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Research progress on representativeness and sampling systems for gaseous effluents

from nuclear facilities
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Abstract  Gaseous effluents discharged from nuclear facilities often contain various radionuclides, making
discharge monitoring critical for environmental safety and public health. To accurately assess the source term and its
environmental impact, the sampling system must exhibit good representativeness. This paper systematically reviews
recent advances in the research on sampling representativeness and sampling systems for gaseous effluents from
nuclear facilities. Firstly, relevant international and domestic standards are reviewed to clarify the fundamental

requirements and technical criteria for sampling representativeness. Secondly, both experimental and numerical
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studies on the representativeness of sampling locations inside emission stacks are summarized, with a focus on the

effects of aerosol and iodine mixtures, particle deposition, and flow field distribution on sampling representativeness.

Thirdly, structural optimization measures for sampling systems (such as sampling lines and filtration components) are

discussed in terms of their mechanisms for improving representativeness. Finally, commonly used evaluation

methods are introduced, including experimental validation, CFD simulation analysis, and relative deviation

assessment. The overall findings suggest that sampling representativeness is influenced not only by source

characteristics and flow conditions but also by the design of the sampling system. Future research should focus on

establishing accurate evaluation methods under multi-component coupled fields and enhancing the standard system to

support the scientific and standardized monitoring of nuclear facility emissions.
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B & 4= BRAZ L 1 PO R A% Rt 1) 2 A
EE SN AR R L, MW IEE B AT
BB U 2 KA HE T B RS
W, XSRS Y LS 2 R )
J A A B Cln g B LS A S B (AR 1,
CH,I 55 JU A KA, " ATTAN 0T B 15 R 24 A A e )
FSCTE T JB ) 7 B A1 2 A T2 it AN 355 52 10 Py 58 20 B
TEFIARZ S 2 B 1 B AR o DRI, v B X
LG SRS VL H A B TS 1P 3 S AR, e A AR 4P A%
AR REE, SR EYE T ARSI S B AR
R FRIIEAS o [ ROR ) LA BRI A7 A, 1X
R VA B/ AT o i 5 NP R S K ST Y LMY A I
BRE 77, DR e HE O FE 2 2 BRI TR
LR R ZIR N . AR ASHIAE A —Fh i 35 P
1 SR, AFEAE 2 PAS R I T2 , T B 5 A (1) A FR
B CCH,D , TEHEBUS 72 R B 5 A= 4k 24T
N o ANFITEAS I 2 30 3 AN [R] 6 B A58 4 e B L
SRR, UL R R 5 SRR A, e 1IE
BSURRTEEA BEER . KEREYrHRGS
TR, SRR T 5 SR o Al R AN A1, X
Tl AN 351 5 PR ] B pl T 0 1 5 A6 1 5 A 1 SRR
(1) 728 40 LA K S - T A4 06 1R A B AR FH S5 R 2R 5
o BRI S, U BIR I 5 o B AV kL 1
PIUTR N S5 R &R A 2 T B0 T R IR 5 Ak
WAL ST X B R, R SRR A ]
REFEAN 58 AR M B HE R ) B AR A Bl . DRI, G
FEIX L ST JR (AN 2 A N e B — N B AR PR HL
FEALE , N 7S AT P WA 7 b i) — />
R

TEAZ B A U H 40 10 W o, EDORE 7 B 1)
PR R NS I B AR R M AR M S BE &K. H
TSV YL 1 SCHE R 8 H 1) o AR AR AN 3
5, ARG 2 SR R 7 v AR AT LAE — B AR SR
B R AT AT AN IR RS E VAR S B .
HAFEAE — T [ SR PR R ol 2 7 M ) 0 e 55 [ 4

SURLIN , 1143 £ 52 2818 N S0 IR 45 R 52
T B AT s ) F) YR Af PED . McFarland 282 W 98 &
W, 2 m SRR 2 SR B I R R, T 33K
MR ZEE R . R, AR, [ brbs o FRTE 70 TAE
IEHTHRAE R FH SR S BRI T ik B s O ] DI i
AR R IORE A B D 2 SR R R
WA R R TS B S R WCHE T () A, S
16T BUREAL B A2 540 TR & 4850 5 25 U 1
WIFRIR B or AR B S IX ko I oK, B & TE SR LA
5 71% (Computational Fluid Dynamics , CFD) 3 K
TR R BB, B 9 VP R 1213 3 350 50 A
EAEIAEA EMEE T, FRsEie 73T
T3 3 ) A PR BURE A7 B AL Ak T3 v, i i CFD #5
FORN S8 6 41E T BEOR A o AR () B S BUORE AL B .
it CFD AR, BIF 58 N 573 AT DA J08 TR1 P () 98 A 3
AE A SRR B I IR A B AT ORG T
D5 AT AR i (AR T FR AR A HE . RIS, SEER
BOAUF J7 A0 X — SR AL T AT B SR S R . 4
GRS IR E R , BE e A A IR E BURE AL B AR
FMe R LR R0 5 SR PR 1

T, B br b e 2 Bbs A DURE S A% 1 it
SEHR R AERAREME . 40, 38 E ANSI/HPS
N13.1-1969 [E Z b 1 (1% W it A B 49 5 1) B
FES I )EATISO 2889: 1975 [F Prbrfe™ ¥ #2 H 1 ¢
TRAE BB AR R RS R R
FE A VRIIEE A EMESE. XEhREE N
KAEEARR M PR RO T BR SC#%  (HHAE A [H] 26
RRURZ it P PRI A AR ) 2 0 i B 2R i d 2
HE A HESE) (G 1) &, AT SR AR BOR S B A FE
ARG — iR )7 % . EJ5 , ANSI/HPS N13.1 #5
T 1999 4F F1 2011 4E AT 7 W IRAEIT , KA A
ANSI/HPS N13.1-1999%" il ANSI/HPS N13.1-
2011%, JG —ANKRAS 2 B REREAT T, RS K
WA E M. 3 T1% R 505 B hr e, B Brbr i
T 238 Ji5 % 1SO 2889 btk idb AT 1 3, e AT Bk

050001-2



Wt 5 B AT OB S HURE 2R e F Tt e

T BRI 1SO 2889:2023'7,

AL B AE LR Bt RS T P HURE R AR ER
BFFUadk i, B A A AT EE AR IE S HAR R
)& CFD AR5 SE 08 00 IE Al 25 & 3 PP A% FL e s
BrAZ et s PR S PR . AR B E Py AT AL
B BRSO S T BRI B S, HIR R
SR FT 7 0], CLH A% 5 S U B A2 1 s 5 905
TP SR S R R AR %

1 ZEHESSREIEHERFZHERESH
:;"i

TEAZ B IR PR 52 MR D e, B RS AS I HE P R
(P AR R X T HE R VTA O 1 0 R P HE SO g B
HEEE L BT AR I 0 R 2 1% 8, [ bR
SE WS EA T — RIVE FREUEAL B AT BRI HURE
JHERIbRAE S 4R, T REBORE S2 B PR THEE R 1
ATEEPE o BT BRORE AR T 1 A 8, 95 b v 2 1R R T
G S 2 T iR DIV i ol ) S I N e T )|
() IX 358, A A 308 78 DN 488 T P 08 1 e R P 1 3
SR, BET ORI A2 B A R AR, LR 2 —
S Ao 9 St O 8 T o7 L P L AR R
1.1 EirfrESHSE

ANSI/HPS N13.1-2011"": f1 25 [H [H 5 br i 2>
(American National Standards Institute, ANSI) Fll {g
FEW) B % £ (Health Physics Society , HPS) BE& & i
(AR 5 32 LA o) BA 858 Hp O P SV I R A S L)
AR 715 AR HERLE 1 HURE 5 2% 1 14 g 22 R L B
FEA B 3% B DL BB A B ) 325, B TER AR
IR &5 50 AR 38 M A0 e #f % . AR #% ANSI/HPS
N13.1-2011 5 #E B9 223K, BUREER Sk R AL 5t 152 B 7E X
ML 08 &1 10 2 T 14 28 3 X Jk , L 75 38 4 5 30 A 14
T, DAY /N A1 50 3 37 6 AL 38 o A S . TR 8
EURRAR S AL BN, 18 N 28 5 25 FE 4R AE N 01 1R 48 5 B
PR BRI HALER, DL SR R R
FEER B TP QTR o A vHE 2SR, SR R AR I R PR AR
T, T ARAE TS G AE PR L s Bl 78 2 Y 510
G ST M CLR 44 4 B hn DA B - SRR
BT 35S A S E [ 0 AT RFAE 8 BRI
WREERISIPE , DL ROR BRSO IR I B — 3hE . AR
FEARFEFRE RN « RAE A _E (1P 38 S5 M A L
g 200, S E FE A 7 &R L (Coefficient of
Variation, COV) M. fil] 7£ 20% LA , 718 B SR 3k
FECOV IR R/NT 20% , HAT— I 5 50k B 5 A -
AH A 25 AN AR 30% , 7 B SIS ) COV [RIRE
KT 20%.

ISO 2889: 2023 : br A E 1 A 2
(International Organization for Standardization, ISO)
RATPIARE , FUE 1 A% Bt A A BORE 1 38
BOR o ARETR IR HORE f O B AE S IR BE 4 A
B AL B, FEREBORE B4 I B At R 42 1
R, DA DR IBORE B4 (R mT S . 1SO 2889:2023
FRUERIE , P2 BURE R B e BLAE UL S 1 2
V), 2 G FE AT VAL B, DAY N XGRS e BORE A B
MIEE T BERBFEERE A TR e R
IR A A AR B X, 38 F 8 R iR 5~10 i K
HEARB EEANT 3K BRI, A h &
MR YR B T LA B rE B . BOREA T b (1) <l
JE£ 575 GLk FE 4 A7 75 05 22 T B1EE K« 1D 1R
B /N T 200, 8% DL R SUe A AR 9 vR Al R
P 5 2) A O X COV R il 75 20% LY 53D
NI SR i KR PR 5 LB T P44 2 1) £ i 22 A
i 30%, HAkIm 0 2/3 VG N COV ANE - 20%:4)
TN R IR AT Z X I8 COV AR B 11 7E 20% AR,
DA N £ 45 SR R AT R 1) A TR AR M

IAEA Safety Series No. 115" : [® b J& T GEHL 4
(International Atomic Energy Agency, IAEA) K Aii [f]
LRI PR T R TR AR A HEK
VIR 6 T R o i VR R T EBURE AR A
BRI 8 DL T B R E i O, SRR B &
P ST A B A B I DA 2R o 1, ORE R
WA PLBIE, G XL TR T8 2 Sk 55, DLIGE S A
ISR . ok, MR BRAER C R IR G
(10 DX 32, 38 8 9 i S T ) o B, i B R AT
Flo TR, BURT: RSN 38 A Jmy 350 vy AR P2 X 33, FEff ORAL
BEAGE , 8 G K B a5 IR B BRYE 4 T S HORE . I8 R
2 R EURE VL% (R 2228 ERAE AN (A M, 0 ORR A
RGP A FENE

% E 3 55 £ ¥ & (Environmental Protection
Agency, EPA) 7E “40 CFR PART 60 Appendix A
Method 179730 FRfi E , HURE A7 B EE B A BN 1A
EE TR PR 2 N | AN 2D 1 1 ELAR ) 8 A5 AN 245

R CFL | A PR TS0 FR) TS5 2 A A ke B8 A
M) (ISO 10780 1994) IR E" !, BURE A Bt . A B
HB BKEZRD N TR EAR, B E NS
BN 5 457K J1 B4R« 47 BORE A7 B 46300 J0 141 )
KA, W EE BS AN D T 5 457K 1 EAR .

1.2 ERRESEE

MR BB 1A 5 BURE — AR E ) (HI/T 22
—1998) I ZLRM HURE pii I T HEFRCE 8 SR ) N
RITE RS ARSI X 38, DU R FEA A AR
Mo X R R T, S5 A EURE 5008 A T SRR

050001-3



% AR

2026, 49: 050001

G TR X 3. S HORE s vy BODURE  TE i
KA RE 5] A et in) . ik, BRORE A58 % 1% B A
WAE S ] A B 35 AR B T8 AR AR AT
W X3, BN 52 R AR FEAN D T 5 58 AR 1
R,

MRHE K23l J1 ] B 55 59 b7 47 e ) (GB6249—
2025)FLRM A% BN )3 ) B E T b 20 i HE B DU K
W, FAR I A 5 WA ORI S AT e A
R BORE Bt B AR, HEOR I R e ik
IR G B ) AR It 7 28, LAR ] g B A BURE i
TR ARk

% VBT AL H A0 M DU 7 — f R 22 ) (GB 11217
1989) M e 4, B SR “ % 18 il 157 18 BRLAVE IR > A% 1% it ]
BB 5% A1 BT 25 A TR0 P A 25 I R 28 R B DA R i ik
it A R R RO A 2R S B S R I A
HERCPI B 2 NSRS S, o S 8am
VoAb el I R HE R B A . S SEELE AU
A2 B il 300 7R 1 B 1 A BRI A EORE &
Gt HHT RN A R R AELE 3 AT AN R R
DURVEEILG B i AR 10 B2 0% 3R 31 s ) i i
(R HERF P

% 22 5 [2020 144 5 % ) 30 HE 0 s 1k s
T ARFRIE GRATO ) H1§3.3. 51 v 32 B 307 L e
SYTHCRAF 5 f K PR a2 ot 78 BRURE 7 % 2 Sk R Y
DURR B ARk i R 4 % o R R B EURE AL B RAE
B R RS IR SR IR E M A BT BT A A R
BR, B B R E BRI R HE . SRR
HADRAE, BORIE S IR SR B E IR ER, IF
MBI RERE.

NB/T 20374-2016{tZH) RS ETRSR 1)
JREURE ) B SR A HL AR RSB A EURE R 2
JUARBERAT . B AR Bk 4 b, N A DR
WA TR R o AR 34150, BURE 11 AR LR A
BCHE AR 38 T30 DX 35k, [ i 8 I J) 3B i 3 80 .
(AL, DAORIERE S B AR ok B E R K
SR O R AR NEAT A T B KPR
P S R AE A B v (R DO AR A 5 o A v ) 2
TRV, BURE 26 B T 46 s o1 SR A A I R SR A Sk AT
KA EE, FERT S IR B AR A [R) S8 284 1R TS P A% 2R
[ K AE R AT VAR N B RS IE , AR (R R RE 5L
PEUER AT 5E . NB/T 20374 38X S I35 5 L KR 1]
JETEIG T R T BAREIR, DLR B 2 s
(1] B T RN 1 el b

REA] EAESREYIRE Rg s, =
B522 25 1SO 2889 A1 ANSI N13.1 5 [H frbriE , 5 1SO
2889, ANSI N13.1 %5 [ b A5 #E 7£ S48 B b5 AL,
ELLE EURE AT V45 A I B0 20 R A% R R IE 7
VRS T  BAA X IR E R )RR S ) B AR
SE 9 B R HL T S A EURE R G s
AIEAT S T B R R AR , 455 W S BRIE ik T
BA T ER ARSI S Stk RIEZ R
B T ] B8 AT 75 SR AN, 2% ) ZEBUORE AT B AR
BRI R IE RO RRSY SRR S 7 T
SR ZE S R T ARAELE TR ST R I 24
TR o 18 o A% F T A% B O R EORE R e ) i
T OLUNER 1R, BAR N S B AE AT PR dE R TT
AR SRR R 2 B T S A B AR AR

*1 ERNE ZBEEREEREIR T SSEBEGR

Overview of the design and practice of sampling systems in nuclear island stacks of domestic nuclear power plants

[16]

Table 1
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Serial Name of nuclear Implementation Sampling
number power plant standard method

IS SRR
Whether to carry out airflow
uniformity demonstration

RBIT R T E RO E
Whether to carry out
penetration coefficient
calculation

1 CAP14007/736 T.F%  1SO 2889:2010 Hix%
CAP1400 demonstra- Single
tion project point
2 a2y SO 2889:2010 % 15
(EPR) (121
Taishan No.1, No.2 Multi-point
(12 points)

8/2 S s THRITT AL T 5% A KL
R 5
8/2 principle; plan to carry out
particle penetration coefficient
verification test

FEX CFD itH 5 tHRIDT RELLBIRE R R fE
R AL IA I8 R e

Complete CFD calculation;

plan to carry out scale model test
and field verification test

Plan to carry out

FFJ2 10 pum Hi T 5535 25

Carry out 10 um particle
penetration coefficient
calculation
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Fig.1 Schematic diagram of the flow channel inside the stack
and finite element mesh model of the flow field™*
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Table 2 Summary of computational results from the simulation by DING Shihai et al."”
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2 TR COV (L 23 THRD 7.5% 9.8% 7.9% 6.8% <20%
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Tracer gas concentration COV (center 2/3 area)
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Tracer aerosol concentration COV (center 2/3 area)
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Deviation between maximum and average
concentration of tracer gas in the entire cross section
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Fig.2 Geometric model of the prototype stack and mesh division diagram of the computational model for the Qinshan nuclear

power plant™”

(a) Overall schematic diagram of stack, (b) Schematic diagram of stack bottom, (c) Schematic diagram of grid

division at the bottom of stack, (d) Schematic diagram of grid division at inlet of horizontal air duct
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Fig.3 Structural diagram, physical model, and snapshots of Q1 test platform of the scaled stack experimental setup
for "Hualong I" nuclear power plant”™
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Table 3 Verification test results by LIU Hongtao et al. "

F5 2 fabs ERANREEE S BB IE
Serial Parameter Indicator Verification result Whether it
number complies with
the regulations

1 RS YU A <200 B RAA 5.6° 2

Cyclone angle Average cyclone angle <20° Maximum value 5.6° Yes
2 RILE S VAT 0 L2520 23 TR COV<20% e KAE 9.4% &

Gas velocity COV<20% for at least 2/3 of the area around Maximum value 9.4% Yes

the center of the stack cross section

3 ANER AR PR T 0 JE B 250 2/3 IR COV<20% IR B2 43 Aii die KA 2.0% &

Tracer gas COV<20% for at least 2/3 of the area around Concentration distribution Yes

concentration the center of the stack cross section maximum value 2.0%
4 EE RURE SRR S S5 8ME 2 2<30% RESRIRES P 2

The difference between the measured value and
the mean of the tracer gas concentration at

any point is <30%

5 T B SV IR TR B A R R T o0 R BB & /D 2/3 THAR Y COV<20%

el COV<20% for at least 2/3 of the area around
Tracer aerosol the center of the stack cross section
concentration

distribution

RKAE4.5%

Difference between tracer gas
concentration and average value
maximum value 4.5%
RAH9.9%

Maximum value 9.9%
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Table 4 Research and practice by the U.S. PNNL on stack sampling representativeness verification"*

Frs Witida R IR IR IR T 2
Serial Facility name Sampling representativeness
number demonstration method
1 Hanford 375 /815 it /)5l 14| Hanford vacuum drying facility stack 1751056 Field test
2 Hanford Pu £ 5E F AL BE I H 296-Z-7 i 4] Bzl

Hanford Pu stabilization and treatment project 296-Z-7 stack Field test
3 INL SE46 = R f R VI AL B H INTEC CPP-666 4 41 ik %

INL laboratory remote waste treatment project INTEC CPP-666 stack Field test
4 PNNL 3430 ) 5 HE XU 21 HV-C2 JH 141 EE BB R IG+ B BIE

PNNL 3430 plant exhaust stack HV-C2 stack Scale model test + field verification
5 PNNL 3420 ) 3 H XU X1 HV-C2 JH 141 EE BB A B+ B B

PNNL 3420 plant exhaust stack HV-C2 stack Scale model test + field verification
6 PNNL AL 3 HV-C2 4l PR AR G+ B 37 B E

PNNL waste treatment plant HV-C2 stack Scale model test + field verification
7 Hanford Pu 5S¢ B J5 296-Z-1 Ml A LE A Y 1 B+ B 7 B

Hanford Pu completion plant 296-Z-1 stack Scale model test + field verification
8 Hanford 296-S-21 {14l EL BRI B+ B3 B e

Hanford 296-S-21 stack Scale model test + field verification
9 PNNL LR} 5 A 1A ELAAS A X 8+ 307 B

PNNL physical science plant stack Scale model test + field verification
10 Hanford JRYJALFERIFEE ) b7 LB-C2\LB-S2\LV-S1 /4] EE BRI B+ B B

Hanford waste treatment and stabilization plant LB-C2\LB-S2\LV-S1 stack Scale model test + field verification
11 Hanford R4 AL BEANEEE ) b3 LV-S2&LV-S3 Ml &I EE B R+ B 7 S8

Hanford waste treatment and stabilization plant LV-S2&LV-S3 stack Scale model test + field verification
12 Hanford JRAAEERAIFEE 5 HV-ST\HV-S2\HLW-S 1 4§ [ EE BB R I+ B B

Hanford waste treatment and stabilization plant HV-S1\HV-S2\IHLW-S1

Scale model test + field verification

stack

13 PNNL 3410/ i I A1 250& XL
PNNL 3410 plant stack renovation (addition of fans)

14 PNNL 325 55 Uitttk A 51256 =) XU 1]

PNNL 325 plant (radiochemical processing laboratory) exhaust stack

3758+ B R ARLADL G i RULATVR A
Field test + theoretical simulation

(adding fans and mixers)

LU 552 2+ 30 37 B UE + EE R AR AL

Scale model + field verification +
theoretical simulation
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(Renormalization Group, RNG) k- BUFRHE k- Jii i 15
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