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Analysis of influence of canceling secondary neutron sources on
tritium source terms in pressurized water reactors

Wang Qi
(Hualong Pressurized Water Reactor Technology Corporation, Ltd, Shenzhen 518172, China)

Abstract: During the normal operation of pressurized water reactors, tritium contributes more than 95% of the
total activity of liquid phase effluent from pressurized water reactors, and it is one of the key radionuclides in reactor
design and operation. Through in-depth data cleaning and analysis of tritium emission data from eight units operating
in the United States with very similar core designs from 2000 to 2019, it is concluded that tritium emission from Sb-Be
secondary neutron sources using stainless steel cladding is one of the important sources of tritium source terms for
pressurized water reactor units. According to statistics, the average contribution of tritium production from secondary
neutron sources in the units is 7.5 TBq-a™', combined with theoretical calculations, The penetration ratio in line with
the current cladding material development and operation management level is 10%—20%. The elimination of
secondary neutron sources can reduce the public dose caused by tritium emissions by about 20%, and can also reduce
the constraints of tritium source terms on the number of units planned for the plant site. In addition, it also found that
significant fluctuations in tritium emissions are significantly affected by concentrated liquid emissions, especially
before or during the overhaul of pressurized water reactors in the United States, which will help optimize the
management of radioactive emissions from future units.
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Table 1 Nuclear reaction of tritium production in PWR

region nuclear reactions

fuel U/Pu+ In— FP1 +FP2 +3H

(n.a) B . . (n,a)
9 1 4 6 6 61; 6 1 4 3
antimony-beryllium 4Be+n——He+ He, He — 3Lig3Li+ jn — SHe +7H

(in secondary source) 9Be + In ™ 7L 4 3oL 4+ 1n M, e + 1n + 30
4 0 >3 117317 2 [

(n,2a)
10 1 4 3
5 B+ n——> 2 He+1H

10 4 1y D e 1L arr, 6y 10 By 3
5 B+ n——>3Li+ n+7HeyiLi+n— He+H

10g 4 1y @O 70 arr 7y 1 0a) y 1.3
5B+0n—>3L1+2He:>3L1+0n—>2He+0n+lH

boric acid
. . T !
(in the primary coolant and control rod) ;IB + (l)n g} ZBe + ?HQ?‘Be + (l)n E‘ﬁ) ‘Z‘He n gHe
B 6. . (n,)
$He - §Li+° ex§Li+ \n—— JHe +}H
9 [DRCEDRE AP S S PR L 1.3
sBe+ n— Li+ H>;Li+n —— He+ n+H
s . . (n,@)
lithium hydroxide ng +in——>1He +3H
(in the primary coolant) TLi+n (0 4He+In+3H
deuterium

~ ; 21+ 1 2,3y
(in the primary coolant) 1 0 1
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Table 2 Information of the reactors

reactor thermal capacity/ MW number of assemblies active height/cm fuel configuration secondary neutron source (SNS) period of discharge

A 3411 193 12 17x17 N 2000—2019

B 3411 193 12 17x17 N 2001—2019
group 1

C 3438 193 12 17x17 N 2001—2011

D 3438 193 12 17x17 N 2001—2011

E 3459 193 12 17x17 Y 2001—2019

F 3468 193 12 17x17 Y 2000—2019
group 2

G 3455 193 12 17x17 Y 2001—2019

H 3455 193 12 17x17 Y 2001—2019
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Fig. 1 Annual average load factor of reference unit
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Fig. 2 Distribution of tritium emissions
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Table 3 Statistical results of tritium emissions
average tritium emission/(TBq-a™) maximum tritium emission/(TBq-a™)
unit
gaseous liquid total gaseous liquid total
A 3.8 18.2 22.0 4.8 324 37.1
B 3.0 22.2 25.2 4.8 335 383
group 1 C 2.1 21.5 23.6 2.6 33.8 36.4
D 22 22.6 24.8 2.5 343 36.8
All 2.840.7 21.1+1.7 23.9+1.2 4.8+1.1 34.3+1.6 38.3£1.2
39 26.9 30.8 5.4 36.5 44.0
F 39 29.3 332 4.6 37.7 41.9
group 2 G 2.6 28.8 314 3.6 39.1 41.9
H 2.5 27.6 30.1 32 37.1 38.8
All 3.240.7 28.1+0.9 31.4+1.1 5.4+0.8 39.1+£1.0 44.0+1.8
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