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Abstract

As the control technology of fission and corrosion products develops during the full power opera-
tion in the nuclear power plant, the impact from the main f emitters (like tritium and Carbon-14)
to people becomes increasingly important. Certain limits of the tritium and carbon-14 concentra-
tion in the effluences for both single unit and site are established in GB6249-2011, also, it includes
the tritium concentration restriction in the 1 km downstream water from the discharge canal for
inland sites. Based on the main generation pathway, a theoretical method is applied to analyze the
tritium and carbon-14 generations in this paper, and some tritium and carbon-14 release control
recommended measures are provided from both the generating pathway and design aspects. Also,
these measures could be used for the NPP design optimization, safety analysis and environment
assessment.
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BHOFE. [SHEA HF ARG HI AR P E A O-17 AT N-14, {HSZ ) a3 8RR 0 C-14 EE R H e
HEVAFFAH O-17 F1 N-14 [1iE k. C-14 FEMHBOSE 2 AN, HeHugft o ffmd &5 2
FATE B A2 3 b8 A w732 Rl [ A o P B8 i v AR g A HE T o

3. B’ShAE
3.1 #E[ REVPRODIHEE

TELMEM TG BHERZ T, 7R A FHRHECER A 5 T R s T i) 2 EdE, A PWR-
GALE #5553 #7[3]

PWR-GALE &/7 1 S HE BRI 7728 T /) i {T74 5%, 75 NURGE-0017 [3]9 LA 1970 AR 132 H
BATHTHER G AR, HHEROS B % I8 1.48E + 10 Ba/MWt/a #E4T & B 5, AR
ASHER AR HE 3= 151 25 Hh i R v 5 R S B HE TBCRI B 858 o 0 R VR AT R

ME WA BT AR R, PWR-GALE 27 U BT T sr, SRS
ek bl 5 B bRz AT S 50 A Ho i 280K, 75 ZEX o0 M 7 iE AT A st
3.2. ZH] REMH C-14 MYt AE

LRI TG R A ), TERE S PWR-GALE 251 B2 31 C-14 BHERE, TEmIH
H T A R D 28 L B HARRRE,  FF HLGVE 2 il 45 A TS BT 5 HETSCR A 8, = X 43 A g ikde
Frie At .

4. St et

TR AR SHER A C-14 Mb o ik, ST R A HLEAS AL 15045 21 ) 25 BB rh (A C-14
7= A B AN B A2 H T FR3B AT I B E I AR C-14 S8 I W A A S S @A HE AN [F EL ) o R SCx 2B
SrHTIE R K& AP1000 HEJ 1 £ ZE o0 AT 45 SR AT A48 -

4.1. ARz REP RIS

B B AR E RIS AR G, SR E BITamEE, AHmES
DA P HCE .

1) =JeRAN

F VA EF R = e AR P A ST S HE S RAT ER  J B AR R T A AR TR 32 ¥4 D 7 )
WY EREEAR G o AR SO SR IR AR R R TS BTN 2%

O,



WL TR ELGS B OREBUA IO P B K A2 D 20T 7T

2) ABRERWIRE K VA ENF A A TR

5 A1 7 ) B A i

a) 1B(n,20)T

b) *°B(n,a)’Li(n,na)T

¢) "B(n,T)’Be

ERRRN, RAERTHA RN E B3 5Tk, MB(n,T) Be RN BRI fE R m, 2108 14 Mev, HENRE
BET 14 MeV b T EZR — BT 1.0E+10 nfcm?s, AH N AT IR /NZ) 5 mb), FH, iX— MK
FETER ] 2SN WUR R ATE AN RSTTER . IR, R B R AT SRR R P A R DA S A A
FEHCE 3= 4 H157

3) VA HNF Al A A A TR

FA PR LIOH 1E 2y pH ARSI, =R E50H aT s b7 7= i i 8 2 B4 -

a) "Li(n,na) T [

b) *Li(n,a) T i

4) EREFR AU DTk

FEAENF PTG PR AR RN 3 PH(n,y) T R

5) I A HE B

KT BASHEBC B, AR SCHERE R T 258l -

PR 5 Ji 7 e ML (LAEA) [ e i 25 J (4], K HEARZ s ) 3 B (1 <8 i HE R A 3.7E + 03
GBa/MWela, A A E N 2.59E+04 GBg/MWela.

PAE T B AR S HETR 5 SR 87.5%, SASHER S MR 12.5%; SR E bR L EGH I IT 4R
F— @ R, ASUBGE: WA AR B A S B 100%, A A iU &1 12.5%.

6) AP1000 % Hi ) R A= & 43 A

FTF U N FER BRI SH06 APL000 ¥ HL T = A8 R HEAT 0 #r

a) b N HEAH R A S B U AR R R R T HES TR X K. FRRBOK. b
JERNR R 5 AN X DTk

b) M€ ) R TIRIEAT, B /R A ZEA 100%:;

c) K ENDF £ kA5 1) 47 BE7= A o 7 s LAk T 5

d) BRRHEE AR RREE R T A AR IR 2% IO SR HEVA 50 s S S HEVS ZF0) AR IR LiOH 9K
JE 34484 3.0 ppm.

TSR 1) APL000 K% HL ) i A B S S e AR IR R R AR B TR AT LA 1o R T AE R WA
HERC FCAR 205 153 2 B AL AN S LA I HECE R8T 2 GB 6249-2011 HHHILE Y SR LZEL RN hikHE
TR E R

4.2. RALBIRRER] R C-14 B E %

T C-14 R HFER K, 2108 5730 4, [RIULAE R BHER HAP (60 ) 1T C-14 =A== R HE BT,
Af LA FE C-14 (308

BB E bR O i T a5 K BRI, BTl S REREUN C-14 & RSHEA H1 57 =
A B 100%, JEEEA BRI C-14 LA B E T 10% [5].

FCA_EA 41177 4% AP1000 HJ i th b C-14 (= A BT /00, EEMEEMSEANH T -

1) SiFEMIETEERL, %R BHEA EF RS U C-14 R R R B E T 5 ANXIE 5T

()



B TP GG BOREUA IO P& K 2] DT I T

Bk, HHEsE )RR 20 100%;

2) SKFH ENDF d 2315 (1) C-14 (¥ 1 [ Rk T 5

3) KHEAEIF T N BT A 15 ppm.

HHEASEI APL000 i HL) ™ C-14 [77 A 5 K &% P AR i A i P2 AR BRI BTk ol L% 2. B R8T C-14 1
A A HE S B0 UG 15 2 B BHLALRT S & ML HEBCR S BE 51 /£ GB 6249-2011 H HIE f B AL AN
J bR A R

5. MmN R
5.1. mEYHESHEE ISR 5T

1 R SC A AT Al S aT A, T RS R AT Bk T ORI HE A R T T A SRR = oA
FIR R HEAHIF P Li-6 105tk MOMNRI 3 Z= AR MM R, T UG B0 E B hlE A . BREIM
BB BRI BRI S REHE S ENF0 IR Li-6 MRS S . TERT& LRESERR M FE, |AEA 1E275 SCHk[4]
g T W R R R

1) KRR (1 25 R R B A2 1Y) Joi 2 LA 3 S SRRk A ik 43

2) AT Refl AL A SRR E RN H T,

3) i FH Li-7 &4 N 99%f1 LiOH 1E 2 pH {42 #1751

4) AT RE B B R ARR R, DBk GdE Y Z R

5) Fail S R HEA FI AL 2E KT, LIS JE S A SRR LR 2 T R A

Fihh, FERZH)T OGN B B R RS, I B ARVE AT IR .

Table 1. The amount of tritium production in the primary loop of AP1000 power plant
7z 1. AP1000 #%H ] — R HiR~E 8

F[ml K R AR AR Jiir= A (Ba/a) i B 23 B (%)

Rk = A 9.21E+12 18.96

AR 0B (n,20) A1 °B(n,a) Li(n,ne) T [ 8.97E+11 1.85
FAEIFIH B, 20)T KR 3.30E+13 67.97
EAEFF Li(nne) T KB 3.69E+11 0.76
FAEIFF SLi(n,e) T KB 4.99E+12 10.27
FAHFIF Hny) T KN 9.50E+10 0.20

Bt 4.86E+13 100.00

Table 2. The amount of carbon-14 production in the primary loop of AP1000
power plant
72 2. AP1000 #ZE8 ] —[EE{ e C-14 =48

RAVESL C-14 ;=4 5 (Bg/a) i A I E 4 (%)
0-17(n,a)C-14 4.03E+11 88.79
N-14(n,p)C-14 5.10E+10 11.21

it 4.55E+11 100
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