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Abstract

It is customary in Hong Kong to assume that the hydraulic conductivity of weathered igneous rocks decreases with depth or as
the rock mass becomes less weathered. Such a hydraulic conductivity pattern can only lead to an unconfined aquifer. This paper
presents a case study in the regions in and around the Mid-Levels area in Hong Kong regarding a possible relatively high hydraulic
conductivity (K) zone and confined groundwater along the rockhead. The Mid-Levels area is located at the lower part of the north-
facing slopes of Victoria Peak on Hong Kong Island and is prone to landslides. Although this site has a long history of geotechnical
studies because of extensive urban development along the coast and public concern on slope stability, hydrogeology of the site
remains poorly understood. This paper reexamined the hydraulic conductivity data in 7 boreholes conducted in the 1970s and
found that 4 of them indicate an increase in K at the rockhead. Groundwater conditions revealed by tunnel construction at the coast
suggest that K close to the rockhead is about 10 times greater than above rockhead. A careful analysis of storm response of a
piezometer group with tips in different depths indicates that there was an upward flow from the bedrock to the colluvium. A field
study of two overflow standpipes conducted by the authors showed that the water level can be 0.64 and 3.73m above the ground
surface, which illustrates that the deep groundwater is significantly artesian. A search of the archived site investigation reports from
the government and private companies has led to an identification of about 24 sites with overflow boreholes, which suggests that
overflow phenomenon is quite common in the study area. The paper then concludes that in the study area there is a relatively high
K zone along the rockhead and the groundwater in the zone is confined. It is recommended that geotechnical engineers should
carry out a more careful field study on an overflow borehole because such a borehole indicates a confined groundwater condition
important for slope stability study and foundation design.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The study area is located at the lower part of the
north-facing slopes of Victoria Peak on Hong Kong
Island, Hong Kong Special Administrative Region,
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China (Fig. 1). The study area can be divided into two
parts with significantly different modes of development.
The upper part of the area (>170mPD) is essentially a
natural slope (see the area with topography contour lines
in Fig. 1) with minimal urban development. In contrast,
the lower part of the area has been extensively urbanized
(see the area with street lines in Fig. 1).

The study area is centered by the Mid-Levels area
(see Fig. 1). A rather comprehensive study on geology
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Fig. 1. Location and geology of the study area in and around the Mid-Levels. The location of the geological cross-section A–B shown in Fig. 2 is also
presented. This map is based on the Geological Map of Hong Kong (GEO, 1999) and the geological information from GCO (1982).
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and hydrology of the Mid-Levels area, called Mid-
Levels Study, was carried out by the Geotechnical
Control Office (GCO), now Geotechnical Engineer-
ing Office (GEO), of Hong Kong Government in the
end of the 1970s (GCO, 1982). The main objective
of this project was to understand the mechanisms of
a fatal landslide, called Po Shan landslide, which
occurred in this area in 1972 and killed 67 people.
Hundreds of boreholes were drilled in the Mid-
Levels area and various hydraulic conductivity (K)
tests were carried out. Although these tests were
conducted at different depths and different boreholes
using various methods, the test data were grouped
based on the depth from the ground surface or the
degree of weathering. There is a significant scatter
but a trend of reducing K with depth is apparent
(GCO, 1982), which seems to suggest that K
decreases progressively as the depth increases or
the rock becomes less decomposed. This pattern has
been adopted in GEO manuals and widely used in
Hong Kong.

Such a hydraulic conductivity pattern can only lead
to an unconfined aquifer system. As the regionally
influential and internationally cited Geotechnical Man-
ual for Slopes states (GEO, 1994, p. 55), “in Hong
Kong, aquifers are usually unconfined”. All the guide-
lines in the manual about hydrogeological studies for
geotechnical purposes are then largely based on the
assumption that the aquifer is unconfined and there is
little instruction for the case of a confined aquifer. For
example, piezometers (or standpipes) are required to be
installed for site investigation purposes. For a typical
piezometer with water level below ground surface, the
geotechnical engineers conduct falling head or constant
head tests to estimate K and monitor the water level for
few days to weeks, as required by Geoguide 2 (GEO,
1997b). However, for an overflow piezometer (ground-
water flows out of the top of the piezometer), a
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phenomenon of artesian groundwater under high
pressure and of importance for slope and foundation
design, local engineers simply mark “overflow” or
“water level=ground surface” in their site investigation
reports without any further investigation.

The hydrogeology and groundwater flow in the study
area were first reported in the 1980s (Leach and Herbert,
1982; Lerner, 1986) as result of the Mid-Levels Study
carried out by GCO. Recently, Jiao et al. (2006)
presented a cross-section numerical model to understand
the possible change in the groundwater system due to
land reclamation and construction of building founda-
tion. To reproduce the observed piezometric behavior of
the groundwater system, the model had to include a
highly permeable zone at the rockhead. It was then
speculated that there may be a confined groundwater
zone in the Mid-Levels area (Jiao et al., 2006). Leung et
al. (2005) examined the factors affecting the ground-
water chemistry in the Mid-Levels area. Leung and Jiao
(2006a) analysed the change of groundwater chemistry
from 1896 to present in the Mid-Levels area. Leung and
Jiao (2006b) discussed the heavy metal and trace
element distributions in groundwater in this area.

After collecting and reexamining critically published
K hydraulic conductivity data and groundwater obser-
vations from geotechnical activities scattered over
various areas in Hong Kong, including tunneling, pile
construction, deep excavations, site investigations and
slope works, Jiao and Malone (2000) and Jiao et al.
(2005) demonstrated that, at least in some locations, a
relatively high K zone may exist at depth, either in the
lower saprolite or at the rockhead.

This paper will focus on the hydrogeology of a
specific region around the Mid-Levels area. Some of the
hydraulic conductivity and piezometric data collected in
the 1970s by GCO (1982) were reexamined. Borehole
data resulting from various site investigation reports
were also dug out from private companies and
government archives to check for interesting hydro-
geological features. Finally, the mechanisms of the
overflow standpipes observed recently in at No. 52,
Hollywood Road were also investigated. The hydraulic
conductivity profiles indicate that there may be a
relatively high hydraulic conductivity zone along the
rockhead and the piezometric data and the artesian
standpipes demonstrate that there is a confined ground-
water zone near the rockhead in the study area.

2. Geology

The geology is dominated by two rock types, acidic
volcanic rocks and a granitic intrusion (Fig. 1). These
igneous rocks were formed during Mid-Jurassic to
Early Cretaceous. The granite underlies most of the
developed area. Volcanic rock underlies the upper
undeveloped slopes. Both lithologies have been
subsequently intruded by basaltic dykes. In several
locations, the irregular contact between the granite and
volcanic rocks crosses the area and is disrupted by
normal faults (Fig. 1), which are mainly in NE–SW and
NW–SE directions. The coastal areas are largely
reclaimed from the sea and are covered with fill
materials.

The granite is extensively weathered in most areas,
with depth of up to tens of meters of silty sand residual
soil. The volcanic rocks are usually fine-grained and
have a blocky structure, with close joint space. They are
more resistant to weathering than granite, and the final
product is silty/clayey residual soil with some quartz
sand. The residual soil mantles are only up to 20m thick.
Generally, the volcanic rockhead is much shallower than
that of granitic rocks.

In Hong Kong, the weathered rock materials are
classified into six grades by the GEO (GEO, 1997a):
residual soil (VI), completely decomposed rock (V),
highly decomposed rock (IV), moderately decom-
posed rock (III), slightly decomposed rock (II), and
fresh rock (I). Saprolite is defined as the zone
dominated by Grades V and IV. The rockhead,
which is the upper boundary of bedrock, is defined
as the upper surface of a zone dominated by Grade III
(Jiao et al., 2005).

A long history of engineering activities has
resulted in hundreds of boreholes in this area.
Using these borehole data, the authors have con-
structed a three-dimensional geological model (not
shown here) in this area. Fig. 2 shows a geological
cross-section passing through the site. The study area
is covered by colluvium, which was derived mostly
from volcanic and granite on the higher slopes. The
thickness of colluvium varies considerably from 0 to
5–20m in mid-slope. The depth of weathering in the
granite below the colluvium cover varies from 2 to
3m in the upper slopes to depths of over 50m in the
lower slopes.

3. Hydraulic conductivity (K) distribution

Over 400 boreholes were installed in the Mid-
levels area as a result of the Mid-Levels Study and
many hydraulic conductivity tests (borehole tests,
infiltration tests, pumping tests, and laboratory tests,
etc) were conducted (GCO, 1982). The hydraulic
conductivity test data from all of the boreholes were



Fig. 2. Simplified geological section through A–B (see Fig. 1 for location).

210 J.J. Jiao et al. / Engineering Geology 84 (2006) 207–219
plotted together (GCO, 1982, p142–144). There is a
significant scatter but a trend of reducing K with
depth is apparent. Based on these plots a conclusion
was made that K decreases as the depth increases or
the rock becomes less decomposed. This pattern has
been adopted in GEO manuals and widely used in
Hong Kong.

It is believed that the general hydraulic conductiv-
ity trend from the plots which grouped the various
test results from different boreholes based on the
depth from the ground surface or the degree of
weathering can be misleading (Jiao et al., 2006). The
authors attempted to obtain all the original K data
used to generate the plots in the report by GCO
(1982), but only managed to obtain two unpublished
interim reports (GCO, 1980a,b) which include some
of the original hydraulic conductivity test data. The
interim reports have test data from 10 boreholes.
Seven of them have results for the entire profile from
the soil near the surface to the bedrock. The location
of these seven boreholes is marked in Fig. 1 (note that
ML62C and D are almost in the same locations) and
the hydraulic conductivity data are reproduced in
Fig. 3.

Among the seven boreholes, K values from four
boreholes (ML54, ML55A, ML62C, ML62D) do not
follow the pattern that the hydraulic conductivity
decreases with depth. ML55A shows clearly that K
increases gradually from about 10−7m/s in the zones
dominated by Grades V and IV to over 10−6m/s in the
zones dominated by Grade II materials. Obviously there
is a relatively more permeable zone along the fracture
network near the rockhead. The last one or two
measurements in the profiles of ML54, ML62C and
ML62D also show that K in Grade II or the zone near
Grade II can be one or two orders larger than the
overlying zone.

This demonstrates that it is more reasonable to
examine the K profile based on the individual borehole
than the so-called overall hydraulic conductivity trend
based on many boreholes. Jiao et al. (2005) discussed
the possible reasons why the zone dominated by Grades
II to III can be more permeable than the zone dominated
by Grades IV to V.

Jiao et al. (2005) recently reviewed the groundwater
conditions associated with tunnel construction, which
suggest that a relatively more permeable zone along
the rockhead was also observed in local tunneling
activities (Twist and Tonge, 1979; Bevan, 1984;
Cowland and Thorley, 1985). An example in the
study area is the seawater tunnel construction below
the Hongkong and Shanghai Banking Corporation
(HSBC) in Central district of Hong Kong (see Fig. 1
for location). A considerable thickness of completely
to highly decomposed granite exists in the area around
HSBC. Cowland and Thorley (1985, p. 4) found that,
while the K tests undertaken in this material showed
a wide variation of values, there was a trend of
increasing K with depth. The more permeable zone
was further confirmed by Troughton et al. (1991, p.



Fig. 3. Change of measured hydraulic conductivity (K) with depth in boreholes (see Fig. 1 for location) (data from GCO, 1980a,b).
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414) who stated that a series of constant head water
extraction tests which had previously been done in the
completely decomposed granite also showed that at a
depth of 10m above rockhead the average permeability
was 6×10−6m/s whereas close to rockhead it was
6×10−5m/s.
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4. Highly hydraulic conductivity zone in bedrock
indicated by piezometric response

In many cases, hydraulic conductivity data are
unavailable. Even when the data are available, borehole
K tests are prone to uncertainties of various kinds. Since
the hydraulic conductivity characteristics of the weath-
ering profile will be reflected by the piezometric
response to rainfall, the response at different depths
within the profile may give insights into the distribution
of K with depth.

Fig. 4 shows the piezometric response to rainfall
with depth near No. 35, Conduit Road (see location in
Fig. 1) in the Mid-Levels between July 10 and 16,
1980 (GCO, 1982). The readings were taken on an
approximately hourly basis. The details of the vertical
locations of the piezometer tips and the geology of the
site are shown in Fig. 5. The tips of the piezometers
are located in what was described as colluvium,
decomposed granite, and granite bedrock (GCO,
1982). More detailed information on the geology of
the site and location of the piezometer groups can be
found in GCO (1982).

GCO (1982) presented these curves without any
discussion. Pop et al. (1982) discussed these piezometric
data and concluded that the distribution of pore water
pressure within the decomposed granite indicates
upward flow from bedrock. Jiao and Malone (2000)
Fig. 4. Piezometric response caused by rainfall in piezom
reexamined these curves more carefully. Before the
rainfall began, Points D and E were in the regional
saturated zone. Point B had a measurable water level
and therefore was in a local saturated zone. The two
saturated zones were separated, since Point C was
dry. Therefore, there must be a relatively low
permeable material between the zones. Most of the
rain fell on July 11 and 12. The water level at Points
A and B showed a fairly immediate rise caused by
local infiltration. By the end of July 12, Point E, at
the lowest elevation, began to rise, then Point D,
followed by Point C. Point E began to rise when
Point C was still dry. As infiltration proceeded, the
two saturated zones met. When the water level at
Points A and B began to decline, the water level at
Points D, C, and E increased quickly and reached a
maximum by July 16, by which time there had been
no rain for 2 days.

The most plausible hypothesis to explain the above
observations is as follows (Jiao and Malone, 2000): 1)
the early rise in pressure at Point E in the bedrock is
mainly caused by pressure transmission through
‘Grade III’ after infiltration in the remote upper part
of the slope, which suggests that there is a rather
permeable zone near the bedrock. This will be further
explained by the conceptual model in Fig. 9. 2) There
was a significant delay in pressure response near the
bedrock to rainfall. 3) The change in hydraulic head in
eter group ML113 (GCO, 1982; Pop et al., 1982).



Fig. 5. Simplified geological profile around ML113 (modified from Pop et al., 1982).
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the bedrock was much greater than that in the
saprolite. A considerable vertical upward flow from
the rockhead zone to the colluvium was generated after
rainfall.

If the above hypothesis is correct, a high conduc-
tivity zone exists at rockhead in this part of the study
area.
Fig. 6. Schematic structure of boreholes BH1 and BH3 at No. 52,
Hollywood Road.
5. Overflow boreholes

5.1. Overflow boreholes at No. 52, Hollywood road

In September 2002, site investigation was carried out
at a redevelopment site at No. 52, Hollywood Road (see
location in Fig. 1), where an old building was to be
demolished and replaced by a new one. Two standpipes
(BH1 and BH3) installed at the site were reported by the
contractor showing overflow: groundwater flowing out
Table 1
Chemical parameters of water samples from BH1 and BH3, seawater
and tap water

Parameter BH1 BH3 Seawater Tap water

Na+ (mg/l) 60.40 37.19 10,500 11
Mg2+ (mg/l) 6.89 3.62 1350 1.61
K+ (mg/l) 15.42 11.74 380 2.82
Ca2+ (mg/l) 22.43 16.56 400 20.39
SiO2 (mg/l) 16.73 16.41 1.22 1.99
F− (mg/l) 0.11 0.14 1.3 0.48
Cl− (mg/l) 141.10 94.44 19,000 21.07
NO2

− (mg/l) 0.00 2.6 0.13 0
Br− (mg/l) 1.21 0.93 65 0
NO3

− (mg/l) 19.28 6.52 0.76 6.76
SO4

2− (mg/l) 1.99 1.9 2650 15.57
HCO3

− (mg/l) 13.69 28.28 150 42.87
Total Fe (μg/l) 2.54 2755 10 92.27
Sr2+ (μg/l) 195.6 126.1 9334 38.55
Li+ (μg/l) 6.62 5.26 168 6.09
Ionic balance (%) +1.63 −2.01 +0.32 −0.86
TDS (mg/l) 299.2 223.1 ∼34,500 124.57
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of the standpipes continuously. Both boreholes have a
diameter of 19mm and ground elevation of 33mPD.
The horizontal distance between them is 7.6m. The
boreholes are about 58m deep. As shown by the
borehole records, the first few meters (3–5m) near
the surface consist of fill, old foundation materials,
and colluvium. Below that are about 40 and 10m of
completely and highly decomposed medium grained
granite, respectively. The boreholes did not reach,
but are believed to be close to, the bedrock. After
the boreholes were drilled and rock and soil cores
were collected, the holes were backfilled with river
sands to a certain depth. Standpipes of length of
15m and 20m were installed in BH1 and BH3,
respectively. Fig. 6 shows the simplified structure of
the boreholes.

5.1.1. Field study of overflow in BH1 and BH3
After pipes were added to the top of the standpipes

on 3rd October 2002, it was found the final static water
level in BH1 and BH3 rose up to be 0.64 and 3.73m
Fig. 7. Locations of boreholes showing overflow. The broken line indicates th
high (the exact location of site No. 24 in Table 2 is unknown and is then no
above the ground surface, respectively. The overflow
rate in BH1 and BH3 was measured to be 47.2 and
2.1mL/s, respectively. Falling head tests were con-
ducted in the standpipes. The water level was increased
to be about 1m above the static water level after some
water was instantaneously added to the standpipe. The
time for the head to fall to 80% of the initial height
was only a few minutes. Manual measurements of the
water level of such a quick response can be very
difficult and erroneous. A computer operated automatic
transducer was used to measure the water level at an
interval of 1s. The Hvorslev method was used to
estimate the hydraulic conductivities. K values for
BH1 and BH3 were found to be 1.1×10−6 and
2.4×10−7m/s, respectively.

Excavation of a few meter deep for installing service
pipes was going on along the Hollywood Road at the
time of site investigation, but the excavation site was
fairly dry. The contractor believes that near the area of
No. 52 a borehole which terminates at the depth of 15 to
20m would not expect to have upward groundwater.
e boundary below which the chance for a deep borehole to overflow is
t marked on this map).



Table 2
Locations of overflow boreholes in the study area (note: – represents no information)

No. Location Date of overflow Continuous
overflow?

Piezometer
depth (m)

1 306–312, Des Voeux Road West, Hong Kong 21–27/9/89 Yes –
2 284–286, Queen's Road Central, Hong Kong 23/5/93 No –
3 152–156, Queen's Road Central, Hong Kong 29/9/90 No –
4 52, Hollywood Road, Hong Kong 2–3/10/02 Yes 15 and 20
5 43–45, Lyndhurst Terrace, Hong Kong Jan./95 Yes –
6 1–13 Rutter Street, 9–10 Wing Wa

Terrace Hospital Road
28/7/80 No –

7 Lyttelton Road and University entrance 27/7/91; 6/8/91; 16/1/92 No 20.10
8 Po Hing Fong Network 6/12/85; May/85 No 13.70

April and May 85 Yes 19.68
9 66–70, Conduit Road April 92 No 6
10 Peel Street (78A–78B opp.) 28; 20/9/84 No 13.53

28/9/84; 26/5/84; 28/6/84; 20/6/84; 17/5/84 No 3.12
May–Sept. 84; Jun.–Sept. 83 Yes 36.15
20/9/84; 17/5/84 No 13.4
30/5/84 No –

11 Garden Road Service Reservoir,
upper Albert Road

15/3/83 No 21.03

12 Caine Road (Seymour Road) 29/9/81; 27/7/81; 14/7/79; 31/7/79; 24/9/79; 23/4/80 No 15.5
13 Caine Road (Rutter St.) 31/7/79; 24/8/79 No 9.4
14 Caine Road (Rozario St./Ladder St.) 31/7/79 No 11.6
15 Hospital Road Jun 77, 78–79 Yes 19.85

Jun 77, 78–79 Yes 31.72
16 Caine Lane (behind Po Hing Fong no. 64) Aug.–Sept. 83; May–Oct. 84; Yes 4.9
17 Nethersole Hospital (78–80 Robinson Rd. opp.) 19/7/85; 22/8/85; 20/8/86 No 24.45
18 50, Hollywood Road, Central, Hong Kong 18/6/92–18/11/92 Yes 2.9
19a May Road uphill area (Mid-Levels East) 5/5/80 No 13.00
19b 4/9/79–21/11/79; 23/4/80–16/12/80; 26/3/81–21/11/81;

20/1/82–8/4/82
Yes 8.53

20 Magazine Gap Road uphill area
(Mid-Levels East)

11/9/79, 25/11/79, 5/5/80–22/5/80, 12/5/81, 3/5/81,
27/7/81, 10/10/81, 23/4/82

No 10.00

22 No. 22–30, Po Hing Fong 8/1/78 No 27.64
23 14 Belcher's Street Ambulance Depot. Sept. 85–Jun. 86 Yes 12.00

Jul. 85 Yes 3.24
Jul. 85 Yes 3.15
13/6/86; 21/8/85; 20/6/85; 4/6/85; 13/4/85 No 5.5
31/10/84; Mar.–Aug. 85 No 3.19

24 Queen's Road Central 17/1/87; 27/12/86; 28/11/86 No 22.72
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The artesian water from BH1 and BH3 is believed to
come from the deep fracture zone of the rockhead near
bottom of the boreholes. As shown in Fig. 6, the
confined groundwater probably flows upward through
the sand-filled bore, bypasses the bentonite grouting and
overflows on the ground surface. High pore pressure
must have been dissipated when the groundwater that
originated from the deep aquifer squeezes into the
shallow soils along the borehole. The final water level
could be much higher if piezometers with opening only
at the bottom were used.

The horizontal distance between the two boreholes is
very short, but the two boreholes have significant
different water levels, flow rates, and hydraulic
conductivities. This indicates that the underground
system is extremely heterogeneous.

5.1.2. Chemical analysis of water samples from the
standpipes

It may be argued that water from BH1 and BH3 may
not be groundwater but leakage from water service pipes
around the site. Samples of water from the boreholes
were collected for laboratory chemical analysis for
major ions and trace elements. The chemical content of
the waters can provide reliable information of the source
of the water. Table 1 summarizes the chemical contents
of water samples from the boreholes, together with the
corresponding values of seawater and tap water
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collected from service pipes nearby. Water from BH1
and BH3 is of Na–Ca–Cl type with total dissolved
solute (TDS) of 299 and 223mg/l, respectively.

Table 1 shows that overall water chemical contents of
water samples collected from BH1 and BH3 are very
close to each other, except for a few items. The contents,
however, are distinctly different from those of seawater
and tap water. Therefore, it is unlikely that the water
from BH1 and BH3 was leakage from service pipes
transporting seawater or tap water.

5.2. Other overflow boreholes in study area

It is further suspected that overflow may not be a
localized phenomenon. In light of this, various site
investigation reports and piezometric records in the Mid-
Levels area available from the library of the Civil
Engineering and Development Department of the
HKSAR and private companies were examined for any
site with overflow. Totally, 24 sites with overflow were
identified. Fig. 7 shows the distribution of overflow in
the study area. It seems that the overflow phenomenon is
quite common in this region.

Table 2 lists the detailed information (location, time
of occurrence and the depth of the corresponding
piezometer) of these sites. Fig. 7 presents the overflow
sites in the study area. Some of the sites overflowed only
for some of the days such as site No. 13 in Caine Road
and are called “intermittent overflow” site; while the
others which continuously overflowed over a period of
over 1 week such as site No. 1 in Des Voeux Road West
are called “persistent overflow” sites. The depth of the
piezometers or standpipes is shown in Table 2. The
source of groundwater may be deeper than the depth
Fig. 8. Monthly distributions of rainfall and n
since the original borehole may be much deeper, as
shown in Fig. 6.

Fig. 8 presents the reported numbers of overflow in
different months, together with the monthly average
rainfall. The occurrence of overflow is correlated well
with rainfall. More overflow sites could be found during
the months of high rainfall. This suggests that overflow
is a dynamic phenomenon and some piezometers may
overflow only in wet seasons or years with high rainfall.

For foundation design purposes, it may be useful to
predict the possible area where overflow may be
expected. This is difficult since the overflow area may
be controlled by the heterogeneity of the fracture system
and change with the annual rainfall intensity. A tentative
boundary line is defined in Fig. 7, which runs approxi-
mately parallel to the overall topography contour lines
and immediately above some of the persistent overflow
sites. It is believed that a deep borehole (intercepting
deep rock fracture zone) to the north of this line has a
great chance to overflow. This line can be better defined
after more overflow sites are added to the database.

5.3. Suggestion of detailed study of overflow boreholes
to local engineers

As have been seen in a number of site investigation
reports, the importance of the overflow phenomenon has
been largely ignored by local engineers. For a typical
piezometer or standpipe with water level below ground
surface, the geotechnical engineers are required to
conduct some borehole tests to estimate K and monitor
the water level for few days to weeks, depending on
the nature of the project (GEO, 1997b). However, when
overflow occurs, engineers would simply mark
umber of occurrence of overflow sites.



Fig. 9. Conceptual model illustrating the occurrence of overflow. Groundwater with recharge from uphill flows downhill along the more permeable
zone near rockhead.
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“overflow” or “water level=ground surface” in their
reports without any further investigation. This is
conceptually wrong. When overflow occurs, it simply
means that the piezometric level is higher than the
ground surface.

It is suggested that the final static water level should
be obtained by adding pipes to the top of the piezometer
or standpipe and permeability tests should be carried
out, as what has been done in BH1 and BH3. If the
pressure is high and requires very long additional pipe,
alternatively a pressure gauge should be installed to the
top of the piezometer to estimate the hydraulic pressure.
Overflow may represent high pore pressure and great
uplift forces and is more important than typical water
level situation. Such a phenomenon deserves more
careful investigation since it may have adverse impact
on foundation design and slope stability.

6. Conceptual hydrogeological model of
groundwater regime in the fracture zones

The observation of relatively high permeable zone at
the rockhead, artesian groundwater condition at ML113
and No. 52 and other overflow boreholes in the study
area confirms the conceptual model presented by Jiao
and Nandy (2001) and Jiao et al. (2005) that includes a
confined high hydraulic conductivity zone along the
rockhead in the weathered igneous rock profiles in Hong
Kong. Fig. 9 presents the possible conceptual model for
groundwater flow in the study area. The colluvium
consists mainly of coarse or fine sands. This material is
permeable and can become a perched aquifer during
rainfall seasons, but may become dry during other
seasons. This unconfined aquifer receives rainfall
recharge and also some leakage from fracture zones in
the igneous rocks. The highly decomposed rock or
saprolite (dominated by Grades V and IV) below the
colluvium can be regarded as aquitard due to its clay-rich
content (Jiao et al., 2005). As demonstrated by Campbell
and Parry (2002), kaolin concentrations commonly
occur in relict discontinuities in saprolite (Grades V
and IV material) in weathered rocks in Hong Kong.

The rockhead zone below the saprolite can be
relatively more permeable due to well-developed
fractures than the overlying completely decomposed
rock. This zone outcrops at the upper part of the slope
and receives rainfall infiltration in wet seasons. The
infiltrated water moves downhill roughly along the high
permeability zone and recharges to the sea. Part of the
groundwater will leak upwards into the saprolite. The
rockhead zone is a permanent confined aquifer.

The groundwater flow regime in the fracture zones
can be divided into two zones: downward flow in the
natural slope and upward flow in the urbanized area
where the fracture zones are buried deep. The upward
flow zone becomes an overflow zone towards to the
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coast. The exact boundary between these flow zones is
dynamic and changes from season to season, and year to
year, depending on rainfall recharge.

It is believed that the head in such a zone may be
increased and the zone becomes more confined
progressively in the process of urbanization since
urbanization usually retards the natural groundwater
upward and downhill discharge toward the sea (Jiao et
al., 2006). For example, piers of the building foundation
are usually anchored at least 5m below the rockhead and
the foundation replaces the natural soils with concrete
and other construction materials; land reclamation will
not only increase the groundwater flow path to the sea
but also consolidate the marine mud and consequently
decrease its permeability.

7. Conclusion

This paper investigated the groundwater information
including the permeability profiles, piezometric re-
sponse to rainfall, and artesian groundwater flow from
boreholes and concluded that in the study area there is a
relatively high hydraulic conductivity zone along the
rockhead and the groundwater in the zone is confined.
The hydrogeology of this site was studied in the 1970s
and the hydraulic conductivity test data were grouped
based on the depth from the ground surface or the degree
of weathering, which showed a trend of reducing
permeability with depth. Such a hydraulic conductivity
pattern could only lead to an unconfined aquifer. This
paper suggests that such a general permeability trend
from the plots which grouped all the data from different
boreholes may be misleading. After reexamining the
hydraulic conductivity data from seven individual
boreholes, it was found that four of them clearly
indicate a relatively more permeable zone along the
fracture network near the rockhead. Such a zone is also
confirmed by tunnel construction and storm response of
piezometer data.

A field study of two overflow standpipes near the
coast conducted by the authors showed that the water
level can be up to a few meters above the ground
surface, which indicated that the deep groundwater is
significantly artesian. The widely distributed overflow
boreholes suggest that overflow phenomenon is quite
common in the study area. The common geotechnical
practice for local site investigation tends to ignore the
overflow phenomenon. It is suggested that overflow is
more important than typical water level situation and
deserves more careful investigation since it may have
adverse impact on foundation design and slope
stability.
A conceptual model for groundwater flow in the
fracture zones in the rockhead is presented. This zone
outcrops at the upper part of the slope and receives
rainfall infiltration in wet seasons. The infiltrated water
moves downhill roughly along the high hydraulic
conductivity zone and recharges to the sea. Part of the
groundwater will leak upwards into the saprolite. The
rockhead zone is a permanent confined aquifer. The
groundwater flow regime in the fracture zones can be
divided into two zones: downward flow in the natural
slope and upward flow in the urbanized area. The
upward flow zone becomes an overflow zone towards
the coast. The persistent overflow area is tentatively
identified, which may be useful for engineers designing
building foundations. The exact boundary between
these flow zones may change with time, depending on
rainfall recharge. The evidence regarding the relatively
permeable zones and confined groundwater in the
rockhead is largely located in the east part of the study
area. It is unclear whether these zones blanket the entire
study area and consist of a consistent aquifer, or are
patchy and have only weak hydraulic connections with
each other. Further studies are needed to understand the
different characteristics of the groundwater in east and
west and in the granite and volcanic rocks.
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