doda ()

S yee Jsb jo JelS b 4 sl 5 8 sl iS sl ) den Dja8 e S
Al 00,08 &g a4 b e piew 3190 ol 4 ol U gl abl golaidl g liebl LB
3oy D08 U ol atils oS 39 g dbl alils ez g YU 0,30 gl i slad b
0,55 & aily god job 4 4eiST) wieeew slezel Gl wao  plasl g3 gl il e
CABY (o (g, Mol> a5 go)lge o > ail ead el Wb sl L Cwl T plasel g0
L aS 00,5 5 eal g 55 eole 55 oSTyke 5 S by 553ST) e 05150 (ol (oo yiws jglate &
5 2l &8ss Glae 4 MRX L il oass Joe MRX oS8T, JLSGH i >0k
Co,ls o pnlS

MRX)Q Q> 6&&@9@‘;’4 Slaal (Y
ol Slhdss S g iS b g Y Jo oS (g9, p odd coas MRX jqi5T) )08

IS po a8 wsl o MRX (635 g0 4y jeome S o S . Gl D13l ao ol Jlos slo
Gl 00l s0ls ULV.U&

——————————— e e e S e s 2 s e aeiahe
=1
__________________________ B e — -~
Oy 9% ¢
1
g1 o i Q¢
. T

Fig. 1. Two MRX equipped icebreaker for scientific observation.

D el 00 00,91 15 ;0 MRX 1)L Glual
SO 5 05 s (VY



VP sgam )0 Gl (ohdigy alaime b ()T p 2 5 anils (goly (Soad 5 65 0 55T, ol
b llas . sl ot b b 285 gl o5 el ly 53T, oolel i 9gam 4o oS e o
5 wolaidl wals jsb 4 ) o551, g58 cnl Baa cpl ol o5 53 )95, S x> 55551, o5 039
el 00,5 gl sla (S s sl ygige L 2B, LB
s (55l o0l (Y=Y
s b Rl )0 el (08 SasS sz lizl g b ojle 5 58 gile eolu 5l Su
call oo g gl dn 08 o
Obebl ColblB 5 ciosl D9 (Y=Y
Bl Sols by o 4 i i 4 Sliabl SllB 5 sole 3 Shae Sl 3 (5 st
035 18 00l 050 g (rel Slaie Jleizl gy 0 L
SIS 5 L spugs (F-
Bz 53 s 65055 5 ond Loy b g 5 S s Oloj b g3latdl s jlge Gl
opy el e
O,lg0 - Cowl 0dl 00ls ol ¥ ISS (0 0uls fol> sasgus 5 b Slaal o akal,
il ale widsy oo v | ok & sl oes
RS
(S g slo alo &S > 05556 J,u5) CRDM gecews 5l eolaul (Y
O 030 2l Ol (F
Sl 185 Jad pof s (F
ST, S gy Cead (0 (gl daks Sy (O

Requirements Design goals Major improvements
Integral-type
Simpler system reactor
l.l‘:;:sﬂsi:: (Compact lighter
& simple)

In-vessel type CRDM

Fig. 2. Design goals and major

Waterfilled .
containment improvements of MRX
Cost reduction Enhanced safety
Passive
decay heat
removal system
Increased
Easy operation maintainability One-piece removal

of reactor system

L9 o0 0318 syl sy Cend o bl OS>



35Sy i (b (F

SRl g Lasme sgu oy 18 1506 i ey Wb HeiSTy ol 56 b 0 Sl Sl (Al
o als &5 9595 sl Q3> 45 (e cpy Bl (505 (Reels BB b les o (>
L 35yls &5 (K5 (0.99) b o jo 1) STy (e (oo 4 asilgn aien 58

bl o G Jlcod dlyy lp ()5 a8 ao o Ve 5l Gy adg olls b ST, (o
Cab il |y CSgw b Al S

HouSTy L aslb alls 1y jeile g &S o (gl ouls atwles & ,08 Zo Sl yuss 5550le> Wb 95T, (z
call ¢Sl asl Ve iSlas ol Ol o cpl b

b (2B sleg,s o 0S8 oo Iy col S LS e A &S (2B leg s Wb 451, (o
e dgly iSTas g oog g 5l iin 0SS e adgi a5 Ll e JiSTas B a8 sy
‘—éﬁjﬂ)dﬁ@ ‘f‘)b 6‘)-" ‘LU‘)M J‘ML’ 9‘ heel 230 9 0 rolling =45 ‘50);
F30,5 (o0 gy W0 el 5 by B (3ble o a5 e 228 sl ST,

Sl jeasTy (V-Y

T sl ool sols Hlas ¥ IS o )] Slgime 5 49581, jlad co P adaie pla

¢ el Coond (o i L 0gd oo aile (Lid Cod 5 09,0 Sl ceal b yeST) Lo
STy led Cos e YL o

BCKCS :
Confaingent Vessel
(uergency Confainment Vessel Nitrf)sgin s oaisS Sy slo ey 5 (RVP)
- Fater CoollngS:ystem)‘ _______ L J /—f‘ L e 4 ole il b Lol
(Egergency /TN N\ Joos o Ll Slasin ¢ Wil oo
Decay Hea ' ) ..
Removal ek o - Sl oals ools L Y
Systen) DO (i
) g o
L.‘ré
{ =) T
‘ i \
i it \
ST ) L IN An) Primary (oolant
Reed Tater Tlet/ |1 FF/L il i M Fig. 3. :
Siean Duf et E i _ I ’" Reactor Vesse] Conceptual drawing of MRX.
(mnirol hod = -1 i
Driving Hachanisn | L e bl
e\ \aprze =~




Table 1  Major parameters of MRX

Reactor power 100 MWt
Reactor type Integral type

Reactor coolant

12 MPa Operating pressure
Inlet:outlet temp. 282.5:297.5°C
4500t h 1 Flow rate

Core:Fuel

Equivalent dia. 1.49 m
Effective height 1.40 m

Av. linear heat flux 7.9 kW m_1
Fuel type Zry-clad UO2 fuel
4.3% U-235 enrichment

Fuel inventory 6.3 ton

Fuel Av. burn-up 22.6 GWd t 1
No. of fuel 19

assembly

9.5 mm Fuel rod outer dia.

Control rod dribe mechanism
Type In-vessel type
No. of CRDM 13

Main coolant pump

Type Horizontal axial flow
canned motor type

200 kW Rated power

No. of pumps 2

Steam generator

Type Once-through helical coil type
Tube material Incoloy 800

Tube outer:inner 19:14.8 mm

dia.

Steam temp.:press. 289°C:4.0 MPa
Steam flow rate 168 ton h_1

Heat transfer area 754 m2

Reactor 6essel
Inner dia.:height 3.7:9.7 m

Containment

Water-filled RV immersion type
Type

7.3:13 m Inner dia.:height
Design press. 4 MPa
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Table 2
Major parameters of the MRX core

Parameters

Design condition

Reactor physics parameters
k-eff
BOC (cold shutdown, all control rod clusters are
inserted)
EOC (hot and full power, all control rod clusters are
withdrawn)
Reactivity coefficient
BOC Doppler coefficient

Void coefficient

Moderator density coefficient
EOC Doppler coefficient

Void coefficient

Moderator density coefficient
Reactivity shutdown margin

Thermal hydraulic parameters

Heat flux

Maximum linear heat rate

Fuel center temperature (full power, 1,200 MWD/t)

Minimum DNB (100% power)

0.82962
1.02041

2.2 10 5Akk 1:°C
2.5 10 3 Akk 1:% void
3.0 10 1 Akk 1:(gcm_3)
2.3 10 5Akk 1:°C
2.6 10 3 Akk 1:% void
32 10 1 Akk 1:(gcm_3)
2.17% A kk 1

1.427kWm 2
304 kWm 1
1785°C

2.25

>1.02

>1.0%

B41 kWm 1

>1.73
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X7
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@ : Type B fuelassembly with controlrod cluster for power contro]l
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C A : Controlrod cluster for power control (X 3)
C g : Controlrod cluster for power control (X 3)
Cg : Controlrod cluster for back-up shutdown (X7)

Fig. 5. Arrangement of fuel assemblies and control rod clusters.
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Fig. 7. Flow diagram of the engineered safety system.
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Table 3

Criteria of dose equivalent rate for shielding design and results of shielding

calculations

Area Remarks of area Design criteria Result of shielding
calculation
Reactor room 48 h/week <10 pSv h—! 3.9 pSv h-!
Inside double bottom | hjweek <3500 pSv h—! 4.3 10% pSv h~!
Between below contalnment vessel Not necessary to access in <5 mSv h~! =50% 107! mSy h~!
and double bottom shell ordinary conditions
Engine room Survelllance area <6 uSv h—! 1.9 puSv h~!

Accommodation area

Outside ship side

Outside surveillance area
boundary, £ 50 pSv/year
Above waterline. Outside
survelllance area boundary

<0.0057 uSv h~!

<0.11 pSv h~!

<0.001 pSy h~!

=0.01 uSv h~!

Fig. 9. Concept of one-piece removal system.
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Fig. 11. Analysis of a transient behavior of MRX by RELAPS5 (Rapid load decrease).
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Table 4

Breakdown of weight of MRX reactor plant component

Component Weight (ton)
Reactor vessel 280
SG 57
Support structure 7
Pressurizer 7
Primary coolant pump 11.4
Containment 550
Emergency decay heat removable system 3.6
Containment water cooling system 10.3
Reactor core internal structure

Upper core structure 18.6
(Inner tank, CRDM support plate, etc.)

Lower core structure 21.3
(Core tank, neutron reflector, lower core plate, etc.)

CRDM 7

(13 drives, control rods, drive axes, acceleration

mechanism, guide tubes, etc.)

Fuel assemblies 9.9
Primary coolant 45
Containment water 238.6
Valves 0.5
Shields 235
Auxiliary system and tubes 50
Total 1552.1
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Table 5 Comparison of engineered safety systema

PWR (two loop) Mutsu PWER. (two loop) AP&O0 MRX
Core make-up and High pressure coolant injection  High pressure coolant injection  Refueling tank (1), Core Containment vessel water
keep core flooding  system (2), Low pressure eoolant system, (2) Low pressure coolant maketip water tank, (2) (Water-filled containment vessel)
injection system, (2) Accumulator injection system (2) Automatic depressurization
tank (2) system {2), Accumulator tank
(2)
Long term coolant Low pressure coolant injection Re-circulation coolant system (1) Static residual heat removal Emergency decay heat removal
system (2) system (2) (Matural circulates)  system (3) (MNatural circulates)
Containment vessel Containment vessel spray system Containment vessel spray system  Static containment vessel Containment vessel water
coolant (2) (1 coolant system (1) coolant system (4)
Emergency power DC power (1), Emergency DC power (1), Aux. generator DC power DC power (2)
generator (2) for Emergency (2), Emergency

generator (1)

*{): No. of systems.
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Table 6 Comparison of equipment used for accidents

Component PWR* (two loop plant) Mutsu PWR (two loop plant) AP&O0O* MRX

Safety injection system

Pump 4 7 0 0
Tank 45 2 5 0
Heat exchanger 0 | 0 0
Remote operation valve 45 83 40 [}
Residual heat removal system
Pump 5 5 0 0
Heat exchanger 2 2 2 3
Tank 1 2 0 0
Remote operation valve 19 13 4 3
Safety heat sink system
Pump 6 4 0 0
Tank 2 | 1 0
Mechanical draft cooling tower 4 2 0 0
Heat pipe type heat exchanger 0 0 0 4
Remote valve 34 18 4 0
Containment spray system
Pump 2 2 0
Tank 1 0 0 0
Remote operation valve 8 2 0 0
* Data for PWR and AP600 were taken from IAEA-TECHDOC-861 (IAEA, 1994).
Table 7 Results of safety evaluation analyses of MRX on accidents

Matter Scram signal Reactor pressure (MPa) Minimum DNBR

LOCA Reactor pressure low 12.2 2.29

Loss of primary coolant flow accident Power range neutron flux high 13.8 2.07

Main feed water line break accident Reactor pressure high 13.8 2.15

Main stem line break accident Power range neutron flux high 13.8 2.31

SG heat transfer pipe rupture accident Reactor pressure low 12.2 2.09

® Where, maximum allowable reactor pressure = 16.4 MPa, minimum allowable DNBR = 1.73.
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