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1. INTRODUCTION

J Computer based tools are becoming the state of the
art for learning about Nuclear Power Plants,
particularly about Water Cooled Reactor.

1 The IAEA PC-based simulators are designed to
provide insight and understanding of the general
design and operational characteristic of various power
reactor systems.

 The simulators provide the general response
characteristic of PWR, BWR, WWER, PHWR and have
llustrative screens to provide the plant response
information.

 Focus on education, not licensing or reactor operator
training, etc.
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2. SIMULATOR TYPES
] Replica Full Scope Simulators

» Plant operation in a control room environment

» Procedure based, cognitive skill based, team work
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2. SIMULATOR TYPES

 Classroom/Desktop Simulators

» Configuration suited to classroom & self - learning tool
as complement to textbooks and manuals.

» Provides knowledge of dynamic behavior

» Provides subsystem training, as well as overall plant
training (startup, shutdown, malfunctions).
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3. IAEA PC-based Simulators
Models and Simulation

 Mathematical models of all systems have been

developed to simulate the dynamic features of the
NPP

 They include:

>
>
>
>
>

Mat
Mat
Mat
Mat
Mat

hematica
hematica
hematica
hematica

hematica

J PC-based
] Manuals describe all models in full detail

Mode
Mode
Mode
Mode
Mode

of Reactor System

of Reactor Coolant

of Steam & Feedwater
of Turbine Generator
of Overall Unit System
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Role of PC-based Simulators

d Provide initial educational training to all NPP
personnel before NPP is built & full scope
simulator in service.

d Provide knowledge of system interfaces,
iIntegration and interactions.

J Complement training on a full scope, replica
simulator.
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PC-Based Simulator Characteristics

1 Relatively low cost and affordable.

1 Can use highly portable, standard PC
platforms.

dMath models are easily configurable and
provide flexibility of use.

d Can use graphic icons, control pop-ups, time
trends for user interfaces instead of
hardwired panels.
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4. Simulators Available in the IAEA
Collection

d PWR

J Advanced PWR

d BWR

J Advanced BWR

dJ WWER-1000

d PHWR

d Advanced PHWR (ACR-700)
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| PWR Simulator |

1 Developed by Micro-Simulation Technology of USA
using the PCTRAN software.

J PCTRAN is a reactor transient and accident simulation
software program that operates on a personal
computer.

 Generic two-loop PWR with inverted U-bend steam
generators and dry containment system

It could be a Westinghouse, Framatome or KWU
design with thermal output in the neighborhood of 1800
MWt (600 MWe).

A single loop with the pressurizer is modelled
separately from the other loop.
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| PWR Simulator |

JReleased in 1985

1 Constantly upgrading its performance and
expanding its capabillities.

JNormal & Abnormal operation

JSpent fuel pool simulator

JSevere accident operation:

» TMI-2 Event

» Large Break without ECCS
» Station Blackout
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| PWR Simulator |
Transient and Accident Analyses

 Uncontrolled Rod Bank Withdrawal

J Hot Full Power Rod Drop

J Moderator Dilution

 Startup of an Inactive RCP

] Reduction in Feedwater Enthalpy

] Excessive Load Increase

] Loss of Reactor Coolant Flow or Normal Feedwater
 Turbine Trip

d Steam Generator Tube Rupture

1 Small and Large Break LOCA
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| Advanced PWR ]

Developed by Cassiopeia Technologies Ins. (CTI)

_argely based on a 600 MW(e) Passive PWR
Design, similar to AP-600.

Reactor Controls based on Korean Standardized
1000 MW PWR Design —Mode K

SG pressure control to maintain setpoint at 5.7
Kpa

Overall Unit Control allows Reactor-Leading or
Turbine-Leading Mode

Passive Systems modeled to demonstrate LOCA
mitigation
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| Advanced PWR ]
Key features

Larger core, resulting in lower (25 % less) power
density

Lower fuel enrichment, and the use of radial reflectors
for better neutron economy;

Longer fuel cycle;
About 15 % more safety margin for DNB and LOCA,;

Reduced worth control rods to achieve load following
capability without substantial use of boron;

Passive core cooling system which includes core
depressurization, S|, and residual heat removal;

Passive containment cooling system;

In-vessel retention of the molten core in the very
unlikely event of a core melt accident. )
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| Advanced PWR ]
Basic operations & Transient recovery

Plant load manoeuvring — reactor lead

Plant load manoeuvring — turbine lead

Power level reduction to 0% FP
Reactor trip and recovery
Turbine trip and recovery
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| Advanced PWR ]
20 Malfunction Transient Events

Fail closed all feedwater level control valves
FW LCV#1 fails open / closed

Main BFP trips

PRZR pressure relief valve (CV22) fails open
Loss of 2 RC pumps in loop 1

100% main steam header break

RC hot leg #1 LOCA break etc
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| BWR Simulator ]

dDeveloped by Cassiopeia Technologies Inc. (CTl),

1 Represents a generic 1300 MW(e) BWR with
iInternal recirculation pumps and fine motion control
rod drives.

1 Containment model based on ABWR added in
2008

- Drywell and wetwell with the suppression pool

JImprovement on the reactor level response

dImplement the logic for ABWR Rx internal pump
trips and runbacks
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| BWR Simulator ]

Simulator display screens

J BWR plant overview screen

J BWR control loops screen

J BWR power/flow map & controls screen

d BWR reactivity & controls screen

J BWR scram parameters screen

J BWR turbine generator screen

J BWR feedwater and extraction steam screen
J BWR Containment

4 \
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| BWR Simulator ]

Malfunction 1

JLoss of feedwater : both FW pumps trip

Increasing/Decreasing core flow due to flow control
failure

dIncreasing/Decreasing steam flow from dome due
to pressure control failure

L TBN throttle PT fails low

 Safety relief valve (SRV) on one main steam line
fails open

J Feedwater level control valve fails open
d Turbine trip with bypass valve failed closed

2 \
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| BWR Simulator ]

Malfunction 2

nadvertent withdrawal of one bank of rods
nadvertent insertion of one bank of rods
nadvertent reactor isolation

_oss of feedwater heating

Power loss to three reactor internal pumps

1 Steam line break inside drywell

1 Feedwater line break inside drywell

1 Reactor vessel bottom break - 3000 kg/sec LOCA
] Load rejection

2 \
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| Advanced BWR Simulator |

JDeveloped by Cassiopeia Technologies
ncorporated (CTl), Canada

dLargely based on GE ESBWR passive BWR
design

JReleased in 2009
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|[Advanced BWR Simulator ]
Simulator display screens

Passive BWR plant overview screen

Passive BWR control loops screen

Passive BWR power/flow map & controls screen
Passive BWR reactivity & controls screen
Passive BWR scram parameters screen

Passive BWR turbine generator screen

Passive BWR FW and extraction steam screen
Passive BWR Containment

Passive BWR cleanup/shutdown cooling screen
y
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|[Advanced BWR Simulator ]
Maneuver, shutdown, startup

J Power maneuver: 10% power reduction and return
to full power

J Reduction to 0% full power and back to 100% full
power

 Turbine trip and recovery
1 Reactor scram and recovery
 Reactor Shutdown Cooling

J Reactor Startup and Warmup
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|[Advanced BWR Simulator ]
Malfunction 1

JLoss of feedwater : both FW pumps trip

Increasing/Decreasing core flow due to flow control
failure

JdIncreasing/Decreasing steam flow from dome due
to pressure control failure

L TBN throttle PT fails low

 Safety relief valve (SRV) on one main steam line
fails open

J Feedwater level control valve fails open
d Turbine trip with bypass valve failed closed
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|[Advanced BWR Simulator ]
Malfunction 2

nadvertent withdrawal of one bank of rods
nadvertent insertion of one bank of rods
nadvertent reactor isolation

_oss of feedwater heating

Power loss to three reactor internal pumps

1 Steam line break inside drywell

1 Feedwater line break inside drywell

J Reactor vessel bottom break - 3000 kg/sec LOCA
JLoad rejection

D00 D00

2 \
- International Atomic Energy Agency \\’i% l\i/

v
N\~ 4



Reactor Scran Turkine Trip Reactor Pres V. La Riods Runyn Reg'd HiDryw PJLOCA Turbine Eunback Gen Breawer Opn Labview
HiMeut Par s Flow Reactor Pres Y. Hi Reactar FresLo Reactar Level Lo Reactar Lvl V. Le Lo Turb Fwd Pwr FW Pump(s) Trip
Peartor Tanlaterd Reartnr Press Hi Core Flow Lo Reartar | evel Hi Thrhine Gow. in Man | n== RTP Propi=] Malfunctinm ctive
HeuTor/Thermal/~urbine PWR |
KELT 130.0-
IHML 5
F|[ 21320 HISY
TURB b
458'3? %l EI]:EI-
1 Go Waksturs
Governor| Melirs “0.0=
Lple—le o 2
R T
L3gdd. 59 [ MW 0.0-
E¥YPASS VLV L 1 o e * ::‘”E;-Sum Q J |3:11:EI?FM F21:12 P
0.0 % ns Cione
JJ Lt S Core Flow/Stean Flow =W Flow|
_;’/*F 15000 -
Hich Pressure Tukine - || &
High Prassure umine 10000 -
I_ _ W Hedsrs
_ _ B % AT Jr[ 11— Stack
Core Thermal Pawr (MWL T | 23g - e System 5 SO -
3939.95 tit ] i
) £TH
Crect Contact ik =
CO0 FIV Heatar #5 Ssam Jat F 312104 M 3121 12PM
Mir Ejoatar
F | 12158.4 Fazchauter Peartor Prezaire
Y e | K 2 P - 8530.0-
H | Boost
Pl 7L o, Purp L Fremas
H | i Feschwater deatars o | Condensats  @end Steam &000.0 -
X %ol 27,33 12364 Demincralzer  Condanzer
el H Conderimats qD:JD |:| AL
Storage Tank :
- CONTROL R{H}S,_ 2000.0-
Yo in Core 21,26 - Conclnzar
Pwr Rate -2.32[eL e — | | WietwallLeval m
]. Wit ; ! Aesolution Time Scroll
o d
_a__Lﬂ"’ 4 “Ma Tr| -
P-BWR Plant Reactor Reactor Genzramor Dubut{:) Feactor Ceore RCTR Lvl 3
Overview Meuton Pwr (%) Thermnal Py (%) Pressure (k) Flow ka5) | Bom TM Blow s
=W Flow
Reactor Trip | Turbine Trip H ______wmall 10187 Fucl Temp

Passive BWR Simulator (Overview)



Rzdiln Sirdm

Turbine Trip | Reactor 2res ¥, Lo I

Nods Run in Reg'd I

Hi Dryw FLOCA

Turbire Runback

Gen Dreaker Opn

=i Meut Pwr vs Flow

Heactor Fres V. Hi I Reacto Pres Lo I

Yeactor Level Lo I

Reacor Lvl V. Lo

Le Turb Pwd Pwr

JLabrvew
T

FW Pump{s) Trip

Reacter Isolated Reacter Press Hi I Core Flow Lo I Reactor Level Hi I Turbine Gov. inMan Lozs RIP Pmpiz) Malfunction Active
Fressure Heutron The-malfTuraing F"E"Ll'gi
I = _ 130.0-
: ) £l [ 210a.8] [RML i
Sensed J - TJIRE [ il
| MWEIM si'fam Flow I '| 2 .
G0.0
Sensed | F U _L,f
Level Feedwater | 74723 KPa ir bine e
i Gontrol System B I I " EHC i
. BT on D |:| |
i .- ey, 1335.71 MW
Sensec | i a) [240:08 Py 2.40:28 P
Feedwatar | L stem [ i S Core Flow/Steam Flow FW FI-::-H
LW I 5 Core 15000
F eedwatler I fe e
Pump [ 3084.4| kol 5T™ S
[ Manual | Fu
Cantras |
I_ 3000 -
|:| =
_iE:-"IEI:EIEI "M 21028 M
Reaclur Pr n-:-.uu:|
5NN =
000,00 -
[ 1ois5.1| wgys= A 4000.0-
20000,0 -
— — — — — — — — — — — —— —— —— ——— — — — — — — —— — — — — — 0.0-
Rod < Rod Control & ggrl:illl‘?}ils Resolition| [2au:us Pu L4028 PV
Orive I! nformation Sys I/‘ Time Saoll
' Max Ou: J Max In “
P-BWE Reacto Reactor Generstor Output{%a) ‘ Reactor Core RCTR Lyl | 0.8
Meutron Pwe {%%) Therma Pwr{%o] Pressure (kPa) Flow (ka/s) ; ths p .
Control T.oops w i i y gop s7M Fiow | RN
| - L Furod | N
Reactor Trp '| rurtine Trip | T TR S EEEE o |

Passive BWR Simulator (Control loops)




Reactor Scram Turhine Trip | Reartor Pres ', 1 a I Rods Run-n Read I H Drypw 20 OCA I Turhine Runnark zen Rresker Opn tamiew
HiMeJt bwr vs How Reactor Pres v, H I Heactor Fres Lo I Heacior Level Lo I Heactor Lvl V. Lo I Lo turb Fwd HPwr i Fumpds] Tro I
Rezctor Isolatzd Reactor Press Hi I Core Flaw Lo I Reacor Level H I Turaine Gew. i1 Man I Loss RIP Prp(s) Malfunction Active
120.2 ==
ﬂ' 71720 DOME 7 =21
110.7 T
: | e STERM D =
LD ] =
100.0 LB —
LAl ALt Al d Al e —z0s]
an.n & ! [ : ﬁ' f
iy SOOLANTE |-
e
30.0
P
0
I'u"':ll m.:
E H[ 12154.a]  Tlzrs01]| X[ 17.360] I
&0.1 UFPCR. FLENLM M
I L1.5
N i
E0.7 '
o : ' :
. | EHIMMEY _
40.2
105 .
o 10,6
an.a " ||
80.0
o5 FUEL
20,2 i T 6.3
10.2 WL l
| I
DISPLAY FLUY MAP - D T D Ij E I] O D Pord
2 . - : nrs
0.0 i i 18 1N Hs] 1sH IS Bl B [slPose:
0.0 10,0 20,0 .J:I 0 GU 8] 110 i} o
CORE FLOW IV % AR D[n FULL RODS j[ SCIAM "T|m[j| 21.20 |
owet'Flow Ma Reactor Reactor Genzramor Outut{%a) Feactor Core RCTR Lvl |
B Meuton Pwr (%) Thermal Pw-( %) Pressure (k7a) Flow (ka/s) BOP STM Elaw Freeze Tterate
& Controls - b
=\ Flaw :
Rfﬂ ctar _:-;p Tu rbine _np m m E_UE|E|-£ IC }bial: HE].F‘

Passive BWR Simulator (I55c>wer/FIow map & controls)



Reactor Soram

I Turhine Trip

| eector Pres ¥, Lo I

Rods Fundn Regd I

H Dryw PJLOCA

I Turbine Punbace

I Gen Ereaker Opn

| iMdeut Peer vs Flaw

I Acocto PrzaVo H

I Reactor Pres Lo I

Re

actor Level Le I

Reactor Lvl %, Lo

I Le Turb Twwd Pwer

I ' Pumip{s) Trip

Reactor Isolated

I Reactor Press Hi

Core Flow Lo I

Reactor Level Hi

I Turbine Gov. in Man I

Loss 2IP Pma{s]

I Malfunction Active

Reactor Pwr & Thema Pur |

o RCTR
PLANT MODL RODS RUN-IN SCRAM ! 130.0- 15000,
TRMI
TURBINE-FOLLOV/-REACTOR
| wo| @ wl o 100.0-§
el 10000.3-
‘ Reactor Pressuce (KFa)|[717378|  SP/KFa)| [71m.00] ‘ 50.0 -
a0.0- S5000,3-
| 1OLD REACTIVITY EFFECTS| 20.0-
JCWER. ; 0.0- 54 e
DEMANDED REACTIVITY FMCRD T [2:47: 16 PM 2:55:22 PV 2:47:16 FM 2:55:42 PM
POWER ST O, g LEVEL | {
SE1PULNI WOnRTH Actual & Demanded 5P| Total Feact Chge (k)|
Clmms . @ FHCRD| 93.61 e 2 e
& fjpy FTHCRD ! . 100%s e [y
wax (10500 100.00 | %FP| vo| | “eciec [T o
SR : NELT PWR 500~ ixic)
mMin [ o.oc o= .
2.0000 | D=C| xenon| | -12.75) 400- 5.0~
(%% Pwr vz flow) 100 H9.98/1 | %FP|
DEMANDED s OUT OF 200 0.0
RATE -5.12 CORE 1.9939 |DEC
1 SETPOINT Llie s + 119 IR | 00- 15,0~
ACTUAL MK e I E TR 2:47: .6 FM 2155122 P9 2147 16 PV 2:55:22 PV
SETPOINT | —mfl  0.30 o B S Ceontrol Rods Avzrage Fos| Powezr Erron|
| o LI - 2.u-
100,00 | =SgFF J &
MO0 | DFC e 101.58 | %FP| BOO- s
[ z.0000 | EC Total [ .02 600- '
'y E%‘g EFFf PVIR RATE %/s i 0.0-
Sl CONTROL 2005 I [ 2.0
RCTR P J [ 0.3 MOLE AUTO MR LOG RATE 200 ‘_ .
serpomt| [ : | 0.67] % 0.00007| /4 oo- e
|—'«E SPEED 67| %is| [ .01 | vEcts |;':4?:-ﬁpM 7:55:27 PV |:':z?: 16 PM #5547 PM
103.00 | %Fp [Le270] DLC wevos  EEE '
Q - M AVEFLYS =] % Resoludon| Time Screll|
2,0000 | DEC| 4 |
- I \
Max Out} ™ St Max In|
P-BWR. Reactivity Feactor | Reactor | Generator Output{%) | R=actor | Core roteLd | DR
& Setpnints Meutron Pwr (%) ‘ Thermal 2wr({%%) Pressure (kPa) Flew {<afs) BOP STM Flow | [ 5123.8]
FWFlow | [ z09+.5]
Reactor Trip ] Tubine Trip M Fuel Terp

Passive BWR Simulator’(Reactivity & Setpoints)



I Gen Breacer Opn ILab‘uiew

Reactor Soran I Turkine Trip I Reactor Pres Y. Le I Rods Fundn Feg'd I HiDiryw FLOCA Turbine Runback
15
Hi Meut Par vs How I Reactor Pres V. Hi I Reactor Fres Lo I Reactar Level Lo I Reactor Lvl V. Le Lo Turb Fwd Pwir I F¥ Pamp(s) Trip
Peactor Isalated I Reactor Pregs Hi I Core Flow Lo I Reactor Lewvel Hi I Turbine Gov. in Man Logg RIP Pmpis] I Mzlfunction Active LBBE
HLITH Meut/1arm Fwr Generator Output (M)
Mzin Stezm Header | S1ALLUN ! 15C.0 - 20000~
F‘_ 7175.04 SLCRYICLS ‘ 85.C0 |M".".|' 1750 -
Moisture il
2126, it ' Low — 100.0-
" eparstor PTEESUrE Tl 10C0,0-
Main EvPosle| Reheater Tadaimae LM 134702 | Mw| =)
=] . :
5C0.0-
Steam / SPEED | | 1300.0|Rem s
. . — _ ; AT CLOSED | L.0- | 0.0-
METY sy | =) N 24029 FM 3:08:21 PM 2479 P 3:08:21 PM
= Fl[ 20213 II II I/ II Generator Turb S-eam/BYF Flow| Turbine Speed)|
. . 7 B000.0 2000-
- n]' v v Al v A o
g : : 1500~
VLY H Qh 1 -.E.l_u.l?u 1y %
ﬂ [0.00 | Prezscyura . Wiatar Siack Sond o Bes
Turbine |} =-=.—-
- — 2000.0 5N -
reassviy| |O £/ 0.0 Offgas
e System 0.0 0-
| ALUTO A I. |2:4}':.'-19 EmM 3:08:21 P 21271209 PM 3:08: 21 PM
(o) Steam Jet - Governor Positicn| - MSY Inet Pre<sur=-|
MAN OUT (%) £ Alr EjE'ET.UE' Gland Slzar 120.0 ———— S0 —
..— ':'-JI idensen 1|:||:| |:|
| mansPOT Ok o
-1 1 TURDINLC TRIF STATUS | 80.0
r—;-J—-h- a.0 40nn-
" rReseT [ 6OV Position %] [~ 99.43] S
F ' =
) ;I: TO 2000
| B suppRESSION 20.0
3 POOL TURBINE .0 pi=
£ h GOVERMNOR | ELITO [} L1:4}": 29 FM J:08:21 PM |1:4?: =2 Py 3:08:121 PM
4 CONTROL -
! ; T1 IPRTNF | O Resolution| Time Scroll|
RUNBACK
SRY'S ')/_Hﬂ\i I
CONTAINMENT Max Oul Ol.lj Max Iy I||
P-BWR Turbine Reactar Reactor Generator Output!%) Reackar Core RCTTL Ll | m
G'C!.].'Cl:ﬂtﬂl' - M=tifron Puer (B4) Thernal Pur {56 Freazire (kPa) Flow fkg/=) 002 57 Flaw | Freezs Tterate
. . rwriow | i =
reacter Trip | Tursine Trip | | NIRRT =T ] 12104 o7 | ERET IC | M Eelp

Passive BWR Simulator (Turbine Generator)




Reactor Srram I Turkine Trp I ReactorPras V. Lo I Rods Fundn Feqd HiDrowe P/OCA Turbire Funback I Gen Sreaser Om I Labview
1
HIMeut P vs Fow I Realu Pres i, Hi I REactr FresLo I Reactor Level Lo Reactor LvlW. Lo Lo Turb Fad Pwr I Fy Pamp(s)Triz =
Reactorolated || ResctorPressH | CoreFlewlo | Reactor levelH “urbine Gov. in Mén LossRIPPrpls) | Meifunction ctive 206

ROTY Meut/Thrm Pwe (2L |

s

15620
1250
0c.o
o
aC.o
250

R
T
C.0

|1:443:33 M

m——
=

IC Mool

man steam flow

F[2128.5

GCCS Podl

Fl1:35 PV
Reactor Dome Pressure (KPaa) |

Crywell e twellFress (fFea)
180,00

150.0=

C0.0-
£0.0-
0.0~

[2.48:23PM 3:11:35 PM
Reactor Level/Drywel fwetwell Level {m)

2000.0

ANNN.0

CPYy
F IT :I: P |.-’J..-’:|.U|
L3 = L |[2077

; 4000.0
Deluge v

2000.0

-

25=

Wi

l: 0.0
L Jz:qn:.z:l 4 3:11:25 P sz:z:l P 31135 PM
p[ 010 Fl 00 | ALSLOLAMSTR brkfen Brk -lows ($0/5)] P GDESELAC Flows to BPV {kg's)|
L1.5 3000.0 5000-
[ 381
2l =
11 nn : 4000
- ; ' 3000~
7.00 &0G |1 1500.0 :
e
Fl_ 0D 1000.0 iy
| 500.0 1000~ o
Equalizirg
[ on e 0.0 0=
8 T 31 23+ 311135 425 P 311130 PK
= i | Resolulion| Time Scroll
Y : G }
F : R Maw Cut Mz In
P-BWR Feactor Reactor Gene-ator Qutput!®k) | Rezctor Core RCTR Lyl
Contatament™ Mz tron Pwr {56 Thernal Prr(%) Fressure (kfa) Flaw {2g/s) B2 5™ Flaw
" FU Flo

Resctor Trip ITL rbing Trip

L moofl sl er3sfl 7isodf] 12001 uryEnee
48
Passive BWR Simulator (Containment)




| WWER-1000 Simulator |

1 Originally developed by Moscow Engineering
and Physics Institute, Russian Federation for
personnel training.

1 The present configuration of the Simulator is
able to respond to operating conditions
normally encountered in WWER-1000 power
plant operation.

JWater Water Energy Reactor 1000 MWe
JdManual updated in 2009

2 \
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| WWER-1000 Simulator |

 Ten display pages are available in the Simulator.
» Reactivity control page (CPS),
» Enunciator page (TAB),
» Primary circulation loop page (1C),
» Feed and bleed system page (TK),
» Process support systems page (TQ),
» Extraction water cooling system page (TF),
» Secondary circulation loop page (2C),
» Trends page (GRP),
» Reactor core parameters page (PAR),

» Three dimension dlagram page (3D). Q@;
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| WWER-1000 Simulator |

I~ Tasks - WWER-1000 Beactor Department Simulator [Loading 1]
ading 1] I |Task3 J -|:|-| ‘| | |-T=_"|I| P L}g‘ﬁ"

|E] A01 burmup_Tload [MOfailure of ex-core monitoning system] E CO03_Haot shutdown and start up with single failure_3 MOC
&l 402 burnup_1load [failure of ex-core monitaring system) E C03_Hat shutdown and start up without failures EQC

=] A03 Reactivity effects for BOC of 1load E C10_Haot gshutdown and start up with single failure_1 EQC
gl 404 Reactivity effects for EOC of 1load E C11_Hat ghutdown and start up with zsingle failure_2 EQC
@l 405 e [power and offzet) azcils for BOC of 1load E C12_Hot ghutdown and start up with zingle failure_3 EOC
(&) AD5 #e (power and offzet) oscils far EQC of 1lo0ad E O MCP tip [10f3%10f4)

@ A07 e [power and offzet] ozcils for MOC of 1load E D02 Trip aof hwo adjacent MCP

&3] A08 #e oscils of affset [M=const] for BOC_1load_1h delay E 003 Clasure of turbine stop-valve

@l 409 #e oscils of affset [N=canst] for BOC_1laad_4h delay E 004 Trip of 1 out of 2 PP

81410 #e oscils of affset [N=const] for BOC_1load_8h delay E 005 1 aof 4 MCP jamsz

gl 411 _#e oscils of affset [N=canst] for EOC_1laad_1h delay E D07 Logs of feed water

8] 412 #e oscils of affset [N=const] for EOC_1load_4h delay E Hated state operation. 1load

8l 413 e oscils of offset [M=const] for EOC_1load_28h delay

@l 413 e oscils of affset [N=canst] for EOC_1laad_Sh delay

gl 414 #e oscils of offset [M=const] for MOC_1load_Th delay

@] 415 #e oscils of offset [M=const] for MOC_1load_4h delay

8l A6 #e oscils of affset [M=const] for MOC_1load_Sh delay

(Gl C01_Hat shutdown and start up withowt failures at BOC

(&l C02_Hat shutdown and start up with single failure_1 BOC

(&l CO03_Hat shutdown and start up with single failure_2 BOC

(&l C04 Hat shutdown and start up with single failure_3 BOC

&l C05 Hoat shutdown and start up without Failures MOC

(& COE Hat shutdown and start up with single failure_1 MOC

gl CO7_Hot shutdown and start up with single failure_2 MOC

List of training tasks
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| PHWR Simulator ]

1 Developed by Cassiopeia Technologies Inc.,

Largely based on the CANDU-9 system,
with a capacity of approximately 900 MW(e)

2 \
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| PHWR Simulator ]

1 Ten process screens that provide essential system
parameters, along with dynamic trends:

1.

S S

CANDU Overview

Shutoff Rods

PHT (Primary Heat Transport System)
PHT Pressure/Inventory Control
Boiler Feedwater

Turbine Generator

RRS/DPR (Reactor Regulation Sys / Demand Power
Regulator)

UPR (Unit Power Regulator)

. Reactivity Status & Control Display

10 Real-time trends.

2 \
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i PHT Main Circuit
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PHT Feed & Bleed

Reactor Turbine Trip ROH Pres Lo Lo | Step Back Req'd Setback Req'd Turbine Runback | Gen Breaker Opn | |Labvigw
Hi Neutron Pwr ROH Press Hi Hi Coolant Flow Lo | Stm Gen Level Lo PRZR Lvl Hi Low Fwd Pwr Trip | Main BFP{s) Trip
Hi Neut Pwr LogR ROH Press Hi Main Stm Pres Hi | Stm Gen Lewvel Hi PRZR Lvl Lo Loss 1 PHT Pump | Malfunction Active -|
4 11000 FRZR/ROH Fressure Blead Cdzr Lewel
I B
3310-PM3 e . F| | -
DISCH aval =
CVE cvi 7500- 2
Pl | 11468 BLEED e
J|7| CDZR I F_}ﬂ__fﬂ 0.00 5000-
F .31 Frzr 00— 24
Fll 1710] Cv14 22
FHT Ij = I Faoh - -
MODE 200.0 I 23 T Cvel 02:35:11 P 023515 PM | [02:35:11 P 02:3515 Phd
L FRZR Level & Setpoint Beflux & Spray Flows|
. LwL i 10.0- = =
FPRZR B0 -
8.0-
LvL SP ki = =8
alls 40 -
8.05 -
F|| 10000 : 20-
ROH F o.nn 2.0-
Fress SF
T|[ 310.28 0= =
10007 HEATEES l [02:35:11 Phd 023515 P [02:35:11 P 02:35:15 FPhd
;—b Feed & Bleed Flows Bleed Cdzr Fressure
1328 % 5.05 Feed ! 70.00- | g000-
Bleedes 50.00- g
BLEED 2/B
T|[ 54.01 BO00-
PURIFI- b ROH#1 40.00 -
CATION FI[ 832 4000-
: P|| 10000 20,00 -
F] R : 2000-
— | 0.00- | 0-
=F 02:35:11 P 02:35:15 Phd  |02:35:11 Phd 02:35:15 Phd
STORAGE Bl o/ Cviz| | MVIS 339 0-pmy : :
TANEK @ J o ; z ! d (sucTioON Resolution|  Time Scrall
= E400
. ﬂ 415 J b Out] Q-) ha In|
PHT Feed & Reactor Reactor Generator Main Stm Hdr [SG1 Lvl (m)| IETED ouc
- - o Freeze ] BRun | Iterate
Bleed Neutron Pwr (%) | Thermal Pwr(%) Output{%) Pressure (kPa) |SG? Lvi (m)| IEEEN| Mode
SG3 Lvl (m) e
|Reactu:|r Trig I Turkine Trip 99.94 m 100.00 4700.99 |FF TR (m) m I Malf Help

PHWR Simulator (PHT Feed & Bleed)



> 0

Lakwiew

Reactor Trip Turbine Trip ROH Pres Lo Lo | Step Back Req'd Setback Req'd Turbine Runback | Gen Breaker Opn
Hi Neutron Pwr ROH Press Hi Hi Coolant Flow Lo || Stm Gen Level Lo PRZR Lvl Hi Low Fwd Pwr Trip | Main BFP(s) Trip i
Hi Neut Pwr LogR ROH Press Hi Main Stm Pres Hi | Stm Gen Level Hi PRZR Lvl Lo Loss 1 PHT Pump | Malfunction Active
100.0- ABSORBERS| |LIQUID ZONE|
QLUT- | QL= [IR= Ctrl %l P B1.5
vl vt — AUTO @ AUTO @ mr O"t;?#
an Out 25
D [1AD |[1AD AD
Bank| 1)@ 2@
| [ e e 1000-
. L.} ]
-- 2u_n§ F| I 50.0- Fll 716
z — : 4
0 Bl o 1| 40,03 sora Ll 100"
e I il
L ---- Absorbers Speed (%/5) | 0.29
E BIZI.IZIE
. ] . Adiusters Speed (%/5)| | 0.67
E . ADJUSTERS
ADJUSTERS)|
| T LT
N BT
I . o U3 g3 30 43 53 g3 7@ sa
* o :
T
1 "
B B0.0;
' 80.0=
70 -0 -50 40 -30 -20 -1.0 00 1.0 20 3.0 40 6.0 7.0 :
POWER ERROR IM %] 100.0=
Reactvity Reactor Reactor Generator Main Stm Hdr [SG1 Lvi (m)| IEEE ouc . e
Control Meutron Pwr (%) | Thermal Pwr(%) Output{%) Pressure (kPa) |SG2 Lvl (m)| IEEED| Mode
s SG3 Lyl (m)| IR e (1 | 11 | 1et
reactor rip | Turtne Trio || AL L R T TS ¥ I T T T g i (m) | IEEED m elp

PHWR Simulator (Reactivity control)




el

& Steam Generator Level Cirl

Reactor Trip Turbine Trip ROH Pres Lo Lo || Step Back Req'd Setback Req'd Turbine Runback | Gen Breaker Opn
Hi Neutron Pwr ROH FPress Hi Hi Coolant Flow Lo | Stm Gen Level Lo PRZR Lvl Hi Low Fwd Pwr Trip | Main BFP(s]) Trip
Hi Neut Pwr LogR ROH Press Hi Main Stm Pres Hi | Stm Gen Level Hi PRZR Lvl Lo Loss 1 PHT Pump | Malfunction Active -|
B AT Total PyWW/STh FI .
eTEaM |FI[327.37 F[327.37 F|[327.48 F[32753 F iznnn- alel bt 0% e PV Flow 10 SG 1S}
SUPPLY $ o 1431 ol 1431 4 [ 143 + | B 400- 3
5G1 300- 2
RHRT] 17.0° L 200- 4
F|| 15.95 500- . L
0- M-
: 02:37:21 PM 02:37:26 PM | [02:37:21 PM D2:37:26 P
_ 311.24|0.0- SG4Dum Level 23PL . SG2Dmum Level &SP
LCw403 LCw203 LCw303 LCw103 L
14.0-
S, I S S
MWEE|| 63.03|%| @MVES|| F2a7|%| |[MVBA|] G304|%| @|MYE3] FI07|% 12.0-
L4017 LCw201 LCw301 LCw101 00— 1010-
- = ; H = ; o = ; H = ; [02:37:21 P 02:37:26 PM | [02:37:21 PM D2:37:26 Ph
%L SG3 Drum Lewvel & SP SG1 Orum Lewvel & SP
MVAS]  p00|y%| @|MVEL]  oo0|s |MVAE]  000|%| @MVIS] 0003 i = l 17.0- l
T o n sk 16.0- 16.0-
LCw/402 LCw202 LCw302 LCw10z
14.0- 14.0-
= LL =] »‘—;— = =] Jﬂ—L
MvBell  0.00|s| @MVAdl  ooojs|  MWSOI poo|w| @Mv4d]  ooojw 12.0- Li2iT=
111= 1011-
5G4 SGLC) (Gozsaio) [124417| (Ge3seio) (5G1 SGLC) 02:37:21 PM 02:37:26 PM | [02:37:21 PM 02:37:26 PM
ST GEM FEED PUMPS] Fesolution Time Scroll
Total Steam Flow| Total P Flow] (:)L i II
13097 12442 SGLCSPSELECT| @ Mz Outf ke In
Steam Generator Reactor Reactor Generator Main Stm Hdr [SG1 Lvl (m) | IEEED| ouc el B B
Level Ctrl Neutron Pwr (33) | Thermal Pwr(2¢) Output(®s) Pressure (kPa) |5G2 Lvl (m) [ 14.30] Mode
% SG3 Lyl (m) | IREET] ey [ | 11 | et
Reactaor Trip | Turkine Trig 99.94 ﬂ 100.00 4700.399 5G4 Lvl (m) m 3

PHWR Simulator (SG level control)




| Advanced PHWR Simulator ]

J Developed by Cassiopeia Technologies Inc.
from Canada

J Largely based on the ACR-700 system.

J Two major differences:

» The use of slightly enriched uranium fuel (2.1
wt% U-235 Iin 42 pins of the fuel bundle),

» Light water (as opposed to heavy water D20)
as the coolant, which circulates in the fuel
channels
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| Advanced PHWR Simulator |
ACR Basic operations & Transient recovery

Plant loac manoeuvring — reactor leac

Plant load manoeuvring — turbine leac

Power level reduction to 0% FP
Reactor trip and recovery

Turbine trip and recovery
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| Advanced PHWR Simulator |
ACR Malfunction Transient Events

FW LCV #1 falls open

Main BFP trips

Turbine throttle PT fails low
Turbine spurious trip

One band of
0SS of one
| 0ss of 2 PH

MCA rods drops
RC pump P1
T pumps

Primary Coo

ant RIH #1 LOCA Break, etc
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= ACR Plant Overview

»
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5. Obtaining the Simulators

1 Avallable free of charge to institutions in all IAEA
Member States for non-profit education and
training

http://www.laea.org/NuclearPower/Education/Simulators/

J Contact : S. Bilbao@iaea.org
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6. Training

J IAEA organizes courses/workshops periodically

» October 12~23, 2009, International Centre for
Theoretical Physics (ICTP), Trieste, Italy

» Customized courses and workshops organized at
the request of interested organizations
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7. Conclusion

J Technology training is one of the key priorities of
IAEA

J IAEA has developed a suite of PC-based
simulators that currently contains

A. Active and Advanced PWR,
B. Active and Advanced BWR,
C. WWER-1000,

D. PHWR and Advanced PHWR.
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7. Conclusion

J These simulators, including the associated
documentation are distributed at no cost to
Interested parties in IAEA Member States.

J Furthermore, the IAEA sponsors training courses
and workshops on a regular basis, and would also
be willing to support additional training events on
this topic at the request of Member States.
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