Resear ch on Diversion of Flow Path at Yellow River Estuary to Beicha
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Abstract: It has been 30 years since diversion of Yellow River estuary to Qingshuigou in
May 1976, and 10 years since diversion of Qingbacha before flood in 1996. To extend passing
river years of Qingshuigou flow path, decrease affects on lower reach and be more beneficial
to development of regional economics, analysis and research covers continuing using of
Qingba or diversion to Beicha and the conclusion is: diversion to Beicha can shorten distance
of the river flowing into the sea, maintain the lower water level in the estuary with the same
flow rate in a longer time, and improve safety of flood control at the estuary; it can reduce
potential threat of natural bank-breaching and adverse water-sediment conditions to the flow
path; it will perform retrogressive erosion on the lower reach; diversion to Beichawill deposit
70 km? additionally and increase safety factor of Eastern Gudong Border Dike with rising of
deposit of bottomland.
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1 Basic Situation of Qingshuigou Flow Path

In May 1976, Xihekou cross-section at Yellow River estuary Yellow River diverts to
Qingshuigou from Diaokou River to enter the sea, and initia length of Qingshuigou was
37km shorter than that prior to diversion. Before flood season of 1996, to achieve manual
land reclamation and oil extraction, diversion to Qingbacha was carried out at 950m before
Qingba cross-section and length down Xihekou was shortened to 49km from 65km, and at
present Yellow River flows through Qingbacha. It has been 30years since 1976 and 10 years
since diversion of Qingba, and length down Xihekou is nearly 60km.

In June 1986, to fill the sea to reclaim land and extract oil, Shengli Oilfield dug a bypass
channel in the northeast (90° between it and the existing river course) on left bank at 500
down Qinggi cross-section, which is about one hundred meters in width and 5km in length,
9km shorter than the former river course. The slope of the bypass channel is 1/2200 and
discharges water in ice flood period at the end of the year, but it can only split less than 10%
of the flow. In February 1988, actually measured flow carrying by Beicha was 94% of the big
river flow and in June Beicha was blocked up until now.

At present, Beichais 110m in width, and 7km in length. River bed of the upper reach is low,
with difference between the flood-plain and the river bed of about 0.8-1.0m, and flow area of
the main channel under bank full discharge is about 150m? channel of the lower reach iswide
and shallow, saucer-shaped, with difference between the flood-plain and the river bed
decreasing along the river, only 0.3m in lower reach. In high tide, two bigger san hills can still
be seen and the river is divided into three strands, with the middle one 1.2m in depth and
0.4m in low tide. Due to bed-making of the two diversions, vertical section of the river bed is
out of level and river course of the several kilometers above the opening area has back slope.
Sketch of Qingshuigou Beicha and Qingbachais shown in Figure 1.



Fig
ure 1 Sketch of Flow Path and Anabranches of Qingshuigou

2 Research of Diversion to Beicha of Qingshuigou

2.1 Arrangement and Investment Estimate of Diversion to Beicha

Incoming water and sediment and its forecast are in accordance with design water-sediment of

Comprehensive Management Planning of Yellow River Estuary.

Based on experiences of the previous estuary diversion and Qingshuigou management in the

past 30 years, trend of the former Beicha estuary id northeast, 90° angle with the existing river

course, which forms an abrupt bend, unbeneficial to development of the flow path. The

junction is move to the location between Qinggi and Qingliu cross-section, about 2700m

away from Qingliu cross-section, 30° in the north of the mainstream axle of the former river

course. Then the flow will run into the sea smoothly, beneficial to discharge and sediment

deposit. The junction is 9km away from Om line and 41km down Xihekou.

Based on estimate of diversion of Qingbacha project in 1996, the works measures include
bypass channel digging and necessary flow diversion and closure works. At that time, the
main projects included 5.88km bypass channel, 3.94km closure dam, 700m diversion dam at
bypass channel mouth, 5.5km diversion dike on the left bank, and 600m from the former
diversion dam to opening area. The work quantity is 1.5million m® earth work, with
investment of 7.94 million Yuan. Investment in diversion to Beichais about 20 million Yuan.

2.2 Analysis of Diversion to Beicha

For convenience of comparison and explanation, Qingbacha for passing river is taken as
Scheme 1 and diversion to Beicha is taken as Scheme 2. Advantages and disadvantages of
diversion to Beicha are as follows:

(1) Shortening River Length and Lowering Water Level
At present, Qingshuigou Qingba Anabranch is about 59km down Xihekou and it will be about
49km after diversion to Beicha, which will reduce the river length by 18km (Figure 2).
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Retrogressive erosion will occur to river course above the junction, which will reduce the
river bed and water level to some extent. Although the river course grows with siltation and
extension of estuary and the retrogressive erosion does not lat long, retrogressive caused by
diversion of anabranch will decelerate rising rate of siltation down Xihekou, which will be not
unbeneficial to river regime and be beneficial to flood control of estuary and lower reach area.
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Figure 2 Comparison between River Lengths down Xihekou of the Two Schemes

Shortening of river length of flow path into the sea is also characterized by rising of flow
slope into the sea, increase of bank full discharge and distinct decrease of water level with the
same flow rate.

Based on the above water-sediment conditions, water level of Qingsan cross-section 3000m°/s
istaken as an example, in Figure 3. It shows that with the same flow rate, Scheme 2 will have
a bigger much lower water level than Scheme 1; the average water level in Scheme 2 in the
first ten years is about 0.34m lower than Scheme 1, about 0.5m in the 20 years; the highest
water level in Scheme 2 in the first ten years is about 0.35m lower than Scheme 1, about
0.79m in the 20 years. The same conclusion is obtained for Xihekou cross-section and Qingliu
Cross-section.

(2) Safety Promotion of Lower Reach and Estuary Reach
At present, dike at Yellow River estuary is 77.466km, with dike on the left bank 49.731km, of
which 26.8km (54% of the total length of dike on the left bank) is lack in height and width of
dike on the left bank has not completely reached design standard. Although flood control dike
on the left bank has not reached design standard, safety degree of flood control is different
due to difference in river length and water level in the two schemes. First, when high water
level, right-angled stream and tilted stream take place: because of long river course,
probability of high water level, right-angled stream and tilted stream is big, which threatens
the dike more greatly. Second, when medium flood carries flow through the whole section:
because Weill River of Yellow River has typical complex section, flow rate on the bottomland
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is slower than main channel, average section flow rate decreases distinctly, flood peak spreads
in a longer period, the flood is close to the dike in a longer period and safety degree of the
dike decreases accordingly. Therefore, due to short river course, low water level and big bank
full discharge, and lighter threat of water-sediment conditions to dike, safety degree of the
dikeis higher.
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Figure 2 Water Level Variation of Qingsan Cross-section 3000m?/s

(3) Safety Promotion of Gudong Border Dike
Crude oil yield of Gudong Qilfield is 3~5million ton, with great economic benefits. Its
ground level is mostly 0~2m, with 35km border dike around it. The eastern border dike is
about 5~6km long the sea, which is threatened by storm tide greatly. When storm tide occurs,
this section is often in danger. Shengli Oilfield invests about 60 million to 100 million Yuan of
maintenance fee in Gudong Border Dike along the sea (reinforcement fee 20 million Yuan/km)
and the total investment is about 600 million Yuan in the past years. After diversion to Beicha
flow path, with extension and rising of siltation of bottomland on the left bank of Beicha flow
path, the shoreline will be apart from the border dike, which will avoid damage of ocean wave
and storm tide to border dike, promote safety degree of the border dike and be beneficia to
production and construction of Gudong Qilfield.

(4) Promotion of Land-making Area
Based on the above incoming water and sediment conditions, land-making areas in the years
of continuing Qingba Anabranch and diversion of river course are shown in Table 1. diversion
to Beicha River will make 70km? (105,000mu) more than before, which will increase territory
area and also create conditions for petroleum exploration from offshore exploration to ashore
exploration. Additionally, with development of shoreline, area of fresh-water wetland at
estuary isincreased, which makes great economic benefits.



Table 1 Comparison between Land-making Areas of Different River Passing
Schemes

Continuing Qingba Anabranch Diversion to Beicha Anabranch
Annual siltaion Accumulative Annua siltaion Accumulative
Year area km? siltaion area km? areakm? siltaion area km?

0

1 12 12 19 19
2 10 22 16 35
3 5 27 8 43
4 21 47 32 76
5 15 63 25 101
6 8 70 13 114
7 3 74 6 120
8 16 90 28 147
9 7 96 12 159
10 11 107 19 178

(5) Saving of Investment of Flood Control Works

Based on Feasbility Research of Flood Control Works of Recent Yellow River Estuary
Harnessing approved by Shui Zong Gui [2004]No. 129, total investment estimate of flood
control works in recent Yellow River estuary harnessing is 400.9 million Yuan, including
height and width increase of the dike 72.2131million Yuan, vulnerable spot rebuilding and
reinforcement works 14.027 million Yuan, river improvement 85.7275 million Yuan, river
dredging works 141.4843 million Yuan (including siltation protection and bank
reinforcement), compensation for works occupation and resettlement 59.516 million Yuan,
environmental protection fee 5.93 million Yuan, investment increase of water and soil
conservation 1.9776 million Yuan, investment in estuary basic work and scientific tests
11.1054 million Yuan, flood control nonconstructional measures 7.6482 million Yuan and
work management and construction 1.2709 million Yuan.

Ddiversion to Beicha Anabranch can lower water level greatly; dike and vulnerable spot
works will not be necessary recently; shortening of river length will cause retrogressive
erosion in reaches above the junction and river digging will not be necessary; compensation
for works occupation and resettlement will be unnecessary. All those will decrease the fee by
250 million Yuan. Diversion to Beichawill only need investment of 20 million Yuan, so more
than 200 million Yuan will be saved.

In conclusion, compared with continuing passing Qingbacha, diversion to Beicha can shorten
distance of the river flowing into the sea, maintain the lower water level in the estuary with
the same flow rate in alonger time, and improve safety of flood control at the estuary; it can
reduce water level, make opening area smooth, and reduce potential threat of natural
bank-breaching and adverse water-sediment conditions to the flow path; Beicha passing river
maintain lower water level recently, which will perform retrogressive erosion on the lower
reach; diversion to Beicha will deposit 70 km® additionally and increase safety factor of
Eastern Gudong Border Dike with rising of deposit of bottomland. All those will be beneficial
to development and construction of the delta and Shengli Oilfield and regional economic
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development and national economic construction.
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