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ABSTRACT

The main effective factors of heightening and lowering of Tongguan elevation
have been analyzed in this paper. It is pointed out that the main reason on heightening
of Tongguan elevation in recent years is caused by the condition of reservoir water
and sediment, and the harnessing measures of improving Tongguan elevation is put
forward.
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1 BASIC CONDITION OF TONGGUAN ELEVATION'SEVOLUTION

Tongguan is located in the outlet with the confluence of Yellow River, Weihe River
and Beiluohe River, 11.3km of Sanmenxia Dam. The valley of confluence above Tongguan
iswide, the widest reach of Xiaobeiganliu (between Longmen and Tongguan) in the Yellow
River can be up to 18km, but the valley of Tongguan is narrowed to 1km suddenly, forming
a natural constriction. Before constructing Sanmenxia Reservoir and when meeting the
major flood, the phenomenon of contracting flow and banked-up water level occurs, the
confluence of three rivers above Sanmenxia is an area of natural flood and sediment
retention. Because of special geographic position in Tongguan, Tongguan section is alocal
erosion datum between Xiaobeiganliu of Yellow River and Weihe River, the variation of
bed elevation in Tongguan will directly effect the erosion and deposition of sediment, flood
control and water-logging elimination in lower reaches of Xiaobeiganliu and Weihe-Luohe
River, therefore they are paid close attention to by all circles from time immemorial. In
order to reflect the characteristics of erosion and deposition in Tongguan section, Tongguan
elevation is shown by the water level with discharge of 2000m>/sin Tongguan section (6).

Before constructing Sanmenxia Reservoir, Tongguan Hydrologic Station began to
observe from 1929, among which some year stopped observing, there were 19 years
observation data up to 1959. It is seen from the results of average water level difference for
19 years™ that the water level raises 0.35m every year in non-flood season, the water level
lowers 0.28m every year in flood season, with regard to the whole year, the raising



tendency prevailsin Tongguan elevation, its average annual elevation raises 0.07m.

After operating Sanmenxia Reservoir, during the operation of water storage,
Tongguan elevation was deposited and raised by a big margin due to the influence of
backwater. It was up to 328.70 m of maximum value in June, 1969, raising 5.30m more
than one before constructing the reservoir; with the double reconstructions of Sanmenxia
Project and its changes in operation mode, Tongguan elevation lowered gradually in 1970,
it lowered 326.64m after flood in 1973; since the reservoir adopted “ storing clear water and
discharging muddy water” in 1974, the reservoir’s section below Tongguan was deposited
during the storing water of non-flood season and scoured for discharging sediment during
the lowering water level of flood season, Tongguan elevation raised and lowered with them,
prevailing in periodically changes®.

After the flood in 1973 to 1985, though there was a fluctuation of heightening or
lowering of Tongguan elevation yearly, the reservoir kept the equilibrium of erosion and
deposition basically from 326.64m in 1973 to 326.64m in 1985. Since the operation of
Longyangxia Reservoir in October, 1986, making the incoming water in a year during
flood season and non-flood season taking place large changes, also adding the influence on
water utilization.

2 REASON OF TONGGUAN ELEVATION WITH HIGH WATER LEVEL

2.1 Influence of variation on reservoir water-sediment condition

Since the operation of “storing clear water and discharging muddy water” in Sanmenxia
Reservoir, the reservoir water-sediment condition can be divided into two time intervals, i.e.
from November, 1973 to October, 1985 and from November, 1985 to October, 1996. The
first, Tongguan elevation in flood season lowered 0.48m averagely, Tongguan elevation
was up to equilibrium of erosion and deposition basically in the operation for 12 years, the
average annual water volume and amounts of incoming sediment is close to the mean value
for years, but the water volume in flood season is more than the mean value for years; the
second, Tongguan elevation in flood season lowered only 0.19m averagely, with 60% of
lowering margin less than the first , and Tongguan elevation raised 1.53m during this
period aso, the main reason of this phenomenon caused is that the water volume in flood
season of the second reduced 9.2 billion m® than that of the first, especially the peak water
volume of the second reduced 2/3 nearly than that of the first, the flood duration lessened
50% (Table 1). It can be shown that Tongguan elevation can scour to lower or realize the
equilibrium of erosion and deposition under the beneficial condition of water and sediment;
under the unfavorable condition of water and sediment, Tongguan elevation deposited and
raised, it raised if meeting the year with low water continuously.

Table 1 Relationship of Tongguan elevation’sraising and lowering to

flood duration and water-sediment amountsin flood season

item flood season whole year flood period raising and
water sediment water sediment water sediment | duration lowering value
volume amounts | volume amounts | volume amounts (d) of Tongguan
interval (10°m? | (10%) (10°m?) | (10%) (10°m% | (10%) elevation(m)
1974~1985 236 8.4 401 10.5 155 7.0 58 -0.52
1986~1995 132 6.5 287 7.6 52 4.4 29 -0.19




|1974~19905) 189 | 76 | 349 | 94 | 108 | 58 | 46 | -037

2.2 Effect of reservoir operation on Tongguan elevation

Sanmenxia Reservoir took the task of ice control, irrigation in spring and generation
etc in non-flood season, Tongguan elevation during the storing water raised. When water
level before dam was 315m, Dayudu section began to be effected on backwater. When
water level was 320m, Guduo section began to be effected on backwater. After the section
was affected on backwater before dam, the water depth near the section increased, the
velocity reduced slowly, the sediment-laden of flow lowered and the sediment deposited,
resulting in river bed raised. After water level before dam was over 323m, the reservoir
sediment was mainly deposited between Tongguan and Guduo, resulting in Tongguan
elevation raised. It can be seen from table 2 that the margin of raising and lowering of
Tongguan elevation was in direct proportion to the days of water level before dam over
323m. If water level in the reservoir was not over 323m, Tongguan elevation was scoured
and lowered during spring flood period.

Table 2 Dayswith water level over 323m and raising-lowering values of
Tongguan elevation during the operation in non-flood season

interval (year. month) water level beforedam | raising-lowering values
>days of 323m(d) of Tongguan elevation(n
1973.11~1979.10 51 0.75
1979.11~1985.10 40 0.35
1985.11~1992.10 28 0.37
1992.11~1995.10 0 0.29

Since Sanmenxia Reservoir was controlled and operated by storing clear water and
discharging muddy water, because of reservoir operation with lower water level in flood
season, Tongguan reach still kept natural channel pattern. Although Tongguan elevation
was effected on the conditions of incoming water and sediment, sometimes scouring,
sometimes depositing, the total tendency was scoured and lowered.

2.3 Analysis on development tendency of Tongguan elevation in present years

For 10 years, Tongguan was with low water continuously in flood season, the mean
reservoir water volume was 13.2 hillion m®, 30% of mean value was less than that from
1974 to 1985. The water volume in flood season was  6.13 hillion m® only in 1991, with
71% of lower water. In order to suit for the variation of incoming water and sediment
condition, the erosion and deposition in reservoir region were regulated automatically
(shown in Fig.1). It can be seen from Fig.1 that various incoming water volume and slope
of Tongguan-Beichun reaches in flood season is good with on a curve. According to data
analysis, the distance of retrogressive erosion in reservoir is near Dayudu commonly under
the condition of operation with low water level in flood season. It can be known from them
that the effect of reservoir operation on erosion-deposition of river bed above Dayudu was
gradually weakened, but effect of incoming water-sediment condition on
erosion-deposition of river bed was gradualy strengthened. The erosion-deposition
variation of river bed was mainly effected on incoming water-sediment condition, i.e. the
development tendency of Tongguan elevation for 10 years was closely related to rapid
reduction of incoming water in flood season.
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Fig.1 Relationship of slope after flood to water volume in flood season

between Tongguan and Beichun

3 EFFECT OF RIVER BED REGULATION ON TONGGUAN ELEVATION

Because the reservoir is built in rivers, reservoir deposition is automatically regulated,
which makes water and sediment from the upper reaches crossing throughout to reach new
balance. When the condition of incoming water and sediment takes place the variation, the
channel’s pattern in the reservoir region is aso changing, the river bed is the same as
aluvial river, the variation suited for incoming water and sediment condition is
automatically regulated, the auto-regulated speed of river bed is faster on the rivers with
heavy sediment load.

3.1 Variation of river length in the process of bed regulation

Table 3 is that the variation of river length is caused by various operation mode of
reservoir and variation of incoming water-sediment condition during the process of bed
auto-regulation after the founding of Sanmenxia Reservoir. It can be seen from Table 3 that
the characteristics of river length’s variation are: the measured results in 1971 reflects river
bed auto-regulation caused by various operation mode in Sanmenxia Reservoir and
reconstruction of outlet structure of the project etc, which forms river length with high
floodplain and deep channel, the variation of incoming water-sediment condition is not
large, comparing with the measured results in 1960, the distance of Tongguan from dam
increases 12.4km; the measured results in 1993 reflects the improvement of reservoir
operation, which makes Beichun’s water level lower and incoming water volume in flood
season reduce by a big margin, the distance of Tongguan from dam is 16.8km more than
that in 1971, amounting for 13.4% of origina river length, among them, the river length
beween Tongguan-Guduo and Dayudu-Lingbao increases 1.3km and 13.5km respectively,
accounting for 7.7% and 80.4% of increase in Tongguan from dam respectively, the river
length of the rest two reaches increases unlargely.



Table 3 Variation of typical sections at a distance from dam

section center line with center line of main channel (km)
number 340m elevation (km)
1960 1971 1984 1993
distance distance |distance distance |distance distance |distance |distance
from dam from dam from dam from dam
Beichun (2) 43.4 46.2 45.6 48.3
Huangyu 27 55.2 11.8 62.0 15.8 60.6 15.0 63.5 15.2
Dayudu 68.4 13.2 76.1 14.1 814 20.8 91.1 27.6
Guduo 94.0 25.6 105.0 28.9 110.3 28.9 1211 30.0
Tongguan (6) 1132 19.2 125.6 20.6 129.0 18.7 142.4 21.3

3.2 Slope variation in the process of bed regulation

The slope is a very active factor in the process of bed regulation, the slope variation
of various duration and reaches between Tongguan and Beichun is listed in Table 4, in
which the interval division is same as Table 1. At the same time, the slope of various
reaches before the flood season in 1960 and during the flood season (at the end of flood
season in 1973) after reconstruction is listed, in order to make a comparison.

Table 4 Variation of water level difference, reach length and slope in various reaches

Beichun's Tongguan to Guduo Guduo to Dayudu Dayudu to Beichun
water water | reach | slope water | reach | slope water | reach | slope
interval level with level length | (%00) level length | (%00) level length | (%00)
1000m%s | difference (km) difference| (km) difference| (km)
(m) (m) (m) (m)
before
flood 301.85 5.10 20.6 248 6.82 289 2.36 9.75 299 | 3.26
season
in 1960
at the




end of

flood 306.96 5.78 20.6 2.81 7.25 28.9 251 6.62 299 | 221

season

in 1973

at the

end of

flood 310.08 3.93 18.7 2.10 5.78 28.9 2.00 6.72 35.7 | 1.88

season

in 1985

1994~1999 | 308.56 417 21.3 1.96 6.48 30.0 2.16 8.84 429 | 2.06

It can be seen that the slope at the end of flood season in 1973 was one during the
reservoir region’s scouring, the difference of water level and slope of various reaches above
Dayudu was larger than the slope before flood season in 1960, besides the difference of
water level and slope between Dayudu and Beichun less than the slope before flood season
in 1960. The reason may be that the retrogressive erosion was still devel oping continuously
upwards without reaching relative balance. After the reservoir was operated “storing clear
water and discharging muddy water” in 1973, up to 1985 Tongguan elevation came back to
the elevation in the initial period of reconstruction, i.e. 326.51m. The water level in
Beichun maintained 310m or so during long term, it can be said that the relative balance in
reservoir region was reached basically under this condition of water and sediment. After
1986, incoming water in Tongguan reduce by a big margin during flood season, the reach
length of various reaches increases with different extent. The difference of water level and
slope of two reaches below Guduo enlarge than before, this is accord to the characteristics
of common aluvial rivers with the variation of water-sediment and auto-regulation. The
characteristics of river bend's plane pattern (bend radius, river bend span and range) are in
the direct ratio to the discharge, the slope is in the inverse ratio to the discharge; but the
difference of water level between Tongguan and Guduo increases as well, the slope doesn’'t
increase obviously due to the increase of reach length, the reason is that whether this reach
is still in the process of regulation or Tongguan reach has been dredged. If the former,
Tongguan elevation is possible to heighten continuoudly; the latter, now there is no such a
big argument of research results about dredging if Tongguan elevation is stable in the
present condition. As to the saying “ the channdl is changed into the wide and shallow
wandering, the river bed is smooth to be deposited”, it can not see from the measured data,
which needs to be researched further; but it is seen from slope hydrograph that the slope
between Tongguan and Guduo is still increasing, in general, it needs to be checked by
practice further.

4 EXPLORING ON IMPROVEMENT MEASURES OF TONGGUAN ELEVATION




4.1 Improving river bend between Dayudu and Lingbao, shortening reach length and
improving Tongguan elevation

After 1986, the length between Tongguan and Beichun reaches increases 10.7km,
among which the length between Dayudu and Huangyu section 27 increases 6.8km
amounting for 63.6%. It is mainly concentrated on bend crest located in two river bends
between Huangyu section 29(Dongluwan) and Huangyu section 28. How to improve two
river bends, to restrict free development of river bend and shorten reach length are
beneficial to improving Tongguan elevation. It is primarily estimated that the length control
between Tongguan and Beichun is close to the length in 1984 (this length is 5.9km longer
than 1971), i.e. shortening 5~6km. So Tongguan elevation ca lower 0.5~0.7m, at the same
time, the collapse of reservoir bank and its river condition downstream can also be
improved. It must be pointed out that the reach length is changeable with the variation of
water-sediment condition, therefore we can determine the reach length of regulation aslong
aswe carry out scientific research in detail.

4.2 Strengthening research on reservoir operation and bringing the comprehensive effects
in Sanmenxia Project into play continuously

The outlet works has been rebuilt over 10 years aswell, the reservoir is regulated by the
renewal and remake of gate starting equipment, shortening gate starting time and suiting to
the variation of incoming water and sediment, there is an obvious effect on discharging
sediment with reservoir, the generation experiments with muddy water and in flood season
have been carried out simultaneously. Through the generation experiment with muddy
water, the research on protective materials of turbine has made a great progress. Through
the generation experiment in flood season, the operating mode “discharging sediment with
flood, generating with mean water” is pointed out, which plays an obvious role in raising
sediment discharge capacity of reservoir, improving erosion-deposition and its distribution
in reservoir region, prolonging generation time and increasing generation benefits etc.

During flood season in this year, 11# and 12# bottom holes can also be into operation,
according to existent outflow curve, it can be looked up that the water level lowers
1.5~2.0m with discharge of 3000m%s, there should be a lowering effect on Tongguan
elevation. At present, how to fully utilize these two bottom holes after operation makes
erosion datum formed by reservoir lower 1.5~2.0m in favorable condition to improve
maximum effect of Tongguan elevation, this is an important problem to be researched as
well.
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