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ABSTRACT 

In the littoral area of the Shandong Province, one of the economically 
developed areas in Eastern China, sea water intrusion into the aquifers has 
been taking place since 1976. A series of problems concerning water resources 
and the environment have been brought about by sea water intrusion which have 
hampered the continuous and harmonius social and economical development of the 
area. Here groundwater is defined as affected by seawater intrusion when the 
chloride concentration exceeds 300 mg/1, and the mineralization is beyond 1 
g/1. How sea water intrusion is produced and its adverse consequences are 
discussed in the paper. The goal, policy and measures for sea water intrusion 
control are also suggested. 

l. INTRODUCTION 

Sea water intrusion has become more and more serious since 1970 in the coastal 
zones of Eastern China, such as the co as tal area of the Bohai Bay around 
Shandong, Hebei and Liaoning provinces. The areas around Bohai Bay and Lizhou 
Bay in Shandong are zones with the greatest danger 'of sea water intrusion in 
China due to the quick salinization process. In this paper, the different 
aspects of sea water intrusion are discussed, including the affected areas, 
the damage produced and the ecological changes. Finally, prevention and 
control measure~ are suggested. Some of them have yet been carried out in 
practice. 

2. THE INTRUSION AREA AND ITS DAMAGES 

2.1 Intrusion area 

The sea water intruded area corresponds mainly to alluvial fans and estuarine 
fluvial plains, with a few cases in the fractured rock areas (Fig. l). 

Seawater intrusion is more serious to the north-west than to the south-east 
of the Shandong peninsula. From Yantai city to Laizhou city, the seawater 
intruded area is up to 390 km2 . In the southern part, the affected area is 
relatively small and correspond mainly to the estuary of the rivers Dagu, 
Baisha-Moshui and Lianyin. 

The quick intrusion rate cause serious damages to this area, in which 18 
counties or/and districts were involved and 445,000 people were affected 
(Table 1). 

(><) This paper has been redrafted by the editors with the consent of 
the authors and typed by the Secretariat. 
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Fig. 1. Map of sea water intrusion areas in the coastal zone 
of the Shandong Province 

Table 1. Sea water intrusion damage in the coastal area 
of the Shandong Peninsula 

Type City Intrusion Affected Discarded Affected 
area cultivated wells villages 
(km2 ) land 

( km2 ) 

Sea water Yantai 393 288 3646 222 
intrusion Qingdao 40 30 541 59 

Salt water Qingdao 80 4 40 5 
intrusion Heifang 217 128 2606 118 

People 
short of 
drinking 

water 

200,000 

135,000 

15,000 

95,000 

2.2 Intrusion rate 

Sea water intrusion was detected in Laizhou coastal plain in 1976. Since then 
the phenomenon was found all over the coastal area of the Shandong Province. 
The instruded area increased about 42 km2 /year. Generally, sea water 
intrusion is very slow at the beginning, producing little damage. However, 
with the intrusion going on, the intrusion speed becomes faster and the damage 
is more serious. For example, in Laizhou only 16 km2 were affected from 1976 
to 1979; the intrusion speed was 46 m/year. About 80% of the 238 km2 coastal 
plain were affected in the last 10 years (Table 2). 
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Table 2. Sea water intrusion speed in Laizhou City 

Intruded area 
Period 

km2/year 
Intrusion speed 

km2 
m/year 

1976-1979 15.8 4 46 

1980-1982 23.4 7.8 92 

1983-1984 31.9 16 177 

Jun. 1984-Aug. 1987 98.5 31 .. 1 345 

Sept. 1987-Aug. 1988 32.4 32.4 404 

Aug. 1988-Sept. 1989 36.2 36.2 

1976-1989 238.1 14.8 168 

3. ECOLOGICAL CHANGES CAUSED BY SEA HATER INTRUSION 

3.1 Sea water intrusion and deterioration of groundwater 

Hhen sea water intrudes into a coastal aquifer, groundwater quality 
deteriorates sharply and the concentration of Cl- increases quickly. So 
ground,<ater cannot be used for agriculture, industry and human uses. The 
concentration of Cl- changed form 100 mg/1 to 1000 mg/1 in a littoral strip 
about 2 km wide in Laizhou coastal area. In the lower part of Dagu river, the 
salinity of groundwater changed from 0.65 g/1 in 1981 to 1.08 g/1 in 1988, and 
the concentration of Cl- from 131 mg/1 to 344 mg/1. In the lower part of 
Baisha-Hoshui river, the Cl- concentration reached 700-2000 mg/1 since 1977. 

As sea water intrusion occurred, usable groundwater resources decreased, while 
more water resources were needed for the development of industry and 
agriculture. Thus, unreasonable over-abstraction leads to more serious 
damage, The following vicious cycle starts: Abstraction~ groundwater level 
drawdown ~ sea water intrusion ~ fresh water contamination -+ decrease of 
usable groundwater resources ~ over-withdraw in the remaining areas 
increased groundwater level drawdown -+ more saline water intrusion. 

3.2 Sea water intrusion and the reduction of cultivated land resources 

In sea water intruded area salinity spoils the upper soil by evaporation of 
the applied water or by capillary rise of the saline water. The soil 
structure and its physico-chemical character degrades, and its ecological 
fertilization capacity decrease. Hith the grm<ing salinity the soil 
productivity drops or even is lost at all. There were 7,413 ha of cultivated 
land affected, of which 5, 493 ha were salinized. It is estimated that the 
grain lost is about 0.2 to 0.3 million tons per year in a common dry year. 
About 80% of the cultivated land of the coastal plain of Laizhou city is 
affected and the grain lost is up to 75,000 tons per year. In Shouguang 
county 333 ha of cultivated land were salinized and the loss of grain was 
25,000 tons per year. 

3.3 Sea water intrusion and ecosystem changes 

The geographical evolution of flora in the Shandong coastal plain is as 
follmvs. It was a marine ecosystem about 2000 years ago. Afterwards the 
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ecosystem evolved into a lagoon flora and further into a moor ecosystem. Now 
it is a salty and/or dry land low grass ecosystem. In the future, it will be 
mainly a dry land pioneer ecosystem and a warm zone deciduous tree ecosystem. 
According to current regional climate, a warm zone deciduous broad leaf tree 
ecosystem should be the peak ecosystem. But in the sea water intruded area 
this ecosystem is not the dominant one. In Laizhou area, the sequence of 
flora, from the coast inland (i.e. from northwest to southeast) is: marine 
flora; beach sand-grows and moor wet-grow grass and tree mixed flora; salt 
land-grows and dry land-grow grass and tree mixed flora; common coniferous 
tree forest flora; coniferous and broad leaf tree mixed forest flora. This 
distribution demonstrate the relation between flora and environment, and the 
flora reflect the character of the environment. As deduced from the 
development of flora in the Shandong coastal area, the regional environment 
is at the phase of evolving salty land and dry land low grass flora. Its 
stability is low and the aridity resistance is weak. Human activity may cause 
the flora to evolve into two directions. One is normal, towards the peak 
floras. The other is reverse, eg., the flora go backwards. In this area, sea 
water intrusion and dry climate caused the ecosystem to reverse: some 
cultivated land was salinized and some cultivated plants were gradually 
replaced by salt enduring plants. The reverse of flora is the result of 
environmental reverse, 

3.4 Sea lvater intrusion and coastal city's industry 

Sea lvater intrusion has a great effect on the development of the coastal area 
economy. Because some. water supplying fields were contaminated, new water 
fields or other supply methods must be found. This certainly increased 
engineering costs and brought difficulties for the development of industries. 
For example, about 18 enterprises were affected, eg. the equipment was eroded 
and/or the product quality decreased. Therefore some factories had to change 
the product type or move to other place. This caused a lost of 0.15 billion 
yuan ($ 27 million) per year. Sea 1vater intrusion also affect the coastal 
cities long term economic programming. 

3.5 Sea water intrusion and human health 

It is quite clear that polluted water harms human health. Although some 
measures has been taken and large amounts of money has been spent, there are 
still a lot of villagers and their stock 1>1ith its drinking water supply still 
unsolved. There are 404 villages or about 4, 405,000 people short of good 
water supply. About 45,000 people caught goiter fluorosis, brucellosis and 
liver fluke diseases by drinking polluted 1vater in 8 counties along the 
coastal area of Laizhou Bay. 

4. FACTORS AFFECTING SEA \-lATER INTRUSION 

Basically, there are two kinds of factors that affect sea water intrusion: 
natural factors and human activity. 

4.1 Natural factors 

4.1.1 Perennial dry climate 

Precipitation recharge and surface water 
groundwater recharge in the Shandong 
statistics, between 1616 and 1988 the 
Province is 638 mm. Yearly fluctuations 

seepage are the two main sources of 
coastal aquifer. According to 

average precipitation in Shandong 
are quite large, along time and from 
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place to place. Since 1976 the climate has been perennially dry in the 
coastal area. This leads to large scale drawdo1vn of groundwater levels. 

4.1.2 Hydraulic and hydrogeological conditions 

The lasting dry climate period affects directly river and lake flow. Low 
precipitation makes the river flow discontinuous or it dries up. So, sea tide 
penetrates easily along the river channel. At the same time, groundwater 
level is low due to less recharge. Furthermore, there are some river banks 
consisting of gravel or sand extending from land to sea. Its high 
permeability is another factor contributing to sea water intrusion. 

4.1.3 Coast types 

There are two types of coasts in the area. One is coastal plains, consisting 
of sand and silt; the other is rocky coasts. Coastal plains, with low land 
elevation and low groundwater level are easily affected by sea water easily 
after a not so great lowering of groundwater level. But rocky coasts, with 
high land elevation and high groundwater level, are seldom affected, even if 
there is some groundwater abstraction. 

4.1.4 Storm tides 

Storm tides are an important factor that affect seawater intrusion. The 
littoral area of Laizhou Bay, in the Shandong Province, is one of the most 
severly storm-affected areas in the world. Frequent storm tides occurred 
along history. It is recorded that there were as many as 72 storm tides from 
48 B.C. to 1987 A.D. in the surrounding area of Laizhou Bay. Two of them were 
due to sea quakes. In storm tide periods, the water level usually rises 3-5 
m, sometimes over 6 m. Consequently the seaw·ater intruded area is usually 
extensive, e.g., the intrusion may penetrate as far as 5-10 km, sometimes 60 
km. The tide comes with great force, damaging dams, houses and roads, 
drowning crop lands, producing large loses of lives and property, and salting 
the groundwater resources and the soil. The extensive palaeo-seawater and 
salted land in the littoral area of Laizhou Bay are the results from 
historical storm tides. Since the foundation of the people's Republic of 
China great achievements have been made in tidal protection of the area. But 
the tidal protection system is still imperfect, since in some places tidal 
dams are missing and in some others the gates do not 1vork well, or the dams 
do not meet standards, and seawater may penetrate along the rivers, affecting 
groundwater seriously. In the littoral area of Laizhou Bay, the nearer the 
wells on river banks to the sea, the more probably is that their water become 
salty. 

4.2 Human activity 

4. 2.1 Over-abstraction of groundwater 

With the development of industry and population growth, more water supply is 
needed. Then, groundwater level decreases continuously due to lasting over
abstraction and insufficient recharge. The depression cone enlarges. In the 
coastal area of Qingdao, Yantai and Weifang regions, the current water supply 
shortage in an average year (P ~ 50%) is 3.1.109 m3 . Available water supply 
can only meet 60% of total demand. In a dry year (P ~ 75%), the shortage is 
5.1.109 m3 , approximately 52% of the total demand. Therefore, since the mid 
70's, when over-abstraction of groundwater in coastal areas started, more 
wells were drilled. Generally the well density rose from the original 10 
wells/km2 to 20 or 25 wells/km2 now, and in some places even up to 60-70 
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wells/km2 . 

From 1976 to 1986, over-abstraction caused a large scale groundwater level 
drawdown in northern Wei fang area. Up to now, the total area where 
groundwater level was lower than mean sea level is 2,400 km2 in Laizhou area. 
The lowest elevation is 20 m below sea level. 

4.2.2 Affection due to sea water cultivation and salt production 

Blind development of sea water shrimp cultivation and salt production in 
coastal counties in the latest decade brought artificially large amounts of 
sea water into the continent. Some shrimp pools were constructed beside 
villages or/and cultivated fields, where the salty water level 'qas raised by 
3 to 5 m. The long sea water drainage channels caused sea water intrusion. 

4.2.3 Effect of water conservation projects 

Many reservoirs and dams have been built on the upper part of rivers since 
1958. Therefore, surface runoff was controlled by the reservoir and this 
greatly reduces the recharge of groundwater in the lower part of the coastal 
area. This is another factor that enhances sea water intrusion. 

5. LAHS AND DEVELOPMENT TENDENCY OF SEA HATER INTRUSION 

5.1 Intrusion type 

Sea water intrusion in Shandong coastal area can be divided into three types. 
Type a is caused by over-withdra'q of groundwater and it mainly occurs in the 
economic zone of coastal plains where large amounts of water supply was 
needed; the over-withdrawal of fresh water changes the natural flow pattern 
and the transition zone between sea water and fresh water moves inland 
gradually. Type b is caused by sea tide seepage when sea tide goes along the 
river bank, and by drainage from shrimp pools and saltworks. Type c is a 
special kind of intrusion caused by the reduction of freshwater water heads; 
when the cultivation method is changed, fresh water head reduces, so the salty 
water below the fresh water rises and intrude into the fresh water zone. 

5.2 Sea water intrusion paths 

There are six sea ,qater intrusion paths. They are: intrusion along layered 
aquifers; intrusion along abandoned river courses; intrusion along fault belt 
and karstic zones; intrusion along modern river beds; intrusion along 
weathered or semi-weathered bedrock zones; and intrusion along semi-permeable 
layers which transfer salty water from neighbouring aquifers. 

The Quaternary strata in these areas are generally multi-layered. If there 
is an excessive groundwater level drawdown 1 sea water intrusion may occur into 
two or more aquifers. For example, two aquifers of which the first aquifer 
is between the depth of 45 to 52 m and the second between 60 to 70 m in 
Shouguang county, near Laizhou Bay, contained fresh water before 1980, but 
have been polluted by sea water since 1989. 

In the area where the Quaternary strata are not so thick and the underlying 
rock is easily-weathered metamorphic rock or clastic rocks, sea water 
intrusion will occur not only along sand layers but along weathered or 
semi weathered bedrock zones. In the Zhuwang region of Laizhou city, the 
Quaternary strata are only 16 to 32 m thick and the bedrock is formed by 
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Tertiary conglomerates and old metamorphic 
weathered zone, 30 meters thick; they 
preferential paths (Fig. 2, 3 and 4). 

rocks with a weathered and semi
both become seawater intrusion 
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Fig. 2. Geological cross-section of the seawater intrusion area 
in Zhuwang, Laizhou city 
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Fig. 3. Apparent resistivity isoline cross-section in Zhuwang, Laizhou city 
(according to geophysical exploration data, 16 April, 1990) 
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Fig. 4. Cl- content isoline cross -section of sem;ater intrusion 
in Zhuwang, Laizhou city (16 April, 1989) 

Sometimes, abandoned river beds, fissured bel-ts 
may also conduct sea water into the aquifer. 
because of their high permeability .. 

and karsts along coastal areas 
The speed may be quite high 

Salty water may intrude into fresh water aquifers through semi-permeable 
intercalations. For example, in the northern part of the Shouguang count 
the confined fresh 1mter head was higher than the upper phreatic salty \vat~~ 
level before 1985. But since then, pumpage from the confined aquifer has 
caused a large head drawdown. The water head of the lower aquifer was about 
6 to 10m lower than in the upper aquifer, so leakage occurred. 

s N 

eorlfiatJ{ huh water table 

phreati e water table 
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Fig. 5. Hater table drawdown in the northern part of Shouguang County, 
between 1 June, 1975 and 1 June, 1989 
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6. SEA \-lATER INTRUSION TREND 

On the basis of the analysis of the supply-demand balances, taking into 
account natural precipitation and regional water resources in the coming ten 
years, the situation is very serious. 

According to the analysis of the precipitation pattern in some local places 
and in the whole province, there is a big and lasting dry cycle from mid 70's. 
Based on the relations between seawater intrusion and natural precipitation 
from 1976 to 1991, the rate of seawater intrusion becomes much higher year 
after year if the drought persists. In Laizhou City, during the first fout 
years of seawater intrusion (1976-1969) the average·annual rainfall was 571 
mm. The difference \vas less than 5% compared with the average annual rainfall 
from 1952 to 1988. Since 1981 there has been no surface runoff to the sea 
from the rivers of Laizhou seashore since 1981. From 1984 to 1987, the 
average annual rainfall decreased to 482 mm, a 18% reduction compared with the 
value of the period 1976-1979, while the rate of sea water intrusion increased 
from 46 mjyear to 345 mjyear, or 4.5 times faster. From 1987 to 1988, 
although the rainfall had about the same value of 486 mm, the rate of the sea 
water intrusion increased to 404 m/yr, or 17% more than in the period 1984-
1987. It is estimated that by the year of 2000 the amount of water shortage 
willl be 0.67, 1.17 and 1.58.109 m3 considering guarantees of 50, 75 and 95%, 
respectively. According to the above two main factors, under the present 
groundwater deficit conditions, if the regional water resources are used and 
abstracted, sea water intrusion would be much more serious. With the analysis 
of regional hydrological and geological conditions, the sea water intruded 
area in the year 2000 will be.2000 km2 in the coastal plain of Laizhou Bay, 
and more than 2000 km2 in the coastal area of the Shandong Province. To deal 
with this situation, firm and effective measures must be taken. 

7. SEA WATER INTRUSION CONTROL GOALS, POLICY AND MEASURES 

7.1 Goals 

The present sea water intrusion disaster in the Shandong Province, especially 
in Laizhou Bay, is the result of environmental and ecological damages, chiefly 
caused by water resources unbalances. Meanwhile, sea water intrusion produces 
large changes in water resources, the environment and the ecology. There is 
a sequence of facts that lead to a continuous worsewing of the situation, 
complicated by the invisibility of a complex pattern of changes, \vhich results 
in slow action. The intervention in this sequence to break it is the overall 
goal for sea water intrusion disaster prevention in Shandong Province, and the 
goal of disaster prevention in the long run. These goals should be 
accomplished gradually by means of adequate organizations, and by training and 
education. The first step (during the "Eighth Five-year Plan") is to prevent 
the development of seawater intrusion disasters by dealing with environmental 
resources activities, build up a monitoring system network, establishment of 
a forecasting and management organization, making scientific and reasonable 
use of natural resources, improving the fertilization capacity of soil, 
pro tee ting the environment, enlarging the forest region, enhancing the 
disaster prevention consciousness of people, raising scientific level for 
disaster control within the whole society, and restoring the agricultural 
production in intruded areas as quick as possible. The second step (during 
the "Ninth Five-year Plan") is to decrease the disaster losses by 50% and try 
the best to get to 70% build up the demonstration bases for seavmter intrusion 
disaster control and get the environment and ecology in this area gradually 
restored. 
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7. 2 Policy 

Seawater intrusion disaster in the Shandong province is combined closely with 
the regional economic development. So, the disaster control in this area 
should follow this kind of policy, in which economy development and disaster 
prevention should be well coordinated. In order to make the economic 
development adapted to the load capacity of the resources and the environment, 
several measures should be taken. These are: adjust constuction to make it 
bearable, develop adequate monitoring and prevent over-exploitation. Upon 
this policy, a strategy to disaster prevention should be developed as follows. 
First, changing activities from control after damage only to disaster 
prevention, combined with disaster fighting and relief sending. Second, 
putting disaster prevention activities into the socio-economic development 
plan and placing it on the priority agenda of the government. Third, changing 
single-purpose control measures into multi-purpose ones, by putting together 
engineering, ecological and non-engineering measures. Four, changing the 
disaster control into disaster prevention including actions related to 
resources exploitation, environment protection and economic development. 
Five, changing the disaster prevention way from traditional experience into 
scientific and technological methods and ways of thinking. Six, changing the 
disaster prevention from separate units into a series of synthetic 
organizations under an unified leadership, carrying out systematical projects 
of disaster prevention by combining administration, social science and 
technology. Seven changing the disaster prevention actions from 
administrative orders into legal dispositions. Eight, changing the disaster 
prevention from enclosed to open, getting the needed outside assistance, so 
as to build up regional and international cooperation. 

7.3 Measures 

It can ·be seen form the above analysis that the central problem is the 
contradiction between increasing water demand and inadequate water resources. 
Prevention or controlling measures must be taken to meet the water demand and 
alleviate sem<ater intrusion extent correspondingly. 

7.3.1 Hater resources management 

Groundwater resources management models are the basis for policy-making. Upon 
this, water resources management organizations were set up in Yantai City, as 
well as water quality and quantity monitoring. A special Institute was set 
up to manage water resources for towns, enterprises and other branches whose 
demand is over 100 m3/day. The policy of "saving-reward and overuse-penalty" 
was implemented. 

7.3.2. Development of water-saving agriculture 

In order to save irrigation water, two measures were taken. First, seepage
drip irrigation and low pressure pump irrigation; 90% and 30% of the water 
quantity can be saved respectively. Second, earth canals were changed into 
concrete canals and open drains were changed into buried pipes to lower loses 
by evaporation and seepage. 

7.3.3 Emphasizing water savings and managing industry demand 

Low water demand enterprises are encouraged by means of preferential loans. 
Hater price fluctuates from time to time and from place to place. During the 
dry season and in places where seawater intrusion has already existed or 
easily occurred, the water price is high. 
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7.3.4 Artificial recharge 

Artificial recharge can increase fresh water resources and prevent further 
development of sea water intrusion. Generally speaking, recharge wells should 
be drilled near the rivers. In Longkou City, 350 such wells were constructed 
along Bali, Beima, Zhongcun and Huangshui rivers in 1990. It is estimated 
that the accretion of recharge was about 10 million m3 /year. Groundwater 
level has rise again since the start of fresh water recharge. 

7. 3. 5 Subterranean dams and surface movable rubber dams 

Constructing subterranean dams to separate sea water and fresh water can 
prevent sea water intrusion, even if more fresh water is abstracted and the 
water level is low. Moreover, fresh water can be contained by the dam. This 
kind of dam is easily built and does not cause other environmental problems 
as surface storage dam do. For Dagu river, in Qingdao City, the planned dam 
is located at a place only 3.3 km wide and a part is within the groundwater 
reservoir. It is calculated that the salty water can be diluted to usable 
quality in about 3 to 5 years. For Huangshui river, three dam sites were 
chosen along the river. The respective lengths are 3; 5.5 and 5 km from the 
river mouth upstream. 

7.3.6 Artificial rainfall 

Clouds are another source of water resource '~hich can be used to increase 
water resources by artificial rainfall. It is estimated that it is possible 
to increase the precipitation in Laizhou Bay area by 20-40 mm/year by this 
method. 
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