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Systematic measurement method for primary coolant flow rate in advanced passive

nuclear power units

LUO Hui
(Shandong Nuclear Power Corporation, Yantai 265116, China)

Abstract [Background] The primary coolant flow rate is essential in preventing departure from nucleate boiling.
The implementation of a low-leakage core loading pattern in advanced passive (AP) technology-based nuclear power
units has increased the temperature difference gradient at the core outlet, resulting in elevated uncertainty in the flow
rate calculations when using the heat balance method. [Purpoese] This study aims to validate a measurement and
calculation method based on the Bernoulli equation model for accurately determining the primary coolant flow rate in
AP nuclear power units, hence meeting the design and regulatory requirements. [Methods] First of all, measurements
were conducted for the primary loop main equipment and bend pipe flowmeter pressure differentials during the
commissioning phases. Calorimertic balance tests were performed at power levels of 50%, 75%, 90%, and 100%.
Then, the bend pipe flowmeter coefficients were calibrated using the flow rate values obtained from the hot function
test and 100% rated thermal power (RTP). Finally, based on weighted factors, the total flow rate values for the reactor
coolant system (RCS) were calculated with emphasis on the minimization of uncertainties. [Results] The proposed
measurement and calculation method yields primary coolant flow rate values with a relative error of less than 4%.
The total flow rate after loading is within the range of 95.8% to 104% of the expected optimum flow rate. The

uncertainty of the volumetric flow rate calculated from NAPs is lower than 1.9%, demonstrating a novel approach for
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precise measurements in other units. [Conclusions] The method of this study offers an advanced perspective for

reactor coolant precise measurements in other units, with primary coolant flow rate values exhibiting minimal relative

error and volumetric flow rate values from NAPs demonstrating low uncertainty.

Key words Flow measurement, Elbow flow coefficients, Weight factor, Uncertainty
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Table 1 Differential pressure measurement and flow calculation during HFT and start-up test

I S
Test position

AHERE kTR HFT

PSR EHFT )3 3hil5e 1T 5 Start-up
Uncertainty calculated flow / m*-hr™ total flow / m’-hr™' test calculated flow / m*-hr™" test total flow / m*+hr'

5 3 B8 2 i B Start-up

EJ1Z5 28 TFT115 +5.26% 71 131 71523

RV TFT115
R A TFT113
SG TFT113
THTFT101
RCP TFT101
A FT1

HL FT1

A FT2

HL FT2
HEFT3

HL FT3
HEFT4

HL FT4

A TFT109
HT TFT109
#4E TFT110
HT TFT110
W FT171
CLFT171
4 TFT105
CL TFT105
RCS B mfd
RCS Total Flow

+10.70% 37 044 73 702

+1.54% 18 100 71 840

+13.09% 32154

+13.07% 32550

+13.10% 31949

+13.07% 32469

+12.68% 32822

+12.68% 31975

+4.28% 18 001 69 369

+4.15% 18 434 70 951

+1.32% - 71 546

32 280.5

32398.5

71 801.596 8 71212.962 9
37 229.208 0 74 570.983 3
36 890.125 3 73 731.652 4
18 718.055 7 71 950.906 8
18 618.200 9 70 633.531 0
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*2 AHEEERENETHESNERT

Table 2 Differential pressure measurement, flow calculation, and weighting factor during HFT

577 30 Test method TSR & Test flow / m*~hr' N 52 & Uncertainty / % A H KT Weighting factor
RV JEZ RV Dp 71 523.00 £5.25 0.061 6

SGJEZ SG Dp 73 702.00 £10.76 0.0102

RCP JEZ RCP Dp 71 840.00 +1.46 0.809 8

B K Z Cold Leg Dp 70 160.00 +4.14 0.106 1

K Z Hot Leg Dp 62 393.00 +12.68 0.0123

St & Total Flow / m*-hr 71 546.00 +£1.32 —
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Table 3 Calibrated RCS bend pipe flow coefficients
KA Pl R JA B R A AU R
Permanent transmitter HFT flow coefficient PFT flow coefficient Final flow coefficient
IR 1#VE 1 Loop I HLegl  1.528 1.523 1.525
IR 1#VE 2 Loop I HLeg2  1.544 1.533 1.537
RS T34 3 Loop  HLeg3  1.528 1.522 1.524
WP TINE 4 Loop I HLegd  1.544 1.538 1.540
W1 1 LoopI Cleg 1 2.631 2.636 2.632
A TAE 2 Loop I Cleg2  2.389 2.391 2.389

@ssfums Measured Flow

@sfffe= Max Flow Satisfied

e Min Flow Satisfied

76 000.00
74 000.00
_ 72.000.00
I 70 000.00
= 68 000.00
S, 66 000.00
64 000.00
62 000.00
60 000.00
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