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Abstract 
Land reclamation has been a common practice to produce valuable land in coastal areas. The impact of land reclamation on 

coastal environment and marine ecology is well recognized and widely studied. It has not been recognized yet that reclamation 
may change the regional ground water regime, which may in turn modify the coastal environment, flooding pattern, and stabil
ity of slopes and foundations. This paper represents the first attempt to examine quantitatively the effect of reclamation on ground 
water levels. Analytical solutions are developed to study the ground water change in response to reclamation based on two hypo
thetical models. In the first model, the ground water flow regime changes only in the hillside around the reclamation areas. In the 
second model, the ground water regime changes in the entire hill. Both models assume that the ground water flow is in a steady 
state and satisfies the Dupuit assumptions. Hypothetical examples are used to demonstrate how the ground water level, ground 
water divide and ground water submarine discharge will change with the scale and hydraulic conductivity of the reclamation mate
rials. The results show that the change of ground water regime depends mainly on the length of the reclaimed area and the val
ues of hydraulic conductivity of the reclaimed materials. It is also seen that the reclamation may impact not only the ground water 
regime near the coast areas around the reclamation site, but also that in the coast areas opposite the reclamation area. A recla
mation site near Tseung K wan 0 in the New Territories in Hong Kong, China, is used as a case study to discuss the possible mod
ification of the ground water system caused by reclamation. 

Introduction 
Land reclamation has played a significant role in the urban 

development process in coastal areas in many parts of the world, 
including China, Britain, Korea, the Netherlands, and the United 
States (Chen and Wang 1999; Lee 1998; Bouchard et a!. 1998; 
Schofield eta!. 1992). In Hong Kong, from 1841 to the present, there 
has been a continuous gain of developed land through reclamation 
of land from the sea and cutting slopes into hillsides to satisfy 
growing needs for more housing and industrial purposes (Lumb 
1976). More than 10% of Hong Kong's developed land area is 
reclaimed from the sea. Most of the new towns created since the 
1970s are located largely on reclaimed areas. The total reclaimed 
area in Hong Kong may double soon because the government is 
planning several major reclamation projects (Planning, Environment 
and Lands Branch, Hong Kong Government 1995). 

While reclamation provides valuable land for many coastal 
areas in the world, it also creates various engineering, environ
mental, and ecological problems. These problems are studied by 
many researchers. For example, Lee (1998) investigated the con
flicts between coastal wetlands and reclamation in Korea. Waterman 
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eta!. ( 1998) studied the interactions between water and land in the 
Netherlands. These problems are also popular research topics in 
Hong Kong. Yip (1978) discussed the ecology of the reclaimed area 
in Hong Kong. Poon ( 1997) investigated the reclamation impact 
on marine environment in Deep Bay. Gowda (1996) discussed the 
impact of reclamation on the environment via a case study at 
Victoria Harbour. Large-scale reclamation may also have an impact 
on the regional ground water regime, such as the change of the 
ground water level and the modification of natural ground water 
discharge to the coast. Since the response of ground water regime 
to reclamation may be slow and not so obvious, the study from this 
perspective has been largely ignored. Mahmood and Twigg (1995) 
reported from statistical analysis of water table variations in 
Bahrain that the water table rises under areas associated with land 
reclaimed from the sea. Various engineering and environmental 
problems that may be caused by land reclamation have been 
recently discussed by Jiao (2000). For example, the rise of water 
level will lead to reduction of bearing capacity of foundations and 
the stability of slopes. Ground water may also penetrate under
ground concrete and cause corrosion of the steel reinforcement. The 
increase of water level may cause damp surfaces and superficial 
damage to the tloors of residential buildings (Mahmood and Twigg 
1995). Furthermore, an aquifer behaves like an underground reser
voir and can receive only a certain amount of rainfall. If the water 
level is high, infiltration capacity may be significantly decreased 
and more rain water may therefore run off directly. This will 
increase the chance of tlooding during rainfall periods. Since sub
marine ground water input to the sea is dependent on the ground 
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Figure 1. Ground water in an unconfined aquifer system in a hillside 
near the coast: (a) before reclamation; (b) after reclamation. 

water level, a change of the ground water regime might modify the 
coastal marine and ecological environment (Jiao 2000). 

To the authors' knowledge, there has been no previous study 
that addresses quantitatively the impact of reclamation on regional 
ground water regimes. A research project has been initiated to 
understand the modification of the natural ground water regime 
caused by large-scale reclamation by conducting analytical and 
numerical modeling of coastal areas in Hong Kong. This paper 
reports the preliminary results of the analytical study. Two conceptual 
models are proposed. The first one concerns the ground water 
flow in only one hillside by assuming that the ground water divide 
does not move after reclamation. The second model concerns the 
ground water flow in the whole island or peninsula by assuming that 
the reclamation on one side of the island may affect the ground water 
regime in the entire area of the hill or island. The assumptions used 
in the analytical studies are: (l) ground water flow is steady before 
reclamation and achieves another steady state after the reclamation; 
(2) both the original aquifer and the fill materials are homogeneous 
and isotropic; and (3) ground water flow satisfies the Dupuit 
assumptions. On the basis of these assumptions, analytical solutions 
are derived for both the hillside and island situations and the impact 
of the reclamation on the ground water level and discharge are dis
cussed. A case study based on a major reclamation site in Hong 
Kong is presented to demonstrate the applicability of the analyti
cal solutions. 

The solution to Equations I through 3 can easily be obtained as 

2 2 w ? ? h = H + (L-- x-) 
0 K I 

I 

(4) 

Obviously, water level has a maximum at the water divide at the left 
boundary where x = 0: 

? 2 w 7 h- = H + -L
o Kl I 

Analytical Solution for Ground Water Flow 
After Reclamation 

(5) 

After reclamation (Figure I b), the ground water flow can be 
described by the following governing equation and boundary con
ditions: 

- Kh.-- + w = 0 d ( dhr) 
dx 1 dx 

(6) 

dh 1 -- = 0 
dx 

(x=O) (7) 

(8) 

K--- =K- x=L dh1
1 dhrl ( ) 

I dx x~L 1 -o 2 dx x~L 1 +0 I 
(9a) 
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where {K 
K= I 

K2 

(9b) 

(0 <X <LI) 

(LI <X< Ll + L2) 

In the previous equations, h, denotes ground water head after 
reclamation. Equation 9 presents the flow continuity conditions at 
the interface. Integrating Equation 6 with respect to x from 0 to x 
and using the left boundary condition in Equation 7 and the conti
nuity condition in Equation 9 lead to 

_ldh; 

2 dx 

X 
-w---~ 

K(x) 

Integrating Equation l 0 again with respect to x from x to L 1 + 
L2 and using the right boundary condition in Equation 8 yields 

l
LI +L2 X 

HG- h;(x) = - 2w x K(x) dx (11) 

1
L 1+L2 

1
L 1 JL 1+L2 

If 0 s x s Lp then = + , which leads to 
X X Ll 

The change of water table between 0 and L 1 due to reclama
tion can be calculated from Equations 5 and 12: 

( ) ( ) V
-2- -w(q - x2) (2L

1 
+ L2)L2 W 

h. X -h X = H + + -'-------'---____o_------" 
I 0 K K 

I 2 

(14) 

Equation 14 shows that there is always an increase in water 
table after reclamation since h, (x)- h (x) is always greater than 0. 
It is easy to understand that the maximum and minimum changes 
will occur at the original coastline (x = L 1) and at the water divide 
(x = 0), respectively: 

914 

( ) ( ) ~~Lf (2L1 + L2)L2w 
h 0 - h 0 = H + - + ---·---

r o KI K2 

(16) 
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Figure 2. Change of ground water level at the original coastline with 
the hydraulic conductivity of the reclamation materials for different 
reclamation lengths. 

Equation 15 shows that the maximum change of water level at 
the original coast is independent of Kp but depends on H0, Lp recla
mation length L2, and the ratio between the recharge rate w and K2. 

If the recharge is great and the hydraulic conductivity is low, the 
reclamation has a significant damming effect and the hydraulic pres
sure will build up. If the value of hydraulic conductivity is much 
greater than that of the recharge rate, then the damming effect of the 
reclamation may be insignificant. Equation 15 shows that the water 
table will increase as both L 1 and L2 increase, but the water table 
will increase much more significantly as L2 increases. Since for a 
particular coastal area, the parameters L1 and ware fixed, Equations 
14 or 15 can be used to discuss the ground water table change in 
response to fill materials of different K and scale of reclamation. It 
is possible to choose the fill materials and scale of the reclamation 
so that the original ground water regime remains as unchanged as 
possible. 

Discussion of the Solution Using a Hypothetical Example 
A hypothetical example is used to demonstrate the influence of 

reclamation on the ground water level in the aquifer system at a coast. 
Assume that the hydraulic conductivity of the aquifer is 0.1 m/day and 
the distance from the ground water divide to the coastline is 1000 m. 
The infiltration rate is 0.0006 m/day and H0 = 10m. The influence of 
the hydraulic conductivity of the reclamation materials and the scale 
of the reclamation can be discussed using Equation 14. 

Figure 2 shows the change of the water level at the original 
coastline with the hydraulic conductivity ~for different reclamation 
lengths (L2). The riseup of the water level at the original coastline 
decreases as K2 increases and L2 decreases. For low K2, the buildup 
of the water level at the interface can be great and is sensitive to the 
change of K2. When K2 is greater than 6 m/day, the buildup of the 
water level becomes less sensitive to K2_ 

Figure 3 shows the increase of water level with distance from 
the divide to the original coastline for different K2 when L2 = 
500 m. The water level change is the greatest at the original coast 
and decreases toward the water divide. The inland distance from the 
original coastline over which the water level will be significantly 
changed depends largely on K2. When K2 is low(= 0.5 or I m/day), 
the entire distance from the original coastline to the water divide will 
be affected. When K2 is increased to 1 0 m/day, the change is sig
nificant only within about I 00 m of the original coastline. 
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Figure 3. Change of ground water level in the aquifer with distance 
from the ground water divide for different hydraulic conductivity (Kz) 
of the reclamation materials when L2 = 500 m and K1 = 0.1 m/day. 

Impact of Reclamation on Ground Water 
in an Island 

The preceeding discussion assumes that the water divide is so 
far from the coast that the water divide remains unchanged after 
reclamation. The reclamation has an impact only on the ground water 
regime of one side of the hill. This assumption may not be valid for 
a large-scale reclamation near the hillside of a small island or 
peninsula, as is often the case in Hong Kong. In this situation, the 
reclamation on one side of the hill may cause the displacement of 
the ground water divide and eventually change the ground water 
conditions on the other side of the hill. This situation will be dis
cussed. The aquifer configurations are as shown in Figures 4a and 
4b. For simplicity, assume that the hill before reclamation is sym
metrical and the natural ground water divide is in the middle of the 
hill. 

Analytical Solution for Ground Water Flow 
Before Reclamation 

Figure 4a shows an aquifer system between two surface water 
bodies. It can be an island in the middle of the sea or a hill between 
two rivers. Without losing generality, assume first that the water lev
els in the two surface water bodies are different, with the water level 
in the left being H 1 higher than H2 on the right. Ground water flow 
in the aquifer can be described as (Bear 1979) 

-- Kh-- +w=O d ( dh) 
dx 1 dx 

(17) 

(x =0) (18) 

(19) 

The solution of Equations 17 through 19 is (Bear 1979) 

(20) 

Differentiating Equation 20 and using Darcy's law, the discharge per 
unit width q can be expressed as 

(a) ~ w 

Ground surface 

h, 
H, K, 

Impermeable bottom 

---------L,----------->i 

(b) 

~x --+t Impermeable bottom 
--------L,--..::::2~~------->-L,--

Figure 4. Ground water in an unconfined aquifer system in an island: 
(a) before reclamation; (b) after reclamation. 

dh Hi- H~ wL 1 q = - K h-- = K + wx- ---- (21) 1 dx 1 2L1 2 

For the island situation, the water levels H 1 and H2 in the two 
water bodies are the same. Equation 21 becomes 

wL 1 q = wx---
2 

(22) 

At the water divide q = 0 and the location of the water divide can 
be obtained: 

(23) 

which means that the water divide is at the middle of the island. 

Analytical Solution for Ground Water Flow 
After Reclamation 

The conceptual model after reclamation is shown in Figure 4b, 
in which the coastal line on the right side is increased toward the 
sea by L 2. The hydraulic conductivity of the reclamation is assumed 
to be K2• The mathematical model is 

- Kh ~' + w = 0 d ( dhl ·) 
dx 1 1

' dx 
(24) 

-K ~+w= d ( h dh2r) Q 
dx 2 2

' dx 

with boundary conditions 
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(26) 

(27) 

and the continuity conditions of ground water head and flux at the 
interface where x = L 1 are 

hli_(L1) = h2/L 1) (28) 

(29) 

where h 1, and h2, are the ground water heads in the original aquifer 
and the reclaimed area after reclamation, respectively. The general 
solutions for Equations 24 and 25 are 

(30) 

2 w 2 h2,= --x +c x+c K 3 4 
2 

where Cp c2, c3, and c4 are constants to be determined. 

Using the boundary condition in Equation 26, c2 in Equation 
30 can be obtained: 

(32) 

Using the boundary condition of Equation 27, Equation 3lleads 
to 

w 
- - L 2 + c L + c = H2 

K 3 4 2 
2 

(33) 

where L = L 1 + L2. 

Based on the head continuity condition of Equation 28, at the 
interface of the original soil and the reclamation soil, the head 
calculated from Equation 30 should be equal to that from Equation 
31. This leads to 

The flux continuity equation in Equation 29 is equivalent to 

dhfr 
K~ 

1 dx 

dh~, 
K~ 

2 dx 

(34) 

Replacing hT, and h~, by Equations 30 and 31, the following equa
tion is obtained: 

Or 

916 

K1 c = -- c 
3 K 1 

2 

(35) 

(36) 
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Adding Equations 34 and 33, noting that c2 = Hf (Equation 32) 
yields 

Solving Equations 36 and 37 with respect to c 1 and c2: 

K1 I wq w ( 2 2) 2 2l 
c3 = (LIK2 +~i1) lK1. + K2 L - L1 + H2- H1j 

(39) 
Substituting Equation 39 into Equation 33, c4 is obtained as 

(40) 

With all the integration constants being solved, Equations 30 and 
31 become 

(41) 

(42) 

On the basis of Darcy's law, 

1 dhT, 
--K~ 

2 1 dx 

At water divide q1, = 0, the location of the water divide can be 
found by setting Equation 43 equal to 0, which leads to 

(44) 

For the island situation, H2 = H 1, Equations 42, 43, and 44 can 
be simplified into the following equations, respectively: 



Discussion of the Analytical Solutions 

Change of the Water Level at the Original Coastline 
Due to Reclamation 

(46) 

(47) 

The water level change at the interface is ~h = h 1r (L 1) -

h(L1) = h1, (L1)- H2• Based on Equation 45 and H 1 = H2, 

fL~L2(L~-+ L2)- 2 
~h = +HI- HI 

LIK2 + L2KI 
(48) 

Equation 48 shows that the water level at the original coastline 
will be increased due to reclamation. The change of the water 
level is an increasing function of L 1 and L2 and decreasing function 
ofK1 and K2. 

Change of the Ground Water Divide 
Due to reclamation the water divide will change its position. 

Equations 23 and 47 are the locations of water divide before and 
after the reclamation. By subtracting Equation 23 from Equation 47, 
the change in the water divide is calculated as 

Equation 49 indicates that after reclamation, the water divide will 
move to the sea on the right side in Figure 4b. This is understandable 
because ground water cannot discharge to the sea on the right as 
freely as it was before the reclamation. Part of the ground water, 
which otherwise discharged to the right side, is forced to now to the 
sea on the left. Equation 49 shows that the displacement of the water 
divide depends on the geometry parameters of the system (L1 and L2) 

and the ratio of the aquifer hydraulic conductivities (K 1 and K2). The 
displacement is proportional to the reclamation length L2. When the 
geometry of the system is fixed, the displacement depends on the 
hydraulic conductivities ofthe materials. The displacement is small if 
the hydraulic conductivity (K2) of the reclamation materials is much 
higher than that of the original materials (K 1). 

Change of the Ground Water Discharge to the Sea on the Left 
The ground water discharge to the sea on the left, before and 

after reclamation, can be calculated from Equatons 22 and 46, 
respectively. The change of discharge ~qat x = 0 is therefore 
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Figure 5. Change of ground water level at the original coastline with 
the hydraulic conductivity of the reclamation materials for different 
reclamation lengths. (a) The hydraulic conductivity of the original 
materials = 0.1 m/day. (b) The hydraulic conductivity of the original 
materials = 0.5 m/day. 

The increase of discharge to the sea on the left is proportional 
to the infiltration (w) and the displacement of the water divide (~d). 
Equation 50 shows that the increase in the discharge to the sea on 
the left after reclamation equals exactly the infiltration received in 
the aquifer between the new and old water divides. 

Discussion of the Solution Using a Hypothetical Example 
The influence of the reclamation on the ground water regime 

in an island will be discussed using a hypothetical example. Assume 
that the distance between the coastlines is 2000 m and the infiltra
tion rate is 0.0006 m/day. The datum is taken as I 0 m below the sea 
level, so H1 = H2 =10m. 

The change of water level at the original coastline on the right 
(Figure 4b) can be calculated by Equation 48. Figure 5 shows the 
change of the water level with the hydraulic conductivity K2 for dif
ferent reclamation lengths (L2) when K1 is 0.1 m/day and 0.5 m/day, 
respectively. The buildup of the water level decreases as ~increases 
and L2 decreases. The impact of~ on the water level is negligible 
when the reclamation length is very small. The general pattern of 
Figure 5 is similar to that of Figure 2. It is seen from Figures Sa and 
5b that K 1 does not have much influence on rise up of water level at 
the original coastline. 

J.J. Jiao et al. GROUND WATER 39, no. 6: 912-920 917 



I 25o .--------------------------------------_, 
Q) 

"'C ·:; 
::c 200 
~ 

$ 
" ~ 150 
= 0 

!' 100 
0 

= Q) 

E 50 Q) 
u 
"' Q. .ra 

0 Q 

--L2 = 500m 

---- L2 = 300m 

---- · L2 = 1OOm 

' - ---------------~--

0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9 5 

Hydraulic conductivity of the reclaimed material, K 2 (m/day) 

I2so.---------------------------------------. Q) 

"'C 

::! 
~ 200 
Q) 

~ 
;: 
'¥ 150 
§ 
"' '5 100 

= Q) 

~ 50 
u 

" -.; 

--L2 = 500rn 

---- L2 = 300m 

---- L2 = 1OOm 

.~ 0+---~--~---,----.--~--~--~--~--~-~--~-~--~--~--~-~--~--~-~~~ 
Q 

0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 

Hydraulic conductivity of the reclaimed material, K2 (m/day) 

Figure 6. Change of displacement of ground water divide with the 
hydraulic conductivity of the reclamation materials for different 
reclamation lengths. (a) The hydraulic conductivity of the original 
materials= 0.1 m/day. (b) The hydraulic conductivity of the original 
materials = 0.5 m/day. 

On the basis of Equation 49, the displacement of the water 
divide (11d) is calculated and presented in Figure 6. In Figure 6a, it 
is assumed that hydraulic conductivity of the aquifer (K1) is 0.1 
m/day. When K2 is low(< I m/day), the displacement increases 
rapidly as ~ decreases and L2 increases. The displacement becomes 
very small as K2 increases. 

In Figure 6b, all of the parameters are the same except that the 
hydraulic conductivity (K 1) of the aquifer is increased to 
0.5 m/day. Compared with that shown in Figure 6a, the displace
ment in Figure 6b is generally much greater. Although the water 
level increase at the original coastline is not very sensitive to the 
Kl' as shown by Figures 5a and 5b, the displacement (and there
fore the ground water water discharge to the sea on the left) is very 
sensitive to K1• If K1 is great, reclamation on one side of the 
island will lead to significant modification of the regional ground 
water regime. 

Case Study 
In Hong Kong, a large portion of the coastal area is reclaimed 

to accommodate activities that contribute to the increasingly rapid 
growth of the economy and community. Figure 7a shows the orig
inal coastline of Junk Bay at Tseung Kwan 0 in the New Territories 
in Hong Kong, China. Between 1977 and 1996, a series of recla
mation projects were carried out in this bay area. Figure 7b shows 
the approximate coastline by 1998. The large scale of the reclamation 
will almost certainly modify the ground water regime near Junk Bay. 
The analytical solutions developed in this paper can serve as a sim-
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ple and quick estimation of the change of ground water conditions 
such as the water level rise at the original coastline and the move
ment of the ground water divide. 

The area around Junk Bay is underlain by weathered volcanic 
rock. The hydraulic conductivity of the weathered volcanic rock is 
about IQ-7 to IQ-4 m/sec (Geotechnical Control Office 1982). For 
this analytical study, the hydraulic conductivity is assumed to be IQ-6 

m/sec. The typical hydraulic conductivity of the reclamation mate
rial in Tseung Kwan 0 is 1.0 X 10-4m/sec (Shen and Lee 1995). 
A cross section (A-A in Figure 7b) is chosen for the analytical study. 
The original distance from the east to the west coasts was about 
2550 m. Assume that the ground water divide is in the middle. After 
reclamation, the west coast line moved into the sea by 
650 m. The average annual rainfall in Hong Kong is about 2080 mm 
(Anderson 1983). The infiltration coefficient is an important param
eter, but it is usually difficult to estimate. Different values of the infil
tration coefl'icients can be found in the literature estimated by 
researchers in the fields of water supply and slope stability studies. 
It is believed that the recharge coefficient for water supply purposes 
should be different from slope stability studies (Jiao et al. 1999). For 
water supply, the ground water resources are considered on a 
yearly basis and the recharge coefficient includes evaporation and 
transpiration losses. Tiedeman et al. ( 1998) studied the regional 
ground water flow through glacial deposits and fractured crys
talline bedrock and found that the annual ground water recharge from 
precipitation is about 23% of the long-term average precipitation. 
Ground water studies related to slope stability, however, concern the 
short-term response of the ground water to rainstorms. The evap
oration and transpiration losses are usually ignored. The 
Geotechnical Manual for Slopes (Geotechnical Engineering Office 
1997) suggested that 50% of the rainfall is produced as runoff and 
50% as infiltration. The case study in this paper focuses on the 
steady-state ground water flow over a long-term basis. The recharge 
is taken as 25% of the yearly rainfall. The annual infiltration rate 
w is therefore about 520 mm. 

The average thickness of the reclamation materials in Junk Bay 
is about 15 m and near the coast the sea level is about 10 m above 
the sea bottom (Territory Development Department of Hong Kong 
Government 2000). Ifthe sea bottom is taken as the datum, then H1 

= H2 = 10m. On the basis of Equation 48, the change of the water 
level at the original coastline is estimated to be ll m. The change 
of ground water divide is estimated by Equation 49. The water divide 
is moved to the east by 4.0 m. Because of the movement, the east 
coast will receive additional ground water of 0.006 m2/day per unit 
length of the coastline. The change of the water level at the origi
nal coastline is significant and should be considered in stability stud
ies of the slopes near the reclamation areas. The movement of the 
ground water divide and modification of the ground water dis
charge to the sea on the east are, however, insignificant for this par
ticular case. This is because the hydraulic conductivity (K1) of the 
original materials is very low. It should be born in mind that these 
estimated values are sensitive to the aquifer parameters K1 and K2, 

which are uncertain in this case study. If K 1 = 1 o-5 m/sec, the dis
placement of the divide will be 40 m and the discharge per unit width 
0.06 m2/day. 

Limitations of the Analytical Solutions 
Limited by the analytical approach, the conceptual models 

introduced in this paper are highly simplified. They do not include 
the heterogeneity of the aquifer system, complicated topography of 
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Figure 7. Coastlines at Tseung Kwan 0, Hong Kong, China (a) in 1977 and (b) in 1998. 

the coast areas, etc. Coastal areas are usually the ultimate dis
charge zones of regional ground water flow and very often the flow 
near the coast shows an upward pattern, while the analytical solu
tions assume that flow is virtually horizontal and that the Dupuit 
assumptions satisfy. In a coastal aquifer system, there is com
monly a multilayer aquifer system (Chen and Jiao 1999; Jiao and 
Tang 1999), but the analytical solutions assume that there is only 
an unconfined aquifer. The water table in the aquifer near the coast 
is usually very shallow and there may be a seepage zone. After recla
mation, the fill materials will retard the lateral flow to the sea and 
a part of the ground water may be forced to discharge as springs at 
the ground surface near the contact zone between the old coastline 
and the reclamation area. Again, this cannot be modeled by the sim
ple analytical solutions. 

Furthermore, the change of the ground water regime in response 
to reclamation is an unsteady process and can be rather slow in 
time. The hydraulic conductivity of the reclamation materials may 
decrease with time due to gradual consolidation and therefore will 
make the impact of reclamation on ground water level more signif
icant. While the analytical solutions can easily be used to clearly 
demonstrate the change of the ground water conditions in response 
to reclamation, a rigorous study of the issue including all the features 
discussed will require a regional three-dimensional numerical ground 
water tlow modeling. This will be a topic for further study. 

Summaries 
Analytical solutions have been derived to discuss the impact of 

reclamation on ground water regimes in a hillside or island. These equa
tions can be used to estimate the increase of the water level in the coastal 

area due to reclamation. The case studies show that the increase can 
be significant if the scale of reclamation is great and the hydraulic con
ductivity of the reclamation materials is low. If the reclamation length 
is comparable to the distance from the coast to the water divide, the 
ground water divide will move significantly toward the reclamation site. 
In this case, the reclamation may change not only the ground water con
ditions in the coastal area around the reclamation site but also that on 
the other side of the hill or peninsula, due to the change of the water 
divide. Consequently, additional ground water will be discharged to 
the sea on the other side of the island. Although the impact of the recla
mation on ground water regime near the reclamation site may be 
easily understood, the influence on the coastal area opposite to the recla
mation site may be ignored. For a real reclamation site, the response 
of ground water regime to a large-scale reclamation should be stud
ied in detail since it may in turn change the coastal environment, 
flooding pattern, and stability of the slopes and foundations. 
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