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Foreword

"The Water Chemistry Analysis Methods of Boiling Water Reactor - Cobalt 60 ion : 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 (AES]J). This standard stipulates concrete methods of analyzing the cobalt 60 ion concentration of reactor coolant
for the purpose of contributing to 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 water 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 cobalt 60 ion concentration of reactor coolant as AESJ standards,
which have not been standardized in Japanese Industrial Standards (JIS). In BWRs, cobalt 60 ion concentrations of
reactor coolant are analyzed to reduce the personnel exposure dose, and the Water Chemistry Guidelines for Boiling
Water Reactors specifies the recommended value and analysis frequency of cobalt 60 ion of reactor coolant under plant
normal operation. Cobalt 60 is a gamma ray emitting nuclide and the concentration of cobalt 60 ion is measured using
a germanium detector. In a reliable quantitative analysis, it is important to eliminate insoluble metal impurities in
sampling before measurement. This standard stipulates concretely general items for cobalt 60 ion analysis methods,

sampling, instruments, equipment, and analytical practice.
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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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[ BWR KA EIBIRST « S0 IC 25 < F54H D E ]

ERE A - LA CA Eﬁﬂf’ gl = \
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P~ DG AR
NRA, IAEA D @) EpRaE
BB E Ao B $
(JIS, IAPWS,

\\‘ PREL EPRI, VGB) 4//

EEE NRARTIHIHIZAE S, TAEAEBRA T HBE, TAPWS:EERK « 2K =,
EPRICKIEEHFIERT, VGBI KRB FE B3 H B =

fESRE 2—BWR KIEZ ST REICRHAME EBAS HEA

4 BEBPREELLGLFREE
FRZRLRUT 2 & HIHIT R o 7,

5 BREEIE
BRCRE T D REFHII o T,

6 EEAMAEDOER

JRAFIFARICEEND a0 b 60 A A2 ZALFONT D HiEZR~ 5, AT 2050 5ECE, B
AT T 4 VEEROAMERH Y, FHENER, FEELZBEL, HUICRET S (R 10 2R).
6.1 BAAUBT 1 ILEE

BEE L 72 AR KT, ERRIE DU YEA A 2 By B ORISRV DT PE S B M (BUF, "HuRtE 2
Ty RPEWNS) MEENTEYD, AT ITUTANFEo TR 7 v RERELEZRIL, BA A4
VRSN L R 60 A A a WA S CHEMREE LRI 5, WEIEF~E, 6.1.2.2 OF 1
WRTERBY, ENBAT T T 4 NE ROGA 4 R ARDIEICE ~ F T35,

75,6122 DB 1IZRT LI IHBICEY NLIEAVT T 7 4 MV EITTHENEYZ 7 > RERIER
REE LTINS 2 2 03T, £, BAFT U RWMAREE Y 952 LI X o THSERRA A v % 1A
FRICEBRIT D Z 3T 5,

6.2 Ak

B L 72 AR KT, IRIE D BURYEA A B R OB 7 v R EEN T 5, 6.2.2.1 DE
2R TEBY, AVTTUTANRICL TN 7y REREL, A% ORFFKZJEHRE
ELTHRIRT %,
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T~ = MRHEHC K B EHIGIE, T~ =0 DOPERRHEIC L D y A7 ha 2 Y =" 1]
WZESE E T 5,

71 IR LBHER

HAERIE I N D 2L~ = 7 Ak SR O AR 2 YR,

— 25 cm AR 1 10 %~40 %

— 1333keVIZEBW\T FWHM (CLiEfE) : 1.6 keV~2.2 keV

— 1333keVIZEW\T FWTM (1/10 figt&) : 3.5 keV~4.2 keV

— B -ar7Rrr:30: 18k (2290 h 60 1333 keVy FRIZK L O)

7.2 E—VOEKRHHRERUVERE

Y RTRAF =Y T 58— 7 OIERFEIE CLF, “E—2mf"Ev9,) 1%, MLz e—27 kW
BAEYE—7, FEE—I R L5EREICHOWTHEFE RS TWA(L], #lé L CHRERE 3 1271 &
DI LT — 7 TOE— 7 I OEER AR O L O Ik bt b,

B =7 FULEIR D A O — 7 L LR R A X R O E T L —lcxt L CHEE T 8 —7
fEIE &R U T v o3 sd Lz B, CHEIBOFHEKMEZ HWT, ©— 7 miEk N OEERZEITRDO X H I
AR END, LedoT, WELSHHEREZIT I ZOIIIC— 7 IRICE ENDI Ny 7 7T v R+
FICTFTFDZENEETHD,

a~ULE R, B (REEISOATER) OB UL B R— T A Ui (REEEISOBKL D
CHElk) oh v "EEFIK 2L TE—JHfEZRD D HIETH D,

v — 7 Maet=A-B-C
' — 7 A OFE AR 7= on=VA+B+C

i

Bn An Cn F ¥ IV
BHE3I—aRN)LEITLBE—V ETR

7.3 FRREER D
AIEREFNZ DWW TIEFHER A CRIER 2 M E T 223, @IS AERER 23 K Z 0y & = R0 — BRI K
DT R VF =D 5720, AR Z RS ILERSD 5.
YV OANLEGEBEEZEESOWEHRNLE L T TROT —X 2521525 Z & DO TE W EE O Fn,
SOFPEREFICKT T 23—k &2 WS,
7.4 TRATBERZMEIE
HHBEDEEMIEOXEX (1) 1R[],
IT=Txexpldé) « v v v v v i it i i e e e e e (1)
ZI2C, T EERME#RO SR 60 A A VEE (Bg/mL)
Ie: PIERED /3L k60 A AL E  (Bg/mL)
A AEEES (mint)
t o OEEFRE] (min)
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7.5 MWETRERISE~DFEEM
0 b 60 1, CEREIN 52T L TEL, £, yBRZ X AXF =X 1MeV 2B 5= LX—Th
O, WWEERERLLONMEEA LR, BORRRE SO RZEERIIMLE L Lz,

8 EAYTHREFHE

AT DRERMAICOWTIE, REHER, B0 OEEE, MILSROMERR SR TAIZETH D,
JREE L LT 2x102 Bg/mLI[2]~1x103 Bq/mLI[3] Z R L&A & L7=7y, BURME:, FHHIRERH] 72 & O@IRU L -
TIREHRPHAZILRTE 5, 72720, TOHRAITITHREREDORAEZ ET 5 RICHET 2,

9 KERE
BAKEEET, WA AL 5T 4 LB UL HBIEIC L ARSI 33 2ROV L~ =7 AR HEIC
L DFHTCORREL 2D, FHREENKRELSFGT DL LD, ZOEECHE LGHISM 2
BETDHZELICE>Tar UL 60 A A REOFHEFREITIRES TH I5%RETHY, KRETHHRE
FEEE & LTl 20 %RREN S OB [4],6],06], #IE < MREICHET ZHMIRORN AR T L2 2 L2 L
L7 THE BBV T, 20 %R ORAREE NS L iUZHolcimT 5 2 LTt 5729, b
FONTFEE L TIERYTH D,
AR ZOBFEEOLFAN IECHOC D EE R SRR L1, TNENEROFERELY b D, RER
RIZONWTTELLETEBINCERT DL L E2E R LT HBAND, TNLOFRRAEICEDSE
X (2) CHEINDAHEEARAIEE PLT 200U Th 5,

I T (2)
ZIZT, oa b,oc, ccrlE, EEROCSHRELRED S OWAREL T,
F2 U5y FROOBREOEDICHWAAKOE v "R L b -84, A% 2ERDZ LICL-
THIEDRERODZ LN TE D,

10 BIEEFITHEDLE

FACE W IR BT DR O ik & R T,

WA A AT 4 W HIRIE, A U RBAK (OME 47 mm FREE) (RN D700, KEARFHEghE T
HIEFTRETH 5,

AL, A F AR E AR, RN D LD HIRAFHE RIS < e D,

B, WEEHORE, N OBME S KL EIZ DWW TIE, oDt HiEIER%E T
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