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V) A 56, SR B R ASE 0L 5 005 40 7 7 3%, 43 AT T R VE K 38 SRS I E K T AR T 0 o 5 SR A e HH BE R
g 18 ~23 m I E K B R AE  WE KRR T K 5] BEAL 4 AN 59.78% ~T77.40% FI 84.61% ~ 87.02% , )45 Bt it
KB Ry 100% , (5 R RORAD SR8 22 5 e FH 58 B2 i /3] 10 ~ 15 m B, K 83y 70.20% ~ 87.00% ,#E K 1
518 Hy 86.77% ~90. 80% V7K Jit 2t fie F 5 X 4 /N FH B8 B ) 5 om B, K 0 B RO R AR A2 LAl B, 4545 F )
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BRI B B ARG AL ALY (Single objective optimization model ) , ¥ B 55 Uit 12t 117 7K o 8] /E oy P 5 A% &, 5k JH B 9L
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Evaluation and Optimization of Border Irrigation Performance
in Hetao Irrigation District

FAN Leilei' SHI Haibin' LI Ruiping' MIAO Qingfeng' SUN Na' WANG Yanming’
(1. College of Water Conservation and Civil Engineering, Inner Mongolia Agricultural University, Huhhot 010018, China
2. Ulan Buh Irrigation Area Administration, Bayannur 015200, China)

Abstract; Irrigation performance in fields is an important factor for the yield and water use efficiency of
crops. For the unreasonable field size in Hetao Irrigation District, the flow and performance change of
irrigation water in fields were analyzed by irrigation experiments in different widths of fields in order to
find proper technical factors of irrigation water in fields by model simulation and regression analysis.
Results showed that the irrigation performance was poor with irrigation uniformity of only 59.78% ~
77.40% and 84.61% ~ 87.02% when the width of fields was 18 ~ 23 m. Although water storage
efficiency was 100% , the irrigation performance was still poor. When the width of fields was reduced to
be 10 ~ 15 m, the irrigation efficiency was 70. 20% ~ 87.00% and irrigation uniformity was 86.77% ~
90. 80% , which showed best irrigation performance. When the width of fields was reduced to be 5 m, the
irrigation performance was deteriorated. A single objective optimization model included irrigation
efficiency and irrigation uniformity and storage efficiency combined with the field experiment data was
constructed through the combination of model simulation, uniform experiment design and multiple
regression analysis. Through using the single wide flow and irrigation time as decision variables and
solving the model by bubble sort method, the optimal combination of technical components of border
irrigation was obtained, and the appropriate width of the field was further determined based on the actual
flow in the demonstration area. The results provided theoretical support for the water-saving transformation
design, effective utilization of water resources and agricultural sustainable development in irrigated areas.
Key words: Hetao Irrigation District; irrigation performance; border irrigation; SIRMOD model; single

objective optimization model
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Fig. 1 Changes of precipitation and temperature
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Tab.1 Soil bulk density, saturated moisture content and field water capacity in each soil layer of experimental plots
LR HORLIR 8 % LHRET,  WRAkE, EEEKE
HkL kL A et 23 . N N
o (0~0.002 mm) (0.002 ~0.05mm) (0.05~2 mm) (grem™) (gg™) (gg™)
0~20 7.46 84.40 8. 14 ot 1.4519 0.298 0 0.2235
20 ~40 87.18 12.76 0. 06 #Ht 1.3920 0.348 6 0.2614
40 ~ 60 14. 65 81.43 3.92 Foy I+ 1.3789 0.3551 0.266 3
60 ~ 80 3.10 78.13 18.77 B £ 1.426 0 0.3779 0.2835
80 ~ 100 2.36 57.81 39.83 Wt 1.4828 0.3235 0.242 6
100 ~ 120 12.20 87. 80 0 Foy A+ 1.4200 0.3357 0.2518
x2 EEELXSH
Tab.2 Parameters of border irrigation
N 2017 4 2018 4
ErRe PRI WKW K e B/ I ¢/ HEAKE B/ HE L q/
m K H W HEKH M
mm (L.mfl.sfl) mm (L.mfl.sfl)
1K 06 -19 92 1.17 06 -11 99 0.57
A 23 22 K 07 -03 84 1.01 07 - 08 77 0.52
33K 07 —28 87 1. 11 08 - 06 78 0. 62
1K 06 -19 90 1. 00 06 —-11 97 0. 62
B 18 52 K 07 -03 73 1.04 07 - 08 74 0.61
3K 07 —28 84 1.23 08 - 06 79 0.83
1K 06 —19 86 0. 86 06 -11 94 0. 81
C 15 52K 07 -03 72 0. 66 07 - 08 75 0. 87
3 K 07 —28 80 1.34 08 — 06 79 1. 06
%1k 06—19 86 1.78 0611 94 1.32
D 10 22K 07 -03 70 1. 80 07 - 08 73 1.26
53K 07 —28 77 2.13 08 — 06 77 1.20
1K 06 -19 81 3.20 06 -11 89 2.76
E 5 252 9K 07 -03 64 2.43 07 - 08 73 2.57
53K 07 —28 74 4.09 08 - 06 78 2.07

2.2 HARAFE
2.2.1 JEOKFEEM IR bR

AR MHEOKFE E, WK EE D, FIGE KL
K EFEH KT iR R

E Zn ( 1 )
¢ Z(L

=2 (2)
‘ th

E =—! 3
=y (3)

A Z,——EWAR R IKZ PR IK IR, mm
Z ,— 5 B P 39 KK B mm
Z—WEW K A B iR /N 174 B H N 7

PIAB KB, mm

T ABKEE, mm

2, —— T KK TR, mm
2.2.2 HEABSHUMEH
T HEAB S RO W 1 E J R AT M TR TR TR TE K
J5 5 PP R T A ARG Ak Y RS AR BN b
Xf - EABSROEAT TR R AR T
RZ AR ITE AR R AL TAERR, B it 11056 2o
o 2 A BT UK, A BESE R T SIRMOD £
FUGETY |, 75 FH (1] S0 7K U FE 2F 504 A9 Ltk SR K
O TR, SE PN Kostiakov — Lewis 23 304 358 A
BSE Wt EI RS R IEAB RECE A
BARE o, B R NER 3 P
AB S Bl 8 % ] Kostiakov — Lewis J7 2 ik
itk
I=Fk* +fyt (4)
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Tab.3 Field infiltration parameters
i K/ FH T 3/ i FH 58 B/ ABSH
B 45 iy - T mmRER mEHGY o
m % m k/(em+min %) a

A 23 0.6124 0.4149
B 18 0.6371 0. 606 6

I 90T G ESP S 45 0.1116 C 15 0.599 0 0.4710
D 10 0.5532 0.3663
E 5 0.8247 0.3157

t—— A B [E] , min
3 BRE5HMH

fo—FRaEAB A, em/min, g 4E L 2 i K
R Y GOR P ST N £ L
I FE R, A U5 £, 0
2.2.3  HH BRI AL A
BPCFE I LA % 9 K I ) K S5 e I
(WA RIS NS A o o = 1P 3 a7 N S [T N
REIEFERM M EEW, RHRER K, 4560
A XA S B 0 e FEL K B TR 8 5 R TR S 8
3 T H A T S B A7 0 B A2, U K R E K R
PRIRAMEC, I FLWE X B R 25 0 I, I H K g
S, AT 2 4R WA P R 2R 30 ~ 40 L/s, A
I, A3 B o B O g R K IR ¢ HEAT O AL, oE
T 5 5 TR K TR AR SC R A SE R g R K
W) ¢V O b 36 A8 ik, R J SIRMOD K81 K5 4] 15 £
WU o A AR A5 G 0 7 3k M B B KR E,
KBS REE D, VL KA KRR E 18] 5 B bR A AR
R Java 3 5 B9 B Wk v X B A BE AT OR
fi# o

B H AR AR
maxY(q,t) =ak, (q,t) +bD, (q,t) +cE (q,t)
(5)
Hrh a+b+c=1

K Y(g,0)—Hbrsk%k, HAETE 0 ~100% Z [H]
WERK M a=b=c=1/3
TR VE KB AR BER AR EM N

{q SqS G,

Lmin sis tmax

a.b.c

(6)
Ao

min /DR TR R, L/ (m-s)
RS, L/ (m-s)
L rnin Fe/NE K B[], min
L e K 7K B[], min

2 ST T DX EJE 1) 52 BR A B0, 6F BB B g AN
K IHR] ¢ B 95 Bl
{1 L/(m-s) <q<4 L/(m-s)

q
q

(7)

10 min <¢<<60 min

3.1 KimHEHSHR

&2 FEL 3 43002 2017 (2018 4F AN [f] b B g 7K
AR IR k. IWEH AT DLE ) & AL 3
AT 2 AR VE TR 0k AR A ) L AR R — B, KR
e R, DR 1 3 i BB AS (] ik FH 58 32 Ak B K 3 4
HEBF ] Ry 25 ~ 70 min, 7K 30 7 3R B[] A% 4k 9 FE 7E
150 ~ 550 min 22 [i4] , 3 H. 24 B FH 98 B2 8/ i, 7K O 4
HERRPR, S22 7K A 2 R 6 T K T R 2 &
A B 2 8] 48 A W B HOR, 2 B R AE 18 ~ 23 m
BT I R R 3 R o ) 2 S R R I o AR
(i) 452 ek R WA 5 M FH SE REAE 5 ~ 15 m B, BEE 1 T OB
FIsF ] 2452 et T e R 9 AR IS R A G X R B T
FH 5 85 25 K VB K B i) B G, e 7 R 2 SR A Rt v
WK SO IR N 17 224 B P 5 S RN B R T K PR
HEiE e R I H R IR AR, 5 3wk 2 A B i [B] 38 o, 1
U B B /K AN S, A R4 S KR 5T
3.2 EKREFM

4 Sy ATl i 9E BE AL BE R 2017 (2018 4 4R
VR T R DE A R AR AR ARG . AT R T DL AR
2017 AF 45 4b P (B FH 5 B 43 53]y 23 (18 15,10 .5 m)
(IME K 3% E AE 62.70% ~87.00% = [a], /K 5 5)
J§ D, 7E 76.50% ~ 90.50% = [A], i K 3 R E 1E
87.80% ~100% Z [i1] ;2018 425 Ab H KRR E,
1E 59.78% ~ 79.90% z [a], #E /K 4 &) & D, 1E
82.70% ~90.80% Z [a], fii K3 % E £ 83.40% ~
100% Z 18] o 43 B 1 47 5005 AT LA & B, 4 Bk FH 5 8 2Ry
18 ~23 m B, E KB E (LA 59.78% ~77.40% ,
WK D A 84.61% ~87.02% Z[a], )R Bt
it KB E 2 100% (B KSR AT SR B 22, I [
JE I FH B8 5 45 K, 3 BOR 6 A I B 558 3 1 0/, K O
HEE NG, HE E b AR rp R 2 B T 1 0, HE K RBOR
ik Wil e FE 5 5 A 440 /0N VR KSR R R AT, 20 e
FE 58 B85 445 /N 31 10 ~ 15 m B g Ao 3 7K 003 N VK 2
5] BE 4y Bk 70.20% ~ 87.00% . 86.77% ~
90. 80% , ¥ /K 25 AL Joc b5 T 24 M 5 B 4k 22 4 /) B
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Fig.2 Water advance and recession curves in 2017

80
—o—23m
70F ——18m
—tr—15m
60 -
£ ——10m
i=]
E, 50+ —#—5m
B
) 40 -
oo
2 30r
.\_/'
~
20F
10+
0 Lo
0 5 10 15 20 25 30 35 40 45
S R /m
600
500
é
= 400
=
b
AT
443 300
*®
200
100 1 1 1 1 I

1 1 1 1 ]
0 5 10 15 20 25 30 35 40 45
i EERS/m

Bl 3 2018 47 A [m] b B /K 3 #H 4 K 3 T 18 ith 26
Fig.3 Water advance and recession curves in 2018
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Fig.4 Irrigation quality evaluation indexes
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3.3 EXKREEMSEIFSH

K SIRMOD #5785 25 7K 2 AR B2 300 47 L
P, BT v BT 5 2 H00CR R 38 X S8 B S 400 (e K
JE 45 m, BB 0. 111 6% , 12K TR 80 mm) , A
ZHEBURTE X YE , H i k£ =0. 645 28 cm/min®,a =
0.434 9 254 ] £ 9 X 52 bR 00 A K & A BF 58 1
BB ¢ WUEEEAE 1 ~4 L/ (m-s) Z ],
KBS [E] ¢ AR A6E B AE 10 ~ 60 min Z [A] B 1 34 7 [
RV, gk 4 iR

F4 KBERIATERSEKREEUER

Tab.4 Test design and irrigation quality simulation

results
% THE K o i
ETRe LM ¢/ FEK i E/% D%  E/%
(L-m~'-s™1) t/min
1 1.0 60 99.6 80. 4 89.6
2 1.2 48 99.0 79.0 89.1
3 1.4 56 79.4 84.2 100
4 1.6 44 90.2 81.4 97.4
5 1.8 28 99.2 77.1 83.6
6 2.0 34 92.1 81.2 96.7
7 2.2 50 60. 6 87.2 100
8 2.4 42 61.7 86.6 100
9 2.6 31 73.3 84.4 100
10 2.8 27 79.4 84.8 100
11 3.0 25 88. 1 82.8 99. 1
12 3.2 38 52.1 88.3 100
13 3.4 23 78.4 83.9 100
14 3.6 20 91.1 82.6 98.4
15 3.8 22 70.2 86.4 100
16 4.0 21 66.7 85.2 100
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Fig.5 Relationship diagram of irrigation quality fitting value and analog value
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K], 2R Y Java i 5 H B9 B WL HE P 05 0 J7 R 44 0k
IR, I R LMK ARERAB N ¢ =
2.81 L/(m+s) .t =21.21 min,

sk 2 BARA R (8) . (9) w1, "1l 15 E, =
95.00% ,D, =81.02% ,E, =94.96% ,Y (q,t) =

u

90. 32% ; [Al I 45 B 5K Z B A SIRMOD A5 70 B¢

K E,=92.4% ,D,=81.3% ,E. =97.4% ,

B SCAT AT, R B XA H i i o 30 ~40 L/s, 2
M IE i g =2. 81 L/ (m-s) , 50 45 i & 1
I g G ek FH 9 BE S 10. 7 ~ 14,2 m, 55 S0 43 17 45 2R
T — 3, [FIRE, X TR S XTIz B A
RIRE R B S H A & [R)RE AT LR HTAR ) 19 5 2%
WiE SRS,

x5 AEERABREARASBRALEAS
Tab.5 Optimized combination of typical irrigation technical parameters in Hetao Irrigation District
W/ ANBSHC HAKBEARBERMACH S AR SCT7 R E K BT A
i iz N
ek k/ L ¢/ WK
B N . B L ¢ T K ] £./% D./% E/% Y(g.0)/%
(cmemin~%) (Lem™"es71) t/min

B 70 0.51 0.4113 5.48 29.92 99. 89 100 97. 46 99.12
FisiE e 50 0.45 0.507 7 2.98 17.94 94.99 79.03 94.98 89. 67
KBiE+ 1 50 0.42 0.4857 2.95 14. 09 94. 98 71.83 94.99 87.27

Vs ) E X ML R S 8, 1 MIAO 4520 2V BF e R

4 itig

K JH SIRMOD #E A B 48] 19 57 i 3 i 3 DL Je &2
JG [ US43 AR 45 45 B D v, 8 B E R g DA R UK
B[] ¢ FF ol SR s i B T A0 8 ME KO B, HEIK
ISR D, A R A KRR EAE N B B AR AR B
i3 Java i 5 b 8 U HE T SR R T X 9 R AR
WK AREZH A, S% MIAO 477 P&
DX gt P 2 R, AR BF ST — B W TR P AR
3FNBE LT RS R ¢ 5K B4

o H i THE R R G 2%, A iR 45 AN IR,
A [R] S 8 T R T T R T G AR A0 2 52
PRy o BLAME B 5 15 T ML HAR ZER I IR
% IEAHUBK L 57 3l A= S5 R 35 i, 45 SR A7 i ik —
AT

5 it

(1) J 3 I R 1 A 7 A () e B 58 1 Ak
N B KA S B0, 23 Hr 1 AN [a] e S B2 Xl 3 K
i R o A5 R W, mH: T RS R R K o
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R 38 2 4/ B SEZ 3] 10 ~ 15 m 1, REH
R R K B 2 AR A )N e O R I K SR
S22 A B FEAIG

(2) &5 5 HH [H] 52 90 BB}, SR AT SIRMOD 5 7 6
L AR B L e Zoc R A AR S A Tk
F i TS KRR B, HEKIG A BE D, DL KA K3

R EAENR R H R0 A8, B B0 580 i g DL S
A R] ¢ VRt 5728 i, R A Java i 5 o B L HE TP
AR R EAT SR A, A 2 ek FE HE R BOR R LAk
HE q¢=2.81 L/(m+s) .t =21.21 min, 55 /R 75X
SEBR A U i, W25 10 E e U0 e S8 O 10,7 ~
14.2 m,

& % x Wt
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