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The three gas circulators trip test and the vessel cooling system stop test as the safety demonstration test by 

using the High Temperature engineering Test Reactor (HTTR) are under planning to demonstrate inherent safety 

features of High Temperature Gas-cooled Reactor.  All three gas circulators to circulate the helium gas as the 

coolant are stopped to simulate the loss of forced cooling in the three gas circulators trip test.  The stop of the 

vessel cooling system located outside the reactor pressure vessel to remove the residual heat of the reactor core 

follows the stop of all three gas circulators in the vessel cooling system stop test.  The analysis of the reactor 

transient for such tests and abnormal events postulated during the test was performed.  From the result of 

analysis, it was confirmed that the three gas circulators trip test and the vessel cooling system stop test can be 

performed within the region of the normal operation in the HTTR and the safety of the reactor facility is ensured 

even if the abnormal events would occur. 

Keywords: HTGR, HTTR, Safety Demonstration Test, Inherent Safety Features, Generation IV Reactor System, 

VHTR

Present study is the result of “the quantitative demonstration of HTGR inherent safety features” entrusted to the 
Japan Atomic Energy Agency by the Ministry of Education, Culture, Sports, Science and Technology of Japan 
(MEXT).

+ Department of HTTR, Oarai Research and Development Center 

ii

JAEA-Technology　2007-056



1.  …………………………………………………………………………………………………  1 

2.  HTTR  …………………………………………………………………………………………  2 

3.  HTTR   …………………………………………………………………  4 

3.1    ……………………………………………………………………………………  4 

3.2   …………………………………………………………………………  5 

3.3    ……………………………………………………………………  7 

4.   ………………………………………………………………  8 

4.1    …………………………………………………………………  8 

4.2   ……………………………………………………  9 

4.3    …………………………………………………………………… 10 

4.4    …………………………………………………………………………………………… 14 

5.  ………………………………………………………………………………………………… 14 

 ………………………………………………………………………………………………………… 15 

 …………………………………………………………………………………………………… 15 

  ……………………………………………………………………………………………………… 47 

Contents

1.  Introduction ……………………………………………………………………………………………… 1 

2.  Outline of HTTR ………………………………………………………………………………………… 2 

3.  Loss of forced cooling test in HTTR ……………………………………………………………………… 4 

3.1 Test plan …………………………………………………………………………………………… 4 

3.2 Three gas circulators trip test …………………………………………………………………… 5 

3.3 Vessel cooling system stop test …………………………………………………………………… 7 

4.  Safety analysis of postulated abnormal events during test ……………………………………………… 8 

4.1 Selection of postulated abnormal events during test ……………………………………………… 8 

4.2 Main analysis condition for analysis of abnormal events ………………………………………… 9 

4.3 Anticipated operational transient during test ……………………………………………………… 10 

4.4 Accident during test ……………………………………………………………………………… 14 

5.  Conclusion ……………………………………………………………………………………………… 14 

Acknowledgement ………………………………………………………………………………………… 15 

References ………………………………………………………………………………………………… 15 

Appendices ………………………………………………………………………………………………… 47 

JAEA-Technology　2007-056

iii



This is a blank page



- 1 -

1.

HTGR: High Temperature Gas-cooled Reactor

1000

LOCA: Loss Of Coolant 

Accident HTGR

HTTR: High 

Temperature engineering Test Reactor

2004 4 950 (1)

GTHTR300C

(2)

GTHTR300

4.2 /kWh (3)

HTTR

JAEA-Technology　2007-056

−　�　−



- 2 -

AVR

HTR-10 (4), (5)

HTTR

HTTR

ATWS Anticipated Transient 

Without Scram

1495 17

65

7

HTTR

HTTR

HTTR

2.  HTTR

HTTR

He 30MW 850 /950
(6) HTTR Table 2.1

HTTR Fig. 2.1 Fig. 2.2

JAEA-Technology　2007-056

−　�　−



- 3 -

61

A

Fig. 2.3

HTTR A

B

HTTR Fig. 2.3

1 IHX 1 PPWC

2

HTTR PPWC 20MW

IHX 10MW PPWC 30MW

3 PPWC

PPWC

Fig. 2.4

JAEA-Technology　2007-056

−　�　−



- 4 -

3.  HTTR

3.1  

(7) HTTR

(1)

a. 3

30MW 850

9MW 320

b. 1 1 30MW

c. 30MW

950

(2)

a.

3

Table 3.1

b. 1

c.

1

3 17 7

(3)

JAEA-Technology　2007-056

−　�　−



- 5 -

1

HTTR Fig. 3.1

1

Fig. 3.2

1 Fig. 3.2 Time delay pick up

2 out of 3 And

Time delay pick up

And 1

3.2  

(1)

(2)

Fig. 3.3

1

Xe

(3)

2.2 (1) 

Xe

JAEA-Technology　2007-056

−　�　−



- 6 -

TAC/BLOOST(8)

TAC/BLOOST HTTR

TAC-NC BLOOST-J2

(8)

30MW 3 Fig. 3.4 3.7

3 1 1

30MW 1420

1475 1495

17

1365 1

411

440 1 Fig. 3.6 1

3 17

( ) 40.9 kg/cm2 41.0kg/cm2

Fig. 3.7

Xe

Xe

5

8 Xe

30MW 3 Fig. 3.8

3.11 3 1 1

5 8% 2%

30MW 1420 1452

17 1324 1

406

JAEA-Technology　2007-056

−　�　−



- 7 -

Xe

5

3

5

17 2%

3

3.3  

(1)

(2)

Fig. 3.12

1 3

Xe

(3)

2.2 (1) 

30MW 30% 9MW

3

1

1

1 1

TAC/BLOOST

JAEA-Technology　2007-056

−　�　−



- 8 -

9MW Fig. 

3.13 3

3 1

446 551

1495 Fig. 3.14 173 186

440 1

29kg/cm2 2

1 7

64 65 1

1

1.2 1

0.85

1

4.

3

HTTR

30MW 950
(9)

30%

3 3

3

TAC/BLOOST HTTR

TYHDE-HTGR
(10) TAC/BLOOST TYHDE-HTGR

TYHDE-HTGR

TAC/BLOOST TYHDE-HTGR

4.1  

(1)

Fig. 4.1 3

1 (10)

2 Fig. 4.1

HTTR Table 4.1

Fig. 4.2

JAEA-Technology　2007-056

−　�　−



- 9 -

3

1  ( )

 ( )

 ( )

3

(2) 

(2)

(1)

1

3

3

Table 4.2 Table 4.3 Fig.4.3

1

4.2  

(11)

20

(

1 4 10-2 k/k

Fig. 4.4

Fig. 4.5 Fig. 4.6

JAEA-Technology　2007-056

−　�　−



- 10 -

Shure 1.2

4.3  

4.3.1  

(1)

1

17

a.

b. 

c. 1

d. 

1

e.

(2)

TAC/BLOOST

a.

100% 30MW 102.5% 395

397 850 869 1

41kg/cm2 42.5kg/cm2 3

b. 

c. 1

17

JAEA-Technology　2007-056

−　10　−



- 11 -

d. 1

Fig. 4.7 4.9

3 1420 1475

1

17

1365 1

411 42.5kg/cm2

(3)

17 1

1600

(4)

HTTR
(11) HTTR

2 1

2 1

1477 3

1365 HTTR

1 HTTR

2

1

4.3.2  

(1)

3

1 1

17

JAEA-Technology　2007-056

−　11　−



- 12 -

a.

b. 

c. 1

d. 

e. 

e.

(2)

TAC/BLOOST

a.

100% 30MW 102.5% 395

397 850 869 1

41kg/cm2 42.5kg/cm2 3

b. 

3 1

3.0t/hr

c. 1

1 17

24 200

d. 

e.

1

d. 1

JAEA-Technology　2007-056

−　12　−



- 13 -

Fig. 4.10 4.12

3 1 1

45t/hr 1 3.0t/hr

10 15

17

1 1420

1473

17

1465

1 375 42.5kg/cm2

(3)

17 1

1600

(4)

HTTR 1
(11)

1 1510

3 1473

HTTR

3

HTTR

1

4.3.3  

3 2

a.

b. 

a. b. HTTR

JAEA-Technology　2007-056

−　13　−



- 14 -

4.4  

3 HTTR

1 (11)

HTTR

1495 515

3

1474 514 HTTR

HTTR

45.9kg/cm2 3 1

45.9kg/cm2 HTTR 1

3

HTTR

5.

HTTR

17 7

1475 411

30% 9MW

64

100% 30MW 3

1

HTTR

JAEA-Technology　2007-056

−　14　−



- 15 -

HTTR

(1) S. FUJIKAWA et al.: “Achievement of Reactor-Outlet Coolant Temperature of 950oC in HTTR”, Journal of 

Nuclear Science and Technology, Vol.41, No. 12, pp.1245~1254, (2004). 

(2) GTHTR300C ,

, Vol.5, No.4, pp.325-333, (2006). 

(3) GTHTR300 ,

, Vol.5, No.2, pp.109-117, (2006). 

(4) H. Gottaut and K. Kruger: “Results of Experiments at the AVR Reactor”, Nuclear Engineering and Design, 

Vol.121, pp.143-153, (1990). 

(5) S. Hu, R. Wang and Z. Gao: “Safety Demonstration Tests on HTR-10”, Proceedings of 2nd International 

Topical Meeting on High Temperature Reactor Technology, (2004) 

(6) S. SHIOZAWA et al.: “Overview of HTTR Design Features”, Nucl. Eng. Des., Vol.233, p.11-21, (2004). 

(7) HTTR , JAERI-Tech 2002-059, (2002). 

(8) TAC/BLOOST , JAERI-Data/Code 2005-003, (2005). 
(9) S. NAKAGAWA, K. Kunitomi and K. Sawa: “Method and Results of Safety Evaluation of the High 

Temperature Engineering Test Reactor”, Nucl. Tech., Vol.115, p.266-280 (1996). 

(10) HTTR ,
JAERI-M 90-070, (1990). 

(11) HTTR

 (1990). 

JAEA-Technology　2007-056

−　15　−



- 16 -

Table 2.1   HTTR

30MW

 395
 850

950
4MPa

2.9m 
2.3m 
2.5MW/m3

 3 10% 6%

2.25Cr-1Mo

JAEA-Technology　2007-056

−　16　−



- 17 -

Table 3.1   

3 (1)

(2)

(1) 16

(2)1

(3)1

(4)

(5) 1

17

(1)

(2)

(3)
30%

(1) 16

(2)1

(3)1

(4)

(5) 1

7

JAEA-Technology　2007-056

−　17　−



- 18 -

Table 4.1   HTTR

1,600°C

1.1
1.2

1 /2

JAEA-Technology　2007-056

−　18　−



- 1
9 

-

Ta
bl

e 
4.

2 
  

 (
3

)

(
)

(1
) 

(1
) 1

(2
)

1

1
1

1
(3

)
1

1

(4
)

1

1
(5

)

(6
)

(7
)

(8
)

2
(9

)

2

2
(1

0)

1
2

1
(2

) 
1

1

1
1

1
(3

)
1

1

JAEA-Technology　2007-056

−　19　−



- 2
0 

-

(
)

1
(2

)
1

1
1

1
(3

)
1

1

1
(1

1)
 

1
(1

2)

1
(1

3)

(8
)

2
(1

4)

(1
5)

(6
)

(7
)

1
(1

6)

3
(1

6)

1

2
(9

) 
2

2
(9

)

2

JAEA-Technology　2007-056

−　20　−



- 2
1 

-

(
)

2
(1

7)

 
1

JAEA-Technology　2007-056

−　21　−



- 2
2 

-

Ta
bl

e 
4.

3 
  

(
3

)

 (
)

1

JAEA-Technology　2007-056

−　22　−



- 2
3 

-

 (
)

JAEA-Technology　2007-056

−　23　−



- 2
4 

-

 (
)

H
TT

R

JAEA-Technology　2007-056

−　24　−



- 2
5 

-

 (
)

85
0°

C

JAEA-Technology　2007-056

−　25　−



- 26 -

Fig. 2.1   

JAEA-Technology　2007-056

−　26　−



- 27 -

Fig. 2.2   

Fig. 2.3   HTTR A

C

R1-1

R1-2

R1-3

R1-4

R1-5

R1-6

R2-1

R2-2

R2-3 R2-4

R2-5

R2-6

R3-1

R3-2

R3-3

JAEA-Technology　2007-056

−　27　−



- 28 -

Fig. 2.4   HTTR

JAEA-Technology　2007-056

−　28　−



- 29 -

Fig. 2.5   

JAEA-Technology　2007-056

−　29　−



- 30 -

Fig. 3.1   HTTR

JAEA-Technology　2007-056

−　30　−



- 31 -

Fig. 3.2   

T1 T2
T1 17 T2 7

JAEA-Technology　2007-056

−　31　−



- 32 -

Fig. 3.3   3

Fig. 3.4   3  (1) 

93%
ATWS

93%
ATWS

JAEA-Technology　2007-056

−　32　−



- 33 -

Fig. 3.5   3  (2) 

Fig. 3.6   3  (3) 

JAEA-Technology　2007-056

−　33　−



- 34 -

Fig. 3.7   3  (4) 

Fig. 3.8   3  (1) 

JAEA-Technology　2007-056

−　34　−



- 35 -

Fig. 3.9   3  (2) 

Fig. 3.10   3  (3) 

TF: (0.64min, 1452 )

TF: (0min, 1420 )

JAEA-Technology　2007-056

−　35　−



- 36 -

Fig. 3.11   3  (4) 

Fig. 3.12   

RPV

93%
ATWS

RPV

93%
ATWS

JAEA-Technology　2007-056

−　36　−



- 37 -

Fig. 3.13    (1) 

Fig. 3.14    (2) 

JAEA-Technology　2007-056

−　37　−



- 38 -

Fig. 4.1   

HTTR

HTTR

HTTR

HTTR

HTTR

HTTRHTTR

JAEA-Technology　2007-056

−　38　−



- 39 -

Fig. 4.2 (1/2)

JAEA-Technology　2007-056

−　39　−



- 40 -

Fig. 4.2 (2/2)

JAEA-Technology　2007-056

−　40　−



- 4
1 

-

Fi
g.

 4
.3

  
 H

TT
R

JAEA-Technology　2007-056

−　41　−



- 42 -

Fig. 4.4    (11)

JAEA-Technology　2007-056

−　42　−



- 43 -

Fig. 4.5   (11)

Fig. 4.6   (11)

JAEA-Technology　2007-056

−　43　−



- 44 -

Fig. 4.7    (1) 

Fig. 4.8    (2) 

JAEA-Technology　2007-056

−　44　−



- 45 -

Fig. 4.9    (3) 

Fig. 4.10    (1) 

JAEA-Technology　2007-056

−　45　−



- 46 -

Fig. 4.11    (2) 

Fig. 4.12    (3) 

JAEA-Technology　2007-056

−　46　−



- 47 -

TAC/BLOOST THYDE-HTGR

TAC/BLOOST THYDE-HTGR

1.1

THYDE-HTGR HTTR JAERI-M 90-070

HTTR

660

8000 8000

TAC/BLOOST

THYDE-HTGR 660

8000

8000 TAC/BLOOST THYDE-HTGR

THYDE-HTGR TAC/BLOOST

THYDE-HTGR TAC/BLOOST

THYDE-HTGR TAC/BLOOST

THYDE-HTGR

TAC/BLOOST BLOOST

TAC

TAC/BLOOST HTTR

THYDE-HTGR

1.1 TAC/BLOOST THYDE-HTGR

THYDE-HTGR 

JAEA-Technology　2007-056

−　47　−



- 48 -

3

3 ACS: Auxiliary Cooling System

1 2.1 ACS

0hr

2-2 ACS

660 0

2.1

ACS 3

ACS

ACS ACS 0

10 15

17

ACS 0hr ACS

1420 1473

ACS

ACS ACS 5, 10, 15

ACS 5

30%

ACS

ACS

ACS ACS 7.5, 10, 

15 ACS 10 15

17

ACS

17

JAEA-Technology　2007-056

−　48　−



- 49 -

2.1 ACS

     

ACS hr 0 5 10 15 

1473 1215 1320 1372 

ACS ACS ACS ACS

     

ACS hr 0 5 7.5 10 15 

1433 1004 1437 1433 1354 

ACS ACS
17  17  17

2.1 ACS

JAEA-Technology　2007-056

−　49　−



- 5
0 

-

2.
2(

1)
A

CS
1/

2

0h
r

5h
r

7.
5h
r

JAEA-Technology　2007-056

−　50　−



- 5
1 

-

2.
2(

2)
A

CS
2/

2

10
hr

15
hr

 

JAEA-Technology　2007-056

−　51　−



This is a blank page






