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1.0

INTRODUCTION
The purpose of the Heat Transport System is to:

Transfer heat from fuel to heat sink
Maintain fuel cooling during upsets
(e.g. leaks)

Maintain equilibrium heat transfer
balance to minimize pressure and
temperature transients

Safely contain D20 at FP pressure &
temperature and during high pressure
transients

Containment barrier to radioactivity
release

Fuel support structure & promote
fission process

Allow chemistry monitoring &
corrosion control

In order to perform its functions, the Heat

Transport System must be operated at a
pressure that is in the order of 10MPa: the

HT Pressure and Inventory Control System

is designed to supply and maintain the
pressure in the main circuit

HT PRESSURE and

INVENTORY CONTROL

SHUTDOWN

CO?ING b
Haat
Ecnangry

Bumpe

e me———

-

* NOT USED NALL STATlONS
KNOWN

COOLING
SOME PL.ANTS OCATED BELOW
HEACTOR ELEVATION
+ NORMALLY LOCATED ABOVE THE

........................... REACTOR LEVEL

HT PURIFICATION

Department of Nuclear Technology

Faculty of Engineering

Chulalongkorn University



o .
&
e
" Lo .
e ~

Nuclear Power Plant Control | Chapter 4: Heat Transport Pressure and Inventory Control
Dr. George Bereznai page 44 - 2 Module A: The Control Problem

2.0 PRESSURE CONTROL REQUIREMENTS

¢ the pressure control system must meet the usual control system requirements to be able to:
e maintain pressure at the setpoint despite internal and external disturbances
¢ increase or decrease pressure to follow setpoint changes
e operate over the wide range of pressure requirements from atmospheric to full power
e provide protection for people and equipment

o the pressure control system of the main heat transport (reactor coolant) must ensure:

o adequate saturation margin in the reactor outlet headers (which in turn ensures sufficient fuel cooling
for all temperatures and power levels)

o the required net positive suction head for the heat transport circulating pumps
e the main circuit is always filled with coolant
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2.1 PRESSURIZER

The pressurizer is basically a large vessel with a steam space
above a variable liquid level, and connected via a motorized valve
to the heat transport system.

The pressurizer's liquid and steam are kept at saturation, and at a
pressure that is slightly higher than the saturation conditions in the
reactor outlet header at 100 % full power.

Pressurizer (and hence heat transport) pressure can be raised by
adding heat to the liquid via electric heaters, and the pressure can
be reduced by bleeding steam out of the pressurizer.

Consider what happens if there is a reduction in reactor outlet
header pressure or temperature (i.e. a reduction of volume):

e there will be coolant flow from the pressurizer to the main
circuit under the force of the steam pressure above the
pressurizer liquid surface;

e such a flow will reduce the liquid volume and hence level,
expanding the steam space and lowering its pressure, which
in turn will convert more liquid to steam, and the steam
pressure will reach a new equilibrium value below its
setpoint, as will the level,

o the pressure control system will add heat to the liquid to raise
its temperature and hence its pressure back to the pressure
setpoint, and the level control system will add more liquid to
raise the level to the level setpoint.

TO BLEED CONDENSER

|

STEAM BLEED CVY's

- =)
VAPOUR

H LLECTRICAL tMMERSION
1 MEATERS
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2.2 FEED AND BLEED

¢ Inorder to pressurize the heat transport system
without raising its temperature a system other than
a pressurizer is needed; it is also possible to design i
a heat transport pressure control system without a
pressurizer at all, Main Heat

) . ( Transport
* By using a source of coolant that has the capability % Circuit
to operate at pressures higher than the main heat Bl oy Uatnser
transport system, it is possible to raise heat
transport system pressure by simply forcing more
liquid into it; pressure reduction is achieved by
removing some of the liquid, i.e. relying on the
tensile strength of the vessels and piping that make
up the main circuit, and on the slight but finite D0
compressibility of water. Storage

Feed
Valve

Bleed
Condenser

leed
ooler

Bleed Condenser
Level Control Valve

Tank
e Such a heat transport pressure control system is
called a “feed and bleed” system, and it requires a Heat Transport
source of high pressure coolant and a sink that can I Purification
. System
accept coolant at the operating temperatures and
pressures of the heat transport system. ( J'
e An integral part of the feed and bleed system szo Feed
ump

(whether used with or without a pressurizer) is the
ability to purify the coolant removed from the heat transport system and a storage tank at ambient
conditions for storing the coolant required to make up for the shrink and swell as a function of operating
temperature.

Department of Nuclear Technology Faculty of Engineering Chulalongkorn. University
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3.0 INVENTORY CONTROL

- the volume of coolant changes as a function of temperature and hence system operating conditions

under normal operations temperature changes are relatively slow (in the order of minutes)
under certain abnormal conditions temperature changes can be very rapid (in the order of seconds)

to ensure satisfactory pressure control the volume of inventory available to the main heat transport system
must be adequate for all design conditions

an overall unit control scheme that changes boiler pressure so as to maintain average heat transport
temperature constant is one way to minimize shrink and swell of the coolant volume; for such a unit a
“feed-and-bleed” type of pressure control can provide the necessary inventory control

use of a “pressurizer” is required if boiler pressure is held constant and hence the average temperature of
the coolant is allowed to vary, with the provision of sufficient volume of water in the pressurizer to
compensate for all normally expected volume changes: i.e. a level control system is needed, with the level
setpoint being ramped as a function of reactor power

for controlling rapid changes in inventory a pressurizer is the preferred method

for all long term inventory control a sufficient source of coolant must be readily available (i.e. from a
storage tank, having been chemically treated)

Department of Nuclear Technology Faculty of Engineering Chulalongkorn University
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3.1 INVENTORY CONTROL IN CANDU
e inventory control is achieved via the feed and bleed system, whether the pressurizer is controlling heat
pressure (NORMAL mode) or the feed and bleed system determines heat transport pressure (SOLID
mode)
e note that the same equipment i.e. feed and bleed circuit is used for inventory control in either mode, but in
NORMAL the setpoint is pressurizer level, and in SOLID mode the setpoint is heat transport (SOLID
mode) pressure

Heat Transport Pressure Control |<

[ "normal mode" :
l :
| Heat Transport Pressure Control '
| "solid mode™ :
I ; A :
| Feed : :
! Valve | N
r———>pn<- : :
kL = :
I ' ' :

| { Main Heat v -
| . '
| \E}Lﬁsg | | Transport }---- ' e
— o — < — ! Circuit pressure level

Pressurizer
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40 STORAGE AND CHEMICAL CONTROL

o for a “feed-and-bleed” type pressure control system there must be a source and sink for the volume of
coolant added to or removed from the main circuit

e even for a unit that uses a “pressurizer” for main Feed
circuit pressure control there is a need for the storage Valve
of inventory during system warm-up and cooldown,
and in case of certain abnormal operations

o the temperature and pressure of the “bleed” flow ’&—\ TR
from the heat transport system must be reduced to Valve Main Heat
essentially atmospheric conditions in order to &_ T’é‘;:iﬁﬁ“
e purify the coolant Bleed
e transfer coolant to long-term storage Condenser

e inorder to “feed” high pressure coolant into the main Bleed Cooler LR Valve
circuit, its pressure must be above main circuit Temp Control
pressure at point of injection Service

o required equipment includes: Water <+
o bleed condenser Cooler

BC Level
o bleed cooler D,0 Control Valve
e purification circuit Storage
e storage tank Tank Heat Transport
o feed (or pressurizing) pumps Purification
System
e valves and controllers L___G
D,0 Feed
Pump
Pannersant af Nualoar Torhnalnm Faculty of Engineering Chulalongkorn University
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4.1

BLEED CONDENSER

under normal operating conditions the bleed
condenser receives liquid bleed flow from the
main heat transport system and steam bleed flow
from the pressurizer

by allowing the incoming liquid to expand and,
along with any steam flow, be condensed, a Jarge
pressure reduction is achieved (~ 7.5 MPa)

pressure is regulated by cooling the saturated
steam/water mixture

normal cooling is by the reflux flow, with the
flow regulated by the reflux valve to control
bleed condenser pressure

under conditions of abnormally high flow into

Feed
Valve

ressure

control vaives Reflux
1 ==-1->5 Valve

Bleed
Valve

Main Heat

BC Spra N
Valve ™\ i Transport
A Circuit

AL —

Bleed LR Valve

" Condenser

Bleed
Cooler

Pressurizer steam
bleed & relief

BC Level
Control Valve

the bleed condenser, additional cooling is o D0
provided by spray flow, controlled at a pressure E;’;ﬁ&e
setpoint somewhat above that of reflux valve Heat Transport
Purification
o level in the bleed condenser is controlled by System
regulating the outflow via the bleed cooler (\
D,0 Feed
Pump
Department of Nuclear Technology Faculty of Engineering Chulalongkorn University
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50 HEAT TRANSPORT OVER-PRESSURE PROTECTION

to prevent main heat transport high pressure transients exceeding system limits

o need liquid relief (LR) valves to bleed condenser

o otherwise will get high HT pressure reactor trip;

to provide pressure relief for the pressurizer in the event

of equipment failure (i.e. heaters remaining on) or

control failure results in a high pressure transient

e need pressurizer over-pressure (O/P) relief valves to
the bleed condenser

to provide pressure relief valve (RV) for the bleed

condenser; for example if it goes solid and becomes the

heat transport boundary, must prevent heat transport

pressure exceeding system limits

o bleed condenser relief valves to the reactor building

to prevent over pressure (and temperature) damage to

the purification circuit by by-passing purification if inlet

pressure exceeds limits)

o bleed cooler

e HT purification relief valve

to prevent over pressure damage to the reflux feed line

by relieving to the storage tank tie line)

o reflux feedline overpressure protection

Direct
Feed Valve
Main Heat
Transport
Circuit
-
eleed
4___94—7/'\ ¢ alve & ]
LR
' o — alvel
Pressurizer
loed Gome 1 O/p Valve
Bleed
Condenser
Steam
Bleed
Valve

2
Og.
30
=040
o3
=
[-{ Pressurizeri
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6.0 PRESSURE CONTROL IN CANDU g
e early CANDUs, designed in the 1960s, ‘ R .t
used feed and bleed as the only method of % preveLpEn
pressure control, in order to save the cost of
the pressurizer and to minimize the - r
required inventory of heavy water | A | ]E‘sﬁm
. . bq—&l——bl—-——-——— N '
o all CANDUS designed since the 1970s use o K pekacan
pressurizer as the “normal” mode of control B - J—o“\:]—-
at-power, with feed and bleed as the _ | | ‘ L] g resrme

“alternate” mode, used principally for
warmup and cooldown
e atypical pressure and inventory control

system, with all the equipment described in e
this module, is shown on the diagram

Department of Nuclear Technology Faculty of Engineering ‘ Chulalongkorn University
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1.0 INTRODUCTION

o nuclear power plants using a pressurizer for
heat transport system pressure control will have
the following three control systems associated
with the pressurizer:

e  pressurizer pressure control, that includes
- heating elements in order to raise
pressurizer pressure
- spray cooling and/or steam relief
whenever pressurizer pressure needs to
be reduced
- pressurizer over-pressure relief

o pressurizer level control, that includes

- calculation of level setpoint as a function
of reactor power

- ability to raise level (i.e. some form of
feed)

- ability to lower level (i.e. some form of
bleed) |

- protection of heaters in case water level
drops too low for safe heater operation

Bleed
Condenser

D20
Storage
Tank

Direct
Feed Valve
Main Heat
Transport
Belvex Circuit
Y >
Bleed
Valve
<
— .
Pressurizer
~ 1+ Q/P Valve

SC2
Eom
32 g g

=0

o3

i @ B
Ir@ssurizers

<+

e

D20 Feed
Pump
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2.0

PRESSURE CONTROL IN NORMAL MODE (Bruce-B example)

Figure 1 provides an overview of the pressure control scheme in ‘NORMAL’ mode
to provide redundancy and reliability, there are three pressure transmitters (PT) per outlet header

each PT generates two signals: one signal becomes a computer analog input, the other is sent to a high
selector

each of the three high selectors compares a header #1 pressure signal to a correspondmg header #2
pressure signal and a high signal selection is done

each of the three high select signals is sent to a pressure switch and a controller

o the pressure switches are used in a 2 out of 3 logic scheme to start the ON/OFF heaters in the event
that pressure drops low relative to the setpoint

o the signal fed to the controller (PICIA, B & C) is compared to the controller setpoint, generating a
pressure error signal

all three error signals are then fed-to two median selectors

the median selectors A & B determine the median error signals and each generate a signal proportional to
the determined error

the output from each median selector goes to two device controllers, to operate either one variable heater
or one steam bleed valve, depending on the value of the error signal

Department of Nuclear Techmology Faculty of Engineering ‘ Chulalongkorn University
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- Solid Mode Pressurizer Pressure Control 1000kw
2' 1 SPLIT RANGE CONTROL OF * Varleble heaters & Steam Bleed Valves nhu:;tl:r
HEATERS AND STEAM BLEED 7oKw 100 Z 0
VALVES % 4 Full P'ou;rer . %
80 - ;n:sstl:re 80
e Through the device controller, the  s3sz-nrr °;° " - sa32-CV22
. 60 - .
output from each median selector host outat . 0 Ao cvz3
operates either one steam bleed 40 1 - |40
valve or one variable heater. Sow ] N 1
20 ] f 9.368 -~ 20
¢  Median selector “A” operates CV22 - |\l .
and HTR #3; Median Selector "B" A sz 98 oo
operates CV23 and HTR #4. OF MPa(g)  MPa(@) MPa(q)
9.3MPA(G) A
e To control both a heater and a steam | Som sel |
bleed valve, the device controllers ; ‘ '
are split range and only operate over The ONIOFF heaters i
part of the median selectors' 4 to 20 O eieciadio ONIOFF)
wilf start/stop ~9.285 MPafg)
ma output range. ON CN/OFF OFF !
HEATERS :
EAT_E.] 63336-HC1RA A
oR @ } . 53::60 HCISA
20ma .
= 1 |
63336~-PX1RA or
PX1RB |
’ |
4""5“ 2ma. 20ma

‘E"_'T‘e Sma 10ma

P T T— T iy

| 63336-PIC 12 output ;
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29 SPLIT-RANGE CONTROL OF HEATERS AND STEAM BLEED VALVES

Each of the variable heaters (HTR3/4) can be controlled by an individual Silicon Controlled Rectifier
(SCR). SCR control allows the heater output to be ramped in a smooth linear fashion rather than as an
ON/Off step change. |

Since both the SCRs and the pressure controllers are direct acting, signal inverters (HCIRA/RB) are
needed. As HT pressure falls, the signal to the SCR unit increases, causing increased heater output.

Normally only one heater is selected to SCR, which allows its output to be ramped. The other heater is
selected to be controlled by the ON/OFF heater control logic.

With a controller pressure setpoint of 9.3 MPa(g), the 4 to 20 ma output range of the median selectors
corresponds to a heat transport pressure range of 9.263 to 9.429 MPa(g).

If heat transport pressure drops from 9.321 to 9.263 MPa(g), the median selector's output would drop from
10 ma to 4 ma and cause the SCR selected heater to ramp fully on (via the signal invertor).

If pressure rises from 9.321 to 9.368 MPa(g) (which corresponds to a median selector output of 10 ma to
12 ma) there is a dead band in which neither heaters or steam valves are operated.

As can be seen on Figure 2, when heat transport pressure is at setpoint 9.3 MPa(g) the median select
output will be 8 ma, which generates a 30% output from the heater controllers. This corresponds to a
heater output of 50 kw which is designed to match the expected steady state pressurizer heat loss.

As pressure increases from 9.368 to 9.429 MPa(g) the median selectors output goes from 12 ma to 20 ma
and the controllers for CV22 (HCISA) and CV23 (HCISB) ramp fully open the steam bleed valves.

There are meters on the controllers which display controller output in 0 to 100%. ‘The 12 to 20 ma signal
required to ramp fully open the valves corresponds to the meter indication going from 63% to 100%.

For the normal pressure control scheme, the pressure range required to go from heaters full on, to steam
bleed valves full open is ~0.262 MPa(g) |

Department of Nuclear Technology Faculty of Engineering ' Chulalongkorn University
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" 3.0 PRESSURIZER LEVEL CONTROL (Bruce-B example)

Figure 3 shows the control equipment for the pressurizer level control system

There are three pressurizer level transmitters: LT20A, B & C are used to measure pressurizer level; and
each transmitter generates a level signal which is converted into:

o A/ for computer X & Y input and display: these are used by RRS to initiate a reactor setback if 2 out
of 3 readings are > 7.8 meters, with reset taking place when level falls < 7.4 meters.

e aunique pressurizer level signal to each of three level controllers

o afeed a signal to alarm units, LA20A, 20B & 20C: if 2 out of 3 alarm units read levels < 1.52 meters
the pressurizer heaters are tripped

Each level signal is designed to feed one of the three controllers: LIC20A, LIC20B and LIC20C

Before the signals reach the controllers, a DCC calculated pressurizer level setpoint is subtracted from the
process indication. This subtraction is performed by external wiring as the process indication and the
DCC generated level setpoint are converted into voltage signals. The net voltage signals are then input to
the controller as the ‘new’ process indication. The controller will attempt to bring this artificially ‘low’
process value to setpoint. By bringing the ‘low’ process indication up to setpoint, the ‘actual’ process
value is raised above the controller setpoint.

All three error-signals are then fed into three median selectors. Each median selector compares the three
signals to determine a median and then generates a control signal to a different valve or valves.
median selector A feeds CV6 (one of the two bleed valves),
median selector C feeds CV5 (the other bleed valve)
median selector B feeds CV12 (the direct feed valve), and CV11 (the reflux feed valve).

Department of Nuclear Technology Faculty of Engineering ' Chulalongkorn University
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3.0 PRESSURIZER LEVEL CONTROL (continued)
o The error signal for the bleed valves is applied to each valve’s controller (HC20RC for CV5 and HC20SA
for CV6) to generate a valve opening signal via adder units.

e To establish a purification flow, a bias signal can be applied to each valve by using HC20SC and
HC20TA.

e The error signal for the feed valves is applied to each valve's controller (HC20RB for CV12 and HC20RA
for CV11). A negative level error will generate a valve opening signal to CV12.

If there is no bleed or the heat transport is < 165°C, then CV11 will be fully closed and CV12 will be
responding strictly to pressurizer level error signals;

If the heat transport is hot, and a bleed flow does exist, then CV11 will be opening to control bleed
condenser pressure.

But as CV11 is opened, the control scheme will close in on CV12, so that total feed flow does not
change.

o The control signals for the feed and bleed valves are generated via split-range control, as shown in Figure
4, in the case of zero bleed bias, with a proportional controller:

the feed valve (CV12) and bleed valves (CV5 & CV6) open and close directly proportional to the
error signals generated by the median selectors; (CV11 is not directly part of the pressurizer level
control scheme and will remain closed in this situation, with no heat load on the bleed condenser)

if the pressurizer level is at setpoint, a 15 ma signal is generated from the median selectors and both
the feed and bleed valves are fully closed

if the pressurizer level error is detected as going high (from 15 to 20 ma) or low (15 to 10 ma), either
the bleed valves or feed valve will go open to compensate, while the other valve(s) are closed

this control range of +5 ma corresponds to ~ a +0.4 meters in the pressurizer

Department of Nuclear Technology Faculty of Engineering ' Chulalongkorn University
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Fiqure 4. Bleed valves
Hegt transport cold Median HC20SA & RC Bleed CV5 & CV6
. .’ Selectors (W - s> CV5 & CV6 100%
no bleed bias applied ASC | utpu OPEN
Pressurizer at setpoint 100
Bleed 15ma generated from 80
Valve median selectors 50
Opening CV12 and
CV5 & CV6 40
CLOSED
20
0
4 5 6 7 8 9
20
Feed 40 Feed valve
Valve g0 CV12
Opening 100% CV12 controller operates to fully
80 open valve for a level error signal
100 OPEN  mi» change from 15 to 10ma
Feed
Median |
Selectors B HC20RB Ccvi2
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3.0 PRESSURIZER LEVEL CONTROL (continued)

If a demand for feed, (i.e. adding bleed bias) is not created, then the control scheme would result in an
on-off valve response: when the level increases above the setpoint the feed valves would close and bleed

~valves open, while the converse would occur if the level drops below the setpoint; to prevent this type of

cycling, a feed demand must be established using bleed bias (the bleed bias is also needed to supply flow
to the purification system).

Bias is applied by increasing the output signal of HC20SC for CV5 and HC20TA for CV6, which is added
to the level error signal going to HC20RC and HC20SA causing CV5 and CV6 to open; (the resultant
increased bleed flow will cause a corresponding increase in feed flow in order to maintain pressurizer
level at the setpoint).

Referring to Figure 5, the effect of the bias signal is to move the bleed valves' operating point from 15 ma
down, such that even though the level error may initially be zero (15 ma), the bleed valves begin to open.
Applying full bias will move the operating point for the bleed valves down to 5 ma and fully open the two
valves; the resultant level error will then open the bleed valve to compensate, as further explained below.

As the bleed bias is applied and the bleed valves open, a real level error would be created. The median
selectors detect this error. B median selector will generate a level error signal to HC20RB. The controller
begins to open CV12 as the level error signal drops below 15 ma. As the bleed bias is increased the level
offset, hence, level error increases and the opening signal to CV12 is increased. The net result, if full bias
is applied, is that the pressurizer level will stabilize at ~ 0.4 m below the calculated setpoint with CV5 &
CV6 as well as CV12 fully open. In reality, only 15-20% bias would be applied, to establish a bleed flow
of 15-20 kg/s (for purification). The pressurizer would operate with a small level offset (~0. 1 to 0.2 m)
with the feed and bleed valve(s) only partly open. With the bleed condenser cold there is no requirement
for CV11 to open. :

Department of Nuclear Technology Faculty of Engineering ‘ Chulalongkorn University
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Figure 5. Heat transport cold, Addition of full bleed bias has
full bleed bias applied moved the bleed valves control
point from 15ma to 5ma

Level error from
median selectors

AORC
Bleed 1
Valve % ’ K
, Opening | 80 R
HC20RC & SA m’ CV5&CVe | eo Vs
Output ' 40 /,
’ &
’

<«uommn [TAQ o1 TATH

§ HC20SCorTA ¢ 8 9 g e 15 16 17 {8 19|20
: Output (bias) " ‘

Level error from HC20RB
median selector B Output

Level error from
median selectors

With full bleed bias on & heat CV12 controller operates to fully
transport cold, pressurizer operates open valve for a level error signal
with a small level error change from 15 to 10ma

(5ma < 0.4m) (~0 to 0.4m level error)
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4.0

HEAT TRANSPORT SOLID MODE PRESSURE CONTROL (Bruce B example)

When the pressure control mode hand-switch is selected to ‘SOLID’ mode, two independent pressure
control schemes are activated: the heat transport solid mode pressure control and pressurizer pressure
control.

The solid mode pressure control scheme is designed primarily to control heat transport pressure in the
initial stages of a unit start-up or final stages of a unit shutdown, but it can also provide an alternate
method of control during at-power operations of there are problems with the pressurizer.

The controller controls heat transport pressure by manipulating the feed or bleed of coolant into or out of
the main circuit (note that in NORMAL mode the same valves were used to control pressurizer level!).

Referring to Figure 6, the system uses one pressure transmitter per outlet header for input and performs a
high signa] selection.

The high selected signal is sent to PIC3, which is a wide range controller that allows the heat transport
setpoint to be adjusted from 0 to 10 MPa(g).

PIC3 pressure control range is 0.2 MPa and controls to +0.1 MPa of the manually set controller setpoint.

e As an example, if the controller setpoint was set at 8.5 MPa(g), and there was no bleed bias
established, then both the feed and bleed valves will be closed when system pressure is at setpoint
(PIC3 controller generating a 12 ma signal).

o - If pressure were to rise to 8.6 MPa(g) (PIC3 generating a 20 ma signal), then the bleed valves would
be fully opened.

e Conversely, if the system pressure were to drop to 8.4 MPa(g) (PIC3 generating a 4 ma signal), then
the feed valves would be fully opened.
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4,1 HEAT TRANSPORT SOLID MODE PRESSURIZER PRESSURE CONTROL
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4.1

HEAT TRANSPORT SOLID MODE PRESSURIZER PRESSURE CONTROL (continued)

The SCR selected heater only generates ~ 170 kilowatts of heat, and given the large volume of water and

metal mass of the pressurizer, it would take an unacceptably long time to bring the pressure up to the

required setpoint, so the ON/OFF heaters are used accelerate the heat-up process.

The ON/OFF heaters are turned on by a pressure switch, PS12. Because the setpoint of PIC12 can be set

anywhere from 0 to 10 MPa(g), PS12 is not activated by a preset pressure, but rather is operated as a

function of PIC12 output.

If the difference between pressure and controller setpoint has PIC12 generate a control signal < 6.5 ma,

PS12 activates to turn all the ON/OFF heaters on (including the variable heater selected to ON/OFF

control).

To provide over-pressure protection CV46 and CV47 will operate if pressure as seen by two out of three

pressure switches are > 9.76 MPa(g).

Referring to Figure 7, PIC12 is a wide range controller (0 to 10 MPa(g)). The pressure control range for

PICI12 is 0.2 MPa or +0.1 MPa of the dialed in setpoint.

The SCR-selected heater and steam bleed valves respond the same way to changes in pressurizer pressure

as they do to changes in heat transport pressure,

The controllers for the SCR selected heaters and stcam bleed valves operate over only part of the 4-20 ma

control signal generated by PIC12:

o the controller has a 2 ma (10 to 12 ma) dead band about the setpoint where neither the heater nor the
steam bleed valves are called upon to operate;

o if the pressure drops by 0.1 MPa (towards 4 ma), then PIC12 will ramp the SCR heater fully on as
pressure drops;

o if the pressure rises by 0.1 MPa (towards 20 ma), then PIC12 will ramp fully open the steam bleed
valves as pressure rises;
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1.0 INTRODUCTION

e The bleed condenser, bleed cooler and associated vyoed

equipment (called the "bleed flow conditioning

system") are needed to reduce the pressure and BC pressure

temperature of the coolant removed from the main " folvalves { Reflux

circuit so that it can be safely purified, transferred E - ced |

or stored. The system is designed to cover three BC Spray” i eéﬁve Main Heat

operating situations: Valve [53 4\ E | 1 Transport

e normal bleed flow conditioning requires that i Circuit

the 250°C D,0 exiting the H.T. at 9.3 MPa(g) Condareed; | *—L&_

is reduced to ~ 40°C and < 1.0 MPa(g); LR Valve

. . . _ Bleed Cooler

¢ suppress and limit duration of expected Temp Control

transients such as the opening of' the liquid |

relief valves; steam bleed valves or pressurizer | Speee™

steam relief valves; Bleed _...—Pressurizer steam
o limit and control the effects of expected ‘ Cooler BO L bleed & relief

. . . . evel

failures such as the failure of a liquid relief D.O Control Valve

valve, steam bleed, steam relief, bleed valves, Stoﬁage

bleed condenser level control valves open or a Tank Heat Transport

loss of bleed cooler cooling Purification

o The three key control systems that accomplish the i System

required D,O conditioning are: ‘_@

e Dbleed condenser pressure control

o bleed condenser level control D,0 Feed

Pump

e bleed cooler temperature control.
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2.0 BLEED CONDENSER

e A pressure drop of ~ 7.5 MPa(g) between the upstream side of the bleed valves and the bleed condenser is
created by allowing the bleed flow to “flash” (turn into steam) as it enters the bleed condenser: the
expanded volume forces the pressure to drop and the decreased saturation pressure of the D,O causes a
corresponding drop in the saturation temperature.

o Referring to (4.5.3) Figure 1, to maintain the desired bleed condenser pressure (and hence, temperature),
the pressure controller PIC5 has a setpoint of 1.69 MPa(g). As pressure (read by PT5) begins to rise
above the setpoint, PIC5 generates an error signal to the controllers for reflux valve CV11 and direct feed
valve CV12. while CV11 will open further to send additional ccol D;0 through the bleed condenser
cooling coils, while CV12 begins to throttle to keep the total feed constant, the increased cooling flow
removes heat from the steam space and returns the pressure to the setpoint. The temperature of the reflux
D,0 will increase from ~ 40°C to > 180°C as the flow enters the main heat transport loop.

e To control pressure in this manner, a steam space must be maintained: the steam space is maintained by
controlling level.
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2.1 BLEED CONDENSER PRESSURE CONTROL

e Reflux Flow Control

Since CV11 (and to a lesser extent CV12) are involved in both bleed condenser pressure control and
in pressurizer level control in NORMAL mode and HT pressure control in SOLID mode, the
interactions of these control signals has be understood. N

Figure 3 of module 2B is shown again as Figure 2 in this module: note that the output signal of bleed
condenser pressure controller PICS is added to the pressurizer level signal from Median Select B and
sent to control the direct feed valve CV12, while the same pressure error signal is subtracted from the
output of Median Select B and is used to control Reflux valve CV11.

The primary or “base” control signal for CV11 and CV12 is therefore pressurizer level error, since no
matter what is the signal coming from the bleed condenser pressure controller, the total bleed flow
will be as determined by the pressurizer level controller.

The amount of reflux flow needed to control bleed condenser pressure is achieved by altering the
relative flows between CV11 and CV12: the flow required to control bleed condenser pressure is
supplied through CV11, with a corresponding reduction in the flow going through CV12.

Spray Control

When reflux flow is inadequate to control bleed condenser pressure, typically during large inflows of
liquid and/or steam, additional pressure suppression is provided by spraying cool D,O into the steam
space of the bleed condenser.

The setpoint for the Spray Valve Controller is set at least 0.1 MPa above the setpoint for reflux valve
control, so the spray will not operate until the range of control provided by the reflux has been fully
utilized.
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2.2 BLEED CONDENSER LEVEL CONTROL

Two level transmitters LT7 & LT16 each control a level control valve CV14 and CV15 respectively. The
level setpoint for these controllers is 0.89m. At this level the valves are fully closed. As the level rises
above the setpoint, the controllers which are direct acting proportional, will open the valves proportional to
the level error. The level rising from 0.89 m to 1.41 m will cause the level transmitters output to ramp up
from 4 ma to 20 ma and fully open the CVs. Normally the bleed flow is in the range of 10 to 15 kg/s,
which results in a bleed condenser level slightly above the setpoint.

As the bleed condenser level control valves-open to control level, the DO (when the heat transport system
is hot) exits the bleed condenser at 205°C and 1.62 MPa(g), and flows to the bleed cooler to reduce the
temperature to 40°C.

The amount of heat load that the bleed cooler must accommodate, is a function of the amount of flow
CV14 & CV1S5 are passing to maintain bleed condenser level.
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2.3 BLEED COOLER TEMPERATURE CONTROL

* The cooled D,O after the bleed cooler passes into the purification circuit (under normal conditions), where
it passes through filters and ion exchange columns, before being sent to the storage tank or returned to the
heat transport system via the feed pumps, valving and piping.

¢ The bleed cooler is designed to cool adequately up to 60 kg/s of D,0.

* Inthe bleed cooler the D,O passing through the tube side of the bleed cooler is cooled by a constant flow
of Closed Loop Demineralized water flowing through the shell side.

» The heat acquired by the Closed Loop Demin circuit is rejected to the High Pressure Recirculation system
across 7132-HX501 & HX502.

»  Each HX outlet has a temperature control loop, which is used to adjust a CV and modulate HPRW cooling
flow to maintain Closed Loop Demin/bleed D,O temperature at setpoint: 67132-TIC1 controls CV765 for
HX501 and 67132-TIC2 controls CV766 for HX502.

 The setpoint for the temperature controllers is ~33°C, at which point the controllers will begin to open up
7134-CV765 & CV766 to increase the flow of HPRW to the heat exhangers. The temperature controllers
are reverse acting using proportional control.
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3.0 PROVISIONS FOR NON-STANDARD OPERATING CONDITIONS
3.1 Use of Reflux Valve Control

e There are occasions when, due to the operating conditions or transients, that the steam bleed or liquid
relief valves will open to relieve HT pressure. The opening of these valves (especially the liquid relief
valves) will result in a large amount of steam being dumped into the bleed condenser in a very short time
span,

o The normal pressure control scheme does not have the capability to control pressure under these
conditions. In fact the opening of the liquid relief valves means that SDS1 has tripped on HI HT pressure.

o The effects of these two protective actions is to cause a large shrink in the HT system due to both the
shrink of HT D40 as power drops and due to the removal of D,O from the system when the LRVs
effectively open up a hole. |

o This transient will lead to the pressurizer level dropping significantly below its setpoint. The pressurizer
level control scheme will fully open CV12 and the bleed condenser pressure control will fully open CV11
but with only one feed pump on it will be a substantial time before the pressurizer level returns to normal.

e Reflux flow will be inadequate to control bleed condenser pressure. While this is going on, the bleed
condenser is being subjected to ~ 100 kg/s of steam expanding in the bleed condenser steam space, which
was initially at 1.69 MPa(g).

e To handle this transient a quick acting pressure capability of spray control has been provided.

e Referring to Figure 4.5.3 #1 PIC6 has a setpoint of 1.79 MPa(g) for the Spray Valve, only 0.1 MPa above
the setpoint for the Reflux Valve,

e As the pressure rises above 1.79 MPa(g), PIC6 opens CV 14 to inject a cool D,O spray directly into the
bleed condenser’s steam space. The quenching effect of spraying cool D,0 is adequate to handle the
transient opening of the LRVS, as long as they re-close.
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3.2

HT Liquid Relief Valve Operation

To help minimize the consequences of the LRVs opening, two logic schemes are initiated by the LRV

limit switches (see Module 4D for LRV Operation & Logic):

e to help limit the pressure transient in the bleed condenser, the bleed bias is removed,;

¢ toreduce the outflow from the bleed condenser, level control valves CV14 & CV15 maximum
opening is limited to 20%, so that the bleed cooler wiil be capable of maintaining cooling

e when the LRVs close logic is reset and normal level control resumes.

Automatic actions are also required to handle the temperature transient in the bleed cooler as both the flow

and temperature of D,0 exiting the bleed condenser increases.

When bleed condenser pressure rises to 1.79 MPa(g), PAS is used to de-energize the air supply solenoids

to CV765 and CV766. |

As the CVs are air to close valves, they are tripped full open to provide maximum cooling during the

transient,

Bleed condenser pressure dropping below 1.79 MPa(g) will reset the logic and return temperature control
to normal.

It is also likely that the increased flow would cause the purification inlet pressure to increase to

1.1 MPa(g), which would cause the DCC to open MV38 and prevent over-pressurization of the
purification circuit.
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Bleed Condenser goes ‘solid’

Failure of the liquid relief valve(s), steam bleed valves or pressurizer relief valves, loss of bleed cooler
capability, bleed or bleed condenser level control valves open could all lead to purification resin damage.

Due to high temperatures, bursting of purification rupture disc due to high pressure, loss of feed pumps
due to cavitation, excessive loss of HT inventory such that pressure and inventory control of the heat
transport is lost, lifting of RV17 & RV18 leading to loss of coolant to the vault or overfilling of the storage
tank such that D,O is dumped into confinement. '

The heat transport pressure and pressurizer level begin to drop, while the bleed condenser pressure and
level rise rapidly.

The first protective actions taken are activated by limit switches detecting the liquid relief valve(s) open
(see Module 4D Heat Transport Liquid Relief Valve Operation).

The first action initiated is to remove bleed bias to limit pressure and inventory demands on the bleed
condenser pressure and level control schemes.

The second scheme initiated limits the opening of the bleed condenser level control valves to 20%, but if
the relief valves continue to be open, in order to prevent a high purification inlet temperature or high
storage tank level protection, MV9 will close, boxing up the bleed condenser.

When this occurs the bleed condenser level rapidly fills, i.e. goes “solid”.

When solid, the heat transport and bleed condenser pressures are equalized and the resulting physical
shock to the bleed condenser can cause the bleed condenser relief valves RV17&RV18 to lift.

Since these valves dump D,0 into the vault and have a history of the seats being damaged (when the RVs
try to re-close), it is preferable that this not occur.
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3.4 Limits on Spray Valve Operation when Bleed Condenser goes ‘solid’

e The dropping pressurizer level will cause CV12 to be
fully opened. This will impair normal bleed condenser
pressure control via CV11 as both feed paths are rated
for ~ 40 kg/s and a single feed pump can only deliver ~
21 kg/s.

e As the pressure rises above 1.79 MPa(g), PIC6 opens
CV14, the bleed condenser spray valve, to inject a cool
D0 spray directly into the steam space: although this
helps to reduce bleed condenser pressure, the inflow of
additional D,O increases the bleed condenser fill rate.

o The open spray valve ties a ~ 12 MPa(g) pressure
supply from the feed pumps to the bleed condenser.

e  When the bleed condenser goes solid, this pressure
source would cause the RVs to lift.

e To protect against this possibility PA6 trips closed
CV14 when bleed condenser pressure rises to
5.0 MPa(g). The valve is released for pressure control
when pressure drops to < 3.0 MPa(g).
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3.5 Bleed Cooler Temperature Control Override

3.6

The rising pressure and temperature of D,0 that exits the bleed condenser will put a severe strain on the
bleed coolers cooling capability.

To maximize cooling, PAS operates at 1.79 MPa(g), to de-energize the air supply solenoids to CV765 and

CV766.

As the CVs are air to close valves, they would be full open during the transient to provide maximum

cooling.

Bleed condenser pressure dropping below 1.79 MPa(g) will reset the logic and return temperature control

to normal.

Purification Circuit Temperature Override

If the D,O which exits the bleed cooler is not adequately cooled, there are three temperature protection

schemes that could be initiated before the hot DO reaches the purification circuit:

¢ first, when the bleed cooler outlet temperature reaches 60°C, temperature switches TA9 & TA15
operate to remove bias from CV5 & CV6 respectively;

e second, temperature override controllers TIC9 and TIC15 begin to ramp CV14 & CV135 closed as

temperature rises from 60 to 66°C; as liquid relief valve opening logic has previously limited the
valve opening, the valves will be closed from the 20% open position;

e third, DCC will close MV?9 if the average of TT-9 (A/I 374) and TT-15 (A/I 376) exceed 75°C.

Department of Nuclear Technology Faculty of Engineering ' Chulalongkorn University



b .

Nuclear Power Plant Control Chapter 4: Heat Transport Pressure and Inventory Control
- Dr. George Beremai page 4C - 13 Module B: Bleed Condenser Control
3.7 Storage Tank Level Override

If the combination of throttling the level control valves and maximizing bleed cooler cooling is adequate to
maintain the D,O temperature less than 60°C, then the heat transport storage tank Jevel will rise.

This is because the outflow of D,O from the heat transport will be greater than what the feed pumps can
make-up, (especially when the spray valve is in operation).

Depending on what the initial pre-event storage tank level was, it is likely that the storage tank will rise to
85%.

DCC uses the average of A/I 421 and A/I 404 to monitor level; when calculated level exceeds 85%, the
DCC initiates the closing of MV9.

Boxing up the bleed condenser will cause it to go solid, stopping the loss of inventory from the heat
transport and preventing the overfilling of the storage tank that would lead to D,0 being released into
confinement.

These are the protection schemes which are available to protect the sections of the systems not rated for
high temperature or pressurizer D,O. The protection schemes do not in themselves represent complete
solutions to the various potential failures which can occur but are designed to either provide protection for
specific components which can be damaged or by acting to increase the decision time available: so that the
operator has time to analyze the situation and take action,
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2.0 HEAT TRANSPORT LIQUID RELIEF VALVE (LRV) OPERATION (Bruce-B example)

From the perspective of heat transport over-pressure protection, there are basically two operating
situations - cold/hot and pressurized and at power. For each situation the major potential source of over
pressurization is different,

When the heat transport is pressurized and there is little or no reactor power, the major potential source of
over-pressurization results from a failure of the feed and bleed system such that the full pressure and flow
of the feed pumps is applied to the heat transport. The LRVs relief capacity is designed to handle this
situation and reject sufficient D,0 to prevent over-pressure induced failures.

At power, the major potential source of over-pressurization is due to reactor power. If a situation occurs
where there is a significant imbalance between the heat generated in the fuel and heat removed by the
heat sink, then coolant temperature will increase, increasing volume and pressure.

The need for relief valve capacity during at power operation is limited by having reactor high pressure
trips in SDS1 and SDS2 to terminate any HT over-pressure situation.

Both the opening of the liquid relief valves and reactor trips are absolute in that, regardless of reactor
power, both protection schemes are poised

To ensure that as far as possible the relief valves operate both reliability and at the correct heat transport
pressure, the valves are both air operated and are opened by an operating logic which is modelled after the
channelized SDS]1 trip logic. |
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2.1 LIQUID RELIEF VALVE OPERATING LOGIC

Referring to Figure 2, the LRV operating logic uses the output from six SDS1 high pressure trip pressure

transmitters for inputs to six pressure alarm units.

There are three operating channels, each with 2 alarm units, i.e. PA1D and PA2D for channel D (same for

channels E & F); under normal conditions their contacts are closed, the contacts on the corresponding

relay RID (RIE & RIF) are also closed, and current is supplied to the solenoid valves keeping SV1 and

SV2 open and SV3 and SV4 closed, and hence the LRV CV20m is also closed (similar circuit for CV21).

When either pressure alarm unit in a given channel sees heat transport pressure as exceeding the setpoint

of 9.76 MPa(g), it opens the associated contact in the channel logic chain.

The open circuiting of the channel will de-energize the channel relay resulting in the opening of the 4

relays in the operating logic scheme: as long as-only one set of contacts are open, the current flow is

reduced but not interrupted and the LRVs remain closed. .

If two out of three channels are de-energized, then the current will be interrupted to the liquid relief valve

air solenoids: for each liquid relief valve, there are four associated atr solenoid valves using CV20 as an

example,

e SVI1 and SV2 are the two parallel connected air supplies, which are designed to go closed on loss of
current

e SV3 and SV4 the two connected in series vent valves and are designed to go open on loss of current;

e the removal and venting of the air supply will allow the liquid relief valve to be forced open under
spring tension,

As soon as the heat transport pressure drops below 9.76 MPa(g), the relays are reset, solenmds energized

and air applied to the CVs to again close them.
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arrangement
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the LRV solenoid valves,
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Liquid Relief Valve
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2.2 EFFECTS OF LIQUID RELIEF VALVE OPERATION

The opening of these valves, when the unit is hot and/or at power, causes a severe strain on the bleed
condenser pressure and level control schemes. The initial relief capacity of these valves is capable of
removing in the order of 100 kg/s of inventory from the heat transport system.

If the valves were opened because of a high-pressure transient, then the combination of reactor trlps and
liquid relief valves opening will rapidly reduce heat transport pressure.

As soon as the pressure drops below 9.76 MPa(g), the valves will re-close, terminate the removal of heat
transport inventory and overloading of the bleed condenser control schemes.

However, if one or both valves were to fail open at power, the loss of D,0 to the bleed condenser (and
from there to the HT storage tank as the bleed condenser level control valves will go full open) will cause
the pressurizer level to drop low enough to initiate an SDS1 trip on low pressurizer level.

The resultant shrink, along with the continuing loss of D,0, would then cause the pressurizer to empty,
resulting in the loss of the normal mode HT pressure control.

In addition, HT pressure could drop below ECI initiation level and injection could occur on sustained HT
low pressure.

Logic has been installed to limit CV14/CV1S5 to a maximum of 20% open, when either LRV begins to
open, as detected by its closed limit switch.

This will allow the feed pumps to replace (to the HT system) the water lost in filling the bleed condenser
and to maintain the pressurizer level stable.
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2.2 EFFECTS OF LIQUID RELIEF VALVE OPERATION (continued)

As can be seen on 4.5.6 Figure 2, when either CV20 or CV21 moves off its closed position, a limit switch
is activated.

The limit switch causes the de-energizing of two associated contacts in the logic scheme, which results in
R11 dropping out.

R11 dropping out closes an associated contact in the bleed condenser manual hand-controllers output
(HC7S & HCI 6S), so that instead of generating 20 ma, they generate an adjustable signal (using variable
pots RS8 & RS9) that limit the allowable opening to 20%. (Note this is actual valve open position in the
field, not control room indication)

This signal is forwarded by the low selector to HC7R (CV15) and HC16R (CV14) to limit the valves
maximum opening to 20%, regardless of the output from the bleed condenser level controllers.

When this logic operates there will be a CRT annunciation, |

Also as part of the LRV opening logic, another set of contacts are opened to remove the bias signal from
the bleed valves so that the load on the bleed condenser is minimized.

If the LRV goes closed, then the logic will reset and the bleed condenser level control valves will revert to
normal control. |

If the valve opened as a result of a limit switch failure or conditions are such that the operator wants to
return the bleed condenser level control valves to normal control, then he will press in the ‘CV14, 15
OVERRIDE CANCELLED’ push-buttons. As can be seen on Figure 3, pushing these buttons will
energize and seal-in the R11 relay, thereby, maintain HC7S-and HC16S output at 20 ma. The push-
buttons light up when they are pushed. It should be noted that these pushbuttons are alternate action
push-buttons, which means that they are pushed in to actlvate and pushed again to de-activate. There is
no automatic reset for the override logic.
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Bleed Condenser Level
~ Control Vaives
Blesd Condenser Level
Cv15s

Bleed Condenser Temperature

CV20 =B < LOW SELECTOR

CONTACTS OPEN LM7 (CV15)
48 VDC WHEN LRV NSs OPEN . HCTR (CV19)
L P8 LM16 (CV14) HC16R (CV14
(COVECRRIDE cv21 = <l ‘
ANCELLED) ~7.2ma =max. 20%
f 4 e

Regstor (Variable)
RS8 or RS9

_— [ ]
]
[ ]
V4 [ ]
¢ ]
NS2 ' HC75 (CV15)
] HC16S (CV14)
: " } cvi4
1
3332-CV21 a OVERRIDE H
. S.P. 100%
s (=20mA)
:
NS2 :
HC20SC (CV5) Vs
3332-CV20 HC20TA (CV6)
PURIFICATION BIAS HC BLEED VALVES

Figure 3: Bleed Condenser Level Control Valves
CV14 /15 Throttling during LRV Operation
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3.0

PRESSURIZER STEAM RELIEF VALVES CV46 & CV47

When the heat transport is in solid mode, the pressurizer is isolated from the heat transport and, therefore,
not protected by the liquid relief valves (CV20 & CV21).

If the pressurizer heaters where to be selected to or failed to ‘ON’, and for some reason the normal
pressure control scheme not be in-service or also fail, then the pressure generated by the heaters could
lead to over-pressure damage.

The pressurizer steam relief valves CV46 and CV47 are designed to prevent this, or any other pressurizer
over-pressure situation.

Although CV46 & CV47 are considered to be relief valves, they operate as control valves in that there is a
control logic scheme which must remove the air from the valve diaphragms before the valve can open
under spring pressure.

Referring to Figure 4, there are-three high pressure detection circuits composed of three pressure
transmitters (PT13A, B & C) which feed three pressure alarm units (PA13A, B & C), that have a setpoint
of 9.76 MPa(g). |
When the pressurizer pressure exceeds the setpoint, each PA operates a contact to.de-energize a
channelized relay (i.e. PA13A will open to de-energize R3). -

The de-energizing cf a channel relay will result in the two associated contacts in each valve’s operating
logic to drop out (i.e. R3 relay de-energizing will open all four R3 contacts in both valves’ operating
logic).

If two PAs detect a high pressure, then two channel relays will be de-energized, resulting in both valves’
operating logic schemes being fully de-energized.

The operating logic is in series with the relief valve air solenoids, so that open circuiting the operating
logic will de-energize the solenoids

It requires both operating logic schemes to be de-energized for all four solenoids to be open circuited.
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3.0 PRESSURIZER STEAM RELIEF VALVES CV46 & CV47 (continued)

e  When this occurs, the two three way air solenoids switch positions, so that both air supplies are isolated
and the air tubing from the valves diaphragm is exhausted.

o The removal of air from the diaphragm allows the valve’s spring to force open the valve, releasing steam
to the bleed condenser. |

o  When the pressure drops below the PA’s setpoint the logic schemes are reset, and air applied to re-close
the valves. | :

e  When each valve moves off its closed limit switch, a Control Room annunciation is generated.
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R3 R4 52

R4 RS ==

de-energizing

solencids | 000 R
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allows springs

to open CV 3332-CV46 3
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n Figure 4: Pressurizer Overpressure Protection
3332-CV47
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4,0 BLEED CONDENSER RELIEF VALVES RV17 & RV18

The Bleed. condenser is designed to be a relief path where both normal pressure control and over-pressure
protection schemes can reject D,O to both control and/or limit heat transport pressure.

There are occasions when, due to failures or operating conditions, the bleed condenser outlet valve MV9
is either closed by the operator or by box-up logic.

In these events, the bleed condenser will either go solid (fill with D,0O) or due to the rejection of D,O
liquid/steam, the pressure will rise to the heat transport pressure; if this occurs, then the bleed condenser
can no longer provide a relief path for pressure control.

To protect both the heat transport and bleed condenser, RV1 7 and RV1 8 are designed to lift and relieve
pressure directly to the vault; this however creates, in effect, a loss of coolant situation.

The seats of these RVs can be damaged when they reseat, leading to a continual loss of coolant until the
unit is cooled down and de-pressurized.

RV17 and RV18 both lift at 9.32MPa(g) and will reseat at approx1mate]y 6.5 MPa(g).

PURIFICATION OVER-PRESSURE PROTECTION VALVE RV16

RV 16 provides back-up over-pressure protection for the purification circuit in the event that MV 38 fails
to open or MV38’s opening is not fast enough to prevent pressure rising to RV16’s setpoint.

If RV16 does open it relieves D,0O into the common feed pump suction/storage tie line.

RV16 lifts at 1.31 MPa(g) and re-seats at 1.12MPa(g).

REFLUX FEEDLINE OVER-PRESSURE PROTECTION VALVE RV33

To protect the reflux line from either being over-pressudzed by the feed pumps (12 MPa(g)) or from the
bleed condenser heat source, RV33 is designed to lift and relieve D,O into the storage tank tie line.
RV33 is set to lift at 9.89 MPa(g) and re-seat at 8.88 MPa(g).
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CHAPTER 4: HEAT TRANSPORT PRESSURE AND INVENTORY CONTROL

MODULE E: SIMULATOR EXERCISES

MODULE OBJECTIVES:

At the end of this module, you will be able to:

1. ldentify the parameters associated with the Heat Transport Main Circuit, Pressure and Inventory
Contro! systems;

2. Respond correctly to the following events:
o PHT Liquid Relief Valve (CV20) Fails Open
. PHT Steam Bleed Valve (CV22) Fails Open
o PHT Feed Valve (CV12) Fails Open
. Pressurizer Surge Valve (MV1) Fails Close
. PHT Bleed Valve (CV5) Fails Open

Department of Nuclear Technology Faculty of Engineering ‘ Chulalongkorn University



Nuclear Power Plant Control ' Chapter 4: Heat Transport Pressure and inventory Control )
Dr. George Bereznai page 4E - 2 ___Module E: Simulator Exercises

PHT MAIN CIRCUIT

This screen shows a simplified layout of the main heat transport system: the 480 coolant channels are
represented by only four channels, two per loop showing the opposite directions of flow in the figure of eight
configuration of each loop.

Starting from fuel channel number 1 at the reactor and following the direction of coolant flow, the system
components and parameters shown are:

average channel exit temperature (°C)

ROH2 (note that ROH2 pressure and temperature are shown in the box below the reactor)
SG2

P2 (selection allows ‘START’, ‘STOP’ and ‘RESET’ operations)

Pressure (kPa) and temperature (°C) at the outlet of P2

RIH2 (note that RIH2 pressure and temperature are shown in the box below the reactor)
fuel channel number 2

average channel exit temperature (°C)

ROH1 (note that ROH1 pressure and temperature are shown in the box above the reactor)
SG1

Feed flow into main loop (kg/sec)

P1 (selection allows ‘START’, ‘STOP’ and ‘RESET’ operatlons)

Pressure (kPa) and temperature (°C) at the outlet of P1

RIH1 (note that RIH1 pressure and temperature are shown in the box above the reactor)
flow returns to fuel channel number 1

The same equipment and parameters are shown in the lower loop, except that instead of feed flow into this
loop there is bleed flow out (kg/sec).
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PHT FEED AND BLEED | - ’

This screen shows the Heat Transport pressure control system, including the pressurizer, bleed (or de-
gasser) condenser, pressure relief, feed and bleed circuits and D20 storage tank;

Starting with the storage tank at the bottom left hand corner, it level is displayed in meters. The tank supplies
the flow and suction pressure for the Feed (or Pressuring) pumps P1 and P2: normally one pump is running,
the popup menu allows START, STOP and RESET operations.

The Flow (kg/sec) and Temperature (°C) of the feed flow are displayed. Part of the flow goes to the Bleed
Condenser to provide spray cooling (via CV14, kg/sec) and reflux cooling (via CV11, kg/sec), with the reflux
flow being returned to the feed line past the feed control valve CV12; the feed flow then passes through the
feed isolation valve MV18 before entering the main circuit at the suction of the main circulating pump 1.

Proceeding in an anti-clockwise direction, the Pressure (kPa) and Temperature (°C) of ROH#1 are shown.
Flow from the Outlet header is normally to and from the Pressurizer via MV1, a negative flow (kg/sec)
indicating flow out of the pressurizer. In case of excessive heat transport header pressure, relief valve CV20
opens and discharges flow (kg/sec) to the Bleed Condenser. Pressurizer Pressure (kPa), Temperature(°C)
and Level (m) are displayed.

Pressurizer pressure is maintained by heaters (in case the pressure falis) and by steam discharge valves
CV22 and CV23 if the pressure is too high.

Bleed Condenser pressure relief is provided via RV1. Parameters displayed for the Bleed Condenser are:
Pressure (kPa), Temperature(°C) and Level (m). Feed flow from main circuit pump 3 (header pressure in kPa)
flows (kg/sec) via Bleed Control valves CV5, CV6 and MV8. Bleed Condenser by-pass is via MV7.

The outflow from the Bleed Condenser is via MV9, the Bleed Cooler and the Bleed Condenser Level Control
valve CV15 to the Purification Circuit. The values of Temperature(°C) and Flow (kg/sec) into the Purification
System are displayed.

Heat Transport pressure control in NORMAL mode is via the Pressurizer; via the PHT MODE popup menu

- SOLID mode can be selected. PRESSURIZER I.LEVEL SETPOINT and ROH PRESSURE SETPOINT are also
shown.
Department of Nuclear Technology Facuifty of Engineering : Chulalongkorn University
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PHT INVENTORY CONTROL

The screen shows the parameters relevant to controlling the inventory in the main heat transport loop. Either
NORMAL or SOLID modes of operation may be selected. Note that in NORMAL mode, inventory control is
achieved by controlling Pressurizer Level, while in SOLID mode inventory control is by means of maintaining
main heat transport pressure via the feed and bleed valves.

Pressurizer Level is normaily under computer control, with the setpoint being ramped as a function of reactor
power and the expected shrink and swell resulting from the corresponding temperature changes. Level
control may be transferred to MANUAL and the SETPOINT can then be controlled manually.

The amount of feed and bleed is controlied about a bias value that is set to provide a steady flow of bleed to
the Purification System. The amount of flow may be adjusted by changing the value of the BIAS. The
positions of feed and bleed valves are normally under AUTO control, but may be changed to MANUAL using
the popup menus. :

In SOLID mode the ROH PRESSURE (kPa) may be controlled manually via the popup menu.
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PHT PRESSURE CONTROL

This screen is similar to the previous one in terms of the ability to select PHT Pressure Control MODE and
SOLID MODE ROH PRESSURE CONTROL. The difference arise in the control of Pressurizer pressure.

The six HEATERS are normally in AUTO, with the variable Heater (#1) modulating. The other five heaters are
either ON or OFF, and under AUTO control Via the popup menus MANUAL coperation can be selected, and
each heater may be selected to START, STOP or RESET.

STEAM BLEED CONTROL is via CV22 and CV23. These are normally in AUTO mode, but may be placed on
MANUAL and the valve opening manually controlled via popup menus.
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BLEED CONDENSER CONTROL |
The parameters required to control Bleed Condenser Pressure and Level are shown on this screen.

PRESSURE CONTROL is normally achieved via altering the REFLUX flow, and SPRAY flow only takes place if
REFLUX flow is unable to maintain pressure control. To achieve such a split mode of operation, the
SETPOINT for the Reflux valve, denoted as BLEED CONDENSER PRESSURE SETPOINT (kPa) is setata
value lower than the BLEED CONDENSER PRESSURE SETPOINT FOR SPRAY VALVE (kPa). Both valves are
normally on AUTO, but may be selected to MANUAL and the valve opening controlled directly via popup
menus. :

LEVEL CONTROL is normally in the AUTO mode about the specified SETPOINT. However if the BLEED
TEMPERATURE AT COOLER EXIT exceeds a preset value (68°C), the control mode Is switched to
TEMPERATURE CONTROL mode, which restricts the valve opening so as to protect the ion exchanger resin.

The LEVEL CONTROL VALVE may be placed on MANUAL for direct control of the valve’s position.
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SIMULATOR EXERCISE 4.1

Using the CTI CANDU Simulation page PHT

FEED & BLEED, identify the same equipment as %

well as note significant difference with the
attached diagram.

BLEED CONDENSER PRESSURZER
L
PRESIURITER
HEATERS
TOFRCM ONE
FEACTOR OUTLET
HEADER
TO HEAT TRANSPORT
PURIFICATION SYSTEM
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