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What is “Instrumentation and Control systems” in NPPs?
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What is “I&C systems” in NPPs?

e Sensing / Monitoring
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This session will cover:

O Plant Control Systems
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Auxiliary Protective Cabinet
Control Element Drive Mechanism
Control System

Digital Engineered Safety Features
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Diverse Protection System

Digital Plant Protection System
Feed Water Control System
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NSSS Integrity Monitoring System
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Plant Computer System

Plant Data Acquisition System
Pressurizer Level Control System
Process Protective Cabinet
Radiation Monitoring System
Reactor Power Cutback System
Reactor Regulating System
Reactor Trip Switchgear System
Steam Bypass Control System
Vital Bus Power Supply System
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Agenda — we will have 5 hours to deal with;

0 Fundamentals of I&C Systems

O Overview of Plant Control Systems
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0 Control Systems Design and Requirements;

e NSSS Control Systems

— Reactor Regulating System
— Steam Bypass Control System
— Feedwater Control System

e Pressurizer Pressure Control System
e Pressurizer Level Control System

O Acceptance Criteria for Plant Control Systems

cf.) NSSS : Nuclear Steam Supply System
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Fundamentals of 1&C Systems
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0 O Whatis “I1&C systems” in NPPs? P
=) e Monitoring the plant parameters
Ro *Neutron, Temperature, Pressure, Level, /l
2 Flow, etc.
o
>
= . . ey - : . Gen. Pur (
o e Determining those within design basis = EEsjuw 5768004
— . TBN  MSIV| 1.29E-010
Based on DBA _ _ L) e | oo [——
- Based on operational requirements =]
RHR Pp
e Protecting the plants in case of iefem2
abnormal condition or accident |

+ Plant Protection Systems M B
- Engineered Safety Feature Actuation g-ic 2255 |c

Systems s(zzass c | MY o(zneec

« Diverse Protection Systems, etc.

e Controlling the components to meet
those required function for normal
operation

*  Pumps, Valves, etc.
* NSSS control
*  Turbine control
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Fundamentals of I&C Systems

O Interface scope of 1&C systems

Required Function
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P R— Direct Application for —
. Power, Instrumentation and .
Control Portion

Mechanical Process to Sensor Actuated Equipment to Mechanical
Coupling Process Coupling
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Fundamentals of I&C Systems
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MAINTENANCE INFORMATION
_ ”_q?[*:‘g?,mw """" --#— PROCESSING
CONTAINMENT || AUXILIARY . - — SYSTEM
’ : PROCESS
CABINET-S
- A TeToEs ; PPS INTERFACE QUALIFIED
TRANSMITTER| VE PROTECTION TEST  feeeeeee 3 ICATION
P-101 CONVERTER IND .
PROCESSOR PROCESSOR AND ALARM
m SYSTEM - N
PLANT PROTECTION SYSTEM

OO0 Typical concepts of 1&C systems in NPPs
e Example, Plant Protection Systems

MAIN
CONTROL
ROOM

AND
REMOTE
SHUTDOWN
PANEL
DISPLAY
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Fundamentals of I&C Systems

O 1&C Systems consist of
e Sensors, Transducers, Switch |
o | PLCs,Imicro-controllers, ol .
e NIC, switch, gateways, serversgss ; 7 T
e Motors, valves, pumps, I
e Embeded Real-Time Operating

Systems,
e Fieldbus, Modbus, Profibus, |
Ethernet, =
e Plant control / protection systemsfi™ " i B - =7 . S
software, Z e - £ W= '-
e Main Control Room, Remote : Fler
Shutdown Room,
o HMI

* PLC : Programmable Logic Controller
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Fundamentals of I&C Systems

Transmitter? ™

0 Transmitters in NPPs Sensor + Transducer

e Physical changes to electric signal (4~20mA)
* Pressure
 Differential pressure
* Temperature

* Flow
* Level
60 psia 20 mA
35pS|a oooooooooooooooooo XXX 12mA
10 psia 4 mA
*a*Q KOREA INSTITUTE OF NUCLEAR SAFETY 11



Fundamentals of I&C Systems

O PLC (Programmable Logic Controller)
e Industrial Digital Computer
e Control logic for various purposes
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* Power Supply

* Rack & Backplane Bus
* Processor Module

«  Communication Module

* Input/Output Module
» Digital Input/Output,
» Analog Input/Output,
» RTD Input, etc.

» Engineering Workstation

i
e ke

F 12
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Fundamentals of I&C Systems

O 1&C systems must be designed, fabricated, installed, and
tested to quality standards commensurate with the
Importance of the functions to be performed.
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Environment Test

13
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O software design

Fundamentals of I&C Systems
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: - - — - Operation &
A (%_y(;{e Planning || Requirements Design Implementation Integration Validation Installation Mé’imenance
G(fn',\f'nz Activities Activities Activities Activities Activities Activities Activities Activities
Software Requirements Design Code System Build Operations
Management Plan| Specification Specification Listings Documents Manuals
Software Hardware & Installation
Development Plan Software Configuration
Architecture Tables C)\
Software QA Design
Plan outputs
Maintenance
Integration Plan Manuals
Installation Plan Training Manuals
Maintenance Process .
Plan implementation
Training Plan ) - - —— _ <
D Requirements Design Code Integration Validation Installation Change
/ Operations Plan Safety Analysis | | Safety Analysis | | Safety Analysis | | Safety Analysis || Safety Analysis || Safety Analysis | | Safety Analysis
Software : I .
Safety Plan V&V V&V V&V Implemen-| | V&V Integration|| V&V Validation || V&V Installation| [ V&V Change
Process y Requirements Design Analysis| | tation Analysis & | Analysis & Analysis & Analysis & Report
planning Software V&V Analysis Report|| Report Test Report Test Report Test Report Test Report
AEl CM CM Design CM CM Integration || CM Validation CM Installation || CM Change
Software CM Requirements Report Implementation | | Report Report Report Report
Report Report
Plan
£
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Fundamentals of I&C Systems

0 General structures of 1&C Systems

1 Programmable
: Device Support PC

Desktop
PC
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Information Level

Station
MMI

Control Level

Gateway or Linking Device

| =S EE| {1 Maintenance
PC Q-
Controller

Operator Interface

Device Level

Block I/O Modular Micro Drive
/O Motor

Starter
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O Fundamentals of 1&C Sysiaans
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Plant Control Systems

O Classification of [&C Systems

e Classification that commensurate with the function to be
performed

Safety related

Non-safety related

Safety IC-1

Safety IC-2

—— Protection sys.
—— Safe shutdown

— PAMI 1

Essential auxiliary
—  Support

—— Annunciation
—— Safety interlock

— MCR

L Remote shutdown

Safety IC-3

— Diverse system

Non-safety IC

Control systems
—— Computer systems

—— Fire protection

L Rad. monitoring

£
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Plant Control Systems

0 Classification of I&C Systems
e Software Classification
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IEEE 1012 SIL 4 Sl e =l 2 sl
IAEA Important to safety _
Not important to
safet
Safety Safety related y
IEC 61226 Category A Category B Category C Unclassified
KINS ..
Safety-Critical Safety-Related Non Safety
W :
Protection Important to Important to General purpose
(Safety critical) safety availability (Non safety)

cf.) SIL (Software Integrity Level) t t
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Plant Control Systems

O Plant Control Systems
e Not essential for the safety, but essential for the normal
operation of plant

e Still, control system failure or inadvertent operation can
affect to the performance of critical safety functions.
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Non-safety Systems




Plant Control Systems

O Typical control systems
e Functional grouping & segmentation (ref. EPRI)
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Automatic and manual control and monitoring of rod
Reactivity Control positions and manual control and monitoring of boron
concentrations and neutron flux

Control and monitoring of main feedwater flow, main feed

S/G Control )
pumps and steam generator inventory

Turbine Steam Demand | Control and monitoring of turbine throttle valves and

Control bypass valves
Pressurizer Pressure Control and monitoring of the pressurizer heaters and
Control spray and reactor coolant system pressure

Reactor Coolant System | Control and monitoring of makeup and letdown, reactor
Inventory Control coolant system inventory and CVCS inventory

20
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Plant Control Systems

O Typical control systems
e For the pressurized water reactor systems
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v | Reactivity Control System

Boron Control System

v | Reactor Power Cutback System

v" | Pressurizer Pressure and Level Control System

<\

Feedwater Control System

Steam Generator Water Level Control System

Steam Dump Control System.

v" | Steam Bypass Control System

Safety System and Sensing Line Environmental Control

21
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Plant Control Systems

O Typical control systems for Nuclear Steam Supply
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Plant Control Systems

O Typical control systems
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| sBcs | | ppPcs |
4 Pl Control 4 P Control
€ SG Press. Control € PZR Press.
¢ TBV § € Spray Valve, Heaters
~
| Fwcs | . pLcs |
# P Control 4 PI Control
& SG Level Control ¢ PZR Level

¢ DFWCV, EFWCYV,
MFWP Speed

€ Charging Valve,
Letdown Isolation Valves

| Rreecs | \\xﬁ %0/[ RRS |

€ Rx Power
€ CEA Group 5 or 4+5, TCV

‘ TAVG
& CEA Group

£
*a%{ KOREA INSTITUTE OF NUCLEAR SAFETY 23
KINS



0 Co

°
e Press
e Pre

[ |IAEA Safety Standard for P -'

£
*a¥q KOREA INSTITUTE OF NUCLEAR SAFETY
ns




NSSS Control Systems

0 NSSS Control Systems

e Load Follow Operation

Reactivity feedback properties of the NSSS will inherently
cause reactor power to match the total NSSS load

- turbine load
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e Load Follow Control

The ability of NSSS to follow turbine load changes is dependent
on the abllity of control systems / operator to adjust;

— reactivity,

— feedwater flow,

— turbine bypass steam flow,

— reactor coolant inventory,

— energy content of pressurizer.

25
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NSSS Control Systems

0 NSSS Control Systems

e Provide capability to automatically follow limited load
changes
e Provide capability to accommodate load rejections of any

magnitude or the loss of one of two operating feedwater
pumps without a reactor trip or lifting any safety valves.

Control System

Controlling Components

Controlled Parameter

Reactor Regulating
System

Regulating CEA Position

Reactor Coolant
Temperature

Steam Bypass Control
System

Steam bypass valves

Secondary Pressure

Feedwater Control
System

Downcomer & Economizer
Feeewater Control Valves

Feedwater pumps (speed)

Steam Generator Level

£
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NSSS Control Systems - RRS v

0 Reactor’s reactivity is controlled by
e adjustments of CEAs by rapid reactivity changes
e Adjustment of boric acid concentration for slow changes
suitable, or easy to control

|0J1UO0D % uOoljejuswnlilsuj

e CEAs can either be controlled manually or automatically to
maintain the programmed reactor coolant temperature and
power level within the limits of CEA travel.

CEAs
- Reactor Regulating System < | &
Control Element Assembly ¥/R‘3aﬁ0f

27



NSSS Control Systems - RRS

0 Reactor Regulating System (RRS)
e Automatic adjustment of reactor power
and reactor coolant temperature using TBN Load Index

e Provides CEA movement (withdrawal, insertion & hold) and
rate signhals to CEDMCS to adjust reactor power

|0J1UO0D % uOoljejuswnlilsuj

—» Rx Coolant Tavg

[ Rx. Power
— RXx Power

—p>
[ Rx Coolant Temp }—» RRS Control Rod
> PZR Level Control

— RPCS
[ TBN Load
v v v
CEA .
STATUS Indicator Recorder
LAMPS

28
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NSSS Control Systems - RRS

0 Function of RRS

e Provides a programmed T_ref as a function of turbine
load

|0J1UO0D % uOoljejuswnlilsuj

e Provides CEA movement to the CEDMCS

to reposition the regulating CEAs to maintain the reactor coolant
T _avg within a deadband of the programmed reference temperature

e Provides automatic control of the reactor coolant
T avg and reactor power,

for each of the following plant conditions during plant
operation between 15% and 100% power:

— Loss of one out of two (1/2) operating feedwater pumps

— 10% step change in NSSS load

— 5%/min ramp changes in NSSS load

— Steady-state conditions

29
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NSSS Control Systems - RRS

0 Function of RRS

e Provides an Automatic Withdrawal Prohibit (AWP) signal to
the CEDMCS

to stop CEA withdrawal on a high deviation of reactor coolant
Tavg from reactor coolant T_ref
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e Provides an Automatic Motion Inhibit (AMI) signal to the
CEDMCS

to stop CEA motion on an input channel deviation

£
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NSSS Control Systems - RRS

O Function of RRS — system interface
e Provides signal interface to PLCS, SBCS and FWCS

e Provides indication to the operator on MCB & PDAS

F
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Reactor Tripped Signal

EFWCV Condenser Available
DFWCV
- Permissive
| Modulation TBVs
Quick Open

— |

TBN Runback Demand,
RPC Demand

¢N

AMI status

Tav AWP

TBN Load

m Increase Inhibit
CEDMCS RPCS TBN Runback TCS

TBN Setback

Subgroup selection

0
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NSSS Control Systems - RRS

Temp. detection

(RTDs)
e Reactor Coolant Cold leg Temp.
e Reactor Coolant Hot leg Temp.
-

e Turbine Load Index
 impulse turbine pressure, which is linear to the turbine load, to
determine T_ref of reactor coolant system

e Reactor Power
» From control channels of the Excore Neutron Flux Monitoring

O Input signals to RRS

|0J1UO0D % uOoljejuswnlilsuj

System
T
2 T
Ij 5 _avg
2. 3
= T cold
TBN Load (% power) S/G Power

32
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NSSS Control Systems - RRS

O Output signals from RRS
e CEA Automatic Withdrawal / Insertion Demand signal
e CEA Rate Demand signal
e High Tavg-Tret Alarm
e High Tavg-Tret AWP signal
e Low Tavg-Tref Alarm
e RRS input Channel Deviation Alarm signal
e CEA Motion Demand
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e Signal to SBCS, FWCS, PLCS,...

e Information to PDAS, computer systems,..

33
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NSSS Control Systems - RRS

TURBINE

0 Conceptual )
diagram of RRS
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PROGRAM Tave

= Z 2 REACTOR
POWER
AUTOMATIC
FILTER FILTER WITHDRAWAL
PROHIBIT
COMPUTATION
I GAIN
‘ :
>
AWP TO
CEDMCS

' ;

CEA
CEA RATE
DIRECTION
PROGIRAM PROGRAMS
i TO TO | —
CEDMCS CEDMCS 34
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NSSS Control Systems - RRS

0 RRS

e CEA Insertion / Withdrawal
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High Speed
WITHDRAWAL

Low Speed

Tavg

Low Speed
High Speed

_ INSERTION
Tref Error = Tavg - Tref

35
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NSSS Control Systems - SBCS ¥

O RRS is designed to cover 10% step change and
5% ramp change of reactor power without tripping.

e What about to a large load rejection, without
tripping?
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0 Steam Bypass Control System

e to increase the load following capability of the
NSSS
to include load rejections of any magnitude turbine

trip from 100% power without tripping the reactor or
lifting pressurizer or main steam safety valves

e dissipates excessive energy in the NSSS to
maximize plant availability by regulating Turbine
Bypass Valves

e prevent unnecessary opening of primary or

secondary side safety valves N

36
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NSSS Control Systems - SBCS

0 Steam Bypass Control System

|0J1UO0D % uOoljejuswnlilsuj

Best Normal Condition of Plant

<

Plant Abnormal Status  __|Control of Excess
Load of NSSS

RPCS : Reactor Power Cutback System

ADVs : Atmospheric Steam Dump Valves

£
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NSSS Control Systems - SBCS

O Function of SBCS
e 55% load rejection
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e Maintain steam header pressure in the following transients
without reactor trip or lifting PZR or main steam safety valve
Load rejection of any magnitude
Loss of one feedwater pump during three pumps operation

e Initiate Reactor Power Cutback System (RPCS) whenever
the magnitude of load rejection exceeds turbine bypass

capacity

e Provide a means of manually controlling the RCS
temperature during plant heatup and cooldown

£
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NSSS Control Systems - SBCS

0 Function of SBCS

e Operate the eight turbine bypass valves in a sequential
manner

|0J1UO0D % uOoljejuswnlilsuj

e CEA AMI signal to CEDMCS

Whenever reactor power falls below 15% or the reactor &
turbine power falls below predetermined thresholds

e AWP signal to CEDMCS
Whenever turbine bypass demand exists

e Automatic or Manual Control capability

£
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NSSS Control Systems - SBCS

0 Major Input/Output of SBCS

e |nput
Steam flow
Steam header pressure
Pressurizer pressure

|0J1UO0D % uOoljejuswnlilsuj

e Output
Steam bypass valves modulation & quick open demand
CEA AMI
Reactor Power Cutback demand generation

40
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NSSS Control Systems - SBCS

O Design basis of SBCS

e Accommodate load rejections of any magnitude without
tripping the reactor or lifting the pressurizer or steam

generator safety valves

|0J1UO0D % uOoljejuswnlilsuj

e Maintain reactor power at a desired level following a turbine
trip or load rejection

e Manually limit reactor coolant heat-up rate during startup

e Provide a mean of manually removing energy during plant
cooldown

M 41
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NSSS Control Systems - SBCS

00 Diagram of SBCS
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MEASURED
MAIN STEAM
HEADER AIR SUPPLY|
PRESSURE
— ATMOSPHERE
MAIN STEAM
ELECTRO/
STEAM HEADER
FLOW 17" PRESSURE CONTROLLER (—#= PNEUMATIC |—7//—1 X1/t
PROGRAM
+
PRESSURIZER
PRESSURIZER PRESSURE S S
PRESSURE BIAS
PROGRAM B8 TURBINE
| |  BYPAaSS
| | VALVES
- | | (& TO
N | CONDENSER
| "anD 2 TO
I | ATMOSPHERE)
f |
[ [
CHANGE QUICK OPEMNING SIGNAL
DETECTOR [ COMPARATOR [~ — — — — — — — — — — i l;
I
VALVE
THRESHOLD PERMISSIVE
SETTING SIGNAL
42
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NSSS Control Systems - SBCS

0 Diagram of SBCS 2 ADV

Inside ! f f

Containment [ x’f/f//}//f.-"f.-" e A

! f f f Roof
E ADV N, : “B"ysp';’ss
: MSIV MS
: HS Room |Enclosure
' H
1
1
i MSSV MSIV 26"x36"4 36"
[A] 1
1
= K | tr ottt R
! [ R e s
Steam | N,
| ADV. g 26"
1
| % e To TBN
1 :
! :
' 2

Generator

To Atmosphere 1 5%

P
TBV
> MEwP

» Turbine
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To Condenser

BEREE

i

6 V/V to Condenser
40%

RCS(hot) RCS(cold)
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NSSS Control Systems - SBCS
0 Operations of SBCS

e During the normal operation

Automatic Control
» Valve is automatically controlled by SBCS

Master Controller Manual Control
» Valve is controlled by the operator when the Automatic Modulation
Permissive signal is present in SBCS
Individual Manual Control

» Valve is controlled by the operator from its M/A Controller when the
Automatic Modulation Permissive signal is present in SBCS

|0J1UO0D % uOoljejuswnlilsuj

e Abnormal conditions

SBCS automatically controls excess energy in the NSSS due
to load rejection including a turbine trip from 100% power by

regulating the flow of steam through turbine bypass valves in
conjunction with RPCS

44
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NSSS Control Systems - SBCS

0 Manual control in MCR
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NSSS Control Systems - RPCS v

0 Reactor Power Cutback System

e NSSS normally operates with minor perturbations in power
and flow.

|0J1UO0D % uOoljejuswnlilsuj

Can be handled by SBCS and RRS

e However, large plant imbalances can occur,
Turbine trip
Loss of one of two operating main feedwater pumps

e How to maintain the NSSS within the control band ranges is
accomplished by a rapid reduction of NSSS power?

M 46
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NSSS Control Systems - RPCS

0 Reactor Power Cutback System

e 20 ~ 75% load rejection by,

+ simultaneous dropping of 1 or more pre-selected groups of
full-length regulating CEAs into the core

« Control signal to Turbine to rebalance turbine and reactor

|0J1UO0D % uOoljejuswnlilsuj

power RPCS CEA
Bank Selection

Turbine
Control System

Loss of Two
Feedwater Pumps

SBCS CEDMCS

MCB
(RPCS Control Panel) Alarm
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NSSS Control Systems - RPCS

0 Reactor Power Cutback System
e CEA selection by manual or automatic (from plant computer)
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177 FUEL ASSEMBLIES
73 CEA's AND CEDM's
8 MANEUVERING CEA's M)
8 ADDITIONAL LOCATIONS FOR SHUTDOWN CEA's S
45 FIXED RHODIUM IN—-CORE NEUTRON DETECTOR STRINGS (@)

KOREA INSTITUTE OF NUCLEAR SAFETY

CONTROL GROUP SUBGROUP CEA
2 6, 8,10, 12
Shutdown group A 3 7,9, 11, 13
5 18, 19, 20, 21
6 22,24, 26, 28
7 23, 25, 27, 29
Shutdown group B 9 34. 36,38, 40
10 35, 37, 39, 41
1 2,3,4,5
Reaulating group 1 14 54,57, 60, 63
15 56, 59, 62, 65
Reaulating group 2 — 40, 418, 510, 52
g group 13 47,49, 51, 53
Reaulating group 3 - R i
g group 16 55, 58, 61, 64
Reaulating group 4 8 30, 31, 32,33, 1
Reaulating group 5 4 14, 15, 16, 17
17 66, 68, 70, 72
Part Strength Group 18 6769 71 73
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NSSS Control Systems - SBCS

0 SBCS Operation Scenario
e Loss of Small Load(20%)

Normal
Operation
100% O

|0J1UO0D % uOoljejuswnlilsuj
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Rx power = TBN Power
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NSSS Control Systems - SBCS

0 SBCS Operation Scenario
e Loss of Small Load(20%)

20%
Loss of
Load

|0J1UO0D % uOoljejuswnlilsuj

100% O

J

U
O
-
—
(D
=

0%

v

Rx power > TBN Power
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NSSS Control Systems - SBCS

0 SBCS Operation Scenario
e Loss of Small Load(20%)
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100%‘

U
>
=
S
QL)
-

0%

Rx power = TBN Power
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NSSS Control Systems - SBCS

0 SBCS Operation Scenario

e Loss of Small Load(20%)

RRS
(5%/min)

|0J1UO0D % uOoljejuswnlilsuj

MO

Rx power = TBN Power
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NSSS Control Systems - SBCS

0 SBCS Operation Scenario
e Loss of Small Load(20%)

|0J1UO0D % uOoljejuswnlilsuj

Normal
Operation

&

100%

U
O
=
=
(D
b ¥

0%

Rx power = TBN Power
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NSSS Control Systems - SBCS

0 SBCS + RPCS Operation Scenario
e Loss of Large Load(95%)

|0J1UO0D % uOoljejuswnlilsuj

95%

4 Loss of
100% o Load
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0% | :

Rx power >> TBN Power
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NSSS Control Systems - SBCS

0 SBCS + RPCS Operation Scenario

e Loss of Large Load(95%)

|0J1UO0D % uOoljejuswnlilsuj

100%
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60%

1l9MO0d N1
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Rx power > TBN Power
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NSSS Control Systems - SBCS

0 SBCS + RPCS Operation Scenario

e Loss of Large Load(95%)

|0J1UO0D % uOoljejuswnlilsuj

100% CTTTTTTTTA !

1l9MO0d N1

5%

Rx power > TBN Power

0%

v
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NSSS Control Systems - SBCS

0 SBCS + RPCS Operation Scenario
e Loss of Large Load(95%)

100%] RRS(Step :10%)

|0J1UO0D % uOoljejuswnlilsuj

Absorption of System (5%)

RX power = Power

(10%
A’) 60%

1l9MO0d N1

0%

v
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NSSS Control Systems - SBCS

0 SBCS + RPCS Operation Scenario
e Loss of Large Load(95%)

|0J1UO0D % uOoljejuswnlilsuj

100%

1l9MO0d N1

0%

v

Rx power = TBN Power
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NSSS Control Systems - SBCS

0 SBCS + RPCS Operation Scenario
e Loss of Large Load(95%)

|0J1UO0D % uOoljejuswnlilsuj

Absorption of System (5%)

100%] 100% - | 00%, . |

5504
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=
5% g
0% >
Rx power = TBN Power
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NSSS Control Systems - FWCS v

0 Feedwater Control System /;LJ _,
e Regulating feedwater flow rate to its /

corresponding steam generator
by adjusting the position of feedwater
control valves
— Economizer
— Downcomer

|0J1UO0D % uOoljejuswnlilsuj

e Regulating the speed of operating
feedwater pumps
by transmitting speed setpoint demand

signal to the feedwater pump speed
control system

e 1 FWCS is provided for the control of C’i’-;,,__zjgg
each S/G water level ) :

£
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NSSS Control Systems - FWCS

0 Feedwater Control System

e Maintain steam generator level by regulating the feedwater
flow rate

|0J1UO0D % uOoljejuswnlilsuj

FWESES  \iEc viv
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0 FWCS block diagram

|0J1UO0D % uOoljejuswnlilsuj
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NSSS Control Systems - FWCS

STEAM FLOW
TRANSMITTERS
SGA.

TO MAIN
STEAM TURBINE

T

STEAM FLOW
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&y
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LEVEL
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LEVEL
TRANSMITTER
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OOWNCOMER
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5.G.4,

FEEDWATER FLOW

g

)
b

EVEL
TRANSMITTER
5.G.8.

DOWNCOMER
FEEDWATER FLOW
TRANSMITTER
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LEVEL
TRANSMITTER
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ECONOMIZER OOWNCOMER DOWNCOMER ECONOMIZER
FEEDWATER FEEDWATER FEEDWATER FEEDWATER
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BYPASS
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FEEDWATER PUMPS
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FEEDWATER FLOW
TRANSMITTER
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NSSS Control Systems - FWCS

O Design requirements

e Three Element Control
— Reactor power > 15%
— Input signal :
» S/G Level,

» Total Steam Flow,
» Total Feedwater Flow

|0J1UO0D % uOoljejuswnlilsuj

e Single Element Control
— Reactor power : between 5% and 15%

— Input signal :
» S/G Level

e Feedwater Flow Control after Reactor Trip

— Input signal :
» TAVG

£
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NSSS Control Systems - FWCS

O Design requirements

e Provides automatic control of S/G level during plant
operation : 5%~100% power
— 1% step and = 1%/min ramp changes (5%~15% power)
— +10% step and £5%/min ramp changes (15%~15% power)
— Load rejection of any magnitude

|0J1UO0D % uOoljejuswnlilsuj

e Provide automatic control of S/G level during abnormal plant

operation
— Reactor Trip
— Loss of one feedwater pump during three pumps operation
— S/G High Level

64
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NSSS Control Systems - FWCS

0 Controlled components

e Output Signals for Feedwater Control
— Economizer Valve position Demand Signal
— Downcomer Valve Position Demand Signal
— Feedwater Pump Speed Demand Signal

|0J1UO0D % uOoljejuswnlilsuj

e Automatic / Manual Control Capability

£
"‘!‘ KOREA INSTITUTE OF NUCLEAR SAFETY 65
KINS



NSSS Control Systems - FWCS

O Block Diagram of FWCS ... [z

FLOW FLOW

FILTER

e |nput
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SETPOINT

— S/G level
— Total steam flow i ————————— 4

— Total feedwater flow 'i’:)*
i

e Pl Controller

LEVEL
SETPOINT

I
COMPARATOR |
|

T0

I ==

| ZEROD | FWCS 2
BIAS

- |

I

I
s =< 0 -
~ ZERO BIAS St FROM

ks SELECT ™ FwCs 2
e Output *EA‘L)'J
|

— Control downcomer v/v DONNCOMER ECONOMIZER

PROGRAM PROGRAM PROGRAM

— Control ecomizer v/v , ; r

MANUAL /AUTO MANUAL /AUTO MANUAL /AUTO

— Control feedwater pump o T o o

T0 T0 TO FEEDWATER
DOWNCOMER ECONOMIZER PUMP SELECT
VALVE VALVE LOGIC

—

66

£
*a%{ KOREA INSTITUTE OF NUCLEAR SAFETY



NSSS Control Systems - FWCS

00 Feedwater Control Types Depending on Power

|0J1UO0D % uOoljejuswnlilsuj

3 Element
(SG Level, Sflow, FW flow)

~50%

20% (DEWEVABIas)




NSSS Control Systems - FWCS

O Design requirements
e 10% step changes

0017 N S— &8-858

-------- Power(%)

|0J1UO0D % uOoljejuswnlilsuj

Blue : turbine power

Red : Reactor power

90%

Economizer Control Valve Position (%)

/( S/G water level

setpoint ( \
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NSSS Control Systems - interface

O Typical Interface within NSSS Control System

Reactordripped signal Steam Header-RPressure:

RPZR/Pressure.

(CondensersAvailable:

=
%
~—+
=
c
3
®
S
~—+
Q
=
o
=
Ro
2
o
>
—+
=
<

FEJ
CEATAUteWithdrawal/Demand;

AMIS B status TBN/Runback:Demand;
AWE. -' RPCDemand

IBN/l‘oad/

CEDMCS

Subgroup selection

Rlant;
computers
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NSSS Control Systems - FWCS

0 Operation

e Low Power Operation
— Single Element Control by Master Pl Controller
— Reactor power : between 5% and 15%
— Input signal : S/G Level

e Normal Operation
— Three element control by Mater Pl Controller

— Reactor power > 15%
— Input signal : S/G Level, Total Steam Flow, Total Feedwater Flow

e After Reactor Trip
— After the reactor is tripped, the feedwater flow rate is controlled
by using the primary coolant loop average temperature (TAVG)
signal
— Flow demand signal is generated by PI function, its input is
compensated TAVG signal

|0J1UO0D % uOoljejuswnlilsuj
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0 Component of NSSS
Control systems

e PLC

Process control logic of

each sub-system

Switching function if a

component fails
Field I/O modules

NSSS Control Systems

SBCS
Master

SBCS
= Permissive

Maintenance &
=== Tagt Panel

| ‘ T

+  Networking

| ___FWCS1
e IBM Compatable PCs [ oo
* Drive FPD e |
e FPD (Flat Panel Display) |
- Test & Maintenance \ W - Power

« Display & Indication
v
* 10.4” Color Touch Screen
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