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Foreword

"The Water Chemistry Analysis Methods of Boiling Water Reactor - Metal Impurities : 202X" was 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). This standard stipulates concrete methods of analyzing the metal impurities concentration
of reactor coolant for the purpose of contributing to maintaining and improving the reliability of all plant systems
and securing the safety of workers by reducing the personnel exposure dose.

In Boiling Water Reactors (BWR), the structural materials and fuel claddings are immersed in the water used as
coolant and moderator under a high-temperature and high-pressure environment, and the integrity of the structural
materials and fuel claddings may be affected by corrosion reactions depending on the water quality. Moreover, if the
corrosion products generated by the corrosion of structural materials are released to and deposited on the surface of
the fuel claddings, and then activated in the reactor core, the corrosion products will act as the radiation source and
will cause an increase in the personnel dosage. For this reason, the establishment of BWR water chemistry guidelines
to achieve the appropriate water quality management has been needed.

Under such circumstances, water chemistry guidelines shall be established independently to improve the safety of the
light water reactors, based on the lessons learned from the Fukushima Daiichi nuclear power plant accident, which
occurred in 2011. Water quality management has the following 3 purposes: Maintaining the integrity of the structural
materials, maintaining the integrity of the fuel claddings, and reducing the personnel exposure dose. From the
viewpoint of fundamental principles for nuclear safety, maintaining the integrity of the structural materials and fuel
claddings leads to “confining sources of radiation risks”, and reducing the personnel exposure dose leads to
“protecting people and the environment”. These concepts have been systemized, and the "Water Chemistry
Guidelines for Boiling Water Reactors : 202X" was established for the purpose of contributing to achievement,
maintenance, and improvement of nuclear safety.

The Water Chemistry Guidelines for Boiling Water Reactors stipulates control parameters, diagnostic parameters,
recommended values, action levels, responses when there is deviation from the action levels and analysis frequency
for water chemistry for reactor water during normal operation, as well as analysis frequency during shutdown,
established from the viewpoint of maintaining the integrity of the structural materials and fuel claddings, and
reducing the personnel exposure dose. Furthermore, the chemical-analysis that is stipulated as a quality management
item assures the quality of BWR water chemistry management, and falls under “To prevent the occurrence of failures
or abnormal conditions” and “To detect the failures or abnormal conditions and prevent the escalation of any such
failures and abnormal conditions” for nuclear safety. In order to carry out operation management appropriately for
the items concerning securing the safety of all the BWR systems, it is necessary to perform high-precision
chemical-analysis measurement with outstanding reliability, and the establishment of standard chemical-analysis
methods is required to underpin the Water Chemistry Guidelines for Boiling Water Reactors.

This standard stipulates the methods of analyzing the metal impurities concentration of reactor coolant as AESJ
standards, which have not been standardized in Japanese Industrial Standards (JIS). In BWRs, metal impurities of
reactor coolant are analyzed to maintain the integrity of the fuel claddings and reduce the personnel exposure dose,
and the Water Chemistry Guidelines for Boiling Water Reactors specifies the recommended value and analysis
frequency of metal impurities of reactor coolant under plant normal operation and during start-up. Metal impurities
are measured using X-ray fluorescence spectrometers, atomic absorption spectrophotometers, and high frequency

plasma mass spectrometers. In order to grasp the water quality condition of reactor coolant in detail, it is important to
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separate soluble and insoluble metal impurities in sampling. This standard stipulates concretely general items for
metal impurities analysis methods, sampling, instruments, equipment, and analytical practice.

After this standard has been established, the feedback from plant operation experiences and case studies based on
new observations, and the latest chemical-analysis technology will be incorporated into the standard, and then this
standard will be updated in order to appropriately apply new observations related to safety improvements to plant

operation management. These activities will contribute to the continuous improvement of nuclear power plant safety.
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3 FERUVESR
ZOBEETHWD ELHELOESRL, JISZ 4001, JISK 0101, JISK 0102, JISK 0211, JISK 0216
KON AESJ-SC-S007:202X (2 X 51E7y, 3.1, 3.2, 3.3, 3412k 5,
3.1
£BFMY (metal impurities)
RN FE A D RIRNERL Sy B ORVE R oy D& IR 5 otk (7 ah, 8k, 2/9L b, =v 7k, §i)
3.2
Y275 RIS (sample holder)
&R OACZ WA N D R ED TV U T T HEDICHND AT T T g VE A A
R ARE NN T DAL
3.3
BREMERLS (soluble components)
R 045 pm DA LT T 7 4 VE ZiElT 54 )R #E]
3.4
FBEERS (insoluble components)
045 pm DA LT T 7 4 VA THIE S NS & Bt #E(1]
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4.2 EESWICAVLEEE JRERUVK
4.2.1 BREE
a) JIS v— 7 F£oRfh O FREE ORI A D,
b)  EREEOPEEEL, BRI o/L T me/L, E/VEEEET mol/L Xt mmol/L TR, (LA o
TiE, ke L CoEEZHWS,
o RIFHOWHAHORITIEIM TR SN DIRENL, EERIIMNIEIEORE TH 5,
Bl KEE(ET B U D AOKEEE (0.1 mol/L) 1349 0.1 mol/L TH 5 Z & &7,
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Tr I B ERODMENRD D,
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42,2 F#RAHE
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6 LEIHMTAE
6.1 WA XBOITE
6.1.1 BRAYT HREHE
T IR EEPE, $5T 102 pg/L~1.5%10 pg/L, &, = 7 /LK 1 AT 102 pg/L~2x100 pg/L,
2L T 108 pg/L~2x101 pg/L &3 5[4,
6.1.2 FARUEE
42212k %1Fh, 6.1.2.1, 6.1.2.212L%,
6.1.2.1 ERBNIIFNMREK
MR X 110 “CLLE TR FTHE CRUBIO R AL 1L T & 5 6 D[5],
6.1.2.2 HX XBHWEE
AREN D RAET DEE XBAHEL, REHICEEN &R IR E2IET D, 26 X BOWEEROLAR
HERR M OEEAHREIZ DWW i, JISK 0119 ICitd#id “WEA#HI R 1I2k 5,
6.1.3 BE
a) 5.2 TEREBLI-AME, Wi IIRIMRER T 5,
b) HLRSET AMEEOE X RO E CHIE T S,
o WEROEBRAMMHERE M (ng) ([ZESX, &R AMBEEZX (1) ICXs TEHT S,

C=7 ........................ (1)

C: &RAMPEE (ug/L)
M: WERFOEBAMYERE (pg)
V& elE (L)
6.2 RTFEIHKEE
6.2.1 @AY 5 REHE
W9 DRI IE, $6T 102 pg/L~1.5%10 pg/L, 8, = > 7 /L K7 1 AT 102 pg/L~2x100 pg/L,
=31 b T 108 pg/L~2x101 pg/L &3 5[4l
6.2.2 HRE
6.2.2.1 RIEE
JISK 8180 IZHET 5 H D,
6.2.2.2 RiEE
JISK 8541 IZHETH D,
6.2.3 FARUVEE
4222k %1Fh, 6.2.3.1, 6.2.3.2, 62.33I(2k%,
6.23.1 E—AXIFa=hLE—2H
2558 100 mL~500 mL ® & 0,
6.2.3.2 fnzhss
110 CLLEIThnEATREZ2 & D [5],
6.2.3.3 RFWEALKEE
&It & B R ENAIR 2 iR TR L S, BER R O & B 5 LR A RhIR BB T 5,
ZOOWIL (BE) ZRET DI E TREOEREZITI LOTH D, FTWNEF O AR L O
FEABIEIZ oW L, JISK 01212k %,

ZZT7T
ZZT,
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6.2.4 #{E

a) E— WK x AE AN, RERR 15 mL, JRA5E 1 mL Z00%, K TK 50 mL IZF#R# 5 (6],

b) WL TEA L, MG THEL, 10 mL 12725 £ ClMET 5, Z OB, BA 4O E N
Bt A AT N ENITEBICE = bRO L, AT T 07 4 VA IXERITER S
5,

o H%, E— I OWEEIKLED 20 mLAICTHRT S,

d  JRTRIEERHTRIET S,

e WEROEBAMMIRE L (ng/L) IZESE, ERAMYEELZX (2) Lo THHT S,

1 x20x1073
v
T, C:eRAmEE (ug/L)
L : PIERE O B A (ug/L)
V. aEE (L)
6.3 BAKISIXTEENHE
6.3.1 BEAY S REHH
T IR EEPHIE, #5T 102 ng/L~1.5x10 pg/L, 8, = > 7 /LK 1 AT 102 pg/L~2x100 pg/L,

2L T 108 pg/L~2x101 pg/L &3 5[4,

6.3.2 RE

6.3.2.1 RIEE

JISK 8180 I ET D H D,
6.3.2.2 RHHER

JISK 8541 IZHET 5 H D,
6.3.3 |ARUEE

4.2.2 12X 51F0, WIZLD,
6.3.3.1 E—AXIZa=hILE—7H

A& 100 mL~500 mL ® # 0,
6.3.3.2 jinEhgs

110 CLL Rz AraE7Z2 b D [5],
6.3.3.3 BAKISXTHEESIE

FHERES T T A R & U TRW IR O Fik, B S 7oA 4 v A2 EEE B HTEHIE

AT %, @AM T 7 A~ G RHTE O FEARER K OFEABIEIZOWTIE, JISKO0133 12X %,

6.3.4 B4

a) 6.2.4a)~c) & [FRRICATE AT 5, &BA AL 21 2 HIET 25 TR ORI IZRE TH 5,

b) FEET T A~ E &R CIHET D,

o WEROEBAMMIEE L (ng/l) KX, &R AMPRELZX (3) k- THHT S,

_ 1cx20x107°
4
ZIT, C: ERAMYIEE (ug/L)
L : PIEREO& B AMDIEE (ug/L)
vV RkkE (L)
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F25) /- THEMmT 5,

B E
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T OfREIE, AMEEOMBEICRE L ERT RN NSICEE L-EHESAT A0 ThY, Ei
D—ERTILR,

1 HEDOBRE

S KR 747 (BWR) 7° 7 o b CUE, HEEAE R OB O SR MEHERS, 3 ONCHIE <SRRI D 720,
RRAKITE END BB AM ZALESHT LT D, JFFKEICE EN L @RI 2R E R < ERoHT
TH720E, B0 TV 7, B NIE 2@ YIAT 5 Z ENEETH D, BWR ORILFE
IO DAL GIEICE, JIS ZRETHEEL SN TV DL DL H D, SRAMMIZ OV TITAELE(L
SNIALFERT BT, 2072, ZOFHET BWR THW 2 &8 A D10 ik % A AR+
NFFREL LTHET 2,

2 FIERUBEDRERE

O, EHERES VAT AREHEMEESO FICRT DN KMEFE SRS RO OEESIC
BOTHREFERZITY, FRHMAHSRORZEBZOFHT NCAREEZ R THIE Lz, REEIIHED)
D ENE L, HEFTOLE « LEEROMR L OB L~ UHERF - 1 EZEOBLEN D, BEHEORE L
ZiTo7,

Bl O R OB 2 RIZR T,

2011 FRICHAE LT t@ B — R 7 /1 BT H O BN 2 B £ 2, 8/KIF O B ER L APEN E~OBUREA A
VL &, BT NREOHER L OHHEISCEICE T2 2 &2 e LT “UbE/KRR 717 oK (b7 B
fe#E 2019”7 3HIE ShT-, RS TIE, KMEFEEFO g & LT, BEEM B OBRBHE B S O e VEfERs,
A ONTAEEREFE OWIE SRR Z R > TN DD, b D 5 H, HEEME R OBREHTEE O REAMERER T
JRF LA IT D TR 2R 7RO CiAD”, 1EEMEFE OFIE RRITFE U< “A L REO#”
DEMICETL2HDOTH D, Thbb, MEMEHIFFIFRHBEMIEIIND 2 ) 2R L TEBY, O
EHEHERFE XD Z L IC Ko THEAMIBE AN 27 2K T &5, £70, RRHEEE ITRE R Oy S ik
WMEIGH L TR Y, ZOMEMHEERZMD 2 LICk > TBREIED Y 27 2K T &H 5, ZhbldnThn
b HEHRY 2R 7RO CIAD” ICRE L FELTWD, —F, BFFEHEM OKEFE 2 @247 5
Z LI Ko T UCRIEEM B O E R L~V AR L, 1EEREEE OPIE AR Z ER T 5 2 & 23 A
BEE 72D, ZhUx “ANEBREOB# ICKE<HFEHELTWD, 0w, R TIE, AT ALK
EVEMERICIR D2 HBIZOWT, FHIEE, ZWEE, 77 varbb, 77 v a »r bayLiiliEo 8
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