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Foreword

The guidelines were developed according to the discussions of the Water Chemistry Guideline Working Group for
Boiling Water Reactor, the Water Chemistry Committee, the System Safety Committee, and the Standards
Committee organized by the Atomic Energy Society of Japan (AESJ). These guidelines stipulate the methodology of
boiling water reactor (BWR) coolant control (also known as water chemistry control). Through the practice of these
guidelines, we expect to maintain and improve the reliability of BWR coolant systems, and secure the safety of
workers at BWRs by source term reduction.

In the BWR coolant system, the structural materials and fuel claddings are immersed in the coolant under a
high-temperature and high-pressure environment. Generally, corrosion occurs at the interface of water and structural
materials and is accelerated under a high-temperature and high-pressure environment; the integrity of structural
materials and fuel claddings is affected by the water quality. Especially, if an anomaly is unattended for a long time,
coolant leakage at the primary system boundary and/or fuel cladding breakage may occur. This could cause
radioactive leakage. In addition, the corrosion products released from the structural materials are deposited on the
surface of the fuel claddings, which will become a radiation source. The radiation source will cause an increase in the
personnel exposure dosage. Considering the above, the following objectives of water chemistry must be achieved
continuously.

1. To ensure primary system component and fuel cladding material integrity

2. To minimize out-of-core radiation fields

However, owing to the complexities of the water chemistry effects on the mitigation of corrosion risks and dose rate
reduction, changes in water chemistry have both merits and demerits. Thus, the various issues must be solved
harmoniously by understanding the plant system comprehensively.

Japanese utilities have created a water chemistry control methodology independently and implemented it for more
than 40 years. This methodology was based on the state-of-the-art scientific understanding and technical background
such as field experience. Based on the lessons learned from the 2011 Fukushima Daiichi nuclear power plant
accident, it is required socially that not just Japanese utilities, but experts from different fields of industry and
academia transcend their sectional interests and gather in a public forum to discuss the concept of water chemistry
management. Establishing water chemistry guidelines as a standard of the AESJ based on the principles of fairness,
justice and openness will show the society's efforts to improve safety after the accident.

The technical basis listed in the guidelines will contribute to the creation of more human resources for developing
water chemistry experts and academic researchers, including those of the next generation.

After the guidelines are published, they will be reviewed every five years, and the necessity of revision will be
discussed at all times. The guidelines will be revised based on the state-of-the-art scientific understanding and the
extensive field experience of BWR operation performance to provide more advanced guidelines.

It is also expected that the safety and reliability of BWR will be ensured and improved sustainably by the revision.
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Disclaimer
This standard was developed and approved by the Standards Committee of AESJ in accordance with the Standard

Committee Rules, which assure fairness, impartiality and transparency in the process of deliberating on a standard.
The Committee was composed of individuals who were competent or interested in the subject and elected, keeping
the balance of organizations they belong as specified in the Rules, although any interested person was provided the
opportunity to participate in the deliberation. Furthermore, the standard proposed by the Committee was made
available for public review and comment, providing an opportunity for additional input from industry, academia,
regulatory agencies and the public-at-large.

AES] accepts responsibility for interpreting this standard but dose not accept responsibility for detriment caused
by any actions based on this standard during construction, operation or decommissioning of facilities. AESJ dose not
endorse or approve any item, construction, device or activity based on this standard. In addition, AESJ dose not take
any position with respect to the validity of any patent right or copyright claimed in relation to any items mentioned in
this document, nor assume any liability for the infringement of patent right or copyright resulting from the use of this
standard. The risk of infringement of such rights is entirely the users’ responsibility.

Participation by regulatory agency representative(s), and by industry-affiliated representative(s) or person(s), is

not to be interpreted that government or industry has endorsed this standard.
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(1) H.Kawamura, H.Hirano, Y.Katsumura, et al., “BWR Water Chemistry Guidelines and PWR Primary Water
Chemistry Guidelines in Japan - Purposes and Technical Backgrounds - ”, Nuclear Engineering and Design,
309, 161-174(2016).
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ML BRE 5 B WARZEME 5 RiK - FEh i+ 1.8n/s

500 -
_ : 038°C
= I m93°C
£ 400 ; 4 200°C
£ :
E 300 "o :
= i
S . ng/L  ppb
E 200 '
M @ A :
ﬁ 0 A o ! 1 mg/dm?/month
5 i =3.86x 10 g/m%s

5 [ s
12 ==
0.1 1 10 100 1000
TBTFEISRIRE ppb)
F. 10 ©
F.10
F.10 3
15 pg/L

20 pg/L




hr)

E B R K (mg/drf -
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SOXX:20XX
1.2 .
100°C ‘ s
i | SEERE- : S541
I o 5 kE Tk
T
0.9
o _~DO:20ppb ~ DO:800ppb
0.6 5
0.5¢ E—-ﬂf&:
0.4F :
0.3 5 ug/L  ppb
0.24 :
0.1F :
0 ! ! PN ; 1 mg/dm?*hr

| l
5 10 50 100 5001000 5000 10000
B % & E (ppb)

F.11 100 ©

J—

=2.78x 10° g/m?/s

F.11
F.11

100

800 pg/L
200 pg/L
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SOXX:20XX
F1.3
F.1.3.1
F5
F.5
AL2
AL1 — AL1 AL2
AL2 >20
@at25 ) uS/m AL2
AL3 — AL3
10

? 25
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SOXX:20XX
F.1.3.2
F.6
F.6
@25 ) uS/m 6 6 uS /m
20 ug /L
®) ug/L 20 200 Ho
200 pg /L F.10
F.11
9 po/L —
Ho/L —
) 25

b)

9 5 Cr Fe Co Ni Cu
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SOXX:20XX
F1.4
F7
F.7
13
by
mSv/h
A
D Ba/s —
a) 133Xe 135xe 135m Xe 138xe 85m Kr 87Kr 88Kr

b)

13
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F2
F2.1
F.8
F.9
F.8
AL1 —
ALl AL2

AL2 100 pg/L as HCI)

AL2 >100 (120 pS/m)
F.2
@25 9 pS/m

AL 3 500 ug/L as HCI)

600 uS/m
AL3 >1 000 ( hS/m)

F.2
AL1 —
ALl AL2
AL2 >100 AL3 1/5
no/L
scc
AL3 >500
200 ug/L scc

F5 F.6
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F.8 ( )

AL1 —
AL1 AL2
AL2 >100 | AL3 1/5
scc
ug/L
AL3 >500
F7 F8

» 25
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SOXX:20XX
F.9
pH@Gt25 ) — —
ug/L —
131 Bg/g —
D 25
F.2.2
F.10
F.10
@25 9 — 6 6 uS/m
®) ng/L 20 200 20 pg/L
200 pg/L
F.10 F.11
D 25
b)
F.2.3
F.2.3.1

F.11
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SOXX:20XX
F.11
AL2
AL1 — AL1 AL2
AL2 >20
@25 9 uS/m AL2
AL3 — AL3
10
) 25
F.2.3.2
F.12
F.12
@25 9 uS/m 6 6 uS/m
®) ug/L 20 200 20 pg/L
200 g/L
F.10 F.11
(TOC) ug/L — TOC

3 25
b)
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SOXX:20XX
F.3
F3.1
F.13
F.13
@25 9 uS/m
pH@Gt25 %) —
ug/L
ng/L
uo/L
131 Bq
) 25
F.3.2
F.3.3
F.3.3.1

F.3.3.2
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SOXX:20XX
F4
F4.1
F.14
F.14
25 80 uS/m
100 pg/L 100 pg/L
@25 ) uS/m 210 200 uS/m 170 uS/m
210 uS/m
pH(Gt25 ) — —
SCC 100
ug/L scc
ug/L 100 AL2 >100 ug/L
100 pug/L
SCC 100
ug/L sceC
ug/L 100 AL2 >100 pg/L
100 pg/L
IGSCC
ug/L 200
200 pg/L

» 25
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SOXX:20XX
F4.2
F.15
F.15

R ng/L —
D 5 Cr Fe Co Ni Cu
F.4.3
F.43.1

F.16

F.16

@25 9 uS/m —

” ng/L —

ug/L —

TOC ug/L —
3 25
2 5 Cr Fe Co Ni Cu

F.4.3.2
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SOXX:20XX
F.5
F5.1
F17
F.17
25 80 uS/m
100 pg/L 100 pg/L
@25 ¥ uS/m 210 200 uS/m 170 pS/m
210 uS/m
pH(GEt25 ) — —
SCC
100 pg/L scc
ug/L 100
AL2 >100 pg/L
100 pg/L
SCC
100 pg/L sceC
na/L 100
AL2 >100 pg/L
100 pg/L
” ng/L —
D 25

b) 5 Cr Fe Co Ni Cu
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SOXX:20XX
F.5.2
F.18
F.18
25 80 uS/m
10 ug/L 10 pg/L
@25 9 uS/m 100 90uS/m 85 uS/m
100 puS/m
pH
pH@Gt25 %) — —
ALl >5pg/L
ng/L 10
10 pg/L
ALl >5pg/L
na/L 10
10 pg/L
1 000
ug/L
/L 100
Mo 100
ug/L
TOC
TOC
ToC ng/L —
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SOXX:20XX
F.18 « )
10 pg/L
® ug/L 200
200 pg/L
Ho/L —
D 25
2 5 Cr Fe Co Ni Cu
F.5.3
F.19
F.19
25 80 uS/m
10 pg/L 10 pg/L
@25 9 usS/m 100 90 uS/m 85 uS/m
100 uS/m
pH
pH@Gt25 ) — —
ALl >5pg/L
ng/L 10
10 pg/L
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SOXX:20XX
F.19 ( )
AL1 >5png/L
ug/L 10
10ug/L
1 000 pg/L
ng/L 10
10 pg/L

a)

25

(1)

()

3)

(4)

(5)

(6)

()
(8)

(©)

H. Hirano, N. Usui, H. Kitajima, et al., "BWR Water Chemistry Guidelines in Japan”, Nuclear Power
Chemistry Conference 2014, Sapporo, Japan.
U. S. NUCLEAR REGULATORY COMMISSION, Regulatory Guide, OFFICE OF STANDARDS
DEVELOPMENT, REGULATORY GUIDE 1.56, MAINTENANCE OF WATER PURITY IN BOILING
WATER REACTORS, 1.56-8(1978).
M. O. Speidel, "Overview of Methods for Corrosion Testing as Related to PWR Steam Generator and BWR
Piping problems", The 1st US-Japan Joint Symposium on Light Water Reactors, Fuji, Japan, 31, (1978).
G. Cragnolino, N. Sridhar, “A REVIEW OF STRESS CORROSION CRACKING OF HIGH-LEVEL
NUCLEAR WASTE CONTAINER MATERIALS-I”, 3-24(1992).
W. E. Ruther, W. K. Soppet, T.F. Kassner, “Effect of Temperature and lonic Impurities at Very Low
Concentrations on Stress Corrosion Cracking of AlSI 304 Stainless Steel”, Corrosion, NATIONAL
ASSOCIATION OF CORROSION ENGINEERS, Vol.44, 794(1988).
M. Sambongi, K. Takamori, S. Suzuki,et al., “Effect of Reactor Water Impurities on ECP and SCC”, WATER
CHEMISTRY’98, Niigata Prefecture, Kashiwazaki City, Kariwa Village, 346(1998).

6 399(2000).
E. G. Brush, W. L. Pearl, “Corrosion and Corrosion Product Release in Neutral Feedwater”, Corrosion,
NATIONAL ASSOCIATION OF CORROSION ENGINEERS, Vol.28, No.4 (1972).

1977 B109, (1977).
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SOXX:20XX
G.1
G.11
G.1
G.1
b)
@at25 )
mg/L
pH
pH
mg/L
pH

pH
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SOXX:20XX
G.1 ( )
a) by
pH(at 25 )]

1/

1
b)
9 1/

1
1
131 17/
1/
1

1

60 1/
1
9 25

b)

R 5 Cr Fe Co Ni Cu
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SOXX:20XX
G.1.2
G.2
G.2
) 1/
1/
©)
@25 ¥
FAC
d) )
3 Cr Fe Co Ni Cu
b) 25
)
dy
G.1.3
G.1.3.1
G.3
by
@25 ¥

a)

b)

25
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SOXX:20XX
G.1.3.2 )
G.4
G.4
b)
@at25 )
FAC
c b)
¢ 1/
1/
@ 25
b
C
d 5 Cr Fe Co Ni Cu
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SO0XX:20XX
G.1l4
G5
G.5
a)
& 1/

a)

b) 7 133Xe l35xe 135m xe 88Kr
G.2
G.z21

G.6
G.6

(at 25

a))

b)
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SOXX:20XX
G.6 ( )
mg/L
pH
1
SCC
mg/L
pH
1
SCC
pH@Et25 ) 0)
c) b)
131 1
D 25

b)

° 100
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SOXX:20XX
G.2.2
G.7
G.7
b)
@25 ¥
FAC
) b)
D 25
b)
)
G.2.3
G.2.3.1
GS8
G.8
b)
@25 )

? 25
b)
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SOXX:20XX
G.2.32
G.9
G.9
b)
@25 ¥
FAC
C) b)
TOC
TOC 1 TOC

a)
b)

©)

25




76

SOXX:20XX
G.3
G.31
G.10
G.10
b)
@at25 )
pH@Et25 ) 0)
mg/L
pH
SCC
mg/L
pH
SCC

b)

SCC
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SOXX:20XX
G.10 « )
1
131
24
2 25
b)
° 100
G.3.2
G.3.3
G.3.3.1

G.3.3.2
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SOXX:20XX
G.4
G.4.1
G.11
G.11
1/
@25 ¥
pH@Gt25 ) 1/
1
pH
pH
b) c)
) 25
b)
0)
G.4.2
G.12
G.12
a)
D 5 Cr Fe Co Ni Cu
G.43

G431




G.13
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SO0XX:20XX

G.13

(at 25

a))

b)

TOC

D)
b)

©)

25

Cr

Fe Co Ni

Cu

G.43.2
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SOXX:20XX
G.5
G.5.1
G.14
G.14
1
@25 ¥
pH(Gt25 ) 1
1
pH
pH
b) 1
1
8 25
b) 5 Cr Fe Co Ni Cu




81

SOXX:20XX
G.5.2
G.15
G.15
b)
@at25 )
1
pH@Et25 ) 1/
1
1/
1
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SO0XX:20XX
G.15
1/
1
TOC 1/
2 1/
» 25

b)

C) 5

Cr Fe Co Ni Cu
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G53
G.16

G.16

@at25 )

pH(Gt25 )

» 25
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BEEENA O

SOXX:20XX
H
H.1
H.1.1
BWR D
H.1.2
H.1
BWR
427 L TRE
(BEEE) r—=—=—=—=-=--:
r A
= # : AHAEO T FeEEt
|
| A
| % \nﬂ&mcmiwm&)
I e
. REM  mEam
BHIKA D e
: =< (r —
4 1
I R —_—
AHETS v TR (74 1L8) =
I MEWEOENR
L _ _
HrFdYuEgsy s TR
.
—M—Il_-‘ (\f‘/} AT PRV & )
FEA

H.1
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SOXX:20XX
H.1.3
a)
b)
H.1
c)
ng/L
H.1
d) H.2
1) 2) 3)
1) 2T —
(FFTVTSA 0 ERMT 24 7HRATCISYE LT 5,)
- o = == _._._.i/._._._._.é
$oIn | | Vg ;I I\ _./I oI
ADQ L Ll { Hn

3 ARHYLTIL N
(FIHREH L TYLITB) 1 ) N\

2) 1A TILEE

(EvbLiz 17 ILIRD
& N4 P IVIE EAEE)

H.2
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4.4

JIS

@25 )?

JIS K 0101:1998

pH@Et25 )?

JIS K 0101:1998

a)

JIS K 0101:1998
JIS K 0803:1995

JIS K 0101:1998
JIS K 0556:1995
JIS K 0127:2013

JIS K 0101:1998
JIS K 0556:1995
JIS K 0127:2013

JIS K 0119:2008
JIS K 0102:2013
JIS K 0133:2007

c)

JIS K 0119:2008
JIS K 0102:2013
JIS K 0133:2007

JIS K 0101:1998

GOCO

TOC

JIS K 0551:1994

TOC

JIS K 1463:2007

1319
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Nal

Nal

Tl

Cr

Fe Co Ni

Cu
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J1

1

J.1
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J.1

AL
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AESJ-SC-SO0XX:20XX

SO0XX:20XX
1
BWR
0.2
2
2.1
2000
2010 PWR

40
2.2

2007

2008

BWR/PWR

®

BWR

2010



3
2013 4
2.3
1 3 1 3
3
@
2 (5)
1
KILFEEIEE
SFHMRERBRUBERE
= seswo  ERES- \\é%iﬁ-ﬂ&?%%
Th—R N5 TRRDIEH
BT AN R - B AT
Fax SEREn s
BELBEL-FEE | ————b (BAPErEHE ) mman
1EER H F=
COY T ESY - [ T ]
58t
ik (EPRLVGB%)
Check Action
1
4 BWR
BWR

91
SOXX:20XX

©



92
SO0XX:20XX

BWR BWR ABWR
BWR

5.1
BWR

5.2

6
6.1 (SCC)
6.1.1 SCC

BWR

IGSCC
BWR
IGSCC

BWR

IGSCC

1970

ABWR

“ TGSCC”

“ 1GSCC”

IGSCC

12



IGSCC

316L
316L

SCC

SCC 1970
SCC

IASCC

1974 (4 10 ) 304
scc
316L
2 304
“ ECPH
ECP
304
ECP -100 mV vs SHE
316L
304L 316L
2000
TGSCC
scc
182 600
6 16
scc

SOXX:20XX

316L

1980

1980

SCC

IGSCC

182

(IASCC)

93
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SOXX:20XX

*ACEBE 0.1 uS/cem
#ACEEE 0.07uS/cm

Lot D .

1.00E-06

% 0 <0.1uS/cm
sFNLAELTHOEEE0.2u8/cm

273~288T. filik

K=#130MPay'm _

— 0O316L

- a316NG}2ﬁﬁﬁ -

1.00E-07— *304 E

F—m 304(Kﬁ5} ] !

Op

1.00E-08

TRGEREE(Mmm/s)

&

e %

1.00E-09— . +

b1
800 -600 -400 -200 T &
mV vs SHE

2 SCC

6.1.2 SCC

SCC SCC
SCC
SCC

SCC

200 400

6)

SCC



(ppm)

100

10

0.1

0.01

= I
- x SCC
- o No SCC
= 600y~ a0)
-7
'\_\ (1000)  (56)
Y. (260)
N,
= .
= (500)  (450) ™ (1200)
1 1
100 200 300
304 IGSCC

SOXX:20XX

sDC
(P.Ford)

mg/L ppm

M
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SOXX:20XX
0 SCC
4 304 IGSCC
- Na2804
IGSCC
5
100
SUS304(620 x 24hr) >
e 10775 /
0.5p S/cm ©
75 O
\Y)
) 0.3y S/cm
; 0.2p S/cm ©
Q 50 /
9 /
3 / )
; / 0.1y S/cm
|
|
I e
25 7 |I .
e
; 0I06'|J S/cm
[ y
[ ¢
P
; ]
o O . g : = . |
-600 -400 -200 0 200
ECP (mV vs SHE)
4 304 IGSCC =F



c)

1)

2)

14
LEr o %@;ﬂ_ v
o TV
® 1.0t0ECRF vAH |
OmCAT VAR |
006 ~ 'I
[ ‘
. 0.4 {o e
3 , ¢
© patk ATV VAH
I N e
0 0.2 0.4 0.6
FHTS M ERERE(S/cm)
5 ©)
SCC BWR
6
SCC IGSCC
20 pg/L (ppb)
SCC
. (a) DO = 1000 ppb
g 2
5 0,2 NOog~  Si0gZ  HCO,  (CH)N
- o O °® A A
o 1.5
5 Base Value o
35 T %
E Ir o O
2 /
& o0.5f
a v - .
% & —ﬂ/k-“‘ o———°
((;)J 0 1 1 1 . 1 1 1
&} 1 3 10 30 100 300 1000
Concentration (ppb)
6 304 IGSCC
BWR SCC
IGSCC TGSCC
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SOXX:20XX

IGSCC
SCC

Mg/l ppb

®
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SOXX:20XX
BWR
SCC (CERT) IGSCC

1 ug/L (ppb) IGSCC 1 7 1 000 pg/L
(ppb) 5 uS/cm IGSCC
1/3

8

9 304

(CT )
10 182 600

(CBB)

Acceleration Factor

4
s ere e a
Crack initiation data based on CERT :
(o}
3 B O
o
2 |
(]
Conductivity (uS/cm)
: As HySO,
o1 02 03 04 05 075 1.0 5.0
I a1 ' I I'o.zl 03|04 05 075 10 50
. | N ]
| ] 1
10 100 1000 10000
Sulfate (ppb)
Hg/L  ppb
7 304 scc (10)



x 254 pm

755

754

753

752

791

750

2100

HE{b & PR ILR

10
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SOXX:20XX
Resin Intrusion Event 1: ER{GHE 5.151 S/cm (~575 ppb SO,)
Resin Intrusion Event 2: EAEHE 3974 S/cm (~445 ppb SO,)
Rasin
Intrusion 1
s P daldte217 milslyr
1 ) (1 5 i
2300 2300 2500: 2600 2700 2800
hours
(11)

O:Cr
A 3042_
O:NOs™
V: Sio;;z‘

- OHO | 4

i S0 )

A
1 ! 1 (}(’
0 50 100 150 1300
B’ E (ppb) ug/L  ppb

®
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SOXX:20XX
5000 T T 10 T T
O : Pure Water * O : Pure Water
@ : N2;SOs ! 81| ®:NaSOs , 1
| | A :NaCl / | H : NaNOs o
§1000 @ : H2SiOs / , § 6} A .
2 1/ = /
% A 182 ’®
!/ W 4r / .
® 100 | 6% I/ {1 2 4
[ 1/ g— ——-—‘" # //
l &E— ®2r / .
*NO SCC o -
1 0 1 1 0 1 1
1 10 100 1000 1 10 100 1000
B E (ppb) R K (ppb)
ug/L  ppb
10 600 182 @
3) BWR
IGSCC
SCC
11
SCC
36 T ] T T T T T 1
Sensitized 304 SS 71635 C53 [43x]
32| Constant K=33 MPa/m+ 40.9
R=0.5, 0.01Hz every 1000s
ogl 6%Hz in Ar, 0.06 4S/cm Pure Water -40.8
€ Linear Regression s —0.7 £
S Ar Slope - 0.84 183 ,~2” 0.039 mils/hr k5
< 4o @
2 20 | To 42 ppm O2 {V}'
x 0.50 xS/cm NaOH 405 =
16} i
404 K
b To 6%Hz in Ar @
Pure Water —40.3 .
8 i
Outlet 02
4 Conductivity | |
0 T T T T T T T 0
4900 5000 5100 5200 5300 5400 5500 5600 5700
B M
11 288 304 NaOH 2

11



4)

(OH

5)

101

SOXX:20XX
12
100 pg/L (ppb) (0.68 uS/cm as HNO3;)  HNO; NaNO;
pH
56 1.4
Sensitized 304 SS AJ9139 C67 [13y]
Kmax=30 ksifin + unload at
48 R=0.7, 0.01 Hz every 1000s q41.2
180 ppb Oz, 9.6 ppb Hz, 0.06 xS/cm
40} Pure water TWO :JHP J4
£ Linear Regression ater _
= Slope = 0.023 mils/hr To HNOz §
S 82f 0.683 ;S 108 &
N &
1 {os B
1
16 -10.4 g
Outlet
sl To HNO: Conductivity do2
0.683 ;S
0l : . T . 0
2000 2500 3000 3500 4000 4500
L -
12 288 )
BWR
13 304
550 pg/L (ppb)

25 pug/L (ppb)

12
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SOXX:20XX
20 —» 40085 LIRE D 5 — 2 % 5Hl
195 CrOsZ<2ppb CrO4? : 260ppb CrO,2 : 550ppb CrO*<2ppb
19}
185 6.9X10"'mm/s
’é‘ 18l 4.8X10"mm/s
o 1751
Y $i8{ESUS3045R
Bl HALBRA -
620°C X24h
16.5F ERBA:
+17010mV vs. SHE
16
15.5 - 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400
BRI ()
13 304 (14)
6) BWR
500 ng/L (ppb) IGSCC 6 9
1 000 pg/L (ppb)
7)
SSRT 304 IGSCC
14
" TOCH

13

1600
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SOXX:20XX
_| | SENSITIZATION (a)
EPR=2C/cm?
_| | STRAIN RATE 7
£=1X10"s 77—
102+
: ] )
] ]
AR
™ 7 7 7
a7
1
QLA G A 277
Iaﬁéﬁgﬁ%%sggwg
%Ezﬁgggsggégwg
- ZAZNZ. ZAAZAZAZAZ,
| | SENSITIZATION (b)
EPR=2C/cm?
_| | STRAIN RATE
&=1X10%"
1
107
z ] 77 Z
W]
E ] 0
: 1., Al ¢
1 ¥
I2
i E ¢
2 1 4 14 A ZhezN
P > 7 7 A7 7
14 304 IGSCC (15)
(290 SSRT 200 ppb 100 ppb)
6.1.3 SCC
6.1.3.1
a) BWR BWR
200 pg/L (ppb)
1980
ug/L (ppb)
ECP
15
BWR IGSCC
1970 1980

14
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SOXX:20XX
scc
1990 IGSCC 1996
600
400
T 200
wn
w
> 0
> A
S
-200
—400
-600
1 L
0.1 1 . 10 100 1000
M:{LHME (ppb)
ng/L  ppb
scc ECP
16 304 scc ECP
ECP -230 mV vs SHE SCC 0.1uS/cm
-230 mV vs SHE ECP IGSCC
17 ECP
18 182
600 ECP ECP IGSCC
scc ECP

15



A |1GSCC IGSCC
100 [~ ® O DRESDEN2
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> 200 4 °
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o
T lNO IGSCC
~400 |-
-500 |~
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-600
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16 SSRT IGSCC
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10+ |—K=100kg /mm®®2, Type304(620°C/24h)
[1:0.148/cm (0.33(0. 1)
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=
£ 3 -
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10® ] 3 1 $ s 1 .
-600 0
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304

16
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(an
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SCCHEDA(SCCRERRAYM 2RBRAYK

18 182

mm/s

1. OE-05

1. 0B-06 | -

L. 0B-07

1. OE-08 |.

1. 0E-09
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- H,;=0~200ppb ®
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Lo L. @1 ‘ Ty YWY 1 1
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SOXX:20XX
0.4 N woEfT Tt rrrfrrrrrror1rrrt ‘ 6
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SCC
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Reactor Water Conductivity

0.50

.40

10728 12:00 1OVZ9 (00

Ccroa--

40

30

20
10

o
1V26 12:00

{ppm)

1028 12:00 1W29 000
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b)
1970 SCC
6 8 mg/L (ppm)
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200 pg/L
(ppb) scc
24
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SCC
25
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6.1.3.2
a)

NMCA
Rh

TOC

Dissolved oxygen concentration (ppm)
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101

100

10!

L&)

10- HWC

-—O— M) history at
103 ordinary NWC start-up
—— o history at HDS
- SCC susceptibility region proposed
in the reference |5)
104
50 100 150 200 250 300
Temperature(°C)
mg/L ppm
25 (25)
TOC
(NMCA
(Classic NobleChem™: CNC)
ECP
Pt (Rh)
ECP -230 mV vs SHE
GE NobleChem™ @)
BWR Pt
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150 Pt Rh 48 NMCA
1 NMCA
ECP -500 mV vs SHE
NMCA
ECP ECP
NMCA
1 NobleChem™ (@0)
120 to 140
Pt Na,Pt(OH)s
Pt 40 150 pg/L (ppb)
Rh NasRh(NO,)s
Rh 40 150 pg/L (ppb)
< 10uS/cm at 25 3uS/icm
pH 5.6 8.6 at 25
48 h
ug/L  ppb
NMCA 26, 27
NMCA 1 pg/em? Pt Rh
40 100 pg/L (ppb) 40 150 pg/L (ppb)
48 0.2 pg/lcm? Pt Rh 11
2 0.2 pg/cm?
29)
1,2 3 28
30 pglcm?
Pt Rh
29
1 18 50 %
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12 T
10] | ® Pt+Rh
o B Pt o o R
§ 08 A Rh . .
?n ° n N
=5 0.6 ™ F.
[ L4 ]
04 ° n
o 1
02 _— ‘ - A A A A
A
[ ] A A
o —=
0 4 8 12 16 20 24 28 32 36 40 44 48

(h)

NobleChem™ @n

PrzATLA CavZATLAT -4
F-hm{AIL i O P
U=l

.- ECP :
BiE VAN
v —EELGER DY
4 ECPEZh-
: "

JEELPHM?E} : o
(6 ECP@EE) O ettt
FELPRMPE LT _ Sl 2 cAVRAREHEE
(1 DCBRLA D) WHERER 5 CTa@ipeg-
EZh-DCE & ECPBIiE
CAY Crack Arrest Werification Fﬁ_\_ﬁiﬂﬁl
2T  :Compact Tension X
DB :Double Cantilewver Beam
ECF Electrochemical Corrosion Potential
LFPRM.Local Power Range Monitor
27 NMCA @)
2 (26)
2 2
Pt, ug /cm Rh, ug /cm ug fen?
0.10 0.11 0.21
0.12 0.10 0.22
0.04 0.10 0.14
LPRM 0.08 0.177 0.258
0.03 0.04 0.07
0.12 0.22 0.34
04 131 1.71
5.4 9.36 14.76
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020 1 —o— Average Rh STANDARD DEVIATION
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0.10 4
0.05 |
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29 NobleChem™

ECP
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ECP
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4 6

8 10

1-2‘ 16

Post NMCA Exposure to Reactor Water (hrs.,)
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(
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10
31 )

25

2
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ECP (mV vs SHE)

ECP (mV vs SHE)
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b) (Online NobleChem™: OLNC)
CNC 48
40 150 pg/L (ppb)
OLNC GD OLNC
Pt 10 14 OLNC
3 CNC Pt
OLNC Pt 11-16 CNC
10pug/cm?
3 OLNC 0
282 288
Pt Na,Pt(OH)g
10 14
11 16
10pug/cm?
15 25uS/m
Na <15 pg/L (ppb)
OLNC Pt CNC
KKM 2006 Pt
4 LPRM( Local Power Range Monitor)
N9
Pt
4 KKM 2006 Pt G0
(ng/cm?)
ID-  / 0.012%
0.043"
LPRM 0.44?
0.49"
N9 1 0.11”
N9 2 0.62"
a)
b)
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PLR ( Primary Loop Recirculation System)
OLNC -50 mV vs SHE ECP OLNC
-500 mV vs SHE
33 1 /4
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O '
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-100 { #
S s
-200 + ; :
: b 5
-300 + : g
s R :
. : .
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600 s B I
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8
+
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1993 194 19%

33 OLNC @)

28



118

SOXX:20XX
6.1.4 SCC
SCC
ECP
ECP
SCC
ECP
ECP
ECP
6.2 (FAC)
6.2.1 FAC
BWR SCC
PWR
“ / K “ FAC: Flow Accelerated Corrosion”
/
BWR
FAC pH
34
150 35
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sTB35 |
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B © 360Ks

38

6.2.3 FAC
BWR

BWR
0.4

PCI

(35)

39 40

(PCI: Pellet Clad Interaction)
10 *

BWR

ESSC: Enhanced Spacer Shadow Corrosion
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w 18000

= 16000} @ Step-T  Number of fuel assemblies loaded:

= m Step-1 (25 of the end of fiscal year 1995)

5 14000 e B % 8RJ 136

::"3 B 8x8RJ  STEP-I 6. 808

@ ol

o 10000~ m 7x7R '

S O 8000F O 7x7

% 6000

= 4000

2000 _
0 Ta7s 1980 1985 1990 1995
Fiscal Year
39 BWR (36)
» Failure rate

a)

Number of Failed Fuel Bundles
[==]
(==}
1

EStep-0  0.0003%
MStep-1I  0.0001%
EI8x8RJ  0.0007%
Egx8 0.0007%
M7 xR 0.02 %
O7x7 0.4 %

12017

1001

60 |~

. Number of Failed Fuel Rods
Failure Rate=yuier of Fuel Rods Irradiated
Longer than | Cycle

1 il

1970 1975 1980 1985 1990 1995
Fiscal Year

40 BWR 6

(CIFF  Crud Induced Fuel Failure)

BWR

1960
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1970
CILC: Crud Induced

CILC
41 BWR
( )
42
30 um(30 GWd/t-U)
b) BWR
100 pg/L (ppb) SCC
BWR
5
ZnNO;
5 750 pglL
(ppb) 250 pg/L (ppb)
1 000 pg/L (ppb)
Aa—= BEs

1. SJas5—an—Jav 4

DHEE ‘
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2. $AISIEOTE
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3. BRILAERIN 5w DPA —W_

DIRDSFHEE Zal s

RAE g 07
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nEEOE(L R 7  ”

¥

5. BENE Hi V

41 CILC Crud Induced Localized Corrosion
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150
O Old Standard
m LTP .
Mean nodule thickness
€100
2
c
o g
£
v 2 &
2
> b O,
O S0 08 %
oog ,
. Uniform
- 1 ]
00 10 20 30 40
Fuel assembly burnup: GWd/I{(U)
42 BWR LTP Low Temperature
Process @
5 (38)
wcC 0, 0, 0, HWC N, Zn(N03)2 | Cu(N03)2 | CuS04 | ZnSO,4 Cut+ZniCr ex-reactor
Alloy 0] ~250ppb | ~750ppb | ~1300ppb | Oppb ~750ppb | ~250ppb | ~250ppb | ~750ppb | ~750ppb | ~750ppb MAT
A (IPHT) O O O X5M|x5@| O @] @] @]
Zry-2 B (TSHT) O %20, () [ x10,20%| O X 8,30%| % 530%| O O O O O
C(Rod Ref.) | O X 5, 70% | x10,90%| O x10,30% | x12,10%5| O O O X 3, (1) | X,2-5%
D(No HT) X 12, 40% | X29, 20% | X 13, 90% Al6 X 6,308 O @] - X 5 X, 80-100!
E (i Fe) o o o | o o o o o o o o
New | F (HiFe/Ni) O @] @] O (@) O @] O O O O
Alloy) GINb/Zry-2) | O O O @] @) O @] O @] O O
H (Sn-Nb-Mo) @) x12, 50% O O (@) O O A2.5 @)
I (Nb-Bi) O O O O O @] @] O O
QO : Uniform Oxide (1-2pm)
X : Nodular Oxide (Max, Thickness (#m) ), (Coverage Ratio(¥), or Number of Nodules)
A : Thick Uniform Oxide (Max. Thickness (xm) )
MAT : More Aggressive Two-step (410Tx4h+520Cx16h) H g/L

35
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7.2

131

131
131

JEAC 4212-2013
a) c)

a) 131 3.7x 10'Bg/g
b) 131 3.7x 10°Bq
c)

13

JEAC 4213-20XX

1970 BWR

43
44 2000

8
5
2

i
i
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8
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“Total Radiation Exposure (person *8v)
3
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Fiscal Yer Fiscd Yer Fscd Year

43 1 (39)
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8.2
8.2.1
BWR

8.2.2

Exposure, person-Sv/unit

Expsure, Person-Sv/unit

‘ —#-Exposure - Capacity Factor ‘

GOCO 58C0

37

100(%)
BWR -4 90
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M e S 80
\ 170 3
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A . 40 ‘©
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1 10
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5 1000%)
[M et N, 190
p_S. Py 80
—t—— W TR
4 70 _§
60 o
L
4 50 2>
. 40 S
x'\\ sl fﬂi 30 §
"l \”ﬁ%@ww’fi\%d”‘\\ﬁ 20 o
4 10
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'90'91'92'93 '94 '95 '96 '97 '98 '99 '00 '01 '02'03 '04 '05 '06 '07 '08 '09
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GOCO 58CO
8.2.3
2
o-Fe,04 NiFe204
NiO
8.24
8.2.5
8.3
8.3.1
a) BWR
BWR
BWR
45
46 100
20~200 ug/L (ppb)
38

ng/L  ppb
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O: 38°C
x: 93°C
2 A:200°C
% DO 20ppb
£
1
®
]
$R
100 101
BEEBFRRE(pD)
45 (1)
1
1 100°C
sk
1
1
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£ 1
°
5 \ >
E 1
% !
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M 1 1
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1 1
1 1
1 1
1 1
| | 1 | | L1 1 | |
0 5 10 50100 500 1000 5000 10000
BEBERE (ppb)
ug/L  ppb
46 (42)
b)
( )¥Co 47
®Co co
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(ppb)
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GOCO

0.1 ug/L (ppb)

48
(
) 2
NiO(CoO)
2 1 Ni/Fe
GOCO
10-3 B N R R RN T T T TTm T 1Ty
- @ HIGH CRUD PLANT B
[~ (DB FOR CONDENSATE, 3
i POLISHER °
| O LOW CRUD PLANT
- (CF + DB) P T
< 107 % L
3 g c o8 =
a - ‘ ]
o - [ J “ -]
st *q ]
S o )
w - o o o O 4
2 5
2 10—
3 - ° o 3
2 - o ]
z - e
10*uCilmL ]
=3.7Bg/mL [ ~
106 Lol Lol Lt 2 lasay
10-1 10-0 101 102
FEEDWATER Fe, ppb
47 BWR %Co

40

43)

1 pg/L (ppb)

ug/L  ppb
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_ 100 L 1 LAl 4 Lol Illll L.J 1 il
=1 mSv/h 10l 102 103 10¢
CUMULATIVE IRON INPUT, kg
48 BWR “
8.3.2
a) pH
49 ®Co
pH
GOCO
pH 8co 60co
50 51 pH %Co
50 NaOH pH 51 pH
60Co pH
49 pH pH
pH %Co
pH
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25 d
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25 //
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1
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N B Co60, kBa/kg
(@]
= 15 F
@ N -
c n L
o
= LI |
E | | | |
S : |
§ 10 = 12 month median Co60 = | .. - - l'
c O ] |
8 L D. | | L™ |
é‘ rw 12month median Co58 m %[] a
S u 0 m B8
5 o ot o a
< 5F Eﬁb DD
(e}
o} o) o
r o]
3o oo ©
0 O O 000 ot )
] 10 " 12 13 14
Week No
51 NaOH %Co %Co (46)

43



8.4

8.4.1 NilFe

Ni/Fe
53  Ni/Fe

1 pg/L (ppb)

8x 8
x 8

Ni/Fe

Ni/Fe

Ni/Fe

Ni/Fe

BOCO

58CO

44

0.1 pg/L (ppb)

GOCO

8x 8

pH

54
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52
ug/L (ppb)

60C0

60C0

Ni/Fe
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8.4.2

100 T T 100
optimal control range:

. <+ ,
£ dose rate; | . %«"
E‘i lﬂ = inssan a‘t reﬂimu]atiﬂn pjping e ir;r"t’lil#l-l-lilwb---‘h-ﬁ- 1[} E E
5 |- ! 1 25
E ) - e’ 7 E P
2 .~ =
A dose rate > =
R 13- CE IO AN S—— R - <
= = B : g =
% <—— depositing amount E‘
o i at main turbine

0.1 : . 0.1

0.1 1 10 100
iron crud concentration in the feed water (ppb)
53 BWR
) (to be contralled)
1.5

Fe in feed water (pph)

54

55
2 3 pg/L(ppb)

L] Ty il

startup test

1stcycle after 2nd cycle

Ni/Fe

Ni/Fe

56 /

GOCO

46

Ni/Fe

SOXX:20XX

ug/L  ppb

Ho/L
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ppb
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Ni/Fe

8.4.3
8.4.3.1

60CO

Ionic Ni (pph)

Deposition Coefficient

Zn

/
6 -1_ Ni/Fe (1 Ni )
)

4 )
2
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0 4000 8000 12000 16000 20000 24000

55 /

4

3
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; . o

0-1 0-2
56 / PLR ®Co
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BSZn
DZO: Depleted Zinc Oxide
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w00 -
STAINLESS STEEL
600 b—
.é 400 p— BRASS + DEEP BED
200 pP— T
BRASS + POWDEX
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