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1. General Situation of the Yellow River Basin
1.1 River Basin Environment
The Yellow River is located between 32 0 02 ' ---40 0 28 ' of North latitude and
95 0 58 ' ---116 0 45 ' of East longitude. It originates from the Yaoguzenglie piedmont basin on
the northern slope of Bayankala Mountains in Qinghai Province. It passes through the
Qinghai-Tibet Plateau, Loess Plateau and North China Alluvial Plain and empties itself into
the Bohai Sea, descending in three steps from west to east. Fig.1.1. is the sketch of the Yellow
River Basin.
The first step is located on the Qinghai-Tibet Plateau on elevations from 3000 m to 5000 m
(altitudes above level of the Yellow Sea). There are a series of mountains, extending from
northwest to southeast and covered with white snow all the year round. The iceberg
geomorphology is quite developed. Population is very rare and social economy is
undeveloped. The famous Zaling Lake and Eling Lake are located on the plateau, having
water areas of 526 km 2 and 610 km 2 , and water capacities of 4.7 × 10 9 m 3 and 1.08 × 10 9 m 3 ,
respectively, which have obvious role for regulating runoff in the source region of the Yellow
River.
The second step is located at the west of the Taihang Mountains at elevations from 1000 to
2000 m, including the Loess Plateau, Eerdus Plateau, Hetao Plain and Taihang Mountains.
The Loess Plateau links with the Riyue Mountain at west, with the Taihang Mountains at east,
with the Eerdus Plateau at north, and with the Qinling Mountain at south, having a total area
of 623.7 × 10 3 km 2 . The Loess Plateau is the main source area of sediment in the Yellow
River Basin. Loess is a deposit of coarse silt-size grains, loosely cemented by calcium
carbonate. It contains only 10-20% of cohesive particles finer than 0.002mm. The amount of
fine silt with diameters ranging from 0.002 to 0.05mm is as high as 70%. Its content of
calcium carbonate is about 10-15%. As loess is usually rather homogeneous and
ill-consolidated, and as calcium carbonate is rather soluble in water, loess is quite erodible. In
addition, loess is moreover characterized by the existence of vertical capillaries, porosity and
broken land surfaces, so that surface water can easily seep down through vertical capillaries
and disintegrate soil structure by dissolving calcium carbonate, thus making the soil
percolation in deep part. The properties of loess make it highly susceptible to intensive
erosion, leading to high sediment yield from loess plateau, forming a series of flatriges, weirs,
mounds and hillies with thick and loose loess, and breaking the ground into small pieces.
Under composed acts of the exogenous forces, such as rainfall, wind and gravitation, etc soil
loss has been serious. Besides, the modern constitution motion of the Loess Plateau has
developed, so the ground elevation of large area has been rising. According to the record of
level observation in the period from 1951 to1986, the average annual rising speed on both
banks of the Yellow River was about 4mm, which formed the endogenous force for soil
erosion. Therefore, soil loss on the Loess Plateau had existed before the appearance human
being, the human activity in modern era has accelerated the speed of soil erosion.
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Fig.1.1. Sketch map of the Yellow River Basin
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The third step is located from the east of the Taihang Mountains to the Yellow Sea with
elevations lower than 100 m, including the North China Alluvial Plain and hills in middle
Shandong Province. It was a subsidence basin, covered by lakes and marine deposits of the
Quaternary Period. Its north part sank down relatively deeper than the south part, making the
alluvial plain higher in south and lower in north, which controls to a large extent the migration
of the Lower Yellow River. Since 2275 BC, the Yellow River had been emptying into the
Bohai Sea in Shandong and Hebei Provinces for 3639 years, accounted for 80% of the total,
and emptying into the Yellow Sea in Jiangsu Province only for 611 years. The Alluvial Plain
was composed of alluvial fans, floodplains and estuarine delta plains, successively from west
to east. The alluvial fan initiated from Taohuayu and connected with the alluvial fan of
Zhanghe River in the north and the upper reaches of the Huaihe River in the south. Due to
serious aggradation of the river channel the riverain ground prevented from flooding mainly
by the levees, but the flow frequently breached the levees and formed new alluvial fans in the
downstream. For example, three modern alluvial fans at Taohuayu, Tongwaxiang and
Huayuankou were formed in 1194,1855 and 1938, respectively. These fans linked each with
others and formed a complicated alluvial fan, elevation of which was usually 3-5m higher
than the elevation of riverain ground, which made the lower reaches of the Yellow River as a
“perched river”. The estuarine delta plain was located at the river mouth. Due to a great
amount of sediment load delivered into the sea, the marine delta quickly extended into the sea
and formed a wide delta. Since 1885 after levee breach at Tongwaxiang the Yellow River has
emptied into the Bohai Sea and its tail-channel has migrated more than 10 times in last 120
years, forming a complicated delta composed of 5 long narrow deltas connected with each
other. The floodplains distributed between the alluvial fans and estuarine delta plains and
were formed by extension and migration of the river channel on alluvial fans, and frequent
flooding speeded up its development. A series of inland lakes and swamps, such as the
Dongping Lake, Northern Five Lakes and Yongan Swamp, etc located on the floodplains,
which have had a great role in flood detention. But they are continually drying up due to
sediment aggradation and human activities in last centuries.
Temperature in the Yellow River Basin varies very remarkably. The average temperatures
are 1-8 D C, 8 D -14 D C and 12 D -14 D C in the upper, middle and lower basins, respectively. The
weather in river source area is under the control of Tibet Plateau monsoon and the others are
under the control of the temperate and subtropical monsoons. In winter usually the northern
wind prevails, which brings a little moisture, so it is very cold and dry. But in summer usually
the southeastern wind blows from Pacific Ocean. During this season the moisture is
continually transferred into the basin and rainy days become more frequently. Sometime
appeare heavy storms, when the warm moisture meets with the cold airflow from the north.
Average annual precipitation in the Yellow River Basin is 467mm, while the average annual
rainfall volume is about 370 × 10 9 m 3 , which accounts for only 6% of the total volume in
China. The Yellow River Basin is deficient in rainfall. In addition, the distribution of rainfall
is very uneven in space, decreasing from southeast to northwest. Northern slope of the Qinling
Mountains in Shanxi Province is a rich rainfall region, where the mean annual precipitation
reaches 800mm. But the mean annual precipitation in the region of Hetao plain in Inner
Mongolia Autonomous Region is less than 200mm.The distribution of the average annual
precipitation from 1950 to 1988 is listed in Table 1.1.
The distribution of precipitation is also uneven in seasons around a year and from year to
year. The rainy season occurres in 4 months from June to September in most areas of the
Yellow River basin. The precipitation in rainy season accounted for 58-77% of the annual
total. The precipitation in winter accounts for only 1-5% of the annual total.
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Table 1.1. Distribution of average annual precipitation in various basins from 1950 to1988
Basin
Precipitation (mm)
Basin
Precipitation (mm)
Upstream of Lanzhou
484.5
Jinghe
506.7
Lanzhou-Hekouzhen
263.8
Beiluo
553.1
Weihe (except Jinghe
Hekouzhen-Longmen
450.8
627.1
and Beiluo)
Longmen-Sanmenjia
(except Jinghe, Beiluo
552.7
and Weihe)
Note: This table is selected from” the foundamental data of changes of runoff and sediment in the Yellow River’’
Research Institute of Water Resource Protection, YRCC.

1.2. Soil Erosion

Soil erosion in the Yellow River Basin is mainly concentrated on the Loess Plateau which
covers 8 latitudes from 35 0 N to 42 0 N and 13 longitudes from 102 0 E to 114 0 E with an
area of more than 530,000 km 2 . It locates in the Middle Yellow River basin and borders by
the Great Wall in the north, extending southward to the Qinling Mountains, and by the Qilian
mountains in the west, stretching eastward to the Taihang Mountains. Loess in this region has
been transported by wind for about three million years. During deposition of loess in different
history periods the neotectonic rising movement was still going on. Hence, its deposition was
often accompanied by erosion, forming a series of strange geomorphologies.
Group

Water erosion

Gravitational
erosion
Concealed
erosion
Wind erosion
Ice-melt
erosion
Animal erosion
Artificial
erosion

Table 1.2. Erosion types on loess plateau of china
Type
Distribution
Barren slope of loess mound and loess
1.Splash erosion
weir
2.Sheet erosion
Cultivated land
3.Gully erosion( rill erosion, shallow gully erosion, Cultivated
land,
gully
wall,
hanging gully, blind gully, vertical hollow)
convergence of rills and gullies
Gully or surface of slope land,
4.Debris flow erosion
composed of loose materials
1.Landslide
Slope steeper than 35°
2.Breakdown erosion
Slope steeper than 60°
3.Slumping erosion
Slope steeper than30°
Flat slope, brook bed of thick loess
1. Funnel erosion
2. Hole erosion
deposit, where runoff is concentrated.
1.Blowing erosion
Desertification land and malan loess
2. Rubbing erosion
covered by sand
1. Ice-melt erosion
Slope
composed
of
loose
2. Ice-melting wriggling erosion
moisture-laden material
1. Holes dug by mice and rats
Waste slope, composed of loose soil
2.Ground stamped down by animals
on north part of Loess Plateau
1.Waste dregs and abandoned soil, from mining,
Mineral regions, inhabitant points and
construction works and houses
communication lines
2.Destruction of natural forestry, pasture and land

Note: Gan zhimao.(Gan zhimao “ Research on Morphology and Soil Erosion on Loess Plateau” Xian, Shannxi People
Publishing House,1989)

The Loess Plateau in China is a region of heaviest soil erosion in the world, which make the
Yellow River as one of heaviest sediment-laden rivers. Soil and water loss is a complicated
natural phenomenon. The thick loess, covering this region has been the material base for
forming the various types of landscape, and the erosion types and erosion intensity are
different due to different natural environments and human being activities. In addition, the
4

delivery of eroded materials would be restrained by the characteristics of basin,
geomorphology and runoff in gullies and tributaries. Differentiation of erosion types and
zoning of their distribution in a macroscopic scale have great significance for their
management. But differentiation of erosion types is various by various branches of learning,
such as hydrology, soil and water conservation, etc.
According to the exogenous effecting forces it can be divided into water erosion, wind
erosion, gravitational erosion, freeze-thaw erosion, concealed erosion and erosion by human
being activities. Table 1.2. shows the erosion types on the Loess Plateau of China, made by
Mr.Gan Zhimao.
It can be seen that an erosion group under the effect of an exogenous force can be divided
into several erosion types in accordance with the eroded objects. Water erosion is a natural
phenomenon, which can be further divided into splash erosion, sheet erosion, gully erosion
and debris flow erosion. Splash erosion appeares on a surface ground with less plant cover
and soil particles are splashed away by raindrops. It can be further developed into layer
erosion, fish-scale erosion and rill erosion etc, according to the forms of erosion. Gully
erosion appeares when runoff on ground surface converges in rills and scoures their bed into a
small brook with its depth and width of more 20cm, which would develop into a ditch, as
cshown on Photo 1.1 and Photo 1.2.
Gravitational erosion is a natural phenomenon that a rocky or soil body on a steep slope
loses its equilibrium and falls down at the slope foot. It can be divided into landslide,
breakdown and slumping erosion. Landslide erosion appeares where a slope land with a
watertight layer lays under a rocky or soil body, which would slide down as a whole along the
slope land under the effect of gravitational force and infiltrated water. Breakdown erosion
usually occurres on a steep bank slope of a valley, where the foundation of the slope loses
support due to degradation of valley bed and soil body loses its equilibrium and falls down to
the valley bed. Some valley slopes are composed of weathering rocks or sticky red clay, which
become as loose blocks under the effect of earthquake and alternative weather changes and
falls down at slope foot. This phenomenon is named as slumping erosion. Gravitational
erosion can be seen on Photo 1.3 and Photo 1.4. Concealed erosion is a micro-landscape on
the Loess Plateau. Some funneled holes and vertical wells appeare in loess body. It is because
that there are a series of vertical structural cracks in loess deposits, into which runoff on
ground surface infiltrates, gradually formes converged flow and scoures loess body, forming
funneled holes, etc. (see Photo 1.5 and Photo 1.6.) In this way the geomorphic landscape of
loess gully and weir network on Loess Plateau has been formed.
In general, wind erosion occurres when the wind speed exceeded 4-5m/s. There are two
types of wind erosion, one of which is named as blowing erosion, that is, soil particles on
ground surface are blown away and transported with wind to some distance. Another is named
as rubbing erosion, which breaks down the rocky or loess mound due to the friction by wind
and conveyed sand. It is widely distributed around desert.(see Photo1.7 and Photo 1.8.)
Artificial destruction leads to serious increase of soil loss, and cultivation on steep slope
land is one of the most serious destruction. It destroys natural plant cover and changes
physical and chemical features of loess soil, leading to serious soil erosion. Cultivation on
steep slope land on the Loess Plateau began in Song Dynasty, 1000 years ago. With the
increase of local population cultivated area increased simultaneously. In addition, extreme
grassing is another artificial destruction, particularly for sheep grassing. In recent 50 years
industry, mining and communication have had quickly developed, which brought up new
destruction on the weak ecological environment of Loess Plateau.
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1.3. Main Features of the River

The total length of the Yellow River is 5,464 km and the drainage area is 753,000 km2.
According as the geomorphology the Yellow River is usually divided into three reaches. From
the river source to Hekouzhen in Inner Mongolia Autonomous Region is known as the upper
reaches. The middle reaches are designated from Hekouzhen to Taohuayu in Henan Province,
and the lower reaches are from Taohuayu to the Bohai Sea. Fig 1.1. shows a sketch of the
Yellow River basin and Table 1.3. shows the characteristic of different courses of the Yellow
River.

Reach

Upper
reaches

Middle
reaches

Loweres
reaches

Table 1.3. Characteristic of different courses of Yellow River.
Basin area
River length
Start to end
(km2)
(km)
River source to Hekouzhen
385966
3471.6
1.River source to Madou
20930
369.7
2.Madou to Longyangxia
110490
1417.5
3.Longyangxia to Xiaheyan
122722
793.9
4.Xiaheyan to Hekouzhen
131824
990.5
Hekouzhen to Taohuayu
343751
1206.4
1.Hekouzhen to Longmen
111591
725.1
2.Longmen to Sanmenxia
190842
240.4
3.Sanmenxia to Taohuayu
41318
240.9
Taohuayu to estuary
22726
785.6
1.Taohuayu to Gaocun
4429
206.5
2.Gaocun to Aishan
14990
193.6
3.Aishan to Lijin
2733
281.9
4.Lijin to estuary
574
103.6

Numbers of
tributaries
43
3
22
8
10
30
21
5
4
3
1
2
0
0

The upper reaches of the Yellow River has a length of 3,472 km, a basin area of
386,000km2 and a total drop of 3,496m, accounting for 63.5%, 53.8% and 78% of the whole
river, respectively. There are 43 tributaries, flowing into the reach. Each catchment area of
these tributaries is bigger than 1000 km2. The first course of the upper reaches originates from
the river source and ends at Madou, flowing through a series of swamps and grassland and
across the Zaling and Eling lakes, and is called as the river source course. It is located on the
first step of the Yellow River Basin. There are lush pastures and vast expanse of open
landscape along both banks, the average ground elevation of which is above 4000m. There are
less human activities due to high ground elevation. The second course from Madou to
Longyangxia extends through valleys, ancient lakes and gorges, surrounded by high
mountains between Bayankala Mountains and Jishi Mountains. There are also less human
activities. The third course of upper reaches from Longyangxia to Qingtongxia roars swiftly
through 10 long gorges and 17 wide valleys alternatively. In the gorges many good dam sites
are available for exploitation of hydropower resources. Up to now, there are 8 commssioned
hydroprojects in this course, two of which, Longyangxia and Liujiaxia hydroprojects are
multipurpose projects and the others are mainly for power generation or irrigation.
Longyangxia and Liujiaxia hydroprojects play main role in runoff regulation in the upper
reach of the Yellow River due to their large storage capacity. The fourth course of the upper
reach from Qingtongxia to Hekouzhen stretches through the wide alluvial plain and the
deserts of Ningxia and Inner Mongolia loess plateau. Two tributaries, the Qingshui and Zuli
Rivers, bring some sediment into the reach. As early as in Qin Dynasty, from 245 to 206 B.C,
ancient irrigation canals were built in this area. Nowadays, Qingtongxia and Sanshenggong
irrigation canals systems have been greatly developed, diverting water from the Yellow River
through Qingtongxia and Sanshenggong Hydroprojects and become one of largest water
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consumers in the Yellow River Basin.In addition, the four course of the upper reach flows
from low latitude to high latitude. During spring, when the ice bound river of the upper stream
breaks up of ice due to the low latitude, but the river of downstream is still bound by ice. The
floating ice would form icejam in the downstream channel, which is the water level and
occurres the so-called “ice flooding”.
The middle reaches of the Yellow River from Hekouzhen to Taohuayu has a river length of
1,206 km, a basin area of 344,000 km2 and a drop of 890m, accounting for 22.1%, 43.3% and
19.7% of the totals, respectively. The course of the middle reaches from Hekouzhen to
Longmen, turning southward abruptly in front of Luliang Mountains, extends through the
gorges, separating Shannxi and Shanxi Provinces. The course is about 725 km long, with a
steep bed slope. In its basin of 113 × 103km2, there are 21 tributaries, flowing through the
largest loess plateau in the world and emptying into the course. These tributaries cut the loess
plateau into deep gullies, long and narrow weirs and sharp mounds, bringing huge amount of
sediment into the Yellow River, and making it the muddiest river in the world. Getting out of
the gorge at Longmen, the middle reaches enter into a wide alluvial plain, where two of
largest tributaries, the Weihe and Fenhe, converge. The upper reaches of the Weihe River and
its tributaries, the Jinghe and Beiluo Rivers also flow through the loess plateau and transfer a
large amount of sediment into the Yellow River. The basins of middle and lower reaches of the
Weihe River were the cradles of ancient Chinese civilization, with developed ancient
irrigation canals, and nowadays, become the agricultural and industrial base in West China.
After confluence with the Weihe River, the Yellow River turns sharply to the east in front of
the Qinling Mountains and flows through Sanmenxia and Xiaolangdi gorges to Taohuayu, the
outlet of last series of gorges in Henan Province. The basin of middle reaches is not only the
source region of extraordinary floods, but also the source region of heavy sediment load and
harmful coarse. 90% of total sediment load of the Yellow River come from the basin of
middle reaches.
The lower reaches of the Yellow River from Taohuayu to the Bohai Sea has a river length of
786km, a basin area of 2,3000 km2, and a drop of 94m with an average bed slope of 0.016 %.
The lower reaches is confined by the levee system along both banks and become a
well-known” perched river” due to the unceasing aggradation of sediment. The surface level
of the floodplain is 3-10 m higher than that of riverain ground surface outside the levees. This
has rendered the arduousness of flood control in the Yellow River. The upstream of the lower
reaches has wide floodplains and a main channel, while the downstream has a narrow ones,
which makes flood passing not fluently. The main channel in the reach from Taohuayu to
Gaochun, having a river length of 194 km is a wide and shallow wandering channel, which is
the most dangerous stretch for flood control. The reach from Aishan to Lijin, having river
length of 282 km is a mendering river with stable narrow main channel. It is also a dangerous
stretch for flood control and icejam due to its narrow channel and floodplains. The reach from
Gaochun to Aishan is the transitional reach from wandering to mendering channel. The reach
downstream Lijin is the river mouth stretch, the main channel of which frequently migrates on
the mouth delta in company with its aggradation. In 1976 a new outlet channel was artificially
diverted into the Bohai Sea. Since then about one billion tons of sediment has been deposited
in this region, forming annually new ground of 25-30 km2 in average. In addition, the reach
from Tongwaxiang to Lijin has the same icejam danger just like in the course from Qintongxia
to Hekouzhen, because the river flows also from low latitude to high latitude.
1.4. Runoff and Sediment Load

Generally speaking, the Yellow River is deficient in runoff and abundant in sediment load.
The annual natural runoff and sediment load are 47.38 × 10 9 m3 and 1.63 × 10 9 t at
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Huayuangkou gauge station from 1919 to1960.
Table 1.4. Mean annual runoff and sediment load distribution in the Yellow River
Area
Runoff
Sediment load
Districts

Watershed
(km2)

Upstream of Hekouzhen
Hekouzhen~Longmen
Longmen~Sanmenxia
Sanmenxia~Huayuankou

367900
129700
174300
32400

Subtotal

704 300

% to
Annual
Huayuankou (109m3)

% to
Annual
Huayuankou (109m3)

Annual
sediment
% to
concentration
Huayuankou
(kg/m3)

52.2
18.4
24.8
4.6

25.00
7.08
10.30
5.00

5.28
1.49
2.17
1.06

1.4
9.1
5.5
0.3

8.6
55.8
33.7
1.9

100

47.38

10.00

16.3

100

5.6
128.5
53.4
6

The Yellow River basin is a widely dimensional area with distinctly different geographies.
And more distinguishingly, the source regions of the natural runoff and sediment yield are
inconsistent and divided in the Yellow River basin. The runoff is mainly from the upper
Yellow River, while the sediment load is mainly from the area between Hekouzhen to
Tongguan, possessing character of different source areas. As shown in Table 1.4., the runoff
and sediment load, which enter into the lower Yellow River, mainly come from four districts.
The first district is located in Hekouzhen gauging station catchment, which accounts for
52.2% of Huayuankou station catchment, with characteristic of rich in runoff and little in
sediment. The annual runoff of this district is 25 billion m3 in the proportion of 52.8% of the
total, while the annual sediment load is only 0.14 billion t, equal to 8.6% of the total basin
sediment load. The second district is in the catchment between two gauging stations of
Hekouzhen and Longmen in the middle reaches, which only accounts for 18.4% of
Huayuankou station catchment, but is abundant in sediment and short in runoff. The annual
runoff is 7.08 billion m3 in this area, in the proportion only of 14.9%, while the annual
sediment load is 0.91 billion t equal to 55.8% of the total basin. So this district is regarded as
the main sources of sediment yield. The third district is in the catchment between Longmen
and Sanmenxia reservoir including three distributary basins (Weihe, Beiluohe and Fenhe
rivers), which accounts for 24.8% of Huayuankou station catchment. The annual runoff is
10.3 billion m3 in the proportion of 21.7% and the annual sediment load is 0.55 billion t equal
to 33.7% of the total. The fourth district is the area downstream of Sanmenxia, including
Yiluo and Qinhe river basins with low sediment load. The annual runoff in this district
accounts for 10.6% and the annual sediment load accounts for 1.9% of the whole basin yield.
In summary, the runoff of the Yellow River mainly comes from Hekouzhen upstream
watershed, while the sediment mainly comes from Hekouzhen downstream basin, focusing on
the catchment of Hekouzhen – Longmen - Sanmenxia.
The area that the Yellow River flowing though in the loess plateau is 580 103km2,
accounting for 77% of the total basin area and 91% of the total loess plateau area. Among that
the most serious soil erosion area is 212 103km2 (mainly gullied-hilly zone) and being the
main sediment resources of the Yellow River, which can contribute 90% of the sediment load
to the Yellow River.
Refferences
Chief Editor Cheng Xian-de “Hydrology in Yellow River”, Yellow River Water Conservancy Press,1996. （In
Chinese）
Chief Editor Hu Yi-san “Yellow River” , China Water Conservancy and Hydropower Press,1996. （In Chinese）
Chief Editor Meng Qing-mei. “Soil and Water Conservation on Loess Plateau”, Yellow River Water
Conservation Press,1996. （In Chinese）
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Photo 1.1

Splash Erosion

Photo 1.2

Gully Erosion
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Photo 1.3

Landslide Erosion
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Photo 1.4

Slumping Erosion
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Photo 1.5

Photo 1.6

Concealed Erosion ---- Funnel Erosion

Concealed Erosion ---- Hole Erosion (Outlet of Funnel, Vertical Well Erosion) -–
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Photo 1.7

Wind Erosion ---- Blowing Erosion

Photo 1.8

Wind Erosion ----- Rubbing Erosion
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2. Sediment Yield and Budget
2.1.Sediment Yield

2.1.1. Zoning of Soil Loss
It should be noticed that “soil erosion” is not the synonyms with “ soil loss”. The former
covers the total amount of eroded soil from a watershed, but “soil loss” denotes only a part of
“soil erosion”, which is transported by a river system. Soil and water conservation is the
strategic measures for improving the ecological environment and reducing the amount of
sediment, discharged into the Yellow River. Zoning of soil and water loss has an important
significance for making choice of the focal zones of soil loss and carrying out soil and water
conservation. But different branches of learning have different point of view for zoning of soil
and water loss. In the Fifties of last century, the Yellow River Conservancy Commission
(YRCC) in cooperation with Ministry of Agriculture, Ministry of Forestry and Academy of
Sciences organized a ” Reconnaissance Group of Soil and Water Conservation” in order to
carry out the field reconnaissance on the Loess Plateau. Based on the field reconnaissance 9
typical zones of soil loss were determined. Because the gullied-hilly loess zone has a wide
area of distribution in the middle basin and is the region of heaviest soil loss, so it was further
divided into 5 sub zones. The distribution of these zones and sub zones is shown on Fig.2.1.
The characteristics of typical zones of soil loss in the Yellow River Basin are shown in Table
2.1.
Table 2.1. Characteristics of typical zones of soil loss in basin of Yellow Rive
no

Annual mean
sediment load
(t/ km2.a)

Area

Typical zone of soil loss
(km2)
187598
35935
62573
85447
92224
28408
18712
26895
232447

Annual mean
soil erosion
(T/ km2.a)

Degree of
erosion
Water
Wind
5(3)
5
5(3)
5
5
4(2)
5(3)
5
5(4)
4(2)
5
2
3
4
2(1)
3

(%)
Grassland on highland
24.3
Forestry
4.6
1110-1810
1000-5000
Alluvial plain
8.3
Rocky mountains
11.1
1540-3120
1000-5000
Dry grassland
12.6
0-1500
0-2000
Wind sand
3.7
Loess terrace
2.4
1540-1930
2000-5000
Gullied loess plateau
3.8
3620-4550
5000-10000
Gullied-hilly loess
30.2
zone
56838
7.4
8690-9650
>10000
1
2(3)
1st sub zone
26182
3.4
4820-6730
5000-10000
2
3
9
2nd sub zone
61950
8.0
4030-7270
5000-10000
2
3
3th sub zone
th
45340
5.9
1070
1000-2000
4
2(3)
4 sub zone
42137
5.5
4780-6520
5000-10000
2(4)
2
5th sub zone
10
Lake
698
0.1
Total
770 957
100.0
Note: (1)The degree of erosion in brackets denotes the degree of erosion in some parts of this zones.
(2) Annual mean soil loss denotes the amounts of soil erosion and annual mean sediment load denotes the
amount of soil, discharged into river system.
(3)Total area denotes the basin area from river source to mouth of Luohe tributary in Henan province.
(4) The areas of dry posture zone and wind sand zone include the areas of 51 787 km2and
8989 km2 of Erdos endorheism, respectively.
1
2
3
4
5
6
7
8

15

Fig.2.1 Zoning of soil erosion types in the Yellow River Basin
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In the Eighties of last century, on the basis of former researches Cai Zhiheng et al suggested
a new zoning of soil loss in the Yellow River Basin. (see Fig.2.2.) The whole basin is divided
into 6 main zones and 20 sub zones. The main features of various zones are listed in Table 2.2.

Fig.2.2.Zoning of soil loss in the Yellow River Basin
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Table 2.2. Main features of typical zones of soil loss in Yellow River Basin
Zones

⒈.gullied-hilly
zone
⒈1 loess flatriges
⒈2 loess mounds
⒈3 loess
weirs
⒈4 loess mountains
⒈5 dry loess
⒈6 wind sand
loess
I 7 forest-hilly
⒈8 wet loess

IIGullied-flatriges
zone
II1Loess plateau
II2Loess broken
plateau
II3Loess terrace
IIIAlluvial plain
zone
III1Alluvial plain
III2Perched alluvial
plain
IVHighland
grassland zone
IV1Swamp
grassland
IV2Dry grassland
IV3Wind sand
grassland
V Earth-rocky
mountains
V1On High
plateau
V2On Higher
plateau
V3 On plain
VI.Desert
VI0Kubuqi
desert

(km2)

(%)

Mean
precipitation
(mm)

271260

36.0

400-700

1.0-4.0

50-200

30-80

13440

1.76

400

1.5-3.0

50-80

30-70

43200

5.74

400

3.0-7.0

200

9

68

30-70

1-30

26940

3.58

500-600

3.0-5.0

100-200

7

52

30-90

1-30

45280

6.01

500-600

2.0-4.0

80-150

7

6

30-90

1-10

92.520

12.3

300-400

1.0-4.0

80-150

8

31

30-70

3-10

27.840

3.69

200-400

2.0-3.0

100

8

30

30

1-.5

15.520

2.06

500

2.0-4.0

100

8

45

70-90

0.1-0.2

6520

0.87

700

2.0-3.0

100

70

0.2-1

52560

7.0

200-650

1.0-3.0

50-200

26240

3.49

500-600

1.0-3.0

100-200

39

23

30-70

2-10.0

7280

0.98

200-500

2.0-3.0

100-200

39

23

30-70

2-15.0

19040

2.53

550-650

1.5-3.0

100

84

1

30-70

1-.3.0

67360

9.00

300-700

0.2-0.3

<10-50

63160

8.39

300-600

0.2-0.3

<10-50

4200

0.61

600-700

<0.2

Area

Gully
density
(km/km2)

Depth of
cutting
(m)

Slope
(%)
<50 >250

Natural
vegetation
(%)

Module of
erosion
(103t/km2.a)

1-10

30-70
100

0

30-70

100

0

70

0.1-0.2

136160

18.1

200-700

<0.5-3.0

<5-50

30-90

48960

6.51

300-700

<0.5

<5-20

70-90

32800

4.36

300-600

<0.1-2.0

50

2

10

70

0.2-2.0

54400

7.25

200-400

2.0-3.0

50

90

1

30-70

0.2-.2.0

211290

28.1

200-800

1.0-4.0

100

102400

13.3

300-400

1.0-3.0

100

3

72

30-70

106010

14.1

200-600

2.0-4.0

100

3

72

30-90

0.1-5.0

2880

0.58

700-800

2.0-3.0

100

3

72

70-90

0.1-5.0

13813

1.80

150-400

<30

13813

1.8

150-400

<30

30-90

It can be seen that water erosion, gravitational erosion and wind erosion are the main types
of soil loss in the Yellow River Basin. The gullied-hilly zone and gullied flatridges zone,
accounting for 43% of the whole basin, are the regions of heavy soil loss. These regions
mainly distribute in watersheds of 21 tributaries, discharging into the main course of the
Yellow River between Hekouzhen and Longmen, and in watersheds of the upper reaches of
the Jinhe and Beiluohe tributaries. Because the terrain of gullied-hilly zone is break (gully
density is about 3km/km2) and has rare vegetation on it (coverage rate is about 30%), so
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annual module of soil loss reaches 10-30 × 10 3 t/km2a. The region of most heavy wind
erosion distributes in the watershed of upper reaches of the Wuding tributary and Kubuqi
desert, where the rate of plant coverage is less than 10%. In rocky mountain regions where
vegetation is better, soil loss is moderate, but it is still heavy if the vegetation is rare. General
speaking, in mountains, forestry and on alluvial plain annual module of soil loss is from 100
to1000 t/km2.a.
According to sediment yield and transport modulus, sediment yield and transportation in
the Yellow River basin can be classified into six zones as listed in Table 2.3..
As shown in Table 2.3., the areas that the sediment yield and transport modulus larger than
5000t/(km2·a) are 146×103km2, which only accounts for 19.5% of the whole basin area, while
the sediment yield and transport from this area is 1.33 billion t, accounting for 81.7% of the
whole sediment load in the Yellow River. So the areas have been defined as excessive
sediment yield zones.
Table 2.3. Zoning of sediment yield and transportation in the Yellow River
Sediment yield and
Sediment load(109t)
Area(103km2)
Erosion zone
transport modulus
Zone
% to watershed
Zone
% to watershed
[t/(km2.a)]
Slight erosion
<1000
463
61.5
0.055
3.4
Gentle erosion
1000~2000
66
8.8
0.064
3.9
Moderate erosion
2000~5000
77
10.2
0.179
11.0
Intensive erosion
5000~10000
76
10.1
0.437
26.8
Extreme erosion
10000~15000
32
4.3
0.359
22.0
Acute erosion
15000~30000
38
5.1
0.536
32.9
Slightly deposition
(48)
(8.50)
All watershed
752
100
16.3
100
Note: 1. Erosion zones classified by the traditional method, the Yellow River Conservancy Commission(YRCC);
2. Slightly deposition zone included by the Slight erosion zone;
3. Data origin: from《the Yellow River atlas》(YRCC 1989/12) Calculated data up to 1986

2.1.2.Sediment Yield and Its Characteristics
a. Factors Affecting Sediment Yield
The natural factors resulting to soil erosion on the Loess Plateau are weather, geological
construction, geomorphology, composition of soil, and plant cover, etc.
The weather factor includes mainly the features of rainfall, (precipitation, rainfall intensity,
composition of raindrops and area of rainfall coverage). Weather on the Loess Plateau is very
dry, average annual precipitation is only 500mm and their distribution is very uneven not only
spatially but also temporaly. According to the statistic data on the Loess Plateau, the
frequency of rainy events with precipitation less than 30mm is 80 %, which is usually in a
short duration and in a small rainfall area, and has less effect to soil erosion in the whole
region. But, 70% of annual precipitation is concentrated in the period from June to September
particularly in several heavy storms. When the precipitation is larger than 30mm, which
usually has large rainfall area and intensity, serious soil erosion would occur. For example, a
heavy rainy event with a daily precipitation of 215 mm and in a rainfall area of
23 × 10 3 km2occurred in Zhaoan, Ansai County on 4-6th July, 1977. 110 × 10 6 t of sediment
load, accounting for 78.3% of annual sediment load were measured at Ganguyi station on the
Yanhe River. A heavy rainy event with precipitation of 200mm and in a rainfall area of 8000
km2 happened on 6-9th, August, 1933. 3.91 × 10 9 t of sediment load were measured at Shanxian
station on the main course of the Yellow River.
The Loess Plateau has been one of the active movement regions of new construction in
China. According to the analysis of level survey, the ground level between Shanxian, Henan
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Province and Weiyuan, Gansu Province rose for 0.197-0.66m in 21 years from 1934-1955,
which helped runoff cut down gullies. Earthquakes destroy the structure of rocky and soil
body, which make the convenient condition for gravitational erosion.
Due to long time erosion the surface ground has been cut into a number of small pieces,
forming a network of mounds (wears) and gullies with a number of watersheds with different
areas, different geomorphology and different types of erosion. These small gully watersheds
have steep longitudinal gradients of 1 %-3 % and are covered with loose loess, so the runoff
has the feature of unsaturated runoff formation. Rill erosion and gully erosion and their
sediment yield are related with height difference and length of slope land. Table 2.4. shows
the experimental data on Tianshui H.S in the fifties of last Century.
It can be seen that the runoff loss has no statistic relationship with the gradient of slope land
(S), but the sediment loss (E) has direct proportion to the gradient of slope land, which can be
expressed as follows:
E ∞ S 1.36
Table 2.4. Experimental data of various gradients of slope land on runoff and soil loss
Runoff loss
Sediment loss
Gradient of
(n)/(1)*
(n)/(1) **
slope land (S)
t/ km2(E)
m3/ km3
%
%
(1) 4o 10’
163.0
100
5.7
100
(2) 7o 30 ‘
183.3
116
14.8
260
(3) 4o 10’
135.4
83
15.7
275
(4) 17o 30’
153.0
94
27.3
488
Note: “*” and “**” denote the runoff loss and sediment loss ratio of Nth line to first line of the table, respectively

But, while a height difference and a length of slope land reach certain marginal values, in
general, the gradient of slope land >25o and the length of slope land >40m, the sediment
concentration of runoff on slope land no more increases and reaches an equilibrium value.
The relationship of soil loss to slope length is determined by the rainfall intensity. When a
precipitation in 30 minutes is less 8mm the soil loss increases with the length of slope land
until it reaches a marginal length of 50m. But, when a precipitation in 30 minutes is larger
than 20mm, the marginal length would be 70m.
The anti-eroding ability of soil composition at ground surface is an important factor for soil
erosion. 70% of ground surface of the Loess Plateau are covered by the loess of Quaternary
Period and the rest --- by the laterite soil, weathered base rock and other loose materials. The
loess contains 60% of silt and has the features of loose structure, uniform grade and aqueous
dispersion. The weak anti-eroding ability of loess is the main factor, leading to serious erosion
on the Loess Plateau.
Plant cover is also an important factor for reducing soil erosion. On the basis of
hydrothermal analysis the natural plant cover on a large part of the Loess Plateau should be
good conserved. For example, 90% of the natural plant cover is conserved in Zhiwu forestry
region. But, due to human activities in the past the natural plant cover was basically destroyed.
There are now rare grass plants on loess mounds and weirs, and a few scrubs in gullies. The
forest cover rate of the whole Loess Plateau, including artificial forestry is only 13.2%.
On the basis of experimental data in the loess gullied-hilly zone the sediment yield from
slope land of loess mound and weir is about 30% of the total sediment yield in a gully, and
70% of sediment is eroded by gravitational erosion and bed erosion in the gully.
Observed data also show that the gradients of both slope land and gullies in the loess
gullied-hilly zone are relatively steep, so the water regulation capacity of small watersheds
during heavy rains is relatively small and the confluence of surface runoff into main gullies is
very quick. Therefore, the runoff duration curve is relatively short. But the sediment load
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recession curve could extend for a longer time. It is because after the runoff flows down from
the mound slope into gullies, in addition to water erosion on the slope land and gravitational
erosion and bed erosion in gullies, which have forceful scour effect and usually appear in the
falling stage of a flood event. So, the sediment peak is delayed and the sediment load
recession curve could extend for a longer time.
Soil erosion related closely with natural geography. Based on the relation analyses of mean
annual precipitation and sediment yield modulus, it can be found that the largest sediment
yield modulus area is one with 450mm annual precipitation. This outcome results from the
integrated action of local soil, weather and vegetation. The 400~500mm precipitation isolines
pass across the dense gullies with loose structure and easy to be eroded. In the northwest area
of 400mm precipitation isoline, the precipitation drops off and the water erosion ability
reduces accordingly. While in the southeast area of 500mm precipitation isoline, there are
larger loess platriges and weirs with viscous soil, developed agriculture and better vegetation.
Although the precipitation gradually increases with stronger erosion capacity, the sediment
yield modulus decreases with good soil structure and natural vegetation. It is the overall trend
that direct proportion between precipitation and sediment yield modulus occurrs when the
annual precipitation is less than 400mm, while inverse proportion happens when the annual
precipitation larger than 500mm.
Table 2.5. Comparison between natural and artificial power to accelerate soil erosion
New
Annual added
Interval
Annual
erosion
Ratio of annual
Era
erosion
years
erosion
in interval
added erosion
9
6
(10 t)
(Y)
(10 t)
(109t)
Middle of Holocene
0.975
epoch
3000
0.095
0.032
1
(600~3000years before)
1020B.C~1194A.D

1.160

1494~1855

1.330

1919~1949

1.60

1949~1980

2.23

661
(1194~1855)
94
(1855~1949)
31
(1949~1980)

0.170

0.257

8.03

0.350

3.723

116.34

0.553

17.839

557.47

Human activities affect soil erosion of the loess plateau.Owing to the fertility of loess,
agriculture reclamation remained long history on the loess plateau. The period of agriculture
reclamation was also the period of destruction of vegetation, which inevitably made the
initiation of accelerating erosion of the loess by human activities. Fortunately, soil and water
conservation has been implemented extensively in the loess plateau area since 1949 when the
People’s Republic of China was founded, and soil erosion has been controlled effectively.
Based on research and investigation (Table 2.5.), human activity surely increases sediment
yield and transportation to the Yellow River, while making great effort to environment and
soil conservation contrarily reduces the sediment yield.
b.Characteristics of Sediment Yield
The sediment yield in gullies and tributaries on the Loess Plateau has the following
features:
(a) Sediment yield centralized in space.
Although there are 752 thousand km2 area of the Yellow River basin which yields 1.63
billon t sediment annually, among which 1.5 billon t come from the catchment of
Hekouzhen-Longmen which only occupies 300 thousand km2 area. And 50% sediment comes
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from 51thousand km2 area and 80% sediment comes from110 thousand km2 area in
Hekouzhen-Longmen catchment. Even the coarse sediment, which makes most deposition and
is harmful to the lower reaches, mainly comes from this region too.
(b) Sediment yield is concentrated in wet seasons, which reflects in the distribution of
sediment load. The distribution of sediment load in the tributaries and main courses is very
uneven from season to season. According to statistic data, the runoff in the wet season from
July to September at Sanmenjia station accounts for 55.8% of the annual total, but the
sediment load in the same period accounts for 87.3% of the annual total, concentratively from
several big rainstroms. In Shejiagou gully in Zizhou County, Shanxi Province the sediment
yield in the wet season accounts for 90% of the annual total. In some small gullies,the
sediment yield during one event of a heavy storm could reach more than 60% of the annual
total. Table 2.6. shows sediment yield in one event of heavy storm in some gullies on the
Loess Plateau.
Table 2.6. Sediment yield in one event of heavy storm in some gullies
Runoff yield

Gully

Precipitation
(mm)

Occurrence
date

Duration
(hour:min)

(m3/km2)

Mingyuchi
Jiuyuangou
Luergou
Nanxiaohegou
Wangjiagou

103.3
45.1
74.3
99.7
87.6

4th,Jul,1960
8th,Aug,1956
26th,Jul,1962
1th,Sep,1960
26th,Jul,1969

13:25
2:30
20:45
20:57
6:00

2367.0
17680.0
8934.0
7985.0
47472.5

Note:

Sediment

yield

(%*)

(t/ km2)

(%*)

65.1
48.7
52.5
56.5
87.7

926.4
4668.0
2416.0
3105.0
36455.8

75.4
70.0
62.3
66.3
90.8

* denotes the percentage of runoff and sediment yield to the annual total.

(c) Distribution of annual sediment load is uneven from year to year
Table 2.7. Statistic data of maximum and minimum annual sediment load at typical
hydrological station on Yellow River and its tributaries
Maximum
Minimum
Rivers
Station
Year of occurrence
Year of occurrence
(106t)
(106t)
Huanghe*
Tangnaihai
27.0
1975
3.54
1956
Huanghe
Xunhua
79.0
1967
159.0
1956
Huanghe
Lanzhou
267.0
1967
30.80
1941
Huanghe
Shanxian
3910.0
1933
488.00
1928
Taohe
Hongqi
65.9
1979
5.57
1969
Datong
Xiangtang
8.4
1959
0.59
1965
Zuli
Jingyuan
180.0
1950
9.98
1975
Huangpuchuan
Wangfu
171.0
1959
5.52
1965
Gushanchuan
Gaoshiya
83.9
1927
2.20
1955
Qingjie
Yanchuan
123.0
1959
6,91
1955
Kuye
Wenjiachuan
303.0
1959
5.26
1965
Fenhe
Jingle
36.2
1967
0.40
1965
Weihe
Lingjiacun
399.0
1973
27.80
1972
Jinghe
Yuanjiaan
19.5
1966
0.63
1972
Beiluohe
Zhuangtou
220.0
1966
18.6
1965
Note: The “Huanghe” is the synonyms of the “Yellow River”.

Max/Min
8
5
9
8
12
14
18
33
38
18
58
89
14
32
12

Table 2.7. shows the statistic data of maximum and minimum annual sediment load at
typical hydrological stations on the Yellow River and its tributaries. It can be seen that the
ratios of maximum annual sediment load to minimum one on the main courses of the Yellow
River vary from 5 to 9. According to data at Shanxian station, the maximum annual sediment
load in 1933 was 3910 × 10 6 t, while the minimum in1928 was 488 × 10 6 t. The ratio of
maximum to minimum was about 8. But the ratios of maximal annual sediment load to
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minimum one on tributaries are greater. For example, the ratio at Jingle station on the Fenhe
tributary and at Wenjiachuan H.S. on Kuyehe tributary was 89 and 58, respectively.
(d) Tributaries in main sediment yield area carry high sediment concentrtion
The Yellow River is a famous heavily sediment-laden river for high sediment concentration.
The floods with high sediment concentration usually occur in the months from June to
September. During flood seasons the tributaries in the loess gullied-hilly region usually carry
sediment concentration of 800kg/m3. The tributaries with natural maximal sediment
concentration larger than 1000kg/m3 are Honghe, Pianguan, Huangpu, Kuye, Gushan, Zhujia,
Qingjian, Weifen, Jialu, Tuwei, Wuding, Yanhe rivers, and the sub-tributaries of Weihe river
such as Hulu, Jinghe, Beiluo rivers, etc.
(e) Mean annual sediment load is unified with the mean annual sediment yield in some
tributaries in gullied-hilly loess zone, that is, the mean sediment delivery ratio is
approximately equal to 1.
The sediment delivery ratio at some cross-sections in the main course or a tributary is
defined as the ratio of amount of sediment load, transported through the cross-section to the
amount of sediment, yielded in the basin upstream of this cross section. The delivery ratio is
controlled by a number of factors, such as: geomorphic factor, watershed area, flow discharge,
grain size of eroded materials and human activities. A number of observed data in gullied-hilly
loess zone show that the average annual sediment load at some cross-sections in main gullies
approximately remains the same value with mean annual sediment yield in the same basin. It
means that there is no deposition or scouring in its transport process, or deposition and
scouring in the gully is compensated each other. The sediment delivery ratio is approximately
unity. Table 2.8. shows the mean modules of sediment load in various gullies in Dali River
Basin. It can be seen that the mean annual modulus at Suide station on the main course
approximately equals to that at Lijiahe station in a small gully. Of course, it is true only for the
average value of a series of years.
Table2.8.
River
Dali River

Mean modules of sediment delivery in various gullies of dalihe river basin
Area of watershed Mean annual modules
Site of stations
Station
(km2)
(t/km2.a)
Lijiahe
662.0
14 100
First tributary
Qingyangcha
806.0
14 100
Upper reach
Suide
3893.0
14 100
Lower reach

2.1.3. Sources of Coarse Sediment and Its Distribution
a. Definition of Coarse Sediment
Fluvial sediment alternats from transport by the flow to deposit by gravity, making deposits
composed of particle sizes mostly larger than 0.05mm. Qian Ning noticed this phenomena and
put forward the idea of coarse sediment: if we find the sources of the coarse sediment and
control it in the source area, then we can alleviate deposition in the Lower Yellow River.
Therefore, the size of particles larger than 0.05mm named as the Coarse Sediment in the case
of the Yellow River. According to the fiel data, the Coarse Sediment accounts for 20% of the
total sediment, which enters into the lower reaches, and 50% of the deposits, which is the
main caurse of channel deposition.
b. Sources of Coarse Sediment
According to the statistics, the total sediment load yielded and transported into the middle
and lower reaches in forty years of 1950~1989 was 56.4 billion t, which can be classified to 3
grades by particle sizes in 6 streamwise regions. As shown in Table 2.9., there were 14.4
billion t coarse sediment (particle size lager than 0.05mm) transported into the trunk of the
Yellow River, equal to 25.5% of the total. Among which 73% of the coarse sediment yielded
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from Hekouzhen-Longmen catchment, which would deposit 2.24 b t in the Sanmenxia
reservoir, 5.64 b t in the lower channel and irrigation systems. Compared with the total
sediment load, 70% can be transported into the channel below Lijin station, while the coarse
sediment only 45.3%.
Table 2.9. Annual load of various particle sizes in the year of 1950~1989 along the Yellow River
Region
Above Hekouzhen
Hekouzhen~Longmen
Jing,Luo,Wei,Fen rivers
Sanmenxia Reservoir
Lower watercourse
Below Lijin
Total

Total
＜0.025mm
sediment Sediment
% to
load(109t) load(109t)
total
5.44
3.28
60.1
31.12
11.64
37.4
19.8
11.76
59.4
-4.8
-0.52
10.8
-12.16
-3.16
25.3
39.4
23.0
58.3
56.4
26.68
47.7

0.025~0.05mm
Sediment
% to
load(109t)
total
1.16
21.3
9.01
28.9
5.16
26.0
-2.04
42.5
-3.36
27.6
9.92
25.1
15.32
27.1

＞0.05mm
Sediment
load(109t)
1.01
10.51
2.88
-2.24
-5.64
6.52
14.4

% to total
18.6
33.7
14.5
46.7
46.4
16.5
25.5

% to same
grade
7.0
73.0
20.0
-15.6
-39.2
45.3
100.0

c. Zoning of Coarse Sediment
Fig.2.3. shows sediment yield
modulus, from 1956 to 1963. It
can be seen all tributaries in the
middle reaches yield the coarse
sediment,
but
the
Hekouzhen-Longmen
region
conventionally looked as the
coarse sediment sources just
because this region yielded more
coarse sediment than others. In
this region, the sediment yield
accounts for 55%, while the
coarse sediment yield is 73%; in
the four tributaries of Jinghe,
Luohe, Fenhe, Weihe rivers the
above
two
percentages
Fig.2.3. Distribution of the coarse sediment yield &transport
proportions are 35% and 20%
modulus in middle Yellow River basin
respectively. The sources of
coarse sediment mainly locate in two zones: one is the region between Hekouzhen and the
Qingjian river mouth, where Huangpuchuang, Gushanchuan, Kuyie and Tuwei rivers are the
main tributaries with the coarse sediment yield modulus lager than10000t/(km2·a); another
zone includes two districts: the middle and lower reaches of Wuding river with the coarse
sediment yield modulus between 6000 and 8000t/(km2·a) and Baiyu mountain riverhead zone
with 6000t/(km2·a), that is the upstream of Malian river, and other tributaries in the northwest
of Shanxi Province. The main area of coarse sediment yield zone approximately is 100
thousand km2.
In summary, the sediment sources of the Yellow River can be zoned based on the
morphology of upper and middle reaches watershed and the distribution of the loess. By
researches in recent years, the mean annual sediment yield modulus 5000t/(km2·a) can be
used as a threshold to identify the excessive sediment yield zone or less sediment yield zone;
and the mean annual coarse sediment yield modulus 1300t/(km2·a) being as a standard
between the coarse sediment yield zone and the fine sediment yield zone. Considering the
coarse sediment yield zone is mainly located in the excessive sediment yield zone, the
sediment source regions can be differentiated into three zones: ①zone of excessive coarse
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sediment yield (with the mean annual sediment yield modulus larger than 5000t/(km2·a) in
addition to the mean annual coarse sediment yield modulus larger than 1300t/(km2·a)), mainly
located in the catchment of Hekouzhen-Longmen, Malian and Beiluo river basins, the area is
78.6 thousand km2. ②zone of excessive coarse sediment yield (with the mean annual
sediment yield modulus larger than 5000t/(km2·a) in addition to the mean annual coarse
sediment yield modulus less than 1300t/(km2·a)), mainly located in Jinghe river basin except
the tributary of Malian river, the upper Weihe river and Fenhe river basin. ③zone of less
sediment yield (with the mean annual sediment yield modulus less than 5000t/(km2·a)),
mainly located in the catchment above Hekouzhen, and the tributaries of Weihe south bank
area, Luohe and Qinhe river basins.
2.2. Sediment Transport Processes of the Yellow River Basin

2.2.1. Sediment Delivery Ratio
This conception reflects the ratio of sediment transported to eroded soil, which usually
defines as the ratio of observed sediment delivery at one section to overall sediment eroded
from upstream catchment. The sediment transport capacity is controlled by several factors,
such as geological structure and the features of new tectonic movement, morphology, the
composition of soil, the features of basin runoff etc.

Fig.2.4. Distribution of sediment delivery ratios in the middle Yellow River

On the loess plateau, the sediment delivery ratio is 1 or near 1. The ratio is more or less
different in the different areas of loess plateau. The difference exists not only in different river
basins, but also in different reaches of same basin. At present it is very difficult to kown this
difference in quantity exactly but only make estimation of the relative value in the middle
Yellow River watershed. Based on the qualitative index of the sediment delivery ratio, there
are two levels on the loess plateau. When the sediment delivery ratio lager than 0.95, it is
classified as levelⅠ, and whenit is smaller and equal to 0.95, it belongs to levelⅡ. Fig.2.4.
shows the zoning of the sediment delivery ratio, some rules can be depicted as follows:
Generally speaking, most regions of the middle Yellow River belong to levelⅠ. Such as the
regions located in North Shannxi, some places of Shanxi, east and middle Gansu, etc; while
the Eerdus plateau belongs to levelⅡ. The levelⅡarea mostly distributes in the head and
mouth area of a river. One is the junction area, like the cattchments of Weihe, Fenhe rivers
and some tributaries converged into the both sides of Hetao reaches of the Yellow River.
Another area of levelⅡlies in the upper catchments, such as the tributaries in west Gansu
province and Wuding, Qingshui and Yanhe rivers.
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2.2.2. Sediment Transport in the Yellow River
The Yellow River is a prominently heavily sediment-laden stream in the world. It has many
abnormal features, such as deficient in runoff and abundant in sediment load; high sediment
concentration; different sources of runoff and sediment yield; uneven spatial and temporal
distribution of runoff and sediment load; multiform matching of discharge and sediment
concentration, etc. Therefore, the character of sediment transport in the Yellow River is of
complexity and particularity.
a. Sediment Transport in Tributaries
Under the action of rainfall, runoff is formed on the ground surface, soil is eroded, flow and
sediment is yielded, which gradually enter into tributaries. A hyperconcentrated flow often
occurs in tributaries of the middle Yellow River, which transport most sediment of the middle
tributaries. Based on researches, water flows carrying fine sediment (d<0.01mm) in a certain
proportion can form hyperconcentrated flows. By effect of river self-adjustment, silt and clay
eroded from the slopes form fine sediment laden flow in tributaries. With influence of
flocculation, the settling velocity of suspended sediment of hyperconcentrated flow is very
small, which keeps sediment carrying capacity high, effectively decrease settling velocity of
coarse sediment from raindrop erosion and gully erosion, and further increase sediment
concentration. Therefore, the hyperconcentrated flow can keep flowing in rivers with
relatively gentle slopes in Northwest China, and tributaries in coarse sediment source area
basically keeps in a state of equilibrium, which can be considered as sediment transport canal.
When the hyperconcentrated flows in tributaries joint of the Yellow River, owing to the
gentler slope and dilution with relatively clear water from the upper reach, the coarse
sediment will deposit in the downstream of junction point and form sediment bars blocking up
the trunk Yellow River, the deposits are composed of coarser sediment with diameter larger
than 0.025mm.
As we know that the sediment transport rate (sediment concentration) of a river is a
function of discharge. But there is an unusual phenomenon of change in sediment
concentration in tributaries in the gullied-hilly loess zone. The sediment concentration has a
constant top value when the discharge reaches a certain value. That is, when the sediment load
continuously rises together with the increase in discharge, the sediment concentration would
increase. So the curve of the relationship between sediment load and discharge appears as a
convex curve. But when the discharge exceeds a certain value, the curve appears as a straight
line. Fig.2.5. shows the relationship between sediment load and discharge in the Dalihe River
in 1964. When the discharge exceeds 1000 m3/sec, the curve changes from a convex curve to
straight line, the gradient of the straight line is approximately equal to 1. It means the
sediment concentration reaches a constant value of about 100kg/m3 when the discharge
exceeds 1000 m3/sec.

26

Fig.2.5. Relationship of sediment discharge with flow discharge

b. Sediment Transport along the Yellow River
The configuration of the Yellow River below Longyangxia Gorges alternates between
gorges and plains. The valley widths varying from wide to narrow looks like a linked cucurbit,
and the slopes of the watercourse from steep to slow looks like a ladder in vertical. In addition,
the flow added by tributaries and diverted by irrigation, makes the sediment transportation
along the Yellow River more unusual.
(a). Both sediment load and runoff increase in gorge reach and decrease in plain reach.
(b). Abnormal phenomena of hyperconcentrated flood movement
The hyperconcentrated flood often occurs in the middle and lower reaches of the Yellow
River. With the highly sediment-laden flow movement, bottom tearing and clogging happen in
the watercourse.
The bottom tearing is a phenomenon that the riverbed is scoured sharply and a mass of
sediment is raised as blocks even appearing at water surface; simultaneously the riverbed is
scoured deeply in a large scale. This phenomenon often happens in the reach below Longmen
station on the Yellow River and the lower Weihe River, with a sequence of bar depositing and
riverbed scouring and water level descending. For example, from 1951 to 1977 it happened 8
times in the reach from Longmen to Tongguan, and made the river configuration changed
obviously.
Under the conditions when the sediment concentration reaching a critical valueand the
flood peak dropping down abruptly, the flow velocity reducing rapidly and sediment
concentration still keeping highly, the flow could not keep flowing and stagnates in the whole
reach, thus the “river flow” occurred. Some times, the “grout flow” can move or stop
alternatively like a gust flow, if no proper condition to keep moving, sediment would
dehydrate rapidly and deposite to form bars. It was observed in the Wuding and Xiaoli Rivers
in June 1964 and June 1963, respectively.
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2.2.3. Characteristics of Sediment Transport in Yellow River
a. Sediment Transport Features in Upper reaches
Based on observed streamwise runoff and sediment load, both of them increase in gorge
reach and decrease in plain reach, but they are not uniform in different segments. For example,
in the upper reaches, the runoff increases in the segment of Xunhua~Lanzhou, and decreases
in the downstream of Anningdu; while for the sediment load, it increases in
Lanzhou~Qinglongxia resulted mainly from the tributaries’ sediment of Zuli and Qingshui
rivers, and decreases in the downstream of Qingrtongxia section. In Ninxia-Inner Mongolia
reach, vaporization and seepage are considered as contributing factors besides irrigation
diversion. The upper Yellow River is sufficient in runoff and deficient in sediment load, and it
is of low sediment concentration. Via Ningmeng reach adjustment, the sediment load nearly
fits with the water flow when it reaches at Hekouzhen station. This feature is shown in
Fig.2.6.(a). The discharge and sediment transportation rate has a good relationship at
Hekouzhen station. But this reach is affected by reservoirs as shown in Fig.2.6.(b): the points
distribute in two divided straps, the lower strap is in the period after Liujiaxia reservoir in
operation in 1969. Under the same runoff, the annual sediment load transported through
Hekouzhen after 1969 was reduced by 30% contrasted to the period before Liujiaxia reservoir.
The reason, on the one hand is that Liujiaxia reservoir holding lots of sediment and
discharging clear flow, the riverbed is eroding and armoring, which result to less sediment
supply from riverbed and sediment carrying capacity is reduced; on the other hand, due to
reservoir regulation, the flood peak is minified and the discharge hydrograph is uniformed,
which either reduce the flow sediment carrying capacity.

Fig.2.6. Relationship between water and sediment in Hekouzheng H.S.

b. Sediment Transport Features in Middle Reaches
In the middle reaches, the runoff gradually increases along the reach; while the sediment
load increases mainly at the segment of Hekouzhen~Tongguan, and begin to decrease
downstream of Tongguan as shown in Fig.2.7. The reach of Hekouzhen~Longmen is a gorge
river-course with steep slope, and there are little erosion and deposition adjustment. In a long
period, sediment come from the upper reaches mostly can be transported. In the reach of
Longmen~Tongguan, it becomes complicated in transportation, which not only owing to
variations of discharge and sediment load from the upper reach, but also to the backflow
effect of Sanmenxia reservoir. In general, the sediment transport feature of this reach is that
the competence is lower in a short flood period with small discharge and abundant sediment
load, while it is higher in a long flood period with plentiful discharge and sediment load.
28

Fig.2.7. Runoff and sediment load along the Yellow River

c. Sediment Transport Features in the Lower Reaches
Along the lower reaches, both the runoff and sediment load decrease. The main reason of
runoff reduction is diversion for irrigation and which also partly makes sediment load
decreased in addition to the deposition on the riverbed. The unique characteristics of sediment
transportation in this reach are as follows.
(a) The more the inflow sediment load, the more the sediment transport load. Based on the
observed data, under the same discharge, when a high sediment-laden flow is coming, the
competence of bed-material transport load is high accordingly, and the sediment load is higher
along this reach; contrarily, when a low sediment-laden flow is coming, the competence and
the sediment load are low. The difference between these two situations can reach to tens or
hundreds times, even through several hundred kilometers adjustment, the flow still maintain
this feature.
(b) Large discharge transports more, small discharge transports less; main flow transports
more, floodplain overflow transports less sediment. The competence of the lower reach
increases with the increasing in discharge, that is “large discharge transports more, small
discharge transports less”. But when an overflow occurrs, the resistance on the flood plain
decreases the overflow velocity, moreover, the main flow velocity also decreases owing to the
transverse exchange, so sediment silts down on the flood plain. Therefore when a discharge is
larger than the bankfull discharge, the competence of river decreases. It should be point out
that although the discharging ratio of sediment load decreases when an overbank flow occurrs,
generally speaking, it is beneficial to the flood control due to erosion in the main channel and
deposition on the flood plain, which will aggrandize the height difference of bottom and bank.
(c) Sediment transport more in flood seasons, less in dry seasons; and the finer the more,
the coarser the less. Before Sanmenxia reservoir was constructed, the incoming sediment load
in flood season accounted for 85% of the whole year at Lijin station on the lower Yellow
River, and the sediment load was in the same proportion. The bed-material load only
accounted for 61% of the total incoming sediment load, while the wash load accounted for
89%. The runoff of this station in flood season is 1.8 times of that in dry season, but as
sediment load as concerns, the ratio is up to 5.7. After Sanmenxia reservoir was built, the
lower Yellow River still follows these basic sediment transport rules, and some new features
of sediment transport appears owing to different operation rules.
2.3. Deposition and Storage of Sediment

The abundant sediment load, which aggrades endlessly along the Yellow River, is the most
serious issue on engineering and environment of the River. Erosion and deposition make deep
impacts on the harnessing and exploitation of the whole Yellow River basin.
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2.3.1. Reservoir Sedimentation
There are 740 reservoirs with 54.3 billion m3 with storage capacity. Based on imcomplete
statistics, until 1990 (some reservoirs until 1987), the total deposition in these reservoirs was
about 11.55 billion m3, among which 9.6 billion m3 in large-scale reservoirs and 1.4 billion m3
in medium-scale reservoirs.
Table 2.10. shows flow and sediment conditions and different operations, 22 large-scale
reservoirs had different capacity loss rates and deposition rates. Some reservoirs with little
sedimentation like Zhaikou, Luhun, Xueye etc. had constructed for 24~30 years (until 1990),
deposition is less than 5% of the overall capacity. These reservoirs were built in catchments
with light soil erosion and less sediment transport. Those reservoirs located in serious soil
erosion catchment, have been deposited badly. Up to the present, sedimentation in many
reservoirs accounts for more than half of the total capacity. For example, the mean annual
sediment load of Sanmenxia reservoir was1.6 billion t, however, there were 1.8 billion m3
sedimentation for less 2 years operation, which accointed for 20% of the total capacity,
besides reservoir sedimentation extended upward quickly. The deposition situation could not
be alleviated until the project was rebuilt two times and changed the operation rule to
impounding clear water and discharging turbid water.
Table 2.10. Numbers of different scale reservoirs in different reaches of Yellow River
Number of reservoirs
Capacity
Siltation
Siltation
Region
(109m3)
(109m3)
proportion(%)
Large Medium Small (1)
6
0
0
2.264
7.2
Upper
Main stem
31.412
2
25
62
0.634
46.5
2
0
0
9.707
5.728
59.0
Middle
Main stem
11
11.5
389
10.702
2.904
27.1
Lower

Main stem

Total

Main stem
Total

0
1
8
14
22

0
19
0
159
159

0
108
0
559
559

0
1.143
41.12
13.21
54.33

0
0.023
7.992
3.561
11.55

0
2.0
19.4
26.9
21.3

2.3.2. Sediment Diversion by Irrigation
It is until the new Chine founded that the observation data on irrigation sediment diversion
has been reserved. The sediment diversion in different reaches after 1950’s shows in Table
2.11.
Table 2.11. Statistic of diversion sediment in different decades
Above
LanzhouHekouzhenHuayuankou
Lanzhou
Hekouzhen
Huayuankou
-Lijin
Period
% to
% to
% to
% to
Diversion
Diversion
Diversion
Diversion
total
total
total
total
1950~1959 0.0039
2.47
0.059
37.3
0.040
25.5
0.055
34.7

(unite：109t)

Total basin

0.158

% to
total
100

Diversion

1960~1969 0.003

2.58

0.036

30.9

0.025

21.1

0.053

45.5

0.117

100

1970~1979 0.003

1.36

0.029

12.9

0.025

11.1

0.166

74.7

0.223

100

1980~1990 0.0022

1.19

0.033

17.6

0.022

11.6

0.131

69.6

0.188

100

1950~1990 0.003

1.77

0.039

22.8

0.027

15.8

0.102

59.6

0.171

100

Table 2.11. shows that sediment diversion above Lanzhou was the least one among the
whole reach, because of little water diversion and low sediment load. While it was the most in
the reach of Huayuankou-Lijin, which locates in the lower Yellow River, owing to large
irrigation diversion and high sediment load, and the mean annual sediment diversion of this
reach accounted for 59.6% of the total. The sediment concentration in the reach of
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Lanzhou-Hekouzhen is essentially larger than the reach above Lanzhou and smaller than
middle and lower reach, the sediment diversion in this reach was in a rational proportion of
22.8% to the total. Although the reach of Hekouzhen-Huayuankou lies in the main erosion
area, thanks to little irrigation diversion in Hekouzhen-Longmen and most diversion was from
tributaries in non-flood periods, the mean annual sediment diversion was only 0.0271 billion t,
accounted for 15.8% of the total. The mean annual sediment diversion of Yellow River basin
entirely was 0.171 billion t, its variation with time consisted with irrigation trend nearly.
Because of large irrigation diversion in the lower reaches in the years of 1958~1960, the
maximum annual sediment diversion was as high as 0.8 billion t in Lijin section.
2.3.3. Deposition in River Channels
a. Sediment Deposition in Upper Reaches
Based on the evaluation of field data in 1950’s, when few large scale projects build in the
upper reaches, the channel was in slight siltation; however after the large scale reservoirs were
constructed, until 1990, the cumulative siltation was 2.27 billion m3, except less sediment
yield from the tributaries by effect of soil conservation and diversion of Ningmeng irrigation
district. To adapt to these variation, the alluvial reach of Qingtongxia to Hekouzhen, about
850km long with a gentle longitudinal slope, self-adjusted constantly. Based on integrate
analysis on varieties of reservoir storage, irrigation diversion, tributaries harnessing and
corresponding channel adjustment, it is estimated that sediment transport through Hekouzhen
would be reduced about 0.06 billlon t annually compared with 1950’s. It is sure that owing to
the large-scale reservoir control operation, the runoff will be regulated in flood seasons and
seasonal distribution changed, thus it gives direct effect on the condition of sediment transport
to the lower reaches, and makes significant influence on channel deformation.
b. Sediment Deposition in Hekouzhen-Tongguan Reach
From Hekouzhen to Tongguan, the Yellow River flows through Shanxi-Shannxi gorge to a
plat plain; according to the morphology, this reach can be classified into two different reaches:
one is Hekouzhen to Longmen, called the North Stem, another is Longmen to Tongguan
called confluent area.
The North Stem is 725 km in length, 8.4%0 0 in mean longitudinal slope. In general, as far
as one year is concerned, the reach is in aggradation in flood season and in degradation in the
dry season, while for several years, it is in slight aggradation (less than 0.01 billion t annually),
but there is an acute deposition as soon as a high flood occurs. Based on analysis of six floods
in 1966~1979, the siltation development of on flood reached nearly 0.2 billion t. Not only
large deposition and degradation happened but also the sediment size adjusted in flood
seasons. When big floods occurred in the tributaries of Fugu-Wubao reach, they usually
contributed to barrier bars near the confluences. The barrier bars consist with sand, gravel and
cobble which all come from the tributaries. Based on evaluation of sedimentation load budget,
the North Stem obviously has role of holding coarse sediment and discharging fine sediment, ,
and the mean annual deposition of coarse sediment is 0.03 billion t.
The confluent area above Tongguan, mainly the Longmen-Tongguan (called mini-North
Stem) reach admits the tributaries of Fenhe, Weihe and Beiluo rivers. The confluent area has
broad flood plains and the reach regime is wandering. It is 135km long and 3%%~6%%
longitudinal slope, which is a good place for the adjustment of sediment load and grading.
Based on analyses, in a long term, this reach is in aggradation with 0.03~0.05 billion t annual
deposition. And both backwater flow and inverse flow are common in this reach.
When Sanmenxia Reservoir started impoundment in Sept.1960, the lower reach of
mini-North Stem, 60~70 km long, aggraded owing to direct or indirect effect of inverse flow.
From 1974, up to now, the reservoir in the operation stage of impounding clear and
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discharging turbid, the confluent reaches are in a controlless condition, with the general
feature of aggradation in flood seasons and degradation in dry seasons, except some periods
during ice-jam flood control. Based on the observed data in the years of 1974~1990, the mean
annual deposition in the flood season was 0.063 billion m3and erosion in the dry season was
0.045 m3, and it obviously showed the feature of impounding coarse and discharging finer at
this stage, the coarse sediment deposition was about 0.017 billion t annually.
c. Sediment Deposition in Lower Reaches
There was 5.441 billion m3 siltation in the lower Yellow River accumulated from Oct.1951
to Oct.2000, and the water levels at different stations increased more or less. For the long term,
due to heavy deposition, the main channel has become the dividing ridge of Haihe River on
the North Plain China and Huaihe River. In the 800km long reaches, there is no tributaries
except the Dawen river.
If there are no fundamental changes of the incoming runoff and sediment load, the trend of
river aggradation is no basic change. As far as the integrated situation in nearly 40 years from
1950 to 1990 is concerned, the mean annual siltation was 0.111 billion m3, equal to 0.15
billon t. The deposition speed was far less than it in the 1950s as shown in Table 2.12. Due to
the Sanmenxia reservoir, there was no cumulated siltation along the lower reaches in 12 years.
Reservoir regulation also can slow down deposition speed in the lower reaches.
Table 2.12. Lower reaches deposition at different stages of sanmenxia reservoir operation
Mean annual deposition (109m3)
Remark
Period (Y.M)
Tiexie— Huayuankou Gaocun— Aishan—
Total
Huayuankou —Gaocun
Aishan
Lijin
1950~1960
1960.9~1964.10
1964.10~1973.9
1973.9~1990.10

0.46
-1.67
0.71
-0.10

1.01
-2.22
1.54
0.25

0.87
-1.06
0.57
0.37

0.33
-0.92
0.49
0.15

2.67
-5.87
3.31
0.68

Total
Reach length (km)

0.07

0.48

0.40

0.16

1.11

102

189

193

282

766

1950~1960 based on
difference between
sediment transport loads,γ
＝1.35t/m3. After 1960,
based on estimation of
cross section variation;
(+)aggradation,(-)degradat
ion

The mean annual incoming sediment load of the lower Yellow River in the years of
1919~1959 was 1.6 billion t, while in years of 1960~1990 was less 1.2 billion t. The mean
annual incoming runoff of Huanyuankou station was 50.2 billion m3 in the 1950s last century,
among which 61% in the flood season; and in the years of 1960~1985 was 45.0 billion m3,
58% in the flood season; while in the years of 1986~1990, it was only 33.3 m3, 49% in the
flood season. These variations were induced not only by the natural hydrological circle, but
also by the artificial influences such as lots of dam construction, irrigation diversion and soil
and water conservation, etc.
2.3.4. Extension of the Yellow River Mouth
Fig.2.8 shows the variation of coastlines in different years.
In general, Lijin, the last station, the mean annual runoff was 33.12 billion m3 (1952~2000),
the maximum recorded was 10400m3/s (in 1958); the mean annual suspended sediment load
was 0.8392 billion t (1952~2000); the mean annual sediment concentration was 25.2
kg/m3(1952~2000)，the maximum recorded concentration was 222kg/m3 (in 1973); and the
coarse sediment load with diameters larger than 0.05mm accounted for 16% of the total
suspended sediment load, while the clay and silt was 25%. In the river mouth area, 64% of
sediment load deposited on the delta, among which 24% distributed higher than the level of
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zero elevation, and the rest of 36% flushes into the deep sea. The coast line extended speed
accelerated from 0.42km/a during the years of 1954~1972 to 2.3km/a during the years of
1976-1994

Fig.2.8. Variation of coast line of the Yellow River Mouth

2.4.Sediment Budget

The Yellow River sediment issue can be classified as sediment yield, sediment storage
(including soil and water conservation), sediment deposition, sediment utility and sediment
transportation.
Before 1949, there was scarce observed sediment data available at the gauging stations
along the Yellow River. After 1949, the harnessing of the Yellow River basin goes deep
gradually, the typical case is Sanmenxia Dam, the first multipurpose project in the middle
reaches, which plays an important role between the upper and the lower reaches, and makes a
deep influence on the whole river basin. Therefore when the sediment budget of the Yellow
River is concerned, it should take the Sanmenxia reservoir (Longmen station) as the dividing
point to illuminate the upper (including the Sanmenxia reservoir region) and the lower
reaches respectively. The main issue of the upper catchment is the watershed management on
sediment yield due to serious soil erosion in this region. So the sediment budget should be
focus on the sediment sources and sediment transport. While for the lower catchment, the
main issue is flood control resulted from sediment deposition in the reservoirs and in the river
channel. So the sediment budget should be focus on sedimentation distribution in the
hydro-projects and channel.
2.4.1. Sediment Budget in Upstream Basin of Sanmenxia Reservior
The sediment sources of Sanmenxia Reservior include the upper watershed,
Hekouzhen~Longmen catchment and Longmen~Tongguan catchment including Fenhe, Jinghe,
Weihe and Beiluohe basins.
Table 2.13. shows that the sediment yield in the upper and middle of the Yellow River
watershed has decreased after 1970’s and the sediment load to the lower reaches reduced
accordingly. Certainly this situation correlated closely with the less runoff in the same period.
In the years of 1960~1996, the annual reduction of sediment load by all was 0.459 billion t,
accounting for 27% of the total basin sediment yield; while the inflow sediment load to the
lower reaches was 1.237 billion t, 73% of the total was reduced. In different decades, the
amount of reduced sediment load was increasing with time, but it fell in the years of
1990~1996, mainly because of the effect of the measures was reduced and the sediment
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income was larger than the average. Among the several measures, the watershed management
reduced sediment yield 0.301 billion t in the years of 1960~1996, and it was the main portion
larger than the total of reservoir sedimentation and irrigation diversion, and increasing with
time. In this 46 years, human activities increased 0.053 billion t sediment yield annually,
which accounted for 11.5% of the total and cannot be ignored.
Table 2.13. Sediment budget in upstream catchment of sanmenxia reservoir
Period
(Year)
1950~1959
1960~1969
1970~1979
1980~1989
1990~1996
1960~1996

Individual measure for reducing sediment yield
Watershed
sediment
Watershed Human
yield
Reservoirs Irrigation
Deposition
harness
activities
1.948
2.010
1.819
1.371
1.647
1.694

0.006
0.148
0.177
0.171
0.167
0.133

0.072
0.089
0.071
0.059
0.065
0.061

0.018
0.151
0.284
0.399
0.405
0.301

-0.010
-0.039
-0.045
-0.056
-0.077
-0.053

0.089
-0.064
-0.025
0.009
0.087
-0.010

(unit: billion t)

Reduced sediment
% to
yield
Sediment
sediment
% of
load
yield
Sum
Sediment
yield
0.174
8.93
17.73
90.97
0.285
14.19
17.30
86.08
0.462
25.42
13.56
74.55
0.582
42.40
7.89
57.56
0.647
39.29
10.00
60.71
0.459
27.08
12.37
72.99

Note:1.The basin includes the catchments of upper reach of Hekouzhen, the Hekouzheng-Longmen, Fenhe,
Weihe, Jinghe and Beiluohe. Some section’s sediment load not equal to the sediment yield;
2. The sediment load is the sum of Longmen, Hejin, Xianyang, Zhangjianshan and Zhuangtou;
3. All data are based on the monograph of “ Yellow River runoff and sediment load research”

Therefore, for the serious sediment yield regions in the middle watershed of the Yellow
River by strengthening watershed management, lessening human activity destruction, in
addition with sediment deposition in hydro-projects, the sediment yield will be reduced
effectively. It is really significant that the reduction by all measures accounts for 40% of the
total in the 1980’s.
2.4.2. Sediment Budget in Sanmenxia Reservior and Lower Reaches
Generally speaking, channel deposition/erosion is adjusted with the incoming runoff and
sediment load, and boundary conditions. In the lower Yellow River, it is affected by many
factors such as the released flow and sediment load from Sanmenxia reservoir, the incoming
runoff and sediment load from the Sanmenxia-Huayankou reach (including Yiluo and Qinhe
rivers), irrigation diversion (including trans-basin diversion) and the river mouth development,
etc. The natural channel boundary condition has been changed since Sanmenxia reservoir was
in operation, further more the different operation rules regulated the incoming flow and
sediment load as well, therefore the reservoir area and the lower channel fluvial processes
related closely with the operation rule. According to the various periods of different operation
rules, the sediment budget can be shown in Table 2.14.
Table 2.14 shows, in the impounding period, there were more deposition in the reservoir
and erosion in the lower channel. And the aggregated 2~6 was the least in proportion of the
incoming sediment load, while it was close to each other in the other periods. It should be
emphasized that 0.4 billion t of the annual channel aggradation was only fitted to the 1950’s,
the natural period. In the impounding peroid, owing to clear water release, the lower channel
was eroded. Until the early 1970’s, the Sanmenxia reservoir area was nearly in balance and
the deposition in the lower reaches developed again.
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Period
(year)

Table 2.14. Sediment budget in Sanmenxia Reservoir and Lower Reaches
(unit: billion t)
% to
Amount of deposition/erosion
Incoming
Warping for
Aggregate incoming
Irrigation
sediment
levees
2~6
diversion
sediment
Reservoir Channel
Delta
load
consolidation
load
1
2
3
4
5
6
7
8

50’s
17.5
4.15
11.08
15.23
87
natural
1960~1964
17.0
13.28
-7.10
5.81
0.77
12.76
75
impounding
1965~1973
flood
18.1
1.62
4.30
8.72
1.10
15.74
87
detention
1974~1990
10.6
0.38
1.14
6.02
1.40
0.32
9.26
87
controlling
Note: 1. The incoming sediment load is the sum of 4 stations: Longmen, Lintong, Zhuangtou and Hejin. Before
the Sanmenxia reservoir, it was from Sanxia station;
2. The amount of deposition/erosion includes that of the channel belowLijin station.
3. ‘+’ represents deposition, ‘-’ represents erosion.
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3.Reservoir Sedimentation
In the tributaries and trunk of the Yellow River, there are 740 reservoirs (scale larger than
mini-Ⅰ), among that 22 are large scale, 159 are medium scaled, which really have an effect
upon flood control, industry and agriculture development, and natural disaster alleviation.
Meanwhile, owing to the abundant sediment load, sedimentation in reservoirs and irrigation
canals is serious.
Main hydro-junctions in the Yellow River basin are shown in Fig.3.1.. In this report,
Liujiaxia Reservoir, Sanmenxi Reservoir and Xiaolangdi Reservoir are introduced.

Fig.3.1. Plan view of main hydro-junctions in Yellow River basin
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3.1 Liujiaxia Reservoir

3.1.1. General
Liujiaxia Reservoir began to construct in 1964, and started to impound on 15 Dec.1968.
The first set of generator started to operate on 29 March 1969, and the last one was operated
in May 1975. The dam site is located 100km far from Lanzhou City, Gansu Province. The
location map of Liujiaxia Reservoir is shown in Fig.3.2. Liujiaxia Reservoir covers the
confluence of the Yellow River and its tributaries Taohe River and Daxia River coming from
the right bank upstream. It has a total watershed of 181766 km2. Liujiaxia project is a
multi-purpose hydro-project producing comprehensive benefits mainly in flood control,
power generation, irrigation and ice jam control.

Fig.3.2. Location of Liujiaxia Reservoir

a. Project Layout and Main Hydraulic Structures
The project is located at the outlet of Liujiaxia gorge. It is composed of a concrete gravity
dam, an overflow dam, an adjutant earth dam, sluice outlets, a sediment flushing outlet, and a
power house. The dam is 147m in height at elevation of 1,739 m and its crest length is 204m.
Earth dam and spillway are adjacent to the concrete dam on each side respectively. The
underground power house is equipped with 5 generator units with a total generating capacity
of 12,25 MW. The general situation of the project is shown in Table 3.1.
Dam type
Dam height (m)
Length of dam (m)
Crest elevation (m)
Normal pool level (m)
Designed flood pool level (m)

Table 3.1. General situation of Liujiaxia Project
Concrete gravity dam
Total storage capacity (109m3)
147
Dead pool level (m)
840
Dead storage capacity (109m3)
1739
Installation of generating capacity (MW)
1735
Output capacity(GWh)
1735
Water head (m)

6.15
1694
1.54
1225
4000
114/70

To cope with the heavy sediment load and floating material, intake screens are equipped.
The layout of sluice structures is shown in Fig.3.3.
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Fig.3.3. Layout of Liujiaxia Reservoir showing the location of outlets

b. Hydrological Regime
The long-term average annual runoff at the dam site is 28.6 x 109m3 and the long-term
average annual suspended sediment load is 89.40 x 106 tons. The long-term average sediment
concentration is 3.12 kg/m3, and the recorded high was 310 kg/m3. The medium size of
sediment is 0.025mm.
Runoff and sediment load distribution is very uneven within a year and about 70% of the
total runoff and 90% of sediment load concentrate in July, August and September, Sediment
load concentrate only in several flood peaks in a short duration in a flood season.
Spatial distribution of water and sediment load is uneven also. 90% of the runoff comes from
above Guide station on the Yellow Ricer and Lijiacun station on the Taohe River, covering an
area of 84.4% of the total watershed, but sediment inflow is only 32% of the total. Sediment
load mainly comes from below Guide and Lijiacun. As the water source and the sediment
source are different, the flood peak and sediment peak are not in synchromesh, when a
sediment peak occurs in the Taohe River, the flood peak discharge is not large.
c. Reservoir Operation
According to the above-mentioned hydrological regime, to realize multiple benefits of the
reservoir, the operation rule is to drawdown the pool level to the dead pool level of 1694 m
until the end of June, then it starts to impound water from July, but the pool level should not
be allowed to exceed the flood control pool level 1720 m for the safety of Lanzhou City in the
period of August to the first ten days of September, from the second ten days of September,
the pool level can be stored up to the normal pool level 1735 m, hence from November the
pool level is descent gradually as low as to the dead pool level until next June.
3.1.2. Main Sediment Issues
a. Reservoir Sedimentation
Up to the end of 1978, during the first twelve years of operation, reservoir sedimentation
was not serious, due to continuous dry years. The accumulative sediment deposits was 0.586x
109 m3, accounting for 9.53% of the total storage capacity, of which 0.46x109 m3 was located
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in the dead storage. As a result, 3.7% of the live storage capacity lost, because erosion took
place on the delta and sediment was removed and resettled during drawdown releasing. The
foot of delta deposition was 31 km far from the dam and no sediment outflow was released.
The longitudinal profile of deposits in Liujiaxia Rservoir is shown in Fig.3.4..

Fig.3.4. Longitudinal profile of deposits in Liujiaxia Rservoir

b. Problem Caused by Sediment Inflow from Taohe River
Sediment from the Taohe River poses a threat to water intake blocked up and to impede the
safety operation of the power house, because the mouth of Taohe River is 1.5 km far from the
dam site. Annual sediment load from the Taohe River is 30% of the reservoir’s total，but the
storage capacity of the Taohe River is only 2% of the total. Therefore, the loss rate of the
Taohe River storage capacity is faster. Up to the flood season in 1980, the storage of Taohe
River was full of sediment. When the pool level was around 1697m, the flow in the reservoir
appeared in an open channel flow pattern, thus a lot of sediment and floating debris carried by
inflow from the Taohe River was transported to the dam directly, which impeded the normal
operation of the power house.
c. Impact of Sediment bar at the Mouth of Taohe River on the Operation of Power House
In the design period, research work on the formation of sediment bar at the mouth of the
Taohe River and its impact was carried out under physical models. It was concluded that the
sediment bar is a special sediment deposit shape under certain conditions of water and
sediment inflow, outflow and local topography and it was impossible to hinder water from
flowing out of the storage of the main stem of the Yellow River. The reason is that with the
load of power generation adds gradually up to the peak, the discharge released out of the
reservoir increases simultaneously; sediment deposits of the bar can be scoured by
overflowing. Unfortunately, after 12 year operation before the flood season in 1980, when the
pool level was draw down to 1697.5m, the electricity output was the needed to increase too
large suddenly causing fast drawdown of the pool level; consequently, crest discharge over the
bar was too small, because the water below the crest of the bar was blocked. Therefore, the
experiment of drawdown flushing sediment was forced to operate before the flood season in
the beginning of flood season in 1981. As a result, the level of sediment deposits in the reach
from the mouth of Taohe River to the dam descended 4-5m on average, and the maximum
was 8m. It is valuable to guarantee the normal reservoir operation and the safety of electricity
power generation.
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d. Turbine Abrasion
After the dead storage of the Tao River was full of sediment and deposits accumulating
along the right bank was near the dam, sediment from the Taohe River entering into the water
intake was getting more and more and sediment particles became coarser and coarser,
especially when the pool level was low. As a result, up to 1987, the reservoir was facing very
serious turbine abrasion problem.
3.1.3. Venting Turbidity Current
The loss of live storage capacity of Liujaxia Reservoir was not serious during the first ten
years operation. But the loss of storage capacity of the Taohe River was very fast, because the
disadvantage conditions of large sediment inflow from the Taohe River and the small storage
capacity of the Taohe River, as well as the mouth of the Taohe River closing to the dam. With
the reservoir operation year by year, deposits near the dam and at the mouth of the Taohe
River rose up to elevation of 1672.5 m and 1686.5m respectively at the end of 1978. The
deposits in the main stream of the Yellow River above the mouth of Taohe River was forming
a negative slope of 19.1 0/000 as shown in Fig.3.3. If the situation continued, it would pose a
potential threat to impact the reservoir normal operation, because intakes would be blocked by
sediment deposits, during low water level operation. Therefore, the experimental operation of
venting turbidity current has been carried out since 1974; it was successful to decrease
reservoir deposition, for Liujiaxia Reservoir has favorable conditions to vent turbidity current.
a. Abundant Sediment Source with a Lot of Fine Particles
The catchment area of the Taohe River is 26,000 km2, of which 5,280 km2 are from
Lijiacun to Hongqicun covering loess strata with rather loose structure and sparse vegetation.
Therefore, soil loss is very serious. The long-term mean annual erosion modulus reaches
4.128t/km2, the maximum is 10,000 t / km2. According to the data measured at Hongqi Station
on the Taohe River, the mean annual sediment load entering into the reservoir is 27 x106 tons,
in which fine particles with diameter less than 0.025 mm is more than 45%. A lot of fine
particles create favorable conditions to form turbidity current. The long-term mean annual
runoff and sediment inflow is 5.17 x 109m3 and 28.6x106t respectively, of which 46.1% of
runoff and more than 81.8% of sediment concentrate in several flood peaks in the flood
season. Therefore, each flood peak carrying high sediment concentration enters into the
reservoir forming turbidity current flowing to the dam.
b. Favorable Channel Morphology for Turbidity Density Current Movement
The shape of reservoir area of the Taohe River is favorable for turbidity current movement,
because it is narrow with water surface width of about 100m at low water level which can
reduce the flow energy loss caused by diffusion of turbidity current. Therefore, if the duration
of a flood is long enough, the turbidity current can move to the dam. During 1974-1996, the
total operation of venting turbidity current was more than 130 times and the amount of
sediment released out of the reservoir reached 0.25 x 109 tons, the release efficiency was more
than 50%. Venting turbidity current has played the role to reduce the deposits near the dam.
Besides turbidity current can be formed also during floods from the Taohe River. If the pool
level is drawdown below the middle pool level, without a flood peak, erosion may take place
in the upper reach of the Taohe River and sediment can be removed from the upper reach
down to the reservoir forming density current and to be vented out. Venting turbidity current
was operated 25 times in 1995, in which, 13 times of the venting efficiency were over 100%.
It means the amount of sediment vented out was larger than the sediment inflow. This
operation manner can not only release sediment from the Taohe River out of the reservoir, but
can recover a part of the reservoir storage capacity. Especially, in the case of high pool level
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operation, sediment can deposit on the upper reach of the Taohe River and electricity
generation can be increased also. Therefore, it is better to drawdown the pool level for water
supply at the beginning of a flood season and to make scouring in the upper reach of the
Taohe River to form density current and then vented out. For example, drawdown flushing
was operated in 1988, sediment bar and sediment deposits near the dam were reduced. In
1989 and 1990, higher pool levels of the reservoir were maintained, sediment deposited in the
upper reach of the Taohe River, up to 1991, drawdown the pool level to middle level,
retrogressive erosion took place in the Taohe River and most of sediment was vented out by
turbidity current.
The maximum velocity of turbidity current observed at the plunge point was 1.65 m/s; most
of them were within 0.6-1.0 m/s; The maximum sediment concentration at an observed point
was 264 kg/m3, the velocity near the dam was 0.4-0.6 m/s, individual point of velocity
appeared more than 1 m/s. the maximum value of velocity profile was near the bottom, due to
the impact of sluiceways and intakes of power house. Since the impoundment of the reservoir,
the data of release efficiency of Liujiaxia Reservoir are illustrated in Table 3.2.
Year
Elevation of deposits
near the dam ( m)
Year’s total sediment
load (106t)
Release efficiency

Table 3.2. Sediment release efficiency of Liujiaxia Reservoir
1969
1970
1971
1972
1973 1974
Hongqi
Station
Xiaochuan
Station
%

1975

1976

1640.0

1655.5

1660.1

1660.0

1667.6

1668

1666.6

1668.7

5.57

25.40

15.20

11.80

52.30

9.77

14.20

37.60

1.42

6.39

5.21

5.91

14.80

2.33

5.51

22.70

25.5

25.1

34.3

50.1

28.3

23.8

36.0

60.0

Since 1974, attention has been paid to release sediment in reservoir operation; the sediment
release efficiency increased year by year. The average release efficiency for individual flood
during 1974-1976 was 57.2% and deposits elevation near the dam was stable varying within
1667-1668 m. Although the amount of sediment passing through No.2 turbine-generator set
was 0.57x106 t with d50 less than 0.013mm, consequently, no abrasion was founded. During
1977-1978, due to low pool operation, sediment inflow came to the dam in open channel flow
pattern and vented out. Besides, when the pool level was falling down in the Taohe River area,
retrogressive erosion took place in the upper reach of Taohe River and deposits was scoured
and removed down to the dam causing the elevation of deposits in front of the dam rising to
1672.5m. As a result, the amount of sediment passing through turbines increased, for example,
the amount of sediment passing through no.2 turbine-generator set increased up to 10 x106t
and d50 increased to 0.025mm in 1978. Consequently, abrasion of turbine was so serious that
it was forced to stop work for repairing. Therefore, it is a valuable work to reduce reservoir
sedimentation by utilizing natural geographical and topographical conditions to vent density
current.
3.2 Sanmenxia Reservoir

3.2.1. General
Sanmenxia dam is located in the middle reaches of the Yellow River as shown in Fig.3.1.,
which is a multiple-purpose project mainly for flood control. It began to be constructed in
1957 and completed in 1960. The 96-m-high concrete gravity dam controls a catchment area
of 688,400 km2, 92% of the entire Yellow River basin.
It was originally designed as a multi-purpose project with a full reservoir level of 360m and
64.7×109m of storage, inundating 3500 km2 of flood plains and requiring the relocation of
870,000 persons. To reduce these impacts, the dam was built to an elevation of 350m with a
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highest pool elevation of 340 m at the initial stage of operation. According to the original
plans, two sediment control measures were to be implemented. (1). The reservoir was to
continuously impound water and release 35% of the sediment inflow as turbidity currents
through 12 outlets at 300 m. (2). Total sediment inflow was to be reduced to 3 % annually by
soil conservation works, resulting in a 60 % reduction of sediment inflow in 20 years.
Furthermore, the amount of sediment inflow and severity of upstream backwater deposition
had also been under estimation.
Sanmenxia reservoir is consisted of the main stem of the Yellow River below Longmen
Station, and confluence area of the Weihe River and Beiluo River. The dam site is 123 km
downstream of Tongguan. The river reach of the Yellow River at Tongguan is only 1 km in
width, but above Tongguan it expands to more than 10 km at the confluence with the Weihe
River. The constricted river reach at Tongguan acts as a local base level that influences river
stage and flow velocity.
3.2.2. Reconstruction for Sediment Control
Severe sediment accumulation problems became evident immediately after impounding in
1960. The amount of sediment estimated in the original plan proved to be so extremely
optimistic and its impacts were unacceptable; therefore, the operational rule was changed into
detention flood in flood seasons and impounding water in non-flood seasons at lower pool
level, from March 1962. Even so, sediment accumulation was still increasing rapidly, due to
higher elevation of outlets and less sluicing capacity. Sedimentation not only threatened to
eliminate all project benefits in a short time, but sediment deposits were also raising the bed
elevation of Tongguan and flood levels in the Yellow River upstream of the dam. This
threatened additional agricultural lands and riverside industrial areas. Reconstruction began in
1964. Establishment of a sediment balance between sediment inflow and outflow and
controlling the bed elevation rising of Tongguan reach became the first priority objective
achieved through several stages. The way to deal with the situation is to enlarge sluicing
capacity of the dam and to change operation rule as that to keep lowest pool level for flushing
before floods arriving during flood seasons from July to October.
3.2.3. Reservoir Sedimentation after Reconstruction
a. Quantity of Sediment Deposits in Reservoir
Before reconstruction program in June 1970, sediment accumulated in the reservoir was 5.3
billion m3, equivalent to 0.54 billion m3 storage capacity lost per year on average. The bed
elevation at Tongguan rose 5 m. After completion of reconstruction works, the operation
rule was changed into flood –detention in the flood season from July to October, as a result,
reservoir sedimentation was reduced to less than 0.02 billion m3 each year and 0.9 billion m3
of storage capacity of the main channel below Tongguan was recovered (comparison between
1978 and 1964), and the bed elevation at Togguan fell nearly 2 m. Since 1974, an operation
rule of regulating water and sediment for flood control, ice-jam control, irrigation and power
generation was implemented. As a result, the storage capacity of 5.8 billion m3 was preserved
below the pool level of 330m; the bed elevation of Tongguan was basically stable changing
within 1 m; not only retrogressive deposition was stopped, but also there was no unfavorable
impact on the Lower Yellow River. Data of deposition, scouring and sluicing are listed in
Table 3.3. It shows that the effectiveness of sediment management achieved after
reconstruction program and changing the operation rule. It provides valuable experiences to
hydro-projects built on heavily sediment-laden rivers.
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Table 3.3. Deposition-scouring and sluicing in Sanmenxia Reservoir

Date

Operation
rule

Pool level
(m )

1962.04-1966.06
1966.07-1970.10
1970.07-1973.10
1973.11-1978.10

Storing water
Before
reconstruction
The first
reconstruction
The second
reconstruction
Control operation

Sediment inflow and
outflow discharge

Rising bed
elevation of
Tongguan
(m)

332.58

324.02

+3.2

+14.3

1.1

Percentage of
sediment inflow
discharge %
6.8

325.9

312.81

+3.6

+16.1

33.9

58.0

+4.4

320.13

320.13

+15.8

+0.1

73.8

82.5

+5.0

313.31

298.03

+3.8

-2.8

59.3

105

+3.1

317.18

305.60

-0.7

+1.2

66.8

100

+3.1

Max
1960-09-1962.03

Quantity of reservoir
sedimentation and
erosion
(billion tons)

Average

total

+4.5

Notes: ‘+’ represents deposition, and ‘-’ represents scour.

b. Configuration of the Reservoir Sedimentation and Erosion
Configuration of reservoir deposits and erosion are different in various river reaches and
under various operation rule of the reservoir. Its configuration in each reach of the reservoir is
described as follows.
(a) Characteristics of the delta
After impoundment in 1960, deposits occurred in both longitudinal and transverse
directions to form a reservoir delta at the upstream end of the backwater reach created by the
dam and then it advanced downstream toward the dam. The variation in longitudinal profiles
of floodplain in Sanmenxia Reservoir is shown in Fig.3.5. Before reconstruction, the profile
of deposits below Togguan reach was wedge-shaped with its longitudinal slope of 1.1-1.7 0/000.
After reconstruction, the operation rule was changed, during impounding in non-flood seasons,
sediment deposited along the main channel and also on the submerged floodplains. The slope
of the main channel was divided into the topset and frontset with slopes of 1.4-1.5 0/000 and
2.2-2.30/000 respectively. For the river reach 62 km to the dam, the slope kept stable at 1.6-1.8
%00. Data observed in the reservoir for many years illustrate that those slopes were stable.

Fig.3.5. Longitudinal floodplain profiles in Sanmenxia Reservoir

(b) High flood plain and deep main channel of cross sectional configuration
After changing the operation rule, the figuration of the river channel has been moulded into
high floodplains and a low main channel. The floodplain was formed during 1964 to 1967,
because at that time the floodplain was submerged and had ample sediment deposited. The
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elevation of the flood plain was in concordance with the water level of a certain discharge
called bed-forming discharge. The slope of water surface was varying with discharges, at
present it was about 1.20/000. Fig.3.6. shows the change of storage capacity in the main
channel and on the flood plain below the pool level of 330m. It illustrates that after
reconstruction, the storage capacity of the main channel has been recovered partly; the
operation rule can preserve it for regulating sediment. Of course, with different water and
sediment inflows, erosion and deposition may take place in some river reaches. According to
measured data, the impact of erosion and deposition on storage capacity was about 0.1x109m3.

Fig.3.6. Change in storage capacity of Sanmenxia Reservoir below 330m

c. Retrogressive Erosion
When bottom outlets are opened for drawdown flushing, deposits at the area in front of the
bottom outlets will be scoured at first. When the pool level of the reservoir drops down to an
elevation below the delta apex or previous deposits with uncontinuous slope, retrogressive
erosion will take place resulted in, the abrupt fall of water surface, forming a turning point.
Intensive erosion takes place downstream from this turning point, which keeps moving
upstream in the course of degradation. Retrogressive erosion will not be stopped until the
gradual transition of the foreset and topset slopes into a unified slope.
Sediment flushing was operated in Sanmenxia Reservoir in 1964, retrogressive erosion was
observed. The timewise variations in pool level and sediment concentration at various points
during retrogressive erosion is shown in Fig.3.7.

Fig.3.7. Time-wise variation in water level and sediment concentration
at various points during retrogressive erosion.
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3.2.4. Reservoir Operation
a. Operation of Regulating Water and Sediment and its Multiple Purpose Use
There are following favorable conditions to realize operation of regulating water and
sediment in the reservoir. (a). It has enough water inflow in a non-flood season and the
discharged water from the power house in a flood season is sufficient; (b). It has a steep bed
slope (natural slope of the river is 3.5 %00, and erosion occurring slope is 2.2-2.3 %00); (c) it
has large sediment transport capacity due to sediment inflow carrying fine particles in flood
seasons; (d). Besides, it has necessary scale of release capacity and nimble regulating
equipments. At present, the sediment inflow has not been reduced yet, it is necessary to
achieve multiple benefits for reservoir long-term use by operation of regulating water and
sediment. The index of multipurpose use of the reservoir is limited by sediment regulating.
For example, deposits in the reservoir in a non-flood season and in detention and flood
flushing operation period should be cleaned by drawdown flushing for a certain period of time.
The pool level in different periods such as in the flood season, the non-flood season, even in
the duration of a flood peak and a non- flood peak should be decided by the situation of early
stage of the reservoir such as the location and quantity of erosion and deposition in the
reservoir. Therefore, the multiple benefits provided by the reservoir change with the water and
sediment inflow and outflow within a year. In the meantime, the index of flood control and
ice-jam control is restricted each other. Regulating water and sediment is a distinguishing
feature for reservoirs built on sediment-laden river. The purposes of regulation water and
sediment are:
(a). To preserve storage capacity for long-term use,
(b). To control headward extension of backwater deposition,
(c). To mitigate sediment deposition in the river reach below the reservoir,
(d). To reduce quantity and diameter of sediment passing through turbine units.
b. Regulating Water and Sediment to Preserve Storage Capacity of Main Channel
The outflow discharged from the reservoir should be decided by the flood control index of
the lower Yellow River. The flood coming from upstream should not be detained by the
reservoir, if it is smaller than the flow transporting capacity of the Lower Yellow River; if the
flood is exceeding, it will be detained by the reservoir. Therefore, it is required that the release
capacity of the project must be large enough; if so, the limit of backwater can be controlled
not extending up to Tongguan during an ordinary flood and the pool level can be controlled
lower than the elevation of floodpain in order to preserve storage capacity on flood plain for
storaging an extraordinary flood.
The operation rule in normal years is impounding water in non-flood seasons and
drawn-down flushing in flood seasons. Because in non-flood seasons, sediment inflow is
relatively small and sediment particles are fine, most of sediment deposit in the main channel
of the backwater region, therefore, the storage capacity of floodplain can be preserved and the
pool level can be raised. In flood seasons, the pool level is controlled by the inflow and
creating suitable condition for flushing sediment from the main channel. Therefore, it should
have enough release capacity (For example, equal to the mean flood discharge in flood
seasons.) in order to achieve the balance of sediment inflow and outflow within a year. After
several years’ operation, 3x109m3 storage capacity of the reservoir can be maintained, of
which about 2x109m3 is in the main channel.
c. Regulating Water and Sediment Outflow to Reduce Sediment Deposition in Lower Yellow
River
Since the impoundment of the reservoir, it has experienced four aspects of regulating water
and sediment operation for the purpose of bringing sediment stored and discharged into
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balance, all of those measures employed are beneficial for reducing deposits in the Lower
Yellow River. :
(a). Storing sediment in non-flood seasons and discharging in flood seasons
In view of the sediment transport capacity of river channel in the flood season is large, the
sediment inflow in a non-flood season can be stored in the reservoir and then flushing
sediment is carried out in the flood season. For safety of flood control in the reach in
Shandong province, attention should be paid to select the outflow discharge and release
duration in order to avoid unfavorable situation of flood control in Shandong province caused
by sediment deposition.
(b). Storing sediment carried by low floods and flushing it by large floods
Sediment carried by low floods is stored in the reservoir and will be flushed by a large
flood, because the sediment concentration if low floods is less. When the outflow discharge is
up to 3000 m3/s, the sediment outflow can be increased by 70%. When the outflow discharge
is larger than 3,000 m3/s, the sediment carrying capacity of the Lower Yellow River is large
enough to transport sediment into the sea without silting;
(c). Selecting outflow discharge reasonably
During the detention operation period, the outflow discharge should be coincidence with
sediment carrying capacity of the downstream channel. The experience of selecting outflow
discharge is to make the increase rate of released discharge equal to the raising rate of the
pool level caused by inflow simultaneously. It means the pool level is kept constant during
sediment flushing period;
(d). Storing coarse particles in non-flood seasons and flushing in flood seasons
In view of different diameter of sediment particles are sluiced from different elevations of
outlets, such as coarse particles are sluiced from lower outlets and finer particles are sluiced
from higher outlets. Therefore, during a non-flood period coarse particles are to be stored by
closing lower outlets until the flood period, those coarse particles will be released by opening
the lower outlets. This operation is favorable to transport coarse particles by large discharge in
flood seasons.
The knowledge of sediment management gained at Sanmenxia Reservoir formed the basis
for the design and management of subsequent reservoirs mainly built on sediment-laden rivers,
including the Xiaolangdi Reservoir and the Three Gorges Projects in China. It is important to
consider sedimentation problems from the early planning and design stage to subsequent
management operation.
3.3 Xiaolangdi Reservoir

3.3.1 General
a. Dam Site
The Xiaolangdi Multipurpose Project is located on the Yellow River, 130.8 km downstream
of Sanmenxia Reservoir and 129.1 km downstream of Sanmenxia Hydrological Station, 8 km
upstream of the Jiaozhi Railway Bridge, and 4 km upstream of new Xiaolangdi Hydrological
Station. The terminal of backwater at full supply level of the reservoir extending is at
Sanmenxia Hydrological Station, Fig.3.1. is the location map of Xiaolangdi Reservoir .
b. Reservoir Description
Xiaolangdi Reservoir is gorge-shaped. The upper part of the reservoir is narrow only
200-850m in width, with an average of 390m. The lower part is 65km long in irregular shape
with a wider valley varying 1,100-3,250m and 1,700m on average. The average width of
water surface of tributaries in the backwater region is 900m; the maximum width is 3,800m.
The Full Supply Level (FSL) of the reservoir is 275m with a total storage capacity of 12.66
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x 109 m3, of which about 4.07 x 109 m3 is contributed by tributaries, accounting for 32.2% of
the total storage. When the pool level is at 275m, the maximum length of reservoir boundary
is 905km.

Fig.3.8. General Layout of the reservoir

c. Dam and Its Sluicing Structures
Xiaolangdi dam is a zoned, earth and rock-fill dam with a sloping impervious core. The
dam is 154m high and its crest is 1,317m in length with the crest level at 281m. To cope with
the heavy sediment load, nine large flood-releasing tunnels are provided. Three tunnels are
regularly operated to flush sediment out of the reservoir. Another three tunnels of 14.5m
diameter, rebuilt from diversion tunnels, provide extra capacity to pass sediment-laden water
during flood periods. Three other open-flow tunnels are provided to pass floating debris. A
spillway supplements the discharge capacity of the project. These nine tunnels and the
spillway have a joint discharge capacity more than 17,000 m3/s at FSL. An emergency
spillway provides an additional 3,000 m3/s discharge capacity.
Six circular power tunnels of 7.8m diameter connect the reservoir with the underground
powerhouse where is equipped with six turbine-generators units of 300 MW each for a total
installed capacity of 1,800 MW and an annual energy output of 5,100 GWh. In order to
prevent the tunnel intakes from silting up, they have all been concentrated in one compact
structure. By regularly operating the sediment tunnels, the flushing action may clear the
approaches to all tunnel intakes. All flood water release structures discharge into the same
plunge pool on the left bank. General layout of the structures is shown in Fig.3.8..
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3.3.2. Water and Sediment Inflow and Outflow Regime
a. Features of Water and Sediment Inflow and Outflow
The entrance station of Xiaolangdi reservoir is Sanmenxia Station. The average annual
runoff during the years of 1952-2000 at the Station was 38.2 x 109 m3 and average annual
sediment load was 1.23 x 109 tons. Of which the average annual outflow released from the
Sanmenxia Reservoir during the past 29 years from 1960-1988 was 38.95 x 109m3, in which
21.80 x 109m3 came in the flood season from July to October, accounting for 56% of year’s
total. The average annual sediment load was 1.139 x 109 tons, of which 0.991 x 109 tons came
in the flood period, accounting for 87% of year’s total. The maximum annual sediment load
released from Sanmenxia Reservoir was 2.256 x109 tons in 1977; the maximum sediment
concentration of outflow was 911 kg/m3 in 1977. There were 3 annual sediment load larger
than 2.0 x 109 tons and 16 larger than 1.6 x 109 tons. According to filed data at Xiaolangdi
Hydrological Station, the maximum annual sediment load was 2.198 x 109 tons in 1967; the
maximum sediment concentration was 941 kg/m3 in 1977. There were 4 annual sediment load
larger than 2.0 x 109 tons, 15 larger than 1.0 x 109 tons. Runoff contributed by tributaries
concentrates in the flood season, the mean annual runoff is 0.9 x 109m3, equivalent to 2.3% of
the outflow released from Sanmenxia Reservoir. The sediment load transported by tributaries
is small, only 4.7 x 106 tons, about 0.4% annual sediment load from the Sanmenxia Reservoir.
b. Water and Sediment Inflow and Outflow in 1997-2002
Xiaolangdi project started to impound water on 28 Oct.1999. From 1997 to 2002 there were
continuous dry years since 1952; therefore, the water amount stored in the reservoir was least.
On average over the six years, the annual inflow was 16.49 x 109 m3 only, 43.2% of the
long-term average. Especially in the second year after impounding in 2001, the reservoir
inflow was 13.78 x 109 m3, 36.1% of the long-term average.
In the same period, on average over the six years, the sediment inflow was 0.403 x 109 tons,
32.8% of the long-term average (1952-2000) sediment outflow from Sanmenxia Reservoir.
Annual sediment inflow was 0.307 x 109 tons on average over the first three years after
impounding, 25.0% of the long-term average value. In the third year after impounding in
2002, the sediment inflow was 0.271 x109 tons, 22% of long term average sediment outflow
released from Sanmenxia.
3.3.3. Sediment Deposits
a. Quantity of Deposits
According to field data, the total sediment inflow during the period of Oct.1997 to Dec.
2001 was 0.922 x 109 tons (not including contribution of tributaries) and the total sediment
outflow was 0.0966x109 tons. The sediment release efficiency was 10.5%.
The accumulative deposited in the reservoir during the period of Oct. 1997 to Oct.2004 was
1.533×109m3, 92.9%, of which deposited between the Dam and the cross section of Huanghe
38.
Table 3.4. Sedimentation distribution of Xiaolangdi Reservoir
Reservoir section
Item
Dam~Huanghe20 Huanghe20~Huanghe38 Huanghe38~Huanghe56
Amount of deposition (109m3)
0.7293
0.6946
0.1092
47.6
45.3
7.1
Percentage（%）

Total
1.533
100

b.Reservoir Stroage
According to measured data, the reservoir storage below 275m was 12.75 billion m3 in
Oct.1997, 11.34 billion m3 in Oct.2003, and 11.22 billion m3 in Oct.2004. The
Xiaolangdi-Reservoir storage curve is shown in Fig.3.9..
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Fig.3.9. Xiaolangdi Reservoir storage curve

c. Figuration of Deposition
The longitudinal profile of Xiaolangdi Reservoir deposition is of a delta as shown in
Fig.3.10.. The delta moves toward the Dam gradually, it moved about 30km from 2003~2004.

Fig.3.10. Longitudinal profile of Xiaolangdi Reservoir

Configurations of sediment deposits in cross sections are different in various reaches. For
the reach from the dam to Huanghe 25, deposits distributed uniformly over the cross section;
from Huanghe 25 to Huanghe 41, more deposits located at the thaweg with uneven
distribution; the reach beyond Huanghe 41 either erosion or deposition occurred in the cross
section.
d. Backwater Deposits
The terminal of backwater deposits of Xiaolangdi Reservoir was 110km downstream of the
Sanmenxia Dam site. If considering erosion caused by flushing operation of Sanmenxia
Reservoir, the terminal will shift the location between 110km -130km from Sanmenxia
Reservoir.
3.3.4. Operation Rule
a. Operation Strategy
The operation strategy of the reservoir can be divided into two phases. The purpose of the
first phase operation is to form high flood plains and low main channel through the following
three operation stages: Storing water and sediment period, main channel and high floodplain
and deep channel forming period.
The purpose of the second phase is to make equilibrium between erosion and deposition in
the reservoir after several years. The operation rule is to storage clear water and to release
muddy water through regulating the storage capacity in the main channel in flood seasons. As
a result, the live storage capacity of 4.05-5.1x109 m3 below the pool level of 275m can be
maintained for comprehensive usage and eroding downstream river channel by man-made
flood peaks formed by reservoir regulation.
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b. Operation for experiment of regulating water flow and sediment load
Experiment of regulating water flow and sediment load was carried out in a large scale in
2002. The operation rule was quite different with that in the years of 2000 and 2001. Up to
July, 2002, the pool level was 236.09m with a storage capacity of 4.341 x109 m3, and the
storage capacity under the flood control pool level 225m was 1.47 x109 m3. According to the
instruction issued by the Yellow River Water Conservancy Committee, experiment was
carried out during 4 to 15 July, 2002. The requirements were that; on 7 July, the sediment
concentration of outflow should be controlled lower than 20 kg/m3; on 8 July, it was
controlled within 15-20 kg/m3; on 14 July, the pool level was lower than 225m; up to 15 July
was the end of the experiment. During the experiment period, average inflow water discharge
and sediment concentration were 973 m3/s and 198.1 kg/m3 respectively; average outflow
discharge and sediment concentration were 2742 m3/s and 17.7 kg/m3. Water volume released
out of the reservoir was 2.606x109 m3; of which 1.6 x109 m3 was replenished by the reservoir
as a result of the pool level drew down to 12.66m. The total amount of sediment inflow and
outflow during the experimental period were 0.1831x109m3 and 0.0319 x109m3 respectively.
On Sept.6~18, 2003 and Jun.19~Jul.13, 2004, the second and third experiment of
regulating water and sediment was carried out by theYellow River Conservancy Commission.
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4. Fluvial Processes of the Lower Yellow River
The Lower Yellow River is from Tiexie to Lijin，with a total length of 800km and an area of
about 4000km2 (Fig.4.1.), belonging to an alluvial channel.
The existing Lower Yellow River is formed in different historical periods, which can be
divided into two periods, namely, natural deposition period and scouring and silting period
after operation of Sanmenxia Reservoir (Photo 4.1). Owing to the low flow and high sediment
load, inconsistency of water and sediment, and the wide and shallow channel of the Lower
Yellow River, a large amount of sediment have been deposited in the channel, making the
channel bed kept in aggradation year after year, and has been formed a perched river.
Furthermore, due to flood detention and discharging sediment of Sanmenxia Reservoir, and
the effect of production dikes along two banks, a perched river between the two banks has
been formed, its channel bed is higher than the flood-plain outside the production dikes,
namely, a so called secondary perched river ((Photo 4.2), making the situation of flood control
more serious. At present, the Lower Yellow River has completely become a two-graded
perched river, of which the most serious highly perched reach amounts to over 300km. The
river bed elevation of the Lower Yellow River channel is commonly 3m~5m higher than that
of the ground behind the river, the maximum of which is 10m.
The Lower Yellow River can be classified as three river patterns, that is, the wandering
reach from Tiexie to Gaocun, with morphology relationship B / H of 20 to 40, where B is the
channel width corresponding to the bankful discharge, and H is the mean water depth
corresponding to the channel width, the transitional reach from Gaocun to Taochengbu，with
morphology relationship B / H of 8.6 to 12.4，and the meandering reach from Taochengbu to
Lijin，with morphology relationship B / H of 2 to 6。

Fig. 4.1. Plan view of Lower Yellow River
Table 4.1. Characteristics of flow and sediment for different periods
Periods

Annual runoff
(109m3)

Annual sediment load
(109t)

Annual sediment
concentration
(kg/m3)

Maximum flood
discharge at
Huayuankou
(m3/s)

Jul.1950~Jun.1960
Oct.1960~Oct.1964
Oct.1964~Oct.1973
Oct.1973~Nov.1980
Nov.1980~Oct.1985
Oct.1985~Oct.1993
Jul.1950~Oct.1993

48.0
57.3
42.6
39.5
48.2
30.9
43.2

1.795
0.603
1.63
1.24
0.97
0.748
1.269

37.4
10.5
38.3
31.3
20.1
24.2
29.4

22300
9430
8480
10800
15300
7000
22300

Table 4.1 gives changes in annual runoff and annual sediment load of the Lower Yellow
River after 1950. During the periods of Jun.1950 to Oct.1993, the mean annual runoff and
mean annual sediment load of the Lower Yellow River were 43.2 billion m3 and 1.269 billion
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ton, respectively. The annual averge sediment concentration was as high as 29.4 kg/m3. It can
be seen that since the commission of Sanmenxia Reservoir in 1960, due to sediment trap, the
sediment inflow of the Lower Yellow River has been declined obviously.
4.1. Fluvial Processes of Lower Yellow River

The existing Lower Yellow River is formed in different historical periods, the reach from
Tiexieto to Qinhekou was originally the old course of the Yuhe River，the reach of Qinhekou
to Dongbatou (Photo 4.3) has a 500 year history, and the reach of Dongbatou to Taochengbu
was formed on the inundated land after the break at Tongwaxiang, the reach of Yushan to the
river mouth downstream of Taochengbu was originally the old course of Daqing River, which
was pirated by the Yellow River after break at Tongwaxiang. With the exception of the reach
from Dongpinghu to Tianzhuang belonging to moutain area, levees were built on the north
bank downstream of Mengzhou city and on the sorthern bank downstream of Zhengzhou city
(Photo 4.4).
The cross-sectional thicknesses of scour and siltation of the Lower Yellow River are listed in
Table 4.2.
At the initial stages of break at Tongwaxiang(from1855 to1875)，the Yellow River flooded
freely, sedimentation occurred, forming a fluvial fan with the vertex at Tongwaxiang.
Agaradation of the reach from Dongbatou to Gaocun lying on the top area of the fluvial fan
amounted to 2m to 3m，and from Gaocun to Taochengbu 0.5m to 1m. Serious retrogressive
erosion occurred in the upstream reach of Dongbatou, which was cut down rapidly, the scour
depth at the entrance was about 6m.
From 1875 to 1878, the main levees on both banks were formed between Tongwaxiang to
Zhangqiuzheng, the Yellow River was confined within the levees on both banks, which ended
the condition of long-term overflow, and the Yellow River channel turned to development
periods controlled by man-made levees. Until 1891, siltation of the reach of Dongbatou to
Lijin developed rapidly, the elevation of the floodplain within levees was commonly about 1m
higher than that of the ground outside levees. The river channel in the reach of Tiexie to
Dongbatou was widened and aggraded, the bed of which rose commonly 0.5m to 1m.
After the 20th century, the reach from Tiexie to Dongbatou, with a length of 200km,
formed a bed slope of 2.0 to 2.50/000，being influenced by the channel aggradation downstream
of Dongbatou，the main channel bed rose gradually in the form of retrogressive depostion,
which had a small deposition rate. The channel slope of Dongbatou to Aishan was milder than
that of the reach upstream of Dongbatou，where was the key area of deposition in the Yellow
River. Deposition in the downstream reach of Aishan was rather small, but due to the
influence of the deposition in the river mouth, the deposition thickness of the reach increased
slightly. From 1891 to 1936，the river bed of the reach of Tiexie to Lijin rose commonly 1m to
2m, breaks occurred many times during this period, which made a large amount of sediment
dashed out of the levees, and the annual average deposition thickness of each reach was
0.02m to 0.04m.
In the years from 1936 to 1960, the river channel was in a natural deposition period,
deposition was small in the upper and lower reaches and large in the middle reaches, i.e.,
being small in the reach upstream of Dongbatou and downstream of Luokou，with an annual
average deposition thickness 0.03 to 0.06m, being large in the reach of Dongbatou to Luokou,
with an annual average deposition thickness 0.09 to 0.13m. The reason that the deposition rate
was relatively large during this period was due to the fact that no levee breaks occurred.
After Sept.1960, the Sanmenxia Reservoir was put into operation, the condition of inflow
water and sediment load were altered. The Lower Yellow River had undergone scour and
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siltation alternately, from Sept.1960 to Oct. 1994, the total amount of deposition was close to
4.2 billion tons，almost no deposition occurred in the reach upstream of Huayuankou，and the
average cross-sectional deposition thickness downstream of Huayuankou was by and large
1m.
Table 4.2. Average cross-sectional deposition thickness in the years 1855 to 1994
Reach
Tiexie~
Huayuankou
Huayuankou~
Dongbatou
Dongbatou
~ Gaocun
Gaocun~
Aishan
Aishan~
Luokou
Luokou~
Lijin

1855~1875
Total
Annual
(m)
(m)

1875~1891
Total
Annual
(m)
(m)

1891~1936
Total
Annual
(m)
(m)
1~
0.02~
1.5
0.03
1~
0.02
1.5
1~
0.02~
1.5
0.03
1~
0.02~
1.5
0.03

1936~1960
Total
Annual
(m)
(m)

1960~1994
Total
Annual
(m)
(m)

0.32

0.02

0.16

0.005

0.5

0.03

1.27

0.037

1.3

0.09

0.90

0.026

1.2

0.13

0.82

0.024

-1~-2

-0.05~--0.1

0.5

0.03

-3.5~-5.0

-0.17~--0.25

1.0

0.06

1.0

0.06

1.0

0.06

1.0~
1.5

0.06~
0.10

1~
2.0

0.02~
0.04

1.5

0.10

0.97

0.5~
1.0

0.03~
0.06

1.5~
2.0

0.03~
0.04

0.8

0.06

1.20

2~3
0.5~
1.0
Channel
widened
from
30mto
200m
Channel
width
300m

0.10~
0.15
0.025~
0.05

1855~1994
Total
Annual
(m)
(m)
0.4~
0.003~
1.0
0.007
0~-1.5

0~-0.01

6.2~
7.7
5.3~
6.3

0.046~
0.054
0.04~
0.048

0.029

4.5~
6.0

0.03~
0.046

0.035

4~5

0.03~
0.038

Note：‘+’denotes agradation, ‘-’ denotes degradation.

4.2. Changes in Longitudinal Profile of the Channel

4.2.1. Shape of Longitudinal Profile
As shown in Fig. 4.2., the
longtitudinal profile of the Lower
Yellow River is a concave downward
curve. Since the longitudinal
distribution of deposition was
uneven, being small at both ends of
the reach and large in the middle
reach after 1955, the downward
degrees of longtitudinal profile
reduced gradually, the slope
difference between reaches reduced
slowly.
The
channel
slope
decreased gradually from upstream
to downstream as given in Table 4.3,
which could be devided into four
reaches according to change in
slope, that is, the reach of Mengjin Fig. 4.2. The longitudinal profile of the Lower Yellow River
to Huayuankou, being the steepest,
approximately with a slope of 2.48 to 2.7280/000，the reach of Huayuankou to Gaocun,
approximately with a slope of 1.453 to 1.8740/000，the reach of Gaocun to Aishan ，
approximately with a slope of 1.122 to 1.4540/000 ，the reach of Aishan to Lijin，approximately
with a slope of 0.838 to 1.0590/000 。
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Table 4.3. Changes in longitudinal profile of the Lower Yellow River (0/000)
Time
Reach
Mengjin~ Huayuankou
Huayuankou~ Jiahetan
Jiahetan~ Gaocun
Gaocun~ Sunkou
Sunkou~ Aishan
Aishan~ Luokou
Luokou~ Lijin

1953

1960

1964

1973

1976

1986

2.691
1.823
1.572
1.143
1.122
1.022
0.879

2.728
1.856
1.453
1.454
1.385
1.059
0.895

2.581
1.780
1.499
1.138
1.244
1.030
0.838

2.491
1.874
1.498
1.138
1.179
0.975
0.915

2.480
1.836
1.482
1.137
1.156
0.994
0.887

2.493
1.835
1.453
1.161
1.166
0.995
0.930

4.2.2. Characteristics of Adjustment of Longitudinal Profiles
a. Adjustment of Longitudinal Profiles
In the years of 1950 to 1993, except a total scour thickness of 0.37m occurred in the main
channel of the reach of Tiexie to Huayuankou, an aggradation thickness of 1.51 to 3.89m (as
shown in Table4.4.) occurred in the reaches below Huayuankou, increasing along the river
course on the whole. Fig.4.3. shows changes in water stage of 3000m3/s. Table 4.5 lists the
annual average rise and fall of water stage at 3000m3/s in the years of 1950 to 1993. Although
there existed a big difference in scouring and silting between each period, a trend that the key
area of deposition moved downward year after year did existed. In the years of 1950 to 1960
and 1965 to 1973, much more sedimentation lied in the reach of Huayuankou to Sunkou，most
sedimentation occurred in the reach of Jiahetan to Aishan in the years of 1974 to 1980，and in
the reach of Sunkou to Luokou in the years of 1986 to 1993.
Table 4.4. Thickness of scouring and silting in different periods
Period
1950~1960
1960~1964
1964~1973
1973~1980

Reach
Location
Channel
Floodplain
Channel
Floodplain
Channel
Floodplain
Channel
Floodplain
Channel

1980~1985
1985~1993
1950~1993

Tiexie ~
Huayuankou
1.15
0.43
-1.91

Huayuankou~
Jiahetan
0.57
0.64
-1.15

0.69
0.62
-0.45
Floodplain
collapse
-0.54

1.42
0.48
0.02

Floodplain
Channel
Floodplain
Channel
Floodplain

Jiahetan~
Gaocun~
Gaocun
Aishan
0.97
0.96
0.69
0.81
-1.31
-1.62
Floodplain collapse
2.16
1.73
0.40
0.12
0.15
0.46

Luokou~
Lijin
0
0.59
-0.49

2.30
0.03
0.29

3.25
0.06
0

0.36

0.36

0.30

0.33

0.50

-0.62

-1.0

-0.36

-0.49
Floodplain
collapse
2.24
0
3.89
0.95

-0.54

Floodplain collapse
0.69
0.19
-0.37
1.24

(Unit：m)

Aishan~
Luokou
0.14
0.62
-0.59

1.27
0.14
1.51
1.62

0.25
1.50
0.06
2.47
1.51

1.50
0.01
2.85
1.52

0
1.01
0.02
3.23
1.17

Table 4.5. Annual average rise and fall of water stage at 3000m3/s in the years of 1950 to 1993
Annual average rise and degradation of level(m)
1960~1964
1964~1973
1973~1980
1980~1985
Tiexie
-0.7
0.07
Huayuankou
0.12
-0.33
0.21
-0.02
-0.11
Jiahetan
0.14
-0.33
0.22
0.02
-0.14
Gaocun
0.12
-0.33
0.26
0.06
-0.07
Sunkou
0.22
-0.39
0.21
0.05
-0.06
Aishan
0.056
-0.19
0.25
0.04
-0.06
Luokou
0.026
-0.17
0.29
0.05
-0.09
Lijin
0.0020
0.0020
0.18
0.02
-0.14
Note：‘+’denotes rise,‘-’ denotes fall.
Station

1950~1960
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1985~1993
0.11
0.13
0.13
0.14
0.14
0.15
0.16

b. Changes in Channel Bed Slope
The channel bed slope of the Lower
Yellow River varies with the condition
of scouring and silting of the reach and
the deposition distribution along the
river course. As usual, the channel bed
slope becomes steeper when silting and
milder when scouring, but in the Lower
Yellow River this is not always the case
due to the uneven deposition distribution
in the reach. For instance, in the 1950’s,
the channel slope apparently became
steeper owing to deposition along the
river course, in the years of 1960 to
1964, the channel slope apparently
became milder owing to scouring, the
channel slope upstream of Huayuankou
reduced as much as 5.4％, but in some
other periods, for instance, in the years
of 1965 to 1973, even though deposition
occurred, except the channel slope in the
reach of Tiexie to Huayuankou reduced
3.5 ％ , the chanel slopes in the rest
reaches showed no obvious changes.
As the position of deposition
Fig.4.3. Changes in water stage of discharge 3000m3/s
gradually moving downward, the
channel slope of the Lower Yellow River as a whole become milder, as shown in Fig.4.2.
4.3. Adjustment of Cross-section of the Lower Yellow River

The adjustment of cross sections of the Lower Yellow River channel is closely related to
the inflow water and sediment load as well as the channel boundary condition. The condition
of inflow water and sediment load includes the amount of water flow and sediment load as
well as their processes，which determin the form and extent of adjustment of cross sections.
The boundary condition includes soil composition and texture and protection projects along
both banks, which influence the variation scope of river morphology and cross sections.
4.3.1. Shape of Cross-section
As mentioned before, the Lower Yellow River can be divided into three reaches with
different river patterns. Typical cross-sections for the three reaches are shown in Fig.4.4. to
Fig.4.6..
The fluvial channel of the Lower Yellow River varies with the condition of water flow and
sediment load，making its water delivery and sediment transport adapt to water flow and
sediment load. Deposition on the floodplain makes condition for channel scour，deposition in
the channel makes condition for flow to overbank, and the exchange of water and sediment
between the floodplain and the channel is quite frequent, which makes the transverse
adjustment very intense. Besides, the main flow shifts in a great extent, the location of the
main channel alters in right-and-left direction and is changeable, which makes the change in
cross section more complex.
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a. Wandering Reach Upstream of Gaocun
(a) Section Configuration
The cross-section of wandering reach upstream of Gaocun is a compound cross-section，
including the main channel passing medium floods, the first class floodplain left by main flow
shifting, that the low and medium flood can overflow, the second class floodplain which can
only be overflown by rather large floods, and the third class floodplain which can be
overflown by large floods ( Fig.4.4.). In the expansion reach, water flows dispersedly，many
sandbanks exist in the channel, one can not easily identify a main channel clearly (Fig.4.4 (a)),
while in the contraction reach, a main channel can be clearly identified (Fig.4.4 (b))。
(b) Morphology Relationship
The reach of Tiexie to Gaocun, with a length of 283km and a distance of 4.1km to 20km
between levees，has wide and shallow channel cross-sections, and its channel width is
commonly 1.5 to 3.5km，somewhere over 4km. The elevation difference between floodplain
and channel is less than 2m，exceptionally less than 1m，the water depth is very small, and the
morphology relationship B / H at bankfull discharge is 20 to 40, where B is the channel
width corresponding to the bankful discharge, and H is the mean water depth corresponding to
the channel width .
(c) Shifting of Main Current
The reach of Tiexie to Gaocun is relatively straight as a whole, with an average sinuous
ratio about 1.15. The scouring and silting of cross-sections vary in a large extent, and the
location of the main flow is extremely unstable，which is the main characteristics of river
regime and fluvial processes of the wandering reach. Table4.6 gives shifting amplitude of
main current in the wandering reach. In the years of 1955 to 1994, the annual average
transverse shifting amplitude of main current was from 206 to 1242m ， the maximum
amplitude 1705 to 8040m，and the yearly maximum shift amplitude 760 to 5660m. After
channel regulation in 1979, the shifting amplitude of most cross-sections reduced distinctly.
Table 4.6. Characteristics of shifting amplitude of main current in the wandering reach
Item
Cross-section
Tiexie
Huayuanzhen
Peiyu
Luohekou
Guanzhuangyu
Huayuankou
Jiahetan
Dongbatou
Mazhai

Annual
average
shifting
amplitude (m)
206
520
854
1242
657
873
444
594
669

Yearly
shifting
amplitude
(m)
10~760
0~2295
30~3370
50~5660
10~2420
40~3980
20~1540
6~2780
0~3000

Maximum shifting amplitude
(m)
1955 ~
1979 ~
1974
1994
2740
1075
3990
2770
3530
4140
8040
3080
2500
2680
4080
2375
1640
1705
3050
890
3350
2630

Annual maximum shifting
amplitude (m)
Shift to right

Shift to left

50
2295
3370
5180
1650
3980
1540
2450
3000

760
1630
3100
5660
2420
2330
1200
2780
1680

b. Transitional Reach of Gaocun to Taochengbu
(a)Section Configuration
Cross-sections in the transitional reach of Gaocun to Taochengbu are commonly composed
of the main channel, the first and second class floodplains. After planned channel regulation
by 1974, the main current has been basically controlled, and the cross-section configuration
has been improved. Owing to the main current being controlled，the second class floodplain
becomes stable, the area of the first floodplain becomes very small, the channel cross-section
is almost equal to the cross-section of the main channel，and the river cross-section is mainly
composed of the main channel and the second class floodplain( Fig.4.5.).
(b) Morphology Relationship
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The reach of Gaocun to Taochengbu has a length of 165km and a distance of 1.4km to
8.5km between levees，and a main channel width of 0.5km to 1.6km. The morphology
relationship B / H at the bankful discharge is commonly 8.6 to 12.4. The main channel is
clear. The elevation difference between the floodplain and channel increases gradually along
the river course downstream of Gaocun, 3.5 to 4 m at the cross-section Sunkou.
(c) Shifting of Main Current
The reach of Gaocun to Taochengbu is the transitional reach changing from wandering
reach to meandering reach, with an average sinuousity ratio is 1.33. The reach still has some
characteristics of the wandering reach. Before channel regulation，the main stream and
branches sometimes existed simultaneously and alternately, the flow pattern of the reach often
changed, in some typical river bends such as Micheng bend and Jiucheng bend, the river
regime changed acutely. By concentrating regulation in the years 1966 to 1974，the river
regime has basically been controlled, and the condition of frequent changes in main current
has been changed. The shifting amplitudes of main current in the transitional reach of Gaocun
to Taochengbu are listed in Table 4.7. After channel regulation, the transverse shifting
amplitude of the main current reduced to a great extent.
Table 4.7. Shifting amplitudes of main current in transitional reach
of Gaocun to Taochengbu
Shifting amplitude (m)
Cross-section

Shifting intensity (m／year)

Before regulation
(1949 ~1960)

After regulation
(1975 ~1990)

Before regulation
(1949 ~1960)

After regulation
(1975 ~1990)

Gaocun

720

1100

231

216

Songji

5400

1050

1273

219

Yingfang

3000

300

505

63

Penglou

1050

1050

204

169

Dawangzhuang

2000

500

482

119

Shilou

2130

700

592

194

Yuzhuang

2250

1850

408

263

Yangji

1340

450

291

130

Sijiecun

2300

250

427

80

Longwan

1970

250

270

37

Sunkou

1780

300

533

77

Datianlou

1050

550

351

117

Maximum value

5400

1850

l273

325

Average value

1802

753

425

160

100

41.8

100

37.6

Percentage

(％)

c. Meandering Reach of Taochengbu to Lijin
Cross-sections of meandering reach of Taochengbu to Lijin are still mainly composed of a
main channel and floodplains, i.e., compound cross-sections (Fig.4.6.). The meandering reach
of Taochengbu to Lijin (Photo 4.5) has a distance of 0.4 to 5.0km between levees，a main
channel width of 0.3 to 1.5km，and a floodplain width of 0.4km to 3.7km. The floodplain
width in the reach is much smaller than that in the wandering reach and the transitional reach.
The elevation difference between the floodplain and channel is around 5 to 6m，which
decreases slightly downstream of Daoxu. The morphology relationship B / H at the bankful
discharge is commonly 2 to 6.
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The channel in the reach is relatively stable, and its shifting amplitude is small. For water
flow are confined by regulation works and mountains, the transverse shifting amplitude of
main current is not large, the form of channel exists clearly, and the location of channel is
stable. Due to the strong lateral restrictions, the meander flow could not develop freely, and
the sinuous ratio is only 1.21. The reach attributes to mendering channel, being affected by
artificial and natural factors. Changes in cross-section give priority to longitudinal variation in
the reach.

Fig. 4.4(a) Typical cross section of expansion section of wandering reach in Lower Yellow River

Fig. 4.4(b) Typical cross section of contraction section of wandering reach in Lower Yellow River

Fig. 4.4(c) Changes in Mazhai cross section of wandering reach in Lower Yellow River

Fig. 4.5(a) Typical cross section of transitional reach in Lower Yellow River
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Fig. 4.5(b) Liangji and Datianlou cross-sections of transitional reach in Lower Yellow River

Fig.4.6(a) Typical cross section of meandering reach in Lower Yellow River

Fig. 4.6(b) Typical cross section of meandering reach in Lower Yellow River

4.3.2. Adjustment of Cross-sectional Shape
Adjustment of cross section is affected by the conditions of inflow flow and sediment load,
the operation mode of Sanmenxia Reservoir as well as channel boundary conditions. The
operation of Sanmenxia Reservoir altered the condition of realeased flow and sediment load,
for instance, during the period of storing clear water and releasing muddy flow of Sanmenxia
Reservoir，clear water was released in non-flood seasons，which made sediment scoured in the
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reach above Gaocun，and the channel was widened. Changes in channel boundary condition，
for instance, regulation woks，or production dikes on the floodplain and enclosed dikes on the
floodplains，etc., which all change cross-section configuration above Taochengpu to some
extents, make the channel width narrowed，or restrict a common flood wthin the main
channel，confine the amplitude of channel shifting and river braiding as well as channel scour
by clear water returning from overbank flow, at the same time, change the sediment load
distribution along the river course ， and the distribution of scouring and silting on the
floodplain and in the channel. The most direct infuencing fator to the adjustment of
cross-section is the condition of flow and sediment load.
a. Changes in Cross-section during the Passage of Big Floods with Hyperconcentration
When a lagre overbanking flood with hyperconcentration occurrs, the floodplain is silted
and the channel is scoured，the elevation difference between the floodplain and channel
becomes larger and the channel width is narrowed; The cross-section tends to be narrower and
deeper, and the value of B / H becomes smaller. Table 4.8 lists B / H before and after a
flood peak of typical hyperconcentrated floods occurred in 1977. During the passage of
hyperconcentrated floods, adjustment of cross-section has two characteristics as follows. ①
the influence of hyperconcentrated floods on scouring and silting of cross-section varies in
dirrerent reaches，having strong influence in the wandering reach, and weak influence in the
reach downstream of Gaocun. After the first flood in 1977，for cross-sections Huayuankou
and Gaocun in the wandering reach, channel width and B / H reduced to a great extent, for
instance, the channel width of cross-section Huayuankou changed from 2640m to 602m, and
3
B / H from 52.9 to12.5 at discharge of 2900m /s during the passage of the first flood.
Compared with the wandering reach，smaller change occurred in the narrow river channel
downstream of Gaocun.② The influence of hyperconcentrated flood on cross-section is
related to boundary condition, that is, the previous cross-section configuration and condition
of scouring and silting. Compared with the primal flood, the variation of B / H during the
second flood reduced obviously.
Table 4.8. Characteristic value of cross-section before and after two hyperconcentrated flood in 1977
Primal flood
Secondary flood
Before flood
After flood
Before flood
After flood
Station
Q
B
B
B
B
Q
Q
Q
B
B
B
B
(m3/s) (m)
(m)
(m3/s)
(m3/s) (m)
(m3/s) (m)
H
H
H
H
1600
1240 35.5
1700
632 14.0
1900
429
8.8
1900
410
6.7
Huanyuankou
2900
2640 52.9
2700
602 12.5
2700
602 12.5 2800
420
6.9
5500
2280 59.8
5300
744 10.3
3800
487
6.9
4000
490
5.7
1800
754
23.6
1900
414
8.4
1900
414
8.4
2000
431
9.1
Gaocun
3500
759
16.4
3600
641 11.5
3100
813 16.7 3200
791 12.3
1500
401
8.3
1600
400
8.0
1900
403
7.3
2000
403
7.2
Aishan
4000
414
3.6
3900
408
4.1
3600
407
5.1
3600
406
4.8

The hyperconcentrated flood strives to shape the channel boundary condition to adapt to
itself, and to make the width-depth ratio B / H of cross-section of the whole reach tend to
be consistent. This can be seen from Table 4.8 that although there exists a big difference in
B / H among three typical cross-sections, i.e., Huayuankou, Gaocun and Aishan (Photo 4.6)
before the flood, after the passage of the hyperconcentrated flood, the channel width B and
B / H of the three typical cross-sections generally were in the range of 400 to 700m，5 to
13，respectively, which showed that this kind of cross-section configuration was adaptive to
the hyperconcentrated flood.
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Fig. 4.7. Changes in

B / H when flood overflowing floodplain

b. Changes in Cross-section during Big Floods with Low Concentration
Table 4.9. gives changes in cross-section configuration before and after the flood season in
the year of 1983 with high water flow and low sediment load, which had a maximum flood
peak discharge of 8180m3/s，and a peak sediment concentration of 57kg/m3. During the
passage of low concentration floods, floodplains were collapsed, cross-sections were widened
and became wider and shallower, and the value of B / H became larger in the wandering
reach upstream of Huayuankou. Each cross-section of Jiahetan to Sunkou was narrowed，and
cut down to some extents，and the value of B / H reduced. There were no big changes in the
transverse direction downstream of Aishan, but there existed a downcutting trend in the
longitudinal and vertical directions, and the value of B / H reduced.
Table 4.9. Changes in cross-section configuration before and after flood season
at discharge of 3000m3/s in 1983
Before flood season (July)
After flood season (October)
Station
B (m)
H (m)
B (m)
H (m)
B/H
B/H
Peiyu
2413
1.04
47.2
2845
0.80
66.7
Guanzhuangyu
2197
0.85
55.1
2263
0.74
64.2
Huayuankou
1137
0.91
37.1
1749
0.81
51.6
Jiahetan
3109
0.95
58.7
1634
1.32
30.6
Gaocun
706
1.90
14.0
584
3.22
7.5
Sunkou
827
1.48
19.4
772
2.05
13.6
Aishan
407
3.26
6.2
405
4.57
4.4
Luokou
306
3.71
4.7
303
4.46
3.9
Lijin
472
2.35
9.2
480
3.69
5.9

The relationship between B / H and discharge Q at cross-sections of Huayuankou and
Gaocun in wandering reach in low sediment year of 1982 is shown in Fig.4.7. Under the
action of a flood with a certain large discharge and low sediment load, the river channel of
wandering reach basically tended to become wider and shallower, correspondingly, the value
of B / H increased. When the discharge was smaller than 2000m3/s and 3000 m3/s,
respectively, the value of B / H of cross-section Huayuankou and Gaocun decreased
slightly with the increase of discharges, while when discharges were larger than 2000m3/s and
3000 m3/s, respectively, the value of B / H increased with the increase of discharges.
c. Changes in Cross-section during Low Concentration and Low Flow
Since the mid 1980’s, the runoff and sediment load of the Lower Yellow River have been
reduced obviously. In the years of 1986 to 1993, low flow and low sediment load occurred
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successively in the Lower Yellow River，the average elevation of channel bed of wandering
reach rose, the channel width was narrowed，the flow area below the same water stage
accordingly reduced, the channel transformed from several deeper channel to one smaller
channel, as shown in Fig.4.4(c)，and the river channel generaly tended to wither.
4.4 Scouring and Silting in the Lower Yellow River

4.4.1. Fluvial Processes of Lower Yellow River in Recent Years
a. From 1950 to 1960
For the years 1950 to 1960, the river channel was in a natural state before the operation of
Sanmenxia Reservoir, with an average annual runoff of 48 billion m3，an average annual
sediment load of 1.795 billion ton，and an average sediment concentration of 37.4kg/m3.
There occurred sixth times of large overbanking floods with a discharge larger than 10000
m3/s at Huayuankou gauging station, especially in July 1958, an extraordinary flood of
22300m3/s occurred. Through exchanging of water and sediment between floodplain and
channel，the floodplain was silted and the channel was scoured during flood seasons, which
affected the longitudinal and transversal distribution of scouring and silting to quite a big
extent. During this ten years, 3.61 billion tons of sediment was silted in the Lower Yellow
River ， of which 2.79 billion ton on the floodplain ， accounting for 77.3 ％ of the total
sedimentation, 0.82 billion ton on the main channel, accounting for 22.7 ％ of the total
sedimentation. Deposition along the river course mainly concentrated in the reach of Jiahetan
to Aishan, where existed a wide floodplain and was easily to be overflown, sedimentation in
which accounted for 54.6％of the total sedimentation in the Lower Yellow River, 33％ in the
reach of Tiexie to Jiahetan, only 12.4％in the reach of Aishan to Lijin. The floodplain was
aggraded and the main channel was scoured during the passage of large overbanking floods，
the main channel was re-silted during medium flows or non-flood seasons，the main channel
and the floodplain kept aggrading synchronously，and the elevation difference between the
floodplain and channel kept at about 1.0 to 1.2m.
b. From Oct.1960 to Oct.1964
From Oct.1960 to Oct.1964, being the sediment detention period of Sanmenxia Reservoir，
a small amount of sediment was realeased by the reservoir，and the river channel was eroded.
The annual average amount of inflow water in the period was 57.3 billion m3，the annual
average amount of inflow sediment load was 0.603 billion ton，and the annual average
sediment concentration was 10.5 kg/m3. The water amount was large, the sediment load was
small, the medium flow discharge lasted a long time, the maximum flood peak discharge was
9430m3/s，and discharges of 3000m3/s to 6000 m3/s lasted 46 days yearly. During these four
years, the total amount of erosion in the Lower Yellow River amounted to 2.3 billion ton. Due
to almost no occurrence of overbanking flows, the floodplain in each reach collapsed to
different degrees without exception，the collapsed floodplain area in the reach of Tiexie to
Aishan was about 330km2，and the amount of erosion was about 0.8 billion ton. The erosion
developed from upstream to downstream, but the most intense erosion took place upstream of
Sunkou. The amount of erosion in the reach upstream of Jiahetan amounted to 58.3％, 32％in
the reach of Jiahetan to Sunkou, 5.4％ in the reach of Aishan to Lijin. Except Lijin gauge
station, the water stage under the same discharge of 3000m3/s all droped obviously，the stage
at Tiexie in the four years had accumulatively a drop of 2.8m，a drop of over 2m at
cross-section Peiyu and Guanzhuangyu, a drop of 1.3 to 1.8m at cross-section Huayuankou to
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Sunkou, and a drop of 0.2 to 0.7 downstream of Aishan. The longitudinal profile of the Lower
Yellow River was flattened by erosion, the longitudinal slope of each reach in 1964 almost
was smaller than that in 1960, and the longitudinal slope upstream of Huayuankou maximally
reduced by 5.4％(See Table 4.3.).
Typical cross sections for the sediment detention period of Sanmenxia Reservoir are shown
in Fig.4.8..

Fig. 4.8. Change in typical cross sections during sediment detention period of Sanmenxia Reservoir
Table 4.10. Details of floodplain collapse during sediment detention period
of Sanmenxia Reservoir in the years of 1960 to 1964
Width between secondary floodplains(m)
Collapsed area
Reach
(km2)
1960
1964
Tiexie~ Huayuankou
82.74
4115
2580
Huayuankou~ Dongbatou
125.64
2563
3633
Dongbatou~ Gaocun
70.60
2340
3610
Gaocun~ Taochengbu
49.00
1240
1415
Total
326.60

c. From Oct.1964 to Oct.1973
In the period of operation rule of flood detention and discharging sediment of Sanmenxia
Reservoir from Oct.1964 to Oct.1973, a lot of sediment was released from reservoir. The
average amount of water inflow was 42.6 billion m3，the amount of sediment inflow was 1.63
billion ton，and the annual average sediment concentration was 38.3kg/m3, attributing to a
medium flow and high sediment series. Owing to the effect of flood detention and flood peak
reduction as well as sediment retention by Sanmenxia Reservoir, released water flow and
sediment load from Sanmenxia Reservoir were not in harmony, sediment entered the river
mainly when the discharge was in the range of 1000m3/s to 4000m3/s，causing serious
deposition in the river channel, the accumulative sedimentation within the period reached 3.7
billion ton，and the average annual deposition was 0.411 billion ton. During this period, the
maximum flood peak discharge was only 8480m3/s at Huayuankou gauge station, large
overbanking floods rarely occurred, the channel bed was scoured at the previous time, and the
bankfull discharge was augmented. So, the amount of siltation on the floodplain was small,
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only accounting for 33％ of that of the total. The channel deposition along the river course
increased in the upper and lower section and decreased in the middle section, deposition
proportion in the reach upstream of Jiahetan increased to 46.3％ of the total deposition, 15.5
％in the reach of Aishan to Lijin, and decreased to 38.2％in the reach of Jiahetan to Aishan,
which was 54.6％ in the 1950’s. Due to serious deposition, the water stage at discharge of
3000m3/s at each station along the river course rose remarkably. With the exception of a small
rise at Tiexie and Peiyu stations, the annual average stage rise at the remaining stations was
0.2 to 0.3m. Compared the longitudinal slope in 1973 with that in 1964, except a 3.5％ of
decrease in the reach of Tiexie to Huayuankou, the longitudinal slope of the remaining
reaches kept unchanged basically.
Owing to flood peak reduction and flood detention of the reservoir, water generally did not
overflow the floodpalin, and deposition on the floodplian was quite small. Whereas, during
the discharging sediment period of the reservoir after flood seasons, the low flow carrying
with a lot of sediment made large amount of sediment deposited on the channel, and a little on
the floodplain, the average thickness of deposition in the channel was 0.69m to 3.25m, 0.03m
to 0.62m on the floodplain (Table 4.4.), and the elevation difference between the floodplain
and channel decreased markedly. On the other hand, due to the construction of production
dikes since 1958, sedimentation by common overbanking floods only occurred between
production dikes, and no aggradation on the floodplain between production dikes and levees,
so the situation that the elevation of channel bed between production dikes was higher than
that of the floodplain between production dikes and levees in local reaches appeared. The
Lower Yellow River was originally a perched river crossing the North China Plain. A river
that the elevation of channel bed between levees on both banks is higher than that of ground
outside levees is called a perched river. Whileas due to the operation rule of flood detention
and discharging sediment of Sanmenxia Reservoir as well as the effect of production dikes, a
perched river that the elevation of channel bed is higher than that of the floodplain outside
production dikes has been formed between levees, being called a secondary perched river
(Fig.4.9.).

Fig. 4.9. Change in typical cross section

d. From Oct.1973 to Oct.1980
From Oct.1973 to Oct.1980, due to operation mode of storing clear water and releasing
muddy flow of Sanmenxia Reservoir, flood discharges larger than 5000m3/s was largely
whittling down during flood seasons, flood processes below 5000m3/s were changed a little,
sediment was discharged in flood seasons and nearly clear water was released in non-flood
seasons. In this period, the water and sediment inflows were low, and medium floods occurred
many times. The annual average runoff was 39.5 billion m3，the annual average sediment load
was 12.4 billion ton，the annual average sediment concentration was 31.3kg/m3, and the
maximum flood peak discharge at Huayuankou gauging station was 10800m3/s. The medium
flood with daily mean discharge larger than 6000m3/s appeared three days per year on an
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average. The annual average deposition in the Lower Yellow River was 0.181 billion ton,
most of which took place on the floodplain, a little in the main channel, and even a little scour
in the main channel upstream of Huayuankou. The annual stage fall at discharge of 3000m3/s
in the upstream reach of Huayuankou was 0.02 to 0.05m, the annual rise of stage in the reach
of Jiahetan to Zhangxiaotang was 0.05 to 0.10m, there exsited no stage rise in the reach of
Daoxu to Lijin affected by retrogressive erosion caused by the river mouth changing its
course to Qingshuigou route in 1976. Owing to small changes in channel scouring and silting,
the longitudinal slope in 1976 was little different from that in 1973.
e. From Oct.1980 to Oct.1985
From Oct.1980 to Oct.1985, the water inflow was high and sediment inflow was low, the
duration of medium flow discharge was long, a peak discharge of 15300m3/s occurred at
Huayuankou gauging station in August 1982. The amount of erosion in river channel within
five years amounted to 0.485 billion ton, the stage fall at discharge of 3000m3/s in the reach of
Tiexie to Yangji was about 0.5m, 0.3m in the reach of Sunkou to Aishan, 0.4 to 0.5m in the
reach of Guanzhuang to Liujiayuan, 0.7 to 0.8m downstream of Zhangxiaotang owing to the
influence of retrogressive erosion of the river mouth. Compared the longitudinal slope of each
reach in 1986 with that in 1976, no big variation of the longitudinal slope took place.
f. From Oct.1985 to Oct.1993
From Oct.1985 to Oct.1993, the water and sediment inflows of the Yellow River were
continuously low. The average annual runoff was 30.9 billion m3，the average annual sediment
load was 0.748 billion ton, the average sediment concentration was 24.2kg/m3, and the
maximum flood peak discharge at Huayuankou gauging station was 7000m3/s. The annual
average deposition in the river channel was 0.23 billion ton, which mainly concentrated in the
upper reach, the amount of sedimentation in the reach of Tiexie to Jiahetan amounted to 58％
of the total deposition. The average annual amount of sedimentation in the reach of Aishan to
Lijin was 0.039 billion ton，accounting for 16.6％ of the total (Table 4.13.). The water stage
at discharge of 3000m3/s at each station generally rose, with an annual rise of 0.11m at
Huayuankou gauging station, 0.13 to 0.15m in the reach from Jiahetan to Liujiayuan, an
annual rise of 0.15 to 0.18m downstream of Zhangxiaotang. The amount of deposition on
floodplains was 0.036 billion ton, which was mainly induced by two hyperconcentrated flows
in 1988 and 1992 when exceptional high water stages appeared and sediment was silted on
floodplains by overbanking floods upstream of Gaocun. The amount of deposition in the main
channel was 0.178 billion ton, accounting for 77.4％ of the total deposition, which was 2.3
times of that in mid-1950’s.
For changes in scouring and silting of cross-section in the wandering reach in this period,
sediment was mianly silted on the first-class floodplains in wide and shallow sections, and
gradually formed a small channel of low flow, the deposition thickness on the first-class
floodplains could reach to several meters. The thalweg point altered a little, the channel width
reduced by several huandred meters to two thounsand meters, and the minimum channel
width was only about 600m, a new berm was formed on the first-class floodplain, and the
river channel withered as shown in Fig.4.4(c). In the transitional reach, the original
cross-section was relatively narrow and deep, sediment was mainly silted up along the side of
channel, the area of cross-section reduced greatly, some of which reduced by half as shown in
Fig.4.5(b). In the meandering reach downstream of Aishan, a large amount of sediment was
silted in the main channel and simultaneously along the side of channel, and the area of
cross-sections reduced.
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4.4.2. Characteristics of Changes in Amount of Scouring and Silting
a. Inter-annual Changes in Amount of Scouring and Silting
The amount of scour and siltation in the Lower Yellow River is large, and its inter-annual
distribution is uneven. For long periods, scouring and silting of the river channel change
according to hydrologic conditions, which may be large in some years and small in some
other years, approximately presents a hydrologic cycle. The river channel is silted during low
flow and high sediment years, and is eroded during high flow and low sediment years. For the
years of 1950 to 1993, although the river channel underwent a process of siltation-scoursiltation-scour-siltation, the general result of scour and siltation was aggradation of the river
channel. The annual average amount of scour and siltation in the river channel for each period
is listed in Table 4.11. The annual average amount of sedimentation was 0.183 billion ton
from 1950 to 1993, for each period it changed from –0.578 billion ton to 0.439 billion ton, the
maximum occurred during the period of flood detention and sediment discharging from
Nov.1964 to Oct.1973，which was 0.439 billion ton and larger than that in the years of 1950 to
1960 before construction of Sanmenxia Reservoir, which was 0.361 billion ton. The
maximum amount of scour, being 0.578 billion ton, occurred during the period of water
impoundment and sediment detention from Oct.1960 to Oct.1964.
Table 4.11. Distribution of average annual amount of scouring and silting in different periods in
Lower Yellow River
Amount of scouring and silting
Duration
(109t)
Period
Location
(year)
Tiexie~
Huayuankou~ Jiahetan~ Gaocun~ Aishan~
Huayuankou
Jiahetan
Gaocun
Aishan
Lijin
Whole
0.062
0.057
0.080
0.117
0.045
section
July.1950~
10
Jun.1960
Main
0.032
0.016
0.014
0.019
0.001
channel
Whole
-0.190
-0.147
-0.084
-0.125
-0.032
section
Oct.1960~
4
Oct.1964
Main
channel
Whole
0.095
0.108
0.094
0.074
0.068
Nov.1964~
section
9
Oct.1973
Main
0.047
0.074
0.051
0.058
0.064
channel
Whole
-0.022
0.034
0.053
0.070
0.046
section
Oct.1973~
7
Oct.1980
Main
-0.018
0.001
0.003
0.013
0.003
channel
Whole
-0.036
-0.045
-0.038
0.045
-0.023
section
Nov.1980~
5
1985.10
Main
-0.030
-0.035
-0.029
-0.014
-0.019
channel
Whole
0.057
0.076
0.031
0.028
0.039
section
Nov.1985~
8
Oct.1993
Main
0.036
0.045
0.031
0.028
0.038
channel
Whole
0.019
0.037
0.040
0.053
0.034
section
Jul.1950~
43
Oct.1993
Main
0.018
0.024
0.017
0.022
0.019
channel
Note ： ‘+’represents deposition ，‘-’ represents scour .
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Tiexie~
Lijin
0.361
0.082
-0.578

0.439
0.294
0.181
0.002
-0.097
-0.126
0.230
0.178
0.183
0.099

b. Yearly Changes in Amount of Scouring and Silting
In the 1950’s, the river channel was in deposition during flood seasons and non-flood
seasons, after operation of Sanmenxia Reservoir, the river channel as a whole was still silted
in flood seasons, while in non-flood seasons the river channel turned to be eroded. The
amounts of scour and siltation in the river channel in the years of 1960 to 1990 in flood
seasons and non-flood seasons are listed in Table4.12. From Sept.1960 to Oct.1990, the total
amount of deposition in the river channel in flood seasons was 4.357 billion ton, the average
annual amount of deposition was 0.15 billion ton, the amount of scour in non-flood seasons
was 1.097 billion ton, and the average annual amount of scour was 0.036 billion ton.
Compared with 1950’s, the river channel turned to be soured in non-flood seasons after the
commissioning of Sanmenxia Reservoir, because the annual distribution of water and
sediment was altered, the percentage of water amount in the flood season reduced from 61.6%
to 55.9%, in the non-flood seasons, it increased from 38.4% to 44.1%, and the percentage of
sediment inflow reduced from 14.5% to 12.6%.
As for the reach above and below Gaocun, sediment was entirely silted above Gaocun in
flood seasons, while in non-flood seasons the river channel above Gaocun was scoured, and
the river channel below Gaocun was silted. 60 % of sediment eroded above Gaocun in
non-flood seasons was silted up in the reach below Gaocun.
Yearly change in scouring and silting in the river channel was great, one flood may make
the whole channel an entirely new appearance, especially when a hyperconcentrated flood
passes, the characteristics of channel morphology may change radically, which mainly reflects
in the transverse migration of channel and bank collapse. Fig.4.10. shows changes in
cross-section Huayuankou before and after the flood season in 1973. The floodplain was
silted up seriously after the flood season, the absolute change in the water depth at the
thalweg was 1.5m, and the main channel migrated 1800m in the transverse direction. It was
obvious that change in scouring and silting in a flood season in the river channel was quite
drastic.
Table 4.12. Distribution of amount of annual scouring and silting above and below
Gaocun from Sept. 15,1960 to Oct.31, 1990

Period

Flood season
Nonflood season
Whole year

Total amount
of water
(109m3)

Total amount
of sediment
(109t)

721.8

30.121

Total
amount of
sediment
diversion
(109t)
2.669

5.694

4.357

1291.2

34.478

Total amount of scouring and silting
(109t)

Sediment
load at Lijin
station
(109t)

Above
Gaocun

Below
Gaocun

Whole
reach

23.096

4.409

-0.052

4.357

1.028

4.425

-2.682

1.585

-1.097

3.697

27.521

1.727

1.533

3.260

Fig. 4.10. Change in Huayuankou cross-section in 1973 before and after flood season
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4.4.3. Distribution of Scouring and Silting in Lower Yellow River
a. Longitudinal Distribution of Scouring and Silting
The distribution of scouring and silting in the river channel along the river course is
extremely uneven as listed in Table 4.13.. From July 1950 to October 1989, scouring and
silting mainly occurred above Gaocun, 60.8% of which occurred above Gaocun, 39.2% below
Gaocun. The maximum amount of scouring and silting during this period occurred in the
reach of Jiahetan to Gaocun, which accounted for 28.9% of the total deposition, the minimum
occurred in the reach of Aishan to Lijin, which accounted for 2.4% of the total deposition.
From July 1950 to October 1989, the accumulative amount of scour and siltation per unit
length in the reach of Tiexie to Lijinin was 6.377 million m3, the maximum of which was
18.553 million m3 in the reach of Jiahetan to Gaocun, 9.160 million m3 in the reach of Sunkou
to Aishan, 9.018 million m3 in the reach of Gaocun to Sunkou, 7.849 million m3 in the reach of
Huayuankou to Jiahetan, 6.880 million m3 in the reach of Tiexie to Huayuankou, and the
minimum was 0.409 million m3 in the reach of Aishan~Lijin. The ratio of the maximum
deposition per unit length to the minimum was as high as 45.
Table4.13.
Period

Jul.1950~Apr.1960
Apr.1960~Apr.1964
Oct.1964~Sept.1973.
Sept.1973~Oct.1985
Oct.1985~Oct.1989
Jul.1950~Oct.1989
Jul.1950~Oct.1989
Percentage

Scour and
siltation
of
Tiexie~
Lijin
(109m3)
2.764
-2.259
3.009
0.437
0.741
4.692
Total
deposition
(109m3)
%

Amount of scouring and silting per unit length along river course

Amount of scour and siltation per kilometer river length (106m3/km)
Luokou
~
Lijin

Tiexie~
Lijin

3.802
-4.630
2.285
2.246
0.730
9.018

-0.534
-0.989
-1.777
1.495
1.269
0.133
0.346
0.500
0.631
0.409

3.757
-3.070
4.090
0.594
1.006
6.377

1.151

0.576

0.110

4.692

24.5

12.3

2.4

100

Tiexie~
Huayuankou

Huayuankou~
Jiahetan

Jiahetan~
Gaocun

Gaocun~
Sunkou

Sunkou~
Aishan

8.952
-6.668
6.187
3.105
1.514
6.880

3.789
-5.183
7.803
-0.466
1.906
7.849

12.145
-4.955
8.227
1.890
1.244
18.553

3.768
-2.281
3.295
3.585
0.786
9.158

0.710

0.787

1.358

15.1

16.8

28.9

Aishan~
Luokou

Note： ‘+’represents deposition ，‘-’ represents scour.

b. Transversal Distribution of Scouring and Silting
The transversal distribution of scouring and silting is uneven in the Lower Yellow River.
Table 4.14. gives the distribution of scouring and silting on the floodplain and in the channel
for various periods. For the 43 years of July.1950 to Oct.1993, the amount of scouring and
silting in the main channel amounted to 54% of the total deposition, and 46% on the
floodplain. It is obvious that the amount of scouring and silting in the main channel was larger
than that on the floodplain.
The transversal distribution of scouring and silting is related to the condition of flow and
sediment and the operation rule of Sanmenxia Reservoir. Under the conditions of a high flow
and high sediment year, with many medium floods and operation rule of storing clear water
and releasing turbid flow of Sanmenxia Reservoir, deposition in the river channel took the
form of overbanking deposition, for instance, from July.1950 to Jun.1960 and from Oct.1973
to Oct.1980, deposition on the floodplain accounted for 77.3% and 98.9% of the total
sedimentation, respectively, only 22.7% and 1.1% of the total sedimentation in the main
channel, respectively.
During the period of flood detention and sediment discharging of Sanmenxia Reservoir and
in low flow and low sediment years, sediment was silted in the main channel, for instance,
from Nov. 1964 to Oct. 1973, owing to whittling down flood peak and flood detention as well
as sediment silting, the natural processes of water and sediment were greatly changed by the
operation of reservoir, flow generally did not overflow the floodplain, the reservoir released
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sediment after the flood peak, a small flow discharge carried a lot of sediment, thus, sediment
was mainly silted in the main channel, 67% occurred in the main channel, only 33% on the
floodplain, and the transversal distribution changed radically. During this period, a secondary
perched river was formed in some sections of the river. In low flow and low sediment years,
from Nov.1985 to Oct.1993, deposition in the main channel accounted for 77.4% of the total
deposition, and only 22.6% on the floodplain, although the deposition in the whole
cross-section was 0.23 billion ton, being only 64% of that in 1950’s (0.361 billion ton in the
1950’s), and the amount of deposition in the main channel was 0.178 billion ton，which was
2.3 times of that in 1950’s. It is obvious that since 1985, the deposition in the main channel
was serious and the deposition proportion in the main channel largely increased a lot, as a
result, the river channel withered seriously.
The scour of the river channel mainly took place in the main channel, along with the
floodplain collapse.
Table 4.14. Percentage of amount of scouring and silting in main channel and on floodplain
Period

Duration
(year)

Jul.1950~Jun.1960

10

Main
channel

4

Floodplain
Main
channel

9

Floodplain
Main
channel

Oct.1960~Oct.1964

Nov.1964~Oct.1973

Oct.1973~Oct.1980

Nov.1980~Oct.1985

Nov.1985~Oct.1993

Jul.1950~Oct.1993

7

5

8

43

Location

Percentage of amount of scouring and silting in main channel and on
floodplain
(%)
Tiexie~
Huayuankou~ Jiahetan~ Gaocun~ Aishan~ Tiexie~
Huayuankou
Jiahetan
Gaocun
Aishan
Lijin
Lijin
51.6

28.1

17.5

16.2

2.2

22.7

48.4

71.9

82.5

83.8

97.8

77.3

49.5

68.5

54.3

78.4

94.1

67.0

Floodplain

50.5

31.5

45.7

21.6

5.9

33.0

Main
channel

81.8

2.9

5.7

18.6

6.5

1.1

Floodplain

18.2

97.1

94.3

81.4

93.5

98.9

Main
channel

83.3

77.8

76.3

-31.1

82.6

129.9

Floodplain

16.7

22.2

23.7

131.1

17.4

-29.9

Main
channel

63.2

59.2

100.0

100.0

97.4

77.4

Floodplain

36.8

40.8

0.0

0.0

2.6

22.6

Main
channel

63.0

45.7

48.3

42.1

54.0

54.0

Floodplain

37.0

54.3

51.7

57.9

46.0

46.0

4.4.4. Main Factors Affecting Scouring and Silting of Lower Yellow River
a. Water and Sediment Inflows
In long periods, the Lower Yellow River was in aggradation, but in a short period, it was
scoured and silted alternately, which was affected by many factors, among which the
condition of water and sediment inflows were main factors. In the Lower Yellow River
discharges vary in a great range, flood peaks rise and subside suddenly and sharply, the mean
sediment concentration is high, which all directly affect scouring and silting in the river
channel, especially in the wandering reach. According to the measured data, the amount of
scouring and silting per unit water volume in the past years had a close relationship with the
average sediment concentration. Fig.4.11. shows the relationship between the amount of
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scouring and silting and the average annual
sediment concentration. It can be seen from
Fig.4.11. that the smaller the sediment
concentration was, the smaller the amount of
deposition per unit water volume was, and the
larger the sediment concentration was, the larger
the amount of deposition per unit was; the
critical sediment concentration was in the range
of 20kg/m3 to 25kg/m3. When the sediment
concentration was smaller than the critical value,
the river channel was scoured, while when the
sediment concentration was higher than the Fig.4.11 Relationship between scour and siltation
and average sediment concentration
critical value, the channel was silted. In high
flow and high sediment years, such as 1954 and 1958, in medium flow and high sediment
years such as 1953 and 1959, in low flow and medium sediment years as well as in low flow
and high sediment years such as 1969, 1970 and 1977, the average sediment concentration
were all larger than 45 kg/m3, and the annual amount of deposition in the Lower Yellow River
was 0.7 to 0.8 billion ton in each of these years.

Fig .4.12. Relationship between ten-year consecutive mean sediment concentration
and deposition in the Lower Yellow River channel

The relationship between ten year consecutive mean sediment concentration and deposition
in the Lower Yellow River is shown in Fig.4.12., which also shows that the amount of
deposition per unit water volume is proportional to the inflow sediment concentration. In
Fig4.12., the distribution of points under natural conditions and points under regulation of
runoff in flood seasons by Liujiaxia Resrvoir, and points under regulation of Liujiaxia
Resrvoir and Longyangxia Reservoir were different completely. The seasonal distribution of
runoff was changed by the operation of reservoirs, which made runoff decreased in flood
seasons, increased in non-flood seasons, the sediment transport capacity in flood seasons
reduced, and the amount of deposition increased. Under the same condition of inflow water
and sediment concentration, the amount of deposition in the Lower Yellow River increased
under the joint operation of Liujiaxia Resrvoir and Longyangxia Reservoir.
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b. Water and Sediment Inflows from Different Source Areas
The flow and sediment coming from different
areas have different impact on scouring and silting
of the river channel. When water flow mainly
arises from the source area of coarse sediment
during flood seasons, the river channel is seriously
silted, when water flow mainly arises from the
source area of scarce sediment, the river channel is
slightly scoured or silted. Fig.4.13. shows the
relationship between the average sediment
concentration and the amount of scour and
siltation in the Lower Yellow River during flood
periods. The average sediment concentration of
Fig.4.13. Relationship between average
sediment
concentration and amount of scour
floods arising from the source area of coarse
3
and
siltation during flood periods
sediment was commonly larger than 150kg/m ,
and the river channel was silted seriously. Although floods from the source area of coarse
sediment only had an occurrence frequency of 10%, sedimentation caused by it accounted for
40% to 60% of sedimentation arisen by entire flood peaks. Floods from the source area of
scarce sediment, with an average sediment concentration less than 50kg/m3, caused a slight
scouring and silting in the channel. When flows came from various areas, according to the
proportion of water from different areas, the average sediment concentration changed from 50
kg/m3 to 150kg/m3; if floods happened simultaneously in all areas, an overbanking flood
would commonly be induced, evenif the deposition intensity was large, sediment was mainly
silted on the floodplain, and the main channel was scoured.
c. Large Overbanking Floods
The plane shape of the Lower Yellow River presents a shape of lotus root that the
contraction reach and expansion reach appear alternately. The area of floodplain accounts for
80％ of the area of the whole river, which has an obvious effect on flood detention and
sediment deposition. As the roughness of floodplain is large and the roughness of main
channel is small, and the floodplain area is large, when a flood flow overflows the floodplain,
the flow velocity on the floodplain is slow and rapid in the main channel, as a result, the main
channel contributes to 80% of the total flow capacity and plays a dominating role in flood
carrying of the river channel. When a flood overflows the floodplain, not only the transverse
exchange of flows occurrs, but also the transverse exchange of sediment occurs. During the
passage of a large overbanking flood, the channel is scoured and the floodplain is silted,
which forms a relatively higher floodplain and deeper channel that is beneficial to channel
stability. When the sediment inflow coefficient, a ratio of sediment concentration to discharge
that influences silt-discharge rating, is larger than 0.015, both the floodplain and channel are
silted. So, once a large flood within the flood control criterion occurs in the Lower Yellow
River, even if the situation of flood control is intense, due to the main channel is deepened
and floodplain is aggradated, the flood carrying capacity of the river channel increases
remarkably, and the river regime becomes regular, which is favorable to flood control. During
the passage of a flood occurred in July.1958, 1.07 billion ton of sediment was deposited on the
floodplain, and 0.86 billion ton was scoured from the main channel, which showed a common
knowledge that large floods create a good river.
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d. Hyperconcentrated Flows
Hyperconcentrated
floods
with
sediment concentration larger than
400kg/m3, often appeared in the Lower
Yellow River, which had a big impacts
on flood control. This kind of hyper
concentrated floods was mainly formed
by rainstorm arising from source area
of coarse sediment, the flood peak was
peaky and thin, after entering the main
stem of the Lower Yellow River, due to
the storage function of the river
channel, the flood peak discharge was
Fig. 4.14. Change in sediment concentration along the river
course
generally 4000 to 8000m3/s, and the
mean coefficient of sediment inflow of flood peak exceeded 0.04. Sedimentation caused by
hyperconcentrated floods was very serious. In the years of 1950 to 1983, 11 times of
hyperconcentrated floods lasted 104 days, and the amount of runoff and sediment load of
these floods accounted for 2％ and 14％ of the total amount of runoff and sediment load in
the period, respectively, but the amount of deposition during the period accounted for 54％of
the total deposition.
Fig.4.14. shows changes in maximum sediment concentration of all hyperconcentrated
floods along the river course. Owing to steep bed slope and rapid flow, there was no big
change in sediment concentration in the gorge reach of Sanmenxia to Xiaolangdi. A large
amount of sediment was deposited, and the maximum sediment concentration redued rapidly
in the alluvial reach of Xiaolangdi to Huayuankou, which was 412 to 911kg/m3 at Sanmenxia
station, reduced to 200 to 500kg/m3 at Huayuankou station, and was about 250kg/m3 at
Aishan station. There was no big change in the maximum sediment concentration in the reach
of Aishan to Lijin. It is obvious that longitudinal adjustment of river channel was very rapid
because of hyperconcentrated floods, the impact of hyperconcentrated floods was mainly in
the reach above Gaocun, a little impacts on the reach below Gaocun due to great decrease in
sediment concentration, and no obvious deposition occurred in the reach of Aishan to Lijin
during the passage of hyperconcentrated flows.
e. Operation of Sanmenxia Reservoir
Generally speaking, the operation of Sanmenxia Reservoir changed the seasonal
distribution of amount of water and sediment entering the Lower Yellow River, making the
water amount decrease in flood seasons and increase in non-flood seasons, and the amount of
sediment inflow in flood seasons decreases, which gives a big impact on scouring and silting
of the Lower Yellow River channel. Before construction of Sanmenxia Reservoir, the Lower
Yellow River channel was silted in non-flood seasons in the 1950’s, while after completion of
Sanmenxia Reservoir such as the period from Sept. 1960 to Oct. 1990, the river channel was
eroded in non-flood seasons. After the completion of Sanmenxia Reservoir, except the period
from Oct.1973 to Oct.1980, owing to the operation rule of storing clear water and releasing
turbid flow of Sanmenxia Reservoir that all the sediment was released during flood seasons
and only clear water was released during non-flood seasons, the sediment was mainly silted
on the floodplain, for the rest periods, owing to the reduction of flood peak by the reservoir,
chances for overbank flows reduced markedly, the amount of deposition in the main channel
increased and it decreased on the floodplain remarkedly. Thus the operation of the Sanmenxia
Reservoir aggravates the situation of secondary perched river in the Lower Yellow River.
Among the operation rules of Sanmenxia Reservoir, the rule of storing clear water and
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releasing turbid flow affects change in scouring and silting and adjustment of longitudinal
profile of the Lower Yellow River bed most greatly, which reduces the deposition rate of the
upper reach, increases that of the lower reach, and makes the longitudinal profile of river bed
become milder. The river channel is soured and silted alternately, along with sediment
detention and release from the reservoir, and this kind of intermittent scour and deposition
makes the change in the river channel is completely different from that before the
construction of the reservoir and during the remaining operation rules. The river channel of
the reach upstream of Jiahetan was scoured, and the narrow channel of the reach downstream
of Aishan silted as usual. During flood seasons, the reservoir released sediment, and the river
channel was resilted.
With the increasing water use in industry and agriculture, the runoff of the Yellow River
will be reduced, along with the operation of the large- and medium-sized reservoirs built and
the one being built as well as the one to be built on the main stem of the Yellow River, they
will cut off the flood peak, reduce chances of big and medium flood, increase duration of low
flow, reduce the deposition of the upper reach, and make the longitudinal profile of the river
bed milder.
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Photo 4.1

Photo 4.2

Bird's-eye view of Sanmenxia Hydroproject

Perched Lower Yellow River at Liuyuankou，Henan Province
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Photo 4.3

Photo 4.4

Dongbatou, Yellow River

Levee of Lower Yellow River
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Photo 4.5

Meandering reach of Yellow River below Taochenpu

Photo 4.6 Aishan reach of Yellow River
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5. Basin Scale Sediment Management
5.1. Current Policy

Severe sediment deposition in the Lower Yellow River has it made a "perched river", its
riverbed level is higher than the level outside the ground levees and the flow is controlled by
the levees. Whenever the levee was broken, the land along the banks would become swamp.
So the Yellow River is famous in the world for its frequent flooding. In the 2,540 years from
602 B.C. to 1938, flood disasters occurred in the Lower Yellow River in 543 years, once
about four and half years. Because the flood disasters were caused mainly by sediment
deposition, so the flood management was also linked with the sediment management. The
people accumulated rich experiences in long time fighting with flood and sediment disasters
and summarized a lot of ideas and policies for river management. But be limited by history
condition, the river management was limited to the Lower Yellow River itself, such as" water
diversion", "flood control by levees", "flushing sediment by accelerated flow", "flood
detention" and ''dredging" etc. However, if the flood and sediment load coming from the
Middle Yellow River could not be controlled, the harness of the Lower Yellow River could
not be fundamentally solved.
5.1.1 "Widening Flood Plain and Strengthening Levee"
Since the founding of the People's Republic of China, the government has paid great
attention to harnessing the Yellow River. On the basis of experiences, an integrated plan for
harnessing the Yellow River was considered. But, due to the economic and technological
limitations at the beginning of economic recovery of the young Republic, construction of
large projects on the main course was impossible. According to the characteristics of "wide
flood plain in the upper section and narrow flood plain in the lower section of the Lower
Yellow River" and existing "levee conditions" a policy of "widening the flood plain and
strengthening the levee" was adopted. This policy led to utilize the wide flood plain for flood
retention and the regularity of "sediment deposition on the flood plain and sediment transport
in the main channel". Due to adoption of such a policy the main channel became wider and
deeper, while the level of flood plain became higher, so that the discharging capacity of the
main channel was enlarged. During the flood season of 1954, a flood discharge of 15,000m 3 /s
occurred at the Huayunkou Hydrological Station, due to flood retention on the wide flood
plain such a flood discharge was reduced to 8,640 m 3 /s, when it was travelled downward to
Sunkou Hydrological Station, which greatly mitigated flood-control pressure to the narrow
channel below Taochengpu reach. In 1958, a flood discharge of 22,300 m 3 /s occurred at
Huayuankou hydrological Station, which was the largest flood discharge ever measured in
history. Due to the flood retention on flood plain, which reached 2.4 billion m3, the flood
discharge at Sunkou Hydrological Station was reduced to15, 900 m 3 /s, that greatly mitigated
the flood disaster. In the mean time, the flood plain became higher due to sediment deposition
and the main channel became deeper and wider, so the discharging capacity of the Lower
Yellow River was enlarged. But the policy of "widening flood plain and strengthening levee"
was only a temporary measure, because it could not fundamentally solve sediment deposition
in the Lower Yellow River. The raising flood plain would reduce their retention capacity for a
coming large flood.
5.1.2. "Storing Water and Sediment in Reservoirs for Bringing Benefits and Eliminating
Disasters"
The harnessing experience in history of the Yellow River showed that the levees alone can
not fundamentally remove the flood disasters and sediment deposition in the Lower Yellow
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River, because it could not control floods and sediment loads coming from upstream. It only
could passively fight against the small and middle floods. With the continuous sediment
deposition in channel the criterion of levees for flood control has been reducing and the
dangerous situation of "the perched river" in the Lower Yellow River has been becoming
more and more severe.
In the middle of 1950’s, with the quick development of national economy the new policy of
"Storing water and sediment for bringing benefits and eliminating disasters" was adopted. It
was considered that if the flood and sediment load could be stored in the basins of upper and
middle reaches, they would not be harmful and could bring benefits to people. Some main
measures implemented: (a) Some large multipurpose reservoirs for flood control, water supply,
irrigation, and power generation water transport etc, such as the Sanmenxia and Liujiaxia
reservoirs were constructed; (b) Soil and water conservation were implemented in the regions
of severe soil lose. It was hopefully considered that in the process of about fifty years the soil
lose on the largest Loess Plateau Region in the world could be fundamentally controlled. Due
to wrong estimation of the effect of soil and water conservation and its implementation not in
time severe sediment deposition occurred in just completed reservoirs. In 1960, two years
after its commissioning severe deposition occurred in the Sanmenxia Reservoir and quickly
threatened the safety of old city, Xi'an. It was enforced in 1964 to change the operation of
Sanmenxia Reservoir from the "Storing water and sediment for bringing benefits and
eliminating disasters" to the "flood detention and sediment sluicing". The policy of "Storing
water and sediment for bringing benefits and eliminating disasters" was completely a failure
due to the wrong consideration to the complexity and difficulty of sediment problem in the
Yellow River basin.
5.1.3. "Intercepting Flood Runoff and Sediment Load in Upper Basin, Discharging them into
the sea and Warping and Diverting them to Both Banks for Bringing Benefits"
The experience of severe sediment deposition in the Sanmenxia Reservoir shows that the
Yellow River is a heavily sediment-laden river and is difficult to be harnessed and its flood
regulation is linked with sediment deposition. When a reservoir is constructed on the main
course of a heavily sediment-laden river, sediment deposition must be considered. Because a
soil and water conservation on its vast basin area is a complex and long-time process, it will
be impossible to get control in several years. The historical experience told us that it was
necessary to join "intercepting flood runoff and sediment load in the upper basin" with
"discharging them into the sea in the lower reach". Meantime, if the condition is possible,
"warping and diverting them to both banks for bringing benefits" is also necessary.
The " intercepting flood runoff and sediment load in the upper basin" has wide significance,
including not only various measures of soil and water conservation on slope lands, but also
the reservoirs of various types in main course and tributaries and check dams of different
types. The "discharging flood runoff and sediment load into the sea in the lower reach"
contains dredging in the main channel and the runoff and sediment load regulation in
reservoirs in order to increase the amount of runoff and sediment load discharging into the sea.
The" warping and diverting runoff and sediment load to both banks for bringing benefits"
contains two aspects: (a) According to the flood control program the flood-detention regions
were arranged before the arrival of floods. When a large flood with a determined flood
frequency occurs, the flood-detention regions would be opened to reserve flood runoff and
sediment load in order to mitigate flood disaster in its downstream reach. (b) The sediment
loads are considered as a resource material to warp the low land and to raise and widen levees
along both banks.
The policy of "Intercepting flood runoff and sediment load in upper basins, discharging
them into the sea and warping and diverting them to both banks for bringing benefits" is
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sometime shortly called as" intercepting, regulating, discharging, warping and dredging"
five-words policy. Since the five-words policy has been implemented, the Lower Yellow
River has had a safe and secure situation for more fifty years, the farmland along both the
banks has got irrigation in time and agricultural economy has got quick development. In the
meantime, the soil and water conservation in the basins of upper and middle reaches has got
great success, the ecological environment has been improved and agricultural economy has
also got quick development. This paper will discuss the policy in detail as follows.
5.2. Soil and Water Conservation and its Main Measures

Soil and water conservation is the main measure of the" intercepting flood runoff and
sediment load in upper basins "in the Yellow River, as the sediment load is coming from the
Loess plateau Region, which is located in the basins of the Upper and Middle Yellow River.
The Yellow River will be harnessed only if to intercept the source of sediment load and the
main measures are as follows:
5.2.1. Determination of the Key-Point Implementation Region of Soil and Water
Conservation
The Loess Plateau in the Yellow River Basin is the main management region of soil and
water conservation. The total area is about 640 × 10 3 km 2 , including the area of soil erosion of
434 × 10 3 km 2 . The main source region of the sediment load and coarse sediment load in the
Yellow River basin is about 786 × 10 3 km. It is located in the basins of 18 tributaries, in the
reach between Hekouzhen and Longmen and the upstream basin areas of the Jinhe and Beiluo
rivers. These areas, as shown in Fig.2.3., account for 17% of the soil erosion area in the Loess
Plateau Region, but provide sediment load as much as 1.18 × 10 9 t, accounting for 63% of the
annual total sediment load in the Yellow River. Besides, the diameters of sediment load,
coming from these areas are relatively coarser and the sediment amount, coarser than 0,05
mm accounts for 73% of the total coarse sediment load in the basin, 50% of which deposite in
the Lower Yellow River. Based on calculation and data analysis if a 0.1 × 10 9 t of sediment
load were intercepted in the basin area between Hekouzhen and Longmen, 0.05-0.07 × 10 9 t of
sediment deposition on the riverbed of the Lower Yellow River would be reduced. And if a
0.1 × 10 9 t of sediment load were intercepted in the basin area between Hekouzhen and Wupu,
sediment deposition of 0.07-0.09 × 10 9 t on the riverbed of the Lower Yellow River would be
reduced. Therefore, the comprehensive management in the "main source region of the
sediment load and coarse sediment load" has significance for reducing sediment deposition on
the riverbed of the Yellow River. And this region has delimited as the key implementation
region of soil and water conservation in the Yellow River.
5.2.2. Comprehensive Management on the Basis of Small Watersheds
A small watershed is an independent and complete geographic unit. The area of a small
watershed is about 5-10 km 2 in the gullied-hilly loess region. In order to raise the effect of
water reservation and sediment detention, it is necessary to implement continuously and
comprehensively the measures of soil and water conservation on the basis of small watersheds.
It would be carried out from the slope land management to gully management and from small
gully management to main gully management, adopting the working method, suitable to local
conditions. The main measures of soil and water conservation in a small watershed may be
divided into three types: engineering measures, vegetative measures and cultivation measures.
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a. Engineering measures
According to their locations in a small watershed the engineering measures can be divided
into the slope-land works and gully works.
The slope-land works are the terraces of various types, including level terrace, terraced
field separated with a slope-land, etc.

Fig.5.1. Scenery of level terraces

Level terraces are one type of the fundamental farmlands in the Loess Plateau Region,
which are a lot of step-farmlands, built along a level line. It changes the slope of land,
intercepts the runoff, reduces the loss of soil and has the effects of water, soil and fertilizer
reservations. It is also an effective measure for raising the crop yield and is widely promoted
in the Loess Plateau Region. Up to 1996, 3.8 × 10 6 ha of level terrace had been built in the
Loess Plateau Region, accounting for 74% of the fundamental farmland and 20% of the total
farmland and accounting for 25% of the total area, of soil and water conservation. Annual
crop yields on level terraces reached 6 × 10 9 kg. Level terraces usually built on slope-lands
with a slope smaller than 25 0 and good soil. It should be close to the villages and joint in
succession. Based on the slope of natural land the width of every step of level terraces are
defined on those principles, which are the minimum amount of soil removal and the stability
of side slope of level terraces. Fig.5.1. is the scenery of level terraces.
The terraced field separated with a slope-land is another type of terraces. According to the
demand of runoff reservation a segment of natural slope-land is remained upon a step of level
terraces. The sketch of terraced field separated with slope-land is shown in Fig.5.2.
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Fig.5.2. sketch of terraced field separated with a slope-land

The superiority of terraced field separated with a slope-land lies in the development of
runoff agriculture, for it can gather double or more rainfall. It can also speed up the
management of slope land. The length of a slope-land depends on the amount of annual
rainfall and the population density. In the areas of rare rainfall and scarce population the ratio
of the width of a level terrace to the length of a slope-land may be1: 3 or 1:4, in order to
accept more rainfall. On the contrary cases such ratio may be 1:1 or 1:2. While the land has a
steep slope, such as 25 degree, the terraced field with a slope-land becomes a stripping field,
on level terraces economic trees or arbors are planted and the slope-land is under natural
appearance. Now, the national regulation of soil and water conservation has formulated that
farmlands on slope-lands with slopes steeper than 25 degree must be returned to plant trees
and the narrow terraced field separated with a slope-land is the main measure of land
management.
Gully works include check dams of various types with the purposes of flood control,
intercepting soil and construction of fundamental farmland, which will be discussed in next
paragraph.
Besides, the protection of gully head, small check dams, fish-scale pits, etc are also the
engineering measures with the purposes of protecting gully head from successive erosion,
gully bed from deep cutting, gully banks from collapse and with the purpose of decreasing
steepness of gully bed.
b. Vegetation Measures
In the end of the 1980’s, Chinese Ministry Forestry put forward the theory of construction
of ecological and economic protection forestry in order to improve the ecological
environment in the Loess plateau Region. But in present practice of soil and water
conservation the vegetation measures include afforestation, artificial pasture and closing off
the natural hill, etc. It has the purposes to control the loss of runoff and sediment load,
improve the ecological environment and agricultural condition and promote the development
of local economy and richening.
The forestry for erosion control in Loess Plateau Region includes afforestation on the banks
of terraced fields, protective forest on slope lands, protection forest on gully beds, protection
forest on riverbanks, etc. The reasonable arrangement and placing of various forest-types in a
forestry system should be considered in order to form a whole protection system and improve
the ecological environment.
The artificial pasture should be implemented on slope lands with appropriate soil condition
according to the demand of animal husbandry in order to provide enough fodder and reduce
the losses of runoff and soil.
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c. Cultivation Measures
Cultivation measures are also called as tillage practices of soil and water conservation. It
mainly changes the micro-relief, soil construction and plant arrangement by tillage practices
in order to reserve runoff and soil from loss and increase the output of agriculture. Tillage
practices have had a long history and various practices, such as: soil improvement by deep
plough, rotation of fodder and crops, crop interplant and contour tillage, etc.
The comprehensive management on the basis of small watersheds must be concentrated,
continuous and on a relatively large scale. The concentrated management can form the
collective effort and the continuous management can enlarge the scale, which can show the
effects. The key implementation region of soil and water conservation in the basin of Wudin
River was implemented one slope by one slope, one hill by one hill and one gully by one gully,
until the whole region. The management percentage in the basin area of 8,587 km2 reached
79% in 10 years and the rate of soil loss reduced 66.19%. Besides, the management of these
small watersheds such as the Xigou in Gansu Province, Jiuyuangou in Shanxi Province,
Wangjiagou in Shaanxi Province and Chunchanggou in Inner-Mongolia Autonomous Region
was also extended from point to space. Now soil loss is basically controlled.
A scientific programming is necessary for the comprehensive management in a small
watershed. Particularly in 21 Century, the objective of comprehensive management in a small
watershed is linked with the program of economic development of local government. It, of
course, brings some new energy to the programming, but also increases some difficulties. The
programming for comprehensive management in a small watershed is developed as one part
of the development and management project of whole rural economy, so the technology of
programming for comprehensive management in a small watershed is also quickly promoted.
The traditional experimental method has been used for a long time, but at present, four types
of programming technology for comprehensive management in a small watershed are used.
They are experimental method, linear programming method, nonlinear programming method
and multi-purpose programming method. The use of electronic brain and geographic
information system make data collection more quick and trustworthy.
Duicha small watershed is an early managed small watershed with a basin area of 5.1 km2
in Shanxi Province. According to the programming principle, level terraces of 126 ha were
built on the flat slope-land and forests of 183 ha and pastures of 55 ha were built on the top
and steep slope-land of hills. 5 mainstay dams were built on the tributary gullies and 13 check
dams and 3 ponds were built in the main gully. The small watershed was under control, the
degree of management was 77% and sediment basically was not discharged out of the
watershed.
5.2.3. Speeding up Construction of Dam System in Gullies
According to the fundamental theory of soil and water control infiltration of water and
utilization of soil should be implemented at the local point. It is true, but if a large rainfall
occurrs on a slope, particularly on a steep slope, what mentioned above is difficult to make
fact. Therefore, it should be replaced by the" runoff and soil do not be discharged out of the
gully" during a determined flood frequency. The major measures are construction of ponds
and dam systems in gullies, in which the runoff and sediment load discharging from slope
land will be intercepted and reserved. The slope management and gully management should
be complemented each other.
A dam system is the check dams of large, medium and small types in a gully for the
purpose of utilizing runoff and sediment load as resources. The dam system in the Loess
Plateau Region has been developing under the enlightenment of natural "juqiu", which was a
small lake, formed hundreds years ago by natural debris slides and now is a small basin
deposited by the intercepted sediment load and is also a fertile farmland. In practice of recent
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fifty years great success in construction of ponds and check dams, including their construction
technology has been gained. The dam system in gullies plays a remarkable benefit and is the
most effective and most directive measure in both reducing flood runoff and sediment load
into the Yellow River and developing the local agricultural economy. Up to 1996, there was a
total of 380 × 10 3 ha of farmland, built by the check dams in the basin of Middle Yellow River,
which intercepted 7.127 × 10 9 t of sediment. The amount of intercepted sediment per one ha of
farmland is different with various heights of the check dam. Table 5.1. shows the amount of
intercepted sediment per ha of farmland with various height of check dams.
Table 5.1. Amounts of intercepted sediment by various heights of check dams
Height of check dam (m)
<5 6-10 10-15 16-20 21-26 26-30
Average amounts of sediment per ha (103m3/ha) 14
23
36.6
48.3
60.8
88.7

>31
104.5

The rates of intercepted sediment amounts by check dams to that by whole measures of soil
and water conservation in five tributaries are shown in Table 5.2.
It can be seen that the intercepted sediment amounts by check dams were remarkably higher
than that by other measures of soil and water conservation.
It should also be shown that the cereal yields on the farmlands of check dams were also
high. Cultivated farmlands of check dam in the Loess Plateau Region were about
266.7 × 10 3 ha in 1996 and the annual cereal yields were about 1000 × 10 6 kg with the average
yields of 3,750 kg/ha, which is higher than the yields on the terraces.

River
Wuding
Huangpu
Sanchuan
Qingjian
Yanhe

Table 5.2. Rates of sediment amounts, intercepted by check dams to that
by whole measures of soil and water conservation
Area of basin (km2)
1970's (%)
39,260
76.4
3,246
81.6
4,161
60.0
4,989
83.7
7,687
66.0

1980's (%)
42.1
65.3
58.8
66.4
55.7

The percentages of cereal output on the farmlands of check dam to the total cereal output of
other farmlands in typical small watersheds are shown in Table 5.3. It can be seen that the
percentages of cereal output on the farmlands of check dams are remarkable higher in
comparison with the total cereal output, though its cultivated area is relatively small. So, the
farmlands of check dams became the fundamental farmlands in the Loess plateau Region.
Table 5.3. Rates of cereal output on farmlands of check dams to total cereal output on farmland,
caused by soil and water conservation in typical small watersheds
Percentage of dam-land
Percentage of cereal output from
area to total area, formed by
dam-land to total output from
Small watershed
County
various measures of soil
farmland, formed by measures of
and water conservation
soil and water conservation
(%)
(%)
Hongshimaogou
Hengshan
10.6
29-36
Mijiacun
Mizhi
6.9
24.7
Zhangjiawan
Zhichang
9.3
40-60
Jianizhangcun
Jingbian
16.0
37.7-70.3
Wangmaogou
Suide
6.5
38.2-48.0
Gaoxicun
Mizhi
18.6
53.9

But it should be mentioned that the capital investment and labor capacity for construction
of the check dams are relatively large than that of the terraces, so it is difficult to be
implemented by a single household. That was why the speed of check dam construction
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reduced since the 1980's, when the economic system of "the household based responsibility"
began to be implemented in rural areas. It is also why the pencentages of intercepted sediment
amounts by the check dams to that by the whole measures of soil and water conservation in
the 1980's were less than that in the 1970's. (Table 5.2.) It is because the construction of level
terraces has been speeded up since the 1980's while the construction of check dams has been
dropped.
The comprehensive project of dam system in a small watershed is necessary. Dam
construction in a small watershed was implemented through fifty years from single dams to an
integrated dam system. In the beginning of the 1950's, a lot of single dams were usually
constructed in many small watersheds. For their unreasonable arrangement, low standard and
the lack of flood control installations, some dams were broken in floods. So, since the 1980's,
the comprehensive project has been emphasized. It includes the following principles: (a) Dam
system construction in gullies must be joined with their slope-land management. (b) Middle
and small dams should be the essential parts and should be connected with the construction of
mainstay dams. (c) The installations for intercepting and discharging ordinary flood runoffs
and sediment loads through small and middle dams should be properly arranged. And the
necessary installations for discharging an extraordinary flood should be arranged on the
mainstay dams. (d) The locality of the dams should be chosen for the convenience in local
agricultural production. (e) According to the basin area, the degree of comprehensive
management and the situation of flood a runoff in gully, the arrangement of mainstay dams,
including their sites, intensity and the order of their construction should be studied by the
optimum seeking method.

Fig.5.3. Schema of dam system in Jiuyuankou Basin

Fig.5.3. is a distribution schematic of dam system in the Jiuyuankou basin, which is located
in Shaanxi province and has an area of 70.7km2. The management of soil and water
conservation started in 1953 and up to 1994 there were managed area of 4,158 ha with the
managed ratio of 58.7%. The check dams were the main measure of soil and water
conservation. There were total check dams with the intensity of 3.72/km2and the total storage
volume of 29.47 × 10 6 m3. The distribution of various dam types in the Jiuyuankou Basin is
listed in Table 5.4.
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Type of gully
I
II
III
IV
total

Table 5.4. Distribution of various type dams in Jiuyuankou Basin
Mainstay dam Large dam Medium dam
Small dam
Total
19
133
152
2
12
72
84
10
8
2
22
4
1
5
14
2
40
207
263

Percentage %
68
32
8
2
100

Relative Stability of Dam System in a Small Basin Should Be Studied. As mentioned above,
the dam system in the Loess Plateau Region has been developing under the enlightenment of
natural "juqiu" in the provinces of Shannxi, Shanxi and Gansu. They ever were small lakes,
formed hundreds years ago by the natural debris slide and now were small basins deposited
by the intercepted sediment load and were also rich farmlands. But, could the dam system in
gullies, constructed by human power protect the farmlands for a long time or be destroyed by
severe flood runoffs? This is the issue of the relative stability of dam system in a small
watershed. The technical term of relative stability of dam system in a small watershed means:
(a) The dam system, consisted of a lot of small and medium dams and several mainstay dams,
couldn't stand up against the designed flood runoff? (b) During the designed flood runoff the
crops on farmland couldn't gain good harvest? (c) The runoff and sediment resources couldn't
be fully used and the sediment load couldn't be intercepted in a basin. (d) The local farmers
themselves couldn't maintain the dams. According to the practical experience, the designed
flood standard should be the frequency from 1/100 to1/200 in order to guarantee the security
of the mainstay dam. With regard to the safety of crops on the farmland it was observed that
during the flood runoff in July the crops was as high as one meter. If the water depth on
farmland was less than 0.8m, the submerged duration was less than 7 days and the thickness
of sediment deposition was less than 0.3m, the pcrops would gain good harvest. The
corresponding precipitation frequency was about 1/10---1/20 and the corresponding area ratio
of the total farmlands in a gully to its basin area was from 1/30 to1/7. Therefore, beside the
natural factors, which couldn't be chosen by human being, the area ratio of the total farmlands
in a gully to the basin area was the important factor for gaining good harvest on the farmland.
Based on the investigation data of 254 check dams and 204 mainstay dams the experimental
relationship between area of farmland, formed by check dams, and their dam height and basin
area was as follows:
A=K × H 1.6 × F 0.9
Here: A---farmland area, ha; H----dam height, m; F----basin area, km 2 .
K----coefficient, related with the cross section of gullies.
5.2.4. Non-tillage and Afforestation and Artificial Posture on Steep Slope-lands
Province
Gansu
Shanxi
Inner-mongolia
Ningxia
Shannxi

Table 5.5. Slopes of farmland in loess plateau region.
Total
area
Farmland of Various Slopes
102 ha
Terrace
3°
3°—7°
7°-15°
area
33194
9512
7845
1760
6060
(%)
100.0
28.66
23.63
5.30
18.26
area
52332
9388
21076
7500
6867
(%)
100.0
17.04
40.27
14.33
13.12
area
13698
220
11071
1890
512
(%)
100.0
1.60
80.83
13.80
3.74
area
13233
490
6400
1743
3032
(%)
100.0
3.70
48.41
13.17
22.86
area
44249
6439
16392
2178
7605
(%)
100.0
14.55
37.06
4.92
17.19

15°-25°
5948
17.92
6048
11.56
005
0.03
1458
11.02
7710
17.42

>25°
2069
6.23
1454
2.76
0
0
108
0.81
3924
8.82

In the Loess Gullied-hilly Region the terrain is very broken and there are many deep gullies.
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Slope-lands of various slopes are very developed. The farmlands are usually distributed on the
slope-lands with slopes from 3°--5° to 35°. Table 5.5. shows the slopes of farmlands in the
Loess Plateau Region.
It can be seen that the area of sloping farmland accounts for 83.38% of total farmlands in
the Loess Plateau Region, in which the area of sloping farmland with slopes more than
15 0 accounts for 18.33% and the area of sloping farmland with slopes more than 25 0 accounts
for 4.83%. It shows that agricultural tillage on steep slope-land is very severe in the Loess
Plateau Region. The erosion modulus of the farmlands with steep slope might reach 30
× 10 3 t/ km 2 . So, It is the national policy to forbid tillage on the slope-lands with slopes more
than 25 0 , where the cultivated farmland should be return to afforestation or artificial pasture.
In order to raise the percentage of afforestation and reduce soil loss narrow terraces,
horizontal ditches and fish-scale pits should be promoted.
5.3. Construction of Reservoir in Gorge Reaches and Operation in "Storing Clear Water
and Discharging Mudflow"

Construction of reservoir in gorge reaches and operation in "storing clear water and
discharging Turbid water" is another main measure of the" intercepting flood runoff and
sediment load on upstream ". The experience in operation of Sanmenxia Reservoir told us that
the reservoir, constructed on the heavily sediment-laden river couldn't implement the
operation in high storage level, like the operation manner in the reservoir on the less
sediment-laden river, because the former should avoid sediment deposition in its pool. The
experience in operation of Sanmenxia Reservoir told also if a operation of " Storing clear
water and discharging mudflow" in the reservoir was accepted, the reservoir, constructed on
the gorge reach of a heavy sediment-laden river, could form a deposition terrain with a deep
main channel and two high deposition flood plains. So, a storage volume composed of the
main channel could be reserved for a long time and could be used for flood control, irrigation
and power generation. Fig.5.4. is a sketch scheme of deposition terrain in a reservoir of gorge
type, operated with the principle of "Storing clear water and discharging mudflow". In the
process of its formation a great amount of sediment had been
A reservoir, being operated in "Storing clean water and discharging mudflow" must have
the necessary conditions as follows: (a). The reservoir should be constructed on a narrow
gorge river reach with a steep longitudinal slope, which would form a steep main channel
with high sediment transport capacity in order to discharge the coming sediment out of the
reservoir through the main channel. A gorge-type reservoir also has the less loss in submerged
land. (b). The bottom outlets with sufficient sluice capacity should be installed in the main
dam. The regulation of pool level is the major measure for regulating runoff and sediment
load. Sufficient sluice capacity of bottom outlets is the necessary condition in order to empty
the reservoir in time before the flood season and increase the ability of scouring. The
Sanmenxia Reservoir had 12 deep outlets before its reconstruction and during the pool level at
308.4m, the sluice discharge was of 1340m 3 /s and the ratio of discharged sediment load was
only 58.0%. After the two side tunnels and four steel tubes were reconstructed, during the
pool level at 303m, the sluice discharge was of 1340 m 3 /s and during the pool level at 333.3m,
the sluice discharge was of 10,000 m 3 /s. The ratio of discharged sediment load was 80.5%.
After the 8 bed tunnels were reopened in third reconstruction, the corresponding pool levels
remained at 291m and 315m, when the sluice discharges were1340 m 3 /s and 10,000 m 3 /s.
The ratio of discharged sediment load increased to 106%. The practice experience showed
also that the lower the sluice installation, the higher the sediment concentration of mudflow.
The entrance level of bed tunnel was lower 10m than that of side tunnel and was lower 20m
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than that of deep outlet, the mudflow concentration in bed tunnel was assumed as 100%, the
relative mudflow concentrations in side tunnel and in deep outlet were 80% and 74%,
separately. Intercepted in reservoir, which mitigated the sediment deposition in the main
channel of the lower reach. Besides, it also creates the condition for regulating both runoff
and sediment load, which will be discussed in next paragraph.

Fig.5.4. Sketch scheme of deposition terrain in a reservoir of gorge type

5.4. Integrated Regulating Runoff and Sediment Load and Increasing Capacity of
Sediment Transport in Lower Reach

In order to increase the amount of sediment load discharged into the sea it is necessary to
increase the capacity of sediment transport in the lower Yellow River. General speaking, the
capacity of sediment transport is directly related to the flow discharge in a high order. It is
also true in the Yellow River. For example, when the Sanmenxia Reservoir discharged clear
water in 1960, the capacity of sediment transport in the lower reach was directly related to the
flow discharge in second order. But when the Yellow River discharged the turbid flow, the
capacity of sediment transport in the lower reach is related not only to the flow discharge, but
also to the upstream sediment concentration of. That is the so-called phenomena of "large
flow discharge brings with the large sediment "and" the more sediment load coming from the
upstream reach, the more sediment load discharging into the sea and the more sediment
deposited on the riverbed". Fig.5.5. shows the relationship of sediment discharge with flow
discharge at Sunkou Hydrological Station on the Lower Yellow River.
The mathematical relationship of the scheme can be described by the following equation:
Qs = KQ a S upb
Here: Qs ---the sediment discharge, in t/s; Q---the flow discharge, in m 3 /s; S up -----the sediment concentration of upstream hydrological station, in kg/ m 3 ; K---a
coefficient; a, b--- powers，related with the river patterns and calculated by the following
equations:
a=0.356 lg J +1.13
b= -0.256lg ( B /H )+1.18
Here: B, H and J----the width, depth and slope of main channel
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Fig.5.5.

Relationship of flow discharge with sediment discharge at sunkou hydrological station

It can be seen that in order to increase the capacity of sediment transport in the Lower
Yellow River the main channel must has steep and narrow besides a high sediment
concentration and a large flow discharge from the upstream reach.
The integrated regulation runoff and sediment load is to regulate the unfavourable
combination of runoff and sediment load by reservoirs and to change their uneven distribution
both in time and space. In this way, the phenomena of the "large flow discharge brings the
large sediment" and "the more sediment load coming from the upstream reach, the more
sediment load discharging into the sea" are artificially carried out. The ability of lower reach
to discharge the sediment load into the sea is increased. The concrete way is as follows: The
newly completed reservoir is operated in the principle of "storing clear water and discharging
tribdflow". After several years of operation the reservoir would intercept a lot of sediment and
the deposition morphology with high floodplains and deep main channel would be formed in
the reservoir. Then, the integrated regulation of runoff and sediment load might be
implemented. In order to avoid sediment deposition on the floodplains, (the pool volume upon
the floodplains is very valuable for reservation of flood runoff of rare frequency) the pool
level is restricted to the same level of floodplains. When the water volume in the reservoir
reaches enough volume, the bottom outlets would be opened to discharge turbidflow,
according to the" bankful discharge" of lower reach, which is such a flow discharge,
transporting more sediment load. In this way, the turbidflows in the main channel in the lower
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reach may transport more sediment load as far as possible, until into the sea.
In 2003, the Experimental Group of Regulating Runoff and Sediment Load, YRCC
analyzed the combinations of runoff and sediment load in various historical floods and
reported that the flow discharges, leading the river bed to be scourred were related to their
sediment concentrations and were called as "bed scouring discharges". When the flow
discharge is larger than the "bed scouring discharge", the riverbed would be scoured. The "bed
scouring discharges" change with its sediment concentrations and are shown in Table 5.6..
Table 5.6. "Bed Scouring Discharges" in Lower Yellow River
Sediment concentration
kg / m3
Upstream of Huayuankou

0-20

20-30

30-40

40-60

60-80

>80

1000

2300

4000

4000

Huayuankou--Gaocun

1000

2000

2800

3500

⊕
⊕

⊕
⊕

Gaocub---Aishan
Aishan---lijin

2000
2300

2000
2000

3000
2500

2500
2000

2000
2000

2500
2800

Note: ⊕ means sediment deposition

Hyoer-concentration

⊕
⊕
⊕

4000

It can be seen if the flow discharges are larger than 2300m3/s and the sediment
concentration is from 20kg/m3to 30 kg/m3, the Lower Yellow River is under scouring. When
the hyperconcentrated flow appears, the whole reach, beside the Aishan-- Lijin reach, is under
deposition, even if the flow discharge is larger than 4000 m3/s.
In 2002,2003 and 2004 the artificial regulations of runoff and sediment load were been
implemented in the reservoirs in the Meddle Reach of the Yellow River, which got good
sediment-flushing results in the Lower Yellow River and gained rich experimental data.
5.5. Warping Saline-alkali Lands Along Both Banks and Raising and Widening Levees
Along the Banks Making Use of Sediment

In recent 40 years, about 80 diversion sluices had been constructed on both banks of the
Lower Yellow River for diverting water. Average annual runoff of 11 × 10 9 m 3 and average
annual sediment of 0.11 × 10 9 t load had been diverted into the farmlands along the river. From
1958 to 1990, the diversion sluices along the Lower Yellow River diverted 3.865 × 10 9 t of
sediment load, including 1.579 × 10 9 t sediment load in Shandong Province and 2.286 × 10 9 t in
t Henan Province.
Warping on large scale saline-alkali lands outside the levees have been developed by using
the turbid water, diverted from the Lower Yellow River. Up to 1990, 230 × 10 3 ha of
saline-alkali lands had been improved and 120 × 10 3 ha of paddy had been developed. The
turbid water irrigation by using the diverted runoff from the Yellow River in the flood season
has the advantage to raise the fertility of farmland. The water has various manures and the
diameter of sediment, coming into the farmland is less than 0.035mm, which can improve the
soils structure. In the meantime, both the soil and living environments had been also improved
and the economic effect have been raised in a large scale. Table 5.7. shows the situations of
warping saline-alkali lands along the Lower Yellow River.
Making use of diverted sediment load to deposit the dike-footings along the levees had
been also developing in the Lower Yellow River for long time. The total length of deposited
dike-footings and the total volume of deposited sediment reached 708km and 400 × 10 6 m 3 ,
separately.
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Table 5.7. Situation of warping saline-alkali lands along Lower Yellow River.
Floodplain

Lankoa
beitan
Dongming
Changxing
Dongming
nangtan
Qucuntan
Zhanggelou
Zhangxintan
Gezhuang-tan
Lujitan
Wangdian-tan
Zuoyingtan

Year of
warping

Max.discharge
(m3/s)

1975

300

1976

Warping situations
Amount of
Area of
Depodeposited
deposited
sited
sediment
land
Thick-ness
(106m3)
(103km2)
(m)
30.00

3.3

0.6

30.00

3.7

1.0

Warping levee ditches
Amount of
deposited
sediment
(106m3)

Deposited
Thickness
(m)

Deposited
Length
(km)

5.00

1-2

20

1977

1000

43.75

6.1

0.8

2.20

1

11

1977
1975
1975
1975
1985
1988
1982

250
100
200
80

16.75
6.20
20.00
2.70
8.00
1.53
4.00

2.4
0.9
1.9
1.3

0.7
1.2
1.0

4.50
3.00
5.44
1.00

1-2
2-3
2-3
1-3
0.5-2

15
10
9
10
13

200

0.2
0.4

0.5
0.4
0.7

1.00
0.3-2

Since the 1990’s, the engineering measures to deposit the dike-footings and consolidate the
levees, including raising their height and widening their width, have had a new development.
It is called as" building a <Relative Underground Yellow River> in coordination with water
diversion from the Yellow River". Its general objective is that the levees of the Lower Yellow
River will be step by step raised and widened as two artificial mounds in coordination with
water diversion from the Lower Yellow River and arrangement for a great amount of sediment.
The Yellow River would be confined-between the two artificial mounds and just like an
underground river (relative to the top of artificial mounds on both banks). The top level of the
two artificial mounds will be designed according to the designed flood level. The total height
of levees in general is about 7-10m and the width of levees is from 100m to 200m, depending
on the local condition of flood control. Fig.5.6. is the sketch scheme of cross section of the
deposited levees.

Fig.5.6. Relationship of flow discharge with sediment discharge
at Sunkou Hydrological Station

5.6. Digging for Mitigating Sediment Deposition in River Bed

The Lower Yellow River is wide bed in the upstream reach with a flood control capacity of
22000m3/s and narrow in the downstream reach with a flood control capacity of 10000m3/s.
Therefore, mitigating sediment deposition in its downstream reach is of significance for flood
control. It is a pity that those measures above stated were not very effective for mitigating
sediment deposition in its downstream reach. Dredging for mitigating sediment deposition in
its downstream reach was combined with the engineering measures of raising and widening
levees. It was tested at Luokou in 1965. The sediments in the main channel of the river were
dug out by the cutter suction dredger and deposited on the dike-footings along the levees. In
the seventeen years from 1976 to 1992 a total sediment amount of 0.22 × 10 9 m3 was
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dredging in the Heze Reach and the total sediment deposition, mitigated in the main channel
was 0.058 × 10 9 m 3 . The effects of dredging were linked with the conditions of coming
runoff and its sediment concentration, the situation of river-bed and the amount. In the
conditions of annual incoming runoff larger than 20 × 10 9 m 3 and of the amount of dredging
larger than 10 × 10 6 m 3 the effects were obvious. But, in the condition of less incoming
runoff and being under the situation of sediment deposition the effects would be less. The
Lower Yellow River is a sediment river, which can not be managed by dredging only.
Dredging is used only for some particular river reaches in order to train the river.
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6. Key and Special Sediment Issues
6.1. Effects of Soil and Water Conservation in Middle Yellow River Basin

Soil and water conservation is the basic management measures for harnessing the Yellow
River. It also is an important measure for the economic development in a mountainous or
gully-hilly area. Soil and water conservation has the characteristics of multi-benefits. It not
only contains the direct benefit, but also the indirect benefit, not only the immediate benefit,
but also the long-term benefit. Different research objectives and different approaches have
their own benefit classification. In fact, the most direct and fundamental benefits of soil and
water conservation are runoff retention and soil preservation. As river-sediment researchers,
we are interested in controlling the runoff and soil losses in a basin and protecting reservoirs
and river channels from sedimentation. So, in this paper runoff retention and sediment
preservation will be discussed as the fundamental benefits. In order to differentiate from the
economist and ecologist we will assign the "effect" of soil and water conservation as its
benefit.
6.1.1. Preserved Area by Soil and Water Conservation Works
The areas preserved by soil and water conservation works are the most fundamental and
important data for analyzing the effect of soil and water conservation. The implemented area,
preserved area and utilized area reflect the three states in the process of capitalization,
preservation and benefit of soil and water conservation. The implemented area is used in
analyzing the capitalization effect and the preserved area is used in calculating the effect of
soil and water conservation to runoff retention and soil protection. The statistics of preserved
area by soil and water conservation on the Loess Plateau were very difficult. It was caused not
only by its wide area and different morphologies, but also by their different executive
enterprises, including the national, collective and individuals. It was also caused by the
incessantly changes due to their continuous construction and natural damages. In 1996, the
Research Group (supported by the "Research Foundation of Changes in Runoff and Sediment
Load of the Yellow River Basin",) collected the data from the Governments of various levels
and the National Land Administration, and gained the over-all preserved area of water and
soil conservation. Up to 1996 all preserved areas of soil and water conservation in the Middle
Yellow River basin is shown in Table 6.1.
Table 6.1 Preserved area of soil and water conservation in middle Yellow River Basin
Up to
1996

Total
6833.798
100%

Terrace
1464.162
21.3%

Afforestation
4606.791
66.99%

Fodder grass
632.732
9.2%

Unit:103 ha
Check dams
130.114
2.5%

From Table 6.1, it can be seen that up to 1996 there were 6833.798 × 10 3 ha of preserved
areas by various measures of soil and water conservation in the Middle Yellow River basin,
which accounts for 24% of the total basin area. Areas of afforestation and fodder grass
account for 76.2% of the total preserved area. Since the 1970's every measure of soil and
water conservation has had quickly been developed. The area percentage of afforestation and
fodder grass to the total has increased since the 1980's, because the new area percentage of
both afforestation and fodder grass to the total reached 83% in the national key management
region. But the construction speed of check dams was dropped. It was because that the policy
of "household based responsibility system" in the countryside has been carried out since the
1980's. The individual household hadn't the necessary investigation and men-power for
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constructing check dams. According to the statistics of Shanxi Provincial Bureau of Soil and
Water Conservation, up to 1993 there were 31,924 check-dams in the north part of Shanxi
Province, in which 95% was completed before the 1970's.
6.1.2. Calculation Methods of Effect of Soil and Water Conservation
The effect of soil and water conservation in the Middle Yellow River is directly reflected in
two aspects: (a) to reduce the losses of runoff and sediment, improve local ecological
environment and increase agricultural production; (b) to reduce the amount of sediment load
entering into the Yellow River. The two effects link up with the intercepted amounts of runoff
and sediment load, which not only depend on the kinds and amounts of soil and water
conservation measures, but also are connected with the intensity and duration of rainfall and
condition of ground cover. So the calculation method of the effects of soil and water
conservation is very complicated.
There are several calculation approaches, but effective methods are those: (A). Method of
empirical relationship (hydrological statistic method); (B) method of cause analysis; (C)
method of "calculating reduction of sediment load through reduction of flood runoff", which
will be discussed as follows.
a. Method of Empirical Relationship (Hydrological Statistic Method)
The ancient water level observation in the Yellow River originated in the Sui Dynasty
(581-618 A.D) and the regular timely reports of water level originated in the Ming Dynasty
(1569-1619 A.D). But it is a pity that those systematic data had not been well preserved. The
modern gauging stations have been established since 1919. Up to 1996, there were 502
gauging stations along the stem and tributaries of the Yellow River, including 25 gauging
stations at the river-outlets of the tributaries in the Middle Yellow River Basin. The
establishment of these gauging stations enables to gather observed data and establish the
empirical relationships between the different indicators of rainfall and the runoffs and
sediment loads by the method of regression analysis.
The empirical relationships between the flood runoff or sediment yield and rainfall factors,
including rainfall intensity, rainfall duration, etc, observed at these gauging stations before the
watershed was managed, are established by multiple regression analysis. When the reductions
of runoff and sediment yield due to the completed measures of soil and water conservation in
some calculated years are needed, the observed rainfall factors in these years will be inserted
into the empirical relationships to get the so-called "natural flood runoff and natural sediment
yield''. The" natural flood runoff and natural sediment yield'' mean that the flood runoff or
sediment yields would occur in the condition of observed rainfall factors in the calculated
years but without completed measures of soil and water conservation. Of course, the
calculated "natural flood runoff and the natural sediment yield did not really exist, because the
measures of soil and water conservation changed the condition of ground cover and the flood
runoff and sediment yield should be reduced. In the meantime the real flood runoffs and
sediment yields in these calculated years were observed at gauging stations. The difference
between the calculated (natural) flood runoff and sediment yield and their observed ones are
considered as the reduction of flood runoff and sediment yield due to the effect of soil and
water conservation.
For a simplest example, the empirical relationships between the rainfalls in a flood season,
Pf, and the runoff or sediment load yield in the flood season in the Qingjian basin, Wh, WHS
are shown respectively as follows:
−2
2.070
Wh=5.24×10 × Pf
WHS=2.27×10

−2

×Pf

2.090
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b. Method of Cause Analysis
The method of cause analysis in calculating the runoff and sediment reduction in a small
watershed is worked out on the basis of summing up the effects caused by individual items of
soil and water conservation measures in this watershed.
(a) Calculation of runoff and sediment reduction on a slope land
In order to gather the observed data of changes in runoff and sediment load caused by
various measures of soil and water conservation on slope lands, pilot plots of corresponding
soil structure, including soil porosity, moisture holding capacity of soil, etc, have been
established in some experimental stations. There are several experimental stations for soil and
water conservation in the Loess Plateau Region, representing different situations of soil,
geology and geomorphology. The five famous stations are the Tianshui Experimental Station
in Gansu Province, the Suide and Yan’an Experimental Stations in Shannxi Province, the
Xifeng Experimental Station in Ningxia Hui Autonomous Region and the Lishi Experimental
Station in Shanxi Province. A lot of observed experimental data of flood runoff and sediment
load on pilot plots of terrace field, artificial afforestation and pasture and adjacent natural
slope for contrast land have been gathered in ten years in these stations. After analyzing these
observed data the percentages of reduction both in flood runoff and sediment load for
different measures of soil and water conservation with the rainfalls in flood seasons have been
obtained. Then, according to the investigated preserved areas of various measures of soil and
water conservation and the percentages of reductions the total reductions of flood runoff and
flood sediment load of various measures△Whi,△Wsi will be obtained by summing up the
individual measures as follow
△Whi= Σα i Mhi× Fi
△Wsi= Σβ i Msi × Fi

α i β i — the percentages of runoff and sediment load to the runoff and
sediment load yield on the contrast slope land;
Mhi Msi— modulus of natural runoff and sediment yield, observed on the
gauging stations;
Fi —the preserved areas of various measures of soil and water conservation.
(b) calculation of flood runoff and flood sediment load reductions in gullies
The measures of soil and water conservation in gullies in the Loess Plateau Basin include
check dams, small reservoirs and water diversion works. Check dam is the main measure in
gully management and has the functions of reducing flood runoff, arresting sediment load,
rising the elevation of erosion basis and building farmland. The calculations of both flood
runoff and sediment load reductions caused by a check dam include two cases:
(i ) The pool of check dam is in the situation of being arresting sediment.
The annual reduction of flood runoff in this case is estimated by annual deposited sediment
amount in the pool of check dam. The calculation formula is as follows:
∆W1 = K ∗ ∆WS
∆WS ---the annual deposited sediment amount in the pool of check dam, in 103m3;
∆W1 ---the annual reduction in flood runoff, in 103m3
K---the ratio of flood runoff to sediment load, K=2.4 in Northern Shaanxi
Province; K= 1.43 in Southern Shaanxi Province; K=1.93 in the
Northwest Shanxi Province; and K = 1.82 in Southern Shanxi Province.
The calculation of sediment reduction in the pool of check dam, being arresting sediment, is
more difficult for its different annual deposition in its process of deposition. According to
experience, it is estimated that the pools of check dams in general would be fully filled in
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thirteen years. In order to
deposition in a pool would
sediment load, in the second
as follows:
∆Wsg 2 =2/13

simplify the calculation it was suggested that the sediment
be uniform in the duration of deposition. So, the intercepted
year after its commissioning, for an example, will be calculated

× f × M s ×( 1 − α1 ) ×( 1 − α 2 )

Here: ∆Wsg 2 ----- the intercepted sediment load, in the second year after its
commissioning;
Ms-----the intercepted sediment load on the farmland per unit area, t / km2,
which depends on the height of check dam.
f-----the area of fully filled pool, km2;
α1 -----the ratio of area caused by bank slide to the total farmland area of
check dam; α1 =0.1-0.2;
α 2 ---- the coefficient of bed material; α 2 =0.1;
(ii ) The farmland of check dam had been cultivated.
The calculation formula for flood runoff reduction in this case is as follows:
△Wh=Mh × Fb × η
△Wh---the flood runoff reduction, in 103 m3;
Mh----the natural flood runoff modulus, in 103 m3/ km2
Fb---the farmland area of check dam, in km2 ;
η ---Coefficient η = 1.
The calculation formula for sediment reduction in this case is as follows.
△Wsgl=F × Ms × (1— α1 )×(1— α 2 )
F—the farmland area of check dam, deposited in current year, in km2
(iii) Calculation of the reduction in eroded sediment on the gully bed due to construction of
farmland or water pool, which overlay the bed of gully and protect it from erosion. The
calculation formula for such kind of sediment reduction is as follows.
△Wsj= F × Wsj × Kj
F------the total area of the completed farmland or water pool, in km2
Wsj-----the modulus of basin sediment erosion, in t/ km2
Kj------the ratio of the modulus of gully erosion to the modulus of basin
sediment erosion, Kj=1.75
c. Method of "Calculating Reduction in Sediment Load through Reduction in Flood Runoff ".
This is a new method based on both the method of empirical relationship and method of
cause analysis, accepting their advantages and avoiding their shortages. But it is more
complicated.
(a)The calculation method of flood runoff reduction on slope lands is basically the same
with the calculation method of cause analysis.
(b)The calculation method of sediment reduction in small watersheds is based on the
general characteristics of sediment transport in the tributaries in the Loess Plateau Basin.
Under the natural conditions 95% of annual sediment load are transported in the flood season
and the relationship between sediment discharge, Qs and water discharge, Q has a linear
relationship.
When the flood discharge is low, the relationship can be represented by the following
equation.
a
Qs=KQ
Here a-an exponent, a>0
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But, when the flood discharges increase, all these lines on the figure of water discharge with
sediment discharge come together into a line with the exponent of 1. It means that the
sediment concentration in the gullies of various basin areas in the Loess Plateau Basin has the
same value during severe rainfalls. Based on above characteristics of water
discharge-sediment load relationship the method of "calculating the reduction in sediment
load through the reduction in flood runoff" could be shown as follows:
a
Ws+ ∆W s= K (W+ ∆W )
Here: ∆W s -----the reduction in sediment load in the basin, including both reductions
on slope land and in gully; W s , W------the observed flood sediment load and flood runoff at
the gauging station of tributary outlet in calculated years; ∆W -----the reduction of flood
runoff, which is obtained from the calculation of flood runoff reduction on slope land in
calculated years. K, a-----the coefficient and exponent, which are determined by the observed
data at gauging stations.
6.1.3. Reduction in Runoff and Sediment Load due to Soil and Water Conservation Measures
in Middle Yellow River
Since the 1980's several research foundations and institutes have carried out the research
and calculated the reduction in runoff and sediment load due to soil and water conservation in
the Middle Yellow River Basin and there are five sets of calculation results. In 2000, based on
these calculation results the Foundation of Changes in Runoff and Sediment Load in the
Yellow River Basin, Ministry of Water Resources, submitted a comprehensive report, which
will be introduced in this paper. The calculation results are based on two basins, that is the
basin from Hekouzhen to Longmen and the basin from Longmen to Tongguan.
a. Analysis of Reduction in Runoff and Sediment Load due to Soil and Water Conservation in the
Middle Yellow River Basin.

The average annual reduction in runoff and sediment load due to soil and water
conservation in the Middle Yellow River Basin was composed from both reductions in the
basin between Hekouzhen and Longmen and the basins of four tributaries. Their calculation
results are shown in Table 6.2. It can be seen that up to the middle of the 1990's the average
annual reductions in runoff and sediment load due to soil and water conservation in the
Middle Yellow River basin reached 1159 × 10 6 m 3 and 405.6 × 10 6 t, respectively, including
693 × 10 6 m 3 and 281.3 × 10 6 t in the basin between Hekouzhen and Longmen, 242.4 × 10 6 m 3
and 35.9 × 10 6 t in the basin of Fenhe River, 57.2 × 10 6 m 3 and 41.7 × 10 6 t in the basin of
Jinghe River, 41.9 × 10 6 m 3 and 20.7 × 10 6 t in the basin of Beiluo River, and 124.5 × 10 6
m 3 and 26.0 × 10 6 t in the basin of Weihe River. In the 1980's the average annual reductions in
runoff and sediment load due to soil and water conservation were obviously less. In addition
of slowly constructing check dams, it also was because of the dry years in the 1980's in the
middle Yellow River Basin. As a long-term average in the 36 years from1960 to1996, the
average annual flood runoff of 830.3 × 10 6 m 3 and average annual sediment load of
270.7 × 10 6 t were intercepted by soil and water conservation works in the Middle Yellow
River Basin.
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Item

Table 6.2. Average annual reduction in runoff and sediment load due to
soil and water conservation in middle Yellow River Basin
1960-69
1970-79
1980-89
1990-96
(1)*
(2 )#
(1)*
(2 )#
(1)*
(2) #
(1)*
(2 )#

Basin between Hekouzhen
and Longmen
Fenhe River
Jinghe River
Beiluo River
Weihe River
Total
Note: *(1) flood runoff,

× 10 6

1960-96
(1)*
(2 )#

10 6

10 6

10 6

10 6

10 6

10 6

10 6

10 6

10 6

10 6

169.0

69.2

577.0

170.5

809.0

239.2

693.0

281.3

551.0

182.6

50.1
18.6
17.8
16.5
272.0

20. 8
11.3
12.1
4.8
118.2

18.9
29.8
31.0
47.0
803.7

34.1
20.0
17.0
11.5
253.1

182.7
59.2
22.7
112.7
1186

34.4
41.2
13.6
21.2
349.6

242.4
57.2
41.9
124.5
1159

35.9
41.7
20.7
26.0
405.6

140.9
39.9
27.3
71.2
830.3

31.1
27.4
14.7
14.9
270.7

3

m ; (2)# flood sediment load,

× 10 6

t;

b. Examples

Up to 1996, the managed area in the Middle Yellow River basin reached 150 × 10 3 km2, in
which 68.34 × 10 3 km 2 of soil and water conservation have been preserved. The average
annual reduction in runoff and sediment load due to soil and water conservation in the Middle
Yellow River basin during the period of 1990 to 1996 reached 1159 × 10 6 m3and 405.6 × 10 6 t,
respectively. A new approach of soil and water conservation, having the Chinese
characteristics, has been developed, that is "based on the key-point management and the
management in small watershed as a unit and around the economic effect as the center, the
environmental management and economic development combine each with others". It not
only has promoted the local economic development in the Loess Plateau Region and
improved the productive and living conditions of local people, but also has mitigated the
sediment deposition in the reservoirs and river channels and also developed the scientific
substance of soil and water conservation.
Here is an example of a managed county. The Dingxi County is located in the Loess
Gullied-hilly Region in Province Gansu. The total area of the county is 3,638km2with the
ground elevations from1, 700 m to 2,589 m. The average annual rainfall is 400mm. The soil
loss was very severe and people was very poor. The Dingxi County was appointed as a
key-point county for implementing soil and water conservation in 1983, according to the
"policy of concentrated and linked each with others management and the policy of
management in a small watershed as a unit". Up to 1995, 2,267 km2of erosion area,
accounting for 62% of the total had been managed. 85.3 × 10 3 ha of fundamental farmland,
66 × 10 3 ha of artificial pasture, 11 mainstay dams in the gullies, 34 pools, 136.6 × 10 3 small
check dams, 12.4 × 10 3 protection works of gully head and 22.0 × 10 3 ponds had been
constructed. The management brought great changes in local economy and environment in
last ten years. The annual food production of the County reached 138 × 10 6 kg, surmounting
the historical record and the problem of necessary grains, fuels and fodder has been resolved.
The general annual income of the rural economy increased from 14.84 × 10 6 Yuan (Renminbi)
in 1982 to 571 × 10 6 Yuan in 1995 and the income of a peasant increased from 28 Yuan to 758
Yuan. The current measures of soil and water conservation could intercept 12 × 10 6 t of
sediment load every year with the intercepting rate of 59% and preserve 47 × 10 6 m 3 of runoff
with the preserved rate of 65%. The modulus of soil erosion decreased from 5,640 t/km2/year
to 3,115 t/km 2 /year.
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6.2. Serious Deposition in the Lower Yellow River

6.2.1 Serious Deposition of the Lower Yellow River
a. Continuous Deposition of the River Channel
Since 1950’s, the Lower Yellow River channel has been kept in continuous deposition. The
average annual amount of water and sediment load inflows as well as the amount of
sedimentation are listed in Table 6. 3. There existed a decreasing trend in the amount of runoff
and sediment load, but no obvious decrease in sedimentation. In the period of Oct.1960 to
Oct.1964, due to Sanmenxia Reservoir releasing clear water, and in the first five years of
1980’s, due to the high water and flow low sediment load, the river channel was eroded, and
the annual amount of erosion was 573 million tons and 96 million tons for the two periods,
respectively. In all the other periods, the river channel was silted, the annual amount of
deposition in the channel amounted to 198 to 426 million tons，its deposition rate was larger
than 15.93%，especially during the period of 1985 to 1993, due to the continuously low water
flow and low sediment load, the deposition rate was as high as 33.05%，which was 3.7 times
of the average one of 8.88 % in the period of 1950 to 1993. With regard to sediment inflow,
the deposition of the river channel has been aggravated apparently since 1985.
Table 6.3. Annual amount of sediment load inflows and deposition rate in different periods
Average annual
Deposition rate
Annual sediment load
Period
sedimentation
6
(%)
(10 t)
(106t)
July.1950~Jun.1960
1795
360
20.06
Oct.1960~ Oct.1964
603
-573
-95.00
Oct.1964~ Oct.1973
163
426
26.13
Oct.1973~Dec.1980
124
198
15.93
Dec.1980~ Oct.1985
970
-96
-9.94
Oct.1985~ Oct.1993
748
247
33.05
Oct.1950~ Oct.1993
1269
187
8.88
Note：‘+’ denotes deposition, ‘-’ denotes scour.

b. Aggradation of Channel Bed
The thickness of scour and deposition in the years of 1950 to 1993 are listed in Table 6.4.
In these 43 years，except an accumulatively small amount of scour in the reach of Tiexie to
Huayuankou, for all the remaining reaches, the river channel was silted and the average
annual deposition thickness was 0.04 to 0.09m; especially in the years of 1986 to 1993, the
aggradation of the channel bed increased greatly, the annual aggradation thickness of the
channel bed was 0.09 to 0.28m. It can be seen that, since1950, in spite of the variation of

Period

Table 6.4. Thickness of scour and deposition of channel bed for different periods
Tiexie~
Huayuankou
Jiahetan~
Gaocun ~
Aishan ~
Huayuankou
~Jiahetan
Gaocun
Aishan
Likou
1.15
0.57
0.97
0.96
0.14
-1.91
-1.15
-1.31
-1.62
-0.59
0.69
1.42
2.16
1.73
2.30
-0.45
0.02
0.15
0.46
0.29
-0.54
-0.62
-1.0
-0.36
-0.49
0.69
1.27
1.50
1.50
2.24
-0.37
1.51
2.47
2.85
3.89

1950~1960
1960~1964
1964~1973
1973~1980
1980~1985
1986~1993
1950~1993
Annual mean
0.09
0.16
(1986~1993)
Annual
-0.01
0.04
mean(1950~1993)
Note：‘+’denotes aggradation,‘-’ denotes degradation.

(Unit:m)
Likou ~
Lijin
0
-0.49
3.25
0
-0.54
1.01
3.23

0.19

0.19

0.28

0.13

0.06

0.07

0.09

0.08
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water and sediment inflow condition and operation of Sanmenxia Reservoir, the river channel
was scoured or silted alternately, but the total result was the aggradation of channel bed,
especially after 1986.
c. Serious Deposition in the Main Channel
Owing to the decreasing trend of water and sediment inflows in the Lower Yellow River
along with time, overbanking chances became smaller, sediment was mainly silted in the
main channel, and this would aggravate the aggradation in the main channel. The scour and
deposition of the river channel for the period of 1950 to 1993 are listed in Table 6.5. It can be
seen from Table 6.5. that, in the period of 1950 to 1960, sedimentation mainly occurred on the
floodplains, which accounted for 77% of the total, and only 23% in the main channel. In the
period of flood detention and discharging sediment of Sanmenxia Reservoir from Nov.1964
to Oct.1973, the transverse distribution of sedimentation was changed completely. Because of
whittling down the flood peaks, the operation mode of flood detention and discharging
sediment of Sanmenxia Reservoir, water flow normally did not overflow the banks. The
reservoir discharged sediment after flood peaks, the flow discharge was very small and
carried a large amount of sediment, a lot of sediment silted in the main channel, which
accounted for 67% of the total, and only 33% on the floodplains. The average annual
deposition in the main channel was 294 million tons from Nov.1964 to Oct.1973. In the years
of 1986 to 1993, for the successive years of low water flow and low sediment load, and a long
duration of small discharges, the main channel was seriously deposited. The sedimentation in
the main channel was 178 million tons, which accounted for 77.4% of the total.
Table 6.5. Amount of deposition or erosion in the main channel and its percentage
Amount of deposition or erosion(106t)
Item
July 1950~
Oct.1960~
Nov.1964~
Oct.1973~
Nov.1980~
Jun.1960
Oct.1964
Oct.1973
Oct.1980
Oct.1985
Whole section
361
-578
439
181
-97
Main channel
82
294
2
-126
Percentage
22.7
67.0
1.1
129.9
of the main
channel(%)
Note：‘+’ denotes deposition, ‘-’ denotes erosion.

Nov.1985~
Oct.1993
230
178
77.4

Since 1986, not only the transverse distribution of sedimentation changed a lot compared
with that in 1950’s, but also the amount of sedimentation in the main channel changed a great
deal. In the years of 1986 to 1993, the total sedimentation was only 64% of that in 1950’s, but
the amount of sedimentation in the main channel was 2.2 times of that in 1950’s.
d. Channel Shrinkage and Reduction in Flood Carrying Capacity
The river channel kept silting and withering continuously, thus the medium-flow channel
has been narrowed seriously. The variations of channel width of wandering reaches from aerial
photogrametric data are listed in Table 6.6. Since 1980’s, owing to long-term effect of small
discharge and much lower appearing frequency of effective bed-forming discharge, the
channel width of medium flow reduced to less than 2km in 1996, which was only 40% to 70%
of that in 1950’s.
Table 6.6. Variations of channel width of Lower Yellow River (Unit：m)
Reach
Tiexie~Huayuankou
Huayuankou ~Jiahetan
Jiahetan ~Gaocun

Year
1956
2806
3742
2890

1972
3252
3644
2707
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1982
3000
3079
1451

1996
1937
1555
1207

Fig.6.1. Variation of flow area under bankful water stage

The variations of flow area under
bankfull water stage could be used to
reflect the development and shrinkage of
the river channel. The variations of flow
area under bankful water stage along the
river course in 1986 and 1994 are shown in
Fig.6.1 (a). Compared with 1986, in 1994
except individual cross-sections, most of
the cross-sections were contracted, many
of which were less than the half of that in
Fig.6.2. Variations of bankful discharge of
1986. Variations of flow area with time
Lower Yellow River
under bankful water stage for the Mazhai
cross-section in the wandering reach and Datianlou cross-section in the transitional reach is
shown in Fig.6.1 (b). It was obvious that the variation of flow area under bankful water stage
for both cross-sections had a withering tendency.
Sedimentation and shrinkage of the channel resulted in continuous reduction in bankful
discharge. Variations of bankful discharge of the river channel are shown in Fig.6.2. The
bankful discharge of the river channel changed from 6000m3/s in 1980’s to about 3000m3/s in
2003, even reduced to 2000m3/s at some localities.
Bankful discharges in 1985, 1994 and 1996 are listed in Table 6.7. Since 1985, the bankful
discharge reduced rapidly, up to 1996 the average bankful discharge in the wandering reach
above Gaocun reduced to 1/2 or less than 1/2 in 1985.
Sedimentation and shrinkage of the river channel and a sharp reduction in bankful
discharges aroused a sharp decrease in flow capacity, severely impacted flood discharging
capacity, and caused the condition that low flow overflowed the bank, and the medium- low
flow brought about a big flood disaster.
Table 6.7. Variations of bankful discharge of Lower Yellow River
Year
1985
1994
1996

Huayuankou
6800
3700
3500

Jiahetan
7600
3700
3160

Gaocun
6900
3500
2800

(Unit：m3·s-1)
Sunkou
4300
3400
3300

e. Formation of Secondary Perched River
Since 1980’s, owing to dry climate, reduction of water amount and excessive use of water
resources by human activities, the water amount entering the Lower Yellow River reduced
sharply. In addition, for whittling down flood peaks and flood detention in Sanmenxia
Reservoir, chances for overflowing floodplains reduced, sediment was mainly silted in the
main channel, and the sedimentation on the floodplains was comparably small. Besides, since
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1958, a lot of production dykes were built on the floodplains. The dykes contracted the flood
channel and influenced the water and sediment exchange between the main channel and
floodplains, consequently, large amounts of sediment deposited in the main channel between
the dykes, the so-called secondary perched river with the channel bed being higher than
floodplains and the floodplains being higher than the ground behind the embankments was
emerged (Fig.4.9.).
According to 13 cross-sections in Oct.2001, among which the average channel bed
elevations of 3 cross-sections were a little lower than that of floodplains, for all the rest ten
cross-sections, the elevations of channel bed were higher than that of floodplain. The
maximum elevation difference between channel bed and floodplain was as large as 4.5m, and
the transverse slope of the floodplain was 0.38 to 2.3‰, which was 2.6 to 15.5 times of the
river slope.
At present, the Lower Yellow River has completely become a secondary perched river, and
comparably serious ‘high-perched’ reaches are 300km long. The elevation of the Lower
Yellow River channel is generally 3 to 5 m higher than that of the ground behind the levees,
the maximum 10m. Compared with the urban ground near the river, the average elevation of
the river channel is 20m higher than that of Xinxiang City, 13m higher than that of Kaifeng
City, and 5m higher than that of Jinan City. The elevation of the Lower Yellow River channel
is still kept in continuous aggrading, the annual average rise is 0.05~0.1m. In this situation,
once a big flood occurs, the river regime will be changed greatly, a transverse current or
oblique current will emerge easily, and increase the danger of levee breaking. Under the
medium and normal floods, the probability of transverse current and oblique current as well
as levee channel will increase, which threaten the safety of the main embankments, and
worsens flood control situation. The worsened channel morphology of the Lower Yellow
River is in the most dangerous state in history, and flood control of the Lower Yellow River
has come to the crucial situation.
6.2.2. Cause of Serious Deposition
a. Low Water Flow and High Sediment Load as well as High Sediment Concentration
According to the measured data at
Huayuankou gauging station in the years of
1950 to 2000，the long-term average annual
sediment load was 1.05 billion tons, which
ranked first in the world, but the long-term
average annual runoff was only 40.4 billion m3.
The average annual sediment concentration
was 26.4kg/m3. The runoff and sediment load
of the Yellow River is in an extreme
unbalanced state. At the same time, there is a
Fig.6.3. Changes in annual runoff, sediment load,
big reduction in runoff in the watershed, and
and average annual sediment concentration
the annual runoff after 1970’s was apparently
smaller than that before 1970’s. Since the mid-1980’s, the annual runoff has shown a rapid
decline trend. Affected by climate, hydraulic projects, and soil and water conservation
measures, the annual sediment load also reduced rapidly (Fig.6.3.). Attention should be paid
to that, since the mid-1980s, although the sediment load decreased, the sediment
concentration remarkably increased (See Table 4.1), which aggravated channel sedimentation.
b. Hyperconcentrated Floods
Since the mid-1980’s, the occurring frequency of hyperconcentrated flows has increased.
The hyperconcentrated flow with sediment concentration larger than 300kg/m3 occurred in the
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years of 1988 to 1989, 1992, 1994, and 1996 at Sanmenxia station, respectively. The
channel-shaping effects of hyperconcentrated flows on the Lower Yellow River channel have
greatly intensified.
Although the hyperconcentrated flow only lasts a short time, but the sedimentation caused
by it is quite serious. Table 6.8 gives the amount of deposition during the passage of 11
hyperconcentrated flows in the years of 1950 to 1983. The 11 hyperconcentrated flows lasted
104 days，their runoff and sediment load inflows accounted for 2％and 14％of the total runoff
and sediment load in the period, respectively, and their amount of sedimentation accounted for
54％ of the same total sedimentation in the same period.
Table 6.8. Details for hyperconcentrated flows in the years 1950 to 1983

Period

Maximal
sediment
concentration
at Sanmenxia
station
(kg/m3)
716
412
590
444
397
435
620
666
477
589
911

Huayuankou station
Maximal
discharge
(m3/s)

Coefficient of
oncoming
sediemnt
(kg·s/m6)

Aug.18~25,1953
6790
Aug.26~Sept.2,1953
8410
Sept.2~9,1954
12300
July 23~29,1956
6500
Aug.6~12,1959
7680
July 25~Aug.5,1969
4500
Aug.4~17,1970
4040
July 25~30,1971
5040
Aug.28~Sept.7,1973
5890
July 4~15,1977
8100
Aug.3~12,1977
10800
Total
July,1950~June,1983
Percentage of hyperconcentrated flow (％)

0.0452
0.0436
0.0179
0.0338
0.0439
0.0709
0.114
0.0732
0.0588
0.0524
0.0586

Runoff
(Billion m3)

Sediment load
(Billion ton)

Amount of
sedimentation
(Billion ton)

Intensity of
deposition
(million ton/d)

1.98
2.1
4.75
2.06
2.70
2.16
2.63
1.08
3.17
3.45
3.09
29.17
1482
2.0

0.35
0.351
0.838
0.313
0.531
0.463
0.830
0.247
0.740
0.802
0.887
6.350
46.20
13.7

0.231
0.150
0.488
0.210
0.265
0.335
0.554
0.200
0.302
0.454
0.582
3.770
6.99
54

28.80
18.80
61.00
30.00
33.20
27.86
39.70
33.30
26.26
37.80
58.20

c. Floods Originating from Source Area of Coarse Sediment
Table 6.9. lists the amount of scour or siltation of several sediment grain sizes in the river
channel from Sept.15 of 1960 to Oct.31 of 1990. In the reach of Tiexie to Gaocun, the amount
of coarse sediment with grain size larger than 0.05mm accounted for 61% of the total
Table 6.9. Contents of various sediment sizes in amount of scour or siltation
from Sept.15 of 1960 to Oct.31 of 1990
Period

Flood
season

Nonflood
season

All-year

Grain size
(mm)
<0.025
0.025~0.05
0.05~0.1
>0.1
Total
<0.025
0.025~0.05
0.05~0.1
>0.1
Total
<0.025
0.025~0.05
0.05~0.1
>0.1
Total

Total amount of scour and siltation in river
channel (106t)
Tiexie ~
Gaocun ~
Tiexie~ Lijin
Gaocun
Lijin
916
458
458
1034
-242
1276
1598
-332
1930
809
63
745
4357
-52
4409
-1111
44
-1155
-409
725
-1134
240
703
-463
183
113
70
-1097
1585
-2682
-195
503
-697
625
483
141
1838
371
1467
992
176
816
3260
1533
1727

Note：‘+’ denotes deposition, ‘-’ denotes scour.
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Percentage of sediment grain size larger
than 0.05mm in amount of deposition (%)
Tiexie ~
Gaocun ~
Tiexie~
Gaocun
Lijin
Lijin

60.67

13.76

55.24

100.00

51.48

100.00

94.18

35.68

81.91

sedimentation in flood seasons, 100% in non-flood seasons, and 94% in a year. In the Lower
Yellow River channel, the amount of coarse sediment with grain size larger than 0.05mm
accounted for 55% of the total deposition in flood season, 100% in non-flood season, and
82% in a year. It is obvious that the deposition of the river channel was mainly aroused by
coarse sediment larger than 0.05mm.
Further researches showed that, coarse sediment silted in the river channel concentratively
originated from several regions, that is, the area between Hekouzheng to Longmen, Malian
River and Beiluo River, and the upper reaches of Jinhe River, about 0.08 million km2. The
average sediment concentration of flood from source area of coarse sediment was commonly
larger than 150kg/m3, although its occurrence probability only accounted for 10% of all flood
peaks, the amount of deposition caused by it accounted for 40% to 60% of the amount of
deposition of all flood peaks. Thus, floods from source area of coarse sediment are the
dominating factor causing serious deposition in the river channel.
d. Large Increase in Duration of Small Discharges
Since 1970’s, the duration of small discharges has increased to a great extent, and the effect
of small discharges on bed - forming has intensified. In the years of 1950 to 1986, the most
frequent discharges were 2000 to 3000m3/s, averagely 30 days a year, discharges of 3000 to
4000m3/s and discharges of 4000 to 5000m3/s also appeared quite often. While in the years of
1986 to 1996, the most frequent discharges reduced to 500 to 1000m3/s, averagely 38 days a
year, the flood discharge larger than 3000m3/s appeared only 5 days a year.
Owing to water diversion along the river
course and channel storage function, the
duration of large discharges reduced along the
river course, but the duration of small
discharges of 50 to 500m3/s and less than
50m3/s increased. This shows that the lower
the location along the river course is, the
weaker the bed-forming function of large
discharges is, and the comparatively stronger
the bed-forming function of small discharges
is. Fig.6.4. gives change in duration of Fig.6.4. Change in duration of different discharges at
Lijin station
discharge smaller than 50 m3/s and larger
3
than1000 m /s at Lijin station in the Lower Yellow River during the past years. The discharge
less than 50m3/s almost did not appear from 1950’s to 1960’s, it began to appear after 1970’s,
and its appearing days had an increase trend with time from 1970 to l990, its annual duration
increased to 50 to 60 days, and rapidly increased to about 150 days after 1990. The annual
duration of discharges larger than 1000m3/s was about 200 days from 1950’s to 1960’s, it
rapidly reduced after 1970’s, and was about 60 days in 1990’s.
e. Great Changes in Flood Processes and Flood Discharge as well as Sediment Concentration
Flood processes changed a lot. The duration of flood was prolonged, the average flood
discharge reduced greatly, and the sediment concentration of flood increased. All these altered
the dynamical condition of the Lower Yellow River, and aggravated sedimentation in the
main channel. In the years of 1950 to 1997, a total of 398 floods happened in the Lower
Yellow River, among which 100 floods happened in the years of 1986 to 1997. Among 398
floods, there were 33 hyperconcentrated floods with maximum sediment concentration larger
than 300kg/m3, 48 low concentration floods with average sediment concentration smaller than
10 kg/m3, and 317 common floods. Table 6.10. gives water flow and sediment features of all
floods. In Table 6.10., sediment inflow coefficient is a ratio of sediment concentration to
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discharge, which influences silt-discharge rating. It can be seen from Table 6.11. that, after
1986, the amount of runoff and sediment load of each flood reduced, but the duration of each
flood increased. The average discharge of each flood reduced greatly，but the sediment
concentration and sediment inflow coefficient increased. This kind of variation in flood
processes, on the one hand, reduced the scour in the main channel by large floods, on the
other hand, aggravated sedimentation in the main channel owing to an increase in sediment
inflow coefficient.
Since 1976, the flood peak discharge has
been tends to reduced. Fig.6.5. shows the
variation of flood peak discharge at
Sanmenxia and Huayuankou station during
the past years. Since 1976, the flood peak
discharges at Sanmenxia station have
gradually reduced. Except a very large flood
peak in 1982 due to the local inflow, the
flood peak discharges at Huayuankou station
still presented a decrease trend in the rest
years of 1976 to 1995.
Fig.6.5. Change in flood peak discharges at
Sanmenxia and Huayuankou stations
Table 6.10. Details of flow and sediment of all floods in Lower Yellow River
Flood class

Period

Number of
Runoff
floods Duration
(106 m3)
(d)

Amount of
Sediment
sediment Discharge
concentration
3
load
(m ·s-1)
(kg·m-3)
(106 t)

Sediment
inflow
coefficient
(kg·s·m-6)

1950~1997
1986~1997

317
77

12.5
13.2

2485
1578

112.9
87.8

2402
1651

45.4
55.7

0.0189
0.0337

Hyperconcentrated 1950~1997
flood
1986~1997

33
12

12.9
16.1

2310
2242

377.2
315.3

2388
1786

163.3
140.6

0.683
0.0787

Low concentration 1950~1997
flood
1986~1997

48
11

18.9
31.0

2473
2002

9.4
12.2

1801
791

3.8
6.1

0.0021
0.0077

1950~1997
1986~1997

398
100

13.3
15.5

24.69
17.02

1.224
1.068

2329
1573

49.6
62.7

0.0201
0.0398

Common flood

All

f. Construction of Production Dykes Narrowing Flood Channel
Since 1958, production dykes have been widely built on the floodplains of the river channel.
The production dykes narrowed the flood channel, aggravated the sedimentation of the river
channel, influenced the exchange of water and sediment between floodplains and channel, and
made a large proportion of sediment deposited in the main channel between production dykes.
Consequently, the sedimentation in the channel increased, the sedimentation on the floodplain
reduced, and the situation of secondary perched river was aggravated.
g. Extension of Yellow River Mouth
Extension of the Yellow River mouth results in rise of erosion base level, raise the water
stage of the Lower Yellow River, and cause retrogressive deposition in the Lower Yellow
River, which to some extents make deposition of the Lower Yellow River more serious.
6.2.3. Strategies for Sedimentation Control in the Lower Yellow River
a. Soil and Water Conservation Works
Soil and water conservation works should be strengthened in the middle and upper Yellow
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River to reduce the amount of sediment entering into the Lower Yellow River. The source area
of abundant and coarse sediment in the middle Yellow River basin, with broken topography,
steep slopes and deep gullies, is the main sediment source area that brings about serious
deposition in the Lower Yellow River. In the source area of coarse sediment of the middle
Yellow River basin, rainstorms are centralized, water and soil loss are extremely severe, but
the existing criterion for water and soil conservation is low, and the future task is very arduous.
Practices show that water and soil conservation works, such as enhancing construction of
warping dams and afforestation, is one of the essential measures to reduce sediment entering
into the Yellow River. Adopting engineering, biologic and cultivating, integrated measures,
the aim of reduction in soil erosion and sediment entering the Yellow River could be achieved.
b. Regulation of Water Flow and Sediment Load by Reservoirs
Water and sediment should be regulated in proper time to enlarge flood cross-section and
reduce deposition in the Lower Yellow River. In order to control floods and sediment loads
effectively, it is meaningful to carry out regulation of water flow and sediment load, construct
main projects unceasingly, build a regulation system of water flow and sediment load,
ultimately form an integrated regulation system composed of Longyangxia Reservoir,
Liujiaxia Reservoir, Daliushu Reservoir, Qikou Reservoir, Guxian Reservoir, Sanmenxia
Reservoir and Xiaolangdi Reservoir to enhance the capability in artificial interruption and
control of floods and sediment load.
From July.2002 to Sept.2003, two tentative regulations of flow and sediment were carried
through in the Yellow River. The two tests transported 66.4 million tons and 120.7 million
tons sediment into the sea, respectively, effectively reducing sedimentation in Xiaolangdi
Reservoir and in the Lower Yellow River channel. In June.2004, a third tentative regulation of
flow and sediment with a larger dimensional scale than the previous two tests, which was
based on method of artificial disturbance, was carried through in the Yellow River. This test
fully took advantage of natural power, together with joint operation of reservoirs on the
middle Yellow River, created artificial density flow, formed continuous discharge dynamics to
flush sediment silted in Xiaolangdi Reservoir. At the same time, artificial disturbance and
adding sediment into the serious deposition reach were carried through to increase sediment
content of flood into the sea, and to realize the aim of decreasing deposition and flushing
sediment to maximum degree. From the result of tentative tests, the regulation of water flow
and sediment load has an obvious effect on reducing deposition in the Lower Yellow River,
forms a harmonious relationship between water and sediment, restores flow capacity of the
main channel in a rather large degree, and is favorable to transport sediment into the sea and
mitigates sediment deposition or even scours river channel. Thus, adopting regulation of
water flow and sediment load timely is imperative to transport sediment, and to decrease
deposition and aggradation rate of the river channel.
c. Diversion of Sediment and Desilting
Sediment diversion and desilting to reduce sediment load transported to the Lower Yellow
River, can not only mitigate the deposition of the river channel, but also decrease the
extension rate of the river mouth, so it can be served as an essential measure for the Lower
Yellow River regulation and harnessing. Especially, in combine with large scale projects on
the upper and middle Yellow River, opening desilting area in a planned way, the measure will
realize multiple purposes of sediment pile-up, soil quality improvement, and levee
stabilization, killing many birds with one stone.
d. Dredging in Channels
Besides the traditional strategies, dredging has become an important auxiliary measure.
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Through dredging the river channel shrinkage at individual places can be alleviated or
stopped and a smooth, high capacity, sediment, ice and water conveying channel can be
preserved. If the sediment load and water continue to reduce, dredging will possibly become a
main measure to maintain the Lower Yellow River channel. The functions of dredging are: (a)
to widen and deepen the shrinking river channel at special sections; (b) to remove coarse
sediment of diameter larger than 0.025-0.05mm from the main channel to floodplains so
avoiding accumulative siltation in the main channel; (c) to raise the elevation of surrounding
ground, reinforce levees and improve soil quality. Based on practices the Yellow River can be
dredged by mechanical devices, agitating with jet and explosion. Various dredgers have been
used: dredge vessels; agitating dredgers; dipper dredgers; hauling scarpers; excavators and
bulldozers, and trailer dredgers.
Nevertheless, problems have to be solved before employment of dredging as a main
strategy for river training: (1) effects of dredging on flow and sediment carrying capacity; (2)
how to avoid or reduce resiltation in the dredged channel; (3) efficiency of dredging at
different places; (4) disposal of dredged silt to prevent it from becoming a source of pollution.
e. Shortening Length of Flow Path to the Sea
Because the extension of the river mouth leads to rise in longitudinal profile of the river
channel, it is necessary to adopt some measures to decrease the extension rate of the river
mouth. Measures include choosing an entrance of river mouth in a good condition of sea area,
and altering the river course in a planned way, and to shorten the channel.
6.3. Warping for Irrigation and for Consolidation of Levees

6.3.1. Sediment Utilization
Due to the earth surface erosion in the loess plateau in the upper and middle basin, the
sediment load of the Yellow River is nutrient and fine. 5000~11000t/(km2.a) soil erosion
means a loss of nutrient more than 1600kg/(km2.a), among that the organic accounts for 95%,
the remaining 5% comprise some fertility like nitrogen, phosphor, and kalium, etc. (based on
the data from Suide Soil and Water Conservancy, YRCC). Moreover, the serious soil erosion
in the upper and middle basin actually leads to great aggradation in the lower reaches.
The lower Yellow River has been in catastrophe in flood control all the time, and some
epigrams like “two times levee bursts in three years”, and “one divagation in one hundred
years” were prevailed in history. Owing to frequent inundation by channel divagations and
levee bursts, the ground is covered with silt with little vegetation or damp depressions. The
silt is short of organic matter and nutrient, called lean soil; while the damp depressions with
more heavy clay are easily to become salina. Presently, the lean soil is 1656×106 hm2 in the
alluvial plain, and the salina is 2920×106 hm2 in the plain and the littoral of the Lower Yellow
River.
Depending on the soil types and flood control conditions, combining with the sediment
features of the Yellow River, channel deposition can be alleviated by rational utilities of
sediment, which change the excessive useless sediment to helpful resources.
a. Sediment Utilization in History
The ancient Chinese recognized the sediment as resources and used it rationally in their
production practice, which can be proved by the bricks in the Qin dynasty and tiles in the Han
dynasty. Historically, the main styles of sediment utiliy were warping for irrigation and
warping for consolidation the levees. The conception of warping appeared in the early Qin
dynasty. Warping for irrigation means that muddy irrigation to develop the farmland by
depositing the fertile sediment. It comprises the farmland-ameliorating, storm flood warping
108

and land-making, among that the storm flood warping was originated in Shannxi in the early
Qin dynasty, and was practiced in Shanxi in the Xijin dynasty, while it was recorded in the
Tang dynasty. The “Three strategies on river control” written by Jia Rang in the Han dynasty
mentioned that in historical period of War Kingdoms, the flood plains were widely warping
and ameliorated, while in the Tang and Song dynasties there were planed warping. The
warping for consolidating levees means that stabilization the levees by warping in depressions
by chance of the heavily sediment load in flood seasons. Based on the historical record, the
implement of warping for consolidating levees started in the late Ming dynasty, and prevailed
in the Yellow River and Haihe River in the eras of Qianlong and Jiaqing, Qing dynasty, and
then some professional summarizations collected. These measures mentioned above have
been widely used, and gotten new successful development in the Yellow River basin.
b. Way of Sediment Utilization
Nowadays, the styles of sediment utilization include land creation, warping for irrigation,
warping for consolidating levees, and construction matrials, etc.
Land is created in a speed of 20~30km2 annually in the Yellow River mouth. Local
residents consider the sediment as resources instead of waste, which destroys the channel and
pollutes the environment. Taking advantage of the excessive sediment from the Yellow River,
the aggradated land is built up, for agriculture, oil fields, fishery and modern cities.
The warping for irrigation is the main style of sediment treatment in the Yellow River. In
the lower reaches, the techniques of warping and paddy fields have ameliorated some lean
sandy or salina lands to fertile farmlands; while in the upper and middle reaches, the storm
flood warping applied by constructing check dams, trapping silt, developing farmland, and
overflowing for land-making also have been practiced. It is very significant for creating
efficient land by warping for irrigation.
Considering the different tools, warping for consolidating the levees has different
operations, such as by gravity flow, by pumping, or combined with dredging by unloading
suction barges. Warping combined with channel dredging started from the 1990’s, and has
become one of the important measures. Warping for consolidating levees not only widens and
heightens the levees, made it restrained from piping, seeping and collapsing, but also holds up
some sediment from the stem river, alleviating the burden of the lower channel deposition
which improve the situation of flood control, and achieve the purpose of “relative
underground river”.
For the sake of controlling the Yellow River, sediment must be resourcelized, whether the
Yellow River harnessing is successful depends on sediment treatment. Warping has so many
virtues (more sediment diversion and wide distribution, limited warping time, simple projects,
diversion sluices available and small investment, etc.) it is widely used in the Lower Yellow
River.
6.3.2. Warping for Irrigation
Warping for Irrigation includes plain warping and mountainous area warping. In the fluvial
plain of the Lower Yellow River, the plain warping can be classified as ameliorating warping,
paddy warping and muddy warping. From the beginning of the diversion until 1990, there
were 3.865 billion t sediment diverted, equal to 0.133 billion t annually. Based on the
inadequate statistics, up to the end of 1990, the ameliorated land by warping was 230
thousand hm2 and developed paddy land 120 thousand hm2. The mountainous area warping
carried out mainly by the check dams on the loess plateau. The check dam is one of important
measures for soil and water conservation in serious soil erosion area, with the purpose of
flood detention, soil holding up, land forming and agriculture developing as well as the
hilly-gully management. Through warping, the wide irrigated area not only has developed the
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visage of agriculture, the soil structure, living and social atmosphere, but also achieved great
economic benefit and outstanding society effect. Based on the investigation, after 50 years
construction, there are 110 thousand check dams with a total capacity of 21.0 billion m3 in the
loess plateau region, which has contributed silted land more than 300 thousand ha2.
a. Warping for Soil Melioration and Its Techniques
From the long time practice, the Chinese has recognized gradually that the Yellow River
sediment is a potential resources depending on the high concentration and fine size in floods,
which also carry more nutrient favorable to crops.
Based on the soil classification, the particle diameter between 0.005mm and 0.05mm is silt,
between 0.05mm and 2mm is sand. For the Lower Yellow River sediment, it is fine because
of the particles diameter less than 0.05 mm accounting for more than 60%. Depending on the
evaluation of the warping soil nutrient, 100m3 silt contains nitrogen 55kg, phosphor 166kg
and kalium 2140kg, if all nutrients are converted to fertilizer, there are ammonium sulphate
0.275 t，superphosphate 0.830 t，kalium sulphate 4.020 t. The warping soil has more fertility
than the ordinary soil, the organic matter and nitrogen added 0.3% and 0.03% respectively;
and instant phosphor and kalium is 4~7 times and 1.4~1.6 times than that of the Huanghuaihai
plain; meanwhile, the salinity is reduced and the desalination ratio is up to 50%~80%. Except
a few coarse sediment particles, most sediment particles are fine which increase the soil
nutrient and develops the soil structure.
In the processes of warping planning and implementing, three factors should be considered:
①the probability of warping and minimum deposition in canals; ②the warping area should
be “flat, thick and even”. ③ small investment and labor. Standing by these rules, there are
some warping techniques as follows: (1) Concentrated and large discharge by gravity flow.
Large discharge can decrease the deposition in the main canal, help the sediment to be
transported to the end of the warping area, keep the entrance from suddenly blocking, and
make the deposition in sound delta formation. (2) Catching the key timing. Based on the data,
the flood sediment cherishes nitrogen, phosphor, kalium and other nutrient, especially in the
pre-flood season. The first two floods are favorable to the optimized warping and should be in
control; (3) Applying the movable motherboard outlet. The movable motherboard can be
controlled according to the discharge and sediment concentration conditions. By this way, the
discharge and water level slope in the warping area can be adjusted in time in order to
regulate the outlet sediment concentration; (4) Dynamic warping firstly then static or
backward warping. That is warping starting by dynamic flow and finishing by the impounding
static water. By this way, it shortens the time of flow and evens the deposition. To the large
warping area, at the warping end stage, the backward warping is usually used to block the
original inlet and favorable to achieve a “flat, thick, even” warping area. (5) Water flowing to
and fro by multi-accesses. The multi-accesses make the diversion quick and discharge
smoothly, and form several flows full filled all part of the warping area. Under this condition,
several deltas moving forward and interleaving make the deposits thick and particle size even.
(6) Warping ends at low concentration. This measure can reduce canal deposition as well as
transport more sediment to the tail of warping area. (7) Constructing the diversion dike. In
order to control or improve the flow condition, and increase the travelling distance of silt,
diversion dikes are constructed based on the shape of a warping area.
b. Warping for Paddy Field and Its Techniques
In some irrigation districts (for example the Renminshengli irrigation district), there are a
lot of salina depressions. In order to make the depressions in use of agriculture, the research
of paddy planting was launched in 1950’s successfully. The warping for paddy field not only
makes both high yields of paddy and wheat, but also ameliorates the soil by translating
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salinity going deeper. It is very favorable that warping for soil melioration in the upper
irrigation district, while warping for paddy field in the lower irrigation district. The paddy
growth phase prolongs in the total flood season; based on investigation, the diversion
concentration usually is 20~40kg/m3, with the water needed 15000~22500m3 per hectare
paddy field, thus the diverted sediment load will be 30~45t, and the paddy field will go higher
around 4cm annually.
Paddy fields need more water, however, in recent years the water resources is very limited,
especially in May, June and July in dry years. If no abundant water, some paddy will will
absolutely destroyed and large economic loss will be made. After the 1980’s, the paddy
planting was not so prevailing, and nowadays it only implements in Shengli irrigation district.
There are some techniques in warping for paddy fields. (1) Integrated planning. Many
factors should be took into account such as the condition of water source, drainage, level of
agriculture development, possibility of large block planting, and anti-seepage in the
connection area between water and land;(2) Establishing special control shuttles. Warping by
gravity flow when the water level is high, when it is low by pumping. (3) Lining the branches
and ditches, designing the section rationally. The sediment carrying capacity can be increased
by lining and rational sections which reduce the roughness. Meanwhile deposition decreases.
(4) Applying alternatively centralized irrigation. The style of centralized irrigation in one
block after another from the upper to the lower can enhance the canal sediment carrying
capacity. (5) Rationally distributing the irrigation system. There are many quadrate segments
in a paddy land. If the segment scale is too large, it will be not good for culture, irrigation and
sediment transport, while if the segment scale is too small, the ridge of the segment will
occupy more land. Carving up the paddy land and managing the irrigation system should
under the rule of minimizing the canal counts. (6) Enhancing anti-seepage and drainage.
Excavating anti-seepage furrows around the paddy field can make the drainage smoothly and
avoid waterlogging and secondary salina; the muddy water should be lead into the drainage
furrow and dredging should be done in time. (7) Integratedly using the excessive water. The
tail water should be used in the lower area for irrigation or feed-water. (8) Water saving. It
includes saving irrigation and inventing new plant techniques. (9)Canal system and well
system combined together. In order to enhance the guaranty of water resources and efficient
control of the underground water, this style should be developed in case of the underground
water is fresh water or brackish water.
c. Sediment-laden Flow Irrigation and Its Techniques
Since the 1980’s, owing to the limit of desilting areas and deep recognition of water and
sediment resources, sediment-laden flow irrigation was developed in areas of the Lower
Yellow River (including the canal system irrigation in Henan Province and pipe line irrigation
in Shandong Province). Especially in part of Henan Province, taking advantage of the big
slope of the landform (usually the slope larger than 1/5000), the sediment-laden flows directly
enter the farmland (like the Xiangfuzhu irrigation district in Henan Province). The
sediment-laden flow irrigation exploits an efficient way to deal with the sediment issue in the
irrigation districts. Concerning the techniques of sediment-laden flow irrigation, the long
distance transportation of sediment is very important. Some necessary conditions are as
follows: (1) Settling basins needed. The settling basin is necessary if the condition permits.
On the one hand, the settling basin can settle down the coarse sediment (particle size larger
than 0.05mm), on the other hand, the farmland needs fine sediment (particle size smaller than
0.035mm), which does not change the soil structure. (2) Increasing the sediment carrying
capacity. There are many measures to meet this requirement, such as adjusting the canal slope,
designing the optimized canal section, lining, etc. (3) Advanced management. It includes the
rational water management and centralized irrigation. Firstly, in order to keep the canal in
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equilibrium, the discharge should not lower than 80% of the designed; secondly, making the
irrigation order of different farmlands, implementing alternatively centralized irrigation,
which will keep the remaining discharge enough. (4) Avoiding sediment peak diversion. This
is in purpose of lessening the sediment load in the irrigation area.
As a measure of sediment treatment and water saving, the pipeline irrigation started at the
end of 1980’s. But it has not prevailed because of high investment. The pipeline irrigation is a
multi-benefit measure including saving water, keeping underground water level, transporting
sediment into the farmland, etc. With social and economic development and technology
advancement, the sediment-laden flow pipeline irrigation will become a main measure of
sediment treatment.
d. Warping by Hyperconcentrated Flows and Its Techniques
The hyperconcentrated flow warping has a long history in the area of the upper and middle
Yellow River. Zhaolaoyu hyperconcentrated flow warping took place in Qinxiaogong era in
the year of 359 BC. The ancient Zhenguo canal, 126km long, constructed in the year of 246
BC, and diverted water from the Jinghe River to irrigate farmland of 73 thousand hm2. All the
following dynasties developed this technique at some levels. But the hyperconcentrated flow
warping could not be operated all year round, as sediment could deposit and block the canal
in summer. The diversion therefore had to be stopped when the concentration was larger than
165kg/m3, lasting around 20 days, maximum 30~40 days in a year. Under this limit the annual
diversion amount was only 1.33 billion m3 in drought years, while the demand was 2.5 billion
m3, the water shortage influenced agriculture deeply. However, the Luohui irrigation district
broke the concentration limit of 165kg/m3 in 1974, and took full advantage of the
hyperconcentrated floods for warping successfully. Thenceforth, the extensive trial developed
in Jing, Luo and Wei irrigation districts in the years of 1976~1980, and five more districts in
Shannxi Province in the years of 1983~1985, making a significant progress of the
hyperconcentrated flow warping techniques.
It should be stressed that deposition in canals, especially in the ditches, is inevitable and
normal during the hyperconcentrated flow irrigation. But the demand of the balance between
aggradation and degradation should be achieved in a definite period, such as a season or a
year, in order to guarantee the normal irrigation. There are some techniques to make it as
follows.
(1) Controlling the sediment concentration, if the current is a pseudo one-phase flow. By
controlling, the pseudo one-phase flow with high viscosity is prevented from the laminar flow,
which is easily stagnated and blocks the canal with high resistance. (2) Guaranteeing the
sediment carrying capacity, if the hyperconcentrated flow is a turbulent two-phase flow.
Narrow and deep sections should be adopted to transport the hyperconcentrated flow. (3)
Enhancing the forecast of water and sediment warning. Several works should be prepared,
such as monitoring scouring and silting in the canal, adjusting the water and sediment apply,
dealing with the emergence, etc. to guarantee smooth hyperconcentrated flow transport.
e. Check Dams
As a main measure of storm flood warping, check dams are usually applied in the
mountainous area and serious soil erosion area. It is also a measure of soil and water
conservation, depending on its functions of storing floods and warping farmland. The proverb
of “build a wall in a gully, hold sediment and have good harvest” reflects the local resident
appraisement to the check dam.
Through several decades of trial, demonstration, and extension, the check dam system has
formed an integrated technique including the laws, standard and criterion. The check dam
system planning usually implements with small watershed integrated management. A large
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watershed can be divided into several small ones, and each one is less 5km2. The main
function of a check dam depends on the local condition. In a dry gully, a check dam is to store
floods and build land; while in a wet gully, it is to fully take advantage of the water resources
and impound water for irrigation. As the construction sequence of check dams concerned, the
measures should adjust to local conditions. For a large watershed, the sequence should be
from the upper to the lower reach, and from the ditch to the trunk; while for a small watershed,
it should be inversed.
6.3.3. Warping for Consolidation of Levees

Depending on different tools of diversion, warping for levee consolidation has three modes:
by gravity flow, by pumping and by dredging. No matter which mode in adopted, all of them
divert the sediment-laden flow to the back of levees, leave the sediment to consolidate the
levee base, and drain the up-layer clear water out for irrigation or town water supply. By this
way, on the one hand, the sediment diversion from the Yellow River will alleviate the burden
of deposition in the lower reaches; on the other hand, sediment silting for consolidating the
levee will diminish the probability of levee break.
Originally, the river management department put forward warping for levees consolidation.
The gravity flow warping started in 1950’s, the pumping warping was experimented in 1960’s
and fully practice in 1970’s, while the dredging warping was appeared in 1990’s. The practice
in the Yellow River in the past several decades proved the prominent effect of warping. Until
1993, warping consolidated 734km levees with a deposition volume of 0.36 billion m3.
a. Warping for Consolidation of Levees by Gravity Flow
The gravity flow diverted from the river is usually by culverts or gates. The silting area and
junction canal locate parallel with the levees; depending on the slope of the local ground the
length of warping area is 1km in minimum and 10km in maximum. The border dike of
warping is built from the toe of the levee, and the flow enters the warping area through the
diversion gate. If the diversion is carried out by several gates, in order to complete warping in
control, each canal should be connected. Limited by the slope of the ground, the height of
warping usually is 2m~4m, but for a deep pool it may be large, such as 11m in the
Huanyuankou burst pool.
Another type of diversion by gravity flow is by siphon pipeline. The siphon pipeline
warping can divert hyperconcentrated floods to depressions or pools. The warping area
location of this type is nearly the same with the gravity flow by culverts or gates, except
smaller in scale and more flexible in the warping height.
b. Warping for Consolidation of Levees by Pumping
This mode of warping usually is applied under the local conditions of rich energy sources,
city water supply demand and impossibility for gravity flow. Combined with the fixed or
movable pump station for water supply, the pumping warping is easily to be implemented. A
typical example is the Luojiawuzi pumping station in Dongying, Shandong Province, which
pumps water supplying the oil field in the river delta area and executes warping for
consolidation of the north levees.
The construction of a pumping station for warping is so simple and flexible that in the
Lower Yellow River, many pumping stations were removed after finishing the mission of
warping. But this type of warping invests more and per cubic deposition costs higher owing to
the demands of large discharge and high water head. It is difficult to be widely applied under
recent power condition, except it combines with the city and mine water supply in some
localities.
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c. Warping for Levee Consdidation by Dredging
Based on the experience of dredging at home and abroad, warping for levee consdidation
combined with dredging was put forward in 1990’s. This technique is a combination of
desilting the river channel and harnessing the river regime as well as consolidating the levees.
The processes are as follows. Firstly dredges the sediment from channels or point bars by
dredgers or pumps, then transports it by pipelines to the warping area located behind the
levees. The channel, pipeline, and warping location should be planned focusing on the
position of levees, channel or floodplain and dredger (pump) capacity. The warping
techniques influence on the environment and are of easy operation owing to one-side river
dredging. From 1970’s up to now, more than 220 motor boats were used and hundreds km of
levees have been consolidated, which is really significant to enhance the levee safety, lessen
the levee construction investment, and save farmland, etc.
6.4. Hyperconcentrated Flows in Yellow River

6.4.1. Hyperconcentrated Flows in Main Stem and Tributaries of Yellow River
Hyperconcentrated flows occur frequently in the main stem and tributaries of the Middle
Yellow River in flood seasons.
Herein the term of hyperconcentrated flow means the flow with sediment concentration
higher than 200 kg/m3. Data of time and sediment concentration of the flow observed in the
tributaries and main stem of the Middle Yellow River during 1962-1971 are listed in Tables
6.11. and 6.12., respectively.
Table 6.11. Times and sediment concentration of hyperconcentrated flow observed in the tributaries of Middle
Yellow River in 1963-1967
Times of average daily sediment
Max.sediment
concentration (kg/m3)
Total
River
Station
Year
concentration
200~ 400~ 600~ 800~
(kg/m3)
>1000
400
600
800 1000
Huangpu
Huangpu
43
22
18
12
4
99
1480
1967
Kuye
Wujiachuan
35
19
11
4
1
70
1500
1964
Wuding
Chuankuo
29
34
19
3
85
1290
1966
Qingjian
Yanchuan
25
39
45
8
1
118
1150
1964
Yanshui
Ganguyi
28
35
34
4
1
162
1200
1963
Table 6.12. Times and sediment concentration of hyperconcentrated flow observed in main stem of Yellow River
in 1971-1977
Sediment
Times of sediment concentration
concentration
Measured
Station
3
(kg/m )
measured
date
(Kg/m3)
200-400

400-600

600-800

Wupu

25

2

2

Longmen

24

8

1

Tongguan

33

9

Huayuankuo

15

Gaochun

6

Luoyang

2

Lijing

2

800-1000

Total
29

693

July 5, 1971

1

34

821

Aug.6,1977

1

43

911

Aug.6,1977

3

18

546

July10, 1977

1

7

405

July15, 1977

2

221

Sep.6,1973

2

222

Sep.7,1973

Data listed in Tables 6.11. and 6.12. illustrate that the main source area of
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hyperconcentrated flow is in the middle reaches of the Yellow River. Following the muddy
water delivered from small gullies into ravines, the discharge is increasing gradually, but the
sediment concentration is random, because the rainfalls are different in each gully, and the
confluent place and propagating time of the flow for each gully are also various. The times
and sediment concentration of the flow in the upper reaches of the Yellow River are more than
that in the lower reaches. Although it occurs also in the lower reaches but its sediment
concentration decreases with flood propagation. For example, hyperconcentrated flows
observed only 2 times and the maximum sediment concentration was 222 kg/m3 in 16 years at
Lijing Station where is the last station on the main stem of the Yellow River and near the
estuary.
6.4.2. Formation of Hyperconcentrated Flows
a. Crisscross Gullied –hilly Landform with Steep Slopes
The Loess Plateau consists of a chain of undulating hills and crisscrossed by thousands
upon thousands of gullies. According to data issued by the Yellow River Conservancy
Commission, there are 270x 103 gullies in the upper and middle reaches of the Yellow River
covering an area of 20-40% of the plateau. The slope of gullies is very steep varying from
1%-3% with sediment delivery ratio equal to 1. It means the sediment yield in a small
watershed of a gully is equal to sediment load transported out off the gully. The cause and
process of hyperconcentrated flow formation is that a lot of sediment on the overland are
eroded by rainfalls and the runoff carried with sediment flows from small gullies via larger
gullies, tributaries to the main stem. During the delivery course from overland to a gully the
sediment load carried by flow is high at beginning and increases further because it is not only
no sediment deposition but in addition sediment replenished by the gully erosion and
gravitational erosion in the bank area.
b. Ample Supply of Sediment
The Loess Plateau region, covering an area of 430x103km2, is noted for severe erosion.
Annual erosion modulus vary from 2,000-20,000 t/km2, the maximum reaches 30,000 t/km2.
c. Fine Particles Together With a Lot of Coarse Particles
The median size of loess grains in the Yellow River basin diminishes from southwest to
north east. The limit concentration carried by hyperconcentrated flow is proportional to
median size of particles, i.e. the heavier the concentration, the coarser the median size of grain
composition. Fig.6.6. illustrates the relationship between concentration and median grain size
measured at Dingjiagou Station, Wuding River and Nanhechuan Station, Weihe River. Table
6.13. lists data of sediment inflow and its grain size composition of suspended load measured
at main stem and tributaries of middle reach of the Yellow River from Hekouzhen Station to
Tonguuan Station. Two features can be indicated from Table 6.13.: (i). 15%-35% of
concentration is coarse grain, the maximum is more than 70%; (ii). Cohesive grain size less
than 0.01mm (d<0.01mm) is 15% of the total. 15%-30% of fine particles less than 0.01mm is
contained in sediment inflow in the watershed of the Weihe River. The necessary condition to
form hyperconcentrated flow is the combination of fine particles less than 0.01mm and
coarser particles, but the latter one is predominant. The fine grains together with water
forming a flocculating structure functions as a medium suspending coarse particles. Coarse
particles are dominant part of the concentration carried by the medium. When grain size D50 is
larger than 0.045mm, the concentration of hyperconcentrated flow can reach 1,000-1,500
kg/m3.
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Fig.6.6. Relationship between sediment concentration
and median diameter of hyperconcentrated flows

River
Huangpu
chuan
Wuding
Yellow
Weihe

Station

Table 6.13. Sediment load inflow and its grain size distribution
Amount of sediment load of different grain size
Amount of annual
sediment load
D<0.025mm D>0.025-0.05mm D>0.05mm D>0.025mm
(106 t)
(106 t)
(106 t)
(106 t)
(106 t)

Huangpu

66

13

5.7

47.9

53

Chuankou
Longmen
Xianyang

217
107.3
163

63.3
359
100

75.4
332
40.5

78.3
384
225

153.7
741
63

6.4.3. Characteristics of Hyperconcentrated Flows
Hyperconcentrated flows can be divided into two types depending on the composition of
sediment. One is the dominant part of sediment composition consists of clay and cohesive
material finer than 0.01mm. This type of hyperconcentrated flow has behavior of
non-Newtonian fluid and can be treated as Bingham fluid. When the concentration further
rises, particles join the flocculating structure to become an integrating muddy water, as a
result viscosity of the fluid increases rapidly leading to sediment and water forms like a
one-phase fluid. In this case, the settling velocity of the fluid is in the form of flocculation
without sorting process of particles. When water infiltrates out through the fluid, an interface
appears and settles down slowly. The flocculating settling velocity is hundreds even thousand
times quicker than a single particle. In fact, the fluid has become a homogeneous one-phase
flow.
Another type of hyperconcentrated flow is that coarse particles are the principal part in
sediment composition. This kind of fluid still remains the behavior of Newtonian fluid. Its
viscosity and settling velocity of particles decrease proportional to concentration rising, but
the reducing extent of settling velocity is less than that in ordinary non-Newtonian fluid. The
116

whole flow field keeps the characteristics of a two-phase sediment carrying system; only the
liquid phase consists not of the clear water but that of muddy water formed by the clear water
and fine particles.
a. Rheological Property
Following sediment concentration rising, the rheological property of muddy water changes
from Newtonian fluid into non-Newtonian fluid. According to research works on mechanism
of motion of hyperconcentrated flow carried out by many researchers, it can be treated as a
Bingham fluid or a pseudo-plastic fluid instead. The yield shear stress is produced by a
flocculation structure formed by fine cohesive particles together with clear water and can
overcome a certain frictional resistance. Its rheological model is as follows:
τ = τb + ηdu / dy
(6.1)
In which, τ is the shear stress; τb is Bingham yield stress of slurry; du/dy is the velocity
gradient; η ---the rigidity coefficient.
Ma Huiming and Qian Ning studied on the rheological property of hyperconcentrated flows
a capillary tube and obtained the relationship between Bingham shear stress τb and velocity
gradient du/dy as Eq. (6.2). Samples for experiment were taken from Nanghechuan Station,
Weihe River.
m
(ML-1T-1 )
(6.2)
τb = k (du/dy)
2
In which, k is the density coefficient (Dyne.s/cm ); m is the power (< 1). Such a fluid is
called pseudo-plastic fluid. Within the experiment samples measured, k and m are affected by
sediment concentrations.
Wang Zhaoyin and Qian Ning (1984) conducted a set of experiments on the rheological
properties of the slurry by using a mixture of Qinhuangdao sand (d50=0.15mm) and
Huangyuankou clay (D50=0.0054mm,70% by weight finer than 0.01mm) as the solid grains.
The results is expressed as follows:

τ b =9 × 10 4 γ1.82 SV4

(6.3)
o

2

τb -----the Bingham yield stress of the slurry at 20 C, in dyne/cm
γ ------the Ratio of amount of Huayuangkou clay with the total sediment content
Sv-----the Sediment concentration of the slurry (in volume).
Eq.(6.3) implies that if the content of the fine particles increase in proportional with the
total concentration of the solid grains (i.e. γ remains constant ), then the Bingham yield
stress varies with the fourth power of the total concentration. That means a slight increase in
concentration will lead to a great rise in Bingham yield stress.
When the Bingham yield shear stress of the flow is less than the frictional resistance on the
boundary, the whole flow is solidified and plugs up the river channel. If it is larger than the
frictional resistance, erosion will take place carving the river bed by tearing bed material up
piece by piece floated in the fluid.
For example, the flood peak of hyperconcentrated flow occurred in the lower reach of the
Yellow River in Aug, 1977, the maximum concentration at Xiaolangdi Station was measured
as high as 900 kg/m3, during the period of flood peak passing, the phenomenon of water stage
rising and falling was unusual. The stage fell down suddenly 0.7-1.3m along hundred
kilometers river reach above Huayuankou Station, after several hours the water stage rose
again rapidly, it rose to 2.84 m within half hour.
Another example is that, during flood peaks of hyperconcentrated flow passing the river
reach of Yimen Station and Longmen Station on the main stem of the Yellow River as well as
Lintong region of lower reach of Weihe River, the phenomenon of many pieces of deposits
torn off from the river bed and floated on the water surface was observed. Consequently, the
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river bed was caved several to tens meters.
If the concentration is as high as 600-700 kg/m3, its shear stress is tens times larger that of
an ordinary flood discharge, therefore, it can create such violent erosion. Fig.6.7. shows the
phenomenon of violent erosion at Longmen Station in middle reach of the Yellow River in
1970.

Fig.6.7. Process of river bed torn off by flood peak of hyperconcentrated flow at Longmen Station in middle
reach of the Yellow River in 1970

b. Motion of Hyperconcentrationted Flows
The motion of hyperconcentrationted flows like a Newtonian fluid can be divided into
different flow regimes. The following form of Reynolds number can be used as a criterion.
ρ V ( 4R )
(6.4)
Rem = m
⎛
τbR ⎞
η ⎜1 +
⎟
⎝ 2η V ⎠
Where Rem is the Reynolds number of hyperconcentrated flow; ρ m is the fluid density;

τ b is the Bingham shear stress; V is the velocity; η is the Rigidity coefficient; R is the

hydraulic radius.
c. Resistance
Data of hyperconcentrated flow observed in the Middle Yellow River indicate that the
distribution of sediment concentration and particles are nearly homogeneous or pseudohomogeneous. According to research works carried out by Xu Mingquan and Wu Deyi, the
homogeneous hyperconcentrated flow presenting the behavior of Bingham fluid is only in
laminar regime like the boundary laminar layer of open channel flows as usual, if in the full
developed turbulent regime like in the main region of the fluid flowing in open channels,
where the Bingham yield shear stress τ b will be broken by different sizes of vortexes. In
this case, the fluid will transfer into another fluid that its turbulent shear stress obeys
Newton’s law with logarithmic velocity distribution, only its viscosity is higher than that of
clear water. The thickness of boundary layer depends on not only rigidity coefficient like clear
water, but the Bingham shear stress playing more important role. Based on the idea mentioned
above, the velocity profile and resistance of hyperconcentrated flows in laminar, transitional,
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and fully developed turbulent regimes are obtained. The results are good coincidence with
experimental data measured in flumes and open channels by Research Institute of Yellow
River Conservancy Commission, Northwest Research Institute, Ministry of Water Resources,
Qinghua University, and Luohui Canal Management Bureau.
d. Head Loss
The problem whether the head loss of hyperconcentrated flow is less than that of clear
water is a common interest in practice. According to the research works by Xu Mingquan and
Wu Deyi, under the condition of same shear velocity U*, when Eq.6.5 is met, the head loss of
hyperconcentrated flows shear less than that of clear water can be achieved.

τ0 >

In which

τb
η ρ
1 − 0.17 ⋅ 0
µ ρm

(6.5)

η ρ0
=1.8---4.5, which increases with concentration rising.
⋅
µ ρm

e. Settling Velocity of Particles in Hyperconcentrated Flows
The settling velocity of sediment particles in the Bingham fluid is a fundamental physical
quantity in the study of hyperconcentrated flows. It has not only the theoretical significance,
but also the need in practice.
Empirical hindered settling velocity is usually employed to express concentration affecting
on the settling velocity of uniform particles. The representative constitutional form of factors
is as follows:
ω = ω 0 (1 − S v )m
(6.6)
Where ω 0 is the settling velocity of a single particle.
Based on experimental data m=2.25---4.91. Qian Ning and Richarson proposed
ω D
respectively that m is a function of Reynolds Number defined as 0 .
v
f. Sediment Transport Capacity
The formula of the sediment transport capacity is used to set up the relationship between
suspended load and the index of hydraulic factors U3/ghw. The relationship of concentration
γ m U3
by volume versus the index
proposed by Northwest Institute, Minstry of
γ s − γ m ghω
Water Resources indicates that if considering the effect of concentration on settling velocity
of particles and specific weight of liquid, the sediment transport capacity of
hyperconcentrated flows and ordinary two – phase sediment-carrying system defers to the
same law.
Following concentration rising, more and more coarser particles join the flocculating
structure and become an integrating part of muddy water, after the concentration surpass a
critical value, the whole flow transforms into an one-phase muddy flow. In the case, the
motion of the fluid only depends on whether the Bingham yield stress is larger than the
frictional force on the boundary. It is no longer an issue of sediment transport capacity. When
hyperconcentrated flows pass through reservoirs, even at high pool level, it can maintain high
sediment concentration moving to the dam and released out of the reservoir, owing to small
settling velocity of sediment particles in the fluid. For example, It was operated to release
sediment out of the Sanmenxia Reservoir for three times, during flood peaks of
hyperconcentrated flow in 1977, the ratios of sediment outflow to sediment inflow were 90%，
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115%，113% respectively. Although the water depth in front of the dam was more than 30 m,
the bed slope of 40 km river reach in front of the dam was only 1 0/000, mild erosion still
occurred.
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7. Legal, Administrative and Organizational Aspects
7.1 Main State Laws Related to Water

The main state laws related to management of water resources in China are listed in Table
7.1. They were adopted by the National People’s Congress of the People’ Republic of China,
aiming at preserving and rationally developing water, land and other natural resources in the
basins. These laws constitute the legal base for administration of all the rivers in the country.
No.
1
2
3
4

Year
2002
1997
1996
1991

Table 7.1 Main state laws related to water
Laws
Water Law of The People's Republic of China
Flood Control Law of The People's Republic of China
Law of the People's Republic of China on the Prevention and Control of Water Pollution
Law of The People's Republic of China on the Conservation of Soil and Water

7.2 Regulations and Rules

Based on the above-mentioned laws, some relevant regulations and rules were issued by
central and local governments for special subjects and/or in accordance with the local
conditions so as to form a relatively complete system of water laws and regulations in China.
The main regulations and rules implemented in the Yellow River basin are listed in Table7.2.
No.
1
2
3
4
5
6
7
8
9
10
11
12
13

Table 7.2. Main Regulations and rules of river and water resources
Regulations and rules
Regulations of river channel management
Regulations of soil and water conservation works
Regulations of waterways management
Regulations of dam safety management
Schemes of preventing extraordinary floods of major river
Guidelines of safety and construction of flood storage and detention basins
Regulations of flood control
Rules of levying and management of water resources charges
Implementation rules of permit system of diversion
Rules of Yellow River mouth management
Rules of supervision of sewage water discharged to rivers
Rules of water regulation management of Yellow River
Management rules of irrigation in the Lower Yellow River

7.3 Organizations, Responsible for Management and Monitoring

The Ministry of Water Resources of the People’s Republic of China is a department of the
State council that is responsible for water administration. Seven basin organs under the
ministry take charge of major river systems in China.
7.3.1 Basin organ -- YRCC
The Yellow River Conservancy Commission （YRCC） as an agency under the Ministry of
Water Resources takes, on behalf of the Ministry of Water Resources, the responsibilities of
water administration in the Yellow River basin and the inland river basins in several
provinces of Xinjiang, Qinghai, Gansu and Inner Mongolia. Its main duties are as follows:
(1) Taking charge of the implementation, supervision and inspection of Water Law and
other regulations concerned; drawing up regulations and policies concerning water
administration in the basin;
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(2) Taking charge of mapping a comprehensive professional plan for the whole basin;
answering for the supervision and implementation of the plan; undertaking the preparatory
works of key projects and inter-provincial water projects;
(3) Carrying out an integrated management of water resources (including surface water and
ground water) in the basin; organizing and coordinating the hydrological work of the principal
rivers or river sectors in the basin; issuing information on water resources in the basin;
(4) Answering for the protection of water resources;
(5) Drawing up and implementing the plan for flood control in the basin; regulating water
in flood and drought according to the rules and authorization; organizing research of the flood
control of important projects;
(6) Guiding the harnessing and development of the rivers, lakes, beaches and coasts;
undertaking the management and protection of rivers, dikes and water projects; checking and
approving the construction of water projects;
(7) Taking up and directing soil and water conservation and ecological construction and
carrying out dynamic monitoring;
(8) Managing and operating the state-owned assets of key projects and inter-provincial
projects;
7.3.2 Relevant Professional Departments under the YRCC
a. Hydrology Bureau
This department takes charge of hydrological measurement and monitoring of the main
rivers, tributaries, reservoirs and coastal zones in the basin; provides hydrological information
and forecast on flood control and ice jam control; carries out documentation and management
of hydrological data, draws up the plan of hydrological stations networks ；implements
regulations and rules of hydrology of the Yellow River based on the related state regulations
and standards; and carries out investigation and evaluation of water resources and edits the
Water Resources Gazette and Annual Sedimentation Gazette, etc.
b.Water and Soil Conservation Bureau
This department takes charge of management of soil and water conservation works in the
basin, guides and coordinates preservation and supervision of soil and water conservation and
ecological management, organizes establishment of modern soil and water conservation
supervision system, supervises implementation of related laws and regulations of soil and
water conservations and carries out key projects of soil and water conservations, etc.
c.Yellow River Institute of Hydraulic Research
The institute is a multi-subjects and comprehensive research institution with focus on study
of river sedimentation and fluvial processes in the Yellow River. As one of the national key
scientific institutions in China, it consists of five non-profit professional sub-institutes which
are orientated towards research on sedimentation, soil and water conservation, water resources,
construction and structure, techniques for flood control and disaster mitigation; six
profit-orientated R & D centers, which are experimental center for river training and
development, center for Yellow River irrigation engineering, Hi-tech engineering center and
center for YRCC infrastructure quality survey, Yellow River calibration center for hydraulic
engineering measurement, and center for service management
7.4 International Cooperation

7.4.1 Bilateral Cooperation Projects
(1) The protocol between the Geological Survey of the Department of the Interior of the
United States of America and the Department of Hydrology of the Ministry of Water
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Resources of the People’s Republic of China for Scientific and Technical Cooperation in the
Study of Surface-Water Hydrology was singed in the 1980’s. The agreement to extend the
protocol was made every five years up to now. ANNEX 4 to the Protocol is Cooperative
Project on Sediment Transport, which includes total sediment transport in rivers; debris flow
with hyperconcentration of sediment and geomorphic and hydrologic processes in upland
areas. Besides, one of main purposes of the project is to encourage increased exchange of
scientific and technical information between USA and PRC sedimentation specialists. The
Yellow River Conservancy Commission (YRCC) is one of the main executive organizations
of the project.
(2) Sino-France scientific and technological cooperation of the Yellow River was a
scientific and technological cooperation project between Chinese and French governments.
The first phrase target of the project was determined as: apply remote sensing data,
geographical information system, mathematic models and the new satellite telemetry to
harness and research on water and sediment resources of the Yellow River.
(3) Research on abrasion of hydraulic turbine at Sanmenxia Hydropower Station was a
component of scientific and technological cooperation plan between Sino-Germany
governments from 1997 to 1999.
(4) Sino-Holland scientific educational cooperation project is one of the scientific and
technological cooperation projects between the Ministry of Water Resources and the
Netherlands. The main purpose of the project is to put forward how water conservancy
education was combined with practice and how to offer course and train high quality talents.
7.4.2 Cooperation Projects with International Organizations
(1) Support for the Sustainable Development of the Yellow River Delta, UNDP Project No.
91/144. The project period was 5 years. The objectives of the project were to better plan for
the stabilization and improvement of the natural environment in the Yellow River Delta area
over a long period of time as well as to start the process of sustainable development, regional
progress, welfare and prosperity in the area, with focus on Agenda 21.
(2) UNDP Yellow River irrigation district demonstration engineering for water saving, high
efficient ecological agriculture in Ningxia was assisted by the United Nations Development
Programme with five years of (2000-2004) executive period.
(3) The first-phase agreement of the World Bank loan project for soil and water
conservation on loess plateau was singed between the Chinese government and
representatives from the World Bank on June 27, 1994.
(4) The second-phase of the project for the loess plateau was the continuation and extension
of the first- phase after the evaluation made by the World Bank in January of 1999.
(5) Research on regulation system of water quantity below Sanmenxia Gorge of the Yellow
River during non-flood seasons was one of the seven subjects among subsidiary projects of
the Ministry of Water Resources for Xiaolangdi project by means of the Work Bank loan. The
purpose of the subject was to set up a regulation system of water quantity in the Lower
Yellow River.
(6) Research project of watershed management and water use permission system was also
one of the seven subjects among subsidiary projects of the Ministry of Water Resources for
Xiaolangdi projects by means of the World Bank loan. The subjects covered researches on the
Yellow River law, water management system, water taking permission system and on
collecting water resources fee in the Yellow River basin.
(7) Flood control works in the Lower Yellow River by Asian Bank Loan. The target for the
project was to reduce flood and loss in the reach to help improving environment and decrease
in poverty.
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7.4.3 International Exchange Forum
The International Yellow River Forum (IYRF) provides a forum to all people interested the
Yellow River in the world with an opportunity to discuss and exchange some key issues and
information. The first IYRF with the topic on “Let Yellow River flow up to the world and let
the world know Yellow River” and the second IYRF with topic on “Keeping the healthy life
of the river and modern river basin management” were held in Zhengzhou, China in October
2003 and in October 2005 respectively.

Reference:
WWW.MWR.GOV.CN（In Chinese）
WWW.YELLOWRIVER.GOV.CN
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