 

Fig. 2 “Impulse” load 

Fig. 3 Force-displacement relationship for the elastic-plastic behavior 
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1024 10-1 d

1021 10-2 c

1018 10-3 m

1015 10-6 µ

1012 10-9 n

109 10-12 p

106 10-15 f

103 10-18 a

102 10-21 z

101 da 10-24 y

SI 

SI 

min 1 min=60s

h 1h =60 min=3600 s

d 1 d=24 h=86 400 s

° 1°=( /180) rad

’ 1’=(1/60)°=( /10800) rad

” 1”=(1/60)’=( /648000) rad

ha 1ha=1hm2=104m2

L l 1L=11=1dm3=103cm3=10-3m3

t 1t=103 kg

SI SI

SI 

eV 1eV=1.602 176 53(14)×10-19J

Da 1Da=1.660 538 86(28)×10-27kg

u 1u=1 Da

ua 1ua=1.495 978 706 91(6)×1011m

SI SI SI

SI 

Ci 1 Ci=3.7×1010Bq

R 1 R = 2.58×10-4C/kg

rad 1 rad=1cGy=10-2Gy

rem 1 rem=1 cSv=10-2Sv

1 =1 nT=10-9T

1 =1 fm=10-15m

1  = 200 mg = 2×10-4kg

Torr 1 Torr = (101 325/760) Pa

atm 1 atm = 101 325 Pa

1cal=4.1858J 15 4.1868J

IT 4.184J

µ  1 µ =1µm=10-6m

10 SI

cal

(a)SI

(b)
rad sr

(c) sr
(d)
(e)

(f) activity referred to a radionuclide ”radioactivity”
(g) PV,2002,70,205 CIPM 2 CI-2002

CGS SI

a amount concentration

substance concentration

SI 

Pa s m-1 kg s-1

N m m2 kg s-2

N/m kg s-2

rad/s m m-1 s-1=s-1

rad/s2 m m-1 s-2=s-2

, W/m2 kg s-3

, J/K m2 kg s-2 K-1

J/(kg K) m2 s-2 K-1

J/kg m2 s-2

W/(m K) m kg s-3 K-1

J/m3 m-1 kg s-2

V/m m kg s-3 A-1

C/m3 m-3 sA
C/m2 m-2 sA
C/m2 m-2 sA
F/m m-3 kg-1 s4 A2

H/m m kg s-2 A-2

J/mol m2 kg s-2 mol-1

, J/(mol K) m2 kg s-2 K-1 mol-1

C/kg kg-1 sA
Gy/s m2 s-3

W/sr m4 m-2 kg s-3=m2 kg s-3

W/(m2 sr) m2 m-2 kg s-3=kg s-3

kat/m3 m-3 s-1 mol

SI
SI 

m2

m3

m/s
m/s2

m-1

kg/m3

kg/m2

m3/kg

A/m2

A/m
(a) mol/m3

kg/m3

cd/m2

(b) 1
(b) 1

SI
SI

SI SI

( ) rad 1 m/m
( ) sr(c) 1 m2/m2

Hz s-1

N m kg s-2

, Pa N/m2 m-1 kg s-2

, , J N m m2 kg s-2

W J/s m2 kg s-3

, C s A
, V W/A m2 kg s-3 A-1

F C/V m-2 kg-1 s4 A2

V/A m2 kg s-3 A-2

S A/V m-2 kg-1 s3 A2

Wb Vs m2 kg s-2 A-1

T Wb/m2 kg s-2 A-1

H Wb/A m2 kg s-2 A-2

( ) K
lm cd sr(c) cd
lx lm/m2 m-2 cd
Bq s-1

, ,
Gy J/kg m2 s-2

, ,
,

Sv J/kg m2 s-2

kat s-1 mol

SI
SI 

SI 

bar bar=0.1MPa=100kPa=105Pa

mmHg 1mmHg=133.322Pa

=0.1nm=100pm=10-10m

M=1852m

b b=100fm2=(10-12cm)2=10-28m2

kn kn=(1852/3600)m/s

Np

dB       

SI SI

m

kg

s

A

K

mol

cd

SI 
SI 

SI 

erg 1 erg=10-7 J

dyn 1 dyn=10-5N

P 1 P=1 dyn s cm-2=0.1Pa s

St 1 St =1cm2 s-1=10-4m2 s-1

sb 1 sb =1cd cm-2=104cd m-2

ph 1 ph=1cd sr cm-2 104lx

Gal 1 Gal =1cm s-2=10-2ms-2

Mx 1 Mx = 1G cm2=10-8Wb

G 1 G =1Mx cm-2 =10-4T

Oe 1 Oe   (103/4 )A m-1

CGS
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