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Foreword

"Chemical analysis methods for primary coolant of PWR — Boron Isotope Ratio: 202*" was developed according
to the discussions of the Water Chemistry Guideline Working Group for Pressurized 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 boron isotope ratio
('°B/B) of reactor coolant for the purpose of accurate detection of boron isotope ratio during power operation,
shutdown and start-up from the viewpoint of maintaining and improving the reliability of all plant systems.

In the primary system of Pressurized Water Reactors (PWR), the structural materials and fuel claddings are
immersed in the water used as a coolant and a neutron 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 PWR primary water chemistry guidelines to achieve the appropriate
water quality management has been needed.

Under such circumstances, “Primary Water Chemistry Guidelines for Pressurized Water Reactors: 2019 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 three 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 "Primary Water Chemistry Guidelines for Pressurized Water
Reactors: 2019" was established for the purpose of contributing to the achievement, maintenance, and
improvement of nuclear safety.

“Primary Water Chemistry Guidelines for Pressurized Water Reactors: 2019” stipulates control parameters,
conditioning parameters, diagnostic parameters, conditioning and recommended values, action levels, responses
when there is deviation from the action levels and analysis frequency for water chemistry for reactor primary
water during power operation, as well as conditioning and recommended values and analysis frequency during
shutdown and start-up, 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 PWR primary 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 PWR systems, it is
necessary to perform high-precision chemical-analysis measurements with outstanding reliability, and the

establishment of standard chemical-analysis methods is required to underpin the “Primary Water Chemistry
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Guidelines for Pressurized Water Reactors: 2019”.

This standard stipulates the methods of analyzing the boron isotope ratio of reactor coolant as AESJ standards,
which have not been standardized in the Japanese Industrial Standards (JIS). “Primary Water Chemistry
Guidelines for Pressurized Water Reactors: 2019” specifies the analysis frequency of boron during power
operation, and the conditioning values and the analysis frequency of boron during shutdown and start-up. Boron
is added to the reactor coolant and changes in boron concentration are confirmed from the viewpoint of core
reactivity control during power operation. Furthermore, boron concentration in the boric acid tank and the
refueling water storage tank, which are required to have safety functions to ensure the safety of facilities as
equipment with subcriticality maintenance functions, are confirmed to be above the required concentration from
the viewpoint of subcriticality security during shutdown.

Since the isotope ratio of !°B in boron is depleted by neutron absorption during power operation, the boron
concentration is controlled by appropriately considering the fluctuation of the isotope ratio of '°B during power
operation. In addition, the isotope ratio of the depleted '°B would be close to the natural isotope ratio by boric
acid supply for subcriticality security during shutdown, and the '°B depletion is managed within the margin of
safety design and assessment [1].

The importance of identifying changes in isotope ratio due to depletion of '°B had been recognized previously,
The Japanese utilities conducted a comparative review of the estimated and actual measurements in 2008, and it
was confirmed that '°B depletion would not have an impact on core safety by continuing boric acid supply during
shutdown as previously[1].

As mentioned above, it has been confirmed that the impact of '°B depletion on safety is small. However, in view
of the importance of confirming '°B isotope ratio as a prerequisite for safety assessment in core reactivity control
during power operation and criticality control during shutdown and start-up, it is desirable to periodically confirm
safety. Specifically, it is important to continue to collect data related to '°B depletion by analyzing !°B isotope
ratios for specified facilities, and to use this data to clarify safety margins, thereby improving the reliability of
safety confirmation.

Furthermore, in core management, the minimum boron concentration and critical boron concentration during
shutdown are evaluated based on the !°B depletion, therefore continuous analysis of the °B isotope ratio can
contribute to improving the reliability of core management.

The !°B isotope ratio is measured by a mass spectrometer, and it is important to use standard reference material
with a known boron isotope ratio and to repeatedly measure samples in a reliable quantitative analysis. This
standard stipulates concretely general items for boron isotope ratio 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 knowledge 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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m/z=11 DX, ROV K UHIE OFEER A DROTAEERTE N &, NAT AT 7 7 Z0NFED
BN E D, WALV RDEND,

u 2 U\rs obs 2
u(rs) =15 X \/(%) + (ﬁ) ................................... 4)
il Y B ODIE ) FED m/z=10 & m/z=11 DL (ERID 5 HEH)
u(f) XA T AT 7 7 2 OERAMENS
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My X Ry 1
— o e 10
Cio=0CX i 100 (10)
Z 2T, Cio : B E (B : mg/L)
822 [F5MKEEDEHE
RN 1 |~ T71E O MK DEEIL,  “Densities of Aqueous Solutions of Inorganic Substances” [5]iZ

FoFE, RAUZK > TRDHRZ O,

p; = 0.9982 + (33.54 X ¢ — 12.16 X c15) X 0.001 +=covevrerecnes (11)
ZZIg, p AE D KR DEE (g/mL) (20°C)
c AT EAKIBE DEILVEEE D (mol/L)
EO ZOEMEOBLIEI XV /HTIX20°CHHE THEMT 572, 20°CIZI1T 51T 9 BRKIEIR OB EFHR
KL Lz,
FED 2 TIESURRISICA D E TEEE (mol/L) & L, BERIOITO FEHE (B: mg/l) ([THHA

L7,
ZE\Z, FINLIREE 90%-4E B /KA & LT2HA D pp DIEZ BT 1 (xT, 72, FNLIAKRE 20~
95%I2331F % py DIEZ BT 1 17T,
FRZFER L25E, BEOMEITIZE) RREGHEOPRIE L 25720, EEOIT) RRE L OER
WCHRT R ENAE T D0, IRMEICEVIZ O RENAREPARRIZOMBE Y RKE< DL EHIZ, 1T
FKDBEEITNEL e, ZhE EbICRIEREFERT I LIck AT NS D,
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RHR1— F5BKBROBEY

30 FRE KIRIEH B 90%- i 1°B 1 5 ik
(B : mg/L) KV D VIR DR
(g/mL) (g/mL)
3000 ~ 4000 1.0068 1.0065
2000 ~ 3000 1.0046 1.0044
1000 ~ 2000 1.0022 1.0021
500 ~ 1000 1.0003 1.0003
~ 500 0.9989 0.9989

Y RE20°COEE, BEEITRIKE D B L) b FALRE BHARIC L0 RO 7 ME,

9 ERAY SHRIEHEA

AROHECTHUE LT 1B [FINCARE o5 FIEEPH 1L, B iR < 9 U 7= i R & At
(LT, TI-MS  (ASTM-C791 TiZ 5 EFRNAKLL T ~O# A3 HE ST D,)) & ICP-MS 12Xk 2
JOAF v 7 OFER[6)1FFEICRE LTMETH Y, o BT DA A2 BE Lz b 0Tl
W BEE O IEICHW DN A2 H 45 2 & T, "B RN 0@ A28 2 58 EHIH LT,
AR A IR T 5 Z L IXAETH D,

10 BERE

OO EEAEM LTS5BS, AN HTEORERIEIL, 139 ZFENAEEYE OB, i
IRAFR R L K 2R84, ICP-MS MIEICHIT HFREDEFHE 720, 1%L T & 72 5([6][7]. WAEFEED
FHERKIL ICP-MS HEDEEZTH Y, HKLAEIZLDBENKEI SRV +oeb A BEN G LN
WIGAICE, EEZ I EERRREBICGRE L ETRIEZERTIVLEND D,

&& 3
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B 1— F5BKBRBRDER

9B [RINZIALE

20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 95%

ESE 323 3

B : mg/L) |30 BRI (g/mL)
3000 ~ 4000 | 1.0068 | 1.0068 | 1.0067 | 1.0067 | 1.0066 | 1.0066 | 1.0065 | 1.0065 | 1.0065
2000 ~ 3000 | 1.0046 | 1.0046 | 1.0046 | 1.0045 | 1.0045 | 1.0045 | 1.0044 | 1.0044 | 1.0044
1000 ~ 2000 | 1.0022 | 1.0022 | 1.0022 | 1.0022 | 1.0022 | 1.0022 | 1.0021 | 1.0021 | 1.0021
500 ~ 1000 | 1.0003 | 1.0003 | 1.0003 | 1.0003 | 1.0003 | 1.0003 | 1.0003 | 1.0003 | 1.0003
~ 500 0.9989 | 0.9989 | 0.9989 | 0.9989 | 0.9989 | 0.9989 | 0.9989 | 0.9989 | 0.9989
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