Commissioning until now

= Always on the critical path
= Manual, step-by-step procedure
= | abor intensive
= Requires
= Screw driver
» Check sheet
= Pencil
= Multimeter
» Oscilloscope
» Connect one device at a time

» Disconnect after testing

Test Report

v
v

\

v
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Simple Commissioning Steps with ADM E@

= Verify address setting
= Wire up devices in the right location
» Check shielding

= Activate communication

» Use automated work procedures

» Testing
Commissioning Wizard

= Documentation

: 7 v

= All devices at once iy = =
. . . Seqinernt 3 g nabie = E

= Wiring remains undisturbed! s o z2
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=Diagnostic Manager is

in the network view of a
specific ADM
representation

ADM in PRM, Jump to Diagnostic Menu

launched by aright click ==

FieldConne:

Device Mame!  HD2-DM-A
DMA_ADR_2

FOUMDATION Fieldbus

EX  Device Tag:

Fieldbus Type:

Segment Focus:
Segment 1 Status: A\
Segment 2 Status: W

[—1-2 3|4 | system Status: =

Segment 3 Status: W
Segment 4 Status W

Current Alarms ][ Alarm History
| Description [value [ Filter 7 OnfOff | Alarm Type ~ | Address Fiker ~
= segment 1
[ & [Segment Signal Leve! too high [1277 mv Date | |Description -
= Nodes 1 =1 within last 24 hours
| & [ Address 247: Device's Signal Level koo high [1218 my 21.08,2006 17:44:146 || Address 247: Device's Signal Level too high
's Signal Level koo high 21,08,2006 17:44:46 || Address 16: Device's Sianal Level koo high
21.08.2006 17:44:46 || Address 16! Device's Signal Level tao high
21,08,2006 17:44:46 | /| Address 247; Device's Signal Level koo high
21,08,2006 17:44:46 || Address 16: Device's Sianal Level koo high
21,08.2006 17:44:46 || Address 16! Device's Signal Level tao high
21,08,2005 17:44:46 coment 1: Segment Signal Level too high  —)

=| Termination Fault
Please verify if your segment installation is poperly terminated. A proper
termination includes a two sided termination within the trunk each
Incated ak the end of the line

=l Device Error Fault
The: Field Device has a malfunction in its fieldbus specific electronics and
sends out an increased Signal Yoltage Level b the Fieldbus network. The
Field Device may need a replacement, Please use the enhanced function
of the Oscilloscope to verify the signal level of the Device,

=I Configuration Fault
The limit value ko be supervised is wranaly configured and does nok
match to the Field Device's bypical signal level valus, Please verify the
walue and adjust it in accardance to the typical and rated signal level of
that specific Field Device.

21,08,2005 17:44146
21,08,2006 17:44:146
21,08,2005 17:44146
21,08.2006 17:44:146
21,08,2006 17:35:48
21,08,2006 17:35:48
21.08.2006 17:35:48
21,08,2006 17:35:48
21.08.2006 17:35:48
21,08,2006 17:35:48
21.08.2006 17:35:48
21,08.2006 17:35:48 | #5| Address 247: Device's Signal Level too high
21.08.2008 17:34:32 |5 Address 16: Device's Signal Level too high

21.08,2005 17:34:32 |/ |Address 247: Device's Signal Level koo high
21.08,2006 17:34:32 | % |Address 16: Device's Signal Level too high

21.08,2006 17:34:32 egment: 1: Segment Signal Level too high

21.08,2006 17:34:32 || Address 2461 Device's Signal Level koo high
21.08,2005 17:34:32 |4 |Address 2461 Device's Signal Level koo high
21.08,2006 17:34:32 | #|Segment 1: Segment Signal Level koo high

21.08,2005 17:34:32 | #|Address 247: Device's Signal Level koo high
21,08,2005 17:14:43 | ¥|Segment 1: Ssgment Signal Level too high
21.08,2006 17:14:43 |8 Segment 1: Segment Signal Level too high
21.06,2006 17:14:43 | ¥€|Address 246: Device's Signal Level koo hig
21,08,2005 17:14:43_|#4| Address 246: Device's Signal Level tao hig
21.08,2006 17:14:43 || Address 247 Device's Signal Level too hig
21.06,2006 17:14:43 | #8| Address 247 Device's Signal Level too hig
21.08,2006 17:14:43 || Address 16: Device's Signal Level too high
21,08.2006 17:14:43 || Address 16: Device's Sianal Level too high
21,08,2005 17:14:25 | % |Segment 1: Segment Signal Level too high

Address 246: Device's Signal Level koo high
Address 246! Device's Signal Level koo high
Segment 1: Segment Signal Level too high

Address 2471 Device's Signal Level koo high
Segment 1: Segment Signal Level oo higl
B8] 5eament 1: Segment Sianal Level boo higt
3| address 15! Device's signal Level too hig

&

21.08.2006 17:14:24 @segment 1: Segment Signal Level too high_J_’

| <] |

Export  Filename: [c:\Documents and Settings{TKlattiMy Docume | H
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sADM delivers
actionable
Information for
fast fault finding

= 1 Active messages

= 2 Actionable information with
solution guideance based on
expert knowledge

= 3 History with timestamps
When the failure...

= .. occured

= ... disappeared

= Export function for external
analysis and storage

Diagnostic Menu

e | Device Name:  HDZ-DH-A Segment Focus: 1 2|34 Systemstatus: @
jeld ONNEX pevie Tag: DMA_ADR_2 Seqment 1 Status: /A Segmert 3Status: W
Fieldous Type:  FOUNDATION Fieldbus  Segment 2 Status:  m Segment 4 Status: W
[ Current Alarms ][ v
Filter 7 GnjCFf | Alarm Type - | Address Fiter ~
ment 1
Seqment Signal Level too high Date. | | Description -

les (Segment 1)

=] within last 24 hours

Address 247: Device's Signal Level taa high

Iocated at the end of the .

Device Error Fault
The Field Device has a malfunction in its Fieldbus specific electronics and|
sends out an increased Signal ¥oltage Level ta the Fieldbus network, Ti

=I Configuration Fault

The limit value to be supervised is wrongly configured and does not
match to the Field Device's bypical sional level value. Please verify the
value and adiust it in accordance to the typical and rated signal level of
that specific Field Device.

21,08.2006 17:44:46

iress 247; Device's Signal Level tao high

21,08.2006 17:44:46

iress 16: Device's Signal Level too high

21,08.2006 17:44:46

iress 16: Device's Signal Level too high

21,08.2006 17:44:46

iress 247; Device's Signal Level tao high

21,08.2006 17:44:46

iress 16: Device's Signal Level too high

21,08.2006 17:44:46

h| A
h[ A
b2
h/ A
h[ A
an

iress 16: Device's Signal Level too high

21,08, 2006 17:44:46

gmert 1: Segment Signal Level toa high

21,08.2006 17:44:46

h| Address 246; Device's Signal Level too high

21,08.2006 17:44:46

b | Address 246; Device's Signal Level too high

21,08.2006 17:44:46

ament 1: Segment Signal Level too high

21,08.2006 17:44:46

b| Address 247; Device's Signal Level too high

21,08.2006 17:35:48

Segment 1; Segment Signal Level too high

21,08.2006 17:35:48

21,08,2006 17:35:48

iress 16; Device's Signal Level

21,08,2006 17:35:48

21,08.2006 17:35:48

iress 246: Device's Signal Level

] A
|| Address 246: Device's Signal Level
5] A
|/ A

21,08,2006 17:34:32

iress 247: Device's Signal Level

| Address 16: Device's Sianal Level too high

21,08,2006 17:39:32

h | Address 247: Device's Signal Level ta high

21,08,2006 17:39:32

b Address 16: Device's Signal Level too high

21,08,2006 17:39:32

egment 1: Segment Signal Level too high

21,08,2006 17:34:32

| Adcress 246: Device's Signal Level toa high

21,08,2006 17:34:32

b | Adcress 246: Device's Signal Level toa high

21,08,2006 17:34:32

egment 1; Segment Signal Level to high

21.08.2006 17:34:32

b Adcress 247: Device's Signal Level toa high

21.08.2006 17:14:43

Seamert 1: Seqment Signal Level toa high

21.08.2006 17:14:43

Seqmert 1: Seqment Signal Level toa high

21.08.2006 17:14:43

Address 246: Device's Signal Level tan big!

21.08.2006 17:14:43

Address 246: Device's Signal Level tan big!

21.08.2006 17:14:43

Address 247: Device's Signal Level tan big!

21.08.2006 17:14:43

Address 247: Device's Signal Level tan big!

21.08.2006 17:14:43

21.08.2006 17:14:43

Address 16: Device's Signal

21.08.2006 17:14:25

# | Segment 1: Segment Signal

21.08.2006 17:14:24 @Segmant 1: Seqment Sigral

Export  Filenams

c:YDocuments and Settings| TKlstt\My Docume | H
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Commissioning Wizard

= With Expert System

FdPEPPERL+FUCHS F;e:@sne,

S u p p O rt Physical Layer Measurement Report
Date:

04.08.2006 10:59:02

= Takes snapshot et
= |dentifies wiring erros Sty e
= Ensures Compliance W|th Result: 7 Passed, Excellent

AG181 and IEC 61158-2

Recommends limits for ADM messages

Stores limits in non-volatile memory

» Automatic Tag Readout

16 Host Interface

17 Instrument

» Creates baseline report: |«

= Snapshot of all measurements

= Complete documentation
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Built-in fieldbus oscilloscope

= ADM provides expert tools -
for fast fault finding gt ——

v Gesrpton;
x
H DevieeNETy

» For diagnosing complex scenarios

= For the fieldbus expert

N

LERR RN R RN <

= With fieldbus specific triggers

= Captures up to 10 shots in a row

Arasu Thanigai (ISA- POWID-2012)



Full Integration — Simplifies your work

= Simplify configuration processes

= Select segments and configure entire plant automatically

» Only a few mouse clicks

= Simplify operations processes

= Asset Management native op guide messages

» Summary alarms alert without nuisance

= Simplify maintenance processes

» Integrated at Asset maintenace systems
» Fieldbus physical layer is now a manageable asset

» Detailed information for proactive planning of plant upkeep

X

Arasu Thanigai (ISA- POWID-2012)

59



/)
Summary

Using DART Foundation fieldbus in projects are

Faster and easier to design

Reduced time in validation

Higher accuracy (digital data throughout)
Reduced components

Less prone to failures

Greater flexibility while selecting hazardous area
concepts based on the project needs

Diagnostics are integrated and reduces design
and commissioning time
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ik FUEL HANDLING CONTROLS
IN

PRESSURISED HEAVY WATER

REACTORS

= =,

Presented By:
Nitin Rimza
Executive Engineer

NPCIL
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PRESENTATION OUTLINE

Pressurised Heavy Water Reactors

Fuel Handling System Overview

Refuelling Operation

v v v Y

Fuel Handling Control system
o Key Features

o Digital I&C System

o Software Organization

o Diagnostics

o Built-in Safety

o Manual & Safety Logic

o Main Control Room Panel

o Future Plans

ISA(D)-POWAT-2012 2



Pressurized Heavy Water Reactor
(PHWR)

TAUTHT AT
NPCIL

Nuclear Fission

Neutron :=::@

Ba
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PHWR

STEAM FIPES

—— STEAM GENERATORS ———.

PRIMARY PLUMPS

CALANDRIA

—=MODERATOR

MODERATOR
P

LiEHT WaTER
LIEHT WATER STEAM MODDERATOR HEAT EXCHANGER

HEAVY WATER COOLANT
g PHWR SIMPLIFIED FLOW

HEAWY WaATER MODERATOR D!JﬁcGRAM

EECN
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PHWR
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PHWR

*Fuel bundles contained in coolant channels

In 700 MWe PHWR 392 channels and 12 bundles in each
channel

Long string of bundles free to move inside channel due to
drag force of coolant flow and held in position by shield

plug

[ SEALING PLUG ~ SHIELDING PLUG  FUEL LOCATOR ~ FUEL BUNDLE
| |

COOLANT CHANNEL ASSEMBLY

ISA(D)-POWAT-2012



AR A
¢ JUBILE,

ot

*Coolant channels arranged
In square lattice grid in
Calendria

» Low excess reactivity of Natural Uranium
necessitates regular refuelling for
sustained operation of reactor.

ISA(D)-POWAT-2012 7



FUEL HANDLING SYSTEM
(FHS)

Responsible for:
o Storage and Transfer of New Fuel
o Refuelling of Channels and
o Transfer and Storage of Spent Fuel

= Very dynamic system having intricate robotic mechanism
= Operated using Electric and Fluid power with D,0O, H,0, Oil
and Air

» FHS operate in a predefined sequence

ISA(D)-POWAT-2012 8



FUEL HANDLING SYSTEM
(FHS)

Divided into three sub-systems:

o Fuelling Machine (FM) system
o Fuel Transfer (FT) system

o Auxiliary system

ISA(D)-POWAT-2012 9



% FUEL HANDLING SYSTEM /¢
(FHS)

TASR AT
NPCIL

Two functionally identical FMs at North and South side of
Calendria

14-01-2012 ISA(D)-POWAT-2012 10




FUEL HANDLING SYSTEM

wrcit The Fuelling Machine (FM) system sub-assemblies:
. Bridge and Carriage (X &)

FMEBERIDGE  Ram Assembly

Magazine

. Z-drive and Head Antenna
. Leveling and Centralizing

. Snout Clamping assembly

Separator
s
Snout Clamping
Assembly

- FM Magazine

. Ram assembly

- Separators
Guide Sleeve & lock

ISA(D)-POWAT-2012 1



FUEL HANDLING SYSTEM

TAUTHT AT
NPCIL

ruel Transfer (FT) system sub-assemblies:

- New Fuel Magazine (NFM)
- Mobile Transfer Machine (MTM)
- Tray Loading Machine (TLM)

ISA(D)-POWAT-2012 12



« Roll-On Shield
-Sealing and Shielding Doors for

FM Vault and Service area,
FT room etc

ISA(D)-POWAT-2012 13



REFUELLING

»North & South FMs are
clamped onto channel

»Upstream FM loads New
fuel & Downstream FM
receives spent fuel

FT system loads new
eemsa.  TUEI INtO FM and transfer
Y spent fuel from FM to
TLB

ISA(D)-POWAT-2012 14



FUEL HANDLING CONTROL (FHC)
SYSTEM

-Fuel Handling Control system carry out Fuel Handling
operations by control of :

o Process Pressure ( e.g. Magazine pressure etc)

o Drive Force (e.g. Forces of Rams etc)

o Drive Position ( e.g. Position of drives etc)

o Direction (e.g. Advancing/Retracting of cylinders etc)
o Speed ( e.g. High/Low speed of MTM etc)

o Level (e.g. Levels of storage tanks etc)

ISA(D)-POWAT-2012
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KEY FEATURES

FHC SYSTEM

Fully automatic operation using custom built Digital 1&C system developed
in-house

On-line and Off-line diagnostics to check healthiness of hardware and
integrity of software

Ensured safety of operation by checking safety interlock logic

Ability to carry out all FH operations with manual backup during
unavailability of Digital 1&C system

2/2 logic for improving reliability of operation
Operator friendly Interface

Use of state-of-the-art FPGA to reduce complexity and improve
maintainability

Remote viewing CCTV system

ISA(D)-POWAT-2012 16



FHC SYSTEM

TAUTHT AT
NPCIL

FHC System Comprises of:

» Digital 1&C System

» Operator Console (OC)

» Manual & Safety Logic (M&SL)

» Main Control Room Panel (MCRP)

ISA(D)-POWAT-2012 17



DIGITALI&C SYSTEM

_— ——_

%WS"WONQWPSI =qPUSHmN&WPS|

OC=11N FOR FM(N) 0C-11S FOR FM(S)

COMMUNICATION LINK f
s a5

COMPUTERS ||

IFH MAIN CONTROL ROOM PANELS 73| 23| Pl 4 &

R, ; B

P S e = e

&
J LOGIC FOR FM(N)|

|
|
I[RER) | e
|

so-n-m| fei0-n-s| | so0ns || |
FH MANUAL AND SAF .
pue| e | me) . &3 e Legends:
| R =) 1
[, NS 5 SN < DIGITAL INPUT
L 2 : memm  DITITAL OUTPUT
DIGITAL FEEDBACKS
4 me=mm  ANALOG INPUT

e §

| SLAKION P l—\ SENSOR AND DRIVES OF FUEL HANDLING SYSTEM

ISA(D)-POWAT-2012
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SENSORS used in FHC

Trein p Potentiometers

» LVVDTs

» Proximity switches

» Micro switches

» Reed switches

» Commutator switches

» Pressure, Flow, Level & Temperature Switches and
Transmitters etc.

ISA(D)-POWAT-2012 19



DIGITALI&C SYSTEM

_— _—_

%WS"N"ON&WPSI =ﬂPUSHmN&WPS|

OC=11N FOR FM(N) 0C-11S FOR FM(S)

COMMUNICATION LINK f
s a5

COMPUTERS ||

IFH MAIN CONTROL ROOM PANELS  z3| z5| P & &

———CRE) i — J——K

P S i,

&
J LOGIC FOR FM(N)|

|
|
I[RER) | e
|

m :;H_: ::::2' L FH MANUAL AND SAF
DPMs.PDs, Ooerine: | | risros: || ———-1— g dhclplicntighe A casticin A
RECORDS, RECORDS, RECORDS,
cCTvs CCTVs corvs ||
[, NS 5 SN < [
A 2 .
DIGITAL FEEDBACKS
4

e §

| SLAKION P l—\ SENSOR AND DRIVES OF FUEL HANDLING SYSTEM

ISA(D)-POWAT-2012
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DIGITAL I&C SYSTEM

== » Complete refuelling sequence involves more than 1200
varied and complex operations with highly precise
movements

» Used for Auto mode of operation

LT LcUIIIIJLILCI ai iu

= Total 22 sequences and 30 programs.
= As many as 14 programs in each sequence and
As many as 54 steps.in each program

Program 1 Program 2

ISA(D)-POWAT-2012 21



DIGITAL I&C SYSTEM

e Safety Interlock Logic to ensure safety of operation

e Logic design according to functional and operational safety
requirements of devices

e Three control computers communicate with Offline
computer and with each other through dual LAN.

e Field interfacing through Analog & Digital Inputs and
Outputs

Each control computer consists of approximately 420
digital inputs, 62 analog inputs and 240 digital outputs

Output commands routed through M&SL

ISA(D)-POWAT-2012 2



SOFTWARE ORGANIZATION

v Daliemcﬁn@warapplication software is organized as

}garsaorﬁs Orl'eC%nn I’(g'ﬂng]CF rﬁ%ﬁ}’t\/ar%H operatlons

» Calibration table for Auto positioning of drives at
predefined positions

» Cycle based with cycle time of 50 msec

» During each cycle the control computer read inputs,
execute step logic, check interlocks and set/cancel
commands

Offline software:

e Ultilities for testing and transfer/storing of online software
modules

Diagnostics of computer hardware

ISA(D)-POWAT-2012 23



DIAGNOSTICS

Online and Offline diagnostics to check healthiness of the
system

Diagnostics for Software and Hardware of system

ISA(D)-POWAT-2012 2



DIAGNOSTICS

» Software integrity check during each cycle through external
hardware (Watchdog timer)

» Detection of any fault generates a contact type output to trip the
FHC system and force all outputs to bring the system in fail safe
state

» Checks for corruption in calibration data of various drives, in case
any corruption is detected further Auto-positioning is not allowed

» Checks for functionality of Computer hardware

» Modular design of hardware facilitates easy fault identification and
quick replacement of faulty module

ISA(D)-POWAT-2012
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DISPLAY UNITS

TAUTHT AT

- -‘.Z‘.FM OPERATOR INTERFACE SYSTEM FOR TAPS [SEILITH] X
NPCIL =

Configuration Copy  Display  Magazine Settings Stop  Help [ [ Synchrorised at com-2 |

DPMs {mm)

SQ: PR: ST: HLD M:ST
FB:00; X Bz: 8z R
C/K.C HM:H C:MC 8:0K
D092 Ta1251.49

R i

SHI (1221 41) i

ZHI CANCELS ZFOZFF(A20) BWF:

ZHI CRIVES ZFD(E18) CWF:

SRP (1222 15) :

SRH (1222 38) ver: EEE ||| ©

SHSR ( 12 23 30) WPR: ®

SFF (1224 10) s .

SFD (12 24 28) : &
ATCHDOG OK (12 24 41) WTP: i

Bt T

FIM CONTROLS IN MANUAL(E24) 12 28 34

Fil CONTROLS IN AUTO(B24) 12 2031 sws: [lEEE G . - = m

FIM CONTROLS IM MANUALB24) 12 2931 CWS:

FiM CONTROLS IN AUTO(S24) 12 29 32 ;

Fili CONTROLS N MANUAL(B24) 12 29 32 MRF:
ATCHDOG OK ( 12 29 44) WPE:

ITIME RESET TO MM:20 S5:00 AT: 12 30 00 —
ATCHDOG OK (12 34 46) wsF: lEEE |
ATCHDOG OK ( 1239 49) @ RIET
vasiainy ' oo
ATCHDOG OK ( 1249 54 n

1 2 3 4 s 6 % 8 9
i BA | BB | ca| A | mu| g BE | vy | zr | Fvu] rxe o
® Br | BF | cR| LR | MR | xw | vyo | zr | FvD | Fxw R

F: 1 Seal 2 PP 3 Pur/Clbt 4 Go 5 FBNo 6 spare 7 TrpBnd 8 Skip 9 AltStp 10 Hold 11 Run 12 StpDrv
Shift+F: 1 Seq 2 Pre 3 Stp 4 Mode 3 YX 6 Time 7 DspMsg 5 Grph 9 C/KH/M 10 SusStp 11_DgBnd 12 Debug
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DISPLAY UNITS

TAUTHT AT
NPCIL

Two display units are provided:

» Control Display Unit (CDU)

» Status Display Unit (SDU)

ISA(D)-POWAT-2012
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DISPLAY UNITS

wreii.  CONTROL DISPLAY UNIT

* Initiate FH operation sequence in Auto mode.
 Display of various information like:
- Program messages
- Diagnostics messages
- Calibration values
- Logic statements
- Non-availability of permissive/feedbacks etc
» Maintains log of all operations performed and messages
displayed during auto mode

STATUS DISPLAY UNIT

* Displays additional information to assist the operator
such as Status of various drives and actuators

ISA(D)-POWAT-2012




OFFLINE COMPUTER

=Execution of offline diagnostics

=|_oading of online software

=Storing of calibration table
=Modifications in Application software etc.

ISA(D)-POWAT-2012 29



RO T vemwcsvsen 3

_— _—_

%WS"N"ON&WPSI =ﬂPUSHmN&WPS|

OC=11N FOR FM(N) 0C-11S FOR FM(S)

COMMUNICATION LINK
5 a5

COMPUTERS ||

__________ £
IFH MAIN CONTROL ROOM PANELS =5 Eg U0, s S
~(MCRP) i

|
| I =
MAIN CONTROL| [MAIN CONTROL. : I' / [_‘—— ____________
: BT ".f‘...?:r%l
|

i (L5 o8 U0
oy o el B i | N FH MANUA .
(S arie | | S| SRR T B i Legends:
CClVs cClvs |
L - e ] DIGITAL INPUT

= DITITAL OUTPUT

memm  ANALOG INPUT

oo TeESRicK ig

| AAATOR PANE l—\ SENSOR AND DRIVES OF FUEL HANDLING SYSTEM
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MANUAL AND SAFETY LOGIC
(M&SL)

TAUTHT AT
NPCIL

Major functions:
» To check safety interlocks using hardwired logic

» To facilitate operation using Manual backup during
unavailability of Digital 1&C system to bring the system in
safe mode

» To provide auto initiated actions

ISA(D)-POWAT-2012 31



MANUAL AND SAFETY LOGIC

wrer nplemented using Field Programmable Gate Arrays
Periodic diagnostics embedded to check healthiness of logic

| Control M&SL

: Computers FPGA |
Sensors 22 Field
‘N FPGA L. LOGIC Devices
MCRP
2/2 Logic
Selection

Control computer outputs routed through M&SL

2/2 logic to ensure that failure of single component will not issue wrong
commands

Provision to bypass single channel

ISA(D)-POWAT-2012 32



g Lamps
% Digital
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BUILT-IN SAFETY

P Interlock logic implementation in both software and
hardwired

P 2/2 logic to ensure no false command is issued
P Redundant sensors, cables and power supplies
P Physical diversity provided for laying of redundant cables

P Alarm windows for operator’s attention in case of
abnormalities and failure

P High system availability by proper selection of components

P Auto initiated actions

ISA(D)-POWAT-2012 35



FUTURE PLANS

TAUTHT AT
NPCIL

» Animation of Fuel Handling operations
» Incorporation of intelligence for Off-Normal Procedures

» Monitoring healthiness of devices

ISA(D)-POWAT-2012 36



THANK YOU

<@ T oy
qER
.4\\

JUBILEE |

i, L

p

N. FS I BRAVIRE- PO T-2012)



"IS) Delhi
w”. Section

Reactor Control and Protection
System of VVER-1000
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Nuclear Power Corporation of India Limited, Mumbai
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OVERVIEW

= Nuclear Heat Generation Basics
= Role of C&lin VVER-reactor

= Reactor Control and Protection System of
VVER-reactor

" Design Philosophy
" System Architecture
* Final Control Element

=  Conclusion

NABANITA (ISA (D)- POWAT-2012) 2



NUCLEAR HEAT GENERATION: BASICS

= Nuclear Reactors generate power using heat released by a process ~
called nuclear fission.

Fast neutrons in the
muderatur medium
Fission

products < 5 r(g
@ »EH> a0 — @

Moderated

neutron U 235
Heavy atom @ + ch

Putle u:} \
U 235 Moderator [H.O/f DA
7 MAA

Water

NABANITA (ISA (D)- POWAT-2012) 3




NUCLEAR HEAT GENERATION: BASICS (contd.) , (?@f

s /f/
» VVER- 1000 uses light water as coolant and moderator and enr‘&ﬁeé/
Uranium (about 2.2 to 4.4% U?%3> max.) as fuel. Control rods are used as
device for reactivity control.

Primary circuit o=z
Secondary circuit

Pressurizer

Steam i o
Generator

—iL

Reactor

Reactor Condenser

Coolant Pump

NABANITA (ISA (D)- POWAT-2012) 4



ROLE OF C&l IN VVER- REACTOR

C&l of VVER reactor acts as the neuro system of the power plant and plays
a vital role in achieving safe, reliable and efficient operation of the reactor.
It ensures reactor safety under all circumstances with high degree of
reliability and availability. Design of C&l is evolved based on the principle of

defense in depth.
Defense in depth:
layers of Protection

Plant Control System
+

Preventive Protection System
+

Reactor Protection System

+

Engineered Safety Feature

+

Severe Accident
Precaution/coping

Regulation

Prevention

s N
frequency
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REACTOR CONTROL AND PROTECTION
SYSTEM

significant C&l system for VVER reactor. It consists of following
subsystems belonging to different layers of protection, used to perform
control and safety functions.

RCPS
| | |
Ensfég\]/grrl(t:iz;rotectlon Automatic Power R_od Control &
Protection System Controller Indication System
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Subsystems

REACTOR CONTROL PROTECTION SYSTEM (Cont(’zl
/s

Major function

N

Flux & process monitoring, tripping
of reactor (EP), hold back (PP2),
set back (PP1) and step back
(APP)

Control of Reactor Power as per
demand (N,T & C mode)

Interface for EP-PP, APC, MCR
with CR.
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EMERGENCY PROTECTION — PREVENTIVE
PROTECTION (EP-PP) SYSTEM

»= Design Philosophy

>t is a hardwired system having 2 independent sets of 3 channels with
limited software.

»Each channel is functionally independent and kept physically separated.

» It monitors neutron flux/ process parameters for generation of reactor trip
(EP), step back (APP), setback (PP1) and holdback (PP2) signals.

»All the field inputs are converted to frequency for transmission to
processing circuit.

» Signal generation is performed on 2 out of 3 logic for each parameter.
» Design involves fail-safe logic.

»Proper galvanic/optical isolation is provided for shared signals

» Provision for manual tripping of reactor is available

» System can be tested online without disturbing reactor operation.
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SYSTEM ARCHITECTURE

Each set of EP-PP system is logically divided in two parts.

Initiating Part Actuating part

Each channel of Initiating part constituents following parts:

» Sensors
> Signal processing and comparator system
» Signal logic processing equipment

» Display system

NABANITA (ISA (D)~ POWAT-2012) 9
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SYSTEM ARCHITECTURE ->SENSORS (contd.) = @7\
{45
= Separate sensors are provided for each neutronic & process parameték%ff ;/

for each channel of EP. Sensors are common for EP and PP.

= Different types of neutron detectors of different range are used to monitor
neutron flux over wide power range with overlapping of minimum one
decade.

Name of range Type of detector Limits of power
monitoring

Source range, SR Boron Counter 108 to 10 % of Nnom
Initial range, IR Fission Chamber 106 to 101 % of Nnom
Working range, WR1 lonization chamber 102 to 150 % of Nnom
Working range, WR2 Fission Chamber 1 to 150 % of Nnom

To monitor process parameter, thermocouple, pressure transmitter, level
transmitter etc are used
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SIGNAL PROCESSING AND
COMPARATOR SYSTEM

»Sensor signals are fed to CU for
conversion( V/I- >f).

»Frequency signal are processed and
compared with set point in Signal
Processing and comparator system

»On exceeding set points, It will
generate discrete signal for reactor trip,
PP1, PP2 and APP function

SIGNAL LOGIC
PROCESSING EQUIPMENT

»Receives discrete signal from all 3
channels of signal processing and
comparator system

»Realizes 2 out of 3 voting on binary
output signals for each and every trip
parameter.

»The output is final EP or PP
ommand at channel level and
ctuating part.

SAFETY LOGIC FOR EP-PP INITIATING
PART

Sensors for neutronic and process parameter
and conversion unit (CU) C
v H
F1 F2 Functional
(x) ) Processing A
(common for EP-PP) N
i 4 A4 Comparison
with set point N
(separate for EP-PP) E
Signal Processing and Comparator System L-
To —_—
ch-2 From Iﬁ 5 Frr:;mh3
3] ch2ch3 Se—(ch4c
ch-3 ch-3
Yy Yy Yy (separate for EP-PP)
2out3 2out3
logic logic

v Y
Logical Processing

Other Trip
parameters

Signal Logic Processing System
Final EP/PP1/PP2/APP signal to ECC
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