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Abstract

As a result of the rapid economic and social development of plain river network area, river ecological
degradation and environmental deterioration have become the focus of ecological civilization construc-
tion. Considering the hydrological and ecological traits of small and medium-sized rivers at different pe-
riods throughout the year in the Jianghan Plain located in the middle reach of Yangtze River, this study
establishes a set of comprehensive calculation method for determining the ecological flow in different
periods based on existing calculation methods, which takes the river morphology, hydraulic traits and
appropriate velocity for main aquatic organisms into account. This method adopts ecological hydraulic
radius method in spawning period, monthly Tennant method and monthly frequency method in dry sea-
son to determine the suitable ecological flow process, and uses Tennant method and multi-objective wet
perimeter method to determine the minimum ecological flow process. The method is applied in the
downstream of Hanbei River basin, a typical river in the plain network area of the middle reaches of the
Yangtze River. The suitability analysis of ecological flow showed that the ecological discharge calculated
by this method considered not only the characteristics of the region, but also the needs of key ecological
protection objects, which could provide a reference for the efficient utilization of water resources in small
and medium-sized rivers in the middle reach plain of Yangtze River.
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SR A X 225 R e it T AR A SRR AN A MR 2, — RO v EEMAR A e R R A X
PSR R XA NSRSl P EL R 1 XN 2R AT R AR SR AR . WF AT AR S A SR BE
PRI E, Pl Tk A B RAFMAESHIRE L MMFTKRR, NEFRIRES R RN A2
FREER PSR ARl 22K, BT R S P IR XA K R BT s P2 L AT A ik AT PR B8 e Sl S R M BARR AL,
YR ZHO BRSNS, HoK B, IR mMEOR, R A AR R s X

ARVRMTEINELT TKSCEE K% MR SREEMEAE, WA= AR,
e rb R S AN SR VR FH D S s A e KO - AR SR AR, IE M T E AR e X AR
RGAWRN TIREITEOL, XAEMGR BUpEEE EOR B[] XA RS AHLHI 4% SRR KR
AR A B RALE] AN P B R, KSCAENDK A B Y. KRR EA K
FIRSCEA BRI HE SRR IE A AR AU o D S vl AR T 3RAETE 7 S 2 A 1 SR 7K AR AR T S L s
IKBTEEFRARIEER, 0 T8 Z AW SO M DX AR K ST s il T R IR A 45 2R, 276 Tennant 7%, 32
AR TQ10 ¥£55 . IKIJAIRLIEE WK IS HUE bR, WEFUKAEEDS TIRA . K2, BiE. KR
fBE ELIX A, NAESRERUEIR TAESNIR. KIPAES SO FIIKCRR A28 RGN 78 73 [2] 193]
THEABEERE. BB EE R K20 AR A% SRR, R2Cross %55
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PEIFF L SR BT 55922 2R A AR R TN A B AL AN S BT o A8 SR A XA 2 UL (KA T T
FIRAL(2022) S5 B0 TR AL TSR] W DX /NIRRT (10 2 WA 58 e A AT 8 BESCBRt D ARHE 73 A6~ BT o XTI R 7K
SCREME S KB TR LR K ST SN TR 5, 18 90% SRR i WA /N AR AL AR AR
N IRGRE S T2 53 ) v ST i B A AR AL IR 3]s T (2021) PAKAEAE AR A /KB SR AE, R 3 oy
TR (PCA) TSR . MR R R 5P BT 0 73 USR5, MRS SEA AR ZOK AL s SR AR BEK
BN TR S ARSI ik, ORISR DXHERE 1A B AR SR AL TS50 o [ Y AH GBI T iR 3 24k
PRI N i1 ST X R 2 X3 T I, HL TR (I 22 e R R R AE . [ B T Jlim] X 2B S it 7
FEAEXT RS A RSN A TS S I B B T, VT Rl 1 S5 BAAh, At DX 381 i3] 190 A 2 A
RIFFUERTLA o N T BRI R TR RR R 0B . e ES KRBTGS, HEA - EHEE
FAFRNBORET R W7 HEAAESE XESRET %, ASCH X B i AP X A SR i
FRTFURATI R, B TE 11 R X R A SR SR S € T, I DRI AP L DO BB AR o 56
IR IZ I R HE I, 0 AR 2SR T S SR K& B PR REAT DAY, D XK AR 25 DR MK B8 U P 35 0] P i At
BHEMSE .

2. fEXHER

DAL F KA P IR IGTLDCP R, R IET R L kAR m O L B M AR R o, K2y 10 km
BT IKEE, R R TEEEMY, TRITH ARG ded NN TIE, ZRFVEFEIL RN 2 1T RK)

B KSR, TN 1T B R A WAL, 4K 237.6 kme Hodr, ATTKERL B B, FE K 42.0 km,
JE L X AL, PR TCEET s AT TKBEZRRIITT K G A, WHE K 103.0 km,  Jy il XA )~ JE AL ]yt i
B, VT R WA SE s TR G ZRA IR R R R (N T ESCE), WIEK 92.6 km, JEF RN, B
FRYFA YRR, NASCOF R IX B 1 FTR), BA P IR Y X K SC R OK BIRRRIE « IRIN K R, EiE
PR %, fEF K E 1300~1500 mm, ZAEFHIRE/K R 950~1200 mm, FF/KAERRARL K, ENDEAY, I 5~9
H K& 5 A4 70% 7457 [4]. PiskA N TR 0] KBS KR TREDS ;T 18 Py A 4805 & i (DO > 4.0
mg/L), ZFEFHKIRFRESE 4°C~30°C [/, JERELE 0.1~0.5 m/s, 7KIK 0.75~1.5 K, FFiFshaFkF s,
IR TR AREEARDCH TE[4], WHICIX N R E A= ONIAN 4~7 A, B2 R LR RAE IR 1 . 100
W 43 A1 A B SR B W vk K LSRR et ek AR AR A X o R T IR Sl 6 F AR RS i A, ik L3
1997~2013 EAVF AT M-K AR, 45 SRR 2007 FRAERAE, KA, JEPHL O KRE =R,
Bt BT 46 1277« BRI AR SR R T 17K S0 1997~2006 £ H PS4k Arifi & 3 & %Rk AT 2 Hr it
B BERIXHE ZOoK R oAl 1R .

Table 1. Favored and limit flow velocity of main fish in Hanbei River
F 1O EES XEZRELARRIE

(LB I Bt FEENA(H 1) T (m/s) R E (m/s) % PR 373 (m/s)

filf £ R 2~5 0.2 0.3~0.8 1.1

i o, Rt 4~7 0.2 0.3~0.6 0.8

H L C 4~7 0.2 0.3~0.6 0.8

i B 3~6 0.2 0.3~0.6 0.8

fife £1 R 4~7 0.2 0.3~0.6 0.9

fii . R 4~7 0.2 0.3~0.6 0.8
LR Hie R 4~7 0.2 0.3~0.6 0.8
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Figure 1. Distribution of main rivers in study area
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TPEETRE W RASRE RGBT FEEH IR A EKSCHERBRIE R IRBZR, BT, shZAE
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BRI e 1 SR 0 DX Al B 2 R i, VR 22222 At Tennant V5[6], 58 1 RIMETAIK SRR, il
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Figure 2. Technology roadmap
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PR L2 SR B AR IR R R . PRI HERE A VR AN B i 0 RO IRUEE AT R R 7 ) A K BOR AR S K 0220,
FERG KA S AR FHIZ H Tennant v2:. B AL ROE HASRE, JHHRHZ HAREEEAN Tennant 4 &
R H T KRR I AR A i e 1 R DO A AR SR B e 5] 2 P
PRTRamE, B RKSCETTIL6] [7] [81A1/K 72475949 [10] [11] [12]fiH b A HAGE, B S%5h
IR
4. EESREVESEEMY S
RBHIE 2 MR ELGSWE T, ARRHZEA WL, B Tennant i%&. AXKIEARETTHAFLE
A ERE, IR Tennant i, BENVETHR-2FEASRE NRIE, [FRLZE0ELSR, g it
4.1. BAMEE
B AR T SR R ) s i BRE H AT HESARLE 26T 5, A SR 90% FRIE S 4RI B A T i
ABTKE. R Green 555 TG RAHIB T FR L, AT — Mo A B A e L 5270, REXT
AP AT BT AR B A g0 RAOR AP [13]. 4l , ASHIEFE 2R M T S EUES 74 (Norm) . 1 ¥ 7341 (Gamma) ,
=R A AR (GEV) BRI 1 Y53 A5 (P-N) % SEIIC 2 51038 H AR S R BT i 2 vt 580, JF FORER i dle
FH IR RN VL (PPCC) AT A M LA IR 70 A, 45 SRR W P-11 23 A5 500 IR 17 a0k 1T S AR AR AU RCR L T
HoAb =Fp oA, RILARRT IR P-1N 23 A fE 9 A AR R BRI 3 A, Al SRAG U 2 RS KIS R
Table 2. Ecological flow calculated by monthly frequency method in P-111 distribution (Unit: m®/s)
F 2. BAMEE P HHESREUTEERL: ms)
At 1 2 3 4 5 6 7 8 9 10 11 12
BAMR SRR 102 88 0 93 117 194 245 29 305 221 234 179 132

4.2. Tennant 3%

MR [ K ST W 22 AE~F- AR R Y 50061 0 287 B0 & A I A A EhnitE: BF 7R X 245 E Y 30%
VER— R K IR fa ARSI EARAE, 192K 117K LW Tennant A44SR . Tennant v2: AN BEAR I Hb S SR S8
IRBIERB I, TEAE K1 FES IRIAAE —E RIR T . R RIRR IR SRR, 52 18 H A A4y,
f) Tennant VZ2E ST EAHERE, BUEMMMEF NS, Tennant 1% & BGHZ H Tennant it 545 014 3 fis:
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Figure 3. Comparison between ecological flow results calculated by
different Tennant methods
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B 3 TUES, WRLAEM KRG NS ARUE, 1B H Tennant 25 5 B8 Jx I K SR 42 L I B 1) 25 44 1)
AR, W HRE A W IE N KA EEAESKE. HEHTRARTRETIEARLL, ERK LR
B Tennant &L B A SRR L E TR ETHE S RO/, KA ST E B4 ST XUS B K.

4.3. FBAEk

EEL R Ik 30wl 1997~2006 Ef H PR S E &R, K BN BRI IR AR, mMESERA

B TRAZ:

Q= lAs/s‘] 12 sz/s (4)
n

A Q NAHXTRE, n ukER, A NWIHITA, I NKIIWE, P OAAHXHERE .. DLZ AP E A R E i &,

43 531 SR P o) 50 o BN 7 b B0, A ARG — ARSI 2R, X SR B A 26 P = 0.1965InQ +1.155 , HiA

LA BN P =1.1319Q%% , W& 4 AR,

2.000
— = WHREMEHL
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Figure 4. Relative perimeter and discharge relationship of Tianmen hydrological station section

B 4. RITAHEEADERE - RE

RBCAEWEFE X T A= A K S 2 Br R i FUK B A S B o, DLRDE R e/ JR A oK
HAR OB R BBV AE 2 H AR, TSR IR 3 Fos . WG & -T2 R {879 0.98, X ek #dt)
HHIZI R EY 0.94, MAMUERCRREF, W E, ESRERIT R Bt 4545 3 /R, i
THERASTELINZ E T IR R 13.94%, HIXHER Y 74.61%, B 4ERRKAEEYRIERARKE T WAt
B KA S T IH S Bift 2 6.04 m®/s J& T KT, 36 T3 P 0 RS ) B8 0855 « 24 RFF TCI B A 4% it B 4E 7 ms
LAEIY, BEUSIRISHEL 80% ) 2 4E- TR M, AIENAHT FTIX A AR A A= 2 O H AR

Table 3. Ecological flow calculated by multi-objective perimeter method
*= 3 BEEZERESRENE

WHRE AR o R B A A R
A S2BRIE B (mfs) HE X AN B BRI R (ms) FEXF IR A
13.94% 6.04 74.61% 19.65% 8.52 83.53%

PR - R BRItk A 2 AR TR R B A A5 R AR S RK B HUE R, HXHATRISE] 1 19.56%, X
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JREL L iy 8.52 mPfs, VTIE PV EEUR R  BE J0 e, o R AT o 2 AR ) 80% 75 A, i
SR SRR e o B A B 8 SR AT S PR A 22

H T 1 R DX — RO T i R T , AR/ AU R RE S A A LB BRI R, ORI /K SO i
PR IAF] 8.52 m¥s B, AEAS AR AT X TR 2 4 ST 1) 83.53%. IX—iUEAF] T Tennant 115 1)
10%-~30% 2 8], £ HKIRENS AR A RGUARIBAFIRES, ARSI “8e2” B “ 27 1K
o DRI, R R IR Tt 1 ) AR A R S E ELAE I T B AR K W B R A S T

4.4, EFKIERE

XA ST X P 32 B A0 2R ANAE K A B AR VRO B R R A A7 S A I SO, 258 ORFDK LR i
T H A=A K AR TR A i B R B 520 PR BORTE AR 8 1 AT ) 3 AT 98 DXAN [ A 254 ) W 1 55 3 R 4F
WAV SRR R S H0br i, SR A AR IK AR T R T IR ST T 3 B AR SR . AT MK A AR
Vil B S AR Rt A R LK 4.
Table 4. Suitable discharge of aquatic organisms and ecological hydraulic radius of Tianmen station cross section (Unit: m/s)
4. RITHTEKEEMERRERESKADFERERL: mis)
I 1) 1H 2 3 4H 5/ 6 /] 7H 8 9H 10H 11H 12H
L (m/s) 0.3 0.3 0.4 0.4 0.5 0.5 0.5 0.4 0.3 0.3 0.3 0.3
KF12A42(m) 056 056 08 08 120 120 120 08 056 056 056  0.56

PRAE A= A 7K 1242 5 Wi AR DL KK A2 5K 2 A R RN R, S5 & W@ HiE, HHAESRE.
AR AR IR TT AR I 45 SR BRI i AL T T P /K AR AR DI SR, AR AR AN DL S AR i B AR A AR — 3, ek
TARRERIET RGOV ESFHE, FNZEMZERR. THEERRE, DL A2 N HILAE 5.
6. 7 =ANH, A% 39.9 m¥s, XJLAATEIGFEINET, WA T DA K, AL AT A % 5
BAMEAE L AR 9~12 A, AXZWEN58mYs; FETFHWAESEREN 17.2ms.

45 ENRBEEHESETM I
RAZE A, 181 Tennant . AR KRS A AEAE SR IR, IR A DURE W TR B
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Figure 5. Comparison and recommendation of ecological flow process line of Hanbei River
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] T DRI T 9 T AR R K H FR I 22 AR R DA K. Tennant ¥R AEA SR E THRME . 241t Bkt KR
TR, B FRE R E A AR AR SRR, PR AR 2 T IR MRS A ARSI EHEE AR W] 5 fR .

M5 WTET, 2 H AR EVER VA RAE R ETE N W RS AR ERIERTE A RAE T, AN HE
EaTHAGTE L, BESARRE AT RS REZEBC B H SRR S 2 4P R AR
F—%8, £+E&+ - HEAEREITES R, ZA Tennant 545 BB A 5 ZHE PR E—, 5 Tennant
AR LRI SE S A8, (R AR R K I

M 2 e S B ARSI E MR A =2 B A RHAESKIPERERTH R, KR IE Py 5
PR E R \ESLA AWK, ZEH Tennant i£51% HARERIHE R, —HEERH: LA RIKE
TRERH 7B ARG EER . AR EY, SRR RS R me, KR =H AR
HeEREREL 2T rnE, HAESE AR E IR G ENASIER K, RAESKIERIES
RE B ORE 2 FE B K A AW K AR B O TR, AR KA S 78 20 B o T H i 1 JB0T X 3 X KTk A=
AV EE R FEINA AT WSROI, 2 A A KO R NS IR R TR SR A HEAES AR L.
TEARRHAIE R AR KR F 12 H A28, A6 T 4E R I8 T A4S RUK A 9008 B A5

Tennant ARME A A& 5 2 4 PR SR DUEAT 70 9, B ARG AR REN FIRE: 2 HinE
JAiE— T BAGEGREER AR R, 53— J7 T RE A2 P 7K B s o AT e iaT i ] 18 5 ik 56 7, 50/
I F B 5 4 R LU A0S B R A KN, R 25 B A JB VT 1 Vi ) X (1 T s TR AR e HAth g v B A, 7
TN, EAVERAREAG; 24 LAAIE i f/ TR W TV FE T AR Ao BAR, 2 B bR 1A RES
[ OR P 2> 2 5 /K B S /K A& B AR B . VT H i T J5 o) D X2 F /K I SRR IR X 3, A PR AR /K B B 2
PREEKAE KIS R S e 4, NESCRRGIRIA G MK R, 2 BARERSHER RN SR E
RERE % e 22 Al R K H AR, HAETE /K B AR B IRt RS HAESRES %

5. &

AP K BEIR T BT R X R AR T s FE B R, i 2 H s K IR SRR R R, K BEUR
PETE F3 THC THT I SR A K (IR AR o P LT ) [X Ak 22 T 3 () e B P SR R 0 5047 . B AR S SR
A SRR K SOK BEIRARR AT, WIS ITIE AT AT (6] S PSS TS T 7RI N (2= Dk B IR FHAE RS
KA o A ar 2% B AR 3B A Tennant W54 m B IR, £ HFRriEH %S Tennant
FATHAFARRE TRNGA TR 1EBA P IR W SRR VT A T R BT R kAT 2241
ST, ABRETEEREHEAEWREE N, EKIEREEFEE T IREN TR, T REEY
H AN EE AN LIR30 R ARV H i P S Y X B A BRI S & S 1B A4y, B Tenannt 2%
AR B AE SR E A BT AR, nf MEAHER EIRAE: Tennant vERHAT LR 73 AT LU B T 542
BUER NIRHEIEE, DAME MR E RN G5l HKE R, T8 W e A s o8 B bR 2 H AR
JAERT DS 50 R B KGR ARSI, XA R E NS ERN NIRS% . £ EIREN T
W, RV FR A 2 RE AT R T BRI XA T K A AR A S B A PR B B A S b AN i S8 I R A, DAER
FOKAE R R TR ROV E s 72 FRRAE R THR A, AT 9275 81 T W X B AT 2 55 AR 0E K 5 AR S K %
BRI, BIE T RIBAVI RERBEIE K AE S Z AR AERRE FIRIE. AR IAESRELS S WE 7L
A 9P TR I X A /N TR T 3 ) 7K B8 v ORI FH AR A S AR, 0 ORI K AR S 22 4 SEB/K R 5 m] ¢ 827
BRS8N E

E&WmE

[ 5K AR R < R X BT R e K 5 5 < B SRR (U21A2002) i [ AR RS A e dm 3 LT 7 B
2020 &7 H = A0 H (HB2021B07) 55 B .
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