Nuclear Science and Technology BRI 53# R, 2025, 13(1), 1-10 Hans )Xh
Published Online January 2025 in Hans. https://www.hanspub.org/journal/nst

https://doi.org/10.12677/nst.2025.131001

ETFNRSTAP-PWRIEFFH E7K I
)iy €k R = R I

F R, RRTL R B 08 R, Wik
b KRl S TR e, bR

Wk H . 20244F10H30H; FHHEM: 20244F11H11H: kKA HM: 20254F1H6H

R

TR PEIRIR: A T PO B ) IE B 32 A7 393 T80 U MR O SRR i B B R e . ASSCRIE ST 7 B K HE
SRR KEE . TR W, R, RERNEEREREH R ENEROE, BT IHER
S REENBCEER, FFR T MR EEFFNRSTAP-PWRIHHAT T WK £ KB PSR 2~ M
PR %47 FEENDF/B-VIL1H 2B . BB FIRAR A 5 E R R FBETARF LRI 7%, SRR
B3: NRSTAP-PWREFIH HHIRIEK SBETARF T HERYI SR, WTHTEKERR) BN
B BT FREPPAEL HR AR .

X in

EIK¥E, BT, B R, NRSTAP-PWREEF

Research on Radioactive Source Term
Calculation of Pressurized Water Reactor
with NRSTAP-PWR Program

Xing Lei", Jingyu Zhang*, Hao Zheng, Chen Yang, Lisong You

School of Nuclear Science and Engineering, North China Electric Power University, Beijing

Received: Oct. 30, 2024; accepted: Nov. 11, 2024; published: Jan. 6%, 2025

Abstract
The radioactive source term is the basic data used to evaluate the environmental impact of
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radioactive release during the normal operation of nuclear power plants. In this paper, the migra-
tion, adsorption, retention and decay of radionuclides in PWR are studied. According to the gener-
ation and disappearance mechanism of radionuclides in the system, a mathematical model for cal-
culating radionuclide activity is established, and the corresponding calculation program NRSTAP-
PWR is developed and tested. The nuclear reaction data of nuclides were extracted from the evalu-
ation nuclear database ENDF/B-VIL.1. The program is tested by comparing with the international sim-
ilar program BETA program. The results show that the nuclide activity calculated by the NRSTAP-PWR
program is in good agreement with the calculation results of the BETA program, which can be used
for radiation shielding, accident prevention, environmental assessment and nuclear facility decom-
missioning of PWR nuclear power plants.
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Figure 1. Removal path of radionuclide for reference PWR
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Figure 2. NRSTAP-PWR program structure diagram
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Table 1. Description of the element classification used in this work
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1 EHA A Kr-85, Kr-87, Xe-133
2 E Br-85, 1-132

3 AN Na-24, Rb-86

4 i Cs-134, Cs-137

5 o, Ba-140, Sr-90

6 HAtb#z R Cr-51, Co-58, Co-60
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Figure 3. A general type of decay chain branching
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Table 2. Comparison of specific activity of nuclides in primary coolant

2. —EIRRERANF PR R ERE XL

%# A 2E W (h) BETA (Ci/L) NRSTAP-PWR(Ci/L) 2 (%)
AR
Br-83 2.40E+00 1.13E-06 1.1278E-06 0.19
Br-85 5.00E—02 2.26E—06 2.2605E-06 —0.02
Kr-85 9.30E+04 1.47E-10 1.4703E-10 -0.02
Rb-86 4.50E+02 4.07E-11 4.0657E-11 0.11
Kr-87 1.30E+00 5.33E-06 5.3264E—06 0.07
Kr-88 2.80E+00 6.81E—-06 6.8124E—06 —0.04
Rb-88 2.97E-01 6.98E—06 6.9831E-06 —0.04
Sr-90 2.46E+05 5.62E—08 5.6181E—08 0.03
I-131 1.92E+02 4.93E-06 4.9287E-06 0.03
1-132 2.30E+00 7.17E-06 7.1734E-06 —0.05
1-133 2.08E+01 1.42E-05 1.4190E—05 0.07
Xe-133 1.28E+02 2.49E—06 2.4866E—06 0.14
Cs-134 1.94E+04 1.74E-07 1.7406E—07 —0.03
Xe-135 9.22E+00 9.60E—06 9.6019E—-06 —0.02
Cs-137 2.33E+05 2.94E—07 2.9411E-07 —0.04
Xe-137 6.50E—02 1.31E-05 1.3124E—05 —0.18
Ba-140 3.08E+02 9.91E—06 9.9071E-06 0.03
A=)

Cr-51 6.65E+02 421E-33 4.2084E-33 0.04
Co-58 1.71E+03 3.52E-34 3.5169E-34 0.09
Fe-59 1.09E+03 2.16E-34 2.1627E-34 —0.13
Co-60 4.65E+04 1.82E-32 1.8199E-32 0.01

M EREEAR, HHRESSHHEE - CmERAEMN. W& 2 FrfLlEH, BETA BEFIHET
BHAAR B NS G — L, T R/NEIRTR 2, NRSTAP-PWR i+ 58 7 B /NS S A o TR &
)% 3 A HE Br-83. Br-85. Kr-85 4%, WL M% # A4E Cr-51. Co-58. Fe-59. Co-60. NRSST £
P45 RS BETA 2P ITH A 45 R & 507, A RZETE 1%LA, UiH] NRSST F2/7 i TH 5 45 5K 2
AT 5E 1

(2) % RGEVR I

IR R SR K IR IUR ZE IR IR . R TSRS R L R 3, TR SRR TR K T
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Table 3. Comparison of specific activity of nuclides in secondary loop coolants

3. ZERAE

N3 s R TR X EE

[l A EN A
Bz KA ZRIEH
BETA (Ci/kg) NRS(E‘?/EQ)’WR {fi#(%) BETA (Ci/kg) NRS(E‘?/EQ)’WR (R (%)

Kr-85 0.00E+00 0.0000E+00 000  439E-14 4.3902E-14 0.00
Kr-87 0.00E+00 0.0000E+00 000  420E-11 4.1993E-11 0.02
Kr-88 0.00E+00 0.0000E+00 000  9.66E-11 9.6632E-11 ~0.03
1131 1.81E-13 18102E-13  —001  LI2E-11 11169E-11 0.28
1132 6.37E-12 6.3693E-12 001 3.50E-11 3.5027E-11 ~0.08
1133 4.49E-12 4.4896E-12 001 335E-11 3.3513E-11 ~0.04
Xe-133 0.00E+00 0.0000E+00 000  3.03E-10 3.0302E-10 ~0.01
Xe-135 0.00E+00 0.0000E+00 000  2.15E-10 2.1474E-10 0.12
Xe-137 0.00E+00 0.0000E+00 000  123E-11 1.2335E-11 ~0.28

(3) B RGN
IR B LA 5 b BEASE Bl v F) 3 SRS T O B, TSR BE SR T R ELIE FE, PR NRSTAP-PWR 1)
AR S BETA B RE R AT, X g R I 4.

Table 4. Comparison of nuclide activity in water treatment module filters

4. KIRAR PGS IR AR PR RIBE X EE

%# A2 1H(h) BETA (Ci) NRSTAP-PWR (Ci) i 22 (%)
Br-83 2.40E+00 0.00E+00 0.0000E+00 0.00
Kr-85 9.30E+04 0.00E+00 0.0000E+00 0.00
Kr-87 1.30E+00 0.00E+00 0.0000E+00 0.00
Kr-88 2.80E+00 0.00E+00 0.0000E+00 0.00
Rb-88 2.97E-01 1.28E—02 1.2842E—02 -0.33
I-131 1.92E+02 0.00E+00 0.0000E+00 0.00
Te-131m 3.00E+01 1.30E+00 1.3016E+00 -0.12
Te-131 4.00E-01 2.92E-01 2.9161E-01 0.13
Cs-136 3.15E+02 1.36E+01 1.3636E+01 -0.26
Xe-137 6.50E—02 0.00E+00 0.0000E+00 0.00
Cs-137 2.33E+05 2.08E+02 2.0782E+02 0.09
HHR AT, THELE R T, Rb-88 B EMIE W ZE 5K, 9-0.33%. fhi 2 H LA S5 IR vl 2 bR T4 2 i
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FE P FH (AR B N B T, PRSP AR B IO IR AL R 10E-38~10E+38 LIAMKEHE, X T e/ N sd, it
HATREAFAE IR Z - ;A K, NRSTAP-PWR F2/7 5 BETA F2/7 Kt 545 AT &1 4F, WEB] NRSTAP-PWR
FEPPHITH A 2 IR, ReaE 2 TR BT R 2

N TSGR RS R, WEA VRS, AW SOREH TREEWEX NRSTAP-PWR 27 [ DI g
PO AT I0AIE . £ — [ ER B Y AR, RS HEENR S, HHEERNE 6.

Table 5. Model parameter information

F 5. RESHIES

SR £ ZHE
P ENFITEARER [ 2% [ AR m? 0.281e+03
P X S m L R M3/h 0.420e+02
BHFAERTRGENINE M3/h 0.735¢+01
AHFIR AR R = M3/h 0.175
203 5518 50 R G 0 R B B (R h 0.54e—01
G BRI AL R G B N [A] h 0.415¢+01
B R G0 P38 R 1S AR R AT ) h 0.700e+04
Kr, Xe T 53 0.0
K% I, Brilfi &% 0.99
Na, Rb JifAFR% 0.9
Cs VT &% 0.4e—02
Ba, Sriifd#R% 0.99
HEmmii A% 0.75
SR HERA T MW 0.300e+04
WX T R R AR m? 0.546¢+04
WEHEX A, SPEPIRES T U B3E g 0.126e+07
U2 R TH 5 g/m? 0.100e—04
SERIMT R B S g/m? 0.655e+07
SEREPDRL R ARG e kg/g kL 0.500e—05

Table 6. Comparison of calculation results

= 6. ITHLERIEE

%# P f(h) BETA (Ci/L) NRSTAP-PWR(Ci/L) W2 (%)
Sn-131 5.66E—02 2.36E-06 2.3622E-06 —0.09
Sb-131 3.83E-01 5.71E-06 5.7057E-06 0.08

Te-131m 3.00E+01 2.35E-07 2.3509E-07 —0.04
Te-131 4.00E-01 4.93E-06 4.9314E-06 —0.03
I-131 1.92E+02 6.82E—05 6.8222E—05 —0.03
Xe-131m 2.88E+02 4.62E-06 4.6214E—06 —0.03
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