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The secondary function of the LPSI system is to complete the cool down of the RCS and to maintain
the proper RCS temperatures while shutdown. This mode of operation is called shutdown cooling.
In the shutdown cooling mode of operation, the LPSI system will take a suction from one of the two
RCS hot legs and will discharge the hot RCS fluid to the shutdown cooling heat exchangers which
are normally connected to the containment spray pump discharge header. The shutdown cooling
heat exchangers transfer the RCS decay heat to the component cooling water (CCW) system. From

the outlet of the shutdown cooling heat exchangers, the water is returned to the RCS via the
normal LPSI discharge piping.
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¢ Containment spray system

The secondary function of the LPSI system is to complete the cool down of the RCS and to maintain
the proper RCS temperatures while shutdown. This mode of operation is called shutdown cooling.
In the shutdown cooling mode of operation, the LPSI system will take a suction from one of the two
RCS hot legs and will discharge the hot RCS fluid to the shutdown cooling heat exchangers which
are normally connected to the containment spray pump discharge header. The shutdown cooling
heat exchangers transfer the RCS decay heat to the component cooling water (CCW) system. From
the outlet of the shutdown cooling heat exchangers, the water is returned to the RCS via the
normal LPSI discharge piping.

11.2.3.3 Shutdown Cooling Heat Exchangers

The shutdown cooling heat exchangers are used to remove core decay heat during plant
shutdowns and in cold shutdown. The heat exchangers are designed to maintain the RCS at the
refueling temperature (approximately 140°F) 27 1/2 hours after shutdown from an extended
period of full power operations. The heat exchangers also cool the containment spray water
during containment spray operations.
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*» Safety injection mode

® Injection mode
= HPSI: QA FEQA S 2 7|, 124 bars
= SIT: 42~44 bars
= LPSI: QM FEQUAMS 2 7|5, 14 bars

® Short-term recirculation mode
= RWT X 22| (7.6 %)
= HPSI: cold leg injection
= LPSI A X|

® Long-term recirculation mode
= QHE Q) E = 4A[ZEOLHOf| FA['H 2 S TS Al
= HPSI: simultaneous injection

A F A F (SIAS)
FFAE 4 3 A A4 | Hn
A4 1-9¥ 133cmH,0 2/4
7}t A -t 124kg/cm’a 2/4 | WR
S T A9 2/4




Review

(RAS)7} A8 wj7hA] Alg FUR A
ARSHAFYH I Aoz ZAAFHIL HA A
T F3Y GA Ak e AedseAds By S AT AdHZIE &
% otk AAZ, APAAFAAFTS ¢ o1
Azt 9l BaskA ot ol Ale® FAEy @ aebEFI Aed &
AAIBI 7] ol

E OE olft AYIAFUASE AAYAA TR &8 et =

gk sEsithd Jhest o wE) AAYAAGE et A g g,
Ay AT AL follie Heshbd o333 APAFAA TG ZH 2-710] 7}—*
atth, A9 spde] wet AAE FZE AVl T F vk ojw] Fosfor &
& AesasAsel @7 AskEAFAAIEe] I FYrdS AFIAE A
TZoA FHetal t= Folv, EI-HA gHEHo| AeEe AL Ad8T] e
ZH—:E%A—”FE—_ETH AdAdrdaze] 97 gof drAigs Holdh gre|

rEL O{ﬂ
}01,

‘

Y

Ll

=
Lrﬂ>



SAFETY FEATURES OF ADVANCED NUCLEAR
REACTORS

Mg

Nuclear Thermal Hydraulic Engineering Lab.
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APR+ Safety Features

** APR+ Overall Specification (project name)

® Developer: KHNP

Primary Characteristics

® Thermal power: 4290 MWth Category APR1400 APR+
Developer KHNP KHNP
Power output (MWe) 1,400 1,500
® Electrical power: 1505 Mwe Design e 60 years 60 years
Safe Shutdown Earthquake (SSE) 03g 03g
Core Damage Frequency (CDF) 6.22 E-6 1.0E-6
1 ifo- LOOP 2 Loop 2 Loop
® Design life: 60 years A Lo Los
Fuel Assembly
= Number of fuel assemblies 241 257
® Construction period: 36 months - Fuel assembly type 16%16 16x16
= Height of fuel assembly 12.5 12.5
Emergency Core Cooling System (ECCS)
. . - Safety injection Direct Vessel Injection(DVI) Direct Vessel Injection(DVI)
CO re d a m age freq u e n Cy' = Composition S1S(4), Accumulator(4) Fluid Device = SIS(4), Accumulator(4) Fluid Device
= <1.0-10%/year * IRWST Yes ves
Containment Building
. - Type Single Single
® Construction plan + Cooling method Active Active
- Sh|n Kori 7 |1&C Full Digital Full Digital
Emergency D/G (EDG) l 2 4

= 2022/2023 7



** New Safety Features
® DVI+

APR+ Safety Features

= Prevention of ECC bypass (ECBD, Emergency Core Barrel Duct)

® 4 electrical trains of safety injection system

= 3 safety systems are available with the single failure assumption

= N+2
® FD+

= Fluid Device: passively control the safety injection flow rate

= Advanced SIT

DVI Nozzle

LBLOCA

N>\ /<

;\% Break

Flow

DG-1 DG-4 DG-1




APR+ Safety Features

** New Safety Features

® Fluidic device Vortex Safety ECC Water

Chamber Injection
Tank

K

Standpipe

Supply
Port

Control
Port

ECC Walter

Partition
Plate




** New Safety Features

® Fluidic device

Stand Pipe

Large Flow Rate

Small Flow Rate

APR+ Safety Features

Blowdown
& Refill

Reflood

Safety Injection System of
Conventional Plants

Requirement

LPSIP

Safety Injection System of
APR1400

Requirement




** New Safety Features

® Passive Auxiliary Feedwater System (PAFS)
= Replacement of previous active auxiliary feedwater system
= Reduced core damage frequency

Independent two-trains for two steam generators

Driving force: gravity, free convection, condensation
Over 8 hours operation capability during SBO
100% volume heat exchanger per SG

Containment

Condensate-return . Boundary
Line 7Y

Main Steam Line

Steam-supply
Line

Steam _
Generator

APR+ Safety Features

Passive Condensate
Cooling Tank

e (PCCT)

Steam Supply Line

o
WSV
>

EL 145' 6"

EL 182' 0"

]
L

EL200' 0" | Condensation
Heat Exchanger

Bovectfl

‘ e 1 n
Check Actuation EL178'0
Valve

Valve

Return Water

Line

><]

Steam Generator

AN N A NN

Feedwater Line

MFIV

» EL130' 9"



“* New Safety Features
® PAFS during SBO

iRy ans

ki i
Sloam

Wator

APR+ Safety Features

Passive Condensate

EL 217" &" Cooling Tank (PCCT)
1= — |
= L:D
ELZ0Q" 0"

Condensation

Steam Supply Line Heat Exchanger

EL 182' 0"

Check  Actuation
Valve uat

ELI TEI ﬂ.

Return Water
Line



APR+ Safety Features

** New Safety Features
® During SBO

Decay heat

‘ Natural circulation

U-tube

‘ Evaporation

Secondary side

‘ Natural circulation

Heat exchanger
tube

‘ Condensation/boiling

Water pool




** New Safety Features

® Safety issues
= Condensation/boiling heat transfer rate

Water hammer = differential shock

Water Hammer (differential shock)

APR+ Safety Features

Velocity of Steam is 10-100 times greater
than the velocity of liquid

Steam moving over the condensate will
start manufacturing waves

Waves will grow until they block the pipe
completely forming a “Slug”

Stopping only when suddenly impacted by
equipment, tee, elbow, valve, or any bend
in the piping



APR+ Safety Features

** New Safety Features
® ECBD, Emergency Core Barrel Duct
® Electrical 4 trains of safety injection system
® FD+

® PAFS



AP1000 Safety Features

** AP1000 Overall Specification
® Developer: Westinghouse, USA

® Thermal power: 3415 MWth
® Electrical power: 1117 MWe
® Design life: 60 years

® Construction period: 36 months

® Core damage frequency:
= <5.107/year

® Under construction
= |n China: 4 units
= |n US: 4 units




** New safety features

® PCC: Passive containment cooling

= Steel containment
= Concrete shield
= Safety concern?

® CMT: Core make-up tank

® PRHR: Passive residual
heat removal system

® ADS: Automatic
depressurization system

® Accumulator tanks
® |IRWST: In-containment

Refueling Water
Storage Tank

Natural convection

air discharge

Gravity drain
water tank”

Water film -
evaporation

Outside cooling
air intake

Steel A

-

Containment
Vessel

Air Baffle

Automatic
Depressurization -
System

Refueling Water

Storage Tank
Gravity Feed

AP1000 Safety Features

Internal condensation
and ‘
natural recirculation

o

=]

o
et

=)

2 Core Makeup
Tanks, Driven By
_Cold Leg Conditions

2 Accumulator
Tanks, Driven By
_~Gas Pressure

=



AP1000 Safety Features

** New safety features

® CMT: Core make-up tank
= Full pressure
= |njection by natural circulation
= Replace HPSI pumps

Depressurization
Valves

® PRHR: Passive residual IFNST
heat removal system

Pressurizer

® ADS: Automatic
depressurization system

® |RWST: In-containment
Refueling Water
Storage Tank

Compartment




AP1000 Safety Features

** New safety features
® CMT: Core make-up tank

Full pressure

Injection by natural circulation
Replace HPSI pumps

Filled with cold borated water

BORATED

WATER
Connected at the top

and bottom by balance lines.
Always at primary pressure
Natural circulation is established when

valves are open
Cold borated water enters reactor

Hot primary water flows to CMT head. NORMALLY
CLOSED

-_ —>

CHECK

High pressure safety injection by natural circulation VALVES

X NORMALLY
OPEN

REACTOR
VESSEL



AP1000 Safety Features

** New safety features

® SBO: Station Black-Out
= Passive core cooling
= Passive containment cooling

® LOCA

= Passive core cooling




** iPOWER (Innovative Passive Optimized Worldwide Economical Reactor)

® Background

IPOWER

= To secure the competitiveness of Korean NPP in 2020’s

iPOWER ~ iPOWER
; APR1 400 Commercialization
Flagship
Reactor H
Market b EU-APR1400,APR1400NRCDC
Optimized APR1000
Reactor
Development Strateg

Design life

Power output

Containment Failure

Operator’s grace time

CDF

Frequency

Safety System

Longer than 80 years

1200~1500MWe (1250MWe)

< 1X 107 /RY (5 X 102 /RY)

~ 0 (<1 X 10° /RY 0|8}
> 72 hours (1 week)

Fully passive



IPOWER

** iPOWER (Innovative Passive Optimized Worldwide Economical Reactor)
® RCS and General arrangement

= 2-loop PWR with pre-stressed concrete containment

= Top-mounted ICI

= Elevated IRWST for gravity feed

o —
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N\ iPOWER > N
APR + > \\\ 7 \
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IPOWER

** iPOWER (Innovative Passive Optimized Worldwide Economical Reactor)

® Top-mounted ICI

CEDM

CEA Extension Shatft
IV Closure Head Nozzle

Reactor Vessel Closure Head

o
~14°1-1- = Lefl[eto] =L fel-
LTl b o el
JA0A31R = |t o
N O e
1uld :.": SEIIRE 1l
LA TN of et
N QOutlet Nozzle
Inket Nozzle v el Telh
YIPLE : EFLE
(a2 H 221
il
I
i I Fual Assembly
Upper Guide
Etsﬂs‘gﬁlra?y Core Shroud
. Core Support Barrel
Surveillance
Capsule
Assembly Reactor Vessel
Flow Skirt =T Snubber Lug
Lower Support Structure : Core Stop
In-Core Instrumentation Nozzle Bottorn Head Nozzle

Top Mounted ICI Bottom Mounted ICI
(AP1000, EPR, APWR) (APR1400, APR+)



IPOWER

** iPOWER (Innovative Passive Optimized Worldwide Economical Reactor)

® Passive safety features

Passive containment cooling

Passive safety injection system
Passive residual heat removal system
Passive filtered ventilation system

Passive spent fuel pool cooling =

PCCS
HX

Dl
P - :ﬂE;ig " :
e No Pump 7 £
e No Electricity L,
e No Operator Action .
® No Failure ) .




IPOWER

** iPOWER (Innovative Passive Optimized Worldwide Economical Reactor)
® Passive safety features
= Passive containment cooling
= Mission time: > 72 hours (up to 1 week)

= 4 independent trains (33% x 4)

Containment Building

Passive Containment
Cooling System 12¢

Passive Containment
Cooling System 22




IPOWER

** iPOWER (Innovative Passive Optimized Worldwide Economical Reactor)

® Passive safety features

= Passive safety injection system (PECCS: Passive Emergency core cooling system)

— Hybrid SIT

» Depressurization event (LOCA): conventional SIT

» High pressure event (SBO): pressure equalization between RCS and SIT

— Elevated IRWST

* Gravity feed of safety injection water

» Gravity driven low pressure safety injection

POARVs
(PADS&SADS)

IRWST -—i Condensate from PCCS

8 4

IRWST (1 of 2)

g
LADS
Y
SCS O

Direct Vessel Auxiliary SIP (1 of 2)
Injection
(1 of4)



IPOWER

** iPOWER (Innovative Passive Optimized Worldwide Economical Reactor)
® Passive safety features

= Passive safety injection system (PECCS: Passive Emergency core cooling system)

— Hybrid SIT

. SBO & bDBA  _--- Hybrid SIT -~
2500psi ’ S :
-------------------- —-—---*-------- A Clad
/ X \ Delaved Core ’
| (2) Buoyancy Driven 1 . s i =
J I L ! \ Melting ;"
/ [ Safety Injection : . 1 "\
i I — \ _ Pressre [~ 'i
Jl i ! S EEsEsEEEEEEE IIE: 1
2250psi ! : = i N
" ]
: High Pressure Design : *3 EEEEEER lll " :
T OV / I for Pressure Equalizing : = . 1 'l
i <=
i £ sasmmmmnm Ny |
I = /  Water Level ‘\ : ,'
\ (1) N2 Gas Pressure / B : A
610psit, *>«..Driven Safety Injection..~”
By KAERI T.S. Kwon > 1.3~2.5hr Time

Accident Time



IPOWER

** iPOWER (Innovative Passive Optimized Worldwide Economical Reactor)

® Passive safety features
= Passive residual heat removal system

— PAFS + auxiliary feedwater pump (for backup)

— Shutdown Cooling System

\
i PAFST Y
s
MSIV
><H><] » TBN
ADV

’W

AU S

Reactor Vessel
A [}
- = G-
AFWP
@—47 Condenser
MEWP

SCP SCHX




L)

® Passive safety features

= Passive filtered ventilation system
— Containment filtered ventilation system

— Water valve: zero failure probability

= Passive spent fuel pool cooling

— Water supply using PAFS water tank

IPOWER

|

% IPOWER (Innovative Passive Optimized Worldwide Economical Reactor)

m

- | pces
HX

Pressurizer

CFVS




IPOWER

** iPOWER (Innovative Passive Optimized Worldwide Economical Reactor)

® Passive safety features

= Passive IVR/ERVC

Aux. Building

Passive Containment
Cooling System 12}

iy

——

Containment Building

Passive Containment
Cooling System 2 2+

Passive Aux. Feedwater
Tank

Aux. Building

Shut Down
Cooling Pump




IPOWER

** iPOWER (Innovative Passive Optimized Worldwide Economical Reactor)
® Passive safety features

= Core catcher

— A core catcher is a device provided to catch the molten core material (Corium) of a nuclear reactor in case

of a nuclear meltdown and prevent it from escaping the containment building.

— Passive water supply using IRWST

///////

//////

7,

%

4
in-containment refueling 7 'D%\P 7 7
water storage tank
- ~ ~

v/
spreading
compartment

///////////////////////////

melt flooding via cooling device
and lateral gap @ water level in case of water
injection into spreading compartment

@ flow limiter



IPOWER

** iPOWER (Innovative Passive Optimized Worldwide Economical Reactor)

o PA 1.E-05 CDF

= CDF<1X107/RY

= LRF<1X10%/RY 1.B-06 +

® Plan

= Conceptual design: 2014~

= Basic design: ~ 2022 1.E-08 -

APR+ Active+ IPOWER
PAFS
=Xl M=k From KHNP presentation material
p
- MATIE WY 3 AR 4A 4
- HAT 47 Jigel 7HY U5 Ee
o 7| XQT FTS S AAN HY
> APR1400 7§ A2 StA|o| CARR &jE ZQ




