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Reactor Coolant System

APW,

Design concept

» Basic configuration is the
same as current —
operating 4 loop plants sov| o
proven by long term |

operating experience

DV for SA
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» Large main components
with large thermal output T
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Reactor Coolant System (cont.) G

» Larger main components
v’ Larger diameter and height of Reactor Vessel with enhanced reliability
v’ Larger heat transfer area in SG contributes high efficiency due to high
steam pressure
v’ Larger reactor coolant flow rate of RCP with 8000 HP motor

» Enhanced plant control
v’ Larger Pressurizer volume assures greater margin for transients

Specifications US-APWR 4ULSo(cfg r;?;r:t Ratio
Core thermal output 4 451 MWt 3,565MWt 1.25
SG Heat transfer area 91,500ft2 55,000ft2 1.66
Reactor Coolant Flow 112,000gpm 93,600gpm 1.20
Pressurizer Volume 2,900ft3 1,800ft3 1.61
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Reactor Coolant System (cont.) G

» Safety Depressurization Valve (SDV)
v SDVs are used to depress RCS in the case safe shutdown or SGTR ‘

» Depressurization Valve (DV)
v DV is installed for severe accident

v Pressurizer steam from this valve is directly discharged to
containment
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ECCS and CSS/RHRS APW

Design concept | 3. Basic design concept

v Achieve high reliability with simplified systems
v Introduce On Line Maintenance assuming single
CS/RHRP e 6 CS/RHRP failure ‘

»High Reliability
v 4 Train Configuration
(50% x 4 for large break LOCA)

v In-containment RWSP
(eliminate recirculation switchover)
»Simplification
v" Advanced accumulators
(Integrated function of low head injection system)
v' ECCS train includes only an accumulator and
high head injection system
CSIRURP csrure ¥ Direct vessel injection

SP SIP (no inter-connection between trains)
v" Common use of CSS and RHRS

'l" MITSUBISHI HEAVY INDUSTRIES, LTD. DOE Technical Session
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ECCS and CSS/RHRS (cont.) Qg

ECCS Configuration

Current 4 Loop PWR APWR
(2 train) (4 train)

€4 train (DV|) ~.SP SP
— Higher Reliability CF 1@ @) C8P
Simplified Pipe Routing 7 N\

&®Advanced Accumulator
— Elimination of LP

®In-containment RWSP

— Higher Reliability
KACC :Accumulator
HP :High Head SIP
LP :Low Head SIP
50 6 ' 0 6 SIP : Safety Injection Pump CsP GsP
| [ | | CSP :Containment Spray Pump Sip- sl
SH :Spray Header
| = RV :Reactor Vessel
" | RWSP :Refueling Water Storage Pit
N RWSP - / | |
#» MITSUBISHI HEAVY INDUSTRIES, LTD. iy
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ECCS and CSS/RHRS (cont.) Geu

Components

» Safety Injection Pump
Number :4 ‘
» Accumulator (with Flow Damper)
Number :4
» Containment Spray / Residual Heat Removal Pump

Number : 4

» Containment Spray / Residual Heat Removal Heat
Exchanger

Number : 4
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ECCS and CSS/RHRS (cont.) Qg

Advanced Accumulator (ACC)
» Automatic switching of injection flow rate by flow damper
» Integrated function of low head injection system ‘

» Long accumulator injection time allows more time for safety
Injection pump to start

Current 4 Loop plant US-APWR

?L'CF’Q"\"/DR%‘?{H‘ Core Re-flooding | Long term cooling EIORV\V/?&\%YP Core re-flooding | Long term cooling

Accumulator

Accumulator

Injected flow

Requirement
for injection / High head
injection pump

Requirement
for injection

Injected flow

Safety
|nject|on

pump

Time

Time
Sl pump allowable

o start time SOE Techmical Sess
echnical Session
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ECCS and CSS/RHRS (cont.) G

Structure of Advanced Accumulator

/ Anti-Vortex Cap

4

Outlet Pipe

!

Flow Nozzle

Standpipe

Vortex Chamber

AT

Small Flow Pipe Anti-Vortex Plate

it

Flow Damper
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ECCS and CSS/RHRS (cont.) Qg

Mechanism of Advanced Accumulator

Flow damper passively switches the flow rate
AN AN ‘

Nitrogen

Y47 1 Injection Wi

o Nitrogen

Main stand

pipe \

|___L sideinlet

| | Injection
| | Water

Side inlet

R Large Flow Rate Reduced Flow Rate
DOE Technical Sessi
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ECCS and CSS/RHRS (cont.) Qg

Verification

est Results of ACC

Visualization Test

» 1/5 Scale Flow Damper Model
» Low Pressure Test [ Less than 128psig (0.88 MPa (gage) ) ]

> Focus Points

v During large flow, no vortex flow is occurring

decreases

v During low flow, stable vortex flow is created, and flow rate

Large Flow Switching Flow Rate Small Flow

R Flow in Vortex Chamber
~= MITSUBISHI HEAVY |NDUSTR|ES, LTD. Copyright© 2007 MITSUBISHI HEAVY INDUSTRIES, LTD.
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ECCS and CSS/RHRS (cont.) Qg
Verification Test Results of ACC (cont.)

Test at Design N, Pressure ‘

»Full Height 1/2 Scale Test
»Test Pressure:
586 - 758 psig (4.04 - 5.23MPa (gage) )

ARt el
i LR

"':_:-? /  Exhaust

il
H S&6psig _

———————————————————————————————————————————————————————————

___________________________________________________________

____________________________________________________________

R Test Facility
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ECCS and CSS/RHRS (cont.) Qg

Design feature of high head injection system

» 4 independent trains without

Interconnections between trains

» Sufficient capacity of safety injection

pumps

v' Meets the safety injection requirement

In core reflooding stage

Inside of CV | 1 of 4 trains

o L,
H/L

I

RIV

SIP
US Current Reason and/or
Item US-APWR 4 Loop Plant Advantage
*Enhanced reliability
Train 4 train 2 train *Achieve OLM under
single failure
High head DVI Loop injection *NoO interconnection
Injection 4 SIP 2 SIP + 2CH/SIP between trains
Refueling Water : : * Eliminate recirculation
Storage Pit Inside CV Outside CV switchover
Y MITSUBISHI HEAVY INDUSTRIES, LTD. DO AR i 0r00e 11
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ECCS and CSS/RHRS (cont.) Qg
Feed & Bleed In Safe Shutdown

» Design Features
Feed & Bleed in Safe Shutdown ‘

deof oy | oot v' Emergency Letdown Lines are installed
Inside of C/V iOutS| e of C/V from H/L to RWSP
H/L ¢ ' C/L

v In Safe Shutdown operation, emergency
— .y —— boration source is RWSP

i
!
: v The borated water is injected by Safety
Emergency |’ | Injection pump
|
|
|
|

Letdown Line ) )
v" The volume control of RCS is achieved by

— Feed & Bleed with SIP and Emergency
L o Letdown Line
Sparger S|P
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ECCS and CSS/RHRS (cont.) @G

Common use of CSS/RHRS

»CS pumps/Heat Exchangers used for RHR functions

during shutdown

v'In current PWR plants, RHRS functions as the low head safety
Injection system (Common use of RHR and LHSI)

vIn US-APWR, the function of the low head safety injection
(LHSI) is integrated into the Advanced Accumulator and safety

Injection pumps (SIP)

Comparison of Systems

System US-APWR Current PWR
Containment Spray System CS/RHRS <—| CSS
Residual Heat Removal System CS/RHRS (_I RHRS/LHSI (—l
Low Head Safety Injection System Advanced RHRS/LHSI <
Accumulator
and SIP
Accumulator Injection System Advanced Accumulator
Accumulator
High Head Safety Injection System SIP SIP

)‘ MITSUBISHI HEAVY INDUSTRIES, LTD.
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ECCS and CSS/RHRS (cont.) Qg

Common use of CSS/RHRS (cont.)

»CS pumps / Heat Exchangers used for RHR
functions during shutdown (Cont’d) \

v'During Power Operation
*Avallable for CSS

v'During Shutdown Operation
*Operating as RHRS
*Avalilable for CSS (Manual)

v'During Accident Conditions
*Operating as CSS
*Avallable for Long Term RWSP cooling

4 DOE Technical Session
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ECCS and CSS/RHRS (cont.) Qg

Common use of CSS/RHRS (cont.)

»CS pumps / Heat Exchangers used for RHR functions
during shutdown (Cont’d)

v'During Shutdown Operation ‘

*Operating as RHRS

*Operators can realign from RHR mode to Containment Spray

mode by changing motor operated valve positions when
containment spray is required to initiate

Spray Ring Spray Ring

H/%/L H/%/L
RNV - ¢\ CS/RHRHx

- R/V - "NT N CS/RHRHX
i _nxnm Realignment —y_a-FE-I-—UTfHT
~7 T ~7 ™
N CS/IRHRP - CS/RHRP
S a A 2
~7 <7
ar ey ! @
\\"/\\"/ ‘:‘/‘;‘/
e -\ e RN
= RWSP ! S - RwsP . -t
g Yo/
R RHR Mode CS Mode
~eo -MITSUBISHI HEAVY INDUSTRIES, LTD.
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ECCS and CSS/RHRS (cont.) Qg

In-containment Refueling Water Storage Pit

> Located at the lowest part of containment

> Provides a continuous suction source for both
safety injection and CS/RHR pumps \
( Eliminates switchover of suction source )

> 4 recirculation sumps are installed ‘

| \
P
=
|
i \
1/ n
H \
|
ml izl | Kg ‘
| |

Recirculation Sump

Recirculation Sump
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ECCS and CSS/RHRS (cont.) Qg

Conservative Countermeasures for GSI-191

» Sufficient water head for Net Positive Suction Head (NPSH)
> Sufficient surface area for strainer

»Appropriate selection of insulation material |
»Appropriate selection of pH control buffer

CV drain sump

Strainer installation area can be
extended within a broad foot print

inment

—

Preiy %

IEE; Y ijr
X il Steam Reactor i
Pressure equivalent room for Generator Vessel
RWSP SG compartment HVAC system esse

Pressure equivalent room for
SG compartment HVAC system

Strainer (submerged)

/

Suction Pipe (CS/RHR)
Plan View

RWSP Sump
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Emergency Feedwater System

»Design concept of the EFWS

v" Achieve high reliability with
simplified systems

Steam

Generator

v’ Introduce On Line Maintenance

assuming single failure

> Feature of the EFWS

v’ Independent 4 train system

v 2 safety grade water sources

v’ Diverse power sources for
the pumps

v Cross connections in the
Inlet and outlet of the pumps
(normally isolated)

'l" MITSUBISHI HEAVY INDUSTRIES, LTD.
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Main Main Main Main
Feedwater Feedwater Feedwater Feedwater
Lo et
‘I‘ETurbine Driven ‘i Motor Driven Motor Driven ’jTurbine Driven
Emergency Emergency Emergency Emergency
Feedwater Feedwater Feedwater Feedwater
Pump 1 Pump Pump Pump
i
© ®

ofs

j

I

Secondary Make Up

Water Tank

%.‘

—.

—

Emergency Feedwater Pit
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Emergency Feedwater System (cont.) @

» 4 train configuration
v 4 pumps with diverse power sources
* 2 motor-driven emergency feedwater pumps (50% x 2)
« 2 turbine-driven emergency feedwater pumps (50% x 2)

v Cross connected discharge of the pumps allows On Line Maintenance
(OLM)

» 2 safety grade independent feedwater sources
v Two emergency feedwater pits(50 % x 2)
v" Cross connected inlet of the pumps backs up each feedwater source

US Current Reason and/or
tem US-APWR 4 Loop Plant Advantage
System Configuration 4 train 2 train A pump is allowed OLM

under the single failure

M/D EFWP: 2 M/D EFWP: 2

Emergency Feedwater Pump Diverse power sources
T/D EFWP: 2 T/D EFWP: 1

2 independent pits

Emergency Feedwater Source 2 1 (backup available)

)‘ MITSUBISHI HEAVY INDUSTRIES, LTD. DOE Technical Session
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Emergency Feedwater System (cont.) ApW

O

> Automatic isolation of EFW

v’ After detecting a failed SG (MSLB, FLB), the SG will be isolated
automatically by EFW isolation signals (e.g. Isolated with low
steam pressure signal) ‘

v' After detecting a failed SG (SGTR), the SG will be isolated
automatically by EFW isolation signals (e.g. Isolated with high SG
water level signal) in order to prevent SG over filling

Automatic isolation of EFW
*High water level

sLow steam line pressure
etc.

S Failed SG
DOE Technical Session
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CCWS & ESWS

35
S.
|

(Component Cooling Water System

& Essential Service Water System)

» Design concept

v CCWS and ESWS constitute a safety cooling chain ‘

v' 4 Train configuration

v Allows On Line Maintenance assuming single

fallure

~»-MITSUBISHI HEAVY INDUSTRIES, LTD. Copyright© 2007 MITSUBISHI HEAVY INDUSTRIES, LTD.
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CCWS & ESWS (cont.) APW
»Component Cooling Water System
v' 4 safety train configuration
( Each train consists of 1 CCWP and 1 CCW Hx )
v Completely separated into 2 independent sections ‘
even in normal operation U
(Each section has 1 CCWT) I — — |
] o
* Achieve OLM under single Do conrd oot
Fallure % %CCWH CCWH
2 train safety components sws' " %5 sws. nu Sus
(e.q.;SFP Hx.) are supplied | [ ol T R N e g
with cooling water from 2 of oo oS oS | ey
4 safety trains T T et
S i S R
DOE Technical Session
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CCWS & ESWS (cont.) APW
»Essential Service Water System
v Completely independent 4 train configuration
(Each train consists of 1 ESWP)
v' Raw water cooling for the CCW Hx
| | Service Water Pump ‘
. // Service Water Pump
—|,-r,-’;—[,( ’}/ﬁ\é—j
s =~ —
—'/’_E, ’]_,«._@_j
#s N
—u-r;r]—[l’ ;]—n—r(ll—_—J
. s i~ _
Component::olinat;'_[ g ~ ]_l ’ N _——l
Ultimate Heat Sink e UItimate_Heat Sink
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5- L 4
Spent Fuel Pit Purification and Cooling System @

» 2 train configuration
v Components
o 2spent fuel pit pumps
« 2spent fuel pit heat exchangers \
« 2spentfuel pit demineralizers
« 2spent fuel pit filters
v" On line maintenance is available since the
thermal load in the SFP during power operation
Is low enough for cooling with 1 train

» Safety related system
v Power source for each SFP pump is from safety
power buses
v' Cooling water for each SFP HXx. is selectable from
2 of 4 safety CCW trains

4 DOE Technical Session
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Spent Fuel Pit Purification and Cooling System (cont.) (Apw.

S- .

Spent Fuel Pit
Demineralizer

"" MITSUBISHI HEAVY INDUSTRIES, LTD.
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Goroe G COWS . Refueling
e Water Pump
Spent Fuel Pit Heat Exchanger Secondary
i Make Up
~—i '} — Water Pump
L - TXrT (LT GCWS
£
T
+
T J T 5_'
Refueling Water™ * ¢ =
Pump H
*%\1
o | —
——s+—> Reactor Cavity
iy Hiefueling Water
Storage Pit
K - 3
gtefueini w$mr i
Spent Fuel Spent Fuel T ?Laga uriany
Pit Filter Pit Filter a e B H
‘c’—‘T o = Eg
i Spent Fuel Pit |
Fuel Transfer Canal,
Fuel Inspection Pit

eL Q“" -

Spent Fuel Pit Pump
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G- o
Chemical and Volume Control System @

» The CVCS is designed to perform the following
functions in support of the reactor coolant system:
v RCS inventory control and makeup
v Reactor coolant purification \
v Reactivity control
v' Chemical additions for corrosion control
v RCP Seal water injection

» The CVCS does not have requirements for mitigation
of design basis accidents

» The CVCS includes the boron recycle system for the
reuse of boric acid and primary makeup water

4 DOE Technical Session
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- G- o
Chemical and Volume Control System (cont.) \4PW

Inside C/V | Outside C/V

Letdown TCCV\i |

Orifices
Crossover leg $<Hxt N

V

Cold leg «—yrgm—\A}

Regenerative Hx

Demineralizers

Letdown Hx
<— CS/RHRS

Auxiliar
M i
Pressurizer CcCW

!

Crossover leg RCDT1

Volume | __

Excess —
Letdown Hx CCW  cControl _ _
T l Tank | Boric Acid
RCP Seal Return —<H ﬁ Tanks
Batching

Seal Water Hx % Blender

L
SIS S|
| (o—

|
|
i —<—P»4———— Chemical addition
; B L Charging Pump
RCP Seal Injection ¢ > RWSAT

Charging Pump

Boric Acid Tank
Transfer Pumps
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