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Foreword

The guidelines were developed according to the discussions of the Water Chemistry Guideline Working Group for
Pressurized Water Reactors, 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
pressurized water reactor (PWR) primary coolant control (also known as water chemistry control). Through the
practice of these guidelines, we expect to maintain and improve the reliability of PWR primary systems and secure
the safety of workers at PWRs by source term reduction.

In the PWR primary coolant system, the structural materials and fuel claddings are immersed in the primary water as
a coolant and a neutron moderator 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 PWR operation performance to provide more advanced guidelines.

It is also expected that the safety and reliability of PWR 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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Copyright
No part of this document may be reproduced in any form, without the prior written permission of the publisher.

Copyright © 201X Atomic Energy Society of Japan All Right Reserved
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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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3
1
pg/L | 2| >150 150 pg/L
2
3
1
L <02 3.5 mg/L
>35 0.2 mg/L
mg/L E5 E7
2
3
1
3 <15 3 3
cm’/kg | 2 15 cm/kg 50 cm®/kg
>50 2 E10  EN
3
1
100 pg/L mg/L
ug/L | 2| >100 |Sscc 2
E.3
3

a)
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mg/L

E.8

82

mg/L

E.9

mg/L

cm’/kg

25 35 1

mg/L

pH

E.10

82

ug/L

150%

ug/L

150%

no/L

150%

mg/L

82




44
SOXX:20XX

E.l1

82

mg/L

mg/L

E.12

mg/L

mg/L

Bg/cm®

131

131

E.3
E3.1

E.13

E.14

E.16

E.13

E.15

cm®/kg 15 50

15 cm’/kg

50 cm’/kg

mg/L

E.14

cm®/kg 5

5 cm’/kg
E.10

mg/L
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(at 25

a))

mS/m

mg/L

3.5 mg/L

4 mS/m

pH
(at 25

a))

pH4 11

no/L

150

SCC

100 pg/L
150 pg/L

no/L

150

150 pg/L

no/L

150

150 pg/L

mg/L

no/L

100

SCC

100 pg/L

mg/L

131

Bg/cm®

131

a)

E.16

ug/L

no/L

no/L

mg/L

Bg/cm®

no/L

mg/L
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E17
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“ H+ CI- ” HC
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(@25 )
ng/L 150 | % ’
ng/L 150 | % ?
ng/L 150 | %2 ?
ng/L 300
300 pg/L
mg/L
a)
E4.2
E18  E19
E18

mg/L




48

SOXX:20XX
E.19
10 mg/L
ng/L 150
ng/L 150
ng/L 150

mg/L
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E.5
E.5.1
E.20
E.20
PWR
5 ug/L
ug/L 2 8 2 8ug/L
E.11
10 pg/L PWR E.12
E.13 10 pg/L 600 PWSCC
0 pg/L
207
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1.4 "
'2 10000
1. - e ]
2 (- 212 JLEOD
4 IOy T eSS CS14A
s 0.8 S U S304
ﬁ ! T
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e
i 04 |
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SG Non-regenerative HX :
i e . 0.16 — 0.10
Regenerative HX (-37.5%) *
PRZ £
SG channel head center Non-recenerative HX =
- = —
(HOT) : 4 =
53.7 — 42.3 (-21.2%) P
SG channel head center Z
”
(COLD): Coolant =
85.0 — 62.7 (-26.2%) demineralizer
iy
V€T Returning line
Hot leg piping: * s
0.63 — 0.46 v Charging
(-26.7%) RV pump
; — (Unit: mSv/h)
Crossover leg piping: Cold leg piping: measurement of 17 outage =
0.73 — 046 177 = ?‘79 measurement of 18™ outage
-37.0%% ettt increase/decrease
(-37.0%) (55.4%) ( a )
E.12 4 )

| T T T T T T TTTTT

(b) @ zZn Oppb Oppb

Ozn 0ppb 10ppb
91
82
73
64 :
54 50%
45
36 0,
27
18 @ C
9 r—-O
3 4 5 6 7 8 9 10 12
X 3

E.13 MAG600 (12)
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F.1
F.1.1
F.1
F.1
(at25 )
pH
at2s ?
1/
mg/L

pH

pH
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pH
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pH
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pH
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pH
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pH
1/ pH
pH
pH
pH
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131
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pH
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F.2
F.2.1
F.21.1 82
82
F.2
F.2 82
o 1 / 1
/
o 1/
1/
o 1 / 1 /
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F.2.1.2

F.3

82
82

82

F.3

F.2.1.3

F.4
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at 25

a)

pH
at 25

a)

/3

131

a)
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F3
F.3.1
F.3.1.1
F.5
pH
F.5
at2s @
pH

at2s @
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131

a)

b)

F.3.1.2

F.6
F.6
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F.6

F.4
F4.1

F.7

at 25

a)
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F.4.2

F.8

F.8
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F.8

F.5
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F.9
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Fl
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H.1

H.1 JIS

H1 PWR

(a25 )

JIS K 0101:1998

pH(t25 )

JIS K 0101:1998

JIS K 0101:1998
JIS K 0556:1995

JIS K 0556:1995

JIS K 0556:1995

JIS B 8224:2005
JIS K 0803:1995

JIS K 0121:2006 *ASTM D3561

AESJ-SC-S003:2010
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AESJ-SC-S002:2010
2010 pH

JIS K 0101:1998

JIS K 0101:1998

131

AESJ-SC-5S004:2010
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133

14

JIS K 0121:2006 JIS K 0119:2008
JIS K 0133:2007

JIS K 0101:1998
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1
PWR
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® PWR
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2000
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3
2013 4
2.3
1 3 1 3
PWR
@
3
@
» (5)
1
e h
KitFEHRIEE
[
RFHMEEZRBRLEESE )
A //@;nsem BB \kgs_ 5 5975
P2 AT EHROER NS

( B H R - i w
( EBEE wiéiﬁ-aﬂiﬂ [ﬁ%ﬁﬁi-xﬂw][mt$w]

B B SRy | — [?‘FA’;',LA@R%.?@ =3

=50 4 FEEADERITH
k[ me | L(EPRIVGB%)
Check Action
1



4 PWR
PWR

5.1

PWR

5.2

5.3

Diagnostic Parameter

pH

300

(6)

PWR
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155 MPa

12

Control Parameter
BWR
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6
6.1 SCC
(SCC)
SCC
pH (6)
PWR SCC PWSCC LPSCC IASCC 0O,SCC
SCC
6.2 SCC
SCC
PWR
SCC
SCC 2
SCC
PWR
600 PWSCC IGSCC SCC
ppm ppb 1 glem® mg/L
OO0 i MR — Y : Canat v Ty agss |
8
b
3
5
tentative
GOy 5CC - safe area T
D.
0.001 od 7 a ) 1000
mg/L m
€7 concentration , [ppm] o= PP
2 304 SCC

no/L



®
SCC
PWR1 600 ScC
PWR 1 PWSCC(primary water SCC)
potential SCC)
3 4 5
3 ScC
2 mg/L
(13) (14) (15)
pH Modified pH
11 ¥ \: T ¥ T T
10 15& .
9 5 T
DH = 30cm®/kg H,0
. \ i
7 ):
6 J
5 \ 7
4 | 7
3- N ; -
oF , J
2
l- &-
0 A 1 A 1 A 1 A A A A
2000 1500 1000 500 0
mg/L ppm
3 600 PWSCC ©
600 SCC
4 600 ScC
40 cm’/kg

(16)
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LPSCC(low

280 mg/L
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8. E-07
343C CGR based on a current
TEO7 4 Hz level of 35 cc/kg and
Alloy 82 (8X peak vs. Hs
6.B07 4 ECP offset =0, = 20.2)
w 5H.E-O0T -
E
E 4E07 ]
i
(]
O 3E07 -
2.EO07 4
1.E-O07 + 3
:____}__‘.—a—-i—th*“ 1'-{
[].E‘l"DD 1 1 1 1 L1 'I t@
1 10 100 1000
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7
7.1
7.11
6
7
2 3mg/L
(19)
pH at 300 74
3.5 mg/L 3 4
8 Coodinated Lithum
1 3
PWR
40 Gwdit 2 mils 50 u
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= :
¢ o ® mo, o0 g A
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BACME (um)

Corrected Oxide Thickness (mils)
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10 |

360°C WERA—rL—TF

—¥—Li Oppm

? —A—1Li 10ppm

1 —O—Li 70ppm
—<—Li 700ppm

---&-- Li 10ppm 650ppmB

--@ .- Li 70ppm 6350ppmB

0 50 100 150 200 250
HEER® (R)
LiOH (18)
Measured Oxide Thickness vs. Rod Average Burnup
Millstone 3 & North Anna 1Data
5
1 o Nilstone 3 +-Cyck, Regions 1,4, & 5
T o Misstone 3 2-Cyck, Region 4 -
4+ vilstone 3 2-Cyce, Regions 24 3
4 o NorthAma 1 2-Cyck, Region 8 4
+ North Anna 1 3-Cycle, Region 6 %0
1 x itstone 3 3Cycle, Region 3 PY
3 - & NorthAnna 1 4-Cycle, Region 6 ¥ ¢
i .
1 ><g %
2 +0X
g +
Lot Rome
* &
14 + *
J ¥E+ *
i a_'_s*' +
E 00 o B'ée 155
0IIII|IIII|III||[II||IIII|II|||TFII
0 60 70
Rod Average Burnup (Gwd/Mtu)
120 -
o Millstone® (24441 B B LiSBER)
’E 100 _ . - og
2 o North AnnafF (fE3ELipHIBER) o0
W 80 Milstone/KE Sl ¢ & 03
= Gy1:pHE.9 5 2T
ke | Cy2:pHBS (27 AR T WHEES LA —
% 8 —3.3ppmLi—pH7.4 . ;?,- WHELT 39’\ A
K o -3 .‘ @
o 40 T A“io oﬁi
* 5 g - :
20 | g e :
RS Lt :
0 . n I
0 10 20 30 40 50 60 70
PREHEIMER  (GWd/Y)
3 1 (20), (21)



75

SOXX:20XX
7.1.2
9 55 cm?/kg
100 :
- A, f)(’
L 3 K
- i./ ra
a0 ghe e
!
- . /é' f'/ I |
HYDROGENATED LOOP -
. s LT
t35ex H, /Mg 1O L Agf & « TIRCALODY - 2.¢ - ANNEALED
}/&’a A+ ZIRCALOY~ 2.4-TAEATED
- :/: = 8 + ZIACALOY - 4.q - ANNEALED
o s ® = ZIRCALOY - 4 B - TREATED
E: r/q X * SDGF STATIC HoL0
; ND LIOH. NO H
3 b - - :
= Q. o
a:" il
< ™ //)[
u e
50 : =
. NOM-HYDAAGENATER LOOP A ’W
. 7
B LA
" ATy
- Q-/""g
— / )
/ %
x/%
o] e ' v y 14y 1 [ 1t
19 50 1ao 500 © 1TCO 5000
TIME . DATS
9 (22)
-4 10
4
AREVA M5™
100 mg/kg
(24)
Welght Graln
Fluorice
A
s b / |
> [ e
’ ./ ’,*
100 F / ya '," sulfate
‘ , //,"‘ /)No
/oo i Addition
/ //xl'//-_,/:(rate
Vv -
50 / ,: 05 g
/ /.
1]
200 -] 300
10 (23)



76

SOXX:20XX
7.2
131| 131| 133| 131|
1
JEAC
4213-20XX
1 6)
1
2)
(3) =4 100 % Bg/ml 10 Bg/ml
(4) =4 B 3.7x 10" Bq
13 1 Bg/ml
3.7x 10°Bq
(5) By 139 0.6 0.8
a) 181 133
7.3 Axial Offset Anomaly, AOA
AO 1
(P, —Py)
AO(%) = ———=x 100
O6) =+ 7,) 1
P
Py
AO
AOA AOCA 1 AO
AO , 12 391 EFPD
AO 13

10
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AOA 14
CIPS Crud Induced Power Shift AOA
pH at 300 7.1 7.2
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AO(%)
A/O (%
16 (%)
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12 —
8 lex B i*SIMULATE -+MEASURED r_ Y A
4 & — U O S, j
0
4 -
8
-12 -
-16 —-—-
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1 B 11 16 21 26 3 36 41 % 51 56 61
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Relative Power

08 +
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02 4

0.8 1

'
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= Predicted ACA Affected Assembly
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Crud
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5800

8
8.1
2
*Co 71 ®Co 5.3
GOCO
8.2
pH
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b)

5 pg/L
20

SG

SG channel head center
(HOT) :

537 = 423 (-21.2%)
SG channel head center
(COLD):

85.0 = 62.7 (-26.2%)

Hot leg piping:
0.63 — 0.46
(-26.7%)

PRZ

Non-regenerative HX:
0.16 = 0.10

A

#*

2 |
o

Regenerative HX (.37.5%) *
;-1_'.
3
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=
i)
g
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demineralizer
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Charging
pump
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Crossover leg piping:
0.73 = 0.46
(-37.0%)

19

Cold leg piping:
1.77 = 0.79
(-55.4%0)

(Unit: mSv/h)
measurement of 17 outage —
measurement of 18 outage
(increase/decrease)

(29)

c) pH

pH
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f)

1)

2)

cm®/kg
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