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Eco environmental water requirement analysis in Huangshui River based on improved Tennant method
ZHENG Xiao kang, HOU Hong yu, FU Yong feng
(Yellow River Engineering Consulting Co. Ltd, Zhengz hou 450003, China)

Abstract: In this paper, the traditional T ennant method was improved. Based on the original method, a typical year in the average

annual flow series of many years was selected, w hich required that the flow in the typical year is close to the average annual flow

of many years. For the typical year chosen from the river flow process,it has the seasonal wetness and dryness characteristics.

Use of river flow in a typical year instead of the average annual flow in Tennant method can reflect the seasonal characterist ics

of river flow.T he results showed that the eco environmental water requirement calculated by the improved method better re

flect s the seasonal wetness and dryness characteristics in the main stream of Huangshui River and all reaches of Datong River.

Key words: T ennant method; improvement; typical year; seasonal river; staging percent age; eco enviro nmental water requirement
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1 Tennant
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1 T ennant

Tab.1 Relationship between habitat quality and flow described by T ennant method
mH VERT wA fEEH Wedr AEEL W T 7 7z
—A g 10 H-3 200 60~ 100 40 30 20 10 10 0~ 10
B PR () AR 10733
aIGIHEHN 4 H-9 1 200 60~ 100 60 50 40 30 10 0~10
Tennant VAW A6 = (1) & A& A R . 17k S AR, A B AR VI B R BT 2 B DL RSL S

THE 25 BTN FE 5 AR S M B M AR B G, (2) Ll
fffE PRI o AN [F) DI AS [R5 K R A AN [ R4 5 %, AR 2 i
FRFR B 5 A EE ) R RN [, 95 253 BT 1 % Tennant ¥t
TR 7 AR A RS 2 TR . (3) T ennant VA
Pz AR B — i P g — R, WA P RS K T SR Y
AR R, KA AR R BB SR A A . B AR
K PR RILARRE 23 B Ve e B R e, 2 TV VA R AR A R
B E B R RS BRI SRR DRI 0 S B 5 0 )
AT 38 24 ik

M Tennant ¥EMfE MR AESRESTEESE, eSS H
PR AT B DG & v, 2R 2SR o 2 47 B i 5 4 e i e
B, o, S50 B RO T B 2 48 3 i, LR
wE(EE S R E) ZhN R E . HPh KR FIRE 2 Ter
nant 55 ANTEK & S8 800 2 Bt Egevt ik, A& 8
PEo VBT AR AL R IR 2 02 LARR K A 45U, O &=
Pl B R KL D ROEA Ko Tennant 7 ANE St
T P PRI ) R T AR S, A1 S R
PN 25 AR B 2 1) R DA 4 A 191 99, V) A4 Y I e e R 04
MR AL, X2 AT T ennant AN 2= 7150 AZ A0 IR TRTIAL 1)
HRUS BT AE

2

Tennant
AT RT3 Tennant 5 52 ] MR 4E 5 RAC
B2 VPR, LT ennant 35:45 H 0 7K 42 259 44 5 391 2 £
2R B 1) 11 a5 B A 6K 3 B A A 1T 7K BT B

TR AN KOG FR AR, 8 TR 538 KR, A T
O R T 43 Fe B, TR TIE SR H ] AR 2 R I A R,
PRANELANE A I BT R R IR AN 2

It ek R CELFE AL 1) B 2 40 A s K IR R e A ik
FKER M /It (R AR B FLRF S 0] ) AR A R G 1
KA T ST, LKA A RS M i v s v IR 2, B
FEK A A R 2 R B S o K AR AR IR, KA (¥ i
IR, HEAGABATT 2R iy RIIAR ) o R AR TR A& A2 W AR
Ak 5 BRAS, P R ] B A IR IS 5 3 KRS
ABL, AR A AR AR AN (R4 st gk AR K 7K 2%
AN [E] T I AT AT 8 5 A R A B AR A S R T
DA - i AR g B AL R BR A0 (0 A B 45 1R, ATRIASE T A 1 13
YRt DLEATAE R . IR KR K AE S RG R WK
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WAL T K R E 0 ;7 A - 10 F i K i 3, 4
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Tab.2 Analysis on water demand object and law in the main stream of Huangshui River and all reaches of Datong River
T B i KA % A
[ , 4 H-6 H:— KT 5 KL A A 1 m 24T B3 KIR(0 2~ 06 m/s);
2R EAEIIITRBE 3 0 A i KT R B AR 3~ 0 8mis)
g 4 H- 6 H: B —E KM LR ELE A KE 1 m A %R KE(0 4~
ok e %Iji%;; - 0 7 m/s) 1T AN R e
& los ! {ﬁ‘@f‘k’m‘ 7 H= 10 H:— 58K T 5 B K B 4L e ZE MK AR (0 4~ 1 Om/s)  AKIR
" 05~ 15 m @RGP RE.
R 1= BEE §iES P B RORT: [T /K, PR 1~ L5 m/ sy BORTLUR: 47— @ K0 58 2 K
TR WA e L K0 S~ L om %
BRI L ROTIER 36 sy K0 KIBESE R 1 m 2 IR0 3~ 0 8 m/ o)
e 7 H= 10 H: 2 KT 5 L KPS BN R R KA (0 8~ 1 3 m/ )\ KR
SO R PSR 28 750 LR I~ 15 m; A ERYPMPA KL, A B IL MR,
N E DAY AR . ’ ’
SIRSHLEAAI it okt
K] 4 H- 6 H: A — @ KT 58 KT IELE KR Im 2247 BHRKI(0 6~ 1 Om/s),
T A T BEE §iES AU B I IR R
» ‘ T 250 AL 7 H= 10 J— 5 K8 BE K E 6 B R AKAR (L 0~ 2 0m/s) VKR 1~
2 m; - EEABORE L
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SRAE S TURAE RE T S A M WAL R SR S AR IIL
2L [F) 2 4F V- i AE A T S AR A ARG, BT

B AR TR BN R R VG A &, X
ELA . BT SRR D R Ok 8 B AT B I A A b R 0T
1. 0 FISEM S RUAE, L RAT 2 AN ek A% B2 1. 0, Wik
B3l RAVEREUR 2 C, E5/NOFES R B14E, R
HEEME WD) .

Aok T SORTBL U B Q. h RSB ER © A sl
SRR R (m®/s) 5 Q A WFFCWI BT @ A3 i 0 2 4571
P m3/s) 5 n KW BLA L A 4

2 PR K R K R AR 2t K K R U T R IR 3, 4
SR PR K T30 B R v S RAR™ B AR KR BT % A
AT TR0 DL, BRI A T3 B ORI 3T B8 — AN I 1 K
AR g Az L, KPR T R R I FR BEAS v, L K AR KRB 1
JE T FEA [ ARARZS 1 1956 4FE - 1970 4EK LR B ¥ Rl £
RSP R R O B, 4% L IR A R AR (3 IO i,
KFVRAEHL 1963 44 St AR, Rl W B 1968 4F 2 $i R

20,
k= # (1) M, KN KRR = MR 50 Wk 371K 4.
3 (1963 )

Tab.3 Flow process of typical y ear (1963) in main stream of Huangshui River m3/s

KLk 1 A 2 H 3H 4 H 5H 6 H 7H 8 H 9 H 104 11H 121 GE S oFTN
FEETE 8.4 7.4 3.7 155 153 1.3 151 10.3  18.7  14.1 9.7 6.0 12.1
[y 26.0 25.5 40.8 544 549 30,0 6.7 44.4 78.7 589 28.9 18.3 43.5
Al 35.8 351 5.6 90.9 81.7 39.3 8.7 71.9 117.9 95.8 553  35.0 66. 2

4 (1968 )

Tab.4 Flow process of typical year (1968) in the Datong River m3/ s

KLk 1A 2 H 3H 4H 5H 6 H 7H 8 H 9 H 00H 11H 124 GEN S b s
TR M 3.0 2.4 6.0 27.6  63.6 90.8 191.0 106.0 97.6  45.9  17.3 4.7 54.7
NS 11.8 12,3 2.1 47.6  88.4 127.6 209.1 137.8 137.9 76.7 36.3  21.7 77. 4
2 125 13.0 2.8 52,4  99.4 1450 241.7 157.1 157.1 858 39.6  23.4 87.6

K TSRO T R4 A 3R L R AL 4 H- 6
HT H-10 A 11 H= 3843 A2 0 3 AN B JF 2 %5 W

AL 55 I K IR A R SC R T T 55 46 I B S A
X I (K~ 37 A 28 AR, VEILER 5 MR 6

5
Tab.5 The time division flow process of typical year in main stream of Huangshui River
FETE (R BNl
I Bt SEHwE CERRE Pk CFBIRE CERRE Pk CFRRE CPRRE FEkR
[ oY) A(mes)  Imo mde s f(mesh) Imo f(wies) f(mesh)  /m
4 H-6H 14.0 0.79 0.52 46. 4 1.18 0.53 70. 6 1. 34 0.78
7H-10H 14.6 0. 81 0.53 60.9 1.33 0.57 92.6 1.50 0. 89
11 H- 343 A 9.0 0.63 0.45 27.9 0.95 0.49 42.6 1.08 0.62
6
Tab.6 The time division flow process of typical year in the Datong River
KW PN A
B PR CFEME  mky CPOWE CPEWE Rk CFIRUER OFEDEE ks
fw e sy Sme s Imo gmPesly fmesh Imo (mdesh) J(mesh  /m
4H-6H 60.7 1.17 0. 84 87.9 1.07 1.50 98.9 1.35 1. 41
7H-10H 110.1 1. 50 1.03 140. 4 1.37 1.72 160. 4 1. 69 1.59
11 H- 343 A 6.7 0.45 0.40 20.9 0.50 0.97 22.4 0. 67 0.97
2.2 H5HE B L) s VR AR AR A PPV T o AT ISP 380 7K RBP4 3 T, B
SRR T T A B B N A . 4 T A TR KRR AL AL )R ) 2 # 288 R T I S A ER ARAER dt  PR

AR R G E . TR KA G AR S TR S i & L T
FUAKIRICZR T R o0 F Bk, 75 XA 4 B0 K #0E | 28l A
VI3

Tennant 5545, TEI KRN 0 3 m, P EIWHE A 0 23
m/ s VAR VF 22 7K 2R 2R AR ) 2 £ ISR I A I it R B
S I A PR A5 SR ZK IR AN O 46 m B2 0. 61 m, IR
M0 46 m/s ETHR 0 61 m/s, XK AEAEY EFE RMNE

Hll BT IR, 5 2% T35 W, 7K A A 75 SR I N g 31
oA 9 A A A5 3 LB S 803K 83 DR SP 14 3L 803 LR A
SE A5 SR 20 145 2 i i, [RD IS 2% RS T A 1 R RN R B TR K,
B — B AV R M R A R . L R ECR
BUFAZ I By e K A 8 i, it 9 T BRSR P i By
(AT ¥4 Y B2, o AT PR g A6 8 B PR AR T ennant Y5065 ¥ 8
FIZKER I B R AT BB . BAAILER 7 A 8.
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7
Tab.7 Ecological water requirement parameters for different stages in the main stream of Huangshui River
BRAGIR B R R T LR R B
K I B itk WOE Ok WE O W Ak WR 5 SIS L
[(m3e sy /f(mesYH  /m /(mPes!) /(mesY) /m /(mPeS)) /(meS') /m /(m3e sT)

4 H-6H 2.8 0.41 0.36 5.6 0.51 0.40 14.0 0.79 0.52 15.5

fHEE 7H-10H 2.9 0.41 0.36 5.8 0.51 0.40 14.6 0. 81 0.53 18.7
11 A- 43 1 1.8 0.37 0.34 4.5 0.47 0.39 9.0 0.63 0.45 13.7
4H-6/H 9.3 0.59 0.45 18.6 0.80 0.47 46. 4 1.18 0.53 54.9

e 7TH-10H 12.2 0. 66 0.45 24. 4 0.90 0.48 60.9 1.33 0.57 78.7
11 J- 43 1 5.6 0.48 0.44 11.2 0. 64 0. 45 27.9 0.95 0.49 40.8

4 H-6H 14.1 0. 67 0.36 28.3 0.90 0.51 70.6 1.34 0.78 90.9

RF 7 H-10H 18.5 0.75 0.41 37.0 1.01 0.58 92.6 1.50 0.89 117.9
11 A- #B4E3H 10. 6 0.59 0.32 17.0 0.73 0.40 42.6 1.08 0.62 55.3

8
Tab.8 Ecological water requirement parameters for different stages in the Datong River
BRAGIR b= SE N oA e LR R B
IR I B Vi ik K Wi ik P 7N Wi i KR Wikt
[(m?s sy /(mesh  /m /(mPest) J(mest) /mo/(mPesh /(meSH) /m /(m3e sT)

4 H-6H 9.1 0.52 0.44 24.3 0.79 0.61 60. 7 1.17 0.84 90. 8

JRKME 7H-10H 2.0 0.76 0.59 44. 1 1.02 0.75 110.1 1. 50 1.03 191.0
11 - 24E3 ) 2.7 0.31 0.29 5.0 0.40  0.36 6.7 0. 45 0.40 17.3
4H-6H 13.2 0.39 0. 84 35.1 0.65 1.13 87.9 1.07 1.50 127.6

Rz 1TH-10H 21.1 0.50  0.97 56.1 0.84 1.31  140.4 1.37 1.72 209. 1
11 A- 43 1 5.2 0.24 0. 64 10. 4 0.34 0.79 20.9 0.50 0.97 36.3

4 H-6H 4.8 0.56 0.88 39.6 0.88 1.12 98.9 1.35 1.41 145.0

w7 H-10H 4.1 0.70 0.99 64.2 1. 10 1.26 160. 4 1. 69 1.59 241.7
11 A- B4 3 H 5.6 0.35 0. 69 11.2 0.49 0.82 22.4 0. 67 0.97 39.6

PAZE 7 RO 8 Dy i, MR s KT YR RO G Y AR TR B AR ST K AR AT K B K R I T, VKT i 2

AR SR TR R U e — M W, IR IR K B H 2 SR BF B 9 & A B BT R R 110% L b, BeE ik
B EE R IR 9 FIE 10, Hip, BAKTFRAEST 151% , K 30T SR Ik I3t 50 24 B B P38 A (1) 140% LA
KA — 5 140 AR D0 R I N = — B ST = I ik 260% , WA UL RE — E BN YK R &, B

20% oA, KB A 15% 26 A7 (A BB IE 40%) , 1T i 2
T K AR AR I B AR 7 SR, AT AR T AR ER AR S TR

K AT AKR U BARGFIX 1) R AR 25 T /K I B3 R, 1y
RSB (¥ B B 9L 7 B BT IR =1 40% LL L, m N A
IKAE AR 4 s £ TR AR A7 55 A, TR) I AT 3l 2 — o = IR A

W M 1R 9 A

HRAE 2 9 I 2 10 W71 25 2% 757K B I 30 ] HE S i
TR S R0 VAT 5 W 117 BB B 9 AR 25 75 K B =, 2 IR RR
G L BAN G, 5 BF N T 1% 3 ) — SBER 47 ) 0 o
TEWL 11,

9
Tab.9 Flow percentage for different stages in the main stream of Huangshui River
i uf IRLf IZON
K 3T it Bt iR EE 451 T B 451 T B 451 RS LLfl
Jw ) (%) Hme s (%) mies) (%) (miesh (%)
4H-6H 2.8 20 5.6 40 14.0 100 15.5 110
FEE  7H-10H 2.9 20 5.8 40 14.6 100 18.7 128
11 A- 843 1 1.8 20 4.5 50 9.0 100 13.7 151
4H-6H 9.3 20 18. 6 40 46. 4 100 54.9 118
ISy 7H-10H1 12.2 20 24.4 40 60.9 100 78.7 129
11 A- 243 A 5.6 20 11.2 40 27.9 100 40.8 146
4H-6H 14.1 20 28.3 40 70.6 100 90.9 129
N 7H-10H 18.5 20 37.0 40 92.6 100 117.9 127
11 A- 243 1 10. 6 25 17.0 40 42.6 100 55.3 130
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Tab. 10 Flow percentage for different stages in the Datong River
— & L IR bf IEPN

LS I Bt Fidit et it et it et itk L 451

/(m3 = 1) (%) /(m3= s1) (%) /(m3e s1) (%) /(m3 = 1) (%)

4H-6H 9.1 15 24.3 40 60. 7 100 90. 8 150

WRAME 7TH-10H 22.0 20 44.1 40 110. 1 100 191.0 173

11 H- B4E3 H 2.7 40 5.0 75 6.7 100 17.3 260

4H-6H 13.2 15 35.1 40 87.9 100 127.6 145

RESF  7H-10H 21. 1 15 56. 1 40 140. 4 100 209. 1 149

11 A- 43 A 5.2 25 10. 4 50 20.9 100 36.3 174

4H-6H 14. 8 15 39.6 40 98.9 100 145.0 147

=i 7T H-104 24.1 15 64.2 40 160. 4 100 241.7 151

11 A- B3 H 5.6 25 11.2 50 22.4 100 39.6 176

11
Tab. 11 The amounts of ecological water requirement in the main stream of Huangshui River and all reaches of Datong River 44 m3
PN RESf EH AEE iy REAI
(- TR BR W TR BR BrNEN (. A TR WEH TR &
4H-6H 0.72 1.91 1. 04 2.76 1.17 3.11 0.22  0.44 0.73 1.46 1.11 2.22
7H-10A 2.34  4.68 2.24 5.97 2.56 6. 82 0.31  0.62 1.29 2.59 1.97 3.94
11 A- 43 A 0.35  0.65 0. 68 1.36 0.73 1. 46 0.24  0.59 0.73 1. 46 1.39 2.22
A 3.41  7.24 3.96  10.09  4.46  11.39  0.77 1.65 2.75 5.51 4,47 8.38
3 shan, LIU Jing ling, et al. Theory and practice of ecological w

ZHTIURIL, 2 AT B A T i Rk KL 12,
TR T IR A, BUE Tennant ARG A EET M
AR KB A SO 3 3 O 2 47 3 AR 2 4F P S
ES AT Tennant 358 A7 Sk, o oSk I (K 45 8 W, oKk
PR LI /K S I AR EL T W50 B B AR
T, AT SRR ] (KA FR AR A T K o I B P B R K
15% ~ 20% v A5, ATl AL 0 3K AR AR IR B A1 W o 7oK 3
PR K N BOF W 1 409% LLE, w14 sk AR )
Pt e IO ZEAR 2 A, TR IS P AL — S SR AR AT 2 MR
AL 5 7K ZE R K O I AR X 8] A £ 25 75 K A e A
FEL, 1M 91 R S IO A 2B 2 5 K R L T, KT
PSR A IE N A Dy I BT R 9 110% BLE, ik
1519 , I LK 1) I9R IR 37 10 I B~ B3 570 1409 LA
L B iE 260% , S OL R E E R PO KR R, AR
SR R R . kS T ennant V5 BEIE N FE 2
AR (R AN S R SR, #0096 T T ennant 351 36 VS
Bl o fHJ2, S0 5 K T ennant A% AT S0 SRy o FRAVEE 2
PR, BRI B AR ORI AT T A ik
W, AH% BRI K A B A7 AE AR AL, ST R A
IANERAE P 5 BTk B K 7243k sl BTk 2545 %5 g ]
Tl N T VEA G AN 8 1, A T 98 B2 R, ORI R A
H T RERH R T, AT BE 23 2 e SAIT T AR R T fo o
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