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Abstract
Nuclear power becomes an important alternative ggneiption,
because it may solve the conflict between the eninalevelopment
and carbon dioxide reduction issues. The Taiwarthean@ower plants
will meet the lifetime of the reactors after 2018.order to maintain
the electrical power after 2018, two options aresodered: (1) to
extend the lifetime of the nuclear power plants t@)uild the new
reactors. Therefore, one needs to study the nestaes for this
purpose. Because we only have experiences of it Wwater
reactors (PWRs and BWRSs), this project would ligefdcus on the
feasibilities of CMS packages on the advanced oeacof EPR,
AP1000, ABWR and ESBWR. The study has found thMSC
packages is suitable for simulate the advancedtaoeamf EPR,
AP1000, ABWR and ESBWR with the thermal-hydrauliodal of

natural circulation cooling.
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' Pumps Il Seismic A
E ves Sﬂfﬂ? Building Cable
] PTPe: Volume

¢ Reduced Number of Components:

1000 MW Reference AP1000 Reduction
- Safety Valves 2844 1400 51%
- Pumps 280 184 34%
_ Safety Piping 11.0 x 10* feet 1.9 x 10* fest 83%
- Cable 9.1 mil. feet 1.2 mil. feet B87%
~ Seismic Building Volume 12.7 mil f? 5.6 mil. ft* 56%
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Daprassurization
Valves

B 12 #ds 5% g4 4k 5t (Passive Core Cooling System

7R kR : Westinghouse AP1000 Advanced Passive Plant , WiEnrGins, M.M.
Corletti, T.L. Schulz , Proceedings of ICAPP '03r@aba, Spain, May 4-7, 2003 Pap
3235

Natural convection
air discharge

PCCS gravity drain
water tank

Water film evaporation

Qutside cooling air intake

Steel containment vessel |

Air baffle

{0

B 13 4t ;5 Fre 44 #r k s (Passive Containment Cooling System

T 4 & JR : Westinghouse AP1000 advanced passive plant, T.lhuldc Nuclear

Engineering and Design 236 (2006) 1547-1557
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Consequences of a severe accident are limited
by both passive and active safety systems

~— Passive System (Short term) —, —— Active System (Long term) —

1. Temporary retainment in the reactor pit 1. Remowval of comainmeni .::w.at:
Uity anc melal gatc) - Recirculation and coolant
2. Spreading in the large surface dedicated heat exchange

area (metal gate melting and gravity)

3. Flooding and cooling of the spreading
area using IRWST (In-containment
Refueling Water Storage Tank)

- Containment spray system
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*Increase the volume of
water in the vessel

*Increase driving head
-Chimney, taller vessel

*Reduced flow resistrictons
--Open downcomer
--shorter core

Chimney

[[] saturated Steam

BREE LK

ESBWR

Bl 15 f A2 £ kT ot

%k - Willard Roit, New Boiling Water Reactor (BWR) Optis, »# 7 2

ESBWR 1% 2 & 33k 25 > Bk d ;N % > 2t
Isolation condenser systerr passive containment cooling
systemE_H & & ch% > kALK I £ 4 BRiE b pr ok
¥L(gravity-driven cooling system, GDCSJ_1/ -k i=eng
K H|drm bt Feank o] o B 16 . ESBWR % > 3% 3t em
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d

>

A
(dm

EPHgeh o Ra a2 TaF 2P p
nonsafety makeup system Isolation condenser systemz.

o B RPE TS Gk Bk E g R
*%F\o
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B B i 3 Suppression pool # % # % it * {r [solation

BZ7 2 oA gravkE g - B
condenser systedigt < # B 1T * jp e o BRI x4
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e S AL R JERERA T G R PR
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Grawty Drlven Coolmg System (GDCS)

nment Cooling Sy: Automatic Depressurization

System (ADS)

Isolation Condenser System (ICS)
Standby Liquid Control System (SLCS)

Ultimate L'_

Heat Sink

DPV = Depressurization valve

& = Explosive valve

E = Motor operated valve 54 =Solenoid valve

PCC Pool

Containment

(NMO] (NG steam Supply

Main Ste:
Line
4

=

IC Vent
Line

PCC Vent
Line

Suppression
Pool

Suppression ]
Pool Equalizi

} = Safety/relief valve [

Containment Boundary

7 4% kR : Willard Roit, New Boiling Water Reactor (BWR) Optis

Bl 16 ESBWR# & 3¢ % 204 4r & 57 & R
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J IC POOL (OUTSIDE OF CONTAINMENT)

IC HEAT EXCHANGER
CLOSED LOOP WITH Rx

(DRYWELL PRESSURE >
WETWELL PRESSURE)

CONTAINMENT
BOUNDARY

VENT FOR
NONCONDENSABLES

DRYWELL-TO-WETWELL VENTS

Isolation Condensers System Passive Containmeningdsystem

B 17 Isolation Systen® Passive Containment Cooling Systéng. &

F 4% k7R : Willard Roit, New Boiling Water Reactor (BWR) Optis

ESBWR % 23K 35 T i gL .
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ooomop AR 4 0 Flm Power/flowshis i i 2 s s
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WERE P RS L 2P BRE B A

Q)i > mzkeng Ko BB A fp st st an® g 55 L 2 My
SR A 4
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(B) £ 4 BRit b frat Lk B X D ARAE
(6)7 11 72/ PEp 2 ZE 4 R e (% i‘}'“’?; BiF g ek
/Z‘;\ :G‘PJJ‘%NS o

(7)Core damage frequency 1.7x10°

2 EH"IFLEZ‘ '*JLF%E' rﬂ o
p @ ESBWR T A B 4-281F > 2 WA 28E& 4 5
ESBWR: # £ 2 7 §_2005# i¥ % ¥ ® NRC % 4 » 2010
H

£8 H& 2R LA E RSB RI % 3 2010
E10 H gk end 2A4TARS § 0 k20108 90 Bt e
FAIEE ko

2007 ¥ ‘se FERENY o LS kB LY A
2010# 6 7 7 fid-nf WY sHEA SR 1S > 2t 2011
EATH ERE DY o 1945 2010 & § = A F L EORE
PR gBahEr #2207 AT R o Bt He
= ESBWR# ABWR - # 8 5 ESBWRT it &1 (1 o

% 8 ¥ i ®12 ESBWR R Fie

B 7 ¥ L
Finland 2020 ESBWR

Poland 2022 ESBWR/ABWR
Switzerland 2022 ESBWR/ABWR
Sweden 2024 ESBWR

Egypt 2019 ABWR/ESBWR
India 2020 ESBWR

Mexico 2020 ABWR
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o Natural convection
air discharge

Doubla-wal PCS gravity drain . =
containment with |1 water tank
ventilation system Come met Wiater film evaporaton — =
T /-\ spreading area Owuecoolng f / 3 \
=% { 4 Cortainment air intake '7; 7 ~ - ;\.
= | heat removal } s : \|
I~ ] i Hyslem Shost iternal condensation
I comunmm natural recrculation
‘ ’ i Air baffle S
: L= il
Inner refusting Four-train N L : ﬂ=
water storage tank recundancy for main g
safegard systems
Figure 3. AP600 Passive Containment Cooling System
Source: http
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7o QU gt )

Pl R

17X17

17X17

17X17

Lattice (B 19)

24 guide tube
264 fuel rods

24 guide tube
264 fuel rods

24 guide tube

265 fuel rods (no centra

instrument tube)

wril g A i Uo;, Uo;, Uuo,
#Hr+i>®A | ZIRLO ZIRLO M5
Rk
(};n)I ERIPER 4 168 165.354 (4.2 m)
Spacer( B 20) | (6+3IMF+Bot) | (8+4IMF+Bot) (BHTP+2HMP)
Spacerie = ZIRLO ZIRLO HTP-M5/HMP-Alloy718
R E P

(BP)
WABA + + -
B-10 5 ¥
(Mg/cm) 6.032 6.032
WABA % &
(glc nf') 2.4830 2.4830
WABA ‘& = A,03-B,C A03-B4C

IFBA + + -
B-10 5 &
(Mg/cm) 0.772 0.772

% A& (g/cnT) 5.14 5.14
KRN Boride Boride
Gdh0O3 - - +
%/13 #c Up to 8% / 4-28

7k k& © AP1000 Design Control Documentt-ic % » 2Li2 ¢ 7 AP1000 # EPR Design

Control Document

41



Fuel Rods (EPR-265, AP1000-264)
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HOLDDOWN SPRINGS
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(BWRA4) (BWRS) (ABWR)
Power(MWt/Mwe) 1804/636 2943/985 3926/1350 45000157

Vessel Height/dia(m) | 3% 2> % |} 3% 2 B [P % 2 3 |} 3% 2 3

21.39/ 21.39/ 21.9/ 27.7/

Fuel Bundles(number) | 408 624 872 1132
Active Fuel Height (m) | ATRIUM-10 ATRIUM-10 | GE14 GE14
3.796 3.796 3.81 3.0
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Power density (kw/l) 50.15 53.49 49.22 54
Recirculation pumps IR2 SIRX | P3R2 S/Rx | p3R 10 5 | Zero
IRX
Number of CRDs/type | 97/ B 4 = | 157/F 4 i& | 205/#c 3 47 | 269/ 3 47
% 3 SR F el HE S k| F s X
o o
Safety diesel generator| 2 = 1 = (2 b2 1 £ |3 = 1 £ | Zero
* /RX * [RX * [RX
Core damage freq/yr 10 10° 10’ 1.7x10°
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d >t ESBWR 3 § A $Hif ik - 3 #inom - B2 2

BWR 2 ABWR 7

~

“t3 o 4 13 £ ESBWR# jx ch

2p 2Ll 2 gk
RiER

H i BWR et g o d 3% p 2RI R4 & 0 et

% 13 #nk Pt Eant i (BWR> ABWR and ESBWR

General Operating Conditions BWR/6 ABWR ESBWR
Reference design thermal output (MWt) 3579 3926 0045
Power level for engineered safety features 3730 4005 4590
(MWHt)

Steam flow rate, at 215.6C final 1940 2122 2433
feedwater temperature (kg/s)

Core coolant flow rate (kg/s) 13104 14502 87637803
Feedwater flow rate (kg/s) 1936 2118 2451
System pressure, nominal in steam dome7171 7171 7171
(kPa)

System pressure, nominal core design 7274 7274 7240
(kPa)

Coolant saturation temperature at cpre 288 288 288
design pressure C)

Average power density (KW/L) 54.1 50.6 54.3
Core total heat transfer area (m2) 6810 7727 9976
Core inlet enthalpy (kJ/kg) 1227 1227 1180-11P6
Core inlet temperatureé C) 278 278 269-272
Core maximum exit voids within 79 75.1 90
assemblies (%)

Core average void fraction, active coolant 0.414 0.408 0.53
Active coolant flow area per assembly 0.0098 0.0101 0.0093
(m?)
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Core average inlet velocity (m/s) 2.13 1.96 1.12
Maximum inlet velocity (m/s) 2.6 2.29 1.15
Total core pressure drop (kPa) 182 168.2 71.8
Core support plate pressure drop (kPa) 151)7 137.9 43.1
Average orifice pressure drop, central 39.4 60.3 17.4
region (kPa)

Average orifice pressure drop, peripheral 129 122 37.2
region (kPa)

Maximum channel pressure loading (kPa) 106 75.2 24.4
Average-power assembly channel pressure 97.2 65.5 21.5
loading (bottom) (kPa)

Shroud support ring and lower shroud 177 165 7.4
pressure loading (kPa)

Upper shroud pressure loading (kPa) 25.5 24.1 17.4

Core Power (%)
3

Simulated Thermal Power Trip (5TPT

303
\

|
i j
82z 1505

Feedwote

Note: FWTR = Feedwater Temperature Reduction Region
FWTI = Feedwater Temperature Increase Region
SP0 = 100% rated power and FW temperature of 215.6°C/420.0°F
SPIM = 100% rated power and FW temperature of 187.8°C/370.0°F
SP2 = 85% rated power and FW temperature of 252.2°C/486 0°F
SP3 = 80% rated power and FW temperature of 2352.2°C/486.0°F
SP4 = 50% rated power and FW temperature of 229 4°C/445.0°F
SP3 = 50% rated power and FW temperature of 179 4°C/355.0°F

i H | v
4 1
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i 355 i H

oo ]
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wpass a0 450 |
86

2822

00
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8 29 Typical ESBWR Core Power — Feedwater Temperature
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