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Abstract: The Tennant method plays an important role in computing ecological flow. However, with river health protection
and biodiversity maintenance being taken into account, the Tennant method exhibits some irrationalities. On the basis of two
different understandings to the Tennant method, there are two approaches to setting ecological flow : one using the percent of
the average annual flow and the other using the percents of the average flow in the same periods (the whole year being
divided into several periods). Since the method is widely applied in China, the paper discusses and evaluates the
applicability of the Tennant method and the two approaches for ecological flow computation preliminarily. The results show
that there are some limitiations of the Tennant method in ecological flow evaluation, and the second approach is more

reasonable than the first one.
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1 Tennant ;54748

Tennant ¥ t101 5% k2 ( Montana ) 3" ~*) | /& Tennant 28 A 1964 ~ 1974 4EX+3E[E 3 AN 0 11 Z&JA1 5 52t
TR B SNAER ST, 7E 196 J BACHY 58 MW 44T T 38 AR E T M fLF A FE B X
KBRS , T 1976 4EH Tennant £ 4R, /& TAEBH I & KB MR HER E T o

£ Tennant 2, IFUSEHE E ) 24 F X 8 B 2 B9 SEAE , B OR 377K A2 25 FIK 313 59§t o B HE R (E
I3 R R AVR BRME AT VA AR SE RAPIRSE | R PR E  — R 2 RS S/ VR TS
EAR ZRAMESE | NS BRARE 1 DB TS EARHER 6 MIRFRARE . 78 B3R 6 MIRBRFRME, SRR K 4
A I ZE T SRR ], 70 4 ~9 A= E LA 10 A ~ B4 3 A4y — AKX —Mim
W=, ENTRE S ZEFERER 100% ~60% B, 1] 5 7K T 5 Ui 34 7K A A W 3R HEAG R A A 4 B
5, KERSHIE H) 2005 MR gl B, R BN A U3 EE H K T, 7 300 R 5 £ 28 BE S I S i 3ty
FHEYREA FTRRKE, TR YRR E S BEFE, WA R R SR T K TE A
T G BB ER 60% ~30% LA BT, T 98 KR B P — M2 4 A R Y, BRAR B8 v B S , KR40k
PERE B B, RER DRI A K IR , VP 20 5 RBE B 28 NG B X, TR HES A el , (HX 2 R %
WA, AT LA 2 il A R R — PR30 R SR, TT 0 e R AR e (38 24 NI R 5 T N i i o 24 P30
B 10% ~5% LA B, X FRILKIAATIIRE — & BT T8 K ERFIG B , 7] LA 2 ST | A 77 AR 5o
B — MR EESR , R AR R BOK A A W S B ) A= A7 BT O 75 I BN B AR B o 120 05 Hh S 7K AR AR W) T i 3
WL IR SR AN L B Z [R5 RARUE, IR 1,

F1 RPEX FEFY BENMEXHFERROTRRERR

Table 1 Instream flow regimens for fish, wildlife, recreation and related environmental resources

HEFF ISR Fidn o (AWM B E 2 E0 (%)

TR BURPES IR Recommended base flow regimens ( Percentages of Average Annual Flow)
Narrative description of flow
10 ~3 A} Oct. -Mar. 4 ~9 Ay Apr. -Sep.
e PR 5% K Flushing or Maximum 200 200
#c /7 Optimal Range 60 ~ 100 60 ~ 100
e 4F Outstanding 40 60
B4 Excellent 30 50
BLAF Good 20 40
— 822 Fair or Degrading 10 30
228 #/)> Poor or Minimum 10 10
% 2% Severe Degradation 0~10 0~10

Tennant V57636 F 16 AN A, 38 % 2EDFFEALHE BEAS i (0 TT B o A S ¥l e it AR A 6 PR sl 1 S oAt
B — RS . AGE FF A 7K S0 s TR GE A 7K ST R R A8 - P ¥ T &, HE K S R 5k
TR AEAE TR A 4y ) , 3838 B T 8B 7K SCh s T GESI K SCHESR RS ) o B T HAUE T s
BORAT M sl A AT K &, B AR 6, A S ¥t B SR KR RIS & B R WERE
Xo BTREGZ RBEAERFORIUR , FH AT eI B A SRR M —FE 2%

2 Tennant JEEAEBZRARPIIRA
2.1 Tennant & BT

Tennant {2 3 37 76 T 52 T b XK AP Ut A ZE A, 4 40 51 S H A 55 .45 1) #  5E A o 1 8 7
SERIER 10% ~200% BN, mAE G TRMXMETHERR(EERE) ; XH T EREAH BN
JURITEZS X i B 2], W R 75 Rt B 28 A6 K TRT U, 76 SE B B R o, AR 48 b IX S B 0 %o BL R I Am v i 17
MR L A BRI R AR RIE S | Tennant ¥ 7 (H 7R BEAR-IIE 07 B 0 4R 1 2k 252 MR b2 78, th
ASRRARBFIAT I 1 7K SCAFALE , BB T X6 JR) 3t A 25 2R G gt BR AN AR e SR BB AEZEAR KBk o
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AR G IX 58 Rk (B Tennant 1% ) #4714 PRIR , fib i i Tennant 3 457 By 3 8 7 by 47
FMFT KRR T R E . A0 XFAZERMA T MEFYMREE 7 HAER Tennant Z:3FHr it
PR R FRAEFR A Tennant IE AR (TR o HAC™ 3" SR 22 72 Tennant 37K T
FEHIE AR

Tennant 3575 HAR H i, AR5 A2 SFMAEHT I 087008 10 ~3 AHF04 ~9 AHEAIEBE, X 44
AHETME, (RELIRM AT REEHMERE KB 158 SRR PR A Wi %) Tennant
AT TRk Htn, TRBC 2R AT R K AL P R — 3 TR I K i X 3 A S IR R K A, B R v 4k — 1
317k TREFF7EHL X 9 B AR AE /3 FE R (11 ~5 A 4) AR (6 ~ 10 A4 #4757 o

BRI R =R T KRB BRI b ARYE K RAES IR K E TR, k54 ~6
H6r7 ~10 A3F 11 ~3 43 3 i BORH R A SRR KR, A& BAESH SRR/ NFRKE
PR R PR AR T IO LAY I (R0 1) 25 47 S A2 i i g B, RIS 25 8 T B i o, BV A5 7K B 0 - (B ) 100%
~60% N EAERD 60% ~30% LA bRy EIFIRZS 30% ~20% Sy i AR, K 10% F1 5% 973 5 & 78 SCH
A B2 W/ N R AR S i /M B o AR SOR XA L2 AR S84 T 1Y R 3F- 249 8 7 40 B/ 9 Tennant 3£ 3Ffr
SIS AR Tennant B RIIRIME L (TR o Z AR 225" GiE " %45 BV Tennant
R T RIS M A B . 17508 26 A Tennant 253 B /K I6 I 75 4 — M TR MW E B/ NS 2
THAT VRO I, IR RARYE B A B/ MES R R 5 24 A PR E R B 2 ik T80, T R Fm

WR=24x3600x§MiinxPi (1)

(1) o, Wy ATGEAESHEET KR (m®) M, B85 i ARRELQ, W5 i AMZETHRE(mY/s) P,
xRS @ A R R A A (%) o
2.2 Tennant B HAF A L 5 [ O O HLER

T A A R R A T R ORRE M AR X, SR AR R T & 696. 9mm , 3T BERE 47 4R 1T )1
R, BT ER I A 2SR U B PP AL T35 T LIS IR Tennant 35,

I B T 45 PN YR b B A K ot T T S S R S PR SV A Y B A Sk (LA SRTRR VAT =3 )
1956 ~ 1980 4F {932 A STIFL R VORE; R AHTZ A R I = Wi0E B SRR, BE e R
A RERK R A BRI R BT E, & A BRI RS 50% FRIEFEX ML I B (B 1E Bz H & BEAESR
WE,FENEARNEEESRREARENEEESRERDSRE; )5 50 512R F Tennant 1 (148 ¥ {H H A1 F]
HAE LI S A SRR BTN b, SR AR 20 BIS b, ST AR SR W R BRI R
SRUR B GORE, {ELER] i 2 9% ) i [R] v 448 F) PR 7K B0 TE 1 AT 30 D, R R P it Ak A 2895 Bl Xy 142 3
My 7 B A/ NS 30 ) ST 7 B BEORHURE R AR TR B WORL AT TH B8, B AR 85 R D U T B A M T T R AR S A2
i,

M1 2 ATLLAE Y R R E BAE SR I B AR AT, S AR A& u i AL BT B RS T 4551 D - 78
FAKII(T ~10 Af) , FEABHME /N TAEXME L, FSE PO 22— BRAF ~ 4, SF SE T 2551 o
B~ RR R RAEBK ISR E LR 8 5 3K B B KA FROR S s 7B P KB (4 ~6 A 11 Af) , FEIE LK
TAEMEL, FIHSE TN SR R ~ b, FE FNR S RN 2 ~ Bl FEMK (12 ~3 A#) [
A IR R T AR E L, R SE TN S5 RN A, SRS E L PP 85 R N AREF ~ RiF . BITEF K, 4F
M HOR T i S B RV L ZERS K AP K3 , R A8 LR 25 R TR
3 ARMEEESERIBAN

TR AR SGE R B AT AR AR , B R /INFE — % Vi BBl S BEAIL AR AL, 00 P BT A A ) 14 A i
BB EREC K58 2E N T I ARIKSURE . RERSRMT , BEHLAE AL B 7K S FEAS 2% 0] 5 i Fh A
RS P AR AR , R ) R AR W) B PR /NI R fb o 7T DA, 78 KRR SR T B AEAT —Fh A2
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AR, FAKEE PR ARG K AR AR TS AR R AT AR A BRI ZK STRFAE , A T U B A AR AE AR N 23S _E B 7K
PR R K AR ARARAE (181 1) S0 A RO 4 A 2500 B AARE R B AR 25 PR T AR S R e Ak T — b
A BT B AR AR A AP R o IR RS A AR AL K SCRMIE PR RE T 1 9 A ) AR R AN b
PR ARHIE o

£2 EAZHEEEAETEY Tennant T4

Table 2 Evaluation of optimum ecological flows of Luohe River at the three stations by the Tennant method
(a) }KsKk¥k Changshui station

TiH Item 1A 2 A 34 4 54 6 A 74 8 A 9A 10 A g 124
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec.
FHRR(m®/s)  15.32 1445 17.74  30.15  38.24  30.97 99.79  64.21  67.72  56.55  35.24  20.28
l(ﬁf/ij&ém 13.52  12.75  15.33  25.18  21.16  19.30  47.21  36.73  30.25  27.65  25.41  18.02
[l H 88 88 86 84 55 62 47 57 45 49 72 89
TSR fE fE RefE etk R4 fE RAF R4y BAF s it wiE
EBE(%) 33 31 37 62 52 47 115 90 74 68 62 44
T E5 R ARAF ARAF RAF wfE R4 BAF R ik wfE it wiE W
(b) F DYk Baimasi station
TiH Item 18 2 A 3 A 4 A 5H4 6 H 7H 8 H 9H 10 A 11 124
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec.
FHRR(m®/s)  26.47  24.19  26.93 42,10  48.75  33.50 138.66 91.37  98.41  83.21  54.79  28.82
ﬁ%ﬁﬁéﬁ 23.16  21.05 23.24  33.75 22.40 16.56  61.29 49.23  56.90  39.87  41.16 24.94
[l H 87 87 86 80 46 49 44 54 58 48 75 87
TSR At At etk etk BT BT BT (iyas (:343 3es i RfE
EBE(%) 40 36 40 58 39 28 105 85 98 69 71 43
THER Wb 343 W {534 — & % S ik Rtk et wE B
(c) 27KV Heishiguan station
TiH Ttem 1H 2 H 34 4 H 5H 6 A 7H 8 A 9H 104 1A 124
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec.
TR (m®/s) 4429 40.02  44.31  68.24  80.82  60.37 217.95 165.23 149.12 134.03  93.28  54.99
ﬁ%ﬁﬁéﬁ 39.12 3493  39.90 51.86  39.29  32.80  97.02  82.29  76.34  69.90 62.23 38.48
[FEE L 88 87 90 76 49 54 45 50 51 52 67 70
TSR At At etk etk BT 4T BT (iyas (:343 3es i RfE
EHEI(%) 41 36 ¥y} 54 41 34 101 86 79 73 65 40
TSR b AT Wl (:343 BT —f& R Ak etk etk RE BT

FH BT H all items in the table indicate: SE-34 i i average flow, & B 4= 2542 i optimum ecological flow; [F]3 314 Lt percents of the average flow
in the same periods, 4E34{H H percent of the average annual flow, FEH45 R evaluation result; #%FR flushing flow, #ixfE optimal, % 4F outstanding, fR4F
excellent, R ¥#F good, —f§ fair, 2% poor

TR & B AT AT BT AR AR, X T ARIEBOK Wi LT 7K AE S R GEIFEE , PRAFAT 8 K od LA A
HESISE R IR B R TR, TP A A T 7K SO AR AR AL (9 52 M K AR 10 A 25 AR 8 AU ME A Y
ZREE, R SRR M R UR R . TR, B PRI A AR IS XA SR T R B RLZ R A
SETALRE , T B MRS HK SCRHE o

TEARUBIR , 0 P B P B AR/ N T AE B RS T B B/ DA S AR W R, TAT 3 K /K SC AR AR i
THEB RGN — LY T 2 801, = FERIE R PGS R A A2 AL, R S R GEvT RETE 32 AN KA OB
R 5 (BRI HP B O Bt AR e, 7 2 AR/ IMBER BB R B 2K 9 35 B, T I A 25 AR G A 23 [R] 5 A 1
SRR, TR E R B A S R GEXK BT R RTEAR RN AR TR, WA A 5%
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TR R —NE B AR AR , B 5 KRR WA E R —— Kok —o— WF RS
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— A, RERISE ¥ 18 0L T 240

Bt BRI TR W8 B SR, AT, T BE

NKEH B EZ 0, MR TR RS RS FF ™

Fro BT AR SCRAE (B 1) N s < ) ==y ey
RGTsR T U RR L TR R M T K % RN
1B R R 8 ) U0 ) W 0

A R LI B WA Tt 7 RGO PR A 7 9 SN EEZE S b

E/‘J JE |}_|JJ , ﬁﬂi{%ﬁ iz E ﬁi $ ‘i _'_%:& Eﬁ%“ E(J iﬁﬁ ﬂiﬁﬁé{ﬁ fl Fig. 1 ’Distribution of average annual flow at the there stations of
BRSNS T R R R i
S A i) — e A P R AT ML A A S (A A | 536 7 R AR T W 0 2 A R L o R T 5
PR 8 U T A5 B0 0 0 T = S O3 B S R, 2 BL R SRR WA SO 38, 3 B 6 J2 T 7 0 2
SEEDIRIL , AT ARG AR 0 5 2 B A 25 (R, 0 39T o 0 BB A A5 M B R | TR & T — ™ B
“E7HPRE

SPTE A5 FR WEH) E hJ AETS8 A  J R R A S A A M TE 3 R T B, i 2
DI 0 AR RIS (BT 5 58, AT K 0 B 0 R AR T 3 20 A 2R, T SR PRV 59 L T4
SRR T IR R A B RS X — SR 4 T HSE Rk SO E s 77K 8,5 ~ 6 1 B B 4F 39 18 L IR
SER BT “— M 27 HOARTS , T TR P78 S5 B A o 3 A A R T R SRR
ATREHE M. PRI, 7557 A Tennant BB Sk OT A T 05 — O R AR, AR AT A0 2 25 28 6 BT 0 2 i 7K
SO SR P A T RIS 96 A 4 B2 7K 30 9 25 S 1 0 i (B 4E 2 I o )
P4 S HH B 48 2080 )1 0 0 A S AR , B (B AR X A A T 1 2 25 AR
4 i

Tennant 3 , ¥F hy— M bR , B BRI WO 7K SOt R J2 DA WA i 7K SO JRARAE , B2 A
VLR 524 P 2 T 0 T SR A 0P AR , T2y B 9 0 ML 80T 4 2 A5 A
B, A — S O SRR ARSIV A A RV , T AR T A 25 RS AR B e , e P A Ao
T BB 5 SR T 3 B A AR R 2 T W AR L A PRI B, T B ARER T o B AT
B R AT R R R B L 3K — A A AR TR AT

5t Tennant 3 26 P AL 25 C MOBTIE o A0 B FEY T2, 38 2o 7 46 9T 350 A S AU B0 E , 1A - Temnant 5
IRTHTE L F AR A S H 2 B, BV B 2560 4% A0 IR B v T 045 400 0 e B A (L
AT 2 — Vo R O 2 AR I, 8 S 4 0 433002 AR L AT 9 A ) EL P MO o 8 5,
2R L T 2 A EL AR R4S, TR 36038 T LB 2 B 4000 , — R T ARSR A B 40 5 L ik
IS E A P R H %,
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