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Abstract: Under the situation that energy measurement will be soon implemented in China's natural gas pipeline network, to reasonably
construct a natural gas energy measurement system and reasonably evaluate the natural gas energy measurement system in the process of
its operation so as to ensure the accuracy and reliability of the measurement results has already become the focus of the relevant parties of
natural gas custody transfer. In order to construct and evaluate the natural gas energy measurement system scientifically and reasonably,
this paper comparatively analyzes domestic and foreign technical standards and norms related to natural gas metering. Then, based on
the flowmeter verification data acquired at Chengdu Verification Branch of National Oil and Gas Large Flowrate Measurement Station
as well as domestic and foreign cases, the maximum permissible error and measurement uncertainty of natural gas energy measurement
system are analyzed by taking the Class A measurement system of natural gas trade transfer as an example. Finally, some suggestions
are proposed. And the following research results are obtained. First, it is feasible to classify and configure the design and construction of
China's natural gas energy measurement system according to flow rate and maximum permissible error. Second, the natural gas energy
measurement system is configured in accordance with GB/T 18603 during its design and construction, and its maximum permissible
error can meet the requirement of Class A, but during its operation, it is necessary to control the metering risks caused by uncertainty and
strengthen standard implementation and publicity and on-site metering management. Third, domestic related standards and norms shall
be consistent in measurement system classification, flow rate and calorific measurement uncertainty assessment. In conclusion, based on
benchmarking analysis and uncertainty study, it is suggested to improve China's natural gas energy measurement system continuously
from the aspects of natural gas flow rate traceability, standard formulation & revision and metering management. The research results
provide a useful reference for the design, construction and operation performance evaluation of energy measurement system operated in
near future in China.

Keywords: Natural gas; Energy measurement; Trade metering; Measurement system; Classification; Maximum permissible error;
Measurement uncertainty; Technical standard

HEEWB : PEAMRARN A RA BRI RS “RRREITHEBORTIIL” (iS5 : 2021DJ2903).
EEE AL, 1974 B4, @B LRI . FEMNFRBTMETTER AT LAE. bk (610213) PUJIAE LS RN H X 4R K
i 218 5. ORCID: 0000-0002-1974-5702. E-mail: renjia@petrochina.com.cn



- 116 -

2022 fFEE 42 45

0 5l

Ri 26 Tk %3 B 58 1 20 140 80 454X ik 52 it
SRABEETHE. B E R TR ok ke 1,
“HAT LSk, P AR 0 A REYR A F] A
JFE e B ARYAAASTF R T REN KRR
HEBARRbR R RS TAE B, BWE - =H
KeREARLREITEEAREZME HFBET U
GB/T 18603—2014 ( KRR it & ARG A ZR) M
(LU R 4 Bk GB/T 18603)+ GB/T 22723—2008 ( K44
SEEREMME) " (BUR R GB/T 22723) #1 GB/T
35186—2017 ( RARS I EAGEREEM) P (LT
fii#k GB/T 35186) NiZ L R RE R THEARAEK
Ry NRIRSAE LR S A & T & S R R B
PAN O S (B BE e T S SR AR A

20195 H, EIXKRESSER 2R EKRE
FR. FEEW LRI, THRERREMT
AR A TIPS D), EZE LS =
Zob e B AT KRR e E Y, IR
RA I EMEAT 2 B2 24 AN A W KRR RER TR
R R ik, EFRARKEE L RBHLRE T
EZ I RBEAMTE (RARIRER I B ARG .

BEEEN KRR G2 K, §50n,

il

=1

“o DY T ST R OSSR R R L B R A B
4 000X 10° m™™. L, RASREEIE RGN A
BERAABATE R SN KRR R R RS, *
P T B 4 2R 10 HE A T S O R IR R 5 SR AT OR
TIRERIEE R BH G SRR G E 5 bR
HERAOREDR, X ENAPRIRTRER TR ARG E
SR AR SR A 2 S R B AN R P PP € BEAT T 0T
fetht 7 ERAA R BEE T R G AR EBAT E L,
NP ERBTREE T ERG B E BB ITIR
.

1 ERSMERIREXTLE S

11 RASHERKSR

H A = 4 3 2 E br i OIML R140:2007
(At E RS " (LR OIML R140). [
E Z brifE GB/T 18603 ( KA BER T EH A ML)
FIRK B AR UE EN 1776:2015 (R SIEREEE BT &
ARG DifeEsR) 'Y (AR RIAKEN 1776) 51 T K
RABERTTERG DS, XX 4 ANFRvER G
1T R A o 9 AT X B e b, g5 SRk 1
PR

RSMRERSER RRSIHERG S RERIT L SR

i GB/T 18603 1 OIML R140

(RAARRER T ESA)

EN 1776

AR RN BRI FR IR
A% q,=100000m'h, FRRVFHEZEN £1.0%

A%

A ZE B %% : 10000 m¥/h < ¢, < 100 000 m*h B;
ARSI B 2% : 1000 mYh < ¢,<10 000 m*/h, 5k VR cﬁ.
. :

ZEN +£2.0% D%,

C% . q,<1000m’/h, FKAVFIRZEN +£3.0%

THERGH B OVFRZE

DB AN 5 2

R CVFIRZEN £1.0%
BRKATFREN +£2.0%
BRKARTRZEN +3.0%
K RVFRZEN £5.0%

A g MEAHEES 1.2%

B 2 : WIEAHEEANT 1.2% ~ 2.5%
C 2 MEAHE BN T 2.5% ~ 3.5%
D 2% WA E AT 3.5% ~ 8.0%

Heit BRGEEBRE T RIRO At
YRR SRR )

*HIE

B8 53 SCHERTT W v e o S5 2%

e g, FORPRES AR AP E.

M1 XFEL A #ir, 46 BR R K08 B K1) S B
St T R E WU U, AT LR 4L

1) GB/T 18603 ¥iiE 18 Al iy KRR A&
WA G ERGEN G B BT 4. E
BITHREARE R, HRARTITE RGP ERM
OIML R140 —, #ZBRASIHE RGNS E (D
PR E) R AL By CIX3ANELMHH, 5
RN — L8R B RAR S i A F 4% B bR AR AR S kAT
FIRFITE R R PR AR B, FFA PR >R o

2) (RAAARER T EBAME) ME THTH
it B RR TR EITERAGNIN . KRR
THEAR MR e S VP E T, IR TR A
R SVF IR ZRHE TR RGP -

3) EN 1776 4% {4 sk briz 7 H i ik 2% A I A e
MEAE AT H BRGNS H, tERGE R
Y. IBATMLES P R R ER T 5 A
R XU @ 5 R L, QR A R 3cA AR PR 3%
RER, NHL EN 1776 DL A BB AR AERAT o



10 LS RAAVRERIT

BRG WS A E A E S 117 -

1.2 ENREEER

H HiE N 4 Fr e, GB/T 18603 #1 OIML R140
ST ARSI KRR ERARE T ENERD
K VFIRETE R (K 2) . BNSEE R LR,
Horh, 7£ OIML R140 A 1 T 00 im & 1) 5 K S vF i
EAMATERE I AR &K AT RE, BARFEI
WA TR m. e R K &R
J& 5 S A FH B D) B FE AN R SR RS e . R L

*2 BERIMPEPRARIFRRAS

Al CLERfR N A T B RGN A AER EE SR 4 0.5 i)
META R e A St E RGN ER, [HI,
PR s B R AR E K, IX P SN IZAE IEFE B TT
i) GB/T 18603 1 HHfi. EN 1776 F1 K45 Hi A H
LR KRR E RGBT BRI &K R TFIR
ZESR, EXIERGRLERSE T ARSI ER
FINRICEARE R . 3 AMFRAEXT T 1T 2GR AL E
SRXOTEE AT IR 2 B

HERRNREERRARIFREZRR

GB/T 18603 £1 OIML R140 EN 1776
B BAIRAL  CUNRAG  AZIRA% BAIRAZ CUsDdil
SpaB g -+ 2 IRZ 2 IRE E ORZ E ORZ MNE Z
ABURAALEER pog o R REER O REER  AAREER
I
e gfﬁifji‘;ﬁg ;%F SRENENE SRR SRENE  VRRENRN RN
R R Rk RKRFRERK kN % RO & RS
SV N +0.7% +1.2% T +£1.5% TREBIE REBIE ZBIE
R, BARV  SANEMEL B SANURE, & A4 LS
% L0S%. MR KATFREN  KRTREN g T RN CPHRAER
RIE RICE(LS TR E125%, W 204 WRATE o WORE. R AR, JPEEH
FEASIRE T, B A, BRY AR, BARy R T L
KAVFEZEN +£0.6% RZEN £1.0% RZEEN +1.0% NERBE
\ MRENERE, SRR,
\, Ml A I
) %iﬁa%’?‘“?‘@’ BK poawrmsy  BAREREN  SREE SR
PiRZEN +0.2%
+0.5% +1.0%
\ MBI NE, SRR,
) Ml 2N =
GO B mknimmn RARWREN  SNEBENEKE
e 0 +0.5C +10°C
. REE SRR L, ) Y T e T A E S R, BRI, b
e BEEREL o o) e R R DL R4 R :
FJEAER T8 Bk . o . . o . KRR FIHE
SRR Ty +0.35% FitH. kY i, mAkRw
REN £0.7% RZEN £1.0%
RAEEARE o SRR
SRR R SR T, BARVER R SH R E OO e
c Q L DY
AT s 103% i, B RV %fm FETwmE OiER
%% +0.5% - e
2 BERIMREARRKASEZITER U, (E)=keu,(E) (3)

SMERAEEITEX LS

A u(E) 2R R IR URE & A X A v AN 8 58 L

HRTE M AME GB/T 35186 ( RARSAEEIHER
ARFFE) A EN 1776 25 7 RATREE 1HE RGN
AN E FEVEE 7 VAR LMM B A4
TWEHEWT -

u,(E)=u,(E,)=\Ju’(q,)+u’(H) (D

u,(q,) =\/uf((I,)+uf(1?,)+uf(T_,»)+uf(Z,-)+M,2(Zn) 2

u(E,) RN 5 Gy vH i N 25 B B R AR AR S AR 6T
PREARE 5 ulq,) RonbrAES LARAE T R Ak
R 5 B AE N B AN € JE 5w (H) o RIREHAL
PRAR R A B AR AR HEAS 0 58 FE 5 u(q) RomHiAE 5%
PER AR AR B I B A AN E L 5 u(p) RANERAE
e AE N B 5 R AR AN s u(T) Ron
VEZ A T ) 2 I8 I AR A 2 JE 5 u(Z,) R
APRES A T R 4 B 7 B AR HE AN E B s ul(Z)



- 118 -

2022 fFEE 42 45

RN ST T R4 K 7 AR HEATE L 5 u(E) R
AN RIRTRER MIAIXTY AN E L 5 bk Fon & A1,
I UE N 2.

KA RAE 3 AN b RV 2 i ) T S5 iR AR

BIEE, 2% E N RRTREETHE RS A EEF
SEAR S SCHR 7Y, BLA R RGN, R R
REMNEN T ERGERE AT E LI FERINE3
Iz

x3 ERIMRPEISED A BRASEEHTERGNENHEREITE L SR

Fier  SRBRRREERTESARMNE) GB/T 35186 EN 1776
A s P g R g P
o .
u(Z,) 0.03% {&k#% GB/T 110627 0.03%  f&¥% GB/T 11062 0.18% iﬁd‘s‘fﬁﬁ%’ B
7 18 E,
u(Z) 0.05% %M GB/T17747° i+ 0.05%  %H8 GB/T 17747 115 0.18% zi;?ﬁﬁﬁ e
s A iuiimE R A 0.2 C—Rt FRUEATEE 023 C,
. 00 £ C es T ° i . ‘ . 00 . 00 N

ul(T) 0.10% HAKARFRZE: £05C  0.07% 1 A 0.18% SR 28535 K
BRAVRE . A J5IEHE R 0.1% B REL o

u(p) 0.20%  +£0.2%, MRIFEFEML  025% ARk, HEIHER 10 MPa, 0.18% z{ffﬁfﬁfi(}gﬁs
W A5 S K 77 4 MPa it P
BRI« £1.0%, o R R 2 Ve 45 S (R AN o BEHEATHEE 0.1%,

) 0.58% 0.28% . 0.15%
U4y 951504 SRS FIA S 0.05%
ulg,) 0.62% — 0.38% — 0.24% —
GB/T 11062, #® - . s
w(H) 0.18% ?gﬁ@%ﬁ ﬁﬁ% 0.10% I8 GB/T 11062, %18 —Zibr 0.20% FrifEr R gh thiEgeTh
' ' o DA ' WEPIRR . bR R ' Sy

Yl

U(E) 1.29% — 0.79% — 0.62% —

IR 3 PR, TTUREILIR45 0 -
1) [ P A AR o o A RIS 70 I AN 5 P VT e
(AR R s B HE - BEREA ATV R 4E R T b AN
SEFE VIS IRAR R, B (R0 AN S B T L2
2 [ Py B AR o o R0 78 W B AN R
HHAFEAR @ CRARRRERITERE AN =
B A 1.0 ZoiE TR K UV R Z T SRR SR i
ANHATE E ; GB/T 35186 F1 EN 1776 ¥4 f8 i & i+ K
E B AEUE 1525 H IR AN 00 0 P8 T SR AR R o 1 A
SEJE. EN 1776 I 8 T st BN EAGE

- 2.5%r a.

= 2.0% °

=3 PY ®

Eé 1.5%F @ ° o

B o0 |® o’

w 1.0% ) .. ®

_’_

g 0.5% &J& o - ?’\

K§ 1 d 1 #“ ~|. 1
0 20 40 60 80 100

TR

& 1

PRI mE (. e 4 ~ 6 TN IR HELS
B KRR 0.3% 5 77 A B eSS R R 0.15% ;
WP DCR E IR S WAL IR 0.2 KD, BONGHL. K
5 AR o 3l T Je () A BAASE e % B g vk o (B 1D,
mETH AR TR AR B . @ CRIRARE
EIPEE AR RO RH AR e =
WAETE R, A R4 R 1 R 15 2 R AR TR A E
HEAN 2 B 5 GB/T 35186 K —As¥. Hhith =
WA, A BT 46 R 1 R e 45 21 R AR UK & A
HEAERE . B (CRASREITEHAMIE) $&IRTE
60.0% - b. 54.76%
fﬂﬂ 50.0% -
& 40.0%
% 30.0% [
% 20.0% |-

E 10.0% F

32.14%

13.10%

1.0%

0.5% 0.5%~1.0%

JE 91

DN200 mm X VA L EKRETBERBES T oE (B3 2020 45



10

(EAESE: RIVTREETHE RG0S A€ P E 119 -

LS R T T A T RIURE HH ARG B o s 2 BSR4 T U
S RS R 1 5. @ A St RS,
(R BERETTEHAMIEY 5 EN 1776 [ & A&
B E BRSSO L. EN 1776 58 1 1E4L
R AN E WA AT A% 2

3 RAKEETERZRIES A ZWA
ITEMNEATE EITFETH

31 RASEEITERZERTERN

WRyE CRATRERITFESORME), ZNEA
B E /N T iROK e VR IR Z R, 4T KRR RE=
THERGEIITE .

32 ff& GB/T 18603 1 A it Fi B EKMIBE =11
ERFENERHTE EEE R

RO E KRR AR B RF N E AT EE
TEG RIS S A FWFATHE, & HATRAAS
THE RGN 1 S R AR B VAR SR e T o A 4
B, KR JIF 1059.1—2012 (BT E E R E 5%
R B R LR 3 Rl L AR IR B A T
B RGUAT A E VR R~ Bl T .
32.1 Tf—

mE AT E E 0.33% K Ebr e e, B
W BT W m A ik SR 2540 1.0 RBKR, KA
TR, 0 43 223 2 GB/T 18603 25 M 1 i I 5K,
eI B RGN E AN I ILE 4.

F4 RASEEUHERGUEFAHEEITER ORF—

N
ﬁ;r— ur(Zn) ur(Z/) ur( T/) ur(p/) u'(qf) ur(qn) MV(H) UV(E')
PEEgER 0.03% 0.05% 0.19% 0.26% 0.64% 0.71% 0.23% 1.50%
4R GB/T 35186 1k GB/T 35186 /77%, Mk GB/T 35186 KA (RIRARE
ik, R GB/T M4 GB/T 18603 [ 7k, WM& P EREARM
18603 MBCE 2L BER, KA 02% F  KHERHIE Y Wik, R
R e fikfm R, CRA05C RRAUEARIXZE, M 036% (k=2), =g, oF
GB/T 11062 GB/T 17747 — LGRS WEFE 10 MPa. Efr  EE M 0.2%. %4 EN 1776 i3t
ARGEEE s RN RS 4 MPa i1 %5 1.0 i E TR A
¥5 EN 1776 % & FINHRYE EN 1776 % iAW 1.0% TG HEAN 52 130
R 0.5 °C  IERA MM 0.2% (BEI5A5 ) LS
322 TH= PSSR 0.5 PSR, TR A R A E A E BT

MR E A E E 025% i EhruE (H
MEANEKFRRIS TIEREEE AN EEN
0.16% ~ 0.25%) WU, s AL ik 2R

B4y IR H GB/T 35186 1 ( RARS EEITERA
FRVED, AN I AR5 . GB/T 18603 45 H ) fix
RESR, femitE RGN EAEEHHEWE S fr.

RS RRASEEBHERGNETHEEITER Orfl )

Ifgr; u(Z,) u(Z) u(T) u(p) u(qy) ul(q,) u,(H) U(E)
PEEGE  0.03% 0.05% 0.19% 0.26% 0.37% 0.49% 0.23% 1.09%
i&k#2 GB/T 35186 {4 GB/T 35186 771, K42 GB/T 35186 s (RARR
Ik, HR9E GB/T HE4E GB/T 18603 (WIiL 5%, WM&t eI R
18603 FIRCE 2 EER, KA 02% 5 KHEAHERE WIEY ML,
sy KR ik R, SRAT0STC fERARES, I 026% 2, ORISR,
GB/T 11062 GB/T 17747 —RWEHEEIE 2R 10 MPa, SEfF BEEM 0.1% FEAKHE EN 1776
AVERL . IR FE S 4 MPa it R E 0.5 4% AT M B
5 EN 1776 % & [FINRIE EN 1776 % & WL AR RAZ 1A
FAMmFE 0.5 °C AN 0.2% 0.5% (33515341 TE AR AZ

323 TH=
MR E A E E 0.16% )11 & br R U,

B VUL B U T 3900 A% A B AE 1) 5 45 2 0.5 % K,
LA RRAR B R R BB AN o B v SR T ik 23 i) R



120 X %S

2022 fFEE 42 45

GB/T 35186 I ( R TREE T EEAMIE), KM
i 3 ) B AR 1) T AR I ] PR A R S P s

MMHEARZH (5T GB/T 18603 45 Hi IR ARE KD,
REETHE RGN & A E T LK 6.

Fo6 RRSEEEBUTERGNETHERITESR OrFl=)

N

;ﬁé ur(Zn) ur(Z_/) ur(TD ur(pf) ur(q/) ur(qn) ur(H) (]I(E)

PF5E 45 51 0.03% 0.05% 0.08% 0.19% 0.32% 0.39% 0.23% 0.91%
#K#E GB/T 35186 ¥ GB/T 35186 J7i%, A GB/T35186 (RS Fe R
i, BN A% EHRNASEGEYRE 5 RElER ERARMIEY 7

ek ek VEEE KRR mRAVRZE 0.075%  HiER 0.22% 5, R gbs

T GB/T 11062 GB/T 17747 RYFRZE 02 °C  BEELEARER, &% =2, EE — ¥, FHKIWEN —
— AL BRI BIEAE 10 MPa, S2 0 1 0.1%, A 1776 AT
AR AR BRMERE S 4 MPa it RF% 0.5% (1 SRR HE
®o02C 55 FAmEE 0.1% B4R e HHIA A% A&

M4, 5 TR R TS EILL R 4® -

K P R i — kR A i T R AR
HAmtr, A0 1.0 ZiET, mA#ERE 0.33%
Fe A W TE AR AR B, 2 A A AR R A R
. & 2% B %R GB/T 18603 # 5E I f (G i B I,
Re sl 2 A E BEARRIE R 1.0% (k=2),

K FH ] 3R ) b s T R4
BT, EYEH 0.5 imETE, FIAEEER T 0.25%
(TSt e BR, 25 e A A R o R RS . o
Ear AR B S ARSHECER, R L AR
EMIZE, RERIEAHE R IAE] 1.0% (=2).

BRIE A it & RG0S AT W I & AN A
R K R VFIRZE, TR R e A A A%
[ N
33 HEAZRITERGRAREITRE (KE) 8h
ST

MFE 4 ~6 Mt LEH, ATREITEME

IR B B AR B AR KT R B T B
B B A BONEER, 4 EHH 2.
TERE RN 2 1) R AR S SR e i 3L 14 A BY o
AT 4 AN KRR e Rk ED
O E AW RARTEMNERGRAFESE 6 MRRS
SCRKEN (JEFE BERH 2 NEED . 2 MEE AT 5
o5 BURF B GRS 3 A RAR AL SE LA
(HhNZFHABXIEER) 51 4ME M. FEH
B RS E ) s, B 0.5 R s
TR E BE 7 (3l 5 L2 7

MFE T HTLLEH, B EANE 3 AN RRAE
Tk E s B 0.5 R EIT R ERE 1, TP AL
Ji g TR SE X T 0.5 i E TR E TR 2 B E
FETF, XU P E AR ST R AR A2 B A T —
R )1 5K, B EES —. [,
HEHE GB/T 32201—2015 (S fREit) P ERRK
METH R AVEA e SRR

*7 EARBEBEFER .S LREBHTRASIREEER DGR

. TAEIEJI7EH / MEEE / VRATERE i 0.5 S E AR
. U, :
&R TR MPa (m’+h ™ (k=2) % /mm
R 53k TR W VR YR bR U 0.4 ~ 6.0 5~5115 0.16 ~ 0.19 < DN400
B L ik TRV IR b 6.0 ~ 7.0 8 ~ 3160 0.16 < DN300
o SRR T TR b 45~95 20 ~ 1 600 0.13 < DN200
Wil NP
G IR E N 2 8D 45~95 80 ~ 9 600 0.16 < DN500

4 ZERINEIY

=
—
¥
&

JE IS R AR AR HE RN X R AR R AR i

R Gy BN F AR B SR %S L b, 45 S E A Tk ke
15 EF b UER S BRIz T BN ZE LIRS ITELY,
1S EIPL S5

1) GB/T 18603 I % £ % OIML R140, % & i



10

(EAESE: RIVTREETHE RG0S A€ P E 121

TR/ AT BE R T R G W T R B R AT
ffe SAER, X 2RI Tk &k B R KBS
"R AT

20 X IR B R A VR 2 RN R AN T
K, EPXFHEEEGL, T GB/T 18603 1 N RE & 1T
BRAW I LR RCESR, %8 CRAAREET
BHAMIE) M GB/T 35186 4T & AHE EiEE,
VER RS RATIAFE AT A T R VPAL . Bads.

3) RASAREREITTE RGBT @ W 1% GB/T
18603 HHATELE AL, HIR RS K VFRZE LD
R A RER, BAEIZAT 7 ZE A € FE A ok
TR = R ) | Y KA = A BB R =
s AL .

4) H T GB/T 18603 4 i 1) Tl PR AR & 1 e K
RVFIRZEAMAITE R E T A, SRR E /B
SERRIEATI K 7 iR AR A AR S R R 520
Rl A ZiRE s R RGeR M 0.5 S &1, HCE~
BE T, S PRI A P ) E R
4.2 N

KA AT E A E E R E BT /R EA
SEFERIR BT AR, i FEARERE. &
JF0 R FE W B AN E BT, J5 A SE bR A i A
PRI A 2 B . Rk, fRERRSRER
THE RGBT R B A S bR IE AT BRI B IE T 2 T
ik EME R R, TEARAKMEZEIE. 5
HEFI ST AN F A%y T e 4 itk

R EAEWVRIAR R 1H, R Bub i ik
BEEAR. ZEARTE. PERH. SRR )M S0 vl
Pl B RE S, BAATTFIE 0.5 itk e, st
TAERRAEIR T 0.25% 5 RIS, 5@ HIHF A X, S
DIEES

TEARERIEIT 77, GB/T 18603. GB/T 22723,
GB/T 35186 Z5hriEHIME 1T, 5 (RASRERITE
AR FEEAG S K. REMEARNEA
T 5 FE VP € J7 T P — 2 5 29T GB/T 18603 I, 45
& OIML R140 fEIT & RGN RVFIRZETE . K
RVFRZ 5 A E E R RS AT R 56
5635 GB/T 35186 A€ FEVEE J7i%, W HR8AER
Ko (BeE) A Fa e .

EVFEEHETE, T RMRAREEIIRER
Gt, TINSRILE « H i P AR 0k AR TR 2R ik 2 BT
For 42 J5 1) S B A% 28 B R A% A 5 I v Jn
SEEREE S 0.5 w2 VPN BOR ZR A1

B, AR T SRR TR (6T IR e
RV SR RS 6 S A
el hriE, MRS R E (AT AU R
FRAE PR, ERLT KSR R F A B
SRR, R B R

2 £ x ™

(1] 280 . v R ARk A [ it 5 iy ¢ J B2 (0], RARALL
Mk, 2021, 41(8): 1-11.

LI Luguang. Development of natural gas industry in China:
Review and prospect[J]. Natural Gas Industry, 2021, 41(8): 1-11.

(2] BCE, F2, 2™ g st E <R RIVAUT

R R [J]. R Tk, 2021, 41(2): 171-182.
ZHOU Shuhui, WANG Jun, LIANG Yan. Development of
China's natural gas industry during the 14" Five-Year Plan in the
background of carbon neutrality[J]. Natural Gas Industry, 2021,
41(2): 171-182.

[3] B4ER, Bedkyr, WA, & PERRAREITEERE R
B [1]. RARR Tk, 2021, 41(8): 186-193.

HUANG Weihe, DUAN Jiqin, CHANG Honggang, et al.
Construction of natural gas energy-metering system in China: A
discussion[J]. Natural Gas Industry, 2021, 41(8): 186-193.

[4]FER, BT P ERBTI AR SR [J]. R Lk,
2020, 40(1): 110-118.

CHANG Honggang, DUAN Jiqin. Natural gas measurement
technology system and its prospect in China[J]. Natural Gas
Industry, 2020, 40(1): 110-118.

[S1XIT R, Bk, sk, 5 . SY/T 6658—2006 « i Jie ik g i

TR AR E D) AT W 0] A S R L,
2020, 49(2): 93-97.
LIU Dingfa, DUAN Jigin, ZHANG Qiang, et al. Suggestions on
the revision of SY/T 6658-2006 measurement of natural gas flow
by vortex precession flowmeter[J]. Chemical Engineering of Oil
& Gas, 2020, 49(1): 93-97.

[6] B30F, WAK, P, & MRAL R TVEERRAE

ST SRR [3]. RS Tk, 2020, 40(10): 111-119.

ZENG Wenping, CHANG Honggang, LUO Qin, et al. Quality

analysis and flow measurement technologies for natural gas of

the China—Russian Eastern Gas Pipeline[J]. Natural Gas Industry,

2020, 40(10): 111-119.

WP, EAA, ERE, & RS C HRAN T & 1 7

AR TR A R )], 4 S R AR T, 2020,

49(4): 95-100.

ZENG Wenping, WANG Weijie, WANG Xiaoqin, et al. Effect of

different quantitative methods of C,” composition in natural gas

[7

f—

on the result of the calorific value[J]. Chemical Engineering of
Oil & Gas, 2020, 49(4): 95-100

[8] M, BF-F, BT, &5 . P HURZ R IR VB TE B b
TR RFEIL AR [J]. RIRK Tk, 2020, 40(10): 133-138.
LU Meitong, MAO Pingping, ZHAO Shihao, et al. Analysis on
the bias current in the manifold of measurement system at the
Heihe initial station of China—Russian Eastern Gas Pipeline[J].
Natural Gas Industry, 2020, 40(10): 133-138.

(9] R, BRge R . PIRR T 0500 58 Bl 7 B 45 SR (M AN 2 T 07 58



<122 - X R

2022 fFEE 42 45

1. Al 5 RARSAL T, 2021, 50(1): 114-118.

TANG Ping, CHEN Gengliang. Uncertainty evaluation of total
sulfur content determination results by two methods[J]. Chemical
Engineering of Oil & Gas, 2021, 50(1): 114-118.

[10] JHBE, FAHEA, I K, 5 . RIVEBIRAEL D HrbsdE(L BT 7T
(1. A7 il 5 KRR T , 2020, 49(4): 83-89.

ZHOU Li, WANG Weijie, XING Pengfei, et al. Research on
standardization of on-line analysis of total sulfur in natural gas[J].
Chemical Engineering of Oil and Gas, 2020, 49(4): 83-89.

(RN SR YN SP I ESN E P Qi AN = R 0 4 A s L R S R EE

B s RV ERGHAZR : GB/T 18603—
2014[S]. b5t : P EBRAEH R, 2015.
General Administration of Quality Supervision, Inspection and
Quarantine of the PRC & Standardization Administration of the
PRC. Technical requirements of measuring systems for natural gas:
GB/T 18603-2014(S]. Beijing: Standards Press of China, 2015.

[12] HhAe N\ BRI ] [ 5 B M B A g ke 28 S Ry o R L S e e

WEHZ G2 RIVREREMNE : GB/T 22723—2008(8]. 1t
I PR RRAE AL S 2009.
General Administration of Quality Supervision, Inspection and
Quarantine of the PRC & Standardization Administration of the
PRC. Energy determination for natural gas: GB/T 22723-2008[S].
Beijing: Standards Press of China, 2009.

[13] A N R A [ 1 557 2 M Bk B R e )Ry, o Fl T KA

MEE R A . RV ERFEIERITH : GB/T 35186—
2017[S]. 65T« A EARAE H R, 2017.
General Administration of Quality Supervision, Inspection and
Quarantine of the PRC & Standardization Administration of the
PRC. Performance evaluation of measuring system for natural gas:
GB/T 35186-2017[S]. Beijing: Standards Press of China, 2017.

(14] BAT . MR SR SRS B 41 43 5 o B 3% 150 [D). Ak
B EMUTOR S (AE5), 2019.

ZHEN Qian. Decomposition of natural gas consumption structure
in typical countries and China's consumption forecast[D].
Beijing: China University of Geosciences (Beijing), 2019.

[15] Organisation Internationale de Metrologie Legale. Measuring
systems for gaseous fuel: OIML R 140: 2007[S]. Paris: OIML, 2007.

[16] Comite Europeen de Normalisation. Gas infrastructure-gas
measuring systems-functional requirements: EN 1776: 2015[S].
Brussels: CEN, 2015.

[17] MICKAN B. Requirements for gas metering systems in transport
networks of Germany to achieve best balances[R]. Chengdu:
Natural Gas Research Institute of PetroChina Southwest Oil &
Gas field Company, 2018.

[18] Anon. Guideline for the construction and operation of gas
pressure regulating and measuring plants[EB/OL]. [2018-
10-01]. https://www.gascade.de/fileadmin/downloads/
netzanschluss/180801/01 Netzanschlussrichtlinie 2018 10 01.pdf.

[19] Z5REK , 1547, B, &5 . RIVBER B L9 77 BV [I].
FRE G, 2003(11): 19-20.

SU Rongyue, RAN Li, XIAO Ying, et al. Discussion of natural
gas energy measurement and implementation plan[J]. China
Metrology, 2003(11): 19-20.

[20] FAER, B8, BRER . RBAATER SR M]. b
T AT DA R, 2008: 232-238.

CHANG Honggang, LUO Qin, CHEN Gengliang. The management
of natural gas quality and energy measurement[M]. Beijing:

Petroleum Industry Press, 2008: 232-238.

211 EOREE, B K, £, & . RITRE AR T2

PEETATYE (7. A bt | 2017, 28(5): 1-4.
WANG Baoqun, CHI Jianfei, WANG Baodeng, et al. Preliminary
discussion on necessity and practicability of natural gas energy
measurement in China[J]. Petroleum Planning & Engineering,
2017, 28(5): 1-4.

[22] MRBER . 0 RARE BT REIVREIE R A AR (] Al S R
REAGT, 2007, 36(2): 162-168.

CHEN Gengliang. An understanding of the traceability for
natural gas energy measurement[J]. Chemical Engineering of Oil
and Gas, 2007, 36(2): 162-168.

[23] $BESF] , AR . RIR BRIV B LI 7732 [J]. i
THEEEB AR | 2012, 23(2): 131-135.

HAN Lingli, ZHANG Fuyuan. Method for energy measuring
uncertainty of natural gas[J]. Journal of China Jiliang University,
2012, 23(2): 131-135.

[24] S8B , WHEM , XUHHE, 5 RIRRIR SR RGN E E T
€ [J]. HETHE , 2014(2): 96-98.

GUO Zhen, FENG Chunhui, LIU Xinhua, et al. Preliminary
discussion of uncertainty of natural gas energy measurement
system[J]. China Metrology, 2014(2): 96-98.

[25] Hrie N BRI [ 5T 4 M B LR, o R L bR v AL
B oI R RIE . B AR AR AR 2 it
FI7  GBIT 11062—2020[S]. ALt « v FE AR i | 2020.
State Administration for Market Regulation & Standardization
Administration of the PRC. Natural gas—calculation of calorific
values, density, relative density and Wobbe indices from composition:
GB/T 11062-2020[S]. Beijing: Standards Press of China, 2020.

[26] Hr e AR [ 500 e M B A g R e sy, o ] S A e
EBR S RIRVUER 7RIV 55 1 385 - e
9 : GB/T 17747.1—2011[S]. Jb5T : s EARAEHARAL , 2012.
General Administration of Quality Supervision, Inspection and
Quarantine of the PRC & Standardization Administration of the
PRC. Natural gas—calculation of compression factor—Part 1:
Introduction and guidelines: GB/T 17747.1-2011[S]. Beijing:
Standards Press of China, 2012.

[27] rpie N RN [ 5 5 i e B A IR A Ry . AN o BE
E5#R  JIF 1059.1—2012[S]. Ab 5t « A Ekrite i |, 2012.
General Administration of Quality Supervision, Inspection and
Quarantine of the PRC. Evaluation and expression of uncertainty
in measurement: JJF 1059.1-2012[S]. Beijing: Standards Press of
China, 2012.

(28] i . W RO MR RSN [R]. [ HERBUAE T [ H At
ANPE ], 2021,

XIAO Di. Technology and it's development dynamics of oil and
gas measurement[R]. [S.L]: [s.n.], 2021.

[29] i AR AN ) [ 500 e M B A g R e sy o ] S A e

WEME R 2 SRR - GB/T 32201—2015[S]. bt :
[ bRif At , 2016.
General Administration of Quality Supervision, Inspection and
Quarantine of the PRC & Standardization Administration of the
PRC. Gas meters: GB/T 32201-2015[S]. Beijing: Standards Press
of China, 2016.

Bk E Y] 2022-08-12 W% {77 BR)






