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. Introduction
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“Digital I&C shows it can enhance safety, reliability and efficiency
while addressing the issue of obsolescence of analog components,”
says NEI Chief Nuclear Officer Bill Pitesa.
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Coordination and collaboration is

(] DIE LI-I 7}%%&' %.Ijl. 2nd LR I&C Mode ation Plan% essential for industry success
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Expected Second License Renewal Applications : Digital I1&C Modernization Plan (MP) Schedule

Cumulative SLR Applications
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Cause Failure Digital I&C
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EPRI Results
In 2018/19 2018/2019

Source: NEI June 2018 Survey B 2018 Nuclear Energy Institute, Inc.

Planned DI&C Capital Improvements at Nuclear Power Plants &E'I

NEI Sponsored RIS Workshops

Hosting Utility
VA = Over 50 safety-related and non-safety-related system and
Duke Energy L c component upgrades planned as a result of guidance in RIS 2002-
Exclon s s ppine) : 22 Supplement 1 identified so far
exelon et e pA S S — Control room chiller controls
iy r?tdtf — Emergency Diesel Generator controls
sl — Control room indicators and recorders
— Main Feedwater Fmernency Feedwater and turhine eontrols

Innsbrook, VA
| Weio Warrenwille, IL (Cantera)
BRERnT Kings Mauntain, NC Leading utilities in discussion to implement major digital upgrades to
DT Kings Mauntain, NC 0 control room, Reactor Protection Systems and Engineered Safety
Southern Nutlear Co. Birmingham, AL Features Actuation Sys{ems
REEERSY Screrorc R IS o — Plans subject to revision of DI&C ISG-06 by 2018
- Second License Renewal providing opportunities for major capital
Workshops led by NEI and Industry Experts and NRC HQ, Site and Region staff investments

© 2018 Nuclear Energy Institute. Ine.
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B To reduce the operational costs for LTO

%
300 9

% A
130_/ 110% 0
100 100 n—"_

Retrofitting
¥ Spare Parts
Personal Cost Cost Service Cost
Maintaining
0 10 years 0 10years 0 10 years

Cost Increase over 10 years with Analog Equipment (EPRI) . Cost Comparison
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B NRC Moves to Boost Nuclear Plant Digital Upgrades

NRC Moves to Boost Nuclear-Plant
Digital Upgrades

B NEI

“If we can’t innovate, we can’t continue to operate,” says NEI
Chief Nuclear Officer Bill Pitesa.

“Digital 1&C shows it can enhance safety, reliability and

efficiency while addressing the issue of obsolescence of
analog components,” Pitesa said.
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B SPVs are continuously being removed to enhance the reliability of NPP
€ SSPS have still more than 80 SPVs

Good Practice - Zero SPV CEDMCS

& After analyzing SPV of CEDMCS, finding 297 SPVs.

& Finally, CEDMCS renovated to ‘0’ SPV Systems

» Step 1 : Identify — Define the single point vulnerability
= Step 2 : Evaluate — Scrutinize all items

= Step 3 : Design : Eliminate or mitigate SPVSs.

= Step 4 : Test — Verify & Validation of all items

€ Enhance the Maintain & Test Ability
* On-line replacement of PCM or Electronlc Ca_rds

= Test by CRCS(3 -Call Type) & CEDMCS(4-Coil Type) MMI

Doosan Heavy Industries & Construction SPV. Smgle Point Vulnerabil Ity
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B KRN, Hanul, Hanbit CRCS : Retrofit operating NPP

- CRCS is designed for driving 3-coil type CRDM in a nuclear power
plant. The CRCS controls the rod motion by driving CRDM in

response tc fgnal' the N
for ivir.44-

- CEDMCS s _lsi(

and the RCS (Rer

trol Sy

coil type CEDM i mlcleaT\

power plant. The =MDt controls the rod motion (w.

insertion or hold) driv.  /[CEDM in response to si~~als fror e
MCR (Main Contr. and the RRS

- Kori#3,4 CRCS and Shinwolsong#1,2&Shinkori#l,2 CEDMCS projects
will be expected to contract on 2015.

nr
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Ex—core Neutron I 1 —
Flux Mon. Sys. ! ! g

Reactor Coolant

1 1
Temp.Sensor Il—.l& I&;‘;‘_‘[":', 5 : Control
iorin i
] | Cabinet
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[ FWes 1 i ] Cabinet
]

! IPS,QIAS
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]
I
M—-G Sets !
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Interface Systems 1 Advanced Power Control System |
1 .l

Hanull,2 DRCS&DRPI
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B Outstanding Point of CRCS/CEDMCS 3-Coil Type
#Doosan analysis SPV & design to ‘0’ SPV - |
= Step 1 : Identify — Define the single point vulnerability e
= Step 2 : Evaluate — Scrutinize all items "\m l ﬂ = ==

= Step 3 : Design : Eliminate or mitigate SPVs. __-------
= Step 4 : Test — Verify & Validation of all items j

€ Enhance the Maintain & Test Ability
. On I|ne replacement of PCM or EIectronlc Cards

» Test by CRCS(3-Coil Type) & CEDMCS(4-Coil Type) MMI

€ Enhance the Reliability
= All test(IST, ST, FAT, SAT) use the Mock up, R-L Load and I/O Simulator

.........

I I/O Simulator ;-' Testing Environments

Doosan Heavy Industries & Construction
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B CCF Requirements are continuously being increased to make sure
safety & reliability of NPP

v' As the Regulatory body requires the Safety analysis of CCF under LBLOCA
v DPS design change requested to add the function of PPS.
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B CCF cause ATWS 5 B o=

Situation : Abnormal
Operation requiring
Reactor Trip

v v v v
CHI CHI CH 1l CHIV
BP BP BP BP
(7300) RS (7300) %ﬂ* (7300) e (7300) CLl,
I
|
A 4 A 4 ¢ A 4 A 4 ¢
CP §Mé) CP
(SSPS)S CCF (SSPS)%
— YN »
Train A @ . Train B
! Occurrence of No Trip Signal !
""""""""""""" BIC Bypass i
TCP Close !
TCRY  ‘Bypass
I ___-___________Eij __________________
CRDM Safety Function Not Working

Doosan Heavy Industries & Construction
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SPV (Single Point Vulnerability) : e N ——

A components whose failure will directly cause B R N oo
unwanted reactor trip or Turbine Trip in NPP. |
SPVs are continuously being removed to
enhance the reliability of NPP. But, SSPS have

_| still more than 80 SPVs. RILE =Em |- )
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B Surveillance Test for Analog Protection System

Difficult

1) 7300 Bistable Logic Test .
) g ey pmerny g ey e B 10 It should be split into several

tests for full test coverage

Swilches

2) SSPS Input Relay Test

3) SSPS Coincidence Logic Test \L" —/ _
(semiautomatic test panel) S j_L - | e Limited
4) Master/Slave Relay Test = ’ e | o _ _
:'-f:l ® It is impossible to test entire
| SR [y A2
5) ESFAS Signal Test | SN : :
(Safeguard Test Cabinet) ;- = Protection System in

‘‘‘‘‘

6) RTB Test

Time-consuming

ontrol Boa

7) Bypass Test e A Test of Analog Protection

System is complicated and

needs much time

rrrrr
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- Digital Protection System against CCF & SPV
B Different Platform of PPS will resolve the CCF Issues without DPS

v As is — Class 1E Protection System and Non-Class 1E DPS

v To be —Class 1E independent Protection System using different platform
v' Independent protection scheme designs using different controller platforms
can mitigate ATWS by CCF
CHI CHI CH Il CHIV CHI CHII CHIN CHIV
BP BP BP BP BP BP BP BP
(FPGA) (FPGA) (FPGA) (FPGA) (PLC) (PLC) (PLC) (PLC)
Yy A ) Yy A J YV A Yy 1
CP CP CP CP
(FPGA) (FPGA) (PLC) (PLC)
Train A Train B EPGA bsed U-Processor based Train A Train B

Class 1E Controller Class 1E Controller

DOOSA ”WN Doosan Heavy Industries & Construction
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- Digital Protection System against CCF & SPV
B Digital Protection System for Surveillance Test

BP BP BP BP BP BP BP BP
Channel | Channel Il Channel Il Channel IV R Channel | Channel Il Channel Il Channel IV

CP | | ‘ CpP

\

TEnA N Trein B (Test for entire I |

FLC f:::::::::_E_L_c;_b’a_é:e:d::i"i::::::::: FLC| PrgigetionSystem) =\ plcpased | |
AL A2 Protection System Tn2 | Protection System | =t°
e PLC[ - e 1= |PLC

§ %—mﬁ (IN OPERATION)

Train A1 | Train A2
(TCBA) (Bypass A)

ﬁlwié
Outputs of FLCs

are bypassed = ?m@m%

Tram B2 §} Train B1
B) (Bypass B)
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- Digital Protection System against CCF & SPV

> Even if complex failures occur, the unwanted reactor trip is prevented

LB_‘ Manu

MCR Safety Console

al SI @Manua\ RX Trip

[

ALARM ESFAS

-

CP Train A I

T

e Wl
e

]
!
m— BP™~ Br == PROCESS PROTECTION
Qg L ELGENIN Channel 1 »=VSTEM (7300)
FLC |PLC"

I N A

— "

FLC

PLC il FLC | PLC |{| FLC

Bt

REACTOR PROTECTION
SYSTEM (SSPS)

AF1 AR
PLC

I—L'tﬁ _UF $' ot
i

! AP

i

P-2

=
S

3

N—v
L

—_—

5=

P|

_— 2
(P
APAIF;-’; - AP-1-BYP )
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CP Train A

L am A
uv.

PWR RANGE
OT AT RCT TRIP BRZFLERESS HI FLUX SIS
RATE RCT TRIP
PRZ LO PRESS RCS FLOW LO AT
O S LRCIETR & P-7 RCT TRIP HI PWR RCT TRIP CIS-A
CTMT PRESS HI || SOURCERANGE HI || Rcs FLow Lo AT CIS-B
SIRCT TRIP FLUX RCT TRIP LO PWR RCT TRIP =
561,23
MANUAL ReT TRIp || INTMD RANGE HI WTR LEVEL CSS
LO-LO RCT TRIP
MANUAL St e TBN TRIP & P-7 FWIS
i HI SETPT RCT TRIP REMEL,
PRZ HI LEVEL R i MSL PRESS LOW MSIS
RCT TRIP SIRCT TRIP

LO SETPT RCT TRIP

Prevent unwanted trip

c-7 P-4
Jf Load Interlock Reactor Trip Permissive re 51
n
under Complex failures ; P-6 P-12
Tripped Interock hnth- Block High Stiwnliils:?‘v:] Block
| Normal | TRIP | Cc-3 C-9 P-7 P'13
T Recs bt | AtPovwer Permissi e
C-4 Cc-11 P-8 P-14
OPAT Rod Stop and Control Bank D Rod Three Loop Flow Steam Generator High
Turbine Runback Interlock ‘Withdrawal Limit Interlock Permissive Level Override
C-5 C-16 P-10
Low Power Interlack Turbine stop Loading e Aok

Shunt

CP Train B

(Bypass B) A
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Designed by DOOSAN Nuclear 1&C Since 2016/11/3
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- Digital Protection System against CCF & SPV

> Even if complex failures occur, the safety function is performed
MCR Safety Console - -
[l Manual si @I\-‘Ianual RX Trip \, -'_‘_:H— ’ ALARM ESFAS
I : - - .]'J PRZ HI PRESS PWR RANGE
| !! 1 OT AT RCT TRIP RCT TRIP RATI:I::?:_RIP
BR BP~" B -L“’PROCESS PROTECTION
hannal I Cha:::el “M"‘ =/STEM (7300) A opaTrRcrTp || PRELOPRESS || RCsFLowLo AT -
velndeee L EA o
SYSTEM(5575) s | sonoues | CISB
I o st A 2
FL(-;l:l_- 1 H :1 E‘_I B FLc f MANUAL ReT Trip || TNTMD RANGE HI |- CSS
.ﬁtFTIIl‘V-T = =] FLUX RCT TRIP

_f\_fhl (R
| MANUAL sI PWR RANGE TEM TRIP & P-7

l — RCT TRIP HIELUX RCT TRIP

L [ AL HI SETPT RCT TRIP
s TR b2 X | L K25 :
MG1 MG2 | PRZ HI LEVEL P“::; mﬁ(ﬁ! MSL PRESS LOW
| RCT TRIP LO SETPT RCT TRIP SIRCT TRIP
+

PERMISSIVE

-

Sz
A
b

Perform Safety Function -

under Complex failures -
hmhm.“

OPAT Rod and Control Bank D Rod
Turbine Runback Interdock || Withdrawal Limit Interdock Override

AF-1-BYP

| AF-1 z'ﬂ

WA 7 Nophotogrpty ammesmen

Designed by DOOSAN Nuclear 1&C Since 2016/11/3
Patent No KR10-2016-0145468, US15/646611, CN201710532503.7,
PH11-2017-000342 and BR10-2017-026123-9
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> Performance Validation using the malfunction of code simulator

[ Reet | o

%
CVCS cgf:ﬁeg | RCF3 |
LK Loop 1 3
g e
T — »
ru?] Loop 3
[ malfunction scenarios.
EX) Pressurize crack [
=3 Loap 2
=
1t
T b "'cs

Network
—p

MIMIC Display Panel Digital Protection System

Doosan Heavy Industries & Construction
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- AEs) =R & 3EE 2%

Reactor Trip

Properties Analog Protection System Digital Protection System
Safety - Old Regulatory Requirements - Latest Regulatory Requirements
- CCF eliminated Design
Reliability - Single Failure can cause - Zero SPV

Maintenance Test

- Split-by-area Test

- Full scope on-line test at once

Self-Diagnosis

- N/A

- On-line Diagnostics

Function (Difficulties in proactive - Proactive Actions for Failed
actions) Devices
Accuracy - Limited - Improved Accuracy
(Enhances Operational Margin)
Algorithm - Hard to fix - Flexible
Information - Limited - Various Information (process
Indication variables, diagnostic information)

Spare Parts Supply

- Discontinued Spare Parts,
High Cost

- Immediate Purchase with
Reasonable Cost

Doosan Heavy Industries & Construction
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V. Conclusion & Future Work

HH M2 HE 28t x| IS8t MF, NuPICH 87!
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“If we can’t innovate, we can’t continue to operate,” says NEI Chief
Nuclear Officer Bill Pitesa.
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V. Conclusion & Future Work
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1. TeR: Technical Evaluation Report,
2. TR: Topical Report
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