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Abstract: Based on the water lever and flow data of Xiaolangdi Hydrometric Station
of Yellow River from 1960 to 2002, the macroscopic riverbed sedimentation tendency
in Xiaolangdi Hydrometric Station of Yellow River was studied with statistical
analysis. This study result indicated that the riverbed of Xiaolangdi Hydrometric
Station remained basically balanced from 1960 to 1992, and evident souring trend
from 1992 to 2002 due to water storage of Xiaolangdi Reservoir and its first water
and sedimentation regulation in the Yellow River.
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Flood in the lower reaches of the Yellow River was related to national economic
development and social stability. After the founding of new China, downstream flood
control was a main strategic objective of harnessing of the Yellow River. As the
Yellow River basin had its special natural and geographic environment, namely,
climatic condition with semi-arid as main conditions and surface material with loess
as main, coupled with intensive human activities undermining most natural vegetation,
made mud and sand amount and sand content in the lower reaches of the Yellow River
rank first in the world, watercourses in the lower reaches be in a state of sustained
elevation and water lever continuously rise, which made flood control in the lower
reaches of the Yellow River increasingly difficult, caused a passive situation of
embankment heightening~riverbed sedimentation rising~flood water level lifting,
extremely unfavorable to flood control and made people realize that solving the
problem of mud and sand was the key to flood control in the lower reaches of the
Yellow River.

To shake off the above passive situation, ease downstream flood control pressure
basically, beginning from 1950s, the state took 2 major measures to reduce mud and
sand flow into the Yellow River in the upper and middle reaches of the Yellow River,
namely construction of reservoirs and large-scale water and soil conservation, greatly
reducing mud and sand amount flowing into the Yellow River. At the same time, with
the industrial and agricultural development in the Yellow River basin, demand of
people for water increased vigorously, obviously reducing runoff into watercourse
downstream of the Yellow River, correspondingly decreasing sediment transport
capacity of watercourse in the lower reaches of the Yellow River. The former
probably reduced downstream watercourse sedimentation amount while the latter
probably increased downstream watercourse sedimentation amount ™.

Based on hydrologic data actually measured of Yellow River Xiaolangdi Station,
this paper analyzed macroscopic change tendency of watercourse sedimentation
amount in the lower reaches of the Yellow River under the influence of the above 2
factors.

1. Basic data

Basic data used in this research were water lever and flow data of Xiaolangdi

Hydrometric Station actually measured at 17085 periods of time from 1960 to 2002.



1960~2002 witnessed 2 station removals of Xiaolangdi Hydrometric Station of
the Yellow River from 1960. The first occurred in 1984~1985. In July 1992,
Xiaolangdi Multipurpose Project resulted in the second removal, namely, from current
Xiaolangdi Dam position to 4km downstream, namely current Xiaolangdi
Hydrometric Station position.

Relation between water lever and flow of Xiaolangdi Hydrometric Station in
1960~2002 was shown by Diagram 1.
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Diagram 1 Relation between water level and flow of Yellow River Xiaolangdi from
1960 to 2002

2 Riverbed sedimentation yardsticks

As the Yellow River natura riverbed sections is complex and varied, with
diffluence and flood land, it would be very difficult to accurately reflect souring or
sedimentation of a particular section of the riverbed. But usually it could be
considered that in case of 2 identical flows passed through a certain section, water
lever rising indicated riverbed in this period of time witnessed sedimentation, and the
higher the rising value was, the more serious sedimentation would be; water lever
lowering indicated riverbed in this period of time witnessed souring, the lower the
lower value was, the more serious souring would be; water lever having no significant
change indicated riverbed in this period of time witnessed basically balanced
sedimentation.

3. Riverbed sedimentation tendency statistical analysis

According to riverbed section sedimentation yardstick, it was possible to select a
certain section and have the identical flow pass through it at different periods of time
and use water lever change to analyze this section sedimentation change.

In 1960~ 1984, Xiaolangdi Hydrometric Station had a flow of 1050m’s,
witnessed 29 times in succession, water lever transformation relation was shown by
the broken line in Diagram 2. In the diagram, the horizontal coordinate indicated the
number of days from January 1, 1960 witnessing this flow and the longitudinal
coordinate indicated water level corresponding to this flow.
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Diagram 2 Transformation relation of water lever when flow was 1050m3/s

Diagram 2 indicated under the identical flow, in different periods of time, water
lever might rise or fall. Certainly it should not be simply considered that the riverbed
in this period of time witnessed souring or sedimentation, but it was necessary to
make dstatistical analysis according to these data and observe riverbed overal
sedimentation change tendency in this period of time.

According to statistics, it could be assumed that water lever and time had
1st-order correlation, namely,

Y=a+bX+e Q)

In the formula(1), Y referred to water lever, X referred to time, e~N(, ¢%). In formula
(1), a, b might adopt minimum quadratic multiplication for estimation. Significance
level o of correlation coefficient of ¥ and X might be examined with correlation
coefficient pyy. ¥ and X having significant correlation with »>0 indicated the riverbed
had a sedimentation souring tendency; ¥ and X having no significant correlation with
b<0 indicated the riverbed had a souring tendency. ¥ and X having no significant
correlation indicated riverbed had a balanced sedimentation trend.

According to 29 water level and time correlation data points when Xiaolangdi
Hydrometric Station flow was 1050m®s, it could be obtained that «=135.747,
h=2.70009x107, p,;=0.165846. ¥ and X regression line was shown by straight linein
Diagram 2.

Table 1 “Table of correlation coefficient critical value of correlation significance
examination”!? indicated in case of significance level ¢=0.05, ¥ and .X had significant
correlation with »>0. Therefore, in case of a single flow, it could be considered the
riverbed in this period of time had evident sedimentation tendency.

Table 1. Table of correlation coefficient critical value of correlation significance
examination (a=0.05)

n-2 18 19 20 21 22 23 24 25 26 27 28

R,(n-2) | 0.444 | 0.433 | 0.423 | 0.413 | 0.404 | 0.396 | 0.388 | 0.381 | 0.374 | 0.367 | 0.361

The above analysis was made under a certain flow, but in fact in this period of
time, there were multiple flows of different sizes, each flow had its own occurrences.

2 different flows might result in different conclusions.

Take Xiaolangdi Hydrometric Station of Yellow River as example, from 1960 to
1984, flow was 3160m>/s, witnessed 21 times in succession, transformation relation of



water lever and time was shown by the broken line in Diagram 3. Through calculation,
it could be obtained that ¢=137.896, »h=-3.02482x10”, pyy=-0.579592, and the
regression line was shown by the straight line in Diagram 3.
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Diagram 3 Transformation relation of water lever when flow was 3160m3/s

Table 1 Table of correlation coefficient critical value of correlation significance
examination indicated, in case of significance level ¢=0.05, Y and X had significant
correlation with »<0. Therefore, in case of a single flow, it could be considered the
riverbed in this period of time had evident souring tendency.

The above indicated, analysis according to sedimentation of different flows in
the same section might lead to contrary conclusions, which did not indicate it was
improper to come to a conclusion for riverbed sedimentation change from the water
lever change tendency under a single flow. It was necessary to make researches on
multiple groups of flow and come to arational conclusion.

In the empirical regression equation (1), b reflected riverbed sedimentation or
souring speed under a certain flow. Therefore it was proper to seek for the average of
b, and consider its average value comprehensively reflected riverbed souring or
sedimentation speed in a certain period of time.

4. Statistical analysis of Yellow River Xiaolangdi riverbed sedimentation tendency

According to the above dtatistical analysis, this author made studies on
Xiaolangdi Hydrometric Station riverbed sedimentation tendency.

According to different locations of Xiaolangdi Hydrometric Station, the research
was correspondingly divided into 3 periods of time, namely, 1960~1984, 1985~
1992 and 1992~2002, including 9423 water lever~flow correlation points in
1960~1984, 2982 in 1985~1992, 4680 in 1992~2002. Within each period of
time, there were different flows, and each flow had a minimum number of water
levers, namely, 6, otherwise this flow would be abandoned so as to make statistical
analysis representative. The calculation result was shown by Table 2.

Table 2 b value statistics

Period of Calculated 5 . 5, . . 5
time. number of | b>x10°(maximum) | 5>x10°(minimum) | »x10™(average)
flows
1960~1984 419 13.50 -15.26 0.64
1985~1991 158 91.09 -68.00 -1.98
1992~2002 252 58.44 -133.85 -6.99

According to average value b in Table 2, it was possible to calculate annual riverbed
sedimentation or souring thickness, the result is shown by Table 3.
Table 3 indicated average annual sedimentation thickness of Xiaolangdi Hydrometric
Station of Yellow River.



Average annual

Periodof |, 10"(average) sedimentation
time. .
thickness (cm)
1960~1984 0.64 0.23
1985~1991 -1.98 -0.72
1992~2002 -6.99 -2.55

Table 3 indicated, Yellow River Xiaolangdi Station ,from 1960 to 1984, had an
average annual sedimentation of 0.23cm, riverbed was in a slow sedimentation or
sedimentation balanced state; from 1985 to 1991, had an average annual souring of
0.72cm, riverbed was in a sedimentation balanced or slow souring state; from 1985 to
1991, had an average annual souring of 2.55cm, indicating riverbed was in an evident
souring state.

Xiaolangdi Project carried current in October 1997, stored water as the sluice
gate started to close. In October 1999, riverbed being in souring trend should be
directly related with Xiaolangdi Project. Analysis indicated the following reasons:. 1.
Xiaolangdi reservoir water storage impounded some mud and sand, decreasing
drained water sand content, decreasing sedimentation degree and simultaneously
increasing water flow riverbed souring capacity; 2. first water and sedimentation
regulation in the Yellow River.

6. Conclusion

Since statistics gained period average speed, it is necessary to observe whether
Riverbed of Xiaolangdi Hydrometric Station of Yellow River is in a new
sedimentation balanced state before judgment, either in a new balanced state, or in a
continuous souring state.

This paper adopted statistics for research, hence certain uncertainty. And the
research result would be possibly different from facts or that of other researches.
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in the Xiaolangdi Hydrometric Station of Yellow River
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Abstract: Based on the water lever and quality data of Xiaolangdi Hydrometric Station of
Yellow River from 1960 to 2002, the riverbed sedimentation tendency in Xiaolangdi
Hydrometric Station of Yellow River is researched with statistical analysis method. This
study indicates that the riverbed of Xiaolangdi Hydrometric Station remained unchanged
from 1960 to 1992, and decreased from 1960 to 1992 due to the Water-Storing of
Xiaolangdi Reservoir and its first water and sediment regulation in the Yellow River.
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