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Fig. 1 Distribution diagram of Panxi cascade hydropower station
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Tab.1 The monthly minimum ecological flow for different water years calculated by the improved Tennant method

Eﬂﬁi:mg/s

KA 1A 2 A 3A 4A 5A

7H 8 H 9 H 10 H 11 H 12 H

FIKF 0.008 0.014 0. 087 0.112 0.150
oK AE 0. 009 0.015 0. 082 0.095 0. 099
K AR 0. 006 0.013 0.061 0.079 0.073

. 178 0. 168 0. 168 0. 055 0. 019 0.011 0. 007
L172 0. 097 0.133 0. 035 0.011 0. 008 0. 007
. 108 0. 067 0. 095 0.019 0. 007 0. 005 0. 004

2 B#HY Tennant EiH ERRERAKES A
BMNESRETRE
Fig. 2 The process line of the minimum ecological flow in different

water years and months calculated by the improved Tennant method
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Tab. 2 The minimum ecological flow that should be discharged from the Dayang reservoir

in each month calculated by the spread method during the year

$1Em%/%

1 1H 2 H 3H 4 A 5H

7H 7H 9 H 10 H 11 H 12 A

=3

ERFE 0.039 0.071 0.126 0. 146 0.168

0. 251 0. 166 0.212 0.175 0. 061 0. 041 0. 030
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Fig. 3 Comparison diagram of empirical frequency and fitting frequency of discharge of Dayang reservoir in different months
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Tab. 3 Minimum ecological flow that should be discharged from the Dayang reservoir calculated by the improved frequency method

i{ﬁmg/s

A 1H 2 A 3H 4 H 54

6 H 7H 8 H 9 H 10 H 11 H 12 A

BIEE MR/ MESTE  0.050  0.079  0.146  0.193  0.193

0.324 0.152 0.187 0.153 0.053  0.050 0. 050
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Tab. 4 Minimum ecological flow calculated by different methods B m? /s
Tk 14 2 H 3 H 4 H 5H 6 H 7H 8 H 9 H 0 11H 12A1
FIKAE 0.008  0.014  0.029 0.037 0.050 0.059 0.056 0.056 0.055 0.019 0.011 0.007
T:ffi’]% SEKAE 0.009  0.015  0.027  0.032  0.033 0.057 0.032 0.044 0.035 0.011 0.008 0.007
RiZK4E 0.006  0.013  0.020 0.026 0.024 0.036 0.022 0.032 0.019 0.007 0.005 0.004
AN AT v 0.039  0.071 0.126 0.146 0.168 0.251 0.166 0.212 0.175 0.061 0.041 0.030
Q90 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019
BieuipESS 0.050 0.079 0.146 0.193 0.193 0.324 0.152 0.187 0.153 0.053 0.050 0.050
NGPRP 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067
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Fig. 4 Comparison between calculation results

by different methods and 95% guarantee rate
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Tab. 5 ecological discharge of Dayang reservoir in each month

A 1A 2H 3H 4 A

5H

6 H 7H 8 H 9 H 10 H 11 H 12 H

MEEMESTERE  0.152  0.152  0.152  0.152

0. 168

0. 251 0. 152 0. 187 0. 153 0. 152 0. 152 0. 152

BS KFEKEZFATHENSNESRE

Fig. 5 Minimum ecological flow of

Dayang reservoir in each month
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Tab. 6 Minimum ecological flow of Panxi cascade hydropower stations I~1V Bfi: md/s
Hy 1H 2 A 3A 1A 5H 6 J 7H 8 A 9A 10 A 11 H 12 A
—RE LR 0. 152 0. 152 0. 152 0.152 0.168 0. 251 0. 152 0. 187 0. 153 0. 152 0. 152 0.152
TRE= 0. 182 0. 182 0. 182 0. 216 0. 248 0. 355 0. 239 0. 306 0. 270 0. 182 0. 182 0. 182
B E UL 0.102 0.102 0.111 0.134 0.153 0.219 0. 148 0. 189 0. 167 0. 102 0.102 0.102
Science & Technology, 2020, 18 (4). 8-16. (in Chi-
s
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Calculation of minimum ecological flow in dewatering section of small hydropower stations:
Taking Panxi cascade hydropower stations as an example
LI Yang"?,LIN Jin!
(1. Nanjing Hydraulic Research Institude , Nanjing 210009, China;
2. College of Hydrology and Water Resources , Hohai University , Nanjing 210098, China)
Abstract: The hydropower resources of small and medium-sized rivers account for a large proportion of domestic hydropower
distribution . There is a large space for development and utilization. The development and operation of hydropower inevitably
bring adverse effects to the ecological environment,such as the reduction of river runoff,dewatering of local river reach,and the
damage to the local ecological environment. To reduce the negative impact of the construction and development of small hydro-
power on the ecological environment of the downstream river,it is a key method to ensure the minimum ecological discharge of
small hydropower. At present, the researches referring to the domestic and overseas ecological discharge mainly concentrate on
big rivers. However, the research related to the ecological discharge of small and medium-sized rivers, especially small hydro-
power stations are few. The available methods for calculating the ecological discharge also lack scientific analysis. A considerable
number of small hydropower stations have not yet determined the minimum ecological discharge. Based on this situation, the
related research was carried out on the minimum ecological discharge of small hydropower stations.

At present, domestic and overseas calculation methods of ecological flow can be roughly divided into the hydrological meth-
od, hydraulic method, habitat norm method, and integral method. The hydrological research method is the most commonly used,
convenient, lowest cost of ecological flow calculation method and is one of the classic calculation method. This study uses the im-
proved Tennant method, the annual distribution method, the Q90 method, the improved frequency method, and the NGPRP
method to calculate the minimum ecological flow of the leading reservoir. Taking 95% guarantee rate of the runoff data from the
recent 30 years as a protection target, this study analyzes the satisfaction degree of the five methods and evaluates the rationality
of the calculation results. This shows the evaluating results of calculation in the process of natural runoff of the section with sat-
isfying the degree of 95 percent guarantee rate. If the degree of satisfaction exceeds or is lower than the requirement of the due
guarantee rate, this method is considered not suitable for Dayang reservoirs. Finally, by comparing various methods, the calcula-
tion method of the minimum ecological discharge of the Dayang reservoir is selected, and the inner envelope of the calculated
minimum ecological discharge is taken as the minimum ecological discharge of the reach. Finally, the minimum ecological flow
process of Panxi cascade | ~ ]V power stations is obtained.

According to the calculation, the lower limit of the minimum ecological discharge of the Dayang reservoir is 0. 152 m®/s,
and the minimum ecological discharge of 0. 182 m®/s guaranteed between the second and third stage hydropower stations, and
0.102 m® /s guaranteed between the third and fourth stage hydropower stations. The discharge also guaranteed in the dry
months. The minimum ecological discharge of each hydropower station can be satisfied with the water inflow from each hydro-
power station. This results have a reference value for the study of the minimum ecological flow of small hydropower stations in
China.

Key words: minimum ecological flow; Panxi cascade hydropower station; dewatering section; annual distribution method; im-

proved frequency method
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