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Abstract

For the river with a hydropower potential, it is highly recommended to promote water saving irrigation
strategy in the upper stream and midstream, where the water has a higher topography and greater po-
tential energy. The water saved will not only increase the stream base flow in the long lower reaches, but
also increase both energy output and firm power of the cascade hydropower stations. The Yellow River
basin is located in arid areas of North China, and the water mainly comes from the upper course of Lanz-
hou. The hydraulic power resources of the river are mainly located in the upper and middle reaches,
along the 3 gorge segments from Duoshixia to Qingtongxia, Hekouzhen (Toudaoguai) to Yumenkou, and
Tongguan to Xixiayuan, where 30 hydroelectric power plants have been constructed. The use of Yellow
River water has contributed mostly to farmland irrigation, that occurs largely in the segment from
Lanzhou to Hekouzhen arid area in the upper reach, and the North China Plain downstream of Huayua-
nkou. In order to make full use of water resources in the Yellow River, the water saving irrigation strat-
egy needs to be widely implemented in upper reach arid areas. The saved water, after running through
the cascade hydropower stations to generate more electric powers, flows into the lower reach of the Yel-
low River. This will not only increase the base flow in the lower reach to benefit water usage, shipping,
and the ecological environment etc., but also increase both energy output and firm power of the cascade
hydropower stations for a more effective utilization of water resources in the Yellow River.
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X FHRAKEBIRA T RO, MR SGE R L X TKEBREAR, FAMBEMHE, KiEAEFTR
KEIFERE, TARKAME A RE THA B BIER, 0B AT a6 % Rk R B ARIE 7. SRR A
THIETRRKEX, KEFEZEREZMUE, KERBFEERESFE EH RS AREFRKR. 7 OECLEDR)
ZRMNPOMEXREFERR3IMRAT R . TROERI0MEKEY . RARMKERS WM E AREER, RE
R A 7K B 2 TR BON B 22 A DT S XA T 7E R 0 LU 4E P IR 8 T 782 I A S I K IR
R EPFTRHX KA TKEREAR, HTAKKELBEEHE R K AE, BRAEEDUTHER. B
WRT TIFRERER, AATROK, B, ESHRE, UEmEL e K RENRIEN 7, NTERE
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1. 5I8

K A RAIRGR, HOEEA TR KR, KA IR A B B S 5 P il A B 74 S A8 = 2R B K
EMTHCERITI K R, BRZER . NSRRI BEAR CAAh, S it T PE . K B B SR IE 3R 7k
Toib3%, TR RN A AT R R IR AR A o BT RIR T35 Ji, IR T DI i iy, Hof
THE. AZE TR, Fidlire. B E T Ry, Pl RENRY, BUE BRI R 2R K =
fr b BT, MITYS 2RI I, K 5464 km, 57 4480 m, ZAEFHIRIRETE 534.8 12 mP. TR AT A )
K HLEBE NI Bl 3474.1 77 kw, Ford T 30411 77 kw, B AT L8 K B s B HL 25 8l 1849.7 J7 kw,
HEREE 63412 kwho HAT, SIHIBUKEZ 410 12 m®, FEKEZ 340 12 m®, BEBAKRZHETET 2
XS R, FE AR FH BRI K BRI, )82 77 SREAS 7K BT 7R R o K B 5 PR 25 ) FH 28088 B Ko
2. LRIk BEIE

2RI S, KRR KEEOK D 7K ) BRI KR (KR K5 7R

(1) 7KREFEUE R =2 A TRTYE ST 130T Bt 5 7K Sk (W 22) AR AL A SR BRI I, BRIV A B 28 TN K
Hsl, RS B K A K B b — 2 s ORI R, AT — 2R VLT K BeAS B R A R, 7K BERIFH R A&
T KBIVE 2, FEATEFE KA.

(2) FKARGEIELE B E RO ARG A AT, ORI A B TREAR A, TR, B2 F i1
FHKIARAAINE S, FGRRIZ AR, HZ 5. A5 KR TR EME. TR R AL
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O, AR AR 75 SR AR O, (R IR TV R AR 3 PR KOG 7K R et BoR A e B . % Fot HK AMELEE SR — 52 1Y
AKE, WK A R R EER, DRI K A BRI AR A R B B, L 35 O ) 20 [ I et A R KRS, 24t
SEMLIIK, BRAEAKE. AKEBIREEH] T

K, AR —UIEh ST T KA REAEAF

AN (A8 A H BE AR SR HI K, — VTR BT 1 KA REAE K

TV A K BAEP A HZK S A AR A 3L K SE,

AEBIBEK, SiE RS RV EFFRIIE B B A AE SIS A W) K 2 P i 6 0 R e R S
R ETAIK

i 7K, R ERAUEA € KR, W9, HAEFEKAE.

AFEFARXS KB KBRS T XA AR R ER .

LK e BHEAK AR BRI B 0 RRSERI T, JRORAIERT 22 4, AU G BRHEAT 2 I ), I
IS DML ] Jo 1203t XA AR P AR 1 A F A A T b, AHELIESE,  JoREAG BB SR & At ok A

3. WK BRI % FI R IR AT R

] ARSI )| R ARAE I B 534.8 12 m®, AR EN S E K 2%, ANB/KENEEFHN 23%, HK
HEEE 12% AN, 13%FRE &, 14%K) GDP & 50 £ Bk i, 420 E(HE)WENHEKAES, FE
B[] ik AR o XA BE B K . BT 60% /K B R 22N LA E, 90% YR D Sk [ VAT LA = Tk X ] [ 1]

3.1 EEMARERKFIRATIE

AR O TEHK LA & 2410 77 kw, HECRATF RS 61% [1]. MRAEMRI[2], 7EF RiFmH
BRI B, MEBTUR. 5O, F890. 115, B —g0 B g, B HLA(TARR). B/RE. B2,
A5 10 FERRZL TRE, SN2 & 467.5 77 kw. 7F 7] b rp i i e 2 e SRk AE R VA] B At B 36 JRERR MK A1 T2,
HMUEZR 1007 12 m®, A 22 505 12 m?, 3ERIHI KL 1930 m, SN & 2493 J5 kw, 573 % Hi B 862 12 kwh.
Ve . SR AN A = A T TARRC S e A, MBSO IR T TR R AR, PO, 5
AN NIRE DY KK FE B A is T, A R T AR YD TR R R EAR . B RIANMA R 7 EEEE
BT TREMMER S G, A0 e i S i (K ERERIBE BB & ZaR, A MBS = 22 K
T3 B T B SO VAR A TR A B BB B AR R 1, SR A 648.29 12 m®, 15 FE % 383.78
fe.m?, HPI7E 1858.75 J7 kw, K HE 636.02 12 kw-h.

3.2. 5|AEAIKHERIRRIVR

SURBERKAE D] S8 bR ER M AEE, FERGBHSMAE “fUKREBR” BRIEY, KERKEH, &
A CRITTFIM” KRR SR A a6 IR KR T2, BEfE A 2R DR, 21949 47, 5| AR
CUR 3 977.3 JI T, SEFE/K & 74 12 m®, 31 1985 45, 16 Fd 11 LA 1 f 5] 3 92 Thi Ak 3597.7 T3 17, 4R FE/K & 162.81
f&m. HE R A 1952 AFEE RN RIS, Y4E0EHL 28.4 JiRT, SIEEI/K 412 m®. RERHEN BIRE L R, 5
1960 4E L3k 900 JiHH, HIFAK 169 12 m®, HT A/KIBHE, HokAMg, +iy™ESmt, Ra~® %, o
1962 Fifd, FR ANRMFIZRCISN, HR¥CHITHE, DU OB Mok, ) 1966 4, #EWEH RIS 891 i,
1985 4ESZETH AR JE F 2370 Ji R, 31K 77.4 12 m® [3]. H B4 M A & RS 1.1 128, A5
7K 370 12 m®, FE/K 300 12, m®. TS 20 th 4l A AR FK R ILE 2 [4].

1998~2002 4 [ T /K B U A 4ok s 2 K R 23 ol Tk, AR VSRR AT N & 4 9. 2003 4%
DU SONAR HERE, MRAff s, Tolk, AL, HRAERN, ASHE6 kK.
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Table 1. Reservoir capacity and installed capacity etc. of projects constructed on the main Yellow River and its main tributaries
=1 BT RAREEIREERATENERRENESFHIE

a4 TR EREARMMm) BERILmY) ETEERZ M) HEECT kw)  RIEHDOT kw)  FEREEZ kwh)

1 FOA FO I 4270.15 25.01 15.21 0.5 0.175
2 e T 2 2760 0.154 36 14.12
3 B Ik 2600 247 193.5 128 58.98 59.42
4 e[ ALY 2452 10.56 15 420 95.85 97.4
5 # R 22355 0.262 0.086 16 7.47 7.63
6 B ARk 2180 16.48 0.6 200 58.1 59.2
7 WA BB 2050 0.154 0.03 19 6.98 7.62
8 B R 2033 0.288 0.05 28.4 9.36 9.92
9 BOR Ak 2005 6.2 0.75 150 49.2 51.4
10 B A 1900 0.455 0.02 225 7.92 8.13
11 #H EE 1880.5 0.59 22,5 9.27 8.65
12 ¥ Ak 1856 2.38 0.2 102 32.89 339
13 B SRVl 1760 0.479 24 9.2 10
14 FW 5k 1735 57 415 135 48.99 57.6
15 HyA SRRk 1619 22 0.07 47.12 15.2 228
16 # \AEk 1578 0.49 0.09 216 8.2 9.5
17 #O SEUk 1550 0.16 9.6 468 4.94
18 HI /e 1499 0.48 0.14 20 9.3 8.3
19 HW oKk 1473 0.9 0.55 30 15.41 14.65
20 EEW 4k 1436 0.237 14 6.3 6.83
21 LGRS S 1240.5 0.26 12.48 6.3 6.71
22 O AR 1156 6.06 0.33 30.2 8.68 10.5
23 I EE 1076 4.87 9 3.82
24 FEW A 1055 0.8 0.18
25 FEW O JIRSE 977 8.98 45 108 28.2
26 E pH 898 1.96 0.71 42 12.4
27 EOW KM 834 0.66 0.42 12.8 6.1
28 BUE =T 335 96 60 40 10
29 W MR 275 1265 51 180 58.51
30 WO PEEERR 134 1.62 0.452 14 5.83
31 M RRE 3195 13.9 25 1.045
32 wmE M 548.55 11.75 7.0 6 1.76
33 b AR 283 3.47 2.39 2
ait 648.29 383.78 1858.745 459.9 636.02
FRA 619.17 371.89 1849.7 459.9 634.26

e 1 BESCRURR SR IERER O R E VIR 20 AR RMIEISR IR B . ORI Bk B SR A AR 1 S

387



P v B K B R A R i AR

1 3 T, AR VMR K 55 22 (W2 G v /KR 22 ) IRTRT B 22 M Z80mT 1L, el 1 DLR AR T2 =]k 3
AN B, FLEUKE S5 o5 A RIS 37%. 32%F1 15%; FE/K 73l ARk ) 31%, 38%Fll 15%. i 10 RIFEH
Sy XK LU R BUS B R . 32 4 RIEE 5 43 730 Ay i e St $sl R 36 T =2 P 2 Y] 11 400T B/ AF A FH EE AN AR AR B 2%
FKZ MPBUK, FeKkEE.

1998~2015 4 18 41y, Vs TR HEMNBUKE S5 & 1HUKER 79%, FEKEH 78%, HEFH|
1998~2002 4 [ 4V /K AL 3536 70 AR MEME I K, 2003~2015 4F 13 4E°F1y, #EMBUKE, FKESEITHMHE
539N 75%, 74%.

Table 2. Quantities water of consumption and influx sea on the Basin Yellow River in variant age of 20 century

F 2. BIME 20 tH EFARIFERFEKEBRNEKEL 1)

BB FEAKE NI KE
AAR I JERI
50 44X 122 481 299 182
60 4E1% 178 501 201 210
70 AR 250 311 187 124
80 Y 296 286 190 96
90 FAX, 307 119 75 44

Table 3. Quantities of draft and consumption for irrigation of farmland and aggregate on the subzone Yellow River in 2015 year
% 3. 2015 FEAH X RAERRAITE, #EAEIZ M)

WA X TH AR e i &it AR HEL AT (9%) eI A i (%) Bt (%)
Jo 2 Ik HUK & 1.25 1.08 2.33 53.65 46.35 0.57
LA L FokaE 0.92 0.81 1.73 53.18 46.82 0.51
YA UK 15.15 9.18 24.33 62.26 37.73 591
22 KR 12.13 752 19.65 61.73 38.27 5.77
E=SE HUKE 125.54 27.49 153.03 82.04 17.96 37.20
A FKE 81.71 23.50 105.21 77.66 22.34 30.91
Rz ANES UK 6.69 7.56 14.25 46.95 53.05 3.46
el FeKE 5.89 6.67 12.65 46.56 53.44 3.72
Y ARES UK = 37.68 23.58 61.26 61.51 38.49 14.89
=17 KR 31.87 17.94 49.81 63.98 36.02 14.64
=TS BUKE 11.92 11.07 22.99 51.85 48.15 559
15 0 FoKE 10.86 9.11 19.97 54.38 45.62 5.87
yiAGn| UK & 103.28 28.59 131.87 78.32 21.68 32.06
LR FEIK & 102.58 27.71 130.29 78.73 21.27 38.28
FH P Bk & 0.74 0.56 1.30 56.92 43.08 0.32
X Kk 0.59 0.44 1.03 57.28 42.72 0.30
" UK & 302.25 109.11 411.36 73.48 26.52 100
=it ok 24655 9379 340.34 72.44 27.56 100
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2PN FET I B, VEBEA K S AT K BT L T AR, 1998~2015 4 18 P, MEMEEUK R FEK
B A TH 87%. 86%. 2003~2015 4F 13 4E°F1y, FEMBUKE. FEKES M 5 ETH1 84%, 81%, M4k
&, b, WAL, EERAN, AR 5 KA, HBUKE. FKER 541K 16%, 19%(E 4, £ 5
FIBERE, 251 B TR R KB IR A R).
4, 5B

SRR 7R 7K R B FR AE 0T, 70% AT ) A AU EE 70T CE TP, 90% LA AT T A R 7K i B4R v 7
TR AT B o ARAE AL [2], BT rh i ] VAR A B AR AT BOAT B 10 JUKFIIXALS B 238, e s R ik
B HERBEL. =000 MR, PEEREAIBRTENS, ST TR A PEZS 543 12 m®, FIFHIK 3k 666 m, R HEEEHL
882 /i kw, A HIE 269 14 kw-ho H =TTk, NRIE. IRFE H L KA. TOERE 6 O RUsqT, &,
ft R LS e T DB, H A0 LN 45 S AR R BRI AL, BRAEs 2 frdt— 2B Wt et
R R T T B kK 2 A
2017 APl 1 S0 AR, RO SR K AR . AR KPR T P S PRSI, R

Table 4. Quantities of draft and consumption for irrigation of farmland and no irrigation of farmland recently on the Basin Yellow River

F+ 4. BB R BERAIERERUKFKER

#it AR HRERE ARA e RAEIETH(%) AN G (%)
* BOKE  FkE BUKE  FKE BUKE FBKE BUKE HKE BUKE FBKE

1998 370.00 277.07 334.60 253.35 35.40 23.72 90.43 91.44 9.57 8.56

1999 383.97 298.74 349.05 273.26 34.92 25.48 90.91 91.47 9.09 8.53
2000 346.10 272.32 305.08 241.62 41.02 30.70 88.15 88.73 11.85 11.27
2001 336.79 265.15 294.24 233.64 42.55 31.51 87.37 88.12 12.63 11.88
2002 359.54 296.05 312.40 250.63 47.10 35.42 86.90 87.62 13.10 12.38
2003 296.04 243.57 220.05 179.99 75.99 63.58 74.33 73.90 25.67 26.10
2004 312.02 248.97 235.12 185.49 76.90 63.48 75.35 74.50 24.65 25.50
2005 332.01 267.86 260.21 230.31 71.80 57.55 78.37 78.51 21.63 21.49
2006 374.92 304.74 289.80 233.56 85.12 71.18 77.30 76.64 22.70 23.36
2007 354.13 288.78 270.15 219.44 83.98 69.34 76.29 75.99 23.71 24.01
2008 363.11 296.14 274.97 220.47 88.14 75.67 75.73 74.45 24.27 25.55
2009 375.73 306.55 283.99 227.97 91.74 78.58 75.58 74.37 24.42 25.63
2010 384.84 309.16 289.87 228.65 94.97 80.51 75.32 73.96 24.68 26.04
2011 407.21 334.06 301.09 243.67 106.12 90.39 73.94 72.94 26.06 27.06
2012 392.97 323.30 290.78 236.25 102.19 87.05 74.00 73.07 26.00 26.93
2013 404.76 331.87 300.00 242.55 104.76 89.32 74.12 73.09 25.88 26.91
2014 410.53 338.69 300.76 243.93 109.77 94.76 73.26 72.02 26.74 27.98
2015 411.36 340.43 302.25 246.55 109.11 93.79 73.48 72.44 26.52 27.56
T 367.26 296.30 289.69 231.74 77.57 64.56 78.88 78.21 21.12 21.79
2003 % 2015 370.74 302.62 278.39 224.53 92.35 78.09 75.16 74.30 24.84 25.70

VE: 1998~2002 4 AR FH EEME FH /K G045 8 23 AR EME A R ML K
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Table 5. Quantities of draft and consumption for irrigation of farmland and no irrigation of farmland recently from Lanzhou to He-
kouzhen reach of Upper Yellow River

5. BN LN EI O SEIR ROL 6 R B AN IR ROBBUKFE K I R

&it AR HH R4 BRI ETH(%) AR A TH(%)
* BUKE: FeKE BUKE: FeKE BUKHE FOKHE BUKHE FOKE UK FeKE
1998 174.52 102.34 164.90 100.84 9.62 1.50 94.49 98.53 5.51 1.47
1999 178.82 112.82 170.20 110.70 8.62 2.12 95.18 98.12 4.82 1.88
2000 161.23 102.66 153.18 100.58 8.05 2.08 95.01 97.97 4.99 2.03
2001 158.05 102.16 149.22 100.25 8.83 191 94.41 98.13 5.59 1.87
2002 157.10 99.01 147.11 95.41 9.99 3.60 93.64 96.36 6.36 3.64
2003 126.43 91.72 104.48 T74.47 21.95 17.25 82.64 81.19 17.36 18.81
2004 145.79 100.48 121.25 81.96 24.54 18.52 83.17 81.57 16.83 18.43
2005 158.51 111.80 134.43 94.97 24.08 16.83 84.81 84.95 15.19 15.05
2006 159.27 105.82 132.84 85.63 26.43 20.19 83.41 80.92 16.59 19.08
2007 150.77 102.40 126.58 84.59 24.19 17.81 83.96 82.61 16.04 17.39
2008 150.82 101.87 126.91 82.44 23.91 19.43 84.15 80.93 15.85 19.07
2009 156.82 106.46 132.37 86.66 24.45 19.80 84.41 81.40 15.59 18.60
2010 155.99 103.54 132.66 84.07 23.33 19.47 85.04 81.20 14.96 18.80
2011 156.53 108.27 134.29 89.98 22.24 18.29 85.79 83.11 1421 16.89
2012 147.77 101.27 124.42 82.37 23.35 18.90 84.20 81.34 15.80 18.66
2013 158.78 110.16 135.55 90.84 23.23 19.32 85.37 82.46 14.63 17.54
2014 157.18 108.87 129.54 85.13 27.64 23.74 82.42 78.19 17.58 21.81
2015 153.03 105.21 125.54 81.73 27.49 23.50 82.04 77.66 17.96 22.34
Fi 155.97 104.27 135.86 89.59 20.11 14.68 86.90 85.92 13.10 14.08
2003~2015 152.13 104.45 127.76 84.99 24.37 19.47 83.95 81.35 16.05 18.65

SEE [ KL FRRMTIKBOR R R, IR KA A S T TRETOKSOE 5@ & %, FD e MK, &
BIARAHE X o K77 S it DX 3R Kl s AT /K HEEAT 3, SR b — b s RO K EBE TAR . ... IR KPS
A RUIE. VERETTEER T KBERR AR =&, KM SSE . WS KRR, IR IE— bS5k
STKHES TSI [5]e AKFIIBLETE S b g — 5 SO K R B R AR b R 2, I pResE it K TAR
PR B ARSI X R S olid . G B —HOKIEA R, PSS A, 26 FHEEE. T
FEIBATH A X 3, P —HEE F AN KORE TR, =37 W) 4 EDR B v o K HEE T A 1
feHT . F 2020 4G %0k H R AUA ) 10 128 L E[6].

TLWHE SR B H bR 2 BR E A, BT FBEORMEP (D) 22 4x, MR FBR 7  RIE R /K BRI 3k ae
MORHL, HEE. HK. BUE. RS, K& HRESEZ HHEE, #AEARKNERENTRWE, 57k
Foo FI7K &R 2 AT IR AR B, UK R 20 [ 22N 4] T R TR BT T8 =0 10k 3 Ml BE. 221
ZI] PV BB G H IR (ATE) . B A(JEE) AT LIEA R RBNER, & H “Bi A H. e —&” ZiE.
T E X I 55 G 7R 2 1 R SR A1 7K sy TR I B3R, 7 25 ) 0] 1T B PO RE IX K 3 i YR v
EEHKEBE SRR, SCHLER . & R ERER6] . HET L K I e 1R A A
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s R L RN AT IE, U RTICR) 2 Sk . 1 SR T A R i O AR HRL I R H R ARAIE 7T
22PN ZIA] 4 13 4F(2003~2015 4F) - J4E4F 4% FH R B UK )y 128 12 m®, FE/K &N 85 12 m®,  fuidfe) 57k
BRI 40 12 m® FREBRFEAR R, U rhiiy O % sl REAEL13 In % FiL B 59 12 kweh. [RIRS, 38K 99 8 A R0
SHFRRIUK . Bia. AERSIRET Sy A U Ab o 7820 i 10 Je ] 28 = e o Bt W /K e R, thmT A
BN =170 . ANBJER . PEESRR 3 JE L K R FE B RIRAIE I R0RE A e b P S 4 A B AR P R
FREK o TR R AR A AR, AR T U M RE R UK & 4 30.22 12 mP i 64.92 12 m®, FEKE
N 29.31 12 m* F1 64.25 12 m®, 4N HAE BTN AL P IEHE K BE R, 540 40 12 m® HELFE K &, K
WaHTE B AR, % Een g il Bok v 2 BUK FHZHHE N 12.5 42 m® /K&, (A9 BOR 45 BUK
N 27.5 42 m® KR, SR KAE B HE SR EEEBOR, 4 FUFRE ARSI 40 12 m? K EXT FIFE A
H, w0 HABARBER IRy O el iR B RMAAIE Sy . BB AT I, ST AT R K H R TR
R A S AE T AR X T KB R R . RUNTS B A, KR B BRI S RE, TR K A E AT K
HF WK B IE, 0 EL AT AR sk (0 A e AN GRIE 1 . BOMVAEE, R NS K R AR, KU
I E K EEBR AR R A KRS, Ui B0 R T I R X 7]

EETH
AR IR 2350 [ ARG R J5(JR 5 0820) 364 W B, VLB
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