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X TA- 6 176 794 2.7

S01w- 28 161 708 22.5

200 ” S10w- 8 166 750 11.8
X 1A-8 160 722 24.1

S01W-10 189 659 19.4

250 yjaviin $10wW-10 176 717 9.5
X 1A-10 161 686 26.2

S01wW-12 200 621 10.7

300 TATsrFZ 510 W-12 200 665 6.8
X 1Aa-12 200 645 i0.2

SO0LW-14 200 600 7.2

343 o Siow-14 197 641 4.7
X 1A-14 200 618 8.2

S01wW-16 200 557 4.1

400 ” S10W-16 200 597 2.4
X 1A-16 200 570 3.1

501 W-18 195 488 6.2

450 ” S10wW-18 197 507 5.3
X 1A-18 198 495 6.0

S01W-20 200 395 10.6

500 ” S10W-20 200 405 10.0
X 1A-20 200 390 12.0
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%—-8 Zr—-1 BNbHEEOREBAXERER (£02)

525wW- 2 174 203 46.7
600 TITVHR S 2W- 4 182 212 46.5
X3z2c - 2 183 213 29.1
S25W- 6 167 122 46.3
700 " S25W- 8 169 122 47.0
X32C - 4 171 123 31.2
S25wW- 9 184 86 48.6
800 ’” S256W-10 166 78 43.0
X32C - 6 164 77 42.3
S25W-12 164 36 29.6
900 ’” S256W-14 178 32 321
X32C - 8 170 34 3.8
S25W-16 171 22 23.3
1,000 u“ S$25W-18 164 21 39.9
Xx32C - 9 180 27 19.4
®—9 IZr-1#Nb#EEOENEEAZEZ &H
D400 Co i) 2N EHRAZBRER
5002 | 7mavsin X 62B- 31 175 590 2.5
X62C~-2-9 175 590 2.5
595 X2 . Xx62C-1-9 174 528 16.0
X62C-3-11 176 524 14.5
X62C-1-7 177 398 35.5
550 X9 . 2-7 176 402 37.1
3-9 176 402 34.0
X62C-1-8 176 338 48.7
5002 #” 2-8 172 338 55.6
3-10 175 336 458
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£-10 Zr—1%Nb#HEE O 300°Cokp Rl A ARBER

EE

ER TS

EfitEm

SRAH

185 g

(hr) "R (°C) - (hr) AMES (mg) | (mg/dm® 7 o®
X62C-2-3 2.6 0.497 5. 24
Zr—-1%Nb]{ 480-4 FRATL
X62C-2-4 3.0 0.496 6.05
S01wW-1-1 2.6 0.496 5.25
100 575-2 #”
So01w-2-1 2.9 0.496 5.85
S660-1 4.0 0.496 8.06
Zry -2 480 ”
S660- 2 4.1 0.496 8.26
X62C-3-1 7.0 0.497 14.09
480 -4 HREATL
X62C—-3-2 7.9 0. 497 15.50
Zr-1%Nb
So01lw-1-2 7.9 0.497 15.89
500 575~-2 ’ o
S01wW-2-2 7.5 0.497 15.08
5660-3 6.8 0.498 13.66
Zry-2 480 #”
S 6604 6.8 0.498 13.65
X62C-3-3 8.0 0.495 16,16
480 -4 BELAEL
X62C-3-4 7.8 0.495 15.76
Zr-195Nb
S0tw-1-3 8.0 0.495 16.15
2,000 575—-2 ”
S01W-2-3 8.1 0.495 16.35
S660—-5 7.1 0.496 14.31
Zry—2 480 ’”
S 660-6 7.1 0.496 14. 31
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11 Zr—1%NbHEBEEOLOC-KESTICEI2BARBER
HERFE 1 BE i . HEdn | 2FRER REasE
N M
(hr) HE C)-(hr) NES (mg) (dm?) |(mg.dm?) o’
X61D-1-9 6.5 0.495 13.14
480 -4 HEAEL
X61D-2-9 6.9 0.495 13.85
Zr—-1% Nb
S1d4w-1-1 7.3 0.494 14.77
24 575 -2 #”
S14wW-1-2 7.3 0.494 14.77
S660-7 6.5 0.495 13.14
Zry—2 480 -4 ”
5660-8 7.2 0.494 14.57
X61C—-2-15( 1517. 0.497 31.58
480 -4 ) BEAL
X61C—-3-17| 16.1 0.497 32.41
Zr -1%Nb
S14Ww-1-3] 188 0.495 37.96
72 575 -2 #”
S14W-1-4| 183 0.496 36.93
$S660-9 9.3 0.497 18.71
Zry -2 480-4 "
S660-10 9.3 0.496 18.73
X62C-1-1 13.8 0.496 27.83
480 -4 BELTL
X62C-1-2 13.4 0.494 27.14
Zr -1 %Nb
S14W-1-5| 157 0.495 3175
168 575-2 ”
S14W-4-1 15.2 0.495 30.74
$660~11 10.6 0.494 21.44
Zry-2 480 -4 ”
S660-12 10.4 0.494 21.04
X62C-1-3] 139 0.495 28.08 "
480 -4 HEAMLL
X62C-1-4 13.8 0.495 27.87
Zr-1 %Nb
S14W-3-1 16.7 0.494 33.79
336 575 -2 ”
S14W-3-2| 165 0.494 33.41
S660-13 11.8 0.494 23.87
Zry~-2 480 -4 ”
S660-14 12.7 n.494 25.69
X62C-2-1| 286 0.495 57.77
480 -4 HFRALL
X62C-2-2| 287 0.495 57.98
Zr-1%Nb
$14w-3-3( 308 0.496 62.16
720 575-2
S14w-3-4 30.1 0.496 60.75
S660-15 22.8 0.496 45,97
Zry—2 480 -4
S660—-16 22.3 (.496 44.93
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%— 15 Zr—1%NbMEE D= Mg R
(BEEmEH -—EXEHER)

HAESH | maagE |7-750 | REBES | REED | RRBAR | DAKT | @HFRMT
(kg em?) | (C/S) |(kgAnm?) | (kg/em?) | (kg Am?) 4] (%) (mm )
5 50 0.45 6.5 5.1 1325 56.4 -048
5 " 0.45 6.7 6.0 1,330 40.3 +0.04
10 " 0.89 12,5 1.0 1,040 37.6 -0.18
10 " 0.89 12.2 10.7 1,055 46.1 -0.18
15 " 1.35 17.8 15.5 980 55.4 ~0.92
15 " 1.85 17.3 15.0 905 48.6 ~ 0.66
30 " 2.69 35.0 32.5 815 26,7 ~0.10
30 ” 2.69 35.0 32.5 865 198 -0.26
50 ” 4.49 57.5 52.0 810 26.5 —1.28
50 ” 4.49 57.5 51.5 815 25.6 -1.12
70! ” 6.29 74.0 72.0 720 32.9 -0.10
70 50 6.29 79.5 68.0 775 26.0 -1.60
(1) 740°C £ TIB LA 0%, HELHEME L THB S,
#-16 Zr—1%Nb#EEOSEMBRBRER
(HERE - KEISHERA)
#AES | maEd’) 7-7mn | BAEES | RRES | RRAE | AR | AFAED
(kgem?) | (‘CAec) | (kgtm?) | (kgtm?) | (kg m?) ¢y (%) {mm)
5it) 50 0.45 — - - — —
7. 56.4 0.67 8.0 5.0 1,500 57.0 - 1.16
10 53.9 0.89 10.5 6.0 1,085 35.7 - 0.04
10(2) 50 0.89 11.0 10.0 1,050 30.2 - 0.02
15 51.7 1.35 15,0 10.0 1,070 25.6 ~0.10
15 54.4 1.35 15.5 115 1135 31.4 0
30 44.2 2.69 30.5 26.0 860 17.4 - 0.04
30 a2 | 260 30.0 27.0 860 149 | -006
50 50.8 449 50.5 38.0 800 21.9 +0.2
50 477 4.49 50.5 42.0 860 15.1 - 0.06
70 51.2 6.29 71.0 56.0 880 16.7 - 0.06
70 49.6 6.29 71.0 52.0 860 20.7 - 0.02
(1) 1500 °C % THHA Ui DB L 150 o 72

{2)
(3)

— 15—

1040 CTRENBRTHAOT, Hdtas LTEMRLE,
HEF ¢ - P OOHETROLEETY,
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BliRME W4 (kg /mm® )
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BHEED (kg /omd)
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ME®RTE (%)
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50
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50
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5
s &
¥
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= o
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1. 3 U & &

Zr—1%Nb& &Y 2 iz, RFAEMAAOLHOF 2 AEERERERE (1958 ) v #
mORHENbONEDNE VDTS, CO®R, BEKEETIE, BAFM4Y, T4 ) HT—RIFKE
ANEBETCHE-T, LBL, B, AF)ReFrv—F e RL=F Y e T 47 Fe /N
v —OREAENBES OV 7 FEHATED TS Scanuk S BERTRO EiFoh, #-X
Y T HZr-1BNELOBBENEE XU 7 ) —THECELTRE LTS, 12, A
FOon3=T hEEOMEBURAREORCETIN TS,

CITH, ChOOXBTHESATVWAT 26 EN OB LTER LI,

2. W A B % H

21 HRERSR
OTwmkﬁhiﬁ%%mﬂ[&m@-%ﬂbtﬁﬂé?wﬁyﬁﬁﬁ¢mﬁw12tﬁmmf
m#BLCRIL, Fig 1 ORT X I SAMBEHBERE L, TN LB &, LSA-F AR
ROBE FRHOELRTBHIATHS
ARG B-NbIr O BBBHBATH 5,

SCANUK-1 [ Zr-1%ZNb ]

10
A -BETERSEINCES LTS 9
8

DL, ERLILABEFOR—Nbiza—-Zr 7
o UNITS

O HPLPHEHEALTVEIHTH
3. CRITEFHEMEE L HBE FIHE
FEECLY, (a+8)B~DEBLTHD
TEMmENT, ARDDHE I, B
Tl 6150 TIEBRATES L, D—E ,
OEHTHLTE0HVHW L BEH"

BECHS LEELT S,

= N W LE ;M

4 1 L 1 1
600 800
T(°C)

1 1 I
200 400 1000

Fig.l Dilatometer curves for Scanuk-1
alloy at a heating and cooling
rate of 2°C/min.

2.2 BEERRHY
ILEMW@&%%LZ??M@%.Eﬁﬁﬁ~ﬁ%ﬁﬁ@ﬁﬂﬁn-Eﬁﬁﬁ(ﬁ@ﬁﬁ)
CRBIERER L, BELABRSERENE Ui, #O#REFg 2 CRAT LI CHREL NS
H, FREFAORBHELNESMETH -7, T, BULEBCOOTEBRAEY 5 LHEE D
HOELDERT D, Tubs, BABICL-TET S,
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TEMPERATURE, °C
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Fig.2 Experimentally determined values of
the thermal expansion coefficient in
the three principal directions of Zr-l
wt% Nb slab at temperatures up to 873K,

2.3
H.E.Rosinger 513, EREBLUTHK I TOREHHECHMYRLAEL, AEMEEHERE
B8 Lize 2h0 OREA Table I, 2 8L UFig. 3, 4 «RT, Table 1!2 350 F F MhHEEH
LicBEiC->0 T, BRTRAELLHERT, EEFRACEBMERE/NE O, #HE, COROPT,
Ey : BANIIS DA OEBEHH ) 53 Uil '
B: | —ROFRHMLEE) S5 E L1l
Es : ZIRORBMEE 0558 LicfE
G: : BRI AL D ORIEEY 5 555 L1k
Table 2 (FZEF B 5 EEWERLRT, Zr—1 BNb LA O#HE A,
Dl FE REHFR) HMEEHFMLOPPRE L
QEEMM EZALTEOMBLIOREO

EOHERAD B,
a) Fundermental Flekxual Resonant Frequenecy b) First Anharmonic Overtones
¢) Second Anharmonic Overtones d) Fundermental Tortional Resonant Frequency
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Fig. 3 EEH» S TI5K 2 TORBRATERNICK DI ¥ /LT, ERFAOY v 7EBHR D
B, BECHESIETOBEESHRE D,

Table 3 & Table 4 t4, ZhFhZER & THBKCET 20 EHELAZHOLE L, Fig 4 I2E L
ST K ToABRACHEELAEEEAERLELBOT, MEO—RMEIRFTH S,

Table 1 Room temperature elastic moduli of Zr-1.0 wtZ Nb

Positicon of specimens Speci-  Test Moduli
relative to the - men direction
following direction No. E; E2 Ej G
Longitudinal Bz flatwise 92.61 92.76 92.93 34.52
edgewise 91.91 92.02 92.24
Bj flatwise 92.00 g2.31 92.72 33.96
edgewise 91.92 92.04 92.43
By~ flatwise 92,19 92,35 92,74 33.94
edgewise 92.74 92.73 92.96
Transverse Asg flatwise 96.16 94,13 94,81 34.33
’ edpgewise 96.42 .
Ag flatwise 95.51 36.26
edgewise 95.47
As flatwise 95.43 35.68
edgwsise 85.31
Normal Cs flatwise 99.20 35.39
edgewise 97.70
Cs flatwise 97.38 35.18
edgewise 95.51
Cio flatwise 97.09 36.71
edgewise 96,76
Ciz flatwise 98.88 36.95
edgewise 97.58




Table 2 Mean values of room temperature elastic moduli

Young's modulus(GPa)

Zr-1.0Nb Zr-2.5Nb Zircaloy-4 Zircaloy-2 Zr
As received  longitudinal 92.25 93.32 94.62 95.00 95.18
transverse 95.72 94.42 94,60
normal 97.51
Annealed longitudinal - 94.71 96.64 96.29 96.58
transverse - 93.97 96.92
Shear modulus{GPa)
Zr-1.0Nb Zr-2.5Nb Zircaloy-4 Zircaloy-2 Zr
As received longitudinal 34,25 32.74 34,04 36.38 33,57
transverse 35.42 33.05 34.14
normal 36.05
Annealed longitudinal 33.32 35.09 36.76 33.82
transverse 33.33 35.25

GI-64L-T¥8N
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Table 3 Room temperature modulus of Zr-1.0 wt% Nb

Young's modulus (GPa)

Direction Calculated Measured
Longitudinal 93.4 91.91-92.96
Transverse 95.2 95.,31-96.42
Normal 99,1 95.5 -99.2

Table 4 Young's modulus of Zr-1.0 wt% Nb at 773K

Young's modulus at 773K (GPa)

Direction Calculated Measured
Longitudinal 64 63.6
Transverse 68 73.5 -74.7
Normal 77 78.7 -79.8
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Table 5 Strain-hardening characteristics of Zircaloy-2 and Zr-17% Nb-

Alloy
Testotemp. -
(°C) (gz;iﬁsz) Zircaloy-2
Strain-hardening exponent 25 % 0.122
in range 2-10% strain 250 % . 0.153
300 % 0.171
350 0.178 0.180
400 % 0.180
True stress at a strain of 5% 25 446 .4 489.5
250 252.1 245.3
(M/m?) 300 225.6 180.5
350 204.0 190.3
400 192.3 .178.5
True stress increase from 1% 25 58.9 64.7
to 5% strain 250 41.2 40.2
300 39.2 35.3
(MN/mz) 350 43.2 37.3
400 36.3 36.3

The table shows the effect of test temperature on

1) the strain hardening exponent 'n' defined as log true stress/log
true plastic strain in the range 2-10% strain;

2) the true stress at a true plastic strain of 5%;

3) the stress increase arising from a strain increase from 1% to 5%
as a measure of the strain-hardening rate. '

% log/log plot not obtained.
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Fig.32 Corrosion of Zr alloys in steam at 500°C, 1 atm.

Table 6 Oxidation of Zr Alloys in Oxygen-Steam Mixtures at 450°C.

Weight gain, in mgJdm?, during stated periods

Material 210 hr 500 hre 810 W
Mixlures Steam® Mixtures Steam®d Mivtrren Steant
Zr ... .. 27-31 21-22 2832 28-32 30-36 32-33
Zr-1% Nb. . 93-113 21-23 168--179 35-40 224-226 40-56
Zr-2.5% Nb. 180-250 32-G6 254-336 68-95 302-396 79-113
“QOzhennite-0.5"" 40-42 20-22 62-64 25-27 30-36 28-32

# Oxygen pressure 380 mm, total pressure 760 mm Hg.
b Steam pressure 760 mm Hg. )
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Alloy additions %
Alloy Nb Sn Fe Ni Cr M 0
1 Scanuk 1 0.92 0.026 0.100
[Zr-1%Nb]
2 Scanuk 2 0.93 0.073 10.038 0.097
6 Scanuk b 0.58 0.06 0.044 |0.005 | 0.32 (0.22 0.125
7 Zr - 2.5Mb 2.5 0.05 0.121
8 Ozhenite 0.5 0.14 0.24 0.10 0.09 0.120
9 Valoy 0.08 1.00 0.086
103
N 1 III 1 | 1 H LI lI | T / 1 1 E ]
- 09 Zr-Cr-Fe / \\§§>>
. 7/
L. A8 ozhonita 0.5 /
L 07 Zr-2.5 Nb /
m6 Scanuk 6 /
A 2 Scanuk 2
e 1 Scanuk 1
i [Zr-1%Nb]
-
o N
'5 2 . ,\’\&exx
‘EE 10 — r—
i A
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o] A
SN NN :
N A A ﬁo %A (o]
< B A9 A AMD B A
.ag ) a g
a a (u}
N g
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Fig. 33 Weight gain of different recrystallized Zirconium alloys

after 16 hours in different hydrogen steam mixtures at 500°C
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Table 7 Hydrogen take~up by heat treated Zr-Nb alloys.

. o | Totatdw | m H, AW AW |AWawy| ¢ Theo.
C ik finnl afart H (o] bt [a} C]
omposition Condition (ng/dm?) (ppm} (ppm) (mg/dm?) | (mg/dm? . Hydrogen

A. 360° C - 2700 psi water | 1.2 wt %, Nb « 23.4 28 20 0.10 23.2 0.0086 6.8
] : B-SC 30.3 519 4“4 14.3 16.0 n.89 710

336 1 - slatic auloclave 2-Q) 7.8 58 52 0.18 37.6 0.0047 3%
1.4 wt. %, Nb _« 22.0 34 20 0.40 21.6 0.019 15
p-50 26.4 504 45 12.5 13.9 0.00 110

8- 27.2 42 41 0.026 27.2 0.00096 0.8

3.7 wh o, Nb & 27.2 29 20 0.28 26.9 0.010 7.9
A-SC 94.4 97 58 Ll 93.2 0.013 10

8-Q (5.0 49 da 0.14 84.9 0.0021 17
. ) 2wt % Nb ® 118.5 131 20 8.5 115.0 0.030 24
B. 482°C — 1000 psi. aleam p-sc | 2486 332 a4 0.4 239.2 0.039 31
240k ~ static auloclave 8-Q 227.0 150 52 3.0 224.0 0.013 10
t4wt % Nb . ® 136.8 170 20 4.5 132.3 0.034 27
p-80 261.7 528 45 14.1 247.6 0.057 45
5-Q 105.5 96 51 1.5 104.0 0.014 11
37wt % Nb . ® 1517 78 20 1.8 149.9 0.012 10
p-80 481.5 282 58 8.7 454.8 0.015 12
8-Q 277.7 202 44 3.7 274.0 0.013 10

**  Theoretieal 4 Wy/A Vg = 0.120,
All values are for single samples,

¢1-6L-1%8N
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4.6 JKZTHRIY
Table 8 (ZCTyzacks MiRREB R OB EKERINCET LT~ 2 Ofp s Zr—1%Nbé& Zry

—Q AR E L THE Lic, Kb BLUKERPDES D HZr—1BNb HKERILEAD L,
Table 9 (2H.H. Klepfer DK ZERINCH L ZTHAROEBEHE LIHERT, a B LcES

MERRB DI,

47 J2253-BE
Table 10 4 L. Lunde 55600°C, 4 BEIBHRME LiEBZr A&1C>01T, 600°C, Kk
—KESRAEADTHERBRETL, / V27 - BREOFECHDOCTAELALERTH 2,
Zr—1%Nbiz Ho/H:0 2MEL THE L THHE—TH B, Zry—2403/ 027 —BENEBDS
i, .
Table11(3 L. Lunde 5#BWR o1, BE#EKHF L UKERM L KERPRBERRE HE L
HLOT, Zr—-1 BN ICHWTE VEDBWR TR/ Y27 — @Rk hich ThUAT

BE—LBERTH- 1,
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Table 8 Corrosion hydrogen absorption for sheet specimens

Exposure Alloy mg0» /dm’ mgH» / dm? #Ha
Scanuk 1
[2e-1% ¥b]  17.5 0.14 6.3
2856 h 5iicaloy-2  16.9 0.88 41.9
1 19.4 1.70 70.0 exposed
at 290°C, 7.39 MN/m®
Scanuk 1 in degassed water
[zr-1% Nb]  24.9 0.15 4.7
8004 h i caloy-2  21.7 1.05 38.8
: n 23.4 1.92 65.8
Scanuk 1 e exposed
[zr-1% ¥b]  382.2 7.81- 9.79 16.3-20.5 < 2
12900 b 50 loy-2  367.9  27.72-28.06 60.3-61.0 - 222 C, 6.85 MN/m
" 539.5  36.93-42.36 54.8-62.8 T St6AM

Table 9 Corrosion wright gains of heat treated Zr-Nb alloys

Composition
Treatment
1.2 wt% Nb 1.4 wt® Nb 3.7 wtZ ¥b
or _ ) Alpha annealed #23.5 mg/dm® #23.4 %31.3 _ .
A. 360°C - 2700 psi water gy s93°C glow (18ppm N») (18ppm N2) (18ppm Nz) Zircaigy Zlgogtrol.
336 hr - static cooled mg/cm
* .
Beta alow cooled *#29.9 £33.7 . *103.5 oy Dlack shiny film
2 hr 927°C air  (62ppm Nz) (58ppm N2) (74ppm Na) hite fiim ¥
cooled
Beta quenched *%38.4 AE4L5 .5 **%72.6
2 hr 927°C water (15lppm N2)  (31lppm Nz) (18ppm N2)
quenched
om _ ! Alpha annealed *103 mg/dm2 *106 %137 ~ .
B. 482°C 1000 psi steam 2 hr 593°C slow (18ppm Na) (18ppm Np) (26ppm Na) Zircaigg 2 ?zngrol.
240 hr -~ statlc cooled me/dm
Beta slow cooled %290 #%335 #5600 o Dlack eniny Tilm
2 hr 927°C air  {18ppm Np) ¢(18ppm Nz2) (18ppm Na) ite Eiﬁm ¥y
cooled &% dull grey film
Beta quenched #kk225 wHAI04 *%%338
2 hr 927°C water {(36ppm N2) (68ppm Nz) N2)

quenched

(26ppm

All values are the average for two samples.
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Table 10 Corrosion Behaviour of Alloys Annealed for four hours at
600°C and B-Quenched Zircaloy 2

Crai W81$ht Corrosion Behaviour at 500°C
srain Gain
Alloy Size After
a
Microns 7d 40020 Low H to Hy0 ratio High H to H;0 ratio
mg /dm

(:)Scanuk 1 12 24,2 Uniform Uniform

(:)Scanuk 2 15 26.5 Uniform Uniform

C)chnuk 6 12 21.7 Uniform Uniform

(@ zr-2.5M 4 33.8  Uniform Uniform

(B}Ozhenite 0.5 21 2..9 Uniform Occasionally small

- nodules 0.1-0.3 mm
wide, up to 30
microns deep

(:)Valoy 6 41.5 Uniform Uniform

@@ Zircaloy 2 9 23.2 Uniform Nodular corrosion

(occasionall 0.1-0.3 mm wide, up
Y teo 150 microns deep.
small nodules
, Nodules coalescence
0.05-0.1 mm wide)
to large patches
Zircaloy 2 21.5 Nodular corrosion Uniform
f-quenched (up to 150 microns
deep)

CD Zircaloy 4 6 26.1 Severe nodular
corrosion. Large
patches of coales—
cence nodules.
Doubled weight gain
compared to Zr-2

Alloy additions %
Alloy
Nb Sn Fe Ni Cr M 0

@ Scanuk 1 0.92 0.026 0.100
@DScanuk‘Z 0.93 0.073 0.038 0.097
@) Scanuk 6 0.58 0.06 0.044 0.005 0.32 0.22 0.125
@ zr-2.5M 2.5 0.05 ' 0.121
(8 0zhenite 0.5 0.14 0.24 0.10 0.09 0.120
(@ valoy 0.08 1.00 0.086
(D Zircaloy 2 1.45 0.14 0.05 0.11 0.127

Zircaloy 2

B-quenched 1.45 0.14 0.05 0.11 0.131
@D zircaloy 4 1.43  0.20 0.11 0.118

Alloy 1, 2 and 6 were produced by IMI and Sandvik
Alloy 7, 8, 10 and 11 were produced by Wah Chang
Alloy 9 were produced by Sandvik
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Table 11 Ranking list with respect to resistance against nodular
corrosion. A comparison between results from high
temperature steam tests and boiling water reactors.

' High ptressure Hydrogenated steam
In BWR's steam test test present work
Zr-2.5% Nb Almost imune (1) TImune* (22) Imune
Zr-1% Nb Nodules in
(Russian) - Russion reactors
(24)
Scanuk 1 Imune (22) Imune
(Zr-17% Nb)
Scanuk 2-6 Slightly Imune (22) Imune
attacked (1)
Ozhenite-0.5 Nodular Imune (20,23) Slightly attacked
corrosion (1)
Zircaloy 2 Welds imune (23) TImume {(21) or . Imune
almost imune
(22,24)
Zircaloy-2 and Nodular corr. Nodular (21,22) Nodular
~4 g—annealed (17,18,19)
Valoy Severe nodular Nodularx Imune
corrosion (1) corrosion
(22,25)
Imune (26)
# Imune ———~- Table 10 hDRE ML LEZ T " uniform "2 EW% T3 EEZ 0N 3,
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Fig. 36 (CR.S. Amberisumyan 512k 3 7Y - 7HB A2 R,

i - 1
| \ | ' :
Mb 1.0 %1350° | i
0.6 ] U T 0 ;
2 - . i | 12280
]
E .__#.-‘_.--dﬂ_ - S ] R 300° . . . [N SR A — b4 \ * -
4 Nb2.5 % | ﬂT :
0.4 5 _/ e dggpt—o! A —— = —t i — - ——
o _ ) - o RSN S S S - —
] 350° L ~r l ot
0.2 —let < 450 — _ 1480
r —
3 Nb 1[0 % U —
s - —_— —— - _— N I
r - .
0 200 400 400 800 1000
Co time, hr

Fig.36 Creep of iodide Zr alloys with 1 and 2.5% Nb at 300-450°C
The specimens were vacuum-annealed for 30 min at Zr-1% Nb
specimens machined from cold-rolled 1.8 mm sheet, loaded
to; 1.8 kg/mm® at 350°C (creep. 1 x 107%/hr); 2.10 kg/mm?
at 350°C (1 x 10”*/hr); 3.3 kg/mm?® at 450°C (0.8 x 107 */hr).
Zr-2.5% Nb specimens machined from hot-forged rod 10 mm in
diam. loaded to; 4.20 kg/mm? at 300°C (0.4 x 10™*/hr);

5.15 kg/mm? at 350°C (0.6 x 107 */hr).

Fig. 374_W.R. Thorpe %27)7bi’. 863K, 20MfRIBESE L7 Zr—1 BNb DEBHZI >WTHEERT /Y
~THBR L, BELUTHAECHFRLET Dy PLELLDTH S, 50k CHBOTRLFHOT
HEDURNBERETH D,

log strain rate (s—1}

-8

1] ] L

1 L 1 L
350 4
400 50500 350 600 650700 750

TEMPERATURE (K)

Fig.37 Effect of temperature on creep rate
of Zr-1 Nb alloy at an applied stress
level of 180 MN/m®.

[18.4 kg/mm®]
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6.1 HEAHE
Fig. 38/2S.N. Votinov 5™ ps/ o4 SRAFAREMN 1 S (VVER-210) THEA - EBH

BEH O LR T, HBREEAE/ v 74 -2 LT, BHELBENEELRAELL
HFRTHH, CORMS, IX00n/cm2ll b5 LREBOEBEIPHOCERMELGNS,
Fig. 39 (4P.S. Grodienko™’ 5 ¢ L2 & (6 U BB B 15 010 th LA SUEHC-UT, BEStBBE &
BROHEEOEFRARE LR THS, BERHET LIRBENEN L, MTRRST @
micH b, T, BHFECHTOMELD S,

Table 12 {2 C.E.Ellis C & 2B ERZ R T, ARHIBEEABORFF AR L, BHE]
11073k S FEB LT, 6X1020n/m2BE L1, SlRBEGHEMNL, EHEET LTV,

& 7
E 5 __c,_..n-o—cr— —
~— P 0 ‘: o 20 OC
\'%D 3 21 T ] e 280 °C
Z> a 350 °C
0
b 1
7
Fain
) ine
5 L -7 - Y
Eﬂ trf’/i ;;’, e
St 3 /,I
&
o L |
s g
—
le%\\
o NN
Y NN
& PR, L
¢ Vol
] =4 ez
f.'im 0 6P : § Property
e 0 2 3 L 5 6 7 8 6R : & Radiation

Integral Flux (x 1021 n/crnz)

Fig.38 1Influence of the degree of irradiation on the
change in mechanical properties of an alloy
(Zr-1%ZN¥b) at various test temperature
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Fig. 39 Dependence of the mechanical characteristics of the
irradiated alloy on the temperature of subsequent
5-h annealing for different integral fluxes (neutrons/cm?) .
—)8.10% ; -.-.-)2.8.10% ; - - - -)4.10%%.

Table 12 The effect of neutron irradiation on the tensile properties

of the Zr - 1.0Nb alloy

Ultimate
0.2% Yield Tensile TUniform Total
Melallurgical Test Strength Strength Elongation Elongation Reduction
Condition Temperature Mpa Mpa % 4 In Area,Z
Unirradiated room- 352 522 16 30 43
temperature
Irradiated’ room- 634 703 4 1 38
temperature
Unirradiated 573K 138 234 20 . 30 " 65
Irradiated 573k 414 453 3 o1 68

The malerial was furnace cooled from 1073K, before irradiation to
6 x 1023 n/m? at about 533K. Specimens were taken in the longitudinal

direction from drawn rod.
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Fig.40 Corrosion behavior of Zr - 1%N’b[30]
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Fig.41 Corrosion behaviour of Scanuk alloys compared to
other alloys during exposure in Halden boiling
water reactor.
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1.} U o» e

VIENERR LTV AB AP, BKRKIP (PWRELUBWR), BMMFBIUEEFND S, &
HETHFBEABRPOZr—1BNbESUEBKFRBEHECEE TS, RIWRTLHE, B
KIFCIHEPWR OFHMBWR L O SHRBMEATNT, BA L0000 MWe B OEFENEZ D /003
SEENTOS, 3k, MOMWeBROBETHER Y BOBEMPWR & vbh, R2IECRTLHIE
ERFEB L7 v 72y FZBIB S T3, ChiCH LT, BWROF BN ADFEH 1 &
EXNTOWEREITHL, MONWKLERNLTIHHE0, VEHOBKFORRFELCONTIED
2o

2. lE kA OE K R

VIBEOPWR OEM IRk L —= v SO TEHRE N HlCHE TS, coT &it, T#
Y A OPWRMERFHBKERRFIFOMICHET L L LTS, PWR A OBREIEER
ODHEEEFERIVIEHBINF & FITREFTTHLRTOHS,

VETRAODODPWRIZ/ RRex vBEFAREHO I EFTHZ, RHERAEOEERK-1 O
LA ->THT, FLOEEEIIm, BXE25mbdY, SROENBEHCDENTIN BB
BESHORRIT, T+YHHPWRERLYD, 6 AETHS,

BRESIUVBHEESROTERRIN 2 CRTIHITHS, HAEOARI102mm, AE
06mm Xy PARSSMMTH S, DL IWHARHEL 43 mm Ey FOIABFCET S
5, —DOREGE I NROREE NSO, FTHOME 14 mm, BIE2mmD6BHE LILE
CRB BN B, LT, 343 hOMBEAER LT 6 RKORLE (safty rod ) THFLEERT 5,
M2 CRBAELLCEOMEIIZr &5 TWEH, VOEDT # Y #REHOHL C LhiL,
PBRIERZr—1%Nb, BiIZr-25%BNb AL LN - Td, COBRRRESRYF v MIC
OB L, AEEEBRELTHESATNS,

BEFFEO70 447700330 LH7T, BBOKERIT A HHPWR EHlTNE, —
¥ EKIZIE S 100 kg /om? , ARIHRE 250°C, HEEBET5°CEE T3, BHREE V-
HO, TOMWe D%~y 3 ETHRESL 7210 MWe 28 T3,

25FIE, EABESE, PLITELSEOFERBENI 1 SHELEZALTH 2 HREER, Figd
NEE, N—vT o TEEERE(L, BOERENIETEHEE K425 F07a 5475

75%mRT o
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£—1 VEDETHEEHY

GEgrh, Bakoh, StEd) (1978 #)

P i PR R
g K F
SRR o HY
154 210 1964 B
28R 365 1969 ”
3SR 440 1971 ”
4 iR 440 1972 ”
554 1,000 1978 BEg
3 7
154 440 1973 Eimg
2 54F 440 1974 ’”
354 440 1980 LLAj i)
4 545 440 ” "
TV A =¥
154 405 * 1976 EiRth
25F 405 % 19 80 LI gxp
AN - =¥
15F# 1,000 1980 LI < Ei g
258p 1,000 “ sTEh
3EF 1,000 s” ”
4 547 1,000 ” ”
mUZ 74
154F 1,000 1980 LLF B#d
25Jp 1,000 1980 LIk stE D
35F 1,000 ” ”
4 S 1,000 ” ”
=} 7 /
154 440 1980 LLH] BEd
254 440 ” #”
184 1,000 1980 2% StES
28F 1,000 # o
38R 1,000 ” o
4 547 1,000 ” #”
gY¥/s 7R
(VK-S0 BBl ) 50 1965 Hizh

*BHEENL O OEKEFE - 440 O3
405 MW
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x—2 FRFEOETE?P

feactor . Dutput Eff- Data o
C ountr_y Nama cf plant Lozation type ang MWie) Oulput  cency regular
numbey gross/net Mwit} %, power

opn.

Kezloduy 1 Koztoduy PWR 1 4407405 . . 74

BULGARIA Kozloduy 2 Kozloduy PWA 1 440/405 .. - 75

Kozloduy 3 & 4- Kertoduy PWR 2 2x440/405 .. . a0

Bohunice VI-1 Jaslovske Bohunice PWR 1 4137380 2 750 27.67 ;B

Bohunice VI-2 Jagtovské Bohunice PWR1 413/380 2750 27.67 3

CZECHOSLOVAKIA 1 9 puavani 1 Jaslovské Bahunice  PWR 1 413 1375 27779

V2 Dukovani 2 Jastovsha Bahunice PWR 1 413 1375 27.7 80

% |

"1 Loviisay Loviisa PWR 1 40520 195 @2 0T

FINLAND Loviisa 2 Loviisa PWR 1 440,420 1375 305 79
Aheinsherg AKW1 Greilswald PWR 1 70 . - 5.66

GERMANY ﬁur_d 11 - PWA 1 365 .. .. 74

ord 1-2 .. PWR 1 365 .. . 75

{DEMOCRATIC REFUBUC] Nord 1-3 & 4 . .. . .. L 78

Magdeburg 1 & 2 Magdehivg PWR 2 2x440 ..

Paks-Danube 1 Paks PAR 1 440 - .. 80

RUNGARY Paks-Danupe 2 Paks PWR 1 440 » .. 80

Paks-Danube 3, 4 Paks PWR 2 2x440
POLAND Potand 1 Zarnawieckie PWR 1 440 . . 83
ROMARNIA Ramania 1 oit PWR 1 440 . . 80

3& LBy EOBETPWR & Sh, ¥BEPES & X DR ECRE P, TR R
BhThd, o OFR2EFELOETESMAEEHE 2 (80kwditer— 83 kwliter), # —¥
VvEBIURBEIELOOFEEFAEL L, EHAHS LTHS (T3 MWe— 220 MWe ; 5&E—
28, BEFFAKOBEL L UCEEHEEZNENK S BLUTR 6 ICRTLICHE T E&
tm, e T 3& 4507 -4 4TI 7 L %577,

5EMFR, VEOAMPWROE | SFETCRERBRNTH S, FLOABRBLURINKENA
0, MEBSEOABRIII& ABFELRALTH LY, £EHY O OARAE L CEIHNEESE
1kwAiter o LT3, 2hBHKOBERICEAN G IE4SFL IR fia’CQ\éo

BIC7 O —FAT I 7 b%kR/T, B3, 4BEETFFOERETRT,
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TERMINAL, 80X TRANSVERSE BEAM FOR REMOVAL OF TOP HEAD
| /
ole
/COOLANT SUPPLY TO CONTROL ELEMENTS AND SHIELD
- CABLE OUTLET
. HOLD-DOWN RING
m FLOW BAFFLE
3800 od,
ACTIVE_CORE___ 3000 diam.
147
8 Q) |
@ < 550 od.
= RN . );,o
] [ ’ &
8 E Il SECTION A-A
= 8 "'T"‘ COOLANT INLET THERMAL SHIELD
w
w ! > THERMAL SHIELD VESSEL WALL
§ | I -A CORE SUPPORT CYLINDER

STAINLESS STEEL CLADDING
[ 20 cm WATER REFLECTOR

LOWER CRID

FUEL ELEMENT

FUEL FOLLOWER OF CONTRCL ROD
60 mm DRAIN PIPE

REACTOR WWER

all dimenslons in mm

H—1 s&Kozrv—18H%
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145.5

ACTIVE LENGTH 2505

2560

FUEL ELEMENT REACTOR WWER

06 mm ZIRCONIUM

URANIUM
DIOXIDE

2 mm ZIRCONIUM

SPACER

144

)

SECTION A-A

¥
P
| 11
3
2575
FUEL ROD

DETAIL OF FUEL ROD

all dimensions in mm

M—2 s AADFU— 1 SEOMEEAKE S



NITROGEN

VOLUME OF PRIMARY

CIRCUIT 235m3

6 HEAT EXCHANGERS
each 1290 m?

6x230t/hr

REACTOR

o
|

;
I
!
|
l .
|
I

Ll

WORKING PRESSURE
100 kg/cm?

PRESSURE DROP
46 kg/cm?

TO
PURIFICATION

275°C | 27300

2x12 m o 6x24m

m%

250°C
i

o

i

€
\ 6 CIRCULATION PUMPS

each 5250 m¥hr

3 TURBINES

FEED PUMP

. -
! 3 GENERATORS

y each 70 MW, 6.3 kV

CONDENSER

e

FEED HEATER

FLOW DIAGRAM REACTOR WWER

FROM
PURIFICATION

M—3 /A AFXoivBFEO7o—-44T5 75

SI-6.-1¥8N



PRESSURIZIN :
TANK 33kg/cm® 8x 325 t/h
— e

$ —
451075 m3 Y “g|
1.5 mi.d. s £
ol E‘I
STEAM GENERATOR(S) gIl/I
280°C _ 105 kg/cm? each 1610 m 195°¢ TURBINE(S) o
REACTOR = U
| GENERATOR(5)
8 LOOPS | y  each T3MW, 6.3kv
[~ 77 771 | TOTAL COOLANT FLOW{ | | CONDENSER
I I 49-500m h S, |
| | 0 I
[ CORE | o
[ I I
s j |
 I—
e CIRCULATION PUMP {8)
WORKING PRESSURE | 55000 each 6190 e/ h p L FEED
105 kg/cm?2 = — HEATER
FEED PUMP
(3)
TO FROM FLOW DIAGRAM REACTOR NOVOVORONEZH-2
PURIFICATION PURIFICATION (WWER -365)

H—4 /K Hoxo—2BFO70—-84T775 L

g1-6L-1¥8N
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I

REACTOR CONTROL AND
' } SAFETY SYSTEM MECHANISMS

1

AI:F' ’ ] UPPER PART WITH THE

0144 (o
| e,
e |
L [l L |
T B
N
: GUARD - TUBE BANK
¢779 0d {itE 1K
= [T f
@ -
= &
i VESSEL
L WITHDRAWABLE BUSKET
, H AND REACTOR CORE
IBL0Gd | I
!\
] -CYLINDRICAL TAMK
AND PROTECTIVE
METALLIC SHIELD
: All grmeasiany 1 mm

VERTICAL SECTION
REACTOR NOVOVORONE ZH-3,-4 (WWER-440)

3)

M—5 /HEFoixzdy—3&45H0REFEE
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CHANNEL FOR THERMAL
CONTROL OF ASSEMBLIES

CONTROL ASSEMBLY—'\

WORKING ASSEMBLY

v

4270 od

1 3

3840 od.

<

77,

12,

2,

L\Y

It

Lid
4

f I

CHANNEL FOR VOLUMETRIC ,
THERMAL CONTROL

CHANNEL FOR NEUTRON
FLUX MEASUREMENT

NOZZLE FOR PRESSURE DROP

1 MEASUREMENT IN THE REACTOR CORE

496 id.

500

All dimensions in mm

HORIZONTAL SECTION REACTOR NOVOVORONEZH-3,-4 (WWER-440)

R—6 /#Knko—3 &4 BFOHE"

981



RN 47kg/em®  6x452t/h .

&) E
o I 1
38 m? ap 1S
24 mi.d. o alF
STEAM GENERATOR (6) N
3019¢ each 2440m2268°c TURBINE(2)
=
REACTOR  lyoLUME OF PRIMARY #“Hxﬁﬁﬂj
CIRCUIT 187 m3 I I GENERATOR (2)
| edch 220MW, 6.3kV
e . 6 LOOPS I I
| | | TOTAL COOLANT FLOW j© |
| 1 39 000 nivh o~ I
| core |
| | I
| | *
L_____ — IM\CIRCULATION PUMP (6) |
WORKING PRESSURE each 6 500 m¥h L FEED
FEED PUMP
)
TO FROM FLOW DIAGRAM REACTOR NOVOVORONEZH-3-4
PURIFICATION PURIFICATION (WWER-440)

W=7 /EERuR—3&A4BFEOTa—FATSF A

Si-6L-T1F8N



PRESSURIZING
TANK © 64 kg/cm® 4 x 14691/h
3amid. 5
/\ STEA;A4%ES% ERATOR (4)
324°C 322°C ede ™ 220°c
REACTOR =
————— - 4 LOOPS
| | |TOTAL COOLANT FLOW { ©
: | 76000 nf/h o
| core | -~
| I
| I
I |

WORKING PRESSURE

160 kg/cm?

TO
PURIFICATION

CIRCULATION PUMP(4)
each 19000 m7h

F
PURIFICATION

M—8 /HXKEoio—52HQO7Ta—44T55 A

|

2
bl
275°C

m

8

60kg/cm
s S

£y =
X
VY

GENERATOR(2)
each 500MW, 63kV

CONDENSER (2)

0.04kg/cm

_

o~

47

FEED
HEATER

FEED PUMP

{3
oM FLOW DIAGRAM REACTOR NOVOVORONEZH-5)
(WWER-1000)

CI-6L-TP8N



£ -3 vEBREABEgKFOEEY (201)

COUNTRY

USSR

BULGARIA

FINLAND

STATION

NOVOVORONE ZH
No. |

NOVOVORONEZH
NO.2

NOVOVORONEZH
No. 3 &4

NOVOVORONEZH
No. &

KOZLODUI
No.t &2

LOVIISA
No.1&2

frequengy 50 Hz, 2000 rav/min

2 eynchronous gengrators, 500 MW each,
3 phasas, 50 Hz

Water-cooled stator and hydrogen-cooled rotor

i Grom hoat 760 faw Gross thermal 1320 Mw Gross thermal 1375 MW Gross therma! 3000 MW Gross thermat 1375 MW Gross thermal 1375 MW
Rated eutput Grezm elozt, 3192 :‘WY’ Gross efectricat 365 MW Gross etegtrical 440 MW Gross efectricat 1000 MW Gross electrica) 440 MW Gross electricat 440 mMw
per reacto? Nt cledt. Net efectrical 340 MW Net slectrical AIMW Net eleetricat 953 MW Net electrical 405 MW Net elecarical 420 MW

. . _ Rod a-!;'lkgm—d'l;_x 250 cm jony, o 001 . ) . .
. Pallets, 0.88cm diom. forming rods mum;mm o oeiten of sintered UOs. :luc::;gs.?; ;:;npg;lae‘foz;so c1m dﬂfé tenyth, Rods 0.91 cm dia,, 355 em active length, Sintered UQ; pellets, 0.755 ¢m v.d. X 3.0cm high Sintered U0, peliers, forming fuel rods,
- smm and 102¢cm od., 257.5 em overall langth, 10.4 g/cm density. 0.75 cm 0.d. ! s of sintered UQ;, compased of peliets of sintered LIO;, fods, 0.91 cm dia,, in tubes length 3200 mm, width 143 mm
= compesition 250 ¢m active langth First loadhme, four typss of enrichment: tﬁa:;sf:;v ttl.t&‘;l;.'r:(v)uh.1 vo 0,16 oo v density 10.4 gfem® | 0.755 em dia, Errichment 3.6% or 2.4%
Enrichment 1.5%, sintared UO, ’ .25 ¢m o.d., U.14 to 1. ne Enrichment, initial ¢cycle 3.3% or 4.4
w " * 1%, 1.5%, 2%, 3% Enrichments 2.4% and 3.6%, av. 3.5% itial eycle 3 or 4.4%
=
. . Ze allayed with 1% Mb, 0.65 mm thick 2 altayed with 1% Nb, ©.65 mm thick Zircaloy with 1% Nb, 0.65 mm thick . i ZrNb at
u_: clﬂﬂtﬂng 04 mm zireconivm > Fy - | z ND m thic Zr-Nb alloy, 0.065 cm thick r-Nb atoy, 0.65 mm thick
(1]
126 tuel sads per assembly ¢n 1nangular array 126 fuel 151 h 1 mblies in 2i H
- N . . ' uzl rods per assemhbly 1n friangular array, axagonal assemblies in Zirconium can 349 hexagonal mbli 126 fuel rod bt:
N rods in triangular array forming alement, [ fod piich 122 ¢m, tatal dength 320 cm, cod prigh 1.22 cm, tot! length 320 cm 331 channels per asssmbly in trisngular array 128 e 5 assamblies 26 fuel rods per assombly,
w 2mm Zecan, 14.4cm acrom flak, can of Zr alioyed with Nb Total 349 fyel assemblie with channsl pitch 1,26 cm, el rods per assambly in uiangular array Iriangular tattice
4 ; - . es s , H
=2 Fual i Tetat langth 320 em 2 mm thick, 14.4 em atross flats 317 of these channals for fuet rods 144 em across flats Totat 349 fuel assembliss
w aspemblles Total 349 fuel assemblies
; 23.8 ¢m 2cross flats
Shape on Cylinder, . ) .
dim::s!:ss #3 cm bigh, 300 o diam, Cybinder, 288 cm equiv dia, X 250 ¢m high Cylinder, 288 m equiv. dis X 2.5.m hagh, Cylinder, 3.12 m equiv. dia. X 3.50 m active height Cyhinder, 2.5 m equiv. dia. X 2.88 m high Cylinder, 2.88 m equiv. dia, X 2.42 m high
. 307 maou .
- I
. 348 tuel gvsernhbes {73 of which are movahle 349 hy ! 151 hi nal IS E i
B4 fust cloments exagonal assemblies, Exggonal assembiblies : 349 tuel blies, 37 of which are mevable ,
Number and 31 of which are meveblo cod ued Fina used a5 regulating sssembtes) hexagonal tubes.| 73 of which are movable and used 331 channels per assambly, i.e. 317 fuel rod channet 8 fuet assemblie 349 fuel assemblies n 3 zones
S' -F o3 regules B 14.7 cm across Hats as regulating assemilies, 12 guiding bes for absorbar rods, and used as regultating assamblivs .+
L2e o P, 2 tuel zanes i the fiest loading 14.4 cm across flats, 250 em active length 1 for power measurament,
1 (central} for bundle fastening;
Ch anne { g sbsorber rods can ba introduced in 109 assemblies;
23.8 cm across flats; 2 fuel zones
i
- ; TFriangular .
Lattica Triangulor, Pitch 18.7 cm Triangular Triangular Triangutar Triangular
7 Pitch 14.7 cm i Fueh +4.7 ¢m Pitch 24.1 em Patch 14.7 cm Fitch 144 mm
A pow
vaia @f . B0 kWi ;
o dmmlige In core | 42 EW/kter e 83 kW/hitre 111 kW/litre 84.5 KW/livre —
[ <]
u '
Av. 27 000 MW- dit Av Ay, 26 500 MW- d/t
Buraup 2000 to 2300 MWt Max. 41000 MW-dht . fg gg mx o Max. 44 000 MW. a/t 28 600 MW-dit Av. squilibrum 28 600 MW-d/1
- dft Max. equilibrium 42 D00 MW.d/t
173 core sefuelled after G500 efl. hours 1/3 core refuelied after 7000 eft. hours 172 {or 1/3} of core refustied per oppration Ever 1/3 o .
Afer chuidown romoval of roctior | Fresh fuel is logdad in the peripheral zone for Fresh fuel loaded in peripheral zone &t ca 7000 off. hour Intervals Dur;;.::a;f . 'n '?m_m?::sh'd“"m §of retuetiad core annually
al ¢ and lezdieg ond valzading : 173 of the liferime with subsequent rearrangement for 1/3 of litetime Frath fupl is icaded in the peripheral zone About 12 m o ':‘E- ing: .
Ruhnlllng by toader into the centra! zone tor the rematning with subsequent rearrangement into for 1/2 for 1/3) of the lifetime with subsequent onths’ interval batween refuellings
it U'ﬂ 3 " . 2/3 of the sifetime central zone far remaining 2/3 of Iletime rearrangamsent into the centra! zons
| Shutdown period 15-30 d for the rernalning 1/2 {or 2/3) of the lifetims
Light water at 105 kgi/em? 8m® of Light water at 125 kgt/cm? : 1 .
Light water under 100 kgfem® prosiura Aug [em: er a af/cm - Ay 9 asc k?:e::w at 160 kgffem 25T Light water, 8.4 m*, av. tamp. 285°C Light water, av. tamp. 285°C
ol . . . . . r . .
Hoderator Av. tamperatura = Max. temp. 280°C Max. temp, e Man. tomp, 324°C
Coelant Inlet  250°C Intst 250°C X ! 8" X
inlet 269°C Infot 288°C Inlee 269°C Inlet o
temperatures Outat 275° C Outler  280°C Quiler  2M°C Qutler  322°C Outer  302°C Outlet §3§§
Coclant Inlet 105 kgfcm® ?
gfem 105 kat/em 1 2
presaures Outiet 100 kgfem? 9 Quiler 125 kgf/em? 60 kgf/em Av, 125 kgl/em? Oulet pressure 126 kgi/em®
. Fuel olament Max fual z200°C Max. fuel 1940°C Max. fuel 1250°C
temperatures Max, cadding 200°C Max. cladding B7C —_—— Max. cladding 338.4°C
Two turbines par unit, type K-220-44, 3000 rev/min | 5 saturated steam turbines, 73 MW each 2 saturated gtagm turbinos (K-220-45 typel 2 saurated steom turbines with intermadiate stagm
Turbine Steam pressure ' 29 kgtfem? par rezctor, 220 MW egch, 3000 rov/min . s:naratinr[ end over-heating, nozzte reguiation 2 wrblnes per reactor N
Av. steam moisture 0.0038% Stoam pressure 44 ugt/em? § Intet tamp,  255°C acti turbine has 1 H.P, and 4 L.P. slemants Steam pressure 44 kof/em? & turbines, oach 70 MW, 3
. . “ Jnlet tem: o g « ¥ por reactor
Av. steam moisture 0.005% emp. 275¢C Steam temp. 255°C
inlet pressure B0 kgf/em®
2 generators par unit, typs TBB-200-2, 5 synchronous generators, 73 MW each 2 Av. steam moistura 0.2%
Y 3 N synchronous ganesotors (TBB-220-2) per rescts p - .
capacity 220 MW, max, 235 MW, . 3000 rev/min, rated power 525 MW 2 synchronous generators par unit
Genurater pacity 6.3 &V, BO Hz, 3 phases 220 MW gnch, 50 Hz, 3 pheses, 3000 rev/min 0.85 pawer factor & generators, 3 per reactor;
aazh 76 MW, 6.3 kV, 50 cycleafooc
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#—3 VEOmMEKEBAKFDOER (202)
CORE VESSEL FUEL COOLANT MODERATOR CONTROL FUELLING TURBINES
-— L] = - _—
- E 5 - 5 o = GE s o
gz ¥ g E E= % E . gz = g s =B - E£ 2
E% x E 2 B E= iz £ a & Ea E EZ =B - o = g E £ .
2 g T 55 28 =4 83 = g 8 5 H ¥® g =E = . 85 32z =g E 7 No.rods s |E 8,58 sz % - 2_ g
=2 % P s pz €S5S EoE| s 2 8 Erp | 2 £ze 35 8: g3 gilz 3E 55z BTN 2 = 57|z >3 B g |sEffz 55 3|8 ofep i S
Refersnce £ £y s5 Eg S oh 2 EeZ) = 83 g, g8s |E E- E "cx o-EF NE B 03 B2 2F sF BBl § E O§ :E|s ¢ £ E 2% 5z |2§EZ:ZS ZFE |5 EziZ s zo
Name 2% 5 B 23 2% 22 8% 42| & j5E sE {E2 |E§ 5 £ 2 £5% £es ER 82 &E =Z E2 28 255 242 <= |a = 4 = 8& 88 | S 2% 58 BE 2 £ SEIEFx BT
i 96 rooo12 0 Hz0 -
1 25 343 760 W47 .. 2- oy x u; 15 pel 91 57x1.02 300  Ir 06 100 250/ 27 300 H:0  lig %0 | 3 6
Novo Varonezh 1 3 432 3000 100 3.8 0.98 2200 275
440 288 42 349 1375 .. 28000 | Crvo o 11.8x 0. 33 pell 126 051 2r- 0.6 ; 1
Hovo Voronazh 3, 4 - vast s aee e cot0 o H:0 125 gggf grm 6 ! H:0 g 200 285 37 Bst ::ls Weec of ed 40 12 14 |2 3000 220 486 255
440 288 42 M9 1375 . 28000 { CrMp oy 11.8x o, 33 pell 126 0% - a- 06 Hu.0 125 269 6 & fi ooh 285 1 37 Bst s dec | of fad 40 12 14 12 3000 220 486 255
Koai.2 25 "vast M5 384 0758 190 N B0 650 o . hyd
i’f‘i’- 70 uo, 2r- WO 125 %Y 6 6 WO Q200 285 kT Bt cs  cee o ms 40 7 W 2 300020 4 2
Rheinsberg AKW Nb 02 6 500 | ' hyd i
{ i
=7 Ay . T ' - t
Kezluduy 1 440 25 42 M9 375 147 .. 2BBO0 [ CrMo o 118x uo: 3 pel 126 09V 285 Ir 062 RH.0 125 2w & 3 ind § HO Fg iar fotal Bss ¢ m off rad ? 3000 20 44 255
288 32.7KW kg vast 200 384 0.755 1250 © Kb 302 6700 ; :
40 25 42 M9 1375 .. .. 2B600 {ceMo o 118x vo: 3 -pel 1% 0% 265  ZrNb  0.65 {H0 250/ 3 H:0 g : 1
Koztoduy 2 288 W7 32.7kWky  |vast 200 344 ; 0rss 1250 268 5 ;
} ;
LAV TRTY f . : i
) 413 25 4z 312 1375 147 .. 28600 | CrMoV oy 15.8x i uor 3% pell 126 0.9 346/ I-Nb 065 | M0 125 268/ 6/ [ H0 g boar Bal bp i off 141 §2. 3000 210 44 255
Bahunice Vi-1 2.88 83 ¢st 160 43 : 1250 ot 6500 1 {
!
Bahunice vi-2 413 25 42 32 1375147 .. 28600 § CrMov o 1B ; U0z 35 pell 126 0.91 346/ IrNb 065 H0 125 268/ 6/ 6 H0  lig | 37 B bp off W2 3000 0 44 255
288 83 Cst 60 43 1250 301 6500 !
. . L ]
4 25 42 12 1375 1.47 .. 28600 § CrMov oyl 11.8x o 3.5 ped 126 0.9v 46/ Ir-Nb 065 f HO 125 288/ &/ 6 ind i M0 g i mi 4 3000210 44 255
V2 Dukovani ! 6 e i cot "0 43 1 250 01 & 500 i 2 [} Ly total BsC bp off rad 14.1
. 416 25 42 312 1375 147 .. BE0{Créov oyl 18x Uz 3.5 pet 126 091 346/ ZeNb  O0BS | W 125 2eer 6 6 ind ;
V2 Bukovani 2 288 8 £st W60 43 2330 ™ 6500 W0 W |3 o BC ot WA L4 3000 0 44 2
A-Z=E 440 242 47 349 1375122 240 28600e| C I 13.4 i d 0.9 33 ZrNb 065 fH0 w25 29 6 6 |
" - . ef Cst ey Ax o icecond. g, 36 f 126 a1 r- ! 2 H:0  lig 200 285 |37 towl Bss  ¢s . 2 3000 220 #4255
Loviisa 1 %5 288 U 144 &7 Peschs 145 -38 015 0 ated %6 0753 1ok 3 5480 A0 lig | of rad 3040 12 14
- : !
f : '
\ovilsa 2 440 242 42 349 1375 1.22 240/ 2B 600e ! Cst oyl 134 itecond. . UD2 38 pell 16 0.9y 230 ZrNb 065 | HA0 125 269 6 6 H.0 lig 200 285 ' 37 total Bss ¢S off rad <40 2 4 |2 3000 220 44 255
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3. WRBSARZIBAKIF (BWR)
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SUPERHEAT AND BOILING WATER REACTORS
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F—4  VHEORBAKDELKES

STATION ULYANOVSK
Pellets forming rods
Form and
composition 1.02 em od,
o P Enrichment 1.5%, U0z
i
g Cladding Zirconium [Zxr-1% Nb]
—
g [126 rods]
il 91 fuel rods in hex-
= Fuel
= assemblies agonal array.
Similar to those of
WWER
Shape and Cylinder, 200 cm
dimensions high, 270 cm diam,
Number and Zise .
of Chammels 187 assemblies
. Triangular Pitch
Lattice 18.1 cm
Averége power 45 kW/liter
density in core
.Burnup [16,000 MWd/T]
g Refuelling _
schedule
Light water
Moderator Max. temperature 310°C
Coolant 236 to 310°C
temperature
Coolant 32 to 100 kg/cm?
pressures
Fuel element Max. cladding 350°C
temperature
Rated output Gross heat 250 MW
per reacter ~Gross elect. 50 MW

()0 JRIEWASH — 1175, " SOVIET POWER REACTORS — 1970”iC &k B,
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_ STEAM _SEPARATOR
500000 kg/hr

{><F"'—--—1
REDUCTION  '230°C
236°C -310°C VALVE 29 kg/cm®
! 32 kg/cm - 100kg/cm®
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