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Abstract: This study present the general model on the ecology operation of reservorr contaiming four steps:
Finding the points of ecological protection, confirming the ecological vamables, searching the ecological
relation, standardizing the variables. The study research the ecological operation of three gorges considering
the breeding of the Chinese sturgeon, for which we structure a multi-objective programming model. Last, the
method of decision-making about the Pareto-solutions to the above model is provided.
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INTRODUCTION

The Three Gorges-Gezhouba Hydro-junction Project
have brought huge economy and social benefits and
changed the allocation of the natwal runoff of the
downstream in Yangtze River to some degree, but it also
leads to the river channelization and discontinuity, even
takes negative influence to the ecological environment of
the downstream (Yu, 2007). The ecological environment
problem bought by the Three Gorges-Gezhouba Project 1s
understood correctly and that we take the effective action
so as to achieve the corresponding ecology goal have
become an important topic in the reservoir operation
studies (Zhu and Chang, 2004).

Ecological factor has been considered as an
important role in rivers resowrces management at abroad
long time ago, foreign scholars developed comprehensive
and systematic research about the negative impact of
reservolr operation on the river ecosystem until the 1970s.
JTunk proposed the concept of ecology flood pulse. Petts
studied the ecology water demand as well as the relations
of water biology growth,
discharge. Hug studied the reservowr operation model
which satisfied the ecology water demand. Since, the
1980s, some scholars have started to study wvarious
ecological operation problems
operation, survival requirement of fish, concentration of
nutrient and air bubble in the water and so on (Yu et al.,
2005; Dong, 2003), these studies focus on seeking river
ecology target, keeping it the natural feature and the
lowest ecological water demand. Many scholars home and
abroad are considering ecology as an operation goal even
studying the problems of various ecology goals as
operation goal m recent years (Shiau and Wu, 2007,
Yang et al., 2013).

reproduction and river

such as reservoir

Ecology operation theory hasn’t consistent definition
and the concept of reservoir operation 1s also ambiguous,
the basic research 1s lagging and independent, the
ecology problems considered are so one-sided at present,
increasing water is the mainly method of improving the
water quality and no biological shield object 1s explicit, 1t
doesn’t start to research the reservoir operation problems
from the whole rivers ecosystem.

In present, the multi-objective optimization is often
transferred to a single objective optimization, when it
emerges on the reservoir operation. So, the relationship
among those objectives is seldom analyzed, or says that
the relationship isn’t quantized. Tt is due to that the
complexity of the reservoir operation with many decision
variables and constraint conditions. Many mntelligent
algorithms  validly solving common multi-objective
optimization fail to it.

This study will discuss the standard research model
after analyzing the relationship chains between reservoir
operation and ecology. Tt will structure a multi-objective
programming model for the operation, calculate the model
using a modified mntelligent algorithm with preprocessing
constrains and propose a advised solution after analyzing
the value of operational objectives.

STANDARDIZATION OF RESERVOIR
ECOLOGICAL OPERATION

The reservoir ecological operation mainly refers to
changing flow volumes, controlling water temperature and
sediment shift by reasonable technological means. The
key problems are what for the appropriate living
environment and how to think about this problem when
studying reservoir operation. The following questions
existed in reservorr operation are clarified in this study.

Corresponding Author: Li Wei, Institute of Systems Engineering, Wuhan University, Wuhan, China
8030



Inform. Technol. J., 12 (24): 8030-8034, 2013

+ Finding the points of ecological protection. The
process of water discharge q(t) of reservoir always
(water discharge) influences downstream water
discharge and hydrological regime and so as to
influence the city ecological environment along the
route indirectly. However, the ecological factors
affected are multiple and considering all ecological
factors from one problem is no possible, so
considering to select important ecological factors of
part important ecological target points  is
indispensable, such as considering the downstream
ecological water demand, the living environment of
freshwater fish of the Three Gorges-Gezhouba and
the water level of Yangtze River and so on

+ Confirming the ecological variables. Selecting
appropriate ecological variables ¢ 18 necessary. The
selection must satisfy two conditions: a. the change
of ecological variables @ can reflect the change of
ecological factors commendably. b. The ecological
variables ¢ is influenced by the water discharge q(t)
directly or indirectly.

¢  Searching the ecological relation between the
ecological variables and the ecological points
qi(t) = @qt), Z,(t)), where are the i-th ecological
variables, discharge level,
respectively. The hydrology
ecological target points influences the ecology

water and water

characteristic  of

variables directly but the hydrology characteristic of
ecological target points relates with the process of
water discharge diectly. So, establishing the
relations between the ecological variables and the
hydrology characteristic is indispensable, so the
ecological problems can reflect to hydrology
problems

*  The relations between water discharge process and
the hydrology characteristic of downstream ecology
target point q(t) = £(q(t))

*  Formulating ecological standard

The ecological standard here refers to the goal or
condition that the ecological quantity must satisfy in the
ecological target pomt. That 13 @(t)e®;, where @ 15 the
condition of the ecological variables @(t) in the i1-th
ecological target point. For example, ¢,(t) is the content of
some mineral substance, @()e®, 13 the scope of this
mineral substance; @;(t) is the flood process or the water
temperatire change process that some water-based
creatures needs where it lives, ¢(t)e®; is the ideal
target-the flood process of the ecological point coincides
with 1deal process completely.

ECOLOGICAL OPERATION MODEL OF THE
THREE GORGES-GEZHOUBA

Question descriptions: The Three Gorges stave power
plant Three Gorges hydroelectric
hydropower station and the Gezhouba hydropower
station, it 1s the typical large-scale stave hydro-junction
project on the Yangtze River and it has many combined

includes  the

revenues such as flood prevention, electricity generation,
navigation and so on. The total installed capacity of
the hydropower station 1s 18200 MW and there are
26 equipments installed and the single rated power is
700 MW. the Gezhouba Hydro-junction has the function
of electricity generation, shipping and so on, its total
installed capacity is 271.5 MW with 21 equipments and
the single rated power 18 125MW. The water in the Three
Gorges power station enters the Gezhouba Reservoir
directly because of the short distance of 28km between
them, the water waves disseminate quickly mn the
Gezhouba reservoir and change the water level in 30 min,
the two Hydro-junction projects 1s a whole because there
is only a small adjustment storage capacity of 1.86x107 m’
between them. The system parameters of the Three
Gorges-Gezhouba power station are as following Table 1.

Operation model: The Three Gorges stave power plant
includes the Three Gorges hydroelectric hydropower
station and the Gezhouba hydropower station; it s the
typical large-scale stave hydro-junction project on the
Yangtze River.

Goal of power generation: In the non-flood season, the
primary mission of the Three Gorges-Gezhouba
hydroelectric power station is generating electricity, the
max power rate 1s selected here as the goal:

maxE:zT:iE (DAT, Y]

1=l =1

P(t)is the average power output in the ith reservoir
during period AT,, AT, is the smallest time interval, E is the
total power generation at operation time:

Table 1: Parameters of the three gorges-gezhouba p ower station

Three Gorges Gezhouba
Parameters power plant power plant.
Discharge range (m’s™") [1580,98800] [3200,86000]
Water level of downstream (imn) [63.00,71.80] [38.00,58.63]

Power coefficient 8.5 8.4

Range upstream water level (m) [145,175] [63.65.5]
Range of the power coefficient (107 W) [0,1820.0] [0,271.5]
Rising water level (m) 155.0 4.5
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B (0= [ k(g (Ddt /ATt =k H(Dg (1

AT,

Hi(t) is the flood peak in the ith reservoir during period
AT, k; is the power coefficient.

Ecological objective: The construction of the Three
Gorges-Gezhouba has brought tremendous influence to
ecological environment of middle and lower Yangtze
River, for mstance, October and November 1s egg
reproduction of Chinese sturgeon as well as the storage
time of the Three Gorges reservoir, it will bring negative
influence for the spawning and reproduction of the
Chinese sturgeon and four major Chinese carps (Guo and
Kia, 2009), how to realize the ecology target of protecting
the spawning and reproduction of the Chinese sturgeon
in the electricity generation operation in non-flood season
is studied in this study.

The ecological target of guaranteeing the normal
spawning and reproduction of the fish m the Yangtze
River 1s considered as the main ecological target when
Carrying on the daily optiunization operation for this
month: the downstream of The Gezhouba section in
Yichang must supply suitable hydrology condition for the
spawning and reproduction of the Chinese sturgeon in
November (Guo and Xia, 2009). The ecological target is
manifested through the hydrology characteristic here, so
the hydrology quantity is selected as ecological quantity
directly, the ecological standard is shown in Table 2.

The discharge process of Gezhouba can be seen as
the process of Yichang dam because of the short distance
from Gezhouba to Yichang Dam, this simplifies the
research the process of the water discharge of the
reservoir and the relation link of hydrology characteristic
at ecological target point. There are four hydrology
constraints (ecological standard):

em<e, (1) <er™ k=124 (2)
e(t) is the ecological variable, e, e° . are the maximum
and minimum ecological constraint. Therefore, the
ecological target can be seen that the distance from
ecological variable to the ecological standard 18 zero.

The ecological constraint can be targeted 1 order to
study the relations between the ecological target and

Table 2: Ecological standard for the Chinese sturgeon
Ecological quantity

Ecological standard

Discharge (mm’s™) [8064,11470]
Water level (m) [40.57,42.97]
Flow recession rate (m’s~d™!) [105,253]
Water level recession rate {(m d~") [0.04,0.10]

economic target, namely the ecological standard deviation
distance from ecological variable to the ecological
standard can be minimized:

‘ek (t)—ef‘“|+‘ek (t)—ef“tl

dev, (t)=

2(6?“" - ef‘“) 2
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The following synthesis ecological deviation can be
constructed in the Eq. 3:

o

1=
M'—]

@= dev,, (t) (4)
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]

[=

bj

dev,,(t) is the relative departure value of the jth hydrology
observation station and the kth hydrology quantity. It 1s
zero when the hydrology quantity satisfies the ecological
target, but of a relative departure value in a mutative
section when the hydrology quantity is greater or less
than the ecological target.

¢ 1s synthesis relative departure value of ecological
standard in every time intervals, it reflects the size of the
whole departure value and is always above zero. When
the value is zero, it indicates to satisfy all ecological
targets and reach ecological operation target, when the
value 1s above zero, 1t indicates some ecological targets
are not satisfied and the value weights deviation degree.
So, we synthesis ecological standard and the whole
departure value are constructed to be smallest:

min ¢ (5

Constraints: The constraint condition can be obtained
from Table 1:

s The water level constraint before the dam Z™*<7.(t)<
275 {0y =28 Z(T) = 2T,

»  The discharge and the output constramt of the
hydroelectric power station q"<q (ty<q™, P"<
PP =

s 7¥) is the average tail water level, £5() is the
relation of downstream water discharge, Z,(t), Vi(t) are
the ith water level and reservoir capacity, Q (t), q.(),
P(t), Hi(t) the in-flow, the out-flow and the boundary
of the net water-head
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Table 4: Corresponding value of each Agp/AE

No. 1 2 3 4 3

6 7 8 9 10

Ap/AE 0.072 0.101 0.019 0.033

0.016

0.032 0.074 3.378 3.337 NAN

As shown in Fig. 1, the total ecological deviation
always 1increases when the cascade operation Power
generation increases, the ecological deviation increases
quickly when the generating capacity increases to some
quantity, so we can get the conclusion that the power
generation hydropower station target and ecological
goals are contradictory and restraint, power benefit will
mcrease when the ecological goals reduces, but it needs
to dramatically reduce ecological goals to bring power
benefit small increase when the power benefit increase to
some extent. The balance relationship of the two targets
can be measured through the increase of the deviation
A@/AE brought by the increase of the unit capacity,
namely slewing rate which reflects the decision maker's
preferences, so each A@/AR is listed to provide reference
to decision makers (Table 4).

Tt can be found from Table 1 and 2 (1) Power
generation 1s approximately step to increase from scheme
1-10 gradually, (2) A@/AE of each solution is less than 0.2,
selecting followed scheme can ensure to bring m certain
power generation benefit with less ecological damage, so
the scheme 8 13 more outstanding than the scheme 1-7 and
its value of A@/AE is 3.378, there has huge damage if more
power generation benefit 1s brought based on the scheme
8 compared with previous schemes, so the scheme 8 is
best scheme among the 10 schemes from the point of view
of avoiding ecological destruction, the choice of the
original optimal solution m this preference is the
scheme 8.

CONCLUSION

This article analyzed the reservoir is how to affect the
downstream ecological environment and proposed several
important steps about reservoir ecology operation
according to this study: Delimiting ecological target,
choosing ecological quantity, seeking for the relations of
hydrology characteristic about the ecology quantity and
ecological target points. The general pattern of the
ecological operation of the reservorr i1s given in the study.

This article also considered that the factor of the
spawning of the Chinese sturgeon, see the ecological
restraint as the target and established multi-objective
ecology operation model against the problem of the
short-term optimization in the Three Gorges stave
reservoir non-flood season, many groups of power
rate-ecology deviation balance solutions are calculated by
the superior NSGA-II method based on the restraint, each
optimal solution is selected again based on the slewing
rate of the ecology deviation-generated energy and the

optimal operation scheme is obtained, it provides a new
mentality of formulating the multi-objective ecological
operation scheme for the cascade reservorr.

However, the general pattern of the ecological
operation needs to be detailed from real factors and
relation function. Additionally, the method about the
second selection for Pareto solutions is needed to be
rationalized.
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