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Building of Nuclear Ship Engineering Simulation System
Development of the Simulator for the Integral Type Reactor

Teruo TAKAHASHI, Junya SHIMAZAKI, Toshio NAKAZAWA * , Noriaki YABUUCHI
Yosifumi FUKUHARA, Takeshi KUSUNOKI and Masaaki OCHIAI

Department of Nuclear Energy Systems
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(Received March 9, 2000)

JAER] had carried out the design study of a light-weight and compact integral
type reactor of power 100 MW.. with passive safety as a power source for the future
nuclear ships, and completed an engineering design.

To confirm the design and operation performance and to utilize the study of
automation of the operations of reactor, we developed a real-time simulator for the
integral type reactor.

This simulator is-a part of Nuclear Ship Engineering Simulation System (NESSY)
and on the same hardware as “Mutsu” simulator which was developed to simulate the
first Japanese nuclear ship “Mutsu”.

Simulation accuracy of “Mutsu” simulator was verified by comparing the simulation
results with data got in the experimental voyage of “Mutsu’.

The simulator for the integral type reactor uses the same programs which were
used in ‘Mutsu” simulator for the separate type PWR, and the simulated results are
approximately consistent with the calculated values using RELAP5/MOD2(The later points
are reported seperately). Therefore simulation accuracy of the simulator for the
integral type reactor is also expected to be reasonable, though it is necessary
to verify by comparing with the real plant data or experimental data in future.

We can get the perspectives to use as a real-time engineering simulator and to
achieve the above-mentioned aims.

This is a report on development of the simulator for the integral type reactor
mainly focused on the contents of the analytical programs expressed the structural
features of reactor.

Keywords:Integral Type Reactor, Marine Reactor, Real-time Engineering Simulator,
Passive Safety, Nuclear Ship

* Department of HTTR Project
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48 . RR—2iAk 4|18 0. 050 (0.5308] 0567 t 0.00100 -1.042} 1.042] 10.242
NP LT TERiEe ) .
51 SR Tehk— wyiw 112t 0. 050 0.4658]  0.3724 1 0.0010] 2.368] 2.368] 7.200
52 KYE — 47k 1222 0. 050 0.4658]  0.3724 1 -0.0010] 2368 -2.368] 7.290
53 TikE-me 13 ]23 0. 050, 0.4658  0.3724 1 0.0010f -2.368} -2.368] 7.200
54 KR-1EAE 14.124 0.050 0.4658)  0.372¢ 1 0.0010| -2.368) 2.368 7.290
55 W AR 15125 0. 050 0.56790 0. 4540 1 0.0010] L9420 (9421 7.200
58 Y~ A7 16 |26 0. 050 0.5679]  0.4540 i 0.0010] 1.942] -1.942] 7.290
57 FALE- KR t7 )27 0. 050 - 0.5679]  0.4540 1 0.0010] -1.942) -1.942] 7290
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BTV TRtk
61 * //H.‘dr Zﬁﬂ:m‘ i 21|31 0. 050 0.3724]  0.523% 1 0.0010f 2.368{ 2.368] 4.930
62 MY —A5AE 2213z 0.050 0.3724]  0.5238 1 0.00100 2.368) -2.368] 4.930
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2% Ho7L TERE-R ek 1716 0. 100
212 BT~k F11'H/ .71 0. {00
213 Likk -2 gk 1. 718 0. 100
214 B —2eMs ek L. 716 0. 100
221 MFF ERE-AYE Rk 1.372 0. 100
222 [ ATk 51,13 Sk 1. 372 0. 100
223 HRE -k 11 1.372 0. 100
224 D ey T gk L. 372 0. 100
23} HRAIN M-k gk 1. 930 0. 100
232 FATE 51 (3 ek 1. 9304 0. 100
233 fikk—m2 Mgk 1. 930 0. 100
234 | VERyd gk 1. 930 0. 100!
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614 BHEOH B EOTY
F M E H Bt ZH50lE gabs | NE
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RaN AR [ke] 2.2 GE)| 219 #Et3)
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(B& 1) REERIC X > TR T 2 2 LItk D EAL ER LI EEZ SN 5B, 0.1
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L1 L2 L3 Ap IRW DRW
(mm) (mm) (mm) -
1400 | 1300 1350 119.8 119.8 1.20
1300 | 1200 1250 138.8 258.6 1.39
1200 | 1100 1150 174.5 4331 175
1100 | 1000 1050 1949 628.0 1.95
1000 900 950 206.9 8349 2.07
900 800 850 221.9 1056.8 2.22
800 700 750 248.7 13055 2.49
700 600 650 2943 1599.8 2.94
600 500 550 336.0 1935.8 3.36
500 400 450 365.1 2300.9 .65
400 300 350 3594 2660.3 3.99
300 200 250 301.3 2961.6 3.01
200 100 150 216.4 3178.0 2.16
100 0 50 136.1 3314.2 1.36
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(mm) (mm) (mm) (pcm) (pcm) (pecm/mm)
1400 1300 1350 1164 116.4 1.16
1300 1200 1250 128.8 2453 1.29
-1200 1100 1150 161.5 406.8 162
1100 1000 1050 179.8 586.6 1.80
1000 900 950 1923 778.8 182
800 800 850 208.0 966.9 2)08
800 700 750 236.2 1223.0 2.36
7000 600 650 2855 1508.6 286
600 500 550 331.9 1840.4 332
500 400 450 370.6 22110 an
400 300 350 378.0 25889 - 3,78
300 200 250 326.8 20158 3.21
200 100 130 239.6 315564 240
100 0 50 153.8 3309.1 1,94
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EEEAR S tmEXR

F1 SIEXBAB LURHBIEL #2 SIEBFHINBHEN *£ 5 SIEEE
H % ¥R i 5 E V= &% HERRGE i 5
E (A - b+ o m %, B, B | min, b, d 10 = 7 4 E
" B 407354 kg - S 2 2 0] ~ % p
B fal » s ) » b |1, L 102 5 5 T
F #l7y v =~ 7 A k it 10° | & bl G
BNFEE |7y v © v K ETELL | eV 10° | # i M
% g g€ w mol E%EE%E[ u 10° + =) k
* Elh v 53 cd 108 | ~ & b h
__________________ N
T @ @m|5 27 ~| rad 1 6V=1.60218x107'*J W |7 #] da
X K B|RTIVTY st 1 u=1.66054x 107 kg 07| F v d
1072 € v F c
5 107 | 32 Y m
%3 BEHEOBHE S SHEATHE O I
x4 SIEHEEERNII e
. i - 10 + / n
& 5w |us|B2SRE s N5 B Wl e s,
2 i #l~ »~ v| Hz| s % W 2 s 107" 7«4tk f
71 =a—-FY| N m-kg/s’ AVTZ DO — L A 107 7 b a
E H, i Bl 2 # | Pa N/m? e - . b .
IIF-FEBRE|(Y 2 - | J N-m o _ v bar GE)
T =, e sy 5 oW J/s 5 v Gal . ®1—5F HEBEMFR] $5 K EE
=5 %‘ 5, = {‘E’]" 7 — o v C A.s E3 2 1) — Ci rg%&i% 1985EPJﬁlCotéo f:ffln lev
BAL L, £FD | K v b))V W/A vy ob gy R BEU 1 uffitd CODATA D 1986 F %
# € B 8|7 - 7 F| F C/V 5 K rad WEIT L -7
E S OB #Ht - | Q| v/a L . rem °
sy s s s v |v-xva| S | ANV 2 RACWEBE, /b, Tow, A7y
R WY = — | Wb | Vs 1A=0.1nm=10"m —MBEENTVAAEEOBMADTE
W O ® ® E|¥ =z 7| T | Wb/m? 1 b=100 fm?=10-2* m? CTIHBELT,

N - . ~ I _ FE a
150y L ) H | Wb/A | bar=0.1 MPa=10°Pa 3. barid, JISTREADENEEDTIE
tovy 9 ABE \eryyxE]C | Gal=1 cm/st =10 m/s* BRBVR2 0N 7 T) - CHES AT
* Hlnv — 4 ¥ Im cd-sr c s 2
it =z 2 1 Ci=3.7x10'"°Bq °
Eiv 7 x | lm/m B 4 ECHMFEEHLIESTE bar, barnb
14 & |~ 2 L | B g™! 1 R=2.58x107*C/kg . . R

ge | ™ a e U MMEDHEL ] mmHg #&204 73
w oW @ B|s v 4| Gy J/kg lrad=1cGy=10"Gy CRARTO
B OB ¥ ®|y-—-~aub| Sy J/kg lIrem=1cSy=10"2Sv °
# -3 %
71| N(=10°dyn) kgf 1bf £ | MPa(=10 bar) kgf/cm’® atm mmHg(Torr)| 1bf/in®(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 71| 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
# & 1Pa-s(N-s/m?»)=10P(#£7 %) (g/(cm-s)) 1.33322 x 107 | 1.35951 x 10~* | 1.31579 x 10~ 1 1.93368 x 102
FHEE 1m¥s=10'St(= b — 7 2) (cm¥s) 6.89476 x 107 | 7.03070 x 10 | 6.80460 x 102 51.7149 1
) J(=10"erg) kgfem kW-+h cal GtE#) Btu ft « Ibf eV 1 cal = 4.18605 J (3t&#)
*
w i 0.101972 | 277778 x 107" | 0.238889 | 9.47813 x 10~ 0.737562 | 6.24150 x 10® =4.184J (BMEE)
¥ v
1 9.80665 1 272407 x 10°° | 2.34270 9.29487 x 107? 7.23301 6.12082x 10" =4.1855J (15°C)
% 36x10° | 3.67098 x 10° 1 859999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 107 =4.1868 J (HBEAZR)
% 4.18605 0.426858 | 1.16279 x 10~ 1 3.96759 x 1072 3.08747 261272x10"  {ygm& | Ppg (LES)
B 1055.06 107.586 2.93072x 107 | 252.042 1 778.172 6.58515 x 102} =75 kgf-m/s
1.35582 0.138255 | 376616 1077 |  0.323890 | 1.28506 x 1073 1 8.46233x 10'® = 735.499 W
1.60218 x 10° | 1.63377 x 10| 4.45050 x 10%°| 3.82743 x 10°%* | 1.51857 x 1072*| 1.18171 x 10" 1
& Bq Ci % Gy rad i C/kg R ® Sy rem
5 1173 &t =
1 2.70270 x 10~ & 1 100 % 1 3876 2 1 100
HE 2 g g
3.7 x 10 1 0.01 1 2.58 x 107* 1 0.01 1

(86 % 12 A 26 BH)






