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Abstract

Against the backdrop of the national advancement of comprehensive rural water pricing reform,
accurate metering of irrigation water in plain river network areas is pivotal to enforcing rigid water
resource management. To address the prominent issues in irrigation stations—including low cover-
age of water metering facilities, poor metering accuracy, and high costs of equipment installation
and maintenance—there is an urgent need for efficient, low-cost, and high-precision metering solu-
tions. Taking Jiangyan District, Jiangsu Province, a typical representative of plain river network ar-
eas, as the study case, this research identifies the characteristics of pumping stations in such regions,
namely “low head and significant fluctuations in efficiency”. In line with national water metering
standards, a “water conversion by electricity” scheme is proposed. Through analyzing operational
data on water volume and electricity consumption at irrigation stations, it is revealed that the wa-
ter-electricity relationship exhibits nonlinear cubic function characteristics. Based on this finding,
a water-electricity conversion model for irrigation stations using interpolation methods is con-
structed, validated, and optimized. Validation results demonstrate that the model reduces the av-
erage error rate to 0.3% in the Zhoushanhe Irrigation District and 0.1% in the Qintong Irrigation
District, representing a significant improvement in accuracy compared to the traditional fixed co-
efficient method. Meanwhile, leveraging existing “dedicated transformer and dedicated meter” fa-
cilities, the model achieves full coverage of electric irrigation stations while saving over 10 million
yuan in costs compared to ultrasonic flowmeter-based schemes. This model provides a “high-preci-
sion, low-cost, and wide-coverage” metering solution for plain river network areas, directly sup-
porting the implementation of “total quantity control and quota management” in agricultural water
pricing reform and offering technical references for irrigation metering in similar regions.
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Figure 1. Schematic diagram of the mathematical principle of nonlinear correction
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BBLO.6F,, <F <12F, : A&RGE, FIMEX 7, =0.7~0.8 (F,, =035m’/s), BHEW#EX n, =0.65~0.75

(F,,=042m’/s), P, X F* Tl SUHEK, Hy, 5, FBP,, B F K “BEW” MR F>1.2F,,

opt opt

loss

, Mo P WKEHTIR, B CRTHRM”
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KBS A BRI R, n, B2 0.5~0.6, P IKIBEE, P, WKEE “FETE” o XA “S2. Fbk.
JE” Ak, SEM = IKRERUK BRI R O = y, I + p,I° + y I+ y, B2V &, HELEX
BRI RN S B, , FRENBEEIE 27%, BB HOK T e R 4 R .

LI ATRAE S T0L: ARZerhn) —ikomft. b bls i RiE 5 2B X I TOLE R, KoK
D E AR LA — P OR, K R RIST = IR L BL BB AR 2t . O RIAURR P B 5 384K
P VX S R B L, R g, SO RE cos $ BB HH TN % P (B Py ) RIRLRMEAR AL
BN P, <0.3P, : HABEERIEAIA L, B ILHEX 7, <50% « cos §=0.3~0.5, JLif P, /NH 7, -cos 9

out rated *

(i %ﬁ%fﬂ?ﬁﬁﬁJ%P=% B F M “Zr BEInge” s BUE UK P, =0.7~1.0R,,, :

COoS

17, =85%~90%, cos9=0.85~0.95, P,, KHn, cosdw, PHiF MK “BELMBE” . XMEMES%E
HEREX “REB A BBIR” M TOEE &, AR — k. @ WEX T ZE s : Ja L
BEX bt miafe . Ksh SEREENXH T KB, NSNS, FEEARKME D 783 AL
X, @b LRIEZRE 8%~12%, HIRTHAFEAMEEHN, BN+0.3 m WA, KR T/ AN Q-H
2R WS 27%, 1, ZAIRIETE 0.2~0.3, ARLMETTRR 5 EIA 65%: HRIEREX: R HIRIEIZIH 2%~3%,
RN N£0.2m, TAEWH% 17%, 7, AIEEE 0.1~0.2, JRLMETTIR 5 HLFEZE 30%. %50 57 ke T
AL R LA 5 =R AEL . B AT e A N AR VSR EL I e T2 8, (]I 5 20 X SRAT 22 Al /K A R
RADRAIERC. WA 1 KRR B 2l . FIHURFIE O 22 HE X Totomfb 7 o oL,
HETRS3VE X BE RS e B AR TR 0 BB 338, [RIIN 2 P ST 4R /KHE DX “ BLRIAT /K ” MRy B
AR RO T RGBS %

4.4. BRI SEEXTRIEE

1) R S H R

WILE SO HE, FE T (T (X 323 J FH 40 22 v 20224 F Sl Bt , S s B it K B 5L HE
R, X, SRBORRE/ MR GRS

FILTER s = IRERBAS y, =2.1x107, y,=-0.003, 3, =028, y,=15;

X . SRRy, =1.8x107, y,=-0.002, y,=032, y,=12;

BB IERN, E1 0 22 HE X B 25 A0 T BUF IR T B2 %~3 % AR 5 £ v /(N AR 6 I [R]85
72), B AR, R A3 A R SS B I SRR E N AL BT > 3R R R A I y
REG HHAESE, K30 AEN 51 Bk i /K B A 22 > 3040 B REAS . BB EDCERCHT 5% AN H{EH
Y SHEE, HIU H>20m, BEH<15m.

2) AL G UE R B

BT R X R B 2 b A L T RE X (1237 ) FELBE i ) 5 R VA VR [XC (1 140 82 FRLVEE I ) (1) 43 X ARRALE, 455
JE X ST AR O R K2R, AR ] L Y] 9 DRI R T X 7R b VBt A 3R A7 B0AIE o SR AR
SIEAT IR T, B> B B AR A R R T 2%~ 3% T4, 5 Z APl s s (A R 2
i) 5 SRk S G A R T S, S AN A H X [A] 7 =20 ~300 KW -h , B8 PEBSHEENB. &
T WORHEX AN A R X (] A RS AT AF PR S AR SR b HEAT 30 0E, i sk T 2R X R4
2022~20234 [R5 MR W 1) L 1 (% AR e 3R 5 S B /K B GRE P YR U A T S o e O U

JELE X (B £y HKAI2.2 m): JEEN60ETE N, i E 1=20~300 KW h, HSASRRRR
BT =30~80 KW -h;

FIEFEX R . WKA71.2 m): HEHL60 I N, i 1=20~300 KW -h, =G5 FRE
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I>150 KW h
3) AV TESE R 50 HT
a) J X (bt BFEEEI£0.3 m), SRWE IR,

Table 1. Summary table of water consumption metering comparison for pumping stations in Zhoushanhe irrigation district

F 1. BMEX R RAKITEXHE 2%
myhge gy ORI KUKE GEHRE —KEE SRR 50 &t K TR ARG
kW-h Q¥  (m) m’)  HFHEm) ') RER RER RER REX
78012 RAREHE 45 32,850 35680 33,180 32,940 29,250 +8.6% +1.0% +0.3% —11.0%
Z8-156  GkfEEL 70 54,600 59,800 55,020 54,760 45500 +9.5% +0.8% +0.3% —16.7%
78-323  [IKEL 200 168,000 172,500 169,200 168350 130,000 +2.7% +0.7% +0.2% —22.6%
BE - - - - - - - 69% 08% 03% -16.8%

b) HEEEXCE L, #REHEI£0.2 m), FRMEL2HR.

Table 2. Summary table of water consumption metering comparison for pumping stations in Qintong irrigation district

2. FEEXPRMAKITEX L RE

s e BRI SKE SHEEIE YR SWRA 5 BIE SR SRR f400%
UGS FERE |0 om) ) ) B o) REE REE RER REX

QT-078 EiEM 60 44,400 45200 44,650 44,480 43200 +1.8% +0.6% +0.2% —2.7%

QT-210 fir¥e# 160 118,400 119,500 118,700 118,520 115,200 +0.9% +0.3% +0.1% —2.7%
QT-556 #4280 207,200 209,100 207,600 207,350 201,600 +0.9% +0.2% +0.1% —2.7%
WE - - - - - - - 1.2% 04% 01% —2.7%

c) &R

JIRIERC: JE LA X R R 3 K (£0.3 m), —UAAEAERI R RATE 1 =30 ~80 KW -h % % %0.8%,
BEMRTLRIERGEE6.9%, FHET “mib X G EIEEEIE” KR, FiEEX TR EE*0.2m), %t
FERZERMN2%, 520 ZFEFRERER R, 6 “CPREBEMITE” ikt

RERESETE: = IRFERARMEAE P KEX PR 223, 0.2%, 2 CROEEB/K ETF =R ARG
— R BRI < 5%; BAEGE E R0 T AR P AR 2 16.8% 12, 7% R, R R
BRAETE, L HET198.8%  HRIHHETF96.3%.

BE S WU E T 7520234 /K B B4 HIHEAR183.6%, HoA i 1L 12,000 77 m3. #E#10,500 77
m’, HARRAKDS GREHE B & T90%, Hifka Rrrdest,
5. &g
5.1. #iR4giR

A SCER X 0] X X R RUK SR MRS . AR B R AR G, BALR
REWXONIAIE TR G, FeT “LLHK” B 1507 0@ M A V2K AR iy, Jd i iR
He G 5 SHERAE, AL F458:

1) ERTHE S p K BT R IR

& GUREBR S RUK BRI T HE - KEHRE KRB R 250 K800 78, BAR L S K
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BAGFER R ML R R, 2B TKEGRES) . LRt R EEmA R, SHEEXIFER
FRS . AL R, SaRMEREEE. IR EEN SRR AR EE KR - BEX R
FRIEMZe 230, SCBL 7R FE R EE X PRSI o o Ll T E R B IE R R RAL B, IR ZEFIE 2 0.8%:
S URBE AT A X 8] 25 RAY 0.3%, i E X R ) MG S I T 22 B, IR 1.2%; =IRFEAEE 4
X [A] 1% % 2 0.1%.

2) R FRARREM S K BT A

VEE G RUK R R R R E BRI TAE TR REM RSN, BERFG I LSRR 2K %
JAR I gt R R, AR E G R &, BRI X EK IR O 4
AR, HEXEEFHRNET GG, il X EWEURE T, ARSCHER “DLEITK” 5iEE IR
FH AR K L A AT T ia 5, kA SEDUER G RUK R SERT . ASUHESHAS M, B ATseqT
VEWRS UK B S SRS ORSHETHE,  FESEPRERAE P O A T AN I T A

3) SEBLRHUARE ., 478 55 I FE R AT /K SR R B

TR IR T FIER X, 2 A X R A AR b KL . X B “HfEk. BRS
—. 8T RHE, HESHT “EAERLRY B RTE T [20]. B R E R — R, TERAE
Jiih, I EEEADCGEEE EEX RAN B ERE, MRS CRUKEEERER B8, RAUE R
MOTTE T REERAE AR A, SRR BC S Bk SEit: 7E R, A LK. 323 B4
Fvt 5 R X U SR S B0 E T R B, ATHE RVLA RIS R EER T, THEG RN (&£
HEDXR R K M5 A% I8 R i) “RGUERNUE 7 TR0 SR pesidls S 4%, s “ mEdshl. e
L7 PE M. [RE T B PR AR R X 0 S R I T A M A S B S, A0 & L] A v K
X BIRFE SRR Bl 038 i b o) 25 3k 280 R v b B ARURORG IR AR s e . DR “ AR LR BRI
wmAAME. B, SRR OSEEA SEAMENE, AT ERCEE X, O EE TR
ft—% “YRE + FIBBIE” FTTERESE, AR O T8 AT Z 70 HESE, TR E S5
BbL, BEARBARGARIE 2 Bus, B 75 DXCIHE I SRR .

............................................................

AR BRRSE (<> | srwm | [ memw | [ Ese | [ smex |
U,
wEws: mamugEE <> [ mmxe | [ aamme | [ween | [esen | |

TRIE HIERETEE 5 BE - KEIRAMER (KSR E) ®F

i .
SRR BSUTERAE B sEEETTER

suwe: ansmanory [« [ sms | [ mawa | [messus | [osse |
e
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Figure 2. Detailed flow chart of the water metering framework
B 2. KEVTEERNEFRIEE
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5.2. iR ERYE

1) o Hdfe v

RRERRE 52 SR A6 2 R D PR i 25 . R E R AR il /K R R R R R v, P TR )1 2 4
ARG AAE— E R RRVE R 72, 28 XA T K W 2 BB SR AR T 2 K o5 Bl vy, UK
BV TR) 227 30 73 AR AS o5 FUIE 12%, T HE S BURE T RURF . DI H e K b e i R g )1l 2 K
PSR TR EOR . BeAh, MR e R e B A, w SRS (R LA .

2) ZHF EMIZ BB IE

S ARY IR TR R SRl B 2 AR BORFERE 2R A /K e e e R AT L ol K R TR
R L o MEBE RO AT IR B S R WA ot By F R HUK IR, Bt is AT RS A Rl B 2 L5,
HBHH N2 B ASF o TR, GO BTl 5 s S AR H BT B2 A HE KT R IDUE T A2 IR A
PAMOR RIEI SRS B L . BEE (5 REORIVA TR, REE AR 2R K A R () ST LR it 1 59
MIBRSIRF o R, IS8 2R 5 AR T LK 2% A% Xt 7K F 3 4 2 6 20 0 Pl S i) ) B i R AT 55
R, M E AR EHR A PLTRE, XK R B R AT 0 — D SE e T, S ORI AR o
IKEHE TARRMRS .

EEWH
TLIA KRR H (B RS : 2022048).
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