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The World’s Reactors

o. 37 CANDU (Douglas Point)
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| LOCATION T i .. Douglas Point, Lake Huron (near Maximum change of reactivity per rod 0015 mk/s REACTOR
- a Kincardine), Ontario No. of booster rods .. .. .. 8 | CORE
Reactivity worth, each .. - .. 11125 mk

Maximum change of reactivity, per rod 0_-’003 mk/s

OWNER .. id e . .. Atomic Energy of Canada Limited

| _ . FUEL ELEMENT " KEY
'OPERATOR.. i 2y & .. Hydro-Electric Power Commission of Type .o .o ‘e it .. 19-rod bundles 195 in (495 mm) long ‘
Ontario. Number per channel .. . .. 12 (101 in active zone) 1. Calandria
Do etur of rods - N .. 06 in (1522 mm) over zircaloy sheath 2. Stiffening ring _
' UO: pellet size .. v e .. 1424 mm diameter X20 mm long 3. Pressure reljef device
OUTPUT Number of pellets per rod .. .. 24 4. Tube plate
Thermal .. .. i i .. 655 MW Minimum cladding thickness .. .. 0-015 in (0-38 mm) 5. Calandria tubes
Electrical .. - .o = .. 220 MW (gross) Density of UO2 .. o E .. 104107 g/em® 6. Coolant tubes
203 MW (net) Total weight of zircaln{ per eler:j'lent. . 3-33 1b (1:51 kg) ; Enddﬁtt:qgs
Total weight of UO2 (average density . Feeder pipes
ﬂ1 3-55 g[gcm“) - .. . n 33-5‘Ib (152 kg) 9. Sec_ﬂing plug
EFFICIENCY . § ite i .. 291% overall Heat transfer area per bundle .. .. 698 in? (4 500 cm?) 10. Shielding plug 7
' Heat flux (average) - i .. 133 000 Btu/ft?h (10 cal/cm?s) 11. Fuel | 14 -
Heat flux (max.) .. s 5 .. 333 000 Btu/ft*h (25 cal/ecm? s) 12. Booster rod cooling N GE e i
FUEL i - .. -3 .. Natural UQz2 12 ﬁbjgrberl; r?dnzzn;‘;gf N Nk, B 2L e 8 ‘ & ) el (e - el [ T
=i BIE SO A ' B S e Maiall | | 17 & . , y ] A
15. Helium purge line | | | B Bl LGS e
MODERATOR,  +x s . ss = Hemvy Water H?-EERMOR D20 o g“’ ?"‘-'*”'“ ";'-’}Ef” Axs Efj,;’ shield ~ cpoling | 11 2 3 N
e ;s v .o . i .o D2 * ipes el ) e RiR A1) 7
Tﬁal quantity .. e .. 155 tons (140 000 kg) 13'_ Ml;fj::-a?nin;lfﬂet 28. End shield ring SR ,\ __ - IO | |2 3
CODLANT . . .o HEE'\"Y WatEI‘ Quﬂntity nﬂrmﬂ_uy in Cﬁjandrlﬂ- - 142 tons (1 28 600 I{g) 19. Moderator inlet 29. Ring thermﬂ‘ Ehiﬂld [ 2 I:E-:T“:E" _;ﬂ.: *:::+_¥ h 24l l»_—ﬁ:i A T
o o . Heat produced in moderator (approx.) 40 MW 20. Transition section 30. End shield hangers g | Ve ‘E ’fggg'ﬁ::.“ RiRIR =\ |
Outlet temperature from reactor (max) 145°F (63°C) 21. Expansion joint 31. Dump tank s Bl e |
T s ow o - - Heeehd s e mp, co resctor (minimum) - 201 %o kelem) 23, Calandria shroy coo- 32 Sifening. surucurs
i " J * HHfeners B S R g S -
Flow through moderator coolers; from ; ; 23. gfmp box spray cool- 34, Drain slots VIRARAN 507 e s e T
| e : i Flow through moderator coolers; from ; . 24. Transition section  36. Dump tank and ex- :
Shell = " e o o Ausst;i;‘l‘;:lc)gt;tr;ﬁaésftsgeiil,(si:lo%“f;)ﬂlng dump tank .. a b > .. 500 gal/min (2272 |/min) spray cooling bansion joint spray
Tik Nikehfron sircaloy.2. 424 in (107.7 mm) Vonal fiow: to hast Sechangiien o __ex GIRRRRIMINGE 3N [ min) 25. Level indicating inlets cooling . e
ubes 3 g " e T 4 : i Ay - Total returned to calandria direct ' 37. End shield key block % : R
i.d. X 0:049 in (124 mm) wall ti}sckne?s (remaining flow returns through side 26. End shield y e B
Pressure Tubes .. . » - .« Elrcalay-?. 3-25 in (32‘6 mm) i.d. X0 155[ Eil‘CL‘litS) g ’ . 3600 gal/min (16 400 ”ITH!"I) . =5 e >
ok (3[;99 mm) w; I ft?_lcknes(i. ET?EB Head of D20 above dump port with B ' ) j
length over enc Tmttings (Cyp calandria full .. i s .. 186 ft (5:67 m) - S :
stainless steel) 30 ft 3 in (9-22 m) X E :
SR S S ’
CORE PRIMARY COOLANT | N
_ 1] . .. . .. 306 Type i o'u .. . .. D20 ‘fg, T
Efra;f “ s : i .. . .. Approximately octagonal (20'{(19) on Quantity .. i i - .. 87100 Ib (39 600 kg) \ ‘ £ = ' . %’ﬁ“ N S
square lattice 9 in (228:6 mm) pitch Total flow - " ‘ : .. 241x10° Ib/h (10:9Xx10° kg/h) i.e., e _ L =7 ¢ N
Max. thermal flux (average across 45 400 gal/min (3 450 I/s) ' .
hottest section) &5 3 .. 10"* nfem?s Pressure (inlet header) .. : s .. 1480 psi (104 kg/cm 2 o R
Av./max flux ratio Pressure (outlet header) ; i .. 1310 psi (211 kg/cm?) SRR A TRy
Radial .. .. ..  .i .. 07885 Inlet temperature e .. 48O %;gg : STt
xial .. . .- - .. 0649 QOutlet temperature .. .. .. %nr U,
Eqﬁ;f::lent core diameter - .. 177-8 in (4512 mm) :’nIEt velocity .. - .. .. Tg.eitﬁlfi gi'ﬂ m/s) - .
yerat Coefficients umps .. X e . . : ; j ; e
Te(q:gsﬁ?b?{;m fuel and effective neutron temperature of 100°C) No. of pumps .. - ; 3 .. 10 (8 active) in two groups of 5
Reactivity changesin. .. . .. -~ .« milli k/°C yii 5 . .-Rated flow, per pump .. ey .. 5670 gal/min (25 Eoo |/min)
Fuel | Operating head .. . ¥ .. 203 psi (14 kg/cm?) |
t : .3 g .. 400048
Deppler e Zoot
Coolant BOILERS
Neutron temp. - o .. 40013 Total number .. . .. .. 8 (in two groups of 4) L .5
Density ‘. - . - s fi'p'D“ , : 5 Type - “ s oo .. U-shell and tube, each boiler-consisting | |
Moderator 4.0:029 | of 10 sections and dune steam drum, r
Neutron temp. e " ' Heavy water: tube side.
Density v i " -+ —0069 Total heat exchange surface (boiling 5 2
Average neutron temperature - area) .. o - . .. 74500 fe (6 920 m?) :
in ;nu;:!eratnr s . . ST e Total heat exchange surface (preheating 11 050 f¢2 (1 027 m?) VIEW )
n tuel .. .. .. ¥ . o area) .. .. . ~- o t m
Average fuel temperatur e - 3353,:% Total evaporation rate .. . . 2'56?-)(1_0* Ib/h (1 '16;'(105 kg/h) LOOKING N.E
Average moderator temperature 1T 274 MW - Steam pressure at drum . h 583-7np5|a (41 nkg/cm abs.) K.
Power developed in hottest channel .. 0.4 mk/d | Steam temperature .. .. .. 483-7°F (250-7°C)
Reactivity decrease without refuelling — mk/day Minimum approach temperature (H20-
Additional reactivity by normal re- D:0) .. N . .. .. 94°F (5-2°C)
fuelling; | 024 mk Feed temperature - i o 340"": (171°C)
gﬂﬂtre ;har;r:lel v o " " 0-05 mk : Max. moisture in steam at drum .. 0:259%
uter chan i i . __
Total weight of fuel (as gmtural v .. gl}‘?jgnr!l[?q’\(fgj 63'3 kg)
. o s B . .. t
aversse bumup TI) . L o ' | KEY TO REACTOR BUILDING
. r. s L el i - . w .. .. .. Tand d (1 h.p. stage, 3 lL.p. _ * : - .
Maximum fuel life in reactor (nominal) 3+1 years Type ‘o stirée:)m compound (1 h.p g P 1. Calandria 13_ g.n‘lid primary header zg SDnus_;rLg p;:pes 26. ahgezfisshteld cool- 32, Ea{;::mg water pas-
S Ed . e . e .o . i 1 BUG I‘E'ﬁ"/min 2. Heﬁum I"-IE z olier " pray an ' )
CONTROL T?‘:'ﬂttlﬂ pressure - - .. 579-7 psia (40:76 kg/cm? abs.) 3. End shield 11. Steam drum 20. Cable trays 27. Blow-out panel 33. Decontamination
Start hutdown Moderator level Throttle temperature .. i .. 482°F (250°C) 4. Coolant feeders 12. Primary pumps 21. Fuelling machine 28 Pressure wall tank | '
Sm"‘ ‘”P'-Sfter b shﬁf—duwﬁ-(xenéﬁ Steam conditions at |,p. stage inlet (after 5. Fuelling machine 13. Steam header vault . 29. Dump tank 34. Boiler insulation
tart—ui:'a Boasiar s I‘EhEﬂt) - - . . .. 679 psia (4_77 kg/cmi abs.) 430°F (221 GC) 6. Cable cart 14. Feedwater ]‘lEHdFI"S 22, SpEHt resin storage 20. Building ventilation 35. D20 storage tank
& ti;&l‘-l‘ld&) e - o R Condenser back pressure - .. 1in (254 mm Hg) 7. Boosterand absorber  15. Process water inlets  23. Manway 1+ Euelli 5 hine 36. Shield tank
Qlg sLartup. e - N .. Absorber rods and refuellin Type of condenser v . .. Single pass with divided water box rods 16. Ventitation cucts 2% Labyrinth e et T 37. lon chambers
murm?:;;:;:ttgrg*s' ' . . . 4 d : Area i ‘ & .o i .. 158 000 ft? (14 700 m?) VIEW 8. Hot primary header 17. Dousing tank 25. Elevator access duct . lon chamober
0. O 0 ;g . i _ .
Reactivity worth, each .. . . 075 mk Cooling water flow - i .. 175000 gal/min _ LOOKING S.W.

'NUCLEAR ENGINEERING, August 1964
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BEPO (April, 1956)

CP5 (May, 1956)

NRX (June, 1956)

DIMPLE (August, 1956)

ZEUS (September, 1956)

CALDER HALL (October and December, 1956)

RUSSIAN 5 MW (November, 1956)

DIDO (January, 1957)

THE SOUTH OF SCOTLAND ELECTRICITY
BOARD STATION (February, 1957)
BERKELEY POWER STATION (March, 1957)
BRADWELL POWER STATION (April, 1957)
DOUNREAY FAST REACTOR (June, 1957)
EBWR (July, 1957)

RWE 1 (September, 1957)

LIDO (November, 1957)

PLUTO (April, 1958)

MERLIN (May, 1958)
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GI (June, 1958)

HINKLEY POINT POWER STATION
NRU (February, 1959)

HALDEN (March, 1959)

LATINA (October, 1959)

ZENITH (November, 1959)

G2 (and G3) (December, 1959)
OMRE (February, 1960)

DRAGON (July, 1960)

BR3 (August, 1960)

N.S. SAYANNAH (October, 1960)
DRESDEN (October, 1960)
YANKEE (October, 1960)
TRAWSFYNYDD (January, 1961)
WINDSCALE AGR (April, 1961)
ENRICO FERMI (September, 1961)
INDIAN POINT (October, 1961)
PIQUA (December, 1961)

NPD (October, 1962)
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Steam outlet

H20 inlet manifoid
D20 inlet manifold
D20 outlet manifold
Tube sheet -

10. Tubes

11. Channel cover

12. Preheating leg baffles
13. Boiling leg baffles

14. Steam separators

15. Hold-down arrangement
16. Spring-loaded supports
17. Blowdown headers

ashemal.
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1
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Fig.: 5 (in text)
Primary coolant system

KEY

Steam outlet 14. Pump header

Steam drum ‘ 15. and 16. Heat exchanger and
Steam drum balance pipe isolating valves

Heat exchanger tubes 17. Standby cooling inlet 6}

Steam separators - ’an
Heat exchanger 18. Reactor outlet header ELEX@T'?":! 6274

Reheat condensate return 19. Reactor inlet header A

Downcomers 20. Isolating valve operator Eo s

Check valve 21. Feeder bank - . B4 SRR AN
Pump motor 22. End fittings - S | ] A
11. Blowdown header 73 End shield

12. D20 header | . End.shie

13. Pump 24. Calandria
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PUSH TYPE
SEALING PLUG

Detail at D20 inlet
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