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Abstract: The model of supply and demand of water resources was established, combined with meteorological, hydrological,
soil condition, planting industry structure, vegetation and economic development of irrigation region in the middle reaches of Heihe
river, northwest China to develop a calculation and evaluation model of regional supply and demand of water resources. After
unified management of water resources in Heihe river basin between Gansu Province and Inner Mongolia in China, the amount of
surface water from Heihe river decreased and that of groundwater increased, the volume of groundwater mining is increasing and the
groundwater table is rising in studied regions now. The groundwater exploitation potential of irrigation region is less than the
permissible utilization volume of groundwater, groundwater overdraft is remarkable in irrigation region. This paper has also proposed
the measures to meet water security in the middle stream and related suggestion has been raised to guarantee this balance. It is found
that water supply and water demand was safe in 1997, but water supply was not safe in 2003. If the water resources management,
surface water and groundwater planning, the patterns and techniques of optimum utilization of water and land in this region would be
tackled, the problem of the security of supply and demand of water resource and eco-environment is confronted with the baptism of
Heihe river basin.
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Fig. 1 The map of schematic view in studied regions
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Table 1 General situation of society and economy in studied regions
THEX 4 FK Efy AH BEH AR HEBEAR L Tbr={E AREEH TR
Name of the Year Population Agricultural acreage  Irrigated area Live-stock Output value of Protected ecological area
irrigation region (ha) (ha) industry (Yuan) (ha)
SEREX 1997 21558 3000.0 2 800.0 10 360 329.7 3200.0
Pingchuan 1999 21634 3000.0 27333 10 360 537.3 3200.0
2003 21753 3000.0 2 600.0 10 260 1392.1 35333
HRMFREIX 1997 17 410 2 666.7 2 666.7 10 005 5323 2200.0
Bangiao 1999 17 423 2 666.7 2 666.7 10 005 771.9 2200.0
2003 17 466 2 666.7 2 666.7 9977 1614.0 2266.7
TP G X 1997 11482 1 866.7 1466.7 5426 321.0 866.7
Yanuan 1999 11497 1 866.7 1 466.7 5426 494.8 866.7
2003 11532 1 866.7 1466.7 5426 827.2 11333
SR HEX 1997 17 921 2266.7 19333 8990 271.6 1200.0
Liaoquan 1999 17935 2266.7 19333 8990 369.4 1200.0
2003 18 046 2266.7 1 866.7 8990 960.0 1400.0
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Fig. 2 The average monthly runoff changes at different stations in studied regions
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Table 2 The analysis on supply and demand of water resource in irrigation area in different years
AKAE X ALK BRI K K B YA T
Year Irrigated Available water supply Water resources demand Water resources
area (x10*m*a™) (x10*'m*a™) balance of demand
{RAE WCERK K Al Tl ANFEAEWAAK AESAK Hit and supply
Warrantd Surface Well  Agriculture Industry Drink water Ecological Sum (x10* m*a™)
efficient (%) water water demand
1997 PR 50 7384.1 58.7 6850.4 34.9 24.8 460.6 7370.7 72.1
Pingchuan 75 7091.6 160.9 -218.2
95 6 945.4 160.9 -264.4
BATHEIX 50 6615.7 57.3 6137.5 33.1 242 412.7 6607.5 65.5
Bangjiao 75 6563.8 57.3 13.6
95 6222.6 573 -327.6
TOES X 50 4604.9 33.2 4272.0 19.2 14.0 287.2 4592.4 457
Yanuan 75 4422.6 58.3 -111.5
95 4331.4 58.3 -202.7
ZURREX 50 5725.1 54.8 53113 31.7 23.1 3572 57233 56.6
Liaoquan 75 5498.4 112.8 -112.1
95 5385.0 112.8 -225.5
2000 PR 50 6938.2 130.0 63894 395 28.8 491.5 6949.2 119.0
Pingchuan 75 6501.5 219.9 -227.8
95 61933 322.5 -433.4
BATHEIX 50 6413.2 126.8 5890.7 38.6 28.1 430.1 6087.5 152.5
Bangjiao 75 6244.7 156.2 13.4
95 57448 235.1 -407.5
TOES X 50 4250.0 73.4 3916.2 222 16.1 340.5 4295.0 28.4
Yannuan 75 39773 79.5 -238.2
95 3787.1 111.6 -396.3
ZURREX 50 5653.9 121.3 52484  36.6 26.8 389.7 5701.5 73.7
Liaoquan 75 5317.7 154.5 -229.3
95 48769 2266 -398.0
2003 SEIREX 50 6 586.0 141.1 6383.1 50.4 36.8 509.6 6979.6 -252.5
Pingchuan 75 6167.9 238.5 -573.2
95 58722 3411 -766.3
BATHEIX 50 6397.6 137.6 5989.9 49.2 35.9 450.3 60253 9.9
Bangjiao 75 62359 211.2 -78.2
95 5757.1 276.7 -491.5
TOES X 50 44304 79.6 3963.9 28.2 20.6 340.5 43532 156.8
Yanuan 75 4169.3 86.3 -197.6
95 3986.8 123.3 -343.1
ZURREX 50 5380.9 131.5 47874 471 342 396.6 5265.3 247.1
Liaoquan 75 4859.0 167.6 -138.7
95 48280 2397 -197.6
3.1 DUREKEFIFEEPREKSFKS A A K B K 3 50 0.96 X 10° m? Fl 2.739 X 10°

HLR A X I 22 K B AR 2R B 2.46 X 10° m?, L
FRALFE B NS 2.01 X 10° m®, AL AL & 0.44

m®o P NFEX TN K . =K EE LSBT HE X 1
PO K WAL TSR0 5 6X10° m*. 1.2X 10* m?

X 10% m’. W RFNERITIE B 0.54X 10° m® FI/K 7
K 0.19X10% m?, XIS FRKEIESFEKER 1.71X
108 m?, LAl e AT AE A KSR D K9y
Wk 1.65X 10° m® 1 4.924X10° m®, H T4 HIERE R

14X 100 m’s JHFEKITZE R Z A0 1.8X10° m’,
9X 10* m* F1 2.0 X 10° m*.
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BHAKMEANL, BRFIREX AL, B, PERg L. K& 3
SEBED AN K20 5IBK 9.667 X 10° m? 1.4015 X107
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Y, BEEURSEREIFRH R ACKRTRER, 1Z%HE X R
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107 m’ o RS FEARKAERITIN, A7 AR UE 0T Y 7K W 33
TR DL R, 2003 45711 MM HISHE A ZE SR FE X 43
SBES | SBIM /KA 6.586X 107 m*. 6.3976X 10" m*.

&3 2010 SFRFIRMFTETN 247

4.4304X 10" m*>F15.3809 X 10" m®, 1M SzBr5 1 /1 5.9113
X 10" m*. 5.0041X 10" m*. 2.5489X 10" m’® #1 3.5521
X 10™m? o 5k WA H i b X A TE X1 5 K R A ST UK
AVFERMEZ N, BRI T BIE, FiFs | R KK
PEIR AR 2 A, AR S HEC A A ER K AR Y
Ko MHBZRIKHL T /KBS RE S R &4 i
WA REDK IE 8 1) T ANV AE = R e, TR &
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Table 3 Forecast analysis on supply and demand of water resources in 2010

HEX AR B R KT R AR K AL
Irrigated Available water supply (x10*m*a™) Water resources demand (x10*m*a™) Water resources
area RIER R K JEK Al Tk NEAEEHK K Hit balance of demand
Warrantd Surface water ~ Well Agriculture  Industry Drink water Ecological water Sum and supply
efficient(%) demand (x10* m*a™)
IR 50 6267.8 155.1 5691.0 63.9 46.7 592.5 6394.1 28.8
Pingchuan 75 5866.3 262.2 -265.6
95 55822 364.9 -447.0
B 50 60124 1113 5242.1 62.5 45.6 518.5 5867.7 256.0
Bangiao 75 5 856.7 183.8 172.8
95 53972 204.9 -265.6
N5 T X 50 40319 187.5 3733.1 36.3 26.4 369.3 4165.1 543
Yanuan 75 3781.3 214.8 11.0
95 3605.9 376.3 -182.9
ZURFEX 50 51342 244.6 4643.0 59.8 43.6 459.2 5205.6 273.2
Liaoquan 75 4825.1 284.2 3.7
95 4603.2 356.3 -146.1

3.2 HET/KKEFRFFFEE N

H R 7K I R B I LT R i fe Bk o .

1=Q +/Q =

A 1 MR KIF R 485G Q o it NIK A
VFIFRE (X10* m*a') 5 Q i F/KBLRIT R &
(X10*m*a™") .

M > 33 BRI RO 1.7<IS33 A
KW, 12<U< 1.7 IR BN 0.8<I
<12 AFHIFRX, RULRAMEA A 0.6<1<0.8
HIFRBE N BEEARE; 0.4 <I1<0.6 HJF RS h4%
At 1<0.4 HIFRIE I EAE o

WFFEIX AEDR T, TG I X R IR DX A T PR ]
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AR H T K BRIETT R AR £ 0 1.12 Fi11.27, #E
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H SR K EEPR LA B A AR (47K, R FH /K e L1284
ke “PNIEX AL T 2w b, HEIUREE MR
W, A ARE R KYE AR AbsRgg, DR R KT
KAeHh 032, R E, MR KRB A,
AT DX A T PR b, S i BT U R I B K 2 &
IKPERRUF 36 35 9] 1R A58 1L i & AN A 5 K b
7, BRI N K IFRARECY 1.79, TR I h 48,
TERFEAA B, ARILTFRAT o AR I FEUTI] 5 e 3
B A o SREX HL R KIS MR (R S)
SPIRER b 7K S5 I L 22 Ay 2, e S X
g Hoe B, WG BRI, Kok
LK BRPEALT 22 A AT R M o
3.3 HET/KGIZE LS #A

1984~1999 4F, HEX V343 T /KKALB) &1L
A F-0.1~0.1 ma' 2, FEARREEIRE. 2000~
2003 4, Pl AR ISR AN SR DX (1 H T KA AR
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Table 4 Supply and consumption of water in irrigation area in the period from 2003-8-1 to 2004-7-31

“FJIIHEX Pingchuan

R HEX Bangiao

PSREREX Yanuan FULREX Liaoquan

WK SW. HIF/K GW. 7K SW  HiF/K GW. K SW. HiF/KGW. WK SW. HiFKGW.
PHURIYIN Al Agriculture  5611.1 1101.0 4953.2 70.0 2521.4 41.0 3438.3 510.0
Practical water 25 Ecology 300.2 0.0 50.9 0.0 27.5 0.0 113.8 0.0
supply Lk Industry 0.0 50.4 0.0 49.2 0.0 28.2 0.0 47.1
(x10*m®) A& A3 Drink 0.0 38.6 0.0 46.0 0.0 253 0.0 51.6
i 7K Al Agricultures 6383.1 5989.9 3963.9 4787.4
Water demand 4= 7 Ecology 509.6 450.3 340.5 396.6
(x10*m’) Tk Industry 50.4 492 28.2 471
A7 475 Drink 36.8 359 20.6 342
PR 274 -1356.0 -709.8 -1104.5
Water balance
(x10*m®)
S.W: Ji[7K; GW.: Hi'F7K  S.W. and G.W. in the table indicate surface water and groundwater supplied
F5 B P AEEX M T K ERFRE S
Table 5 The potential groundwater resources in the midstream of Heihe river mainstream
HEX AR BURFFR R A VF R WRE (D PR &
Irrigated area name Present mining Planning allowable Latent capacity indes Adjustable mining
(x10*m*a™) mining  (x10*m>a™) (x10*m*a™)
SFJ1| Pingchuan 1190.0 380.5 0.32 -809.5
HLHF Bangiao 116.0 207.6 1.79 91.6
9% Yanuan 416.4 465.3 1.12 48.9
35 Liaoquan 528.1 670.3 127 142.2

SRRk 0230 038 025 #1041 m (K 3) .
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(3) Bt [ 5% 1 K A2 A 53T 1l AR W
ek, FPERE AR R S5 AR AL, KRR A ] R
e, FMTKEARMNA, EHTIM T 2010 401
HE AR IR T T 45 AR, KR IR AR FEAH
HRA, KEPRALT VA1 2 A BTt .



530 TR SRR I R DOK SRR AL AP S L e A VAN 981

500
4.00
3.00
2.00 |
1.00
0.00

FNHER Pingchuan

—=— (" Huanger —&— — L Yigongcheng —e— i1 [E Shanji:izhuang

1984 1986 1988 1990

6.00
4.00
2.00
0.00

—e— /i Dongwan

1994 1996 1998 2000 2002

000 F 0
8.00 M bt [X Bangiao

—a— #i{l  Haowa

1984 1986 1988 1990
400 r

R AR Groundwater table (m)

1994 1996 1998 2000 2002

3.50 BYREHEE  Yanuan
3.00 |
—_—
2.50 ‘W
2.00

1.50 — % Wanzi

—m— bJ/F Shangzhuang —e— [t Xiazhuang

1.00
1984 1986 1988 1990

6.00

5.00 H ALK Liaoquan
4.00
3.00
200 |
1.00

1994 1996 1998 2000 2002

—&— % Daya

0.00 : 3
1984 1986 1988 1990

1994 1996 1998 2000 2002

FA5 Year

B3 BARFHEEERXS Fith TAKKAIRRSEN

Fig. 3 The variation curve of groundwater table at irrigation area in the period from 1984 to 2003
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