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Kawasaki Steel Products for Nuclear Power Plant Components and Pressure Vessels
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Hiroshi Mori

Synopsis:

Modern steeimakers are facing a problem to assure a high quality of products with minimum expenditure.

This is especially true in the case of producing heavy plates and forgings for nuclear power plant components and

pressure vessels, one of the end-uses demanding the highest quality requirements existing today.

This paper introduces features of KSC products of these steels and describes how they are manufactured,

including an outline of major equipment and processes including BOF-LRF, quality assurance system, and some

glimpse of efforts for research and development.
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Facilities of Mizushima No.2 plate mill

Specifications

Roll size:
WoR.. 120085 490mm
BN R 240045 39%mm
Total werght: 240t
Housing weight: 380t
Mill medulus: 1200t mm
Rolling force. Max. 8 000t
3177 5m see
Max. B0t
As ralled plate size:
4.5-300mm
Max. 5 350mm

Max. 57m

‘ Tpr 4- hlgh reversal twin- dnvv

Roiling velocity:
Sial weight:

Thickness:
Width:
Length:

Tup( IJnul:ln armature
bottom forward eontrol

¢ Capacity: 5 000kW « 2
I Speed: 50°120epm
Soeurce: (15137 200,

Meas. range: 4.5-73mm
Type: Rnimln)n survey

\r‘rum(‘. t 4.5mm

"i xpe Rt “l sction survey

ly[n. 4-high reversal

W R. 11 B. UL R. 54
275¢ X 290mm
Max. 1 530t

l GO0k W

Numbers of rolis:
W R.dia. & pitch
[evelling pressure:

Main motor (apﬂ(‘l[\

I);)(‘ h:wdur spraying
Number ol nozzles: 7
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Table 2 Forgnng mill facilities at Mizushima Works

Remarks

T
Facilities Type i Descr:ptmn
| ! Daylight 6 000mm
6 000t free 4 column push-down | Dimension (celumn te column} .
forging type "4 900mm % 2 200mm Wlt}_l l]50tm t
press Hydraulic aceumlator . Max. press capacity: 7 500t maniputator
by a pressure intensifier
2 000t free 1 - 1
‘ ree column push-down Df':lyllgh.t 2 500mm With 40m-t
forging type Dimension {column to column) ulat
prees Hydraulic accumulator |2 120mm X1 lZDmm manipuiater
500t free 4 column push-down [ Daylight 1 750mm X
. ! With 15m-t
forging type Dimension (columm to column) ol
press Hydraulic accumulator | 1 090mm X 680mm manipulator
Radial ri RW 125-3 000 Max. rolling diameter 3 000mm
a][?a r”_lﬁ : il Max. volling height 450mm
rofiing M 11 pressure Max. rolling weight 3 000kg
f { i
Crane for Jverhead travelling Max. load 300t ete.
forgmg crane
Reheati
eheating Car bottom type Max. load 400t etc.
furnace
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Table 3 Production performance of plates for nuclear reactor containment vessels
Year | Contractor Chwner Station name Reactor ! Tocation Material lhlckn\ess ! Weight ?f
type {mm} i platesit}
B R e e R
' Power Reactor &
. ‘ SA516 ;
1970 | THI Nuclear Fuel Juyo FRR Oharai GR.60 14-100 i 1 500
Development Corp. o i
. Im Tbe Chabu Hleetric | a1 | BWR | Hamaoka ch SASIS 10-105 | 1500
1971 : Power Co., Inc. amamia ki e GR.60 ‘ l
I The Kansal Electric Takah ) PWR Takah . S5AS516 19 120
1971 ! Tower Co., Ine. axahama akahama-cho GR.7G
, The Kansai Flectric ‘ .
1971 . MHI . Ohi 1 PWR Ohi- cho S05v42 6-32 1650
Mower Co., Ine.
: The Chubu Flectric ,
1973 [HI . Hamaocka 2 BWR Hamaoka- cho 3Gv49 LG~105 1500
. Power Co., Inc. i
Shikoku Electric . .
1973 MHI . Ikata 1 PWR Nishiuwa-pun 50V4y 6-38 950
. Pawer Co., Inc.
’ SA537
1974 | THI/PDM | Export - - oLl 12.7-50.8 300
HI/PIM ) SA516 6-19 2500
1975 | IHI/ T Fxpart GR.60 i
I e [ S € e
Kyushu Electric : [ . ) i .
1976 MHI . Genkai 2 I PWR Genkai 5Gv4g 6-38 1000
Pawer Ca., Inc. '
- 4' — PR S S -
Shikoku Electrie : P }
1977 MHI . lkata 2 i PWR Nishivwa-gun ' SGV4% 12-35 6560
Power Ca., Inc. ;
) The Tokyo Electric . 7 j' . . SGV49/ , ,
1978 | HITACH! Co.. Tne. FFukushi ma 2-..; BWR Futaba- machi S1VE0Q 16—100:16-70% 21007750
e ——— - S
Kyushu Electrie ) r . . i
1579 MH] . Sendai 1 ' pwr Sendai-shi SGV4Y 12-38 | 1900
Power Ca., Ine. ‘
I DR - i ) | L
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Table 4 Examples of impurity content in steels of several steelmakers

Silicon content (%,)
Fig.8 Effects of phosphorus and silicon contents on
susceptibility to temper embrittlement of
2} Cr-1Mo steels

S , o ! .
Steel - maker Steel grades Refining P Sn Sh As
_ processes
A Carbon stec] OH, EF 0.006-0.636 | 0.007-0.065
Alloy steel
Ni-Cr-Mo-V
B high pressure 9.006-0.010 0.008 0.0006-~ 00080 0005
nuclear rotor
. 25 Ni-Cr-Mo-V BOF 0.006-0. 009 0.005 0011 | 0.0013-0.0020 | 0.003-0.012
4.5 EF 0007, 0, 08 | 0.012, 0.013 | 0. 0035, 0. 0034 00013, 0, 0013
Ni-V-Mo . 0.009
: generator rotor ’ 10. 009 0 013}
1 S (R . . : N
Ni-Cr-V-Mo . 0.009 9.0l ¢ 0008 0.01
turbine rotor ; (0.007~0.011) (0.01) (0.0607--0,0011) {0.01)
E 314% Ni-Cr-Mo_V 0006 -0.010 o 007-6.013 | 0.002-0.004 | 0.018-0.0%1
. 0.005
. SAS08 Class 2 = (0.006~0.007) | (0.001-0 002} (0.603) (0.005 0. 006)
0.008
 A336-F22 EF (0,008~ 0. 009) (0.007) (0.0006—0.0018) | (0.006~0.011)
Vo 0.005 0.010 0.0019 0.010
G 28% Ni-Cr-Mo-V | EF (0.005-0.009) | (0.005-0.013) | (0.6017-0.0022) | (0.006~0.026)
H 2.8% Ni-Cr-Mo-V 0 007 0 003 | 0.002, 0003 | 0.0014, 0.0039 | 0.062, 0.003
I 24 Ce-1 Mo BOF-RH 0.008 0,001 0002 0.003
J Low Alloy Steel | BOF-LRF | 0.003~0.012 <0.002 <0.002 | 0.002-0.003

J - Mizushima Works, Kawasakz Steel Corporation
{ } ! Check analysis
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, ' g 0
170 T | 1.58 5 8 1.657 .
W, M. ' : 0 0
64 : .46 i hoK 1.35
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Boiling paint of
hquelied gas ature
al 1 oatm i°CH e 1S spec
L o o -
—S5LAZAT6<t=50)
I o SLA2B{6=t=50]
SLAI3A (B=1<32]
* -Ammonia [~33.35°C}
= -Propane{ 45.0°C}
® Propylene { —47.0°C} —ls0

*-Hydrogen Sulfide
{—618°C) SLAST (6=t=32)
*--Carbonic acid gas
{-78.5°C)
+-Acetylene (-838°C)
»-FEthane { —88.6°C}

Notes *

Applicable plates 01

* -RIVER ACE 80L{20<t=50)-

s-RIVER ACE 60L{32<t540)

RIVER ACE BOL(1<20)

+RIVER ACE 60L(26<t=32)

RIVER ACE 70L.(26< t540)

« RIVER ACE 60L(t<2)
RIVER ACE 70].(

= RIVER ACE 70L(1<13)
KLN3A{26 <t =70}

i

1980

Thickness in mm!

ABTM spee.

Kawasaki spec

e ASl6
igrade 55,60,65,.70!

o KL3IA(32< 1250

* KL33B(32< 1 Z50)
KL36B(32<150)
*-K[33A(20< <32)

- AZD3AL2-1/4% Ni)
A203B(2-1/¢% Ni
13<t26)

o KL3IA (520
KI33B(20<t<32)
K1.36B(1<32)

G b

1. Wuh reference 1o RIVER ACE KL imdicates the lowest prachicable temperatwre of WES spee. G orype
IWES - Japan Welding Engineering Society!

)

Ar higher pressures, the appheability of plates showa dhove

Fig. 12
5.4 ENEBZAFLEEAN
B R 8, River Ace o ) - OO

MR OBt gik

LTy b KlRo
Y 101 S S Al
RN WSR2
iz PR O BT

s HE% 4 Table 6279,
g 2% (kegf/mm?y o FRAH %
Al iﬂ&mﬁ’nwnb 1 i,
—#l 7, MIENIAD, NN 448
Thb. KABGHEIIRL T,

AR 226, 4 TILC N — & B %6 o ik
ity T E L 7w 545, Fig. 14080HT o3 45 4
LT GAERR  FREYE (To B LY

Above tabie s based on the liguehed temperatuce at normal abmospieric pressure.

will change

Steel plate specifications applicable for liquefied gas containment

Baow#E el ThY, Ne&3ppmll Fio,
7~8ppm|Z § AT »Ay, w2 PO
Lah O b X &l Tk,

Biotal &
BEARL BE

6. BRFNASLIUENEZRHENR

6-1 EFNAEKRR

MR BT A5 ETE A BRI B G o R R
A e IR & T U A4S L) Ban 2 41, 520
MWe i BWRD 73 » 2 85 L ¥ 7 ZLa )it Nk
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Tahle & (hpmzcal rumpnsltmn of RIVI:R A(P series stevl plates
7 7 L,hrmn 1E f(’nmp(lhlllun B o
} . _ o _ _
. ) : } ; i Max
Designation | i s an
e COosi M | P s o o | e | Me [V B — o | p
max. max. | max. max. | max. | ¢ 20mm :)[erm ©
, | {2100mm|  Max
. 0.15 -1.50 ;
RIVER ACL 60 0.15|" 0.5 max. 0 03010.030 N Cr, Mo, Voand other element may 044 | 048
RIVER ACE 60A |0.09 ‘_);(lfasil ﬁoﬂo 9.030| 0025 | be added. if necessary 042 | e | 0.20
R I L _ — _ R _
. 0.15 [1.20 ! . [ Cr, Mo, V and other elements .
GOAN6.09) 7 055 2.00 O'UJU'U 025; may he added. if necessary 0.42 G.45 0.20
wvEr ack 62 {0.161% 071150 o gagt0 030 o 045 | 0.49
- — ——"—"'+ """ e - - Cu, Cr, Mo, V and other — — o
RIVER ACE 624 b.15_ 0.030| 0. 025 0}7“3“ element may be added, if 0.42 © 0.46 0.20
e b — - | se—q neC(‘SSﬂl"y A
RIVER ACE 624N |0.08 915 120 20 o0l 025] - 042 | 046 | 0.2
_ ] AT —— S S S e
. : 015 [1.20 ) 1.00 [0.40 (070 |0.50 1 - N
RIVER ACE 70 |0.16| 7 g% 17 0 16030 0.030 - 10 1000 20-T0 1090 o agig oos| 054 | 0.58 |
. — 1 DU | A e R JEE S S H .
RIVER ACE 72 [0.16|%:1%, 11-20 g g39]g p3e| 00 |0.40 070 050 iy gl gest gas | gosg
: R ~0.35 max. | ’ max max.| max. max. s ’ o
. ____+.. N O | —1 - . - .
RIVER ACE 72M [0.15 0151980 1g 030/ 0,030 (% 30,04 9-3070 0'3050 0.08{0.005: 052 0.5 -
3 e e e [ ] . IR A S R .
RIVER ACE 72N |0.16 [_’;553550-‘15”20_0.030 0.025 0-:3“_ 0-;““_ 0. 0 lo.esfo.oos| 6.5z | 0.5
RIVER ACE 80 |0.16|%4%, |12 g gyiggps 150 |0.50 -0.80 10.60 |o oalypocl gsp | gg -
- : 035 max.; - . max max..  max. max. | b . :
RIVER ACE 8o |0.15(% )7, 0L o.uauio_ozs “ ]‘“50 ¢. 5050 030001020 0.08:0.005| 054 | 0.58
e | 0.15 |0.50 050|610 o0 P _
RIVER ACE 80N 0.16'0 3% 1030, 0.030‘0.025 e os0 o gl 008 0005, 0.57 |
e 0.15 [e.30 ! ‘ <200 [0.70 0.10 |0.10 ‘ i
RIVER ACE 100|018 - 1%, 12%(}.(}3():(1.()23iL max. | max.| -0.80| 0,80 0.10| 0005 O.GUJ
, Si i Or Mo VO
* Carbon equivalent is calculated by following formula ., Ot 24'* + N:J" | 4N(; & _5r 4—----40 - 14 17
*% Weld cracking parameter ([?4) is caleulated by following formula
Si Mn Cu Ni (r Mo J
Y- C gy ¥
Fow 30 20 20 teo Ta Tas g tIB

For plate having thickness of 50mm maximum, Pry may he specified instead of Ceq

%?)(Lﬂlff]% SASOS Cl ‘C 'ﬁL L. UJ *) fi /L. k, J):lrﬁﬁ- H
AR AR AR A TR, # 0 % SAS08

CL2W@%UV@%%ﬂ%&LTSAWSO&M
WML TR EHD L 3% 72 ke

N SN ¥ i SR TR A I 1 e e )
ffE T = «mmxﬁwW$¢M/£wmm
ﬁ[ﬂﬂfi" II[ L i‘x’..l“ {%ﬂ %H /\, i " ”53 ??:'#- W ct

bdﬁ%MWe&BWRHI%Af“L
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sy B n B S 47 1o, o Py
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GBS Y, A L~ F l"'*ldil!"ii"_:@ﬁﬁ
T AU IV (TR 8 Y by i | E 3T
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Photo. 2 Forming of bottom head dome
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Table 7 K5C welding materials for pressure vessels

(mtermed]dte and h};,h temperatul e service !

‘Base steel | LJMAu SAW

% Mo | KST-058 | KF-110 KW 40C
1% Cr-Y Mo | KST-1058 | KF-410 KWT-105
2% Co-1 Mo | KST210B  KF-410 KWT-210
3 Cr-1Mo | KST-310B | KF-410 KWT-310
5 Cr-YiMo | KST-505K | KF-410 KWT-505
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Fig.16 Effect of Si and Mn contents on toughness and
tensile strength of 234 Cr-1Mo steel weld metal
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Fig.17 Contrel of slag flow pattern and improvement of
flatness of weld bead surface with outer magnetic
field
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1 pass bead Locatior of overlap

2 passes are laid in parallel

Photo.3 FExamples of transverse section of weld bead
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