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A CIPS risk evaluation methodology applicable for PWR
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Abstract [Background] During pressurized water reactor (PWR) power operation period, corrosion products tend
to deposit in the fuel boiling zone and form chalk rivers unidentified deposit (CRUD). At a certain level of CRUD,
boron acid will precipitate and depress local nuclear power, causing CRUD induced power shift (CIPS) incident,
however, the operation data of reactors that have undergone CIPS indicate that CRUD thickness is not the only factor
affecting CIPS. [Purpose] This study aims to evaluate the CIPS risk of PWR more scientifically by establishing an
evaluation methodology that comprehensively considers CRUD characteristics and thermal-hydraulic condition.
[Methods| Based on the internal mass transfer mechanism of the porous media, a model which could simulate boron
deposition process inside CRUD was established by combining the consideration of CRUD morphology. According
to the simulated results, the deep causes of CIPS in Callaway and Ulchin power plants were revealed. [Results]
Evaluation results show that the most important factor of CIPS in Callaway power plant is CRUD thickness which is
different from the contribution of CRUD porosity to Ulchin’ s CIPS. [Conclusions] The CIPS risk evaluation method
of this study provides theoretical evidence and supporting data for more scientific CIPS analysis.
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Table 1 Relationship between boron deposition mass and
CIPS risk levels™

HESAM L R SN T AU
Assemble Low risk Medium risk  High risk
number /kg / kg /kg

121 0.09 0.29 0.57

157 0.11 0.37 0.74

177 0.13 0.42 0.83

193 0.14 0.45 0.91

217 0.15 0.50 1.00

241 0.17 0.54 1.13

T < AR XU v DRI A0 i RS Xof . 14 ot o) 0 25 Al B A2 2 331
H-3% .~5% FI-10%

Notes: The level of power shift corresponding to low risk,
medium risk and high risk is 3%, —5% and —10% respectively
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Fig.1 Schematic diagram of boron transport process inside
CRUD
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Fig.2 Schematic diagram of boron enrichment model
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Table 2 Input parameters of CIPS evaluation for Callaway plant and Ulchin plant

Z4) Parameter #{H Value % ¥E Notes

BURKRT/Yi U FAEHIARAR TKIIRE AR

Mass evaporation rate/ g-(cm’s)™' Different in each controlling volume Provided by thermal hydraulic code
HORL R T AR IR KRR PR it

Fuel area Different in each controlling volume Provided by thermal hydraulic code
A EFATE HAEHIEA R KRR PR At

Coolant velocity / cm's™ Different in each controlling volume Provided by thermal hydraulic code
¥ J R BAEHIEAE LK IR AR i

Coolant temperature / °C Different in each controlling volume Provided by thermal hydraulic code
R HFET) 155 TSR E I A
Coolant pressure / MPa For calculating coolant saturation density
TR BIZ AT 1) i SIaAT

Boric acid concentration / 10° mg-L™
R

Nickel concentration / 107 pg-L™'
R

Iron concentration / 107 pg-L™

Reduces along with operating time
2

Consistent with operating value
% PWRIZITA L

Based on PWR operating experience
5% PWRIZIT AL

Based on PWR operating experience
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Fig.3 Analysis results of influencing factors of boron
deposition in Callaway plant
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Fig.4 Analysis results of influencing factors of boron
deposition in Ulchin plant
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