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Fabrication of Nuclear Ship Reactor MRX Model and

Study on Inspection and Maintenance of Components

Yoshivuki KASAHARA*, Toshio NAKAZAWA, Tsuyoshi KUSUNOKI
Hiroki TAKAHASHI and Tsutomu YORITSUNE

Office of Nuclear Ship Research and Development
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, lbaraki-ken

(Received August 29, 1997)

The MRX (Marine Reactor X) is an integral type small reactor adopting passive safety
systems. As for an integral type reactor, primary system components are installed in the
reactor vessel. It is therefor important to establish the appropriate procedure for
construction, inspection and maintenance, dismountling, etc., for all components in the
reacter vessel as well as in the reacter contaiment, because inspection space is limited. To
study these subjects, a one-fifth model of the MRX was fabricated and operation capabilities
were studied.

As a result of studies, the following results are obtained.
(1) Manufacturing and installing problems of the reactor pressure vessel, the containment
" vessel and internal components are basically not abserved.

(2) Heat transfer tube sructures of the steam generator and the heat exchangers of
emergency decay heat removal system and containment wate.r cooler were not seen of
any problem for fabrication. However,due consideration is regired in the detailed design
of supports of theat transfer tubes.

{3) Further studies should be needed for designs of flange penetrations and leak
countermeasures for pipes instrument cables.

(4) Arrangements of equipments in the containment should be taken in consideration in
detail because the space is narrow.

(5) Further discussion is required for installation methods of instruments and cables.

Keywards : Nuclear Ship Reactor, Integral Type Reactor, MRX, Machinery Arrangement,

Construction, Maintenance, Dismount

* Mitsubishi Heavy Industries, Ltd.



JAERI-Tech 97-048

H /4
1. F 2 ATE oottt e e e s s e a e ST 1
2. MR X OBEE  ceerenrrer e s 7
2.1 MR XDEREFGRTE v e e e e 7
2.2 MRX T 57 OB - 7
3. MRX*%@%%’VE ............................................................................................. 12
U Lo RO i S O OO PO TSP O DI PO PRI 192
3.9 FEMAREROES O PP PO 12
T T S -2 13
3.4 F i PP P PR 16
4. BERVZ X B AR - ARSPEEOMIST  covoeeecrmmerei e e 40
4.1 MRX®OERF A, Jﬁ*ﬁ . 1%%‘:0)%1;%‘:]}]3 .............................................. s 40
4.2 *%}j_\‘]f{:; }d;%ﬁ‘\‘/:‘ ﬁ\ﬁﬂ‘ ‘ﬂj’*ﬁ . 1%%"19‘:‘{])*%% ................................................. 41
5. MRXIZBITA AR - ARTFIAOFRET v 55
I D > S T OO U PO 62
S PP P 62
s o ST P PSR SPR 62

iii



JAERI-Tech 97-048

Contents

1. TOETOQUICEION - et cvsreerrrnerasinennsnmnasnceucensanss s iassassnsanetnatat st satatsnsiaensness asannnnaiss
2 Outline of MERX  covivnnrerreraareeratirnanica ittt ettt e aacasaies e,
2.1 Design Condition of MRX  roeesirrusssmrsomsrsssassinss s st
929 Features of MBX PLant  -coveierereermamariaaniii i tis it e
3. Fabrication of MERX Model  orerrmmi e s
3.1 Design Basis and COnQItionS «--e-rreeerrrereisersssisisesasineseeaes s
3.2 Description and Structures  ...-ceeeeenen SO PSSO URTYUPUPIORS
3.3 FODTICALIOIL +vevvvnscvnsranramroamarnetonnrcencaemrssrsrnearenestestanisatsrinssntonsnron asiitaitantnnines
3.4 Evalugblorn  coeceeveevstianiorrsamanraresretiiiatruaan e etaaatr s S
4. Survey of Refueling, Inspection and Maintenance -.-...ooooovimrinrren.
4.1 Refueling, Inspection and Maintenance Procedures for MRX  .oooovvvveiriieinicieennn
4.2 Survey of Procedure for Construction, Inspection and Maintenance, Dismount ...
5. Survey of Inspection and Maintenance Procedure for MRX «..oooovvrniiinnininnnn.
B. SUIIMATY  +evosceeesesererseseassermereemessasssssestesnssses s es st ae 1o ebch bt em et n s bbb
ACKIOWIGAZIHEIIES <++svrererrosmmremssniasssssssantessssesss s it bttt

TRETETETICES - -cveevesmtnntnmanennen e sassanranan s tas st n s tnm ettt s tsn st st rn s s s n s d s e



JAERI-Tech 97-048
1. FAMNE

FFEHG A PR B 745 MRX (Marine Reactor X) . FROERETFHHE~OHEEZ HAZ, &
. EEMEOMEEEEL THARREZED TV AKBHEORAR TS5,

Gl O FOTE TIRBARIC T ARTROER. ARLOERPEEL AL L, £, 3
EOT TIIRMOB LR NE RO EAEEERB I EAENS, IE - BRI, #H
DR, B2 RHEREAOTHNEL L AT AOEREERAHOBEEREE LTRY LiFK
S o TE. TOER, MRX OREAFEE LT IKERBHER SR> 72— HRIIEKE |
DR E Y. BRI OEHILE D0 ER 4 EED 5 8 BRI AT T IERE kD E, &
oD, AEFEREFELAZET I (0D OR3FIIRbE T, BREEERIZ
%3741, ERIZL/2HEAD, RENZER - NVEEARSNE,

CRETOREAETFORBTHIRESNTRAISIC, 79> hOMRk - BFIHERD
HEOREAERIHBAET T FOEELEER LS Y, DOTEHEL LRSI ES, T
fbb. BULAR - EFET T FOFRO PR L THEOTEETHS EF A5,

A E T MRX TR O & 5108 - BEALE Bis L&Et£1F 5 7. Lo L. BFke &k
FHT N, REOMREE. SREEERBICTEIENS, SR BEEOETRAER
T4 FAED, MRX OREHZBNTIE. SR - Ryt e B8 L TRt 2o, Rt Lo
R (KT, MR, M. SENS) 2RNTLCEEBNIC. ETERRES BT
FRUFAEEMESD /50K ES ORMEHAEL, FIEORHET -2 bOTHD, 15,
WU L 7 O 0D 4 (K5 2R DOLT R % Phote 1. 1 & 7F Phote 1. 210R 3,



JAERI-Tech $7-048

- et

| X URMERFEMRY w15

Photol.l {ERUERIPSAEE




JAERI-Techk 97-048

i
|
i
i
I

Photol. 2 FANIRNEE




JAERI-Tech 97-048
2. MRX O E

KB B4 MRX (Marine Reactor X) (3R KEfiM, KRBEO 2 FIHMEOBEEZEAT
WEH L TWAKBHMAFETH 5, £E T I/NL- BB EmEOR2NE. GEEE2ERHT LD,
I T-HE R SR R S A EI R BR B R AR S A 28 SEIBAERBR K R 2 H L 72—k BIPWR
THh5D,

2. 1 MRX ORE&MH
1) REEE

AFEFAAT 5 bORFENIADBEDITH D,

(1) BE/NEUERERL., BRENICENTZEFFEFTHLI &

(2) M EEECEHL TR, EFOLERAEEHETEEHIC, HOEMEESDLE
DENDENESBNRHRITHAZ L, TENLTEBRITOVLTIISZENER2S A
FLERATS, £/, EMEREORWETFIFLTSH I L.

(3) &, BENESETHEVRTVHTFFETHL T &,

REFB B e RIRE Fig. 2. 1IZRT.

2) FEHFEM

(1) REHHE
(a) #HH : 100Mwt
(b) EHETR 1 50%

(C) T F4ER D 20 4F
(d) PREIRTHFR R O U Rk e - ERiE

(2) fAEE) K& DiIRE D5
M EBI R FREOED TH 5.
(@) fHonmi . T 0.85¢/ # 0.95¢
(b) MMARIEMEEAE 30
(© WEHEEERHAE 10 &
Q) EAFRAESE 455

2. 2 MRX 73> hO¥#
EEHE Table2. 110, £O2K% Fig.2. 2IENTURT.
MRX 75 > b DEBKMIBRO EBN TH B,
(1) k% PWR O
BHEOSMEPWR TRETFAROMIRBIN TS RGRERZRTFESITAR
L. —KRZZERTHERENTHCBMEE L, THUCE D RORRENE 2D,



it e N e, B AL 1wt e, L st e

JAERI-Tech 97-048

FHOMBEARSND & & biz AHMBEERE L TN RRERNELIRS> N5
Sl TENELREOBELNTEER S, HPFRRIIRE <AL 752k
EHhE U TIR/NBYEINER S NS,
(2) ETPE RN LR SRR B O 1R A

R BT EROMIIC BB SN T A HHERSISRE ETrEEN BTS2 &
&0 BERUH L EROEREHRL LR EBD S EEBI. 7T hONELE
2. -

(3) KERBEHERORHA

KEFE L BRABNCETIAREERETS 810X D. LOCABIZ B TZEN
WHRLEKO#E AR S, Ik D DR EEiEROBBEEX - 2, EBABEK
BIEMAE L TIEATAZ I TOREREEARABE LT,
(4) SHNRERRERORA

FHLER, RERERCREHE, LOCAZOENIHCZ. HRBRICEDAIERE
AR I BT B IR MR EREERIT . . BWMBEEKFICREBEEN
FEREIE— T TRBHBTREAMET 2, TNSORBIIZENLEREATALATH
N, FHOmHEL. EEEOR EVEREN TS,

TRSORMIZED, MRX 3T 52 FOXEZER NRESRRSND EEBIZ. TS

L NEEORSE. EENEED TN,



JAERI-Tech 97-048

AN

HHEROHL BT 17531

ELTHME—
RS F

To

AVERHE

Fldxk) - THE

FE g
o PIoIEREE

S S MR ION

T ERESZE

EREEHIDE
it 3 O £ )y - B

(ZEBHEX)

Y —

AVEH - i@




SN I

13200

[NENE
T

f\

ArfREA
[

Kiedh

o]
AT

SRR

JAERI-Tech 97-048

FEANES 257K
TAIZS

(43%5%)

il 12l S5O A
(x13)

AT ANy S

/HLM
R ALAINES
(X2)

T~ 7T L
(X3}
PRI ES
(BRI
TR

T RIS
AR . 3 m
fPI
PRESHE
(x19)

JO-RIV)=2

750

RQZLkﬂ%%ﬁﬁ?FMRXwM



JAERI-Tech 97-048

Table 2.1 RFFET7 S FEEE

SR ] 100Mwt

P — R BN KA

— 5 HU/KGBERIE 77 12MPa

—EHB R AEGIRE 290°C

—KREGHKR =& 4,500t /' h

LI _

LWmEE 1,492mm

BaEmE 1,400mm

WAGHRH 76.26W / ¢m

FEHAEE 40.9kW /1

LR BERE 22,600Mwd .t

EHE Zry $#58 UO: BREHE

2o BRI 43/2 FEHE% (GA#L /AN) (Gd:0: L6 EE%)
PRELEE T 6.326t _

KL S SHEUET LI LINy FREBEA L vy 7 2 7)
REE SR & 194K
il PR B O B HTEEENEY

B 13%

e = )3 AR B

HE 1 &
—RIBHIKRRB T B BBy RE—F R
HEE ' 2K
RAFLEL A mUﬁ»:%»Eﬁ

AN 40kg / cm®*G

AERE 288.7C

LBEME A > a1 800

T IPEE

HESEGE 4.0m,/ 9.4m *

B AES 13.7MPa

EEfAERE 320°C

ME EoeH

B AR RR  KEABRNER

RELEN 4AMPa

A EE 7.0m  13.2m*

* R {1 DR EFHL R
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R ER DB ORI 120 BB ORESTID URIFTINC 180 WD 2R 13 S HE
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RRASREOREE ERE6F 2H ~FR6F6H
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3. 3. 2 HTHEHNEE

B TAPAS IR D BUE L 7 MR # Fig 3. 210, HEMME % Fig.3. 31I0RT. BT
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B FE (RT LAY TR RUOEERD S FERRICTEE L, AR
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TR R A A MR 2 T — R (TS R CII R E) & L, BMEL
FEFERERAKROERES Photo 3. 1 (1) RUF3. 1 (2) 1ZFRT.

(2) FEOHREHE G

MRESRSK LA OREE LT, T/ X, iﬁ%?(47f)&u%ﬂ%&éﬁ77
A ZAMTZIE VEYEL . BEL- OB ESAOEEZPhoto 3. 2 (1) RT3, 2
(2) ITmR9,
(3) HIHEERENIEH

SRR B DAL B A 1T 5 © ST AR EED B TR O T, BB R

DABEOHEBWE LT, FARSII RN SHOMB THRTEAMEEL
7. 2B, EEOELHEEE Y O AN TR T S HET RN SRR O RN E A I, SRR
SR OB A IR L7 4 I R FNENRT T, BELAHEHERDRBOSLE
Photo.3. 3 (1) RT3, 3 (2) IT:RT.
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WHERTEHMRERTLIREE L. R TAZ LR VTENE, HBRERNECE
(B 13K 2RERLZEEE L TEIEL -, 8HEL ZFAMBEY DT E % Photo 3.
4 (1) BRU3. 4 (2) iTxR7T.
(5) AIAEER

AERERIBFERANVANINNEEETH L. FEKFEES MR O L AL
BRI AR S BT, BTH 120 B OMEERTE & U 2 TRIEL 7=, MRX O#iK /) X)L K
DB/ ANDITA RE2FRTHEN, FEETEERMRG Vo 1 G4 (17
Ff) 22N ENRERLTEMELA, BELEZRIZRAEBOEEEPhoto 3. 5 (1) RT3,
5 {2) 1T 7.
(6) INEZE4H4

MEBSEIIFTEERAK, AZXRBERS LFERRIC, A4 120 BB OHEWH & L. B8
MEHHL INEB e — S RUERD >V E2RNERLABETHELE, B, AT LAy S
PR FBICARL TS, BELAMERAKOEEEPhoto 3. 6 (1) kT
3. 6 (2) IZwY.
(7) ERHAKKR T

MRX D EHHAKR S FI32 R THRINDH, AERTE ERLERIFEEROER
NERZ ANVEBEDRE LT, —HBELE, 2B, EHHAKR > TOF v 2 FE-FHIZ
NEVR DB TR L 7= EHHAR 7 H A DB EEBIE HA 5 R OB (e /28
EL, T4 72— A RFEEREMBL. i%{?bf:%?%ﬂ?kﬂ%‘/fmﬁﬁ% Photo 3.
7 (1) RUF3. 7 (2) iRY. .

3. 3. 3 HMaalE
HMOMARMOREL - HREEE Fig.3. 4110, PEMREEFigd. 51087, UFi&
RSB O RUEEE £ R B,

(1) KEEE

KEEBIEMCIF U L2, EEERUEKFOISHTHR L2, £, HAEEH#
B L R 120 S B AT IS 7 & L TRUEL 7=, e, AR ER B AKIR O T I BIH
B OBLE S TR S AR S AR TRIEL o, ETRARI I R- &0
IO BEEWEL -, B L EKEREBOEES Photo 3. 8 (1) RT3, 8 (2) IR
7.

(2) Ny 77 —h

N7V T L— R, BT 52 RO D RN EEMNSR O EEIMA THRRE N,
BMARARNE L RESE EERICER N5, .

g LB T 5 2 R ABRK T, &R 0 REO TR KM R HKOBEN
w2 KB END S 2ROHEIR GEET 5 ELR55/ &FNERE B0 5A) LD
BREXNTWD, SWELAENY 7 77— MDOEE% Photo 3. 9 (1) RUL3. 9 (2)

IZRT .



JAERI-Tech 97-048

(3) HBWER

A IR AR 2 AR 2 A IR S N B RIKIREEO / KLUV MG, TR
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1= 0 R S LS . AR KA H AR AT R TR B SRR D B R
21— TR U TR F BT O D . BUE L o E ke ARl O 5 H & Photo
3. 11 (1) RU3. 11 (2 IR,

(5) FEH BB R LI

#ﬁ%ﬁ@ﬂ%f%ﬁm.3%@&D%DE%@&%@hFKELt@%%E;U%&
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e BB % Photo 3.12 (DRF3.12 (DITRT.
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BEOEREENRTIEER, KEEE RMERO=EMEEEELTBD, NDEX
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M Fig.3. 9icENENRT,
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