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Abstract 
 
A large-scale land reclamation project is now being carried out at Penny’s Bay, Lantau Island, 
Hong Kong. The completed reclamation will provide 2.8 km2 of land for the construction of the 
new Hong Kong Disneyland and other essential infrastructure developments. The impact of this 
project on various aspects such as ecology and environment has been widely discussed. This paper 
studies the change of groundwater system around the bay area in response to the land reclamation.  
This paper also predicts the possible pathway of the contaminated groundwater due to Cheoy Lee 
Shipyard, which was located on the north and eastern shores of Penny’s Bay and had operated for 
almost 40 years. Some findings are observed on basis of the preliminary study. 1) After 
reclamation the total groundwater head in the entire model area is increased and the slopes 
immediately behind the original coast of the Bay have the most significant buildup in total head.  
2) The seepage along the coastlines beyond Penny’s Bay will be increased in response to the 
reclamation and along Yam O Wan the seepage is increased most significantly. 3) If the 
contaminated soil near Cheoy Lee Shipyard is not removed, the 
contaminated groundwater will not spread out much within Penny’s 
Bay but will migrate northeast toward Yam O Wan. FEMWATER, a 
three-dimensional finite element ground water model, is used in 
this study. It should be noted that this paper is entirely based on desk 
computer simulation and all the basic data such as aquifer properties and infiltration coefficient are 
assumed values.  The overall qualitative conclusions of the study are believed to be reasonable but 
quantitative values of the computer output such as groundwater head or contaminant travel time 
may be very uncertain due to lack of actual data and field hydrogeological study from this 
reclamation site.  
 
Background  
 
In November 1999, the HKSAR Government announced that agreement had been reached with the 
Walt Disney Company to build a Disney theme park in Hong Kong.  Penny’s Bay at Lantau Island 
was selected as the best site for constructing such a park. The topography of Penny’s Bay is shown 
in Figure 1. This project for land formation and infrastructure for the park consists of several 
major works elements, including the reclamation of about 2.8 km2 of land in Penny’s Bay. The 
works started in May 2000 and the entire works are expected to complete by the end of 2008. 
 
The reclamation methods and fill materials vary over the site with the different stages. The marine 
mud in the areas for seawall will be dredged.  The mud in other areas will be largely left in place.  
Over 70 million m3 of fill material (including surcharging) will be placed in the reclamation area. 
The fill materials vary and can be marine sand from deeper sea deposits, river sand from Mainland 
China, decomposed igneous soil, construction waste, and public fill which will otherwise be 
disposed at strategic landfills or fill banks.  The elevation of final ground surface after reclamation 
will be about 11 mPD.  
 
The bedrock around Penny’s Bay is largely feldsparphyric rhyolite.  The coastal area near Yam O 
Wan consists of tuff.  The stratigraphy of the Quaternary deposits at the site is primarily a two-fold 
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succession of soft mud of the Hang Hau Formation overlying a complex mixture of firm to stiff 
silty clay with some sand and silt which forms the Chek Lap Kok Formation.  
 
A former shipyard called Cheoy Lee Shipyard (CLS) was located on the north and eastern shores 
of Penny’s Bay with a site area of about 0.19 km2. It commenced operation in 1964 that included 
boat manufacture, repair and maintenance. The shipyard was decommissioned in 2001 to make 
way for roads and other infrastructure linking Penny's Bay. In early January 2000, it was reported 
that the soil on CLS site had been seriously polluted over the years by oils, heavy metals, dyes and 
organic solvents brought about by ship-breaking activities and the disposal and burning of wastes 
on site. A number of substances require specialized forms of treatment to ensure their eradication 
from the site. Notable among these is dioxin-contaminated soil, a cancer-causing chemical 
produced by burning plastic or polyvinyl-chloride (PVC) materials. The contract for the 
excavation and demolition of the CLS was awarded in July 2002 with the work commencing in 
September 2002, involving the removal of around 87,000 m3 of contaminated soil from the site. It 
is difficult to remove all the contaminated soil entirely. Even if the soil can be removed, the 
contaminated groundwater around the site may still cause problems.  
 
Large-scale land reclamation may modify regional groundwater flow system and theoretically 
such modification usually has adverse engineering and environmental consequences (Jiao, 2000; 
Jiao et al, 2001). For the Penny’s Bay reclamation project, although there are studies on various 
issues such as marine environment and coastal ecology related to this reclamation project, there 
seems no study to understand the change of the groundwater flow system due to the reclamation.   
This paper will carry out a desk study on the groundwater flow systems near Penny’s Bay before 
and after the reclamation and predict the possible pathway of the contaminated groundwater 
originally caused by CLS. The possible engineering and environmental effects caused by the 
change in groundwater system will be discussed. The investigation in this paper is largely 
conceptual and by no means comprehensive due to lack of hydrogeological data from the site.   
 
Assumptions and parameters used in this study 
 
This conceptual numerical study is based on many assumptions. All the coastal lines are treated as 
fixed-head boundaries, with constant head of 1.23 mPD. The west boundary is chosen to be over 
3km from the Penny’s Bay and represented by a no-flow boundary.  The bottom boundary of the 
model is selected to be -20 mPD and impermeable. The soil above the impermeable bottom is 
divided into two layers.  The boundary between the lower and upper layers is chosen to the middle 
point between the ground elevation and -20 mPD.   The geological material in each layer is treated 
as homogeneous and isotropic. It is assumed that in the upper layer, Kx=Ky= 10-5 m/s, and in the 
lower layer, Kx=Ky= 10-6 m/s (Table 1).  These values are within the typical permeability range of 
decomposed granite in Hong Kong  (GEO, 1993).  
 

Table 1  Key aquifer hydraulic and transport parameters used in the model 
Parameter Top layer Bottom layer 

Permeability 10-5 m/s 10-6 m/s 
Longitudinal dispersivity 10 m 10 m 

Lateral dispersivity 1 m 1 m 
Molecular dispersion coefficient 0.0001 m2/s 0.0001 m2/s 

 
Although a reclamation site is a man-made land by dumping fill materials, usually the nature of 
the soil in a reclamation site can be as heterogeneous, or even more heterogeneous than, natural 
geological materials.  The permeability in a reclamation site is extremely unpredictable and varies 
with fill materials and the method of placement. On the basis of laboratory testing, the typical 
range of permeabilities for compacted fill materials of completely decomposed granite and 
volcanics are 10-6 - 10-7 and 10-6 - 10-8 m/s, respectively (GEO, 1993).  The marine sand is 
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probably the most permeable material among the commonly used fills.  In the investigation on the 
hydraulic fill performance conducted by Shen and Lee (1995), the typical permeability of marine 
sand used in the generalized soil profile in Tseung Kwan O is quoted as 1.0×10-4 m/s and that in 
West Kowloon is 6.0×10-5 - 8.0×10-5 m/s. The permeability value in the field is usually much 
lower than that estimated in laboratory. While the quality and nature of fill at the site can be 
extremely variable, there is usually a layer of soft marine mud at the seabed beneath reclamation 
sites.  The permeability of the marine mud is usually extremely low, with a range of 10-7 – 10-9 m/s 
(Kwong, 1996).  This layer of mud is usually troublesome.  It gradually becomes less and less 
permeable as consolidation continues. In this study, the reclaimed site is represented by two layers.  
The permeability of this two layers is treated as the same as the background soil.  
 
Rainfall is the dominant recharge to the groundwater system.  The recharge rate is chosen to be 
1.27 x 10-8 m/s, which is about 20% of the average annual rainfall of 2000 mm in Hong Kong.  
Since this study concerns long-term change of the groundwater flow system, only steady state is 
simulated. A steady state flow model is run before land reclamation, then another steady state 
model is run after land reclamation.  
 
FEMWATER, a three-dimensional finite element ground water model (Lin, et al, 1997), is chosen 
for this modeling study.  This code is run via GMS (groundwater modeling system) developed by 
Brigham Young University under the direction of the U.S. Army Corps of Engineers.   Before 
reclamation, the study area is discretised into 3542 nodes and 5124 elements, after reclamation, the 
model area is discretised into 4382 nodes and 6618 elements.  
 
Groundwater system before and after reclamation 
 
Figure 2 shows the total groundwater head distributions in the groundwater system near Penny’s 
Bay before and after reclamation. Before reclamation, total groundwater head is high at two 
topographical centers near Tsing Chau Tsai and Yam O, which are located to the east and west of 
Penny’s Bay. There is a groundwater divide between Penny’s Bay and Yam O Wan.  After 
reclamation, there is a regional increase in total groundwater head. The groundwater divide 
originally between Penny’s Bay and Yam O Wan has moved to be within Penny’s Bay.   The high 
total head originally located at the hilltop of Tsing Chau Tsai has moved to areas immediately 
behind Mong Tung Hang, which is on the east coast of Penny’s Bay. As can be seen from Figure 
2b, a high hydraulic gradient, which indicates high seepage, toward the coastal slopes can also be 
observed near Mong Tung Hang.  Table 2 lists the percentage increase of total head in a few 
selected locations shown in Figure 2b. The slopes (Locations A-C) around the Bay have a great 
increase in total head.  The total head at Location A has been almost tripled. The total head in 
areas (Location D-F) far from Penny’s Bay also has a significant increase.   The head at Location 
E near Sze Pak has increased by almost 60%.  
 

Table 2 Percentage increase of total groundwater head in selective points after reclamation 
Location A B C D E F 

Increase in head 196% 178% 153% 16% 58% 35% 
 
As can be seen from the 16 m contour near the western model boundary before and after 
reclamation, the head there has the smallest increase in total head, which indicates that the 
reclamation has limited impact on areas that are far from the Bay.  This also shows that the choice 
for the location of the western model boundary is reasonable.  
 
Figure 3 shows the groundwater flow directions before and after reclamation.  The reclamation has 
led to a change in the flow pattern not only near the Bay but also to areas beyond it. For example, 
before reclamation, the coastal area near Sze Pak does not show an obvious groundwater 
catchment, but after reclamation, there is a well-defined groundwater catchment behind the slopes 
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near Sze Pak. Before reclamation, the coastal area behind Fa Peng indicates an obvious 
groundwater catchment, but after reclamation, the catchment is much larger with strong 
convergent flow toward the coastline.  
 
Figure 3b also shows that towards the centerline of Penny’s Bay, there is a strong groundwater 
convergent flow (see the shadow strip inside the Bay). It is expected that the groundwater level 
may be reduced if a zone of very permeable fill materials is placed along this centerline.  This 
demonstrates that, if the possible impact of land reclamation on groundwater regimes is 
investigated in advance of the reclamation project, there are certain measures that can reduce the 
buildup of the water levels and the possible environmental and engineering consequence of land 
reclamation.  
 
FEMWATER can output the boundary flux which provides information on the seepage rate along 
the coastline.  Three portions of the coastline A-A’, B-B’ and C-C’ (see Figure 3b) are chosen for 
detailed discussion. The results indicate that the seepage rate along the three portions of coastline 
has increased by 26%, 34%, and 26% respectively.  Obviously reclamation has led to a significant 
increase in submarine groundwater discharge. The increase along the coastline near Yam O Wan is 
the most significant.  
 
Contaminant transport in response to reclamation 
 
To understand how the contaminated groundwater below the CLS will transport and spread out 
after land reclamation, transport simulation was carried out using FEMWATER.  Some of the key 
transport parameters used for this simulation are listed in Table 1.  Measurement of transport 
parameters is usually more uncertain than that of hydraulic parameters and the movement of 
contaminants is dominantly controlled by hydraulic parameters such as permeability and flow 
velocity (Zheng and Jiao, 1998).   A source with a concentration of 100% is added to a nodal point 
near the location of CLS.  The plumes after 5, 10, 50, and 100 years are presented in Figure 4. 
After reclamation, the original site of CLS is located at the groundwater divide (Figure 2b) where 
groundwater flow velocity is small. Consequently the plume does not seem to spread very far at 
the beginning. At about 50 year (Figure 4c), the overall plume looks symmetrical, but it tends to 
spread more toward the coastal area away from Penny’s Bay.  By about 100 years, the 
contaminated groundwater has reached the coastline near Yam O Wan, as shown by the contour 
for 5% contamination concentration.  Although the CLS site is located at the coast of the original 
Penny’s Bay, due to the groundwater flow pattern modified by the land reclamation, the 
contaminated groundwater will not spread significantly within Penny’s Bay.  Instead, it travels 
northeast to areas away from the Bay.  
 
Possible engineering and environmental impact of the land reclamation 
 
It is well accepted that an increase in groundwater head will reduce slope stability.  Therefore, 
slope stability will be affected in the areas where the total groundwater head is significantly 
increased.  The areas with the most significant increase in head are the slopes near A, B, C (Figure 
2b).  The slopes near B (Figure 2) are most vulnerable since not only has the water level increased 
significantly but also the slopes are quite steep (Figure 1).  Drainage measures can be taken to 
reduce the groundwater level rise in these areas and minimise slope instability.  
 
Attention should also be paid to areas beyond the vicinity of the reclaimed area.  These areas are 
easily ignored by most people not linking groundwater change with areas far from the reclamation 
site. Among the slopes near areas D, E, and F, the slopes near E or Sze Pak (Figure 2b) would be 
of some concern since groundwater levels there is significantly affected by the reclamation and 
have steep slopes.  
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Groundwater seepage along the coastlines is also altered due to the reclamation.  Some seepage in 
areas with low ground elevation may rise to become surface water, which will increase the chance 
of flooding in the case of heavy rainfall.  A one third increase in groundwater discharge to the sea 
near Yam O Wan may have certain impact on the quality of the coastal waters.  If the 
contaminated soil is not fully dredged and the contaminated groundwater at CLS is not pumped 
and treated, the contaminated groundwater will eventually travel beyond Penny’s Bay and damage 
the coastal water quality near Yam O Wan. The modeled contaminated groundwater, however, 
does not appear to spread far within the Penny’s Bay area.   
 
Limitations of the numerical simulations 
 
The numerical simulation in this paper is not based on a real 
hydrogeological study of Penny’s Bay and all the parameters have 
been assumed. None of the geological features such as fault zones 
and fracture network were considered.   The aquifer system is 
assumed to be unconfined, while in reality there may be confined 
groundwater along the fractured zone near the rockhead (Jiao and 
Nandy, 2001).   The model is run only for steady state. The entire 
system, including the background soil and the fill materials, is 
only divided into two layers.  Each of the layers is assumed to be 
homogeneous and isotropic, while in reality both the background 
soil and the fill materials are heterogeneous.  The rainfall 
recharge is uniform everywhere in the study area, but actually the 
recharge in the developed area will be much lower than the natural 
area.   It is assumed that there is a clear-cut sea-land boundary 
and all the model layers are in perfect contact with the seawater.  
The density difference between fresh groundwater and seawater is 
ignored.  In addition to the reclamation within Penny’s Bay, there 
is also reclamation along the northern coastline of Lantau, but 
this is not included in this study.   The change in groundwater flow pattern 
and transport of contaminants would be much more complicated if all the geological, 
hydrogeological features, and other factors mentioned above are considered.    
 
Summary 
 
This paper conducts numerical studies on the impact of land reclamation on a simplified 
groundwater flow system near Penny’s Bay. The modeling results indicate that there is a regional 
increase in total groundwater head after land reclamation. The change of groundwater head near 
the Bay is the most significant, with a head increase of almost 200%.  The areas beyond the Bay 
have also appreciable increase in groundwater head.  The change in the groundwater system is also 
reflected in submarine groundwater discharge.  The area with the largest increase in submarine 
discharge is along the coast opposite to Penny’s Bay.  If the contaminant source at CLS is not 
completely removed, the contaminated groundwater may eventually migrate to the coast of Yam O 
Wan and have an impact on the coastal water quality.  Attention should be paid to the stability of 
the slopes in the areas within and beyond the reclamation area.   A considerable water level rise 
may occur due to reclamation and the provision of drainage may be essential to manage this rising 
water level.  The increase of seepage to the neighborhood coast may impact the coastal water 
quality. In low and flat areas, some seepage may flow to the ground surface and increase the 
possibility of flooding during heavy rainfall periods.  This paper also demonstrates that, if 
hydrogeological study is carried out, it is possible to design the reclamation project to choose the 
placement locations of the fill materials of different permeability so that the increase in 
groundwater level can be managed and the environmental and engineering impact can be 
minimized.  It should be pointed out that the detailed numbers from this modeling study for the 
increase in water level and travel time of the contaminants may not be realistic since the model is 
not based on actual hydrogeological information. Though it is believed the general conclusions 
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about the change of the groundwater pattern and the overall contaminant spread are reasonable. 
Field hydrogeological information and more comprehensive modeling studies are needed before 
more robust conclusions can be made.  
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Figure 4 Groundwater contaminant plumes at different times after reclamation 
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