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Technical Problems on High Temperature Engineering

Hiroto TONE, Takakazu TAKIZUKA, Hiroshi KAWAMURA, Yasushi MUTO
Tatsuo OKU, Konomo SANOKAWA and Yoshizo OKAMOTO

Department of High Temperature Engineering,

Tokai Research Establishment, JAERI

{Received December 7, 1983)

Project utilizing high temperature heat energy supplied from HIGR in
the chemical, steelmaking and electric power industrie etc, is 2 matter of
public concermn.

Research and development works for multi-purpose utilizations of
nuclear heat of HTGR haven been carried out in JAERI and the nuclear
industry circle.

This paper describes the necessity of nuclear heat of HIGR as
alternative energy of petroleum, the conception on nuclear heat utilization
in chemical and steelmaking plants, and also the technical problems to be

solved for HTGR.

Keywords: HIGR, Energy, High Temperature, Thermal Stress, Thermal Insulation,

Materials, Laminar Flow.
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3. 14 PNP—500 (AR&EEBROARL, RUBBOEIESE

WiEA ST S 500 MWT D ERIR)

Steam gasification loop Hydrogasification loop
Decay heat removal

{1 p__ secondary pipes_ 4
L _Jr B Process gas pipes

He-He Heat E5=1
exchanger T %

Steam reformer

39m 1 & Steam generator

(it Pruschek, R. Weisbrodt,[. “ Rrocess Heat with HTR”
ANS 27th Annual Meeting { 1981 })
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850770 180.741.6

[ ——
LPC

20.740.3

HPC

©

458,771.8

L —

488,/24.4 -;EfZO//231

—

160.723.8

109773.9

C =mEsnz

HT =~ 9 LRy -
LPC=EEa2v 7o ¥~
HPC=EF2 » 7> %~

PC = #1 %
IC = R4
G —%E M

3—15 HHT~U 9w AHF Ry - vREEF GHEG)
B, AEA Y THEPOBEEF A7 VAN LN A -~V BBFOT7 0 -V — FERT,

HHT ~V 9 A #H A5 — Y REFORARFEZIROLENDTH %,

o 1640 MW
S T 675 MW

7 VR 41.2 %

7 - v ALRE 850°C

g —EvALOES 7 MPa
2R T 55 MW/ m?

[ C atm ]
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11. Blower

12. Hot Gas Duct
13. Surface Cooler
14. Insulation
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2
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1
- 10150 -—-
1. Pebble Bed 6. Fuel Loading
2. Pressure Vessel 7. Pipe Assembly
3. Fuel Discharge 8. Quter Shroud
4. Boronated Spheres 9. Feed Line
5. Reflector Rod 10. Live Steam Line
RTINSy MFEL 6. BUEMIHET 1L
[FENREG T ERE 12.
ey Sy 8 HMBlv=zvF 13
R o Rl A E 9. HEEH 14,
B P i A 10, ZEAHU

i A 2 EE
AT HHIEE
i # 41

({48t H. Rentler, G. H. Lohnert . Nuclear Technology, 62 { 1983 J P. 22)
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) KOBRAFHC L DENHDREBRT0LTHLH,
KAFEBTIR 1R 2 F —ip SEI~NOEREE
M3 BTHLIYD, BETRI0BRELE L,

4—4 KEILIFAANFEF—VATF A
KEH AR T VIRRB 2Rz ANVF-LLTEASATV 5, KOBROMRICL 2 KEH
HOBENHRINTO B THELIPKIIREBO 1 IR A vF—hOBN~OEBNEIN 30 % TH
B0, 1Rz AZAvE—DoDKRUENEZ20% 00 26 BEETEY, IHCHLT, &
1L ERKFRLE ST T E T, ZORRIZT0 B0 80 % & #E SNIEWITHE L, HEFIH
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jJ_. N 7}( - _ j
ho# ] 2 fCH \? /7 @ oo #
t W [KB75°C) E( (B
X g _
i H
(CHy > #
KK AT =2 2 S
N’
e
b &R KE o (CHet AF—4)
(TAZ7 vk ) LE. (CH4)

4—-5  HFABRT 5 b

HFH188k 75 v r OBEERI. RTHNETHE, 850°C A5 950°C IKMHBAL i@/ R
(CO+H:) ¥+ 7 MNP (B4) OEMRL DHEEL, RBLABRILE<LYy FZEKRRTETLL
BRBARGT B, BN XBEKTZ (CH HBERS) XEHRS 2EH MBS h5 25
vAEIKERSHERICEL TRET 5,

AR AR, KELRNEZE, B/ ANBGEORELE LTRA A vF -SRI T5 &I
k=T, (ELABEOEHRROZOEHFMEH L T EHTE 5,
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(fg,‘ﬁ/\lj‘ji\;’fz ED%CDZKE:“ ﬂx{t <CH4) ’ft'n-.!’f T ¥
(700C) C( A+ H, 0+ H—CH,
- (CH; OH>
= i
# A | R v LR % F - 5 % E —
(8750) AL =B
( 800T) (CO, Hp) (250C)
n CHy+H:0— CO+ 3H: CO+ 2H, 0+ CH; O
s WEE I 49.3 kcal ./ md
5 A % v 1k
3 CO+ 3H,— Cly + I, O
: = 7K (EVA— ADAM) % 8 57 UG
# & “; 3.08 x 103 kcal “kg (CHy)
&
z LI ¥
. # ok ¥ K # (Hp>
& 71 . L
P (800°C) B (700 C~800T) EETEIES R

4—6 ZEMEEF ZAFRFMA Y 2 F 4
kD BEHAYSEARFORRE Y AT LET L. BEAAFORT 2 42— EREHIA
ROBAFERIRERIC L 3 REOBESERAHEN S,
HIOKZERAHEARHES, AFO|V /) —vIavF-LLTERHENTV S,

i, EETREREORLE,
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4.7 BROKEHREES

HREA R (EIC, CHy, Hyp)

f

L.

9000

KE, AF L=
BEAZ (7000
(@ FHIE:Y

C (FAi)y+ HaO+ Hy = CHy +CO2 + He + CO

AEAT ALY 2 F LEEEE
1. AREBEAR 88 T D
2 KESFHOERS AR 7607 Nt H (dry ~<—=)
3 TovaBE 151 T/DCREE4LTowWtS)
4 HOHE R
HHAR C 16wt %
H 53 wt%
0 124wt %
N 1.0 wt%
) 0.3 wt%

ASH 164 wt %

4—7 RROKFEHSZ{LIF

EEREAOBFAIR v 2 5 L TRE SR TO B KET AUFEOBEERT .

1HS8 F YOGHRAMEEL, 7607Nm’ hr DA AEEL, KEFA{FicfEsn 5
KE, 2F— LBESHNZOENBEE R T700°C THb,
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09 AUSAHRMBBRF—L Y ke —ERE

To4 2 HFAHRT(CO+H:)

t-
- Y € - FoLZHAAD
ATGARIEE 1 {CH, +H, 0)
[ . => 2k He i []
(i Z A g ~)
i E
i
c i
° 42400 E & i &
<. r il £ | EE LB
77 H 5 1
W= 276 T, H
N
] | y | HE A A 40.0 kg enfG
| §§“:> v | ADBE 875 °C
(i I e 700 C
ra
R J S B 16.1 T hr
; g h | HO35.0kgem?G
; A TR 450 °C
2| HORE 800 °C

2 ¥k He AL
(PBZERB L D)

4—9 ~NU g AAAMBRRF — 4 ) k- < —-HEN

FEFRAAFIE Y A7 A TRESATVARF —a ) F— v —OHBELZTRT, ROy 7
VEF A TRUEBHOY AT, UEEAPMREREL - Thd, 7ot 22 ZHHE
ABEBOUEETHO7=h - FE28-T, fRO7 o2 R A RHOENLHiNL. A5 VDY
F— 1 v SRR ETITbN S, MEEMERMAD 875°C O 2R~ wAHARY F < TEHOA
s AN EHHONERNLS,
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410 BBIFRIF—OEEREE X o

EEH A
(AF— LBH) (AFF~av)
Hz! co
s EVA : ADAM
800°C i J
B ( on (300°C) H,0
Cll +H 0 CO+3Hs | __ . CO+3H, —CH, +11; 0
Ho~"
© DEHL 3.08x 10 keal/fkg(Cla ) ‘!V .

g 3,08 10 keal/kg(Cliy)
| Y ke~ ‘ O—Ll, [ten)
II E-s- _ (8,0} : v i

\ H. X. } o
t
| . —#_IL’— (
10nv I} g e | (AF—2)
] -
1 I gl
l ‘ I brded
) (AF-24)
| 1

i [ l ] H. X. . X. t
, o8- — (ﬁ*) . (CO.H,) .
l | _

(EVA) (ADAM)
(chemical heat pipe)

4—10 AT 7 ovF — DREERX

BT A LF - ORBEREOHEE LTAEFA Y THESN TS 7 2 ¥ FIZEVA-ADAM
HHbe
EVATIREBIOCOMBITE - TA Y VOAF —BE AT, kL7 Blikk & KE
554 754 v CADAMIZ#iET 5,

ADAMTGIEVA® L EONTE/CO & H % 250°C~300°C OMEEA AL TRIES H,
(BB, 450C ~600°C DAY Y& RF —LDREHAEFRESE, ZOBEFHT S,
ADAM THAE LA 4 3K EBRELAZOBHF A 774 Y TEVARZE LN, YF—7
TIBERFEKBICERINE, COLHUEHREr 1A v BE— b - 41 FERER, #FiE
iCBEE MR I SN E VS FENH B,
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(1) KOBILEHINFIC L L KBREDORE
(&) -
(A} (BRIt

(Fiki)

MO M+1.,720;,

=) 1
Y +H0O —*_ YH, +1720;

k&1L
B! (i)
YH, — > Y+ Hs

{2} MARK 172X
730
(M CaBrals)+ 2H; Olg} —>QCCa (OH),(s)+ 2HBrig) 238%kcal.” mol EH

2007 ;
) 2HBr{g)+Hg(4l — HgBrals)+Hylg) 23 2kcal “mol ¥#

(3 HgBr,ls)+Ca (OH)zls) 20_(>J‘CCa Br:ls)+HgOls)+H, Olg] 335kcal mol B

4 HgOls) 693tHg(g)+1/203(g) 36.2kcal “mol BRE

4—11 ¥EHT 3 ¥ —ic k5 A LFEAK RS

KEEEE, BSRLTRKELAREIEIHICE, 3000°C DL EOSESKETHE, IO
o, BEARFELLELIS B00°C ~900°C OFEEEE L TKEHESEST S ICIIKD TKE
BUEDFE ] TRTRMERNLSAERICK - TIT D, R (A) TRE,

WEMEKESE (900°C LLTF) TRIGEETKEZRET 5, RICB{IEYMO 2 HETHS
BLTMEBRBICSHT 5, MEEORLKODHBICHERT S, FAEB TRUHEY L kERIGX
HTEBELRESY, REMMYH, 208 L TKkELES,

MARK —I 7o & 2{d Ispra IHFAFRTHES NS4 OBLEFIK BB TR b E A
T4, Hg, Ca, Br 2K E LTHVWIZEDT, 42070 2aAH 56 - T B,



JAERI—M 83— 227

$12 Zofl e RE - BERRLEAERETORZ

(N1S7ntR)
NiI,+N150.(aq)
v
DEHYDRAT I ON
JooeC
N1I,+N1S0, Iﬁii,(EtOH soln)
h 3
E+OH EXTRACT ION £¢0H EVAPORAT [ON
0, 250¢ 150°¢
' ]
T S04 NiS0. NiI,
b4 y Ny
REACTION 3-2 REACTION 3-1 REACTION 2
850°¢C g50°¢ §00°C
S0, Jnio Nif |1z
REACTIDN %
“ioott Ny
+ A Vg U
/i
H,
W ,('v
REACT ION 1-1 REACTION 12 |€
25°C 75°¢C
r. W : y
L HI"‘H:SO& (aq)
1
H.0

NIS 7o+ 2 dRD RN AT 5,

s | RN A kcal/mol (Hz)
SOz + Iz + 2H20 = 2HI + H280, 0C | —226  FE B
HI+H2SOu+ 2Nim Nilo + NiSOs + 21y 60C | — 25.8 ”
Nil: =Ni + I 700C | + 32 % # %
NiSOs =NiO + 503 800°C | +54.5 " g
S0; =80 + 10, 880 T + 23 # %:
NiO + Hz = Ni = Hz0 _ 600C | —2 % & %

4—-12

EHRTHE SN T 2B KESE 7o w20 | flART, KOB(LENSBEOERSE LT,

S0, , I,, Ni #H13, BNROT o2 THELMARER 00T 25 880°CTHL DL,

2oy A oveday i RRBEKFERET 0 £ 2

B aovE — OFBPAETSH 5.




JAERT—M 83— 227

5. iR TSR MRS

1 BREFMERR

5.1 SiE&REOMBEL
& A
]UE (5 O (%)
%—ﬁ ;— ///I \\\\
— H:II ‘</ ﬂi‘: (E)\\
o am SV
ﬁ 1000 | !
L T
1k 2N v
L i S
7o v .
# o o90f g v ="E R
E & / v =Ktk s
L o = BEEE
aD ,
e f EEbE R (kg sAf ) X 10°
f
i ) BE(C)
i B80T 200 1000
A | 179] 01421 —
o5t | 1.65| 2.64 | 4.94
162 108 it 1lo5 18 1'07 108
VeD

ok LicifiiE Re =

5—1 RO ML

EEOEES, AMICH L HOMERT N AT 5, Cofb, BFEEMEML, %ikEs» o
BRI 1T L TS — v 7 9 | AR B eSS B

SRDES, BE RO ERAENT 50T, Re HETL, BEERIEREET
F. CORHIERIEN FRT LRI ET B,



JAERT—M 83 — 227

5.2 B @ & E R

—
B = NE)

) (- %
7] LA/ I A— %

FEES () ( % )

ROOREEICI, BREAARNH D, BRI THERSTH,
BUWEREEMH 4155 ooic, FLRRENTIR SNS TLME,

53 AXAFOMBICEEEMIE

LA /I (RR)

0 2000 4000 6000 8000
i 1 ' I 1 e 1 ] 1 L -
s i
B R BB gl i < mEEL

 ® = —~—_ 2 % 2 |y

i
| B P T~ A R 3 B‘i
[ B = A s |

ROOTE (LA / VZHD D5 5E4BA S E, RBREE, Bifd oilk BT
_9‘_50 H%W@ﬁl{ﬁ%ﬁ(ﬂﬂﬁﬁ'%%é\mﬁi, i_lérl_j-[(\ [//f /)L/'Z*%(if%ﬁrﬂjﬁiﬁﬁ\%
zEMHMONTED, LhaxAamomicks@aitsso,



4
()

JAERI—M 83~ 227

54 BRACIOIBHEELA

. -
1200+ i
Bt “
i L7824 /7
Vi
\‘ F 4
1000 |- /
!
1 /
!
I
800,

600,

400

ara (AL

55 EBHRfEEBBEESTOLT

sk mamslc & 5 B2k

EERSTHASNRESITEIEIZE -
AT HBFEILRBIZ WL, S, 5F
FAOMEBIC LT L B INANEE (T
hh, MR OREE RN
3, .

kL 72 & B oER MG, D’
WERBTLO & B OB L (T LIS
B -ThED, L LiEfMeEligot¥Coon
ODAME LiE) S EMIE S ED LA,

~Y g LFR —

-
I

SN

=~
=
=

O 8

i A7 AR ELF R BOE L CilkaT
LT aicw, A—BmltssEd
&, BEREATEM L ERL,
HFETENRWELL S,

T

71
A Mc Eligot

i
J Coon

1072

—Fifd

(&L

i %

L

2 X10°

5 104 2 5 X10°
AL/ NRE



JAERI—M 83— 227

(POTRI 7 2 %6 YO RV M E G ok F T 9 D g D
OO S PN E S BRI G R Wy i O METUINEET WS 64 W)
LR TWME 2 D R s FOTNED VWE P & B Y B R v A ELED

ﬁﬁ% > A8

S ‘WExars b A 7 L 1~ ‘v
. ed ‘BxAs LA
poo8 0009 000y 000¢ SRS
o I L ' ; ] poog 0008 000¥ 000z
gz m T _ _ _
L6 ]v
- 0IXLT 10|z
TS (c-01X% T (..61%)
| = 1S
£ = 9 &
I} — I}
k53 vis|r Fy
L By |® b
y X ey |viqr %
i 01458 | O '
b gy B | g
G
L ' ! i I L 1 1 1 L t 1 g

A= R@b%:ﬁ%%%ﬁ NVWEENL S L R Y SH

NVWROPIBWOUYHME 976



JAERI — M 83 — 227
2) BEERLLARERZK

5.7 S MBAEORBER"

1045 (jC)= Tout (K)o
20 (C) Tin ('K)
A,
=
e
BIEH
- E
& (T%E) ez
£
£ s
me.
{ﬁf %, m
~ — EMrEHCTEE
o T RERENT S
S 10 , A A Q
< Btu/sec, ft2
}.L.
o g
R
14
1077
4 B A 77
10 o

gL

E Btu/sec ft?

EH R OREE



3) EmMBARRT

5—8 miRin#ssA L ERIEROE(L

EEJ_(\.

SESEEFRELTH, T2 73X+ ({DiEL) itk

JAERI — M 83 — 227
BEMBAREBSEAOE LS
TR NFEHEBAFRLDALTERERN
o F X & & .2} EZ R & &R E
E < I % OE 5000 (H# &)
A I 10* (GE &)
T 77X | 4x10* (BDEL)
# |k BE 6000 (&)
K B % v 4000 ¢~ )
SO FE B & = B o| 5 x 10" (B
B RN 53 £ 3000 (% %t)
K i = 10 (oEL)
Rzzaznrx |E F £ — & ~10* (@M
L — A ~ 10" (B
o k= 5 ~10* (B
18
/
16 //
14 //
12 4
&)
7"10 fa
Lot |
A Mo 4
Q / W
= )
S 6 / e
/ //z R /<“Nb
4 // L e
s S LT
2 é// /NLLET;EP\/IS
gl S ~MoS o
—
400 800 1200 1600 2000 2400 2800
m E, T

FIC L S MEFHDORARCEIREREOE LR LT 5,

LEEPREE,



JAERI — M 83— 227

5.9 BEAGCEEEL”

[t A v = eIy T PP
- SR £ %
5H | BF | EineaE

| T ()
REEE | T,(x)| (A%
1800 B4 |4 (x) @y,

|

}
0 0.2 0

| [
4 0.6 0.8 1.0
A0 — i
| 2200
— 2100
—{ 2000
0.5 /. | 11900
0.4} ¥ 1800
=]
E0.3F = 1700
o
021 1600
s
0.1F 41500
0 ! | 1 | ] | ] i 1400
0 1 2 3 4 5 6 7 8 9 10

% o8 Mz, A
59 RESHIEFEL

MAEANOEEA AR RREOEFECERL TV Do

— 46 —

g (x)/ qmFELL

g (C)



JAERI—M 83— 227

_ pdl
5. 10 %ﬁﬁz%ﬁ%%ﬁ)

TLUAMLA e b e e e
s 7 ;J _ ]*g%% %Ihﬂ*ﬁy}“{'['iﬁﬁﬁ
miri=i=l=lz ks A
S i
IRENEHE }tﬂr
TS DF.
rMHMMn

AR

' e

Hih‘_

b Eh

jy?pQF— E

TR &

e

EL

4

14 JE B

A
% &
i W
%k Bl
# #

i fE 90T~ 360TC
ik ALL 0.15—0.05
ML E 1%

5—10 BSR4 24P R G

1P (EZHEEASIRO Y 7 A0 R BEMP G EET 5100, SRONITEEMAERESN L,
iz 74— rey 70 Y FOROHBBEMOEEIC DU TRLAELDTHL, TITHE, W
B A FEEIT L - TARL, B, CHROSBICAM LTV 5, £HINEERIC 400°CLL FOREE
IR AR EFARSE L, FOEMEREIST VAN LRI Y7 ) - FEEQNETH S, B T
B 1A 7B R T 400°C A0 5 800 °C O BREIIC BN A B T, AR AL EOHSE
A~y ARBANETSH S, CHEEMIEB LR —SHTERINES, HEMEEELOB
1650°C oA BICHA S C EMBERsNAFERT, ERERIZPLHOMIFHz v 7 1) —hK
FEETh S,



JAERI—M 83— 227

5.1 SEEHMEBRETORREKDBRA

511 =EKBMEEETCRNE G5 B

MR ® O OO %

O

B 2 (TR
7 (V)
B AR (354 7 5 >)
S TLE B A
INA IS AGE
SR
R
WA

B

Y EHME

) BEREICHRE SN AEE A OMEEE T ORRKN &S 2 WM NI O A 2 DR IR T,



JAERI—-M 83— 227

512 28EOL/DICNT B
Rt Rl S F SR A% o
¢ ERITRE
¢ @ mNnEEE
( chan @ B iR)

§=10

(D, ) =107
(c) & i

© Re=1ot R.=107
(n) THLLER (L) % 4

(L/D=56, R.=10", D.=15%)

513 SERERBRENEORESF

(Der 1) =107
(d) i 43
(L/D=10, R.=10°, D.=10%}

2} /T,u:ﬁ)

}uhg ]OO' X X T:, T:{:’}(sﬁﬁ)
| 0o T

"m \x O-/‘:'O/ (-FE)

4 F at

\0

H

i sof ’f/
A

N
KO RIEBEN T2 EEELEDOD

N I
CMAHORE S RE(C)

5—13 SiRECERBHILTEORESH
SiREEABRTO 7 ARE L EEEEOAEERETRT,



JAERI —M 83 — 227

514 NA INAFZDORE

4o
(715C e PR QRS
«uvbﬁaﬁzsm”“-'“-'H 'mf?ﬂh%ﬁﬂﬁ
(750C) {Hﬁ;j“}h:::ﬁ;&lhdﬁﬁﬁwmﬁﬁﬁﬁﬁ
NE A = = — >
(1,0007C) L ~Y LR
VAV VA SV (1,000C)
rEsTE 9 1
@) 40 kg/cm® B
%X
1002 | 30 G{’f:r“’z/
O O [ 20 N
B vV | 10 S
E 80 ¥,
<
S 60
b
+><+ 40
2
it
S?g
20
15
10 20 40 100
i %, g/s

514 N4 NRTOFEE
IR ECE AURRER O NERET BT AR U5~ Y RRICE B BB ORERR TR T,
SNA RZGRDE S, REHEICH L TREARERO KRB RIENT £,



JAERT—M 83 —227

515 RhiRiBOF —%

LR R R
BN E
YA
S
B || smmn
FLFainys|| : I{
N u'f |
. . L;;_ \:iﬂ
) i
v.mﬁg g _EJD [
£ I Tnramm o i [ 1 oy | Y .
Wigo a2/
‘787 = —

| wb & 0D

0.0 . :
' A
— : [ A °
= 0or g
E A 5
T
=
: .
€ ©
e ° Iy )y = 325kg/ 12z b
E =gk
A WL |
% o ® s
O %
O Wi+ gIA
0.5 i .
0.0t 0.05  0.10

X e (kg/on®)
FEF v AT e v s 0SNG ORAE L EE

5-15 BOAABDT — 7
FE TR S SREBR R T & ARNAROHEESRE R, ZEOHEIMMCILA L TROKR SIS

Do



= B E

5 &

5.16 HEEE&EMG

I
T
X

W
EAER
HE A HE

v

__ WEER
I, e
R, VTR
HAWSE, R
&, ik -
()2, %
LEL, FEHE, Y
-+, EF s b,

(2 1D

44 vro/i

BE, HAR ER

JAERT—M 83-- 227

e qd | (o B % 8
= | o ET W
B b 5 SHEERE
EA. wE, PVHE R,
FEF, S %M Rro-7,
#4 2 aielh, BEGAEE @, B
BH, .25 Ta- Ty, —
Fa7—i a v, REL s+ R
- . ’D WA+ E R
—rFAReF SR Y RN =,
M s | stk F P T,
ME, B, R BE HA EARLY, EVY
. BTIFESABR
Wik, BE. KR,
IR, AEEY
Mk, RIG, R
HE, me, B e, ST,
KAEBARBRA HiNHE

BFE b 7 4 Fo JlEs PR

(R R (R
T e

[ S @ @
ﬁ] V
13

Ut

g

HOH = L =
No. Led
5 ol & % .
£ # | Bt |y B 5| By | B
@ R T FE BB, O
@ | P AL & @] O
o | EREEEC: © o _©,0
@.m @ &, O o OO
m w B = :
®  simum) o . %
® & = B O C G| o
® % _sgr © © _olo
3 & -
® | K¥iopm w3 | O o o v
@4 - © ¥ O c oo
o | & wom| O C o0
0| BB &£ v 7| O o ol o
BFHTS v b CBREHR
5—16 @R LY SEER

EEBMED LW RO NMERONESEE OO TH D, HEREIHIHED
BiT > TV GBS S, HIERECEPNTO 3 BIEEMEIC AR S hb, 215 OEME
1, PTFEEORHERES 2 EDEFFLABRRO T T, SEOBMREICEINEND,
RO LW B A BT S C ENEREN S, T/, LI, BRMELOREESNEY
BOhEBTICERT 2 B5a0REAH 45 & e, R, EHMks L CERIEHES L,

@it b FREEELDLESHD

[«]



JAERI— M 83— 227

5.17 87— RiE&FREHS

11§ :
FERREERE 20 m
P rrFaqX-
1.0k ,." NAFo{X
- 2
/_ (P= 5kgcm®)
/
| /
0.9F, 0 o/
5 ’
| /
E‘i’ 08 . \\ /
% ~
moﬂ-
FIXwILrQe— NATFOAX
06F (P= 10 kg, cm?)
* o\ TIRZZrQy— NARFEA X
05k (P=5kg.cnt)
04 | | | |
o 200 400 600 800 1000
HE (T)
~ )y s AT S0 A BEEER L RE & ok
[ PO IIERTES )
ZHMER A AERFEOSEL » HEEH
L 2 5 EatE 2 \ET miE kgsent | HEE ms
- 2 KD, BREHE 400~1250 0~1 <1078
gHiH—-25F04 XR W, HRER 400~1050 0~ 10 0~15x1072
nZFa{X-—nrFad X £y, ChRREGEELS | 400~1020 0~ 10 ~ 1078
NZF o4 X—4 34800 B, thREEAEHEE | 400~1020 0~1 ~ 1073
4 vanAf 800 —4 v 80 | Z'YEH 400~1000 0~1 ~ 10
AT A BER 54 FER 400~1000 0~ 10 <1070
HK40 -4 ¥ 3 e 4 800 HE 2R 400~ 980 0~ 10 < 1078

5-17 L v ) @87 — 7 &M & BERK

B L B EEERCERBRHOMNTEHR R G, YNVva=¥DE7 Iy 737
A YT EAZTFO A XOBRBEIEENST00°C ULTHDTES, ~AFoAXENRT
a4 X & OBEEHIEZS00°C TRAERTPERE ERICK-> TARELZ L, BRAREEINT
3, TTT, PUEBMES kg/cm?) THb,



JAERI—M 83 — 227
6) 24— b IFITLFROEERSH

5.18 Tx— bl b7 L UFEOEOEOBEORE 1

Q=T O
HEREB O ! Q . FEEED
REFRER g - @D

~  ERRA BREC
< L5824
1 }
IE 1499 _‘
|
'_:E{ 3@t .-
T el
4. - e et N s - T
I zeaR AR N
© " - - - i
= 18, ST e =,
{ 100f=
B
1 go0 L 1 ! I ' I
E?
[ od
Q0
. =
® = saf
= &
g5 H
ﬂ ->
& =al-
~ I ! L 1 1. L
Q A0 Fis] 5 & m

q Ll
R ()
5—18 7+ — bE v 7L YEOFROHEITERDIKE

Ta— YT UEONIINE0HN S 60 BEHCEE A IO ) v A HITEE O ik
#}ERT, COXHIUWIENTREOREIBRHER, KHETow 7DbdhREEcL-T, &
7oy /0T EMERNRYZ e ARMPEENTECLICL > THL S,



JAERI—M 83— 227

J 4 — bV b TL AEOFEOEDBERE @

T/C Ll
il I ey . - e S B e TP
7 ' :
R k/(/nkﬂfff\/ffﬁky/ﬂ&///\
f _ T/C 13
@{. ERIT Y] " - ?. R * - -
g 8‘
= " - _
H}E] 10 min.
= . -
i
fP ORI E
T/C13
[ H TR EE
HMLEND
T/CHLiE
74— by b7 LR OREREICO N T
1. BREEEIIX 5 ~20 %
9. A FEA (2440 37 MIFEA L, &EHS 100 EfE)
3. oA ETHFEELE A,
4, BMEEZ KA T o 70EINEEZCE-TEI S,
5. WL L THLRHEEE ORE



JAERI—M 83— 227

520 7ai— kY FTLUFEORLCTEMENRG OGN

/ Jaws Fow
§ D y
N
N
z MHRT
?\\\ R AER
\
N
N «— 7 0 AFHEN
§ @
Q &
N|
N| =
\
N| = L S
\

®E) T C
&% T C

N\

N
L *(&%%E% ) |
. 4 RN 0.9%
(ﬁﬁﬂ{$5;;7";“) kﬁbfﬂufﬁ%) (tﬁmuw\“z )
+ S 2.4 91.6% FERANL1IS

5—20 7z —bty T LrEORNT SHEET 7 o 2/N

Ta— bV FTUVFEORELTEMRARTZORELRT, FL 1 2T EREFRIBEL
%, RgE—a 7L d&@iEN24 %, REFEERTEMEAMN0S%T, JEHAND
Hitii 84 BiTiET B,



JAERI—M 83— 227

5. 21 7¢—btyk7byﬁwﬁbﬁﬁﬁim

= ’J‘f:i"‘?r:*:s:L

.@‘ Ny R v RN

N}
ﬂ‘glxrffﬂf”i =
. P 9 Nl =
I R @ A \
i ’////’?F“ =1 "l
, J
Fok [

5—21 74— bk YTV YEOROHRRESE
L & BB 2 @ AR < 1 OF LI SEE €75 .
BB ORE KT 0 o 7 2= AR S ATEEY 5 Ml & 10> T 5,



JAERI—-M 83— 227

522 7+—pberbTLROFOREEENOMIEROREL
(UFARAPYUEaL—ira)

BEZEE (VFARAM)Ea—vay)

—— - . T/C L
1 ol - - - > -
[ - -

[3
4
+
100-F
l-—‘,
t
*
®
-

BEEE CF)
i
Eéx

- L r +
[ ) » - - *
T T - - - - .

\r
RN
\‘(j J\ -
L At RTINS 1092511 Faf3eq) L.aag-+1 [T L LY 1. 19311 #2711
T Tl M (o Tl S INTF 103000 i3 he 30 B8 R H1@edt  IUAZNLILBIE AL IL MY Al I

e fd
BELTHE (VFIAMN) Ca—Yay) Y4

. $e0

% 7L w | =
3 o
R \ Lz<
DFs AR E2—Yg Vil V) F 4 A Ea—va ViR

WBEEE (D F4R b Ea—Yay) ORE

#1ley PORIGENMA ohfc s &,
FLEREN 4 ~b % b Licd &,

FLHLLER (INNER REGION) o DEEHSEML A& &,
HLAEIER (BOUNDARY REGION) OHIIEE R Lo & &,
fHIE 35 T JAWS” 7o —h#E-fz b &,

BEZ LD F v o 7EADSELCE &,

I

5-22 Ji— bty 7L yFEORLMITEESIO N TBOREL S

i RUERERET S C it k- T, EERERIESH, BrEdnes FOoRERICX

DNFa RM)Ea—vavyhEl, ChicitRd 3BEEARE S,




JAERTI—M 83— 227

1) EEHH

523 ERFTERYOIMBEENS

1 R SN L 318 1295 6.2% 10%

2 gig;% o 70 830 4.8% 102

3 EE TV A 2 7.5 1050 3x10Y7

4 L 'ﬁ # 15 930 6.5x10'
470

5 aTAL oV4Cr—1Mo | 143 400 82%10%°

6 EARE o 400 400 6.5 106

7 w e B | - 400

8 o E NZT oA X — 950

5—23 EBIFTHAT LM EEY
% BT 47 A ERIF TR & 1 5 LB AR R B ORISR %1
5.24 NZXFOAXDYY—TEEES

W5 H (kg £/ mm?)

50
4 L

3t ~NARFOA X, KRR

(22%Cr— 18% Fe— 9% MoDNi E&4€)
2 |
10 ——Q0
\
6 [~ _"‘-l—...____.
O~ gpoc
® —e. 08
4 | \
.\.
’\oo

2r ®~— j000T

1 | H | I ] L l | |

102 2 4 6 108 2 4 6 10 2 5 104

BEEER (hro .

3 Aid, SR EE -7

5—24 ~AFu4XDs ) — WX (%igﬁﬁfﬁr%@%: w 7)
/\Z‘)T‘U’TXUJQOOOC&O‘:lDOOQC@ﬁU~—7°ﬁg§ﬁg§é<%ﬂ—‘;@—0 900°C T, 1 FHY o

WriflIc B 515773 6 kg /mm® TH LA, 1000°C THRHE 2kg mm? L7413,



8) BEEEYMCRIGH

JAERI —M 83 — 227

525 BEARERFOREEEMETIEHRE
SR e }gii% HoOH r B o
B ENER 500 | 40 | 214Cr Mot EE%Eiémﬂgﬂmmié
gl B 400 | 40 | 214Cr IMoM| WIE, BMERIST), ME
- WOE | 400 | 3 (ED 2V4Cr IMof | BEERICT), HIRE
EvE | 330 | 3GEM) | ~xFo4XR | EEELIEROBEZICES
! ' BIEH, 2 R E R
920 DA
I HX |Topesss 920 | 3GE) | ~x7o4XR RIPHRIET, R, 2KRECE
BFEOAE, OE
E8E 115 DILRTIRE S 1T
T &HE M| 905 3(EM|NRFaAXR | XA8IEH, THEKEL LD
IR 7
FaRY 900 | ~0(EFE) |27 4 XR | »AFo4 XR E@EAMOBE
W RO PR | REIC X ABUES, MSRERE
¥ =k DA & B BIET
AU S DRIBER S, S
74 F 850 | ~0(EE) |~AF 24 XR B T B 0 S
H 490 WIE & A B DRSS L 2
950 5 77
400 SEROBEF v v 3L & (EIR
e 70y U 02(EE) |Ha RN DAKRE A 2R E DRIOE
~1100 BEic L SRS, BHs-—T7
#H— b HZ P ~1000 |~0{EE)| E # FLNERC LB HRAE, MR

[EEs A D SEM ST,

WHb, FMIAETHEY V=7, 70 —7EH, BRERE, &S5,

Btz ) — 7 HREL LB, ]

2L 4Cr IMoBRUNZF oA XREDHDEERBO SO &
BERTREIETE L A1E




JAERI—M 83— 227

5.26 EEMEOIEH—0UFT HI5M
C
?«; A
& B
ke
=
2
0 OdFhse — G F
MAODIE =0, = FRBRIGT
MBIt A= o, =B{RIEA
MC OES= o, =RARFIRVIET=5lkD @
MDD = o, =HE O 5
IV AITs ¥ |
1B, AEXERBAFS0AL P Smb 200H
1ERIGAT .
(AEIE) Tk - THEL BIEH,
BRER N EFIERIC W T, oREIB > THER
1 KIS R —
oo 1 BItEUAIRNES S5,
BEHOFHMOoESHERICL - TELBLAT,
2 RIS BEE L A OWEICE - THUSBRIETE 2
WIEHTH Do




JAERI—M 83— 227

5.27  MGHICBIRT ZEENFE
No. A% I mo =
B & R L0FH (6
=%Ofé(adT)+%ﬁ0f6(§ﬂ
LIBPEOF A ) +0 ) —TOFA (£)
2 | OFAEEE | BEARBEEEMOMECLVEFE LD, OF
57 BERRIE S S, ORISR EIC L 2 HESE
B &SN,
3 JE SRR DEAHERTH S Lo, BHOT AP Y -TD
THBET S E, £IGUTEISBRDT S, e
IGHEM (V37— vay) SRR,
1| EWoATH | EHHMETHIEY, KSHROEANMD-TH, &
BHLLO Fc e R NDER T 570, BBICEESTEV,
5 ko) =T 7 —7OE CHWERERE T, BIENE, B+ A
TOHIR I NEELLBVEFETS 2BRIEN oy © 2EETHE
Shd, 2 0,=35, &b, 35, HEIEENL,
6 | 7U—7HWT g —THEE L 15 B BB TR, BRI
DR (5F =071 v TEBILT3) RO Y — THEHEE

MO HRBET N5,




JAERI—M 83— 227

528 PR R iHEER

2R~y L RO

905°C , 4.15MPa

BARA

N 2~y oA A AL
283°C , 4.22MPa

—= 1R~ o A AHO

.
| p—r

AL 378°C , 3.91MPa
LT

CALILE

t T = 12k i
g‘-‘-ﬁ_‘ ,. T

&%5- ]

CLIE

rar

CIIE

CILIII)

CILILE)

i AY7) 7 B
€

€

C

Toh-ILNE -]

bl ausaan
940°C ,392MPa

[HREEREOEEE, THRMBEERF =& - v FERIZERH 900 CRI# L& <,
| M & 2 RBHMOBRE LTERENBREEZRL TV IBENTH L L6,
BEMS A AMEE LS, FERIBISIPET, cHE (0.3MPa), IENFHE
b, 70 - TEFEEEOHREMET 5 T LPRADRETSH 5, ]



JAERI—M 83 — 227

529 rFERTHRBEEERORE, IEHaH

—
]
i
ng
B
-

996

£9 &

BN (T) ME GRS A (MPa)
R D - = ok — b R R T, IR (B R 60 min) i) A

A v & hRE O OBEEEDED SEREAMAEL, ThiICLDRIEIHFEET
Bo 7)) —TEFREENEELL S,



JAERI—M 83— 227

5.30 HERETHLUOROBIEH (FFEHMEMES)

¢ ,= 200 MPa
++4 4 1500 3]
35m= 400 MPa
300 MPa (HEH)

N
| \ / HNE (400T)H

— 210 MPa
270 MPa
(Hh i) (RFE)
L rd o ’l J
,.f
5% 4+ (950C)
Ny — 260 MPa
© (D
18
o s
o~
g (FE(K 80 MPa)

DFAHIE 02%
R L 500 @ELE

FEEsEE O oROME (950°C) &AH (400C) DREERERINT S
fewic, AR UMTENSREST S, TRtk D, BT, 71 - 7RG
L AEEPERTRE ST 5,



........

JAERI-M 83 - 227

5.31 MHEMT Ny IDEBEESHLBIEN (1/12€F5—)

RELF » v

1000°C
:uul- 8 0 0 uC
"‘U " T : m 28 ! ~u ' )
WL EHS Y VN

19.0 MPa

-2.5MFa

(b) EISTIS1 53

(RIS 7 2 o 2T v v AVAARRN S SRAALFED T oy 7REF
o TEBERBBIUENA 2 EOMOBEAICLY, EFEGINIELNESEL S,



JAERI—M 83— 227

(°% @D 2 A4 O F S LI 3E [0 QBTG R B HI P E AR Y AR WES Y e P2 Y (A HRE D L em ¢ Hh
QU2 UL/ W4 A'D) Wi 622 LW HIE GRORMD ¢ 220 W% S 2 7Y G MFETRE > CH AT T2 B Q)

DG NFEE . QG u®HEAS 7@
y ‘o L .
| SR LRt VAL = [RGB gy
WY Em 0'd- BV OW | VEHH ORI - D, 064 06¥
TERWIRG 2 a ‘de (£ Mg UG 0TXY 0z AR 28
WyaE®m - y ‘v MEEEBE NEHTHEE® | 0,0011—088 QU7 £ LTS
T e B , ‘ oot ,
a ‘de ZHTEERY
y ‘ve| W - HEw - AU 0T XG> 02 ) 1 K )
sask -t O &) HuH - W @ |L9EEerANE - 0,068 —00¥
e
b e Ve Vg A+ SO Y0 | Gy 'L T
E7SeAAE-2: | B y ‘voe| DRI . W - D, 001 T—007 VG K E[n
EEEET |
O¥EH L — (| & [HRY - (EW) (APIWBT 0 < ")
(177 ) BT &350 FALE 1 20) L W0,/ U 0T X 4 & o LT
(Y ) BT - (WY RE © Z oL
IR - (AVH 24 Lk (Al Ak s BHO 0,0521 007 YN (R e 1
Wy QW . . ) AN - | NEEEE [(AMEHZ O
MEBZ WO b @ £ W M BT e % BB el e ow oW

FHEHOREEE? BROT EERE I AIEE Y (EE

[£"

HEHRNHER (6



5.33 BEHROTEET(LOBRHRIKTFHE

-02

—~0.4

—06

AT %)

JAERI—M 83— 227

BEAHIED

FH R
1100C

HEEDE
-08 7
B R
N
10 1100°C N |
HEL o R0
910T
| l I I i | 1
-1.2
1 2 3 4 5
i F & ( 10% n/cmf (E > 018 MeV) ]
(GBS HHEROAY, BSAMEB L O TEELM NS, RBREDITSL
TIBICE - TREEYNSH S L, RSN TO LI ITEEMICERE LS, C
N, BEMROREISICRE CHST 5.
5.34 HEHRERIFENRBSOMSHE LOMEL 214 Cr— 1Mo MOBESY
gL l
#E e B3 & Bazitte 1 5 o Wit 5
R ]
400°C £40°C S LRIES, 2EIES |« BE » BEBHILE
5%10' 1 en 1%105n /om? - B OEOE - B -G, WOEERRE
EHEE (E > 0.18 MeV ) (E>0.18 MeV ) - B « W TIEEE Lo HBUAK
~Y g L | P20 =7, EHEs | BEREEol | e s Y-
20 4% BL | B
- 7%
400°C 440°C C LERISA, 2GS cBEE v 2 -7
L 40x10'*n,cm® 1x10* n/erdf « WMITH - BE ST s 0N —TEE
(E>> 018 MeV) (E > 0.18 MeV) - BEEEO®RY
~Nyath 204 EL
400°C 500°C - BER - BT coy-7
. 6%10"° n/cm? 1x10% n cm? CBEEEORD |« 7 U -TEY
POXFE | (£ 018Mev) (E>018MeV) L
~ Y ah 2046
(HEHBBOFHBHETTE, 2V4C0r— IMo MBS ¥ LV ILEE L ETRlASH D, S5 ) -7, BEHRU

2 =7 EHEEERNEEIMEL LD, ]



JAERI— M 83— 227

5.35 FHERH (2140r—1Me) O+ LE—BE

300F
| 2 174 Cr-1Mo$ 450, 3000 hr
(B o LR LMD lﬁkﬂﬁdjﬂ
-

L)
— 200
et / "
-.I //
1% / : 450C. 3000 hr
% 210 MPa,
= 100 I 77 B 3 4
O » i | [l | 1 I s 1 | Il {
—100 —~50 a
AEBEE(C)

(FEHRRHIL 450 CIR BB & 53 itk ¥ itd 3 ERhUZ OV {LEIL
HERNMTZT L E- TECRBESNZIEAT LT S,)

5.3 TEUIFUBXEEVOBRENFEN

! 1 I T

'Y TFY (BERKEEM

1600 C « 500 C DEIEH

~ 10f T~ R (RO EHICRE) i
® S
)
%o
5 1000C ~_
oo v s ]

| | | |
10 107 10° 104

ik TOROER U

(MR AR EZE BT U 2 ORI 7 5 X210 X 58 & AERA I X iR
B AN U By B8 2 BRI L DBEAHAEENICELL, SHOoREY, &
BEHOMEA R B,)



JAERI—M 83 — 227

10) #RMAF

2.31 HRMERIG

DTG D+T =He® +n+ 3.27MeV
D DG D+D—=T+H+405MeV

He*+n+ 17.58 MeV
TF Uy b Li®+n —=T+He + 478 MeV

Ch )+ L HEFE)
. Bug °C, lsec -
WG ORI D. T 75 X I
(10~20KeV)
KEOER
b4 72 (JT - 60JEH) 1=
| 7 AT
(JET—dah) \;fs-xv
(JFTR—3%) A S T (B vy a0
(v )
b -3 ATHIE L EEAR B N’
W7 -2
U -0 - L — -
A (A
i (3 2w~y
V—‘N\\ — P R e g (COQ, U—VVZ)K)
4 g e Jxenme #H5 A, LA, ¥

REFUL - RS OB

A4 ve—-n (R
(v FT —4)



5. 38

LAy alor: 301

JAERI—M 83— 227

QE=WMN"AB=1 BER) ~x (HOHK
N—S—ER=75 X2 LIABIHEOT S, 75 X< DFH

BHEMK
1
BHEGE RERIL 3 B8 -SMR ———>iim

Ak I

BR 2L — 5 —) ;

1 p— : ik }
Se——d TERR

N AL SR !

e g |

[

|

|

¥
- BHEA o
#E¥4—— > ,%E‘;ﬁ - BEU o >R
e NEEE -

A

|

i A

II =L K d2

: T Fy b

!

|

Lawson O&#
e AoBEEE A< BISEE oWAEE
D_
s D\ B | WEXEA | % B | BAMSHE
¥ B
. D-T T (K (cmPs ) n Cem ) T(s)
8 maaE (0] '
< S 2 & 2e101 1210 2
T TR b i
2 R = WEH
- 2—6)1013 9—1e10M 92—
. | e A (2—86) | (02-p-10 0.2—1
" / kA= AL
10 N BORAOR | 80007 | 4e10" 10-10% 0.1
fE @ |
2 5 10 20 50 100

XT (keV)

nT & XT ORE

*FMOKER, AUEBEOEANEERT DT, A—0EET
COMEEFERINAILABERT Z 6O T,




JAERI—M B3 — 227

539 RV IXAHEREE

EAL A ELY 3

hIEIL T AN AR

LR

JT-60 BEE

&I
RERIX

LHMELUxRT—
LAETH
l@nsrafa

HNAEABLY
FRAQUMRAT DETARET

r&m

B S EXVL
X
RIEILF AN SHMFAH ez F AL _ ¢
Ef 132 Yt AYQIT ATEMAEE

—an i R 72ER%
IT-0ESFERIERD _ o PP LA
FETINE (4 4 v e — AEEED

. o B IEEE | ")z 1] w2y — (K7,
JT-0nEERET BEEME (7)) AR5 ) —EKZH
b5 ARB(Z#E! (m) 3.0 MEBEHEHYAL (7744

B@ i HEE) {m) 0.3 | .

b oA YLk {(T) 4.5 bUFYLRE

FSAITRR {MA) 2.7 %5&3’7, % 1 Hﬁ@f"%iﬂ

(8. e 5725 A {sec) 5~10

S FANIAAN (MW) 20

BEEENRAN (Mw) 10

__72 j—



JAERI—M 83— 227

1) Efﬂﬁﬁh&t&&;&]%

5.40 HEERWICEAT I HEHER
7Y — R

R 78 ik

(1000C~
1500C)

1§ #4544 14

o e e e e e . g

[ Bl R GE O\ T

K FERERAN ) \N_MED. Mty s ok - 5 AR
(b —FsNa79) thznuﬁnmgzﬁﬁy
i A&

=i A 2 A

/T ERCGERE) MTER
N iR, BeE ﬁk&&@

e FHRET o 7 b
2000C, Isp= 900 %b, 100 MW

%mﬁ%ﬁ@/ltrb ,’

T TIY YN, B
ERT 7 X LB R ( R% g ) KL S > 7
B 5 x <) NN - Y.y 1 T

[ OEEIRREE N\ eyt e CEE

K H, 538 AL | ;gftg’g’b R p 2

2 L] - In 24 — w4 7w
BfLETa LR A Rl e, B /\ MED Z 44 7 v j
I jazﬂ;nmz?am'ﬁufr D N
bo— I B A
'\ B E,mﬁ..f ) 10*C, Isp = 300 i, WA L#E S RF LA
—————————— - 1000 MW e

i~

fﬁﬂﬂmmﬁ%\ \7/1/ R O\
11 5 573 AL B
\ . aw. mrny ) 0y 28 i ) o
it A




JAERI~M 83 — 227

BaEXH

1) BREFSE: cxvF—gHE (1977) HARZ F ¥ —{LREME

2) BEHWITERAES | OAOER (1981) , KRR

3) TAEA : Directory Nuciear Reactors (Vol. [X (1972) )

4) BFHELHEHS . SRV ABIFOREMCET 5HE

5) BARFHELSH  BETAAMHBRESHREE (E066 &£)

B) SEARIFL AR VAT L HHE | BHNERS A RRFORMBRICHT S
sAfzil) - _

7y K-, MREEIEZ (HY 4 7 vkEREEROHR -V, 1980FE ] JAERI M-
9724, 19814 10 H.

8) BfH ARELHMERIGS 5 2o ¥ — BlRF e st (A 49 )

9) WEEEEEE »A0¥F - 83, EFHT

10) FranF—7 -7 51 LEVF—E EFLDEHDE BHFRLE

11) EEx A F-Frfm . =40 F -t (50 56 Fho

12) BAREFAWES  LEMSRVAE (1983 44)

13) (UARE=A . ROz xv¥F - EET/ETE, (1983), AE

14) BHAETAMES . £80EEAT R4 (19795

15) K.Kugeler , M. Kugeler, H. F. Niessen : Nuclear Engineering and Design, 34,
129 (1975)

16) ARFHEES, SEY 2 FERSGEFEesEE (1972), (1974)

17) W E.F. Matton & others : NASA—TN D — 4585, p. I~39.

18) H.SHIMOMURA & others : ASME—Paper 74 WA HT—3 (19874) p. 1~8,

19) E. Reshotko : ATAA 5, 9 (1967), p. 1606

20) FHEE, AL O, 26, 1247 (1974)

21) DOCKET—-50267—15 Fort St Vrain Genrating Station Final Safety
Analysis Rep. Sec. V.

22) MiAF=, FHEE] EMOZE, 33, 363 (1981)

23) N WLy —EVEBEERS  HEVA I v Ly —CYREY AT LT SHEAR
4E (1974F 12 H)

24) OAHHTS B T2EEE (1968), 11~59,

25) H.G. Olson & Others : Nuclear Engineering and Design, 72, 1256 (1982).

26) FAPIG No 99, p. 121, (1981)



