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TH Design Evolution

* Heat Transport System
— Higher reliability
— Better maintainability
— Reduction of dose to operating staff
— Increase of power output

— Examples
 NPD - 100 valves per MW
 Darlington — less than 1 valve per MW
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e Steam Generator
— Size and power increased
— Tube material — Inconel 600 > Incaloy 800

* Heat Transport Pumps
— Maintainability — interchangeable sub-assemblies
— Shielding

— Flywheels — from solid to laminations to reduce propagation of
defects
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* Reactor core
— Large increase in core rating
— Reduction in shop fabrication costs
— Reduction of field assembly cost and schedule
— Modularization of components
— Pressure tube diameter increased
— Number of fuel elements in the bundle increased
— Fuel linear power rate increased from 25 kW/m to 50 kW/m
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Table 8.5 Heavy Water in Core per MW Thermal

M MW
NPD 410
Douglas Point 169
KANUPP 82
Pickering A A57
Bruce A& B 112
Gentilly-2 105
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Table 8.6 MW Thermal per Meter Length of Fuel Channel

MW
NPD 163
Douglas Point 453
KANUPP 443
Pickering A 32
Bruce A& B B8
Gentilly-2 O3]
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KPD DOUGLAS POINT FICKERING BRUCE GEHTILLY 950 MW
1962 1967 1971 1976 1981 1987
rtpik (MWa ) 22 210 15 750 [ 4] 1030
Mo, of Fuel 132 J0E 390 480 IR0 600
Channels
ﬂE‘ll'll"}" Water Dadl 0.17 016 0.12 | 0.1
CEFITIRS
Pevuire e HWI."::!I(S‘H 018 0.45% 0:75 0:9 0:9 09
HI:'J- ﬂ'[ -Ht-“lu'ﬂ
Generators A0/ 25 12/45 8/95 4/160 8,/125%
MU( &) /50
Ho, of Pumps/HP 10(8) /800 160121 /1600 404)/12000  4(4)/9000 4041 /16000
Hon Welded Joints 4000 3000 1000 250 200 200
Valwes = 150040 200040 1755570 T5/500 90/ 300 9O/ 300

Packed fRal lows



PFower MW(e)//boiler
Ho. of Boilers
Tulsraheat [l ameber
Tubesheat Thicknass
Tube Size OD/Wall
Marerial

Ho. of Tubwes

Steam prum Diameter
Shell Thickmess
ovaerall Height

Overall weight [(dry)

Herating Surface Area

Recirculation Ratios
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DI'NGS
25
an

107 /14"

3 1/8"-4 172"

e 435" /0. 045"

M= 00
196
5' g"
152"

¥

11,190 ££°

3.7

PICKERLING A

45
12
518 1/4"

" 1/16"

0. 496" /0. 0437

H-400
2600
B'-2 3/8"
1.625"
450 7"
185,000 1b
20,000 ££°

S-5:1

BRUCE A
95
8
B'-3 1/8"
14 174"
0.51"/0.0455"
I-600
4200
117-8 174"
2.25"
S0' 10 5/16%

120,000 Lb

26,000 Fr°

Sa.d:t

GENTILLY=2
150
&
L
15 378"
0. 625" /0. 0455"
I[-800
3550
13'=1 374"
P.943"
63T 4 1/4°

420,000 1b

14,200 £t°

521
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STATION

Pump Type

Head m
(ft)

Flow md/gec
{ Igpm)

PowWer par pump kw
{hp)

acharga MPa
Pressurs
[paial

Humber of Punps operating
per reacbor

Speed {rpm]

yartical
Centri Eugal
Simgle Stage

143
{da9}

.43
{5aT0]

&S00
(ano}

9.57T7 @
249
(1389 2 480°F)

1E00

FICKERING
vertical
Dentri Ewgal
gingle Stage

146
{480

0.
(10,100}

1170
(1560}

9,715 @
249*C
{1409 @ 430°F)

12

1 800

yertical

Cantrifugal
Single Stage

213
{700}

3. 307
{43,600)

B350
{11, 000)

10.R25 @
265°C
(1541 & 509°F)

4

1800

GEHTILLY=2

Yertical
Centrifugal
Single skage

FAL]
(TO5 )

2.213
(29 4000

5250
{7000 )

11.342 8
266°%C
(1643 @ 512°F)

4

1B
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DOWIGLAS
_POINT

Gect,vILI

Sh=215=WIR

Eolid in
Mo Lar

Ty 00

bone

Hydeo—
dynamic
Carbon

0Ll Lubri-
cated
Tilting
Pad Type

FICEERIHG BRUCE "A"
Boct.VITT Fraliminary
Sockt. 11T
Clal 1969
Sh-216-WCE Sh-216-WCHE
fal1id in Solid in
Hator Motor
15, 000 S0, 000
Hona Hone
Hydro- Hydro=-
dynamic static
Carbon na0
Energized
Ml Tubri- il Lubri-
i b cated
Tilting Tiltimg
Pad Type Pad Type

GENTILLY-2

Secb,IIX
cla=ss 1

SA=-216=-W0C

Bolid in
Hotor

30, 00

D. BB
Cat."A"

Hydro=
gtatic
020
Energized

0l Lubrl=
cated
TElting
pad Type

POINT

LEPREAL BRUCE "A°
Sect.III Seot,III
Class 1 Class 1
SA-216-WCC SA-216-HCC
Rotor Rotor
Laminmations [aminations
30, 000 50,000
D.B.E D: B Es
Cat."&" cat, Al
Hydro- Hydro=
Atatic statio

n2n 020
Energized Energl med
Oil Lubri- Cil Lubri-
catad cated
Tilting Tiiting
Fad Type Pad Type
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« Radiation Exposure Reduction

— Factors affecting exposure

« Amount of equipment

» Frequency of failure

Time period required to repair, service, inspect

Radiation conditions (field and airborne concentrations)

— Layout improvements — design steps

Eliminate equipment

Simplify equipment

Improve reliability of equipment

Eliminate materials that lead in high radioactivity
Better chemical control and purification

Extend period between maintenance periods

Provide adequate shielding to enhance accessibility



NPD HTS Schematic

132 channels
66 inlet and 66 outlet
feeders
Bi-directional o\ _ % -
channel flow N

e N -
Orificing used to . - | \:'X
match radial power . ) N
variation — : -
Two core regions: - - N | |
central with 19-el e me L e e
bundles and outer ;
with 7-el bundles / s
Horizontal ‘U’ tube .

horizontal steam
generator



Douglas Point HTS Schematic

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

Long piping runs avoided m Orifices to match flow to
Bi-directional flow power variation
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Pickering HTS Schematic

Double ‘figure-of-eight’ m 12 operating pumps and 4 spare
configuration pumps

Loop interconnect for pressure m  Orifices used to match flow to
balance power variation

12 operating steam generators
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Bruce HTS Schematic

Standby pumps eliminated

Valves eliminated

4 steam generators, 4 pumps

m 4 inlet headers, 2 outlet headers

m Radial flow vanation achieved

by different feeder sizes
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CANDU 6 HTS Schematic
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CANDU 9 HTS Schematic




ACR-700 Advanced CANDU HTS Schematic
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ACR-1000 Advanced CANDU HTS Schematic
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TRANS POAT SYOTEN
INTERGOWNECT




Questions?
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