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ABSTRACT: The Yellow River is one of the most complicated and difficult rivers to harness in the world.
The lowest reach of the Yellow River is in Shandong Province. Due to high sediment from the upper and
middle river, the downstream riverbed is becoming gradually higher and higher annually. Now the riverbed of
downstream is 3-5 meters higher than the ground outside the river, and the designing flood water level is 8-10
meters higher than the ground outside the river, thus the Yellow River has become a suspended river over the
ground. So flood-control and emergency rescue task is particularly important. We have been working hard for
decades to promote the application of geo-synthetics in flood-control and emergency rescue to prevent wind
and wave, and make anti-filtering warping well and leak-blocking hanging. And we have achieved remarka-
ble results. In this paper, the authors use the example of Liuzhuang Water-Conducing Sluices water leakage
emergency rescue with geo-synthetics hanging to discuss the application and research of the geo-synthetics in
the Yellow River flood control and emergency rescue.

1 INTRODUTION 

The lower reach of the Yellow River is in Shandong 
Province with a length of the 628km. Lots of hy-
draulic projects have been constructed along both of 
the river banks, such as 1526km dikes, 124 vulnera-
ble embankments with a total length of 234km, 132 
controlling and retaining works with a total length of 
204km, and 74 flood diversion and water-conducting 
sluices. Because of the sluices, we can conduct the 
Yellow River water from the river channel to cities 
and country sides. Thus the zones along the both 
banks of the Yellow River become the principle 
food and industrial bases of Shandong Province. 
Once the embankments were broken during the 
flood season, the loss would be great serious. Ac-
cording to this we have to ensure the safety of the 
low Yellow River embankments. And the flood-
preventing and emergencies rescue is an important 
method to keep the safety of the Yellow River.  

On the history the workload of Yellow River 
flood defending is quite heavy. We usually spend 
large amount of materials and labors to throw stones, 
weave iron-silk cage to wrap stones, chop down 
branches of trees and plants so that we can protect 
the embankments of the river. During the latest 

 

 
 several decades we have been working hard to pro-
motethe application of geo-synthetics to prevent 
wind and wave, and make anti-filtering warping well 
and leak-blocking hanging, and we have achieved 
remarkable results. In July 1998, we used geo-
synthetics in the practice of Liuzhuang Water-
Conducting Sluices water leakage emergency rescue, 
and achieved good result. 

2 INTRODUCTION TO THE LIUZHUANG 
WATER-CONDUCTING SLUICES 

Liuzhuang Water-Conducting Sluices is located be-
tween No 16 and 17 Dam of Luizhuang Vulnerable 
Spot. It was finished constructing in 1979 with an 
open pile foundation structure, and 3 17m long, 6m 
wide and 4m high sluice gates, respectively named 
East Hole Gate, West Hole Gate and Midst Hole 
Gate. There are two roads above the sluices, one is 
an 8.3m wide driveway and the other is a 4m wide 
railway. The designing diversion flow is 80m3/s 
which can be enlarge to the maximum of 150m3/s, 
and the designing irrigation area is 64,000hm. Every 
armored concrete sluice gate is flat plate and is 
equipped with two gate flaps in the vertical direction 
and a 2×40t wire rope hoist. There is an armored 
concrete box on each of the banks, with the founda-
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tion of 92 85cm diameter armored concrete caisson 
piles. And at the both sides of the sluice gate, there 
are 4 directive wheels which can roll along the gate 
slot. 

 
Figure 1. Cross-sectional drawing of Sluices 
 

 
Figure 2. Plan view of the Sluices  
 

 
Figure 3. Skiagraph of the Sluices 

3 SLUICE GATE TROUBLES OF THE 
LIUZHUANG DIVERSION SLUICES 

In the morning of July 13, 1998, the Sluices was 
asked to discharge water with a flow volume of 10-
23m3/s. Then all the gates were controlled to lay 
down to bottom to keep a 15cm high hole for water 
discharge. When the West Hole Gate was fallen 
down to the position with a distance of 35cm to the 
bottom, it was jammed and the connector btween the 
two gate flaps and the sealing rods were damaged. 
At that time the discharge flow passing through 
West Hole was 13m3/s. After the emergency oc-
curred, we closed the middle and east gate imme-
diately. Then we began to observe and gather the re-
lated data such as 61.3m of Luizhuang Vulnerable 
Spot water level, 2300 m3/s of water flow, 61.7m of 
water level before the sluices, 60.15m water level 
behind the sluices. And the water depth before the 
gate already reached 5.25m. According to the fore-
cast the water flow would keep increasing to 
3200m3/s, water level of the river would still have 

0.6m to increase. If the bad gate were not repaired 
immediately, under the huge press of the water, the 
sluice piers and other parts of the sluices would be 
damaged possibly. 

4 EMERGENCY RESCUE METHODS AND 
EFFECTS 

On July 14, 1998, a technical team composed with 
experts from the Yellow River Shandong Bureau 
was asked to go to the emergency field. After se-
rious investigation and analysis, the team made out 
three methods to handle the emergencies. 

The first one was, building up soil wrapping dam 
at the upper stream of the sluices. The advantage of 
this method was easy to construct. But the disadvan-
tages were obviously: the large work quantities and 
the difficulties to make the wrapping dam folded due 
to the water leakage.  

The second was building wrapping dam not only 
the upper stream but also at the lower stream of the 
sluices. The advantage and disadvantage were just as 
same as the first one’s.  

The third one was to fill in the water discharge 
hole of the bad gate through the upper stream of the 
sluices with stones bundled up with willow branches 
and then hang a geo-synthetics hanging to cover the 
bad gate. Making use of the high silt concentration 
of the Yellow River water we could block the dam-
aged gate.  

Compared with the above two methods, the third 
one was less materials cost, easy doing, and quick 
result. So we chose the third method to handle the 
water leakage emergencies. 
 
4.1 Fill in the hole with stones bundled with willow 
branches 
 
At first we made a 5.9m long, 1.1m diameter pillow 
structure. Inside of the pillow we put in some sacked 
earth and 0.35cm diameter around stones which 
were placed every 0.5m long distance along the pil-
low structure. And then we bundled 0.2-0.3m thick-
ness willow branches out of the sacked earth and 
stones with No.8 lead thread every 0.1m long dis-
tance. After finishing the above processes, we used a 
boat to toss the pillow structure through the upper 
stream of the bad gate, thus the water flow was 
about 2/3 declined. Laterly lot of sacked earth was 
tossed to block the water leakage, but it didn’t work 
well. 
 
4.2 Hang up geo-synthetics hanging to ward off wa-
ter 
 
Because no high tensile-strength, wide width, water-
proof geo-synthetics, we had to use the low tensile-
strength knitted geo-synthetics in the storage.  
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The first step was sewing two pieces of 10×7.1m 
hanging with geo-synthetics cloth of 2m width(size 
of the hanging was bigger than the gate hole).  

The second step was to sewing the two total over-
lapped pieces into one piece in order to enhance the 
tensile-strength and waterproofing quality.  

The third step was to convolve an armored con-
crete telegraph pole of 5.8m length, 300kg weight 
and 0.3m diameter at the bottom of the hanging. So 
the geo-synthetics hanging could spread downwards 
quickly.  

The forth step was to use a 5.8m long steel pipe 
with a  diameter of 8cm convolved at the top of the 
hanging in order to fix up the hanging at the operat-
ing bridge.  

The fifth step was to set up 15 reinforced nylon 
ropes with a diameter of 8mm every 0.5m distance 
along the width of the hanging, each of which could 
bear more than 50kg weight. The ropes were also 
sewed together with the geo-synthetics hanging. The 
both sides of every rope were tied with the telegraph 
pole and steel pipe respectively.  

The sixth step was to fasten 4 8cm-diameter 
hemp ropes along the width of the telegraph pole to 
ensure the method trouble-free and easy-doing.(see 
Fig.4，geo-synthetics schetch map) 
 

 
Figure 4 Geo-synthetics hanging 

The seventh step was to spread the geo-synthetics 
hanging tightly along the gate surface after the steel 
pipe was fastened firmly at the operating bridge. 

After the geo-synthetics hanging was finished 
spread, through exploring underwater we found the 
hanging was well placed and the water leakage was 
totally blocked.  

At last we tossed 20 sacks full of earth, each of 
which is about 30-40kg, to ensure no water leakage 
happen again at the bottom of the gate.  

During the No.1 Yellow River flood peak period 
the emergency of water leakage didn’t happen again. 
When the flood passed away, we checked the gate, 
and found that the sedimentation height was 10cm 
lower than the flood water level, and the geo-
synthetics hanging was well blocked the gate hole. 
 
4.3 Research and analysis 
 
Through research and analysis, we found there are 
three factors that make us fetch the good effects to 
block up the water leakage.  

The first one is the reasonable rescue method. If 
we used the geo-synthetics hanging directly without 
the traditional measure of blocking the gate hole 
with the willow-stone-pillows firstly, the hanging 
would probably be broken by the strike of the water. 

The second one is the key factor to achieve the 
success of the rescue. We make full use of the inte-
grity and adaptive characteristics of the geo-
synthetics. The gate is 4m high and 6m wide and 
there is water leakage all around the gate. So we 
have to implement the blocking measure quickly and 
one-off before the flood peak comes. 

The third one is to consider plenty details during 
the whole process of the emergencies rescue. For 
example, to sew the geo-synthetics hanging into the 
size of 10×7.1m, both of which are bigger than the 
size of the gate, so the rich parts can cover the sluice 
pier very well; to convolve an armored concrete 
telegraph pole of 5.8m length, 300kg weight and 
0.3m diameter at the bottom of the hanging, so the 
geo-synthetics hanging could spread downwards 
quickly. Details often determine the success of the 
practice. 

5 ANALYSIS ON THE GATE JAMMED 
REASONS 

After the emergency occurred, through practical ob-
servation and inspection, our technical staff con-
firmed that the left directive wheel of the West Hole 
was skew right to jam the rail (see Figure 5). Direc-
tive wheel was skew from the normal position by the 
dotted line to the solid line position. Two of the 4 
bolts to fix the directive wheel were completely out 
of working, and the other 2 bolts’ wires were rust-
eaten, the screw couldn’t be tightened totally to fix 
up the bolts. The connector between the two gate 
flaps was rust-eaten also and the top sealing rod was 
bad too. Through this matter, we recognize that we 
should enhance daily management and maintenance 
of the water sluices to avoid the recurrence of the 
similar incidents.  
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Figure 5. Abridged general view of the left lower directive 
wheel skew 

6 CONCLUSIONS 

Through this practice, we prove once again that geo-
synthetics has a wide range of applications and 
prospects especially in emergencies rescue of big 
rivers. But during implementation process, it is ne-
cessary to adjust the methods flexibly according to 
different emergencies. Then we can make full use of 
the geo-synthetics to achieve a desired purpose. 

Compared with the traditional plants and willow 
branches, the geo-synthetics have the following sig-
nificant advantages: 

The First is the high tensile-strength. 
The second is highly integrated characteristic and 

good plasticity. The geo-synthetics can be made into 
any kind of sizes according to the emergencies with-
out weak parts. And we can make soft sunken fas-
cine mattresses with geo-synthetics to protect river 
banks and bed from water scouring. 

The third is various types, both including water-
proof and non-watertight. The waterproof ones can 
be used to prevent water leakage. And the permeable 
ones can be used to make a filter for drainage. 

The forth is convenient to be stored and trans-
ported. The geo-synthetics is light weight, small size 
and easy folded. For example, the weight of double 
pieces of 12×10m geo-synthetics cloth is no more 
than 30kg. 

The fifth is convenient to construct. For example, 
to place a soft sunken fascine mattress made with 
double pieces of 12×10m geo-synthetics cloth costs 
no more than 1 hour from the firstly laying to the 
lastly ballasting.  

And the last one is low cost. For example, in or-
der to protect the controlling and training works of 
the low Yellow River, we usually construct some 
overtopping protection works. If we use the tradi-
tional measure to lay willow branches and ballast 
stones, it will cost us more than ￥40 per 1m2. But 
the cost of the geo-synthetics is less than ￥20 per 
1m2.  

According all the upwards reasons, the geo-
synthetics should be make good effects to promote 
in the flood prevention and emergencies rescue. 
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