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1. Intro
A. Purpose of meetin
B St t f APR1400B. Status of APR1400

2
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g

0 f F k hi ti0 for Fukushima actions
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A. Purpose

 Basis for Fukushima actio
SECY 12-0025
 For new DC applications no

those applications to addrethose applications to addre
Fukushima actions in their 
the fullest extent practicable

 1 00 Present APR1400 approa
design to address the BD
staff.

on
 M

ee
ti

n
g

staff.
 Focus on the following Rec

• Recommendation 4.2 (Mitig
• Recommendation 7 1 (SFP

P
re

-a
p

p
li

ca
ti

o • Recommendation 7.1 (SFP

 KHNP expects staff’s feed
approaches and prelimina

7th
P

3

approaches and prelimina

 of Meeting

ons for DC applicants : pp

ot yet submitted, the staff expects 
ss the Commission-approvedss the Commission approved 
applications, prior to submittal, to 
e.

aches and preliminary 
DB external event to the 

commendations:
gation Strategies for BDBEE)
P Instrumentation)P Instrumentation)

dback on the APR1400 
ary design
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B. Status of APR1400 f

 KHNP has reviewed all NRC gu
SECY 11 0093 (NTTF R SECY 11- 0093 (NTTF Recom

 SECY 11-0137 (Prioritization o
 SECY 12-0025 (Proposed Ord
 NRC Order EA 12 049 (Mitiga NRC Order EA-12-049 (Mitiga
 NRC Order EA-12-051 (Reliab

 KHNP has also reviewed other KHNP has also reviewed other
Fukushima actions as well as s
responses.

on
 M
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ti

n
g  KHNP has completed prelimina

following:
 Core cooling

P
re

-a
p

p
li

ca
ti

o

 SFP cooling
 Containment pressure and tem
 Supporting systems 

7th
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for Fukushima actions

uidance including the following:
d ti )mmendations)

of Recommended Actions)
ders and RFI)
ation Strategies for BDBEE)ation Strategies for BDBEE)
ble SFP Instrumentation)

r DC applicant’s responses to ther DC applicant s responses to the 
some of the operating US plant’s 

ary analysis and design for the 

mperature
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2 Strategy for2. Strategy for
A. Overview
B. Core cooling with

- strategy summary
- phased approach (1, 2 &
- supporting analysis

C C li ithC. Core cooling with
- strategy summary
- phased approach (1 2 &- phased approach (1, 2 &
- supporting analysis

5

r Core Coolingr Core Cooling

h SGs available

& 3)

h SG t il blh SGs not available

& 3)& 3)
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A. Ove

 Phased Approach for a
Coping
Period 

Operation
Mode

Phase 1
(initial)

Core cooling
with SGs 
available Installedavailable

Mode 1,2,3,4,5
Representative
case : full power

- Installed
equipment & 
resources

- Minimum operato

on
 M

ee
ti

n
g

p - Minimum operato
actions

- C1E DC(125V)
available

Core cooling 
with SGs 

P
re

-a
p

p
li

ca
ti

o availablenot available
Mode 5,6

Representative

7th
P
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case : mid-loop

erview

all operation modes

Phase 2
(transition)

Phase 3
(final)

- Installed + on-site 
equipment & 
resources

- Installed + on-site 
+ off site

or

- A train of low 
voltage C1E buses 
is restored by a 

+ off-site 
equipment & 
resources

- A train of highor 
portable GTG
(480V)

- Primary & 

- A train of high 
voltage C1E buses 
is restored by a 
portable GTG

secondary 
portable pumps
are used 

portable GTG 
(4.16kV)
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A. Ove

Support analysis for theSupport analysis for the
 Assuming that RCP sea
 Coping capability analyp g p y y

• Core Cooling
• RCS inventory 

R i i l• Reactivity control
• Containment integrity (di

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

7

erview

e mitigation strategiese mitigation strategies
al leakage is
ysis in terms of safety functions

TS

y y

iscuss in later part )
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B. Core Cooling Stra
Strategy Summary 

on
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n
g

P
re

-a
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p
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o
7th

P

8

ategy (SGs available)
TS
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B. Core Cooling Stra

 Phase 1 (0 - 8 hrs) Phase 1 (0 8 hrs)
 Natural Circulation Co

• NCC operation starts auto
• SG feedwater injection : tw
• Steam release : MSSVs
• Water source : two AFWS• Water source : two AFWS

 RCP seal assumption

on
 M

ee
ti

n
g

 T/D AFWP control (au

P
re

-a
p

p
li

ca
ti

o  T/D AFWP control (au
• Control valves and instrum

7th
P

9

ategy (SGs available)

ooling (NCC) operation
omatically without operator action 
wo T/D AFWPs

STsSTs

n TS

utomatic)utomatic) 
ments are powered by C1E 125V DC
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B. Core Cooling Stra

 Phase 1 (0 - 8 hrs) Phase 1 (0 8 hrs)

 Preparations for Phas
• Install a low voltage porta• Install a low voltage porta

Train A or B 
• Open ACP room doors 

P t t t ACP t i j• Prepare to start ACP to inj
• Install a high head portab

(primary)

on
 M

ee
ti

n
g • Install two portable pumps

P
re

-a
p

p
li

ca
ti

o
7th

P

10

ategy (SGs available)

se 2 
ble GTG to class 1E (480V) AC busble GTG to class 1E (480V) AC bus 

j t li t t RCP lject cooling water to RCP seal   
le pump to external injection line 

s to external injection line (secondary)
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B. Core Cooling Stra

Phase 2 (8 - 72 hrs)Phase 2 (8 72 hrs)
 Natural Circulation Co

• RCS cooldown to hot shu
• SG feedwater injection : tw
• Steam release : MSADVs
• Water source : two AFWS• Water source : two AFWS
• RCS inventory makeup : A
• Power 

on
 M

ee
ti

n
g - C1E 125V DC & 480V A

- C1E 125V DC (C and D

P ti f Ph

P
re

-a
p

p
li

ca
ti

o  Preparations for Phas
• Install a high voltage porta
• Restore ultimate heat sink

7th
P

11

Restore ultimate heat sink

ategy (SGs available)

ooling (NCC) operation
tdown using MSADVs  
wo T/D AFWPs or portable pumps

STsSTs
ACP or high head portable pump, SITs

AC (A or B) power by GTG
D) load shedding

3se 3 
able GTG to class 1E (4.16kV) AC bus 
k
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B. Core Cooling Stra

Phase 2 (8 - 72 hrs)( )

 Basic & Alternative st
B i St t (BS)• Basic Strategy (BS)
- RCS cooldown : hot shut
- Primary make-up : ACP, 
- Secondary cooling : T/D A

• Alternative  Strategy (AS)

on
 M

ee
ti

n
g - RCS cooldown  : close to

 secondary portable pump m
should be depressurized wit

P
re

-a
p

p
li

ca
ti

o - Primary make-up : high-h
- Secondary cooling : porta

7th
P

12

ategy (SGs available)

trategy

tdown (350 ºF)
SIT
AFWPs and MSADVs 

o cold shutdown (210 ºF )
aximum head  allows around 15 bar, so SG
th full opening of MSADVs 
head portable pump, SIT
able pumps and MSADVs
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B. Core Cooling Stra

Phase 2 (8 - 72 hrs)Phase 2 (8 72 hrs)

 RCS cooldown rate c
• MSADVs control (MCR)

- Power : 480V class 1E b
- Cooldown rate : 50 ºF/hr- Cooldown rate : 50 F/hr

• Secondary feedwater inje

on
 M

ee
ti

n
g - T/D AFWP (same as pha

- Portable secondary pump

P
re

-a
p

p
li

ca
ti

o

 GTG fuel oil source
• EDG fuel oil storage tanks

7th
P

13

EDG fuel oil storage tanks

ategy (SGs available)

control

us (A or B) connected to portable GTG 
(for BS & AS)(for BS & AS)

ction
ase 1) (for BS)
ps (for AS)

s and day tanks

TS
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B. Core Cooling Stra

Phase 2 (8 - 72 hrs)Phase 2 (8 72 hrs)

 Feedwater source
• Use AFWSTs first, then us
• Required water for phase 

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

14

ategy (SGs available)

se RWTs
1&2 : 752,809 gal TS
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B. Core Cooling Stra

Phase 2 (8 - 72 hrs)Phase 2 (8 72 hrs)

 RCS make-up 
• Water source : BAST (     
• Required water for Phase
• RCS & RCP seal injection• RCS & RCP seal injection

- BS : ACP, SIT
- AS : high-head portable 

on
 M

ee
ti

n
g

 RCS pressure contro

P
re

-a
p

p
li

ca
ti

o

• RCGVS valves

7th
P

15

ategy (SGs available)

TS TS

                   ), IRWST (                         )
e 2 : 
n

TS

n

pump, SIT 

l
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B. Core Cooling Stra

Phase 2 (8 – 72 hrs)Phase 2 (8 72 hrs)
 External injection (Primary)

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

16

ategy (SGs available)
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B. Core Cooling Stra

Phase 2 (8 – 72 hrs)
E t l I j ti (S d ) External Injection (Secondary)

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

17

ategy (SGs available)

))
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B. Core Cooling Stra

Phase 3 (72 hrs - )( )
 NCC + forced cooling

• RCS states
1) hot shutdown (350 ºF) whe1) hot shutdown (350 ºF) whe
2) close to cold shutdown (21
3) cold shutdown (140 ºF) wh

• SG feedwater injection : portSG feedwater injection : port
• Steam release : MSADVs
• SG cooling water source : Ra
• RCS inventory makeup : ACP

on
 M

ee
ti

n
g

y p
• RCS makeup water source : 

 4 16 kV C1E (GTG)

P
re

-a
p

p
li

ca
ti

o 4.16 kV C1E (GTG)
• Before UHS is restored, M/D
• After UHS is restored, SCS o
• GTG fuel oil source : EDG fu

7th
P

18

G G ue o sou ce G u

ategy (SGs available)

g operation

en BS of phase 2 continuesen BS of phase 2 continues
10 ºF) when AS of phase 2 continues
hen cooldown with SCS
table pumps AFWPstable pumps, AFWPs, 

aw Water Tanks, Off-site water sources
P or high head portable pumpg p p p
IRWST

D AFWP takes over T/D AFWPs (BS)
operation takes over NCC operation
uel oil storage tank, off-site fuel oil sources
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B. Core Cooling Stra

Supporting AnalysisSupporting Analysis

 RCS pressure and te

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

19

ategy (SGs available)

mperature TS

9 APR1400-E-X-EC-14001-NP



B. Core Cooling Stra

Supporting AnalysisSupporting Analysis

 RCS leak & make-up 

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

20

ategy (SGs available)

flow TS
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B. Core Cooling Stra

Supporting AnalysisSupporting Analysis

 PZR and Core level

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

21

ategy (SGs available)

TS
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B. Core Cooling Stra

Supporting AnalysisSupporting Analysis

 Secondary heat remo

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

22

ategy (SGs available)

ovals TS

2 APR1400-E-X-EC-14001-NP



B. Core Cooling Stra

Supporting AnalysisSupporting Analysis

 Reactivity control

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

23

ategy (SGs available)

TS
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B. Core Cooling Stra

 Instruments available for
 PZR pressure
 PZR level

H t l t t Hot leg temperature
 Cold leg temperature
 SG pressure
 SG level
 Charging flow
 AFWST level

on
 M

ee
ti

n
g

AFWST level
 RWT level(local)
 SIT level

SIT

P
re

-a
p

p
li

ca
ti

o  SIT pressure
 Containment pressure
 Etc.

7th
P

24

ategy (SGs available)

r the operatorp
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C. Core Cooling Strate

 Low mode operation w

g

 Low mode operation w
 Mode 5 (Reduced Inv

(Refueling)(Refueling)
 Feed and steaming opera
 The most severe case is
 The core cooling strateg

condition for mid-loop ope

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

25

egy (SGs not available)

ith SGs not available

gy ( )

ith SGs not available
ventory Operation) or Mode 6

ation strategy will be applied
mid-loop operation during Mode 5p p g
gy is set up based on the plant
eration
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C. Core Cooling Strate
Strategy Summary 

g
on

 M
ee

ti
n

g
P

re
-a

p
p

li
ca

ti
o

7th
P

26

egy (SGs not available)
TS

gy ( )
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C. Core Cooling Strate

Phase 1 (0 – 3 hrs)

g

Phase 1 (0 3 hrs)
 Decay heat is removed b
 Gravity feed from SITsy

• Core uncovery time witho
• Core uncovery time with 

Two SITs are assumed to• Two SITs are assumed to
 Required operator action

• Open SIT gas vent valve

on
 M

ee
ti

n
g

p g
• Open 1st SIT isolation va
• Open 2nd SIT isolation va

 Preparations for Phase 2

P
re

-a
p

p
li

ca
ti

o  Preparations for Phase 2
• Install a low head portab

7th
P

27

egy (SGs not available)gy ( )

by coolant boil-off

out operator action : 90 minutes
gravity feed from two SITs : 4 hours

o be in maintenanceo be in maintenance
n
s 

TS

lve 
alve 
2

TS

TS

2
le pump
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C. Core Cooling Strate

Phase 2 (3 72 hrs)

g

Phase 2 (3 – 72 hrs)
 Feed and steaming oper
 RCS feed : primary side RCS feed : primary side
 Steam vent : PZR Manw
 RCS cooling water sourcRCS cooling water sourc
 Required operator action

• On/off control of the porta

on
 M

ee
ti

n
g • Install & start a low voltag

hours)
 Preparations for Phase 3

P
re

-a
p

p
li

ca
ti

o Preparations for Phase 3
• Install a high voltage(4.16

AC bus 
• Restore ultimate heat sink

7th
P

28

• Restore ultimate heat sink

egy (SGs not available)

)

gy ( )

)
ration using portable pump
low head portable pump low head portable pump 

way
ce : RWTce : RWT
n
able pump to maintain RCS level
ge(480 V) AC portable GTG (within 8 

33
6kV) portable GTG to 4.16kV class 1E 

k
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C. Core Cooling Strateg

Phase 2 (3 – 72 hrs)Phase 2 (3 72 hrs)
 External Injection (Primary)

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

29

egy (SGs not available)gy ( )
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C. Core Cooling Strateg

 Phase 3 (72 hrs - ) Phase 3 (72 hrs )
 A 4.16 kV GTG provides 

switchgearg
• If UHS is restored, SCS o

steaming operation 
• Off-site resources will be uOff site resources will be u

as in Phase 2
• Fuel oil for GTGs are refill

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

30

egy (SGs not available)gy ( )

power to a train of class 1E 

operation will take over the feed & 

used for maintaining the same strategyused for maintaining the same strategy 

led by the off-site resources 
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C. Core Cooling Strate

 Supporting analysis

g

pp g y
 Upper plenum/core liquid

collapsed level dependin

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

31

egy (SGs not available)gy ( )

d fraction, core/downcomer
g on gravity feed from SITs  

TSTS
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C. Core Cooling Strate

 Supporting analysis

g

pp g y
 RCS temperature, liquid 

on gravity feed from SITs

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

32

egy (SGs not available)gy ( )

fraction, SIT inventory depending 
s  TS
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C. Core Cooling Strateg

 Instruments available for
 Hot leg temperature
 Cold leg temperature

P t bl fl (l l) Portable pump flow(local)
 RCS level 

• ULMS and Sight glass(loc
• HJTC

 SIT level
 SIT pressure

on
 M

ee
ti

n
g

SIT pressure
 Containment pressure
 Etc.

P
re

-a
p

p
li

ca
ti

o
7th

P

33

egy (SGs not available)gy ( )

r the operatorp

cal)
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3. Strategy fo
A Key AssumptiA. Key Assumpti
B. SFP cooling s

- strategy summary
- phased approach (

C. SFP level inst

34

or SFP Cooling
ionsions

strategy

1, 2 & 3)

trumentation
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A. Key Ass

Key Assumptionsey ssu p o s
 Boil-off is credited to cool the S

maintained above the top of th
 Maximum number of SF assem Maximum number of SF assem

years of fuel storage).
 Initial SFP water level is assum

 Three conditions are analyzed
- Mode 1 to Mode 4 without full core o
- Mode 5 & Mode 6 without full core o

on
 M

ee
ti

n
g - Mode 6 with full core off-load (Limitin

P
re

-a
p

p
li

ca
ti

o
7th

P

35

sumptions

SFP, provided the water level is 
he spent fuel.
mblies are assumed to be in the SFP(20mblies are assumed to be in the SFP(20 

med to be at normal water level (Level 1).

d for the SFP decay heat load:
off-load
off-load
ng Case)
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B. SFP cool

SFP Cooling Strategy S

on
 M

ee
ti

n
g

re
-a

p
p

li
ca

ti
o

7th
P

r

36

ing strategy

Summary TS
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B. SFP cool

Phase 1 (0 – 8 hrs)ase (0 8 s)
 No action is needed for SFP m
 SFP water level is monitored.

O th ll d t th f Open the rollup door to the fue
EL.100’-0” of the Auxiliary Buil

 The vent path for the spent fue
i t i d i Ph 2 d 3maintained in Phase 2 and 3.

 Install a portable pump to exte
connection line.

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

37

ing strategy

makeup 

l h dli t k b thel handling area truck bay on the 
lding.
el area that is established in Phase 1 is 

ernal makeup connection and RWT 

7 APR1400-E-X-EC-14001-NP



B. SFP cool

Phase 2 (8 – 72 hrs)Phase 2 (8 72 hrs)
 Makeup : Portable pumps
 Water source : Raw Wate
 SFP water level is monito

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

38

ing strategy

s (SFP makeup or spray pump)
er Tank (RWT)
ored
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B. SFP cool

Phase 2 (8 – 72 hrs)Phase 2 (8 72 hrs)
 SFP Makeup and Spray Line d

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

39

ing strategy

diagram
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B. SFP cool

Phase 2 (8 – 72 hrs)Phase 2 (8 72 hrs)
 Makeup and Spray Sourc

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

40

ing strategy

ce : Raw Water Tank (RWT)
TS
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B. SFP cool

Phase 3 (72 hrs - )Phase 3 (72 hrs )
 Strategy is the same as
 Water source :  RWT &&

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

41

ing strategy

s phase 2
& off-site resources&
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C. SFP level in

SFP Monitoring Water LSFP Monitoring Water L
 Level 1: Level adequate to sup

cooling system
 Level 2: Level adequate to pro Level 2: Level adequate to pro

a person standing on
 Level 3: Level where fuel rema

make up water additiomake-up water additio

on
 M

ee
ti

n
g

P
re

-a
p

p
li

ca
ti

o
7th

P

42

nstrumentation

LevelLevel
pport operation of the normal SFP 

ovide substantial radiation shielding forovide substantial radiation shielding for 
 the spent fuel pool operating floor
ains covered, but actions to implement 
on should no longer be deferredon should no longer be deferred
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C. SFP level in

SFP level instrumentatioSFP level instrumentatio
 Two safety-related level instru
 Type : Guided Wave Radar (G

R L l 1 t l l 3 ( id Range : Level 1 to level 3 (wid
 Arrangement : 

• Each instrument is arranged on 
provide reasonable protection agprovide reasonable protection ag

 Mounting : Designed as Safet
 Accuracy : Better than ± 1 ft (
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 Independence : Each instrume
and is physically separated to

P
re

-a
p

p
li

ca
ti

o
7th

P

43

nstrumentation

onon
umentation : train A and B
GWR)
d )de range)

opposite sides or corners of the pool area to 
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NEI 12-02)
yed in the MCR and RSR
ent channel has different power source 
 the extent practicable.
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A. Containment Cap

 Containment analysis foy
 Assumption : RCP seal leakag
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B. Containment Ca

 Containment analysis foy
 Assumption :  inventory boil-of

during mid-loop operation 
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5. Suppo
A CoolingA. Cooling
B. Fuel oil
C. Electric
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al system
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A. Coolin
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A. Cooling Wat
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A. Coolin

Portable Equipment Con
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B. Fuel Oil (

 Fuel oil source capacity
 Existing on-site EDG fu

associated  diesel fuel 
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ource capacity of at least           
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B. Fuel Oil (

 Fuel oil source capacity
 Existing on-site EDG fu
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C. Electric
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C. Electric

Communication System
 Phase 1 

• Wireless system is powe

 Phase 2 Phase 2
• Wireless system is powe
• Wireless system is powey p

 Phase 3
• Wireless system is powe

on
 M

ee
ti

n
g • Wireless system is powe

Switchgear

P
re

-a
p

p
li

ca
ti

o
7th

P

62

cal System

m

ered from a dedicated UPS

ered from a dedicated UPS
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ered from train A or B 4.16kVac 
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C. Electric

 Lighting System
 Phase 1 

• Emergency dc lighting sy
125Vdc buses

• Individual fixed emergen
contained battery pack a

 Phase 2Phase 2
• Emergency dc lighting sy

125Vdc buses
• Emergency ac lighting sy
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Emergency ac lighting sy
480Vac LC

 Phase 3
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4.16kVac Switchgear

* Portable light apparatuses are prov
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 Portable light apparatuses are prov
emergency lighting fixtures not inst

cal System

ystem is powered from trains C or D 

ncy lighting units equipped with self-
are available for 8(eight) hours

ystem is powered from train A or B 

ystem is powered from train A or Bystem is powered from train A or B 

t i d f t i A Bystem is powered from train A or B 

vided in all phases for access to areas with
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