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Abstract Since 1974, Sanmenxia reservoir is operated to store the relative clear water in
non-flood season and dispose the muddy during floods. The channel adjusts itself toward the
direction of equilibrium in flushing period in reservoir. This paper computes the channel-forming
discharge based on the concept of geomorphic work, analyzes the relationship between the
channel width and channel-forming discharge, presents the change of longitudinal profile, and
discusses the index of operation mode of Sanmenxia reservoir and project that should be
researched for optimizing it.
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1 Channel self-adjustment in Sanmenxia reservoir

The final result of alluvia river self-adjustment is to convey the incoming water
and sediment, and each river is constantly adjusting itself toward the direction of
equilibrium, or quasi-equilibrium [Qian, 1987]. Thisis known as regime concept. The
status of quasi-equilibrium is corresponding to the condition of water and sediment,
and it adjusts to another equilibrium state under a new condition. The river adjusts
itself for adapting the variation of natural discharge and sediment load. To realize this
feature of aluvial river is helpful for human being to forecast and control the
development direction of the river [Xie, 1997], and it is available for management
rivers. The relationship of flow and channel geometry to discharge supplied from the
drainage basin is designated as river channel morphology [Qian, 1987].

The reservoir of sediment-laden river can be utilized for a long time after the
sediment deposition is near equilibrium, with a main channel formed on floodplain
deposits, and the capacity of it below floodplain is commonly referred as the capacity
used for regulation of water and sediment. The reservoir is operated to store clear
water in non-flood season and dispose the muddy during floods. For example,
Xiaolangdi reservoir will use the channel storage capacity of 1.05 billion m® under the
floodplain, of which elevation near the dam is 254m, to regulate water and sediment
for long-term.

Sanmenxia reservoir is operated to store the relative clear water in non-flood
season and release the muddy during floods after 1973, when a main channel, severa
hundreds meters in width, was also formed on the floodplain deposits below
Tonggguan [Long,2004]. In 1973 through 2006, the average operation level is 316m
in non-flood season], and it is 304m in flood season. Sediment is deposited
temporarily in the reservoir, by storing a certain amount of water in non-flood season.
Sediment load is flushed from reservoir in flood season when the operational level is
set much lower. Sediemnt deposits together with the oncoming sediment load are
flushed off from reservoir during flood events, and channel is formed subsequently.
The channel adjusts itself toward the state of equilibrium. The differences of
adjustment of alluvial river and the channel in reservoir is the period of time, when is
flood season only for the latter. Therefore, there is channel morphology in Sanmenxia
reservoir.

It is available for utilization and management Sanmenxia reservoir to recognize
the feature of channel self-adjustment, analyze the channel-forming period and study



channel-forming discharge and channel geometry.
2 Channel morphology in Sanmenxia reservoir

2.1 Channel-forming period and discharge

The fluvial processes are sameness and difference between the alluvial river and
the channel of reservoirs. The sameness is that both of them will form
guasi-equilibrium channel and floodplain through deposition and erosion time after
time under the action of a certain water and sediment series [Han, 2003]. The
differenceis asfollowing:

The rating curve for discharge of alluvia river is normal, with small average
annual rate of deposition or erosion and form channel in non-flood and flood seasons,
strong action of channel-forming in flood season. The rating curve for discharge of
the channel is deviated due to water impounded in reservoir, with large rate of
deposition and erosion in non-flood and flood season and form channel in flush time
only.

Sediment is deposited in non-flood season and flood detention period in
Sanmenxia reservoir, and the result of the two periods is depositing sediment in the
channel only, no affect on channel-forming. Consequently the channel-forming period
of Sanmenxiareservoir is flushing time in flood season.

Based on the channel-forming period mentioned above, channel-forming
discharge is computed according to the concept of Geomorphic Work. The peaks of
the curve, discharge versus the product of sediment discharge and discharge frequency,
are chosen as channel-forming discharge, and the larger and smaller one is known as
the first and second channel-forming discharge respectively. The variation of
channel-forming discharge is presented in Fig. 1. The average first and second
channel-forming discharge of Sanmenxia reservoir is 2800m*s and 1500m*/s in
1973-2006. The first channel-forming discharges are 3160m*/s and 2570m?/s, and the
second discharges are 2000m*s#l 1170m%s in the period of 1973-1985 and
1986-2006 respectively.

The channel-forming discharge, by using the method of largest amount of
sediment load, is 2540m®s from 1973 to 2006, 3210m%/s in 1973-1985 and 2110m°/s
in 1986-2006.
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Fig. 1 Variation of channel-for ming dischar ge of Sanmenxia reservoir
2.2 Channel width

The transverse section adjusts with the change of channel-forming discharge. The
adjustment of No. Huangyu 22 in Sanmenxia reservoir is shown in Fig. 2. The
channel width is 661m in 1973 and it is 364m in 2006. The average channel width is
658m from 1973 to 1985, and it is 457m from 1986 to 2006. The channel area, under



315m eevation, reduced 650 m® from 3510 m? in 1973-1985 to 2860 m’ in
1986-2006.

The relationship of channel-forming discharge and width is presented in Fig. 3.
From the figure it can be noted that channel width responds the channel-forming
discharge.
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Fig. 2 Cross section of No. Huangyu 22 in Sanmenx reservoir
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Fig. 3 Relationship of channel-forming dischar ge and channel width
2.3 Longitudinal profile

The adjustment of Sanmenxia reservoir longitudinal profile tends to equilibrium
profile from the direction of erosion. This characteristic is different from the aluvia
river, which does from alternative deposition and erosion.

The flood plain, which elevation is lower than the high floodplain formed before
1973, has been shaped consequently following the adjustment of channel. Fig 4 shows
the variation of longitudina profile of Sanmenxia reservoir. The slopes of high
floodplain, floodplain, and main channel are 0.00012, 0.00019 and 0.00023 in 2006
respectively. The slope of 17km reach far from the dam is 0.00068.

The channel longitudinal profile changes following the incoming water san
sediment conditions, and the profiles in 2002, 2003and 2006 are shown in Fig. 4. The
slopes are 0.00022, 0.00024 and 0.00023 at the end of flood season of 2002, 2003 and
2006.

3 Discussions



3.1 Research project

It has been proved in practice the deposition formed in non-flood season can be
flushed off the reservoir under the cooperative action of the erosion aong the river
course and the retrogressive erosion during flood events. The operation mode is
appropriate for the feature of coming flow. Operation mode of the Sanmenxia
reservoir in flood season to keep the reservoir sedimentation balance is valuable to
study under the condition of the operation level controlled below 318m in non-flood
season. The problems, as following, are significant and should be study further in the
near future.
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Fig. 4 Longitudinal profile of Sanmexia reservoir
(1) channel-forming period The operation level is confined at 305 in flood

season and it is lower during flood events when the outlets are opened. The reach the
backwater effects

(2) The channel-forming discharge of alluvial river has been studied for a long
time and has been carried on. It is necessary to dea with that how to determine the
channel-forming discharge in reservoir.

(3) Equilibrium longitudinal profile and transverse section The problem is not
solved that what is the equilibrium longitudinal profile and transverse section and the
adequate magnitude of flood and the period of flush.

3.2 Supposition for operation index

The indicator of operation mode in Sanmenxia reservoir can be divided into two
kinds. One of it is water level that is used in non-flood season and the period there is
no flood events in flood season, and another is discharge that is used during flood
events. It is easy to operate reservoir to use these indicators.

The average annua volumes of runoff through Tongguan Station are 23.2 and
11.0 billion m®in flood season during the period of 1973-1985 and 1986-2006, and at
the same period the average annual sediment load are 0.93 and 0.48 hillion t
respectively. Incoming water and sediment conditions of reservoir in different period
has been changed greatly. The indicators of reservoir operation mode should not
uniform for different incoming water and sediment conditions.

(1) Adjustment the operation indicator under the operation mode of ‘Storing
clear water and releasing the muddy’

Different indicators should be made for different annual runoff amount, such as
above 20 billion m®, 20-10 billion m® and less than 10 billion m®,

(2) Operation level following the inflow discharge

Under this condition that the peak and water volume of flood in spring and July



may be higher and more than it in flood season when the runoff amount of incoming
is less than 20 billion m, the operation of reservoir should be taken to store or
release water based on the magnitude of inflow discharge. For example, it is released
water when the discharge is more than 1000m*/s and store water when it is less than
1000 m%s.

3.3 Establishment the early-warning system of reservoir sedimentation

The cumulative deposition in Sanmenxia reservoir should be confined to some
extent owing to reducing the storage capacity and influencing the adjustment of
longitudinal profile blow Tongguan. In order to control the volume of sedimentation,
the early-warning system of reservoir sedimentation should be established to utilize it
for along time. The flush criteria should be made and implemented when the amount
of cumulative sediment deposition exceeds a critical value.

4 Conclusions and recommendations

Channel adjusts itself and toward the direction of equilibrium in Sanmenxia
reservoir. The channel-forming period is in flushing operation of flood season. In
period 1973-2006, the annual first and second channel-forming discharges are
2800m*/sand 1500m*/s respectively base on the concept of geomorphic work.
Channel width responds with the change of channel-forming discharge.

The channel morphology and adjustment in Sanmenxia reservoir should be
carried on further study.

The early-warning system of reservoir sedimentation should be established to
control the volume of deposition. The flush criteria should be made and implemented
when the amount of cumulative sediment deposition exceeds a critical value.
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