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TH Design Evolution

m Heat Transport System

Higher reliability

Better maintainability

Reduction of dose to operating staff
Increase of power output

Examples
e NPD — 100 valves per MW
e Darlington — less than 1 valve per MW
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TH Design Evolution

m Steam Generator
m Size and power increased
m Tube material — Inconel 600 > Incaloy 800

m Heat Transport Pumps
= Maintainability — interchangeable sub-assemblies
m Shielding

m Flywheels — from solid to laminations to reduce
propagation of defects
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TH Design Evolution - SGs
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TH Design Evolution

m Reactor core
m Large increase in core rating
m Reduction in shop fabrication costs
m Reduction of field assembly cost and schedule
m Modularization of components
m Pressure tube diameter increased
= Number of fuel elements in the bundle increased

m Fuel linear power rate increased from 25 kW/m to 50
kKW/m

m Channel pitch decreased (C-6 to ACR-700), and
slightly increased (ACR-700 to ACR-1000)
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TH Design Evolution

Table 8.5 Heavy Water in Core per MW Thermal

MY MWt
NPD 410
Douglas Point 169
KANUPP 182
Pickering A 157
Bruce A& B 112
Gentilly-2 05
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TH Design Evolution

Table 8.6 MW Thermal per Meter Length of Fuel Channel

MWLM
NPD 63
Douglas Point 453
KANUPP 443
Pickering A 732
Bruce A& B B8]
Gentilly-2 31
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TH Design Evolution

HPD DOUGLAS POINT PICKERIL NG I!R‘.I:.'TE-_'E GENTILLY 950 MW
1962 1967 1971 1976 1981 1947
Output (Mba) 22 210 515 750 [ ] 1030
Mo, of Fuesl 132 06 350 480 £ T 600
Channels
H-E'd'l-l']." Water O 0:17 Oe 16 D12 Dl L
m MR L)
Poverer HWI:I::IJr&n 0186 0.4% 0.75 0.9 (1] | 0.9
Ho . ﬂ'[ Steam
Generators/ AOS 25 12745 8,95 4160 BS125
MW e ) S50
Mo, of Pumps/HP 10(8) /800 16012) /1600 4041712000  4(4)/9000 4141 /16000
Hon Welded Joints 4000 3000 1000 250 200 200
Valwves - 150040 2000/0 1757570 T5/500 90,300 90/ 200

Packed /Ral lows
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TH Design Evolution

Steam Generators

Power HW(e) boiler
Mo, of Boflers
Tulmahaat iapabere
Tubasheat Thickness
Tubs Size OD/Wall
Hakerial

Hio. of Tulses

Skeam Drum Diameter
Shell Thickness
overall Height

Overall weight [droy)

Heating Surface hrea

REecirculation Ratios
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DENGS
2e5
a0
107 /14"
3 1/8"-4 172"
0. 436" /0. 043"
H=400
196
5" 8"
142"

k¥

19,190 £ee

.M

PICEERLING A

45
12
5'-8 1/4"
" o1/16"
0. 496" /0. 049"
M- 400
2600
B'-2 3/8"
1.625"
46 7"
185,000 1b
20,000 ££°

5511

BRUCE A
95
B
8'-3 1/8"
14 174"
0u51" /0. 0455"
I-600
4200
1178 174"
2.25"
50" 10 5/16"

120,000 lh

FLPL G ft2

S.d421
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GEMTILLY =2

150
4
gr-1"

15 378"

0.625%/0.0455"

I-800
3550
13'=1 /4"

1.943"
63° 4 174"

420,000 lb

14,200 £t
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TH Design Evolution

ETATION DIGLAS POINT
Pump Type vartical
CenkriEugal
Single Stage
Head m 1413
(ft) {469}
Flow md/gec D.43
i Igpm) [5670])
Powar par Pump e &00
{hp) (A0}
rischarga MPa 2.577 @
Pressura 24970
(paia) (1389 § 4B0°F)
Humber of Punps operating B
per reachor
speed {(rpm) 1800
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FPICKERIMNG

vertical
Centrifugal
Single Stage

146
(480)

0. 77
(10,1000

1170
(1560}

9. 715 8
249=C
{140% @ 480°F}

12

1800

BRUCE A
vertical
Cantrifugal
Single Stags

23
{700}

3.307
{43,800])

B250
11,0000

1h.R3I5 @
265*C
(1541 & 509°F)

4

1800
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- Pumps

GENTILLY-2

vertical
Centrifugal
Single skage

215
{705 )

2.21
(29,400}

5250
{7000 )

11.342 @
26670
{1545 & 512°F)

4

1B
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TH Design Evolution - Pumps

ASME COOE

VULLIME
HATER IAL

FLYWHEEL
ROTATITONAL
IHERTTA
{ lh=f£2)

SEISMIC

CLASSIFICATION

puMpe
BEARINGS

HUFMJE
BEARTMNGHS

DOUGLAS
FOINT

i

Gert.vILI

Sh=215=-HCE

Splid in
Mo b

T 010

Bane

Hydro-
dynamic
Carbon

Oil Lubri-
cated
Tilting
Pad Type
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PICKERING

SeCh.VIIT

SA-11B-WCH

8a1id in
Hotor

15, 000

Hona

Hydro-
dynamle
Carbon

il Tubri-
cabed

Tilting
Pad Type

OROCE "A°

FPraliminary
Soeck. 111
Cla1 1969

SA-216-WCH

Bolid in
Mo tor

S0, 000

Mona

Hydro=
statle
Dac
Energized

il Lubri-
cated
Tilting
Pad Type

GENTILLY-2

Gect.IIX
Class 1

SA=216=HWCC

Salid in
Mobor

30,000

D.B: E.
Cat, A"

Hydro-
gtatic
D20
Energized

o0il Lubrl-
cated
Ti1ting
bad Type
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POINT

LEPREMS

Sect.III
Class 1

SA=216-WCC

Rotor
Laminations

30,0040

D.B.E
Cat."A?

Hydro-
atatic

i jein ]
Energized

0il Lubri-
cated
Tilting
Pad Type

BRUCE "B*

Sect.III
Class 1

Bh-216-HOC

Rotor
[aminations

50,000

0. 8. E.
Cat,'A!

Hyd o=
atatio
020
Energl zed

oil Lubri-
cated
Tilting

pad Type
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TH Design Evolution

m Radiation Exposure Reduction

m Factors affecting exposure
e Amount of equipment
e Frequency of failure
e Time period required to repair, service, inspect
e Radiation conditions (field and airborne concentrations)

= Layout improvements — design steps
e Eliminate equipment
e Simplify equipment
e Improve reliability of equipment
e Eliminate materials that lead in high radioactivity
e Better chemical control and purification
e Extend period between maintenance periods
e Provide adequate shielding to enhance accessibility
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NPD HTS Schematic

132 channels

66 Inlet and 66
outlet feeders

m Bi-directional
channel flow

m Orificing used to
match radial
power variation

m Two core
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g \\_......“_ REACTOR INLETHE-'«DERE--—-—//

[e]
e
3 :{>E|—-ww
1

e REACTOR OUTLET HEADEAS-——— -.\
I GATE VALVE
REAGTOR CORE ‘\‘

1 UIX
W — -

-—H

132 CODLANT GHANNELS —

—-

L
X

— W ul

with 19-el

bundles and t :
outer with 7-el / [ [ e cnon
bundles o ociiae st

m Horizontal ‘U’
tube horizontal
steam generator
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Douglas Point HTS Schematic

= First single *figure-of- m Check valves at pump
eight’ concept discharge

= Long piping runs m Orifices to match flow
avoided to power variation

m Bi-directional flow

PIYWER GATE VALVE

E r ——— STAHDAY COOLING CIACUIT
i & BHLLAS f"lHLET HEADEHS—-\
5 CHECK VALYE
J /
A >
06 CHANNELS

\‘ /
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Plckermg HTS Schematic

Double ‘figure-of-eight’ m 12 operating pumps and
configuration 4 spare pumps
m_Loop interconnect for m_Orifices used to match
pressure balance flow to power variation
m 12 operating steam
generators .

I

PRESBUNE RELIEF

38 FEEDENS I

86 FEEDEAS

@7 FEEDERS

97 FEEDERS

HOTE
ALL YALVES ANE MOTORZER
OTHERWISE AS HOTED

-1
Fed
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Bruce HTS Schematic

m Standby pumps eliminated m 4 inlet headers, 2 outlet
m Valves eliminated headers
m 8 steam generators, 4 m Radial flow variation

pumps achieved by different feeder
sizes
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CANDU 6 HTS Schematic
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CANDU 9 HTS Schematic
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ACR-700 Advanced CANDU HTS Schematic
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ACR-1000 Advanced CANDU HTS Schematic
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Questions?
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