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A

Overview

» Description of the primary heat transport system and safety
requirements

» Natural circulation after loss of forced flow in the primary heat
transport system

» Description of steam generators, primary heat transport
pumps and safety requirements

» Description of reactor headers, feeders
» Loop Isolation, emergency core cooling
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A~ Primary Heat Transport System (PHT)

2 separate loops
4 steam generators

4 primary heat transport
system pumps

Pressurized heavy water in
loops

380 horizontal fuel channels

380 inlet feeders: 380 outlet
feeders

4 Iinlet headers: 4 outlet
headers
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A Circulation in Primary Heat Transport System

Figure 8 layout

» Flow from inlet header-1
through core to outlet
header-1

» Then through steam Gonertr
generator-1 to pump-1

» Then to inlet header-2
on the other side of
reactor face

» Back through the core
to the outlet header-2

» Then through the steam
generator-2 to pump-2

» This constitutes one
complete pass in one of
the loops
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A

Some Safety Requirements of the PHT

» In the event where the PHT system boundary fails, must limit
the fuel damage to satisfy dose limits, in conjunction with the
mitigating systems such as reactor shutdown: SDS1, SDS2;
and emergency core cooling system

» Promote decay heat removal by natural circulation
(thermosyphoning) after the total loss of PHT pumping power

» Provide a rotational inertia to each PHT pump so that coolant
flow prevents overheating of the fuel, if power is lost to the
pump motor

» Provide process measurements for tripping and shutting down
the reactor to ensure that system pressure is within allowable
limits

» Provide process measurements for detecting LOCA’s and the

“Ifitiation of ECC injectidn into the core ™ °



A

Thermosyphoning Phenomena

» Occurs In the absence of forced flow in the primary heat
transport system (i.e., loss of PHT pumps due to loss of Class
IV power)

» Decay heat generated by the fuel is transported to the steam
generators by natural circulation (thermosyphoning
phenomena)

» Thermosyphoning is defined as the natural circulation in the
PHT induced by the difference in coolant densities in the
vertical sections of the:

— reactor inlet pipes and
— reactor outlet pipes

» The thermosyphoning flow through the core is sufficient to
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A

A

N Thermosyphoning Process

Effective heat removal
process for scenarios
involving loss of
forced circulation

For example,

— For LOCA:
following PHT trip,
the
thermosyphoning
process provides
cooling in the
Intact loop

— loss of Class IV
power

24-May-01

STEAM
GENERATORS

PRIMARY PLUMPS
# 1,_"

HOT WATER LOOLER
NREACTOR W WATER
OUTLET PIPES I RSSO
-lower density 'N_LET P|PE_S
-higher density

HEATED SECTIONS

e

CANDU safety - #4 - Thermalhydraulics.ppt Rev. 0 7



Ao Manway Main steam
"Steam Generator  secondary nozzle
. . . Separators atatatatatatatatate
Operating Specifications Primary
' ' ' Separators
» Tube s;@e (primary side) P Shroud cone
— Fluid is heavy water U-Bend
— Flow rate: 7.7 Mg/s (for 4 Tube bundle
steam generators) Shroud
: Support
— Inlet temperature: 309°C
P Plate ‘.l.
— Outlet temperature: Cold leg Hot leg
|\|
» Shell side (secondary side) ~ Preheater
— Fluid is light water Feedwater g _%
— Steam outflow and feed s Tubesheet
water inflow: 1 Mg/s (for  p_o Outlet DO Inlet
4 steam generators)
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— Steam pressure: 4.7 MPa



A

Some Functional Requirements Related to
Safety for Steam Generator

» To permit thermosyphon cooling of the primary fluid (D,0O)
when the reactor is at decay power levels

» To maintain both primary and secondary pressure boundaries
and heat sink requirements during a design basis earthquake

» TOo maintain primary pressure boundary integrity during
postulated pipe break accidents (i.e., PHT breaks, steam line
W CELS))
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A PHT Pump & Motor

Q—

Specifications
» Pump
— Vertical-type, centrifugal

— Single suction; double
discharge

— Flow rate: 2228 L/s

— Operating Temperature:
266°C
— Head: 215 m  eren L porcoms

2 UPPER BEARING OIL POT
3 THRUST BEARING RUNNER
4 DOWN THRUST BEARING

5 UP THRUST BEARING
}\ 6 UPPER BEARING COOLING COILS
7 BRAKE DRUM

8 MOTOR SHAFT

. 9 OIL LEVEL CONTROL
10 BEARING COOLING WATER PIPES
- Ower Su pp y IS aSS 11 AIR COOLER WATER PIPES
12 MAIN TERMINAL BOX
13 AIR DUCT
14 AIR DUCT

15 FAN RING
16 STATOR CORE ASSEMBLY

706781
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17 ROTOR ASSEMBLY

18 THRUST DISC

19 SPACER COUPLING

20 MOTOR STAND

21 MOTOR STAND ACCESS DOORS
22 PUMP SHAFT

23 VAPOUR CONTAINMENT SEAL

24 TERTIARY MECHANICAL SEAL
25 SECONDARY MECHANJCAL SEAL
26 PRIMARY MECHAN|CAL SEAL

27 PUMP BEARING

28 PUMP CASE

29 CASE WEAR RING

30 PUMP DISCHARGE ELBOWS

31 PUMP SUCTION SPOOL PIECE
32 LOWER GUIDE BEARING ASSEMBLY
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A Some Functional Requirements Related to

Safety for PHT Pump

» To maintain the pressure boundary integrity during the entire
range of normal operating conditions, during all postulated
pipe breaks, LOCA, and during a design basis earthquake

» To retain operational capabilities for a short period of time
under 2-phase flow conditions resulting from a LOCA

» To continue to remove decay heat from the reactor core during
a loss of Class IV power by extended run-down time

» To retain its structural integrity and operational capability
during and after a design basis earthquake
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7~ Single PHT Pump Trip

» For each loop in the PHT system, there are 2 PHT pumps

» Following a single PHT Pump Trip, the other pump will still provide forced
circulation through the system

CORE FLOW FOR SINGLE PUMP TRIP; 80% Full-Power

Core Pass ] ~———e——
Core Flow Core Pass 2 @ — e —
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~ Headers

Specifications
r» Inlet Headers
— 4 inlet headers
— 0.37 m inside diameter

— Operating pressure: 11.25 MPa

(s)
— Operating temperature: 266°C

» Outlet Headers ' Peacion
— 4 outlet headers z Heaclers
— 0.406 m inside diameter |
— Operating pressure: 9.89 MPa (g)
— Operating temperature: 310°C

Steam Generators

PHT Pump

Inlet and Outlet
Feeders
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Specifications | _;.:§:j:ij__f:;;-;;;;:_f;f;";: Ll =8
» 380 inlet feeders; 380 outlet .--- T

feeders
» Connects fuel channel to headers

» The flow in each feeder is set
according to the fuel channel
power (high channel power ==>
high feeder flow)

» Inside diameter ranges from 38.1
mm to 85.4 mm

» Maximum channel flow: 26.5 kg/s
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A

Loop Isolation for LOCA events

» During some accident scenarios, loop isolation is initiated (for
example in LOCA events were a break occurs in the reactor
headers)

» Isolation of the two separate loops occurs after the loop
Isolation signal is received (i.e., detection of a LOCA)

» By separating the two loops from each other, then only half the
core is affected by the break

» Forced circulation before the pump trips and thermosyphoning
after the pumps trip provide adequate fuel cooling in the intact
loop
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N | oop Isolation

PRESSURIZER

LOOP ISOLATION
VALVES

STEAM GENERATORS

PHT PUMPS

REACTOR
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A Thermalhydraulics of Emergency Core Cooling

High pressure
Injection by gas
Medium pressure
Injection by ECC
pumps and dousing
tank water supply

Low pressure
Injection by ECC
pumps and reactor
building sump Fucr Buken Sump_ | |
InJeCt|On mt() - M— B —— S S ;
reactor headers

—
aaaaaaaa
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A Some Safety Requirements of ECC

» To prevent any fuel sheath failures during small LOCAs

» To limit the number of fuel sheath failures for large LOCA such
that the acceptable dose limits are satisfied

» To maintain a coolable fuel bundle geometry for large LOCA

Depressurization of Inlet Headers during a Large 35% RIH LOCA

THD2 (PASS 1)Intact Loop
IHD4 (PASS 2)Intact Loop —————
IHD6 (PASS 3)Broken Loop —= — —

IHDS (PASS 4) Broken Loop == = ——

0 PECC, SG crashcool

- LOCA and loop isolation analysis setpoints

HT pump trip

LPECC injection begins
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A’ Emergency Core Cooling &

PHT Refill of Broken Loop

ECC Flow (Intact Loop)

700.04

total flow to OHD1 and IHD2
total flow to OHD3 and JHD4 ————
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A Pressure and Inventory Control

» Consists of:
pressurizer il Bleed, Condenser

VENT CONDENSER 70 D;0 COLLECTION .TO AND FAOM EAST
HEAT TRANSPORT SYSTEM

— bleed condenser HEAT TRANSPORT

GASEQUS
EFFLUENT

— feed pumpS DEGASSER CONDENSER STEAW RELER P |
5 Rﬁk ressurizer
— feed and bleed

Va | Ve S T0 D,0 COLLECTION QX 315\?&8"“0 Y
A

- Sto rag e tan k B Ieed Valve&GASSER-CONDENSERTANK &7 PRESSURIZER

STORAGE TANK
X4 MA]

)\ F u n Ctl O n S : FROM PURIFICATION ‘l’\'gll:g; HEATERS ]:

— pressure and —-—-' T B N
inventory control B

for each P HT JEGASSER COOLER

T
S B

DEGAS FLOW CONTROL VALVE
BLEED VALVES

Reactor Headers

Feed Pumps

FROM PURIFICATION RETURN

SPRAY CONTROL VALVES J

' .
'
&' | TO PURIFICATION RETURN
FEED PUMPS FEED VALVES
FROM D0 STORAGE
TRANSFER AND RECOVERY

S .
SYSTEM TO GLAND SEAL SYSTEM

24-May-01 CANDU safety - #4 - Thermalhydraulics.ppt Rev. 0




A Some Requirements of Pressure & Inventory

Control
» To accommodate the PHT coolant swell (cool water to hot

water) and shrink (hot water to cool water) associated with
warm-up, cooldown and power maneuvering (feed and bleed
system)

» Provide relief for over-pressure protection of PHT system
(liquid relief valves) and contain the relief from PHT (bleed
condenser)

» Control the PHT system pressure (by pressurizer or feed and
bleed system)

»  Minimize rapid pressure reduction in PHT system for accident
scenarios and prevent PHT pump suction pressure from
dropping to a value that would cause PHT pump cavitation

» Isolate loops following LOCA
rvi2E0OVIde a low-leveldrip-signal-te.theseactor shutdown system



7~ CANDU Fuel Channel

380 horizontally-oriented fuel channels CANDU 6 Fuel Channel
in core

Zircaloy-2.5wt%Nb pressure tubes
— 103.4 mm inside diameter
— 4.2 mm wall thickness
Zircaloy-2 calandria tubes
— 129 mm inside diameter
— 1.4 mm wall thickness
Fuel Bundles
— 37 fuel elements
— Natural UO, with Zircaloy sheaths

— Centre pin, 6 elements in inner
ring, 12 elements in intermediate
ring, 18 elements in outer ring

380 inlet end fittings and 380 outlet end
fittings
— links the feeders and channels
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Some T/H Safety Features of Channels

» Permits the PHT coolant to efficiently remove heat from the
fuel with a low pressure drop across the channel and minimize

vibration in channel

» During single-channel accidents such as flow blockage and
feeder stagnation break, the accident only affects the single-
channel (i.e., degraded cooling conditions in 1 channel out of
380 channels, severe fuel temperatures in 1 channel). The
unaffected channels behave similar to a small loss-of-coolant
accident (i.e., no fuel failures)
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