Journal of Water Resources Research 7KIZIEH 5T, 2019, 8(5), 445-455 Hans X
Published Online October 2019 in Hans. http://www.hanspub.org/journal/jwrr
https://doi.org/10.12677/jwrr.2019.85051

Water Resources Management of Kaidu River
Using Ecological Baseflow Analysis

Yugqi Ma?, Junzheng Wang!, Yong Cheng?, Zhaoxia Ye2, Chenggang Zhu2, Honghua Zhou?23"

1Bayinguoleng Water Resources Management Department of Xinjiang Trarim River Basin Authority, Korla Xinjiang
*State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, CAS, Urumgi Xinjiang
U niversity of Chinese Academy of Sciences, Beijing

Email: 'zhouhh@ms.xjb.ac.cn

Received: Aug. 2™, 2019; accepted: Aug. 23", 2019; published: Sep. 10", 2019

Abstract

In view of the important role of the water resources regulation of Kaidu River for the production, life and
ecology of Yanqi basin, how to ensure the ecological baseflow and stable ecological function of Kaidu
River is a key scientific problem for the water resources management. This study compared the results of
ecological baseflow of the Kaidu River calculated from four methods. It was shown that the ecological
baseflow was 2.47 x 108 m3 in dry season (from October to March) and was 7.30 x 108 m3 in flood season
(April - September). Considering the ecological function of the Kaidu River, the allocation measures of
annual water resources under different runoff conditions and water levels (1047.5 m, 1046.5 m and
1045.5 m) of Bosten Lake are suggested, which would help in the scientific water resources management
in future.
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1. 5l

TR AT RN T B LI E KRR, 4ERF R AR A R S A T 25 Bl It K A S it A= 25 Th B8 i ELAT 1)
IR/ [1] [2]0 ARSI IR SR & B B 5 K i AR R B I H PRBE R0 VP I 75 2 E fOOGVE IR bR, R ZERFIR]
BRI ASEMFTEE. R KAEEYEREAEERZ L, CRCAKEIRLES & R 7 0 vz —[3]
(4]0 H: T A A IR A RIS AE SR B RS E, Rl R Ak K AR S R IR R e 5 A S A B T R AT, X T
PETHIRAI K BB AR S B B A . M8 LK AR I AE dr LR . B ORISR A S RS FERI & B 4L 2]
Rk e HAT 2 5] [6] [7] [8].

TEERH] 2 BT R4 B /R A X 1 — 2% LAVK S5 K RN K VR A fMA N I BT, =TT Rl K. B
L — 20, XS E M 1.3 x 10° km? (AR AR A S E BT E MK IR E veoE YRR, SR
MIAERS R R R R A G YE R o Bk, TR T I AR SRR, A T R AR 25 B IR IR IRtk B
VARSI, POAIBRAIEK RIRS A, BRERRR AR 32 B RATE K s AE S K, iR
K BEIR PR R 5 A B LR S .

2. MRXBRMARSZE
2.1. FREXEAR

TEE IR T R AR R 5= IERS TR 2%, ks, Rlsdgkr ik, A FhoRILeEE, RIS T
82°52'~86°55'E. 41°47'~43°21'N Z [d], JIHZRFEK: 300 km, Fgdb%E 170 km, JiE4K 560 km (& 1). FF#EAZ
HilOJE, WEefF. K&, =8, REENEBENEICER——/EEE, Hd, dlobl Bk
A4 1.9 x 10* km?. FT#BI £ 4EF- 450 & 35.31 x 108 m®, 4~9 H F /K WA & 5 2 4E M &Y 73.8%, 10~3
ARKIAZRE S EERREN 26.2%., MUIKZEFHFRR: BEMERLL L 1432 mm, EEMETEFR
K% 187.1 mm, FEMREZ %KL 214.3 mm.

22. ARABE

TR ARSI A S5 R e Uh T 20 T 40 SRR SE [, 21 20 4D 70 AU /R2) 1 HvE A RE, H

il
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Figurel. Sketch map of the study area
1. MIRXRERE

HICIER T 218 207 it EI7VE[9]. A FER A 1A FOEC R BB V2 HIE F T 7K S i B k)
BN Z T 5 X @ VU R B R K SO D5 BT AR S IR TH L, DUHERI & T I LI e AR A5 R i f A K
EAH R T
2.2.1. UM Tennant %

Tennant 2272 4 4 000 55 ek 1 22 S E SR i s AT S b iR B 2 [B) I 456 7 VE[10]. Z T iER B ET 2T
S DR AR B B, AT S M PRI 25 I HERE RS IR AR HEAE P IR 10%~200%50 Bl A e, e
1, HiZgnE A& shim & woet, A E R, 77, 558 R A RAUK BRI &, BAZ IR T8,
A DAFEAEZS BORHER = 1R X FH o

Table 1. Base flow standard recommended by Tennant method

5 1. Tennant EHEEMERIRE

ERIFE(EPHRAREE 440
B 2 IR
KiAKBI(10~F4E 3 A) FAKH(4~9 A)
5PN 200 200
54 60~100 60~100
Wkt 40 60
e LF 30 50
4 20 40
H 10 30
FEEUR/ 10 10
W 0~10 0~10
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K FH Tennant v 23R IE$FE 2 NG Z FHRE S 11, BB 10 45 DL ar R A 00 £t . e K
i, PLE X2 ASSESI T D, A5 Tennant vE 46 1F, DRIEk % 1972~2016 4E 3L 45 424200
HIRBATESRENIHE . AW RS R TR XIMRAREN N AR, 04 SRR IR 2
AW T K, 500 Tennant BT VRS AS A H 3 v S AR A B6000, 8 T IR0 3 B0 1T /K B R
PR IR AU A ) 2R AR AT B 43, WPHE Tennant vEMEFR R IRARAE, 15 2R E I
AT A3 AS [FAT S22 SR P AR AS TR IR PR AR o SRV AR IR U7 VR XA IR R L R B (B L R K = JE—4F
BRI Z PR AT, IR PR L R BRI 1.0 AR 1E A 11] .

2.2.2. ABIERIRIGTIE

SERIR ik 2, R E RGP AR BE R (1), BEFE R A A R

N
E= %xm% (1)

Arb: E (%) AT IR E 48 s Qi(10° m®)R%E | 4 PR RIAL R Qn(10° mP) NI Ifl 22 4R T Bt &

Table 2. Criteria for dividing wet, mean and dry years

F 2. F. T HKERISEOE

FAKE
E=cvi EXKE B i €2
PR K EE MK EE
FEF T 43 % E (%) E>10 -10<E<10 -20<E<-10 E<-20
RS HT P (%) P<375 375<P <625 625<P <875 P>875

ORSCEAREFEMFF SH3ME) (GB/T50095-2014)

AL UAFE S 1 43 2 S e —200% 1 ARV R /K AR iR SR A, BGZ B R A ekl H AR A i ME S K&,
R R R A A AT
223. RINAFIREE
e/ H PSRRI T S SO [11]
W =%Zn:min Q; x10° 2
s WO EEA A TR, 2 m®s Qu ha i 4E55 | A P&, m¥s: T i /%, HIEH 31.536 x

10° s n OGRS AR (e 75 K TS Bt OhR e B R R A 77 1) (GB3839-83)HiliE, ¥t T —MRITiAL R
FI3E 10 SR dchli AT [12], A O /A P BRE R SOy b A 2RI 10 4P ME .

2.2.4.NGPR 3%

NGPR 7% (Northern Great Plains resource program) &4 7K SCHE 73 Al KA L SFRER KA, BEF/KGE4H 90%
TRIEZREAE AR/ E[12] [13] [14]. HARSRFEIE THKE, PAREMFRERZMN, L7E TR
AR SEAR N R, (H R Z AWK o A SR TR BRI 90%EE 43 (1) fie /N & A 43 16 H P i B A A A 607

3. FFEESEREHE
3.1. EF i Tennant SERNFFEBTESE RS

1972~2016 4K 1L DI 4By 42 0 B 0 35.42 x 108 m®. 84144, 2005 4F 2L R A 36T 1.0 fI4ELGY, T
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SEONIAIE, 05 2005 4F 4 F A B4E 3 H . ARIEIFEA 2B KL, KA TR K (4~9 H) A
AKIAL0~284E 3 H), X5 Tennant 1L 10t br e o (K T K IAKI 2 58 W& 25 B8 I TF#0IA K I & IR 75
KRB RN, R K I A A R B 20% Kb, 03577 O E S 0 AR S B AR E 30% 1K
e, FFHE TS A AN F H O AN RIS S b B SR ) AR S R IR AR T

RS 3 TR, RKIA(—RFKIE, 10 A~S84E 3 AP AES RN 15.60 m¥s, SR /NS
IKEN 247 x 10° m®; FAKII(HSP2 O E 40, 4~9 I A8 3E N 46.15 m/s m, SRR NER FK
B 7.30x 108 m®, ARSI 30.88 mfs, XA ERNERSTKEH 9.77 x 108 mP,

Table 3. Ecological base flow standard and minimum ecological water demand at Dashankou of the Kaidu River
=3 AFWARLOMEESERTESRNESTKE

Hbr 4 5 6 7 8 9 P

A B (ms) 31.2 28.2 40.5 51.6 64.5 60.9 46.15
B/NEBTKEQL0® md) 0.81 0.76 1.05 1.38 1.73 1.58 1.22
At 10 1 12 BEILA BE2H BEIA Y

A2 H I (ms) 21.2 17.1 12.8 15.1 135 13.9 15.60

I/ N TIKEL0E mY) 0.57 0.44 0.34 0.40 0.34 0.37 0.41

3.2. BT RS ENFRAESERIH

SEG 3% 4 FFHR 1972~2016 SRR EES | 7 M FEPAOKERI o AsER 2, 1974, 1977, 1984, 1986 4
R ZKAE, 1999~2002. 2010 44 F /KA, HRFEM A PR B AWML . o 1984 4 (1R 7 1 73 %6 4—-20.49%,
Pl SARARME—20%, JEHL 1984 4 rh ekl H PR B E N MES TR KE .. Guitgs RiE/R, 1984 Ak A
N2 H, AFEEREN 1.08 x 10°m®, DLW/ NE/INVESTIKE, BERTEN 3.42mYs, HNESIER.

Table 4. Division of wet, mean, dry year from 1972-2016
= 4.1972~2016 . F. HERRIIR

G4 BESFE 4% E(%) kil £4 PESFE 4% (%) kil

1972 6.54 PR AR 1995 -17.51 {(EInEes
1973 -0.86 PR 1996 14.80 PR
1974 —26.04 FERlAE 1997 5.25 KA
1975 -16.63 {(Einees 1998 16.16 SFARAE
1976 -7.33 SFKAE 1999 36.83 FKAE
1977 2117 HERHAE 2000 42.37 FAKAE
1978 -15.18 Pt 2001 20.29 FIKAE
1979 -17.66 Pt 2002 61.20 FIKEF
1980 2.48 S ARAE 2003 4.60 KA
1981 -15.93 Pt 2004 -1.33 TR AR
1982 -5.00 SEARAE 2005 1.15 SEARAE
1983 -19.05 (EIEes 2006 13.90 SFARAE
1984 ~20.49 R4 2007 7.81 PR
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Continued

1985 -18.15 Tl £ 2008 5.93 PR
1986 -30.50 RERl A 2009 8.60 Pk
1987 -5.28 Pk 2010 24.67 FoKE
1988 -9.76 TIKEE 2011 14.13 AR
1989 -5.69 Pk 2012 -8.43 Pk
1990 -15.26 T4 2013 -13.22 i
1991 -3.51 Pk 2014 -14.35 TRt 4
1992 -2.93 Pk 2015 5.95 KA
1993 -9.88 KA 2016 11.13 oK
1994 17.34 TR 4F

3.3. T H/AFHREIR 10 FEMEZNFFEAESER I

1972~2016 FF#BM AR L 14 5 BoR, i 10 SERFE RN AR E R A ARMIE, 1 A0HILT 4%,
HUGE2 AR 12 A, &/ FRE N 45.82 mfs, WIEAR(R), tHEARITFH R/ MERTKEN 14.45
x 108 m°,

Table 5. Lowest monthly flow of Kaidu River in recent 10 years
F5 FEEE 10 EEERNERE

4t AR W (ms)
2007 11 52.9
2008 2 43.5
2009 1 55.71
2010 1 43.83
2011 2 49.50
2012 12 45.93
2013 12 50.62
2014 1 40.75
2015 2 36.78
2016 1 38.72
¥ 45.82

3.4. BT NGPR ZERFENESTE R

K 90% (HIE e/ A PRI Bk gt 35 6 SR, 1977 SRR AT 90%HIAENY, ZAEM fe Mt EAE H
B L H, ZHPERREN 114 x 10° m®, DU /ENR/MES FKE, HSERAEN 3.61 m¥s, RINELSE
Table 6. Runoff frequency at Dashankou hydrological station of the Kaidu River from 1972 to 2016
% 6.1972~2016 FFFERA AL O /K TSGR RINZE G it

HE4h B (%) 4 BE (%) FE4 HZ (%)
1972 33.17 1988 70.02 2004 50.65
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Continued

1973 49.56 1989 60.88 2005 44.90
1974 94.47 1990 80.85 2006 20.06
1975 83.18 1991 55.78 2007 30.64
1976 64.64 1992 54.41 2008 34.42
1977 89.65 1993 70.27 2009 29.13
1978 80.72 1994 15.32 2010 8.03
1979 84.82 1995 84.58 2011 19.73
1980 41.88 1996 18.74 2012 67.11
1981 82.02 1997 35.85 2013 77.10
1982 59.27 1998 16.85 2014 79.22
1983 86.87 1999 2.25 2015 34.39
1984 88.80 2000 1.17 2016 24,53
1985 85.56 2001 11.95 ) 84.58
1986 97.22 2002 0.09

1987 59.92 2003 37.23

WLt bid 4 FhoOrvk, RIUERR A NGPR VARG B oL, HAW/N; et i Tennant 15 F1
/N YRR 2 A AR I 45 K o TR R B/ AR A K BT E S e S b AR ORI TE A IR, B R
B 5 XA ) B I AR A TR S R R 2 R B K B AR R (AR K [15], W R AR RS K E N
T, MR CEEE R, PR /N AR A BRI 7R 0 K T 4. 2T K H &R IR IR Bt 2000~2016 41
SRR A 4.65 x 100 m®, B¢ KN 2009 4R 9.13 x 108 m®, IR A NESFKE I E S R, B
— 523 BN DU b 7 v I 46 R SRR AT TR, I 7. S5 RERW], Kl K SC % IR Tennant vE R/ H T
B & 2 P BEEG E R RN ES TKE T MK EETAEF 5 KIS T, BT H I R, HAsig (R
WE A FIRBAANWIR, (Hi/h A PRS2 EFEENS RERKERZ, Mokl Tennant 1T 5H 45
BA LML B A R AESER, FTREFENIAE. RBCEREI %A NGPR 1045 5 Pk E, WLk
WL TIEARE. BT, BT A KRB Tennant 3045 i N NVES T KEE NEH. B, K
K0 A ~VAE 3 H)ME/NERFKE N 2.47 x 108 m?; 13577 00 & 410 F Kk (4~9 A MNESFKERN
7.30 x 10° m®,

Table 7. Ecological water demand and base flow from modified Tennant, annual classification, minimum monthly average flow and
NGPR methods

7. BOE Tennant J&. FEIXINE, KA FEIREER NGPR AT E THESTRMESER

B/NEARK L M) AEBHEF(M%s) VA (10° m®) B/NERRK - FHR(L0° mP)
FKH 7.30
et () Tennant 3% FhKH 2.47 A 46.15 5.12
StE 9.77 #i7K 3 15.60
I G i 108 3.42 465 357
%k 9.13
U= SN TN 14.45 45.82 9.8
NGPR i% 1.14 3.614 -351
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4. BTHESERAFFER K SEFE R

FEHET TR — FLAE TR R K 2 B P= I AT, SR At T A R A K B 1 859%. R4k X 1R AT v
IKAE 7K Bt B oK AR S 26 W 0 45 S , TR 30T s V0 1) 0 2R 35 KA iR 1046.5 m, B AR /K A7 Aikidk 1045.5
m, JRBRKAI AR 1047.5 me Fk, FEFFERAAEASREE T T, BT R EA W AR S R R A
ToRIVERIERAL, ETFELEAFRASR T, ReB PR FAS KIS BT CREEAH R N BIK &, DA s
IR IR ZARFFE 1045.5~1047.5 m (HE4R) 2 18], (RERBIAMES 4.

4.1 FrFERMAINSIKE B SR ETR

TEFFHRIAT- oK AR, 1 KA ] AE =R R — N EUIR/K AL 1045.5~1046 m (8], ZZRREIKAL, HERFAE
AR A& F /KA 1046.50 m, il 7K A FRE ARG AR TE KA A& T P8I K AL 1045.50 m. 7EITIE WA AL T =i /K Ar
(1047.5 myigATHY, WIFIGR IR KIERR, B> NBIKE, RZ, WAHRE XK, RIEABIKE. Bk
KEWBENE 8.

TEFEIIEIE 1047.50 m E/KALE 56 R, FFANTIEF K PR BARAS A, BIRTLL “ =240 287 M e 4R
Hi 27K B e FHZK 8 FR (10,70 x 108 mP) k7K, 7 25%. 50%. 75%A1 90%J T, FIRIFATT M NWIK &2 hilE
HI7E 28.34 x 108 m3, 23.16 x 108 m®. 19.17 x 10°® m* 1 18.42 x 10® m®,

FEF B 1046.50 m & BKALTE 5t R, SRS HE K AE F2 /K A T4 R 2T 2k i /K FH K FR AR IR, AR
SRR AT AT TR 2 4R KCP 2445 FR(9.80 x 10° mA) ik, fE&AFAIR T, FIRIFANMIAKE 2 B2 H7E 28.34
x 108 m3, 24.06 x 10° m®, 20.07 x 10°® m* A1 18.42 x 10° m?,

TE T /K AL A T I S /K 7 1045.5 m G 5T, s K A 4K ST, HRELLZ4E
YK FERREK (9.80 x 10° m®), HAAERIMARRL SR, FRIE R IRIFANBIK R AL SR T 2 Bl% Hi 75 29.24 x
10° m®, 25.04 x 10° m*. 22.52 x 10® m® i1 21.36 x 10° m°.

FAKETF ALK A S T« =50 404R 7 MoK e e 7K B A ORI TR S 8 N K 2 75 SR I AT 42 T
D) 87 1) FE T #0eT b  fi/K B Bkh N K TR, DABCE S T AGE R I R TH . FE /KR T 58 iR A 4E HL 3R K 8 AR 1K)
FHK AL, FTLAZE T HEKFEFR 5%~10% 1 4E 25 FH 7K 22 )il .

Table 8. Water consumption and inflow to Bosten Lake from Kaidu River under different guaranteed rates and water levels of lake

8. NEMRIERFAAKLE R T FEAREFEKINAKE

FRAIE 2 FS 25% 50% 75% 90%

RSRK(ELFETF R T K VA FIIE 7K ) 1 42.87 37.64 33.58 31.89

FEHSAI K SR 45 2 5.83 5.78 5.72 5.67

1047.50 m 3 10.70 10.70 10.70 9.80

LTS [ 7K A 3 5 T AV A K A 1046.50 m 4 10.70 9.80 9.80 9.80
1045.50 m 5 9.80 8.82 7.84 7.35

FIRTIAZ NI T 7K R a1 R Al 5 6 2.00 2.00 2.00 2.00

(110_‘2'352 g; 7 28.34 23.16 19.17 18.42

MARRPKGI R FRISANBAR (o) 8 28.34 24.06 2007 18.42
(110_‘;?552 g‘) 9 29.24 25.04 2252 21.36
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4.2. FFEAEKER R EEE

R 2 SERIKINF 73 BT AR S WA KA, 2K P ROKAF & F R EEWEA, NAZIRTEE BT %, Rl
SR AT, & AT ST #RR-5 W ACE BE . DO e & TS« AR KA E BT &, IR
RIS — IR IR RE 11 50 m¥fs, KKK IEILLE 3~5 JTHF 4 B F BT 5 TR AR — R AL K, 8 AR
PURF IR —liE I K. IR, S5 E IRt Rk AT B, oK i fL e e X R K SR AR 254K . Jlid
U, G T B 2 TR KA (R B T SRS s L, o e FLAE TR X BOKIRK R, 8 FLAETTRE X £
BREE: =, FIKEERGU K 7Pk LR A ST e St A e 2

4.3. FFERAHKEREEE

Fhi7KIYT, T HBIRIS I AR AR TG RAEE TR K, MR STEAT K, RER A SHF K, ik
Bo B A2 E AR, G R A K-S TR K o X TFH - FLAE i i 2R A R S A A A KAL)
BHAEHL, P RSN X 38K B IR G % AT, INsRIsK SRS — L, ks SEAT /K S EE B S B A L
LT R KR DX s B AR AR s ST, A ORI — FLAE3AT 55 1T S A 44 2R 7K 2628 BOKIA B REPIRAS
MREARASHKTR, RIS ARSI 4. i, Rl I #R ] A A 25 i 20 BE s i BAR 40 F

43.1. BIEBRMKIE, BEFETESER

TERG KRR R ARG AR, 75 BRI AR TF A0 (0 A2 SR AE KL PR T 30.88 mfs, %o N 4F fe /N 4%
FEAE R RET 9.77 x 10° mP. 5 51 2 SR AR A /K AF FR A AR K 360 10 A 238145 3 A RIZESIERAE Kb
AR T 15.60 mfs, Xt [I3X — I BAE K 1l R /N S AR B LARAIE 2.47 x 10% m®, DB AR T 50T 0 38 AS Wy
W, AEARE A% A A SRR % H B NMES TR ENRKAE 4~9 A FKBESERSEE 3. L
LS (IS AT BB D) S AT FTR AR KT (SR, e AR A 7K A DA SR 7K 4 (1 4F PY ARG R ZK 3, ) A TR 4T
W SO St . MR s, R O —. g, AL —. . S b K R & K
T, PRI 7 Al KA RS ZK K L ) R 5T N A 25 A 0 B A A KR AR R K3 4~9 AAS/INT 7.30 x 10° mP,
ERAEKIA 10 H~84E 3 AR T 247 x10° m®,

432. RERRCHKERK, RENBKE

B A B (R TR R /K AL 5, Ak 7K 75 B BRARBE T #RVAT AL I A 7K, 72 TS 1047.50 m 7K AL 5t
N, JFERISIAE G A 4 G SR AT 2R 75%) (/K 4% 18 10.70 x 10° m?, Al 45 CR A S A7 2R 90%) it /K 9.80 x
108 m®, FIRIFARNBIKE N 19.17 x 10° m* F1 18.42 x 108 m®, & LAWK B, B8 BRARMITHK AL .

FE 5 1046.50 m i& B AR /KALE 5T, FFESTIEA K LE (i A AFFRE Al A 42 AT 30 41 &0 in] 22 A0 it
K FERR 9.80 x 10° m® fit/K, S IRFFANIIK B HI7E 20.07 x 10° m® F1 18.42 x 10° m®; 177 24 18 307 i i /K 67 Ak
THRAKIKAL 1045.50 m ISR, JFESIRNAR IS il E ANVRE R 47, 55 A RE9a/D XS K K, k7K 231
2RI 30 45 LUK 22 453K K 75%F1 70% 5N, fRIF 5 IR TR AR NI K & 7E 22.52 x 10° m® 1 21.36 x 10°
m? (% 8).

43.3. SBUHRKRIKEREERE, REREBKESRE

TERG K HIJE L 7 B — 2D o b K IR IR, SEATH R/K SRR G — B B bR 7 & AL B Hh R K R4,
LSRG R K B WP, B ORI AR R KR AN I 4 2602 3.87 x 10° m® (R bR IR .

WA TS WK A IS AT B B, % /K B AR PEAEAS K AE AR /K RIS AT, BKITBORBE R H 2R (4~9 ), 1hX
FKPETE 10 A LAJG 2335 4F 3 H, 180G 10 R 2 17K B Ik 2 V3, A (R A2 YA 30T T 4 PR 7K B ) AR 25 2R 0
PR B BT AN i L DA SRR K AR S R Gufi BE, I FLOR B 0 I N K &, DR UE A K K AL AR T e AR K A

DOI: 10.12677/jwrr.2019.85051 453 TK YR 5T


https://doi.org/10.12677/jwrr.2019.85051

He ARSI W BT TSR K BRI R A BT 7
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