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PREFACE

In keeping with our policy of releasing information of
general technical interest, we make available some of our internal
reports in a series of publications termed the GEOQ Report series.
The reports in this series, of which this is one, are selected from a
wide range of reports produced by the staff of the Office and our
consultants.

Copies of GEO Reports have previously been made
available free of charge in limited numbers. The demand for the
reports in this series has increased greatly, necessitating new
arrangements for szopiv. In future a charge will be made to cover
the cost of printing.

The Geotechnical Engineering Office also publishes
guidance documents and presents the results of research work of
general interest in GEO Publications. These publications and the
GEQ Reports arc disseminated through the Government’'s
Information Services Department. Information on how to purchase
them is given on the last page of this report.

&
A. W. Malone

Principal Government Geotechnical Engineer
April 1995




FOREWORD

This report presents a general review of rainfall and
landslides in Hong Kong in 1991. CGectechnical engineers of
the Geotechnical Engineering Office District Divisions
provided details of the notable landslides. Supplementary
landslide data were provided by the Agriculture and Fisheries
LDepartment, Architectural Servicesg Department, Civil
Engineering Office, Fire Services Department, Highways
Department, Housing Department and Water Supplies Department.
The Royal Observatory provided rainfall information. A1l
contributions are gratefully acknowledged.

(¥ C Chan)

Chief Geotechnical Engineer/Special Projects
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1. INTRODUCTION

This report reviews rainfall and landslide occurrence in Hong EKong
throughout 1991. Rainfall infermation has been obtained from the Geotechnical
Engineering oOffice (GED) automatic raingauge system and from the Royal
Obgervatory (RO). Mos=t of the landslide data have been taken from the records
of incidents reported to the GEQO during the year. Supplementary data have
been cbtained from other Government departments,

In this report, a landslide is defined as the collapse of a scil or rock
mass, and includes the failure of fill slopes, cut slopes, retaining
structuree, natural glopes and rock or boulder falls. A major landslide is
defined as a failure in which the volume of the collapsed mass exceeds 50 cu
m.

The GEO received a total of 95 incident reports in 1991. o©Of these, B85
were classified as genuine landslides and three of them were major. The
remaining incidents were minor ground or structural movements or of no
geotechnical concern. One major basement excavation failure also occurred.
It is notable that fifteen incidents occurred between 8 and 10 June, while
thirteen incidents occurred betwsen 14 and 16 Gctober. This report is based
on landslides reported to the GEO, since these were inspected by the GEO's
geotechnical engineers and detailed information is available,

The arrangement of this report is =imilar to the previous annual
rainfall-jandslide reports (Premchitt, 1985-198%, Siu, 1990 and Tang, 1991).
The report reviews rainfall and landalide cccurrence throughout the whole year
rather than emphasising any one specific rainstorm. Information has been
compiled from many sources throughout the government.

2. RAINFALL

2.1 The Raingauge System

In the rugged terrain of Hong Kong, the distribution and intensity of
rainfall during & storm can vary dramatically with respect to both geography
and time. In order to provide sufficient coverage for a meaningful analysis
of rainfall distribution the Royal Observatory has installed a network of
raingauges which, during 1991, comprised 21 automatic and 116 manual gauges
at a total of 97 location=. These raingauges range from a detailed automatic
and {nstantanecus rate-of-rainfall recorder to raingauges which are read
manually once every month. The "principal” gauge is located at the Royal
Observatory’s headquarters in Tsim Sha Tsui, and a continuous rainfall recard
has been kept at this location since 1884, Weather summaries and rainfall
statistics are normally based on the measuremente made at this principal
location.

Since 1978 the GEO, in cooperation with the RO, hae installed a number
©f automatic raingauges which transmit current rainfal!l dats via tslephone
lines to the GEO‘s Emergency Control headguarters. Improvements have beep
made regularly and at the and of 1991 there were 48 GEO gauges and 21 RQ
gauges in this system, which provide up-to-date rainfall data every five
minutes to the operation rooms of the GEO and RO. These data are also stored
on computer tape and diskettes for future reference. The locations of these
automatic raingauges (Figure 1) were selected to supplement the network of




other types of raingauge and to provide specific information in areag of
particular gectechnical interest., The latest major upgrading of this system
wags completed in January 1989,

In this report, where a comparison is being made for "daily" rainfalls,
the 24-hour maximum rainfall will be used instead of daily rainfall, since the
latter i= based on an arbitrary fixed period of midnight to midnight which
does not necesgarily represent the true rainstorm intensity. In addition,
when a rainfall amount is guoted without reference to the location of the
measurement, thisz will be the amount measured at the RO headguarters.

2.2 Roval Observatory Records

The year’'s weather for 1991 was summarised by the Royal Observatory in
the Monthly Weather Summary for December 1991. Their comments on rainfall are
as follows:

"1991 was the tenth driest year in Hong Kong on record.
Rainfall at the Royal Cbeervatory was only 1639.1 mm compared
to a normal of 2214.3 mm. All months but January and October
were drier than nermal. In 1981, altogether thirteen
tropical eyclones occurred over the South China Sea. Six of
them reguired the hoisting of tropical cyclone eignals in
Hong Kong. The No. 8 Gale or Storm Signal was hoisted during
the approach of Severe Tropical Storm Brendan for the first
time since Typhoon Gordon in 1989.

January 1991 was warmer than normal. The weather was
generally cloudy and humid. The monthly rainfall of 28.7 mm
wag 23% above the January normal of 23.4 mm,

February was on the whole warmer and sunnier than
normal. The rain that fell during the month was mostly light
and patchy. The monthly total rainfall of B.2 mm was 83%
kelow the February normal of 48.0 mm.

March was warmer and more humid. Rain that fell was
mostly associated with late-season surges of the winter
monsaon. The first major downpour and thunderstorm of the
year occurred on 22 March. However, the monthly total
rainfal)l of 51.5 mm was 23% below the March normal of 66.9
mrn .

The weather in April was sunnjer and drier. It was the
seventh driest April on record. The monthly total rainfall
of 34.7 mm was 79% below the April normal of 161.1 mm. Most
of the rain fell on the Jast day of the month and could be
attributed to a dissipating tropieal cyclone over western
Guangdong.

May 1921 was cone of the driest and warmest Mays on
record. The monthly rainfall of 60,9 mm, the eighth lowest
ever, was only about 20% of the May normal.

June 1991 was the seventh warmest June on record. The




monthly total rainfall of 371.1 mm represented about 99% of
the June normal of 37&6.0 mm.

Although three tropical cyclones affected Hong Kong in
July, the monthly rainfall of 293.6 mm still fell short of
the July normal of 323.5 mm by 9%, Between 23 and 24 July,
Severe Tropical Storm Brendan prompted the holsting of the
No. B Gale or BSBtorm Signal. At the end of the month,
torrential rain associated with an active southwest monsocon
resulted in extensive flooding in the Yuen Long area where
the flopdwater in several villages exceeded one metre in
depth.

Bugust was characterised by the passage of Typhoon Fred
in the middle of the month, Fred necessitated the hoisting
of the Strong Wind Signal No. 3 for nearly 34 hours. The
monthly rainfall of 302.3 mm was 23% below the Auqust normal
of 391.4 mm.

September was relatively warm and dry. The monthly
rainfall of 178.7 mm fell short of the September normal of
299.7 mm by 40%. Over half of the month’'s rain occurred on
the night of 14 September in asaocociation with the arrival of
a fresh easgterly airstream. In contrast, the two passing
¢yclones, Joel and Kat, were most disappointing, bringing
relatively little rain.

In apite of long hours of sunshine and below-normal
humidity, Octobar 1991 was a month of abundant rain. The
monthly rainfall of 294.3 mm was more than double the October
normal of 144.8 mm and was the tenth highest on record for
the month of October. With the arrival of an easterly
airstream on 14 October, nearly all the rain for this month
fell within the 4-day period of 14 to 17 October, Several
incidents of flooding were reported over the territory but no
gericus damage was incurred.

Noveuber was on the whole ¢osler and drier than normal.
The monthly rainfall of 2.7 mm was a mere 8% of the November
normal of 3%.1 mm.

It was gomparatively warm in December until the arrival
of an exceptionally intense surge of the winter monscon in
the afterncon of 27 December. The monthly total rainfall of
11.8 mm was 57% below the December normal of 27.3 mm.”

A summary of heavy rainstorms and resulting landslides in 1591 is given
in Table 1. This table shows all pericds (mutually exclusive) in which 24-
hour rainfall at the RO exceeded 50 mm, and shows in addition the four-day and
fifteen-day antecedent rainfalls which occurred prior to these 24-hour
periods. For rainfall evente not listed in Table 1 no more than two
landslides were reported to the GEO during any one day. The five highest 24-
hour rainfalls of 1991 were 206 mm on 14 to 15 October, 111.1 mm on 9 June,
93.2 mm on 14 to 15 September, 77.5% mm on 14 to 15 ABugust and 70.6 mm on 23
to 24 July. Other detailed information in Table 1 will be digcussed in
subsequent sections.
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The rainfall data as recorded at the RO, Tsim Bha Tsui, are presented in
Figures 2 te 5. Cumulative rainfall since 1 January is shown in Figure 2.
Daily and monthly rainfalls are shown in Pigures 3 and 4 respectively. Figure
5 shows the hourly rainfall for the higheet 24-hour rainfall of 1991.

2.3 Geotechnical Engineering Offirce Records

Rainfall data are alsoe available from the GEO‘s 48 automatic raingavges.
Current rainfall data can be found in the GEC‘= Rainfall Data Acquieition
Centre and past data are kept in the Civil Engineering Library. A location
map of the gauges is given in Figure 1.

In addition to the general RO rainstorm summary, data from some of the
GEO raingauges are also given for the railnfall events in Table 1. Data are
given for the maximum 24-hour, five-hour and cne-hour rainfalls recorded
anywhere in the Territory on these occasions.

The maximum 24-hour and cne-hour rainfalls recorded during 1991 at the
RO and at the GEO raingauges during these events were 206 mm and &5 mm
respectively.

Appendix B shows hourly rainfall data obtained from GEC's raingauges for
the heaviest 24-hour rainstorm during 14 to 15 Ogtober.

2.4 Rainfall Distribution

Rainfall distributlion with time and location can be assessed by referring
to detailed GECO and RO records.

Rainfall maps for 24-hour periods, taken from RO records, are shown in
Figures 6 and 7 for two heavy rajinstorms during 1991. In the storm of 14-15
October the rainfall was concentrated in Kwal Chung, West Kowloon and
northwest Hong Xong Island. In the storm of 9 June the rainfall wasz
concentrated in a belt extending from southeast Hong Kong Is=land to Teing ¥4
and Kwai Chung, with subsidiary peaks over Lantau, Junk Bay and Long Harbour.

2.5 Warnings Issued by the Royval Observatory

Relevant warnings issued by the RO, and the Landelip Warning Jjointly
issued by the GEQO and the RO, are summarised in Table 2.

In 1991 there were 45 days on which Thunderstorm Warnings were issued and
sixteen days on which Flood Warninge were issusd. Six Tropical Storm Warnings
were alewo issued. The highest Tropical Storm Warning signal number hoisted
during the year was No. 8, which was issued on 23 and 24 July during the
pass=age of Severe Tropical Storm Brendan. The No. 3 signal was issued aon five
occasions during July, August and September. All Tropical Storm Warnings wers
izsued in the period between July and September.

One Landslip Warning was issued on the basjs of predetermined rainfall
criteria, after consultation between the GEQ and the RO, at 2145 hre on 15
October. A comparison of rainstorm damage in the events of 14 to 16 October
with those on all other notable rainfall-landslide days is shown in Table 1.




0f the thirteen reported incidents on 15 and 16 Octcber, the times of
occurrence are known for six. 0Of these six incidents two occurred before the
Landslip Warning was issued and four occurred afterwards.

2.6 Comparison with Past Rainstorms

Maximum rainfall amounts, of various durations, recorded at the GEQ and
RO raingauges for heavy rainstorms in 1991 are shown in Table 1 and are
compared with the three major rainstormes (May 1982, July 1987 and May 1989)
recorded since 1982. The highest Z4=-hour rainfall recorded at the RO in 1991
was 206 mm, which ig 3lightly higher than the recorded rainfall for the storm
of July 1987 but only about 50% of the values recorded in the storms of May
1982 and May 19839. It should be noted that rainfall recorded elsewhere in the
Territory in the event of July 1987 was coﬁsiderably higher than for the event
of October 1991. The highest one-hour rainfall for 1991 recorded anywhere in
the Territory during one of the events listed in Table 1 was &5 mm,

The return periods of heavy rainstorms in 1991 were estimated for
rainfall durations of one hour to fifteen days, and are shown in Table 3. The
return periods are generally less than two years. The highe=st return period
is three years, for the two-day rainfall during the event of 14 to 16 October.

In Figure 2, cumulative rainfall for 1991 is shown in comparison with the
average (1951-19%80), the wettest year (1982) and the driest year (1963) since
records began in 1884. The annual cumulative rainfal)] was 1639.1 wmm, which
is 74% of the average annual amount of 2214.3 mm. The cumalative rainfall
remained below the mean cumulative rainfall for the whole year. Figure 4 shows
monthly rainfalls in 1991 in comparison with the recorded maximum (since 1884)
and mean (1961-1990) monthly rainfalls. Monthly rainfalle were below the
mean monthly rainfalls for all months except January and October. The monthly
rainfall in January was slightly above the mean value, whereas in October it
was significantly above (double) the mean value.

3. LANDSLIDES

3.1 Landslide Occurrence in 1991

The numbers of incidents reported to various Government departments
during 1951 are ghown in Table 4. The numbers of incidents affecting various
types of area (building lot, road etc) in Hong Eong, Kowloon and the New
Territories are shown in Table &. The number of major failures affecting
different types of areas iz also given in this Table. There were, in total,
three major landslides and one major subsidence failure in 1991,

A list containing details of all 95 incidents reported to the GEO is
provided in Appendix A. Seven of them were of no geotechnical concern as they
were caused by flooding, tree fall ete. and were therefore ignored in the
statistical analvsis helow. In total 88 incidents were considered to be of
geotechnical coneern. A location map for all the reported incidents is shown
in drawing No. GCSP B/B. Selected incidents mre jllustrated in Plates 1 to
21. More details of these incidents are contained in the incident files of
the GEQ District Divisions and the 1:5,000 incident location maps housed in
the Civil Engineering Library.
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Wherever possible, the dates and times of the landslides were ascertained
by the geotechnical engineers during site inspection. Some incidents were not
reported for several days or weeke and for these it was difficult to determine
the exact time of occcocurvence, Out of 88 incidents, times of occurrence were
known to within one day for 5. The daily numbers of these incidents are
plotted in Figure 3, Gf these 65 incidents, timee of occurrence were
determined to within one hour for 34.

The highest numbers of reported incidents in a single 24-hour period were
nine on 9 June and eight on 15-16 August. However, heavy rain during the
three days from 8 to 10 June resulted in a total of fifteen landslides heing
reported over this period. Likewise, if the events of 14-15 October and 16
October are considered together, the reported lands=lide total for thie pericd
is found to be thirteen. These events are included in Table 1, where the
number of incidents reported in the newspapers and by the Fire Services
Department are alsc shown for comparison. For those events not shown in Table
l, there were no more than two reported incidents on any one day of the year.

It is probable that there were other failures which are not known to the
GEC, including minor failures of no conBequence, such as failures in remote
areas, open spaces and cohstruction sites. This should be borne in mind when
reading the following landslide statistics. :

3.2 Areas Affected by Incidents

The numbers of incidents affecting various categories of area, as
reported to the GEQ, are given in Table §. It should be noted that one
incident may affect more than one area category. Landslide conseguences,
classified according to failure typs, are shown in Table 6.

3.2.1 Bguatter Areas

4 total of nineteen incidents affected sguatter areas. ©Of these, four
occurred on Hong Kong Island, eleven in Kowloon and four in the New
Territories. Most of those occurring in Kowloon were in the Kowloon East
region.

No failures affecting sgquatter areas were major. Failures led to the
permanent evacuation of 26 huts and the temporary evacuation of seven huts.
Mogt of these evacuations resulted from failures of £fill and s0il cut slopes
and retaining walls. Examples of this type of fallure are shown in Plates 7
and 20, and incident MW 10/3 (Flate 20) is discussed in Section 4.12.

Failures tend to occur in squatter areas due to indiscriminate cutting
and filling on steep hillsides. Uncontrolled leakage and discharge from water
supply, sewage and storm water pipes can also adversely affect slope stability
in these areas,

3.2.2 Building Lots

There were nineteen incidente affecting building lots, one of which
{K &/5, a basement exc¢avation and subsidence failure) was major. Four
incidents, HK 3/2, K 6/5, ME 7/1 and HK 8/3 are discussed in Sections 4.4,




4.7, 4.8 and 4.10 respectively (Plates 3 and 13). Incidente in thi= category
resulted in the temporary evacuation of eleven buildings in part or in total.

3.2.3 PRoads and Acoess

A total of 42 incidents affected roads and access, ineluding footpaths
and pedegtrian pavements and walkwaye. Three of thege incidents were major.
Eix incidents, MW 1/1, HK 3/2, HK 6/3, MW B/3, HK 8/3 and HK 10/5 are
discussed in Sections 4.2, 4.4, 4.5, 4.9, 4.10 and 4.1] respectively (Flates
3, 5, &, 15, 16, 18 and 19).

3.2.4 Construction Sites

There was one incident (HK 2/2) affecting a construction site and it was
major, resulting in one injury. This incident is discussed in Section 4.3
(Plates 1 and 2).

J3.2.5 Catchwaters and Regervoirs

Incidents affecting catchwaters and reservoirs were dealt with separately
by the Water Supplies Department. There were fifteen reported cases of slope
failure, twelve affecting catchwaters and three affecting access roads. Of
these fifteen cases, seven reportedly occurred on 24 July.

3.2.6 Country Parks and Open Areas

Fifteen incidents affecting Country Parks and open areas were reported
directly te the GEO, none of which were major. The Agriculture and Fisheries
Department recorded no additional ineidents in the Country Parks.

3.3 Types of Incidents

The incidents inspected by the GEO have been classified into six types
of failure and the number of each type is shown in Table 7. Damage resulting
from these types of failure ls summarised in Table 6.

3.3.1 Fill Slopes

There were nine fill slope failures, forming 10% of all incldents
reported. One of these fallures was major: incident HE 3/2 (Section 4.4, Plate
3} occurred when a water main within a fill slope ruptured.

3.3.2 gut Slopes

There were 49 cut slope failures, forming 56% of all incidents reported,
Theze fajlures were classified further according to types of material, ie:
soil, soil/rock and rock cut slope failures.

There were 31 reported incidents in =soil cut slopes, none of which were
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major., Examples are ghown in Plates 4, 7, 11, 14, 17, 18 and 19.

There were six soil/rock cut slope fallures reported, one of which was
major: incident ME &/1 (Section 4.6, Plates 9 and 10). oOther failures of
this type are shown in Plates 12, 15 and 16.

Twelve failures in rock ¢cut slopes were reported, one of which was major:
incident HK 2/2 (Section 4.3, Plates 1 and 2). Another example of a failure
of this type is shown in Plates 5 and & (Incldent HK &/3, Section 4.5).

3.3.3 PRetaining Walls

There were five reported incidents related to retaining walls or walls
having earth materials piled up behind them, forming 6% of all incidents
reported. None of thege failures were major. Examples are shown in Plates
&, 13 and 20.

3.3.4 HNaturasl Slopes
Nine natural slope failures were reported, forming 10% of all incidents.

None of these failures were major. Plate 21 (Incident HE 10/12) shows a
failure of this type.

3.3.5 Rock and Boulder Falls

There were thirteen case= of rock and boulder falls, forming 15% of all
incidents reported. HNone of these fajilures were major.

3.3.6 Other Failuresg
There are incidents which cannot be classified according to the above

categories. Three =subsidence failures were reported, forming 3% of all
incidents. One of these incidents was major (Incident K 6/5, Section 4.7).

3.4 Rainfall-landsglide Relationships

A simple relationship between rainfall and landslides iz demonstrated by
the plot of daily rainfall and daily number of landslide occurrences through
1991 (Figure 3). The majority of recorded landslides occurred at times of
heavy rainfall. The geographical distribution of rainfall in the heavy storms
also had a considerable influence on the ocourrence of landslides in various
areas. Figures 6 and 7 show the location of landslides for which dates of
oocurrence are known (see Section 3.1}, imposed on the 24-hour rainfall maps
for the corresponding time period for the events on 9 June and 14 to 15
October. These Figures indicate that all the landslides that could be related
to one of these events occcurred in areas where 50 mm or more of rainfall were
recorded in 24 hours, with over 50% of these incidents occurring in areas
where the 24 hour rainfall was 100 mm or more.

More detailed and comprehensive discussions on rainfall-landslide
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relationships and failure mechanisms can be found in Brand et al (1984) and
Premchitt (1991), where extensive data from the past twenty years have been
analysed.

4. NOTABLE INCIDENTS

4.1 Introduction

Out of the 95 incldents reported to the GEQ, eleven are discussed in more
detail in this section and are presented in chronological order. The nature
of the incident is referenced under the caption for each incident. These
incidents have been selected mainly on the basis of size, congequence and
technical interest.

4.2 Incident MW 1/1, Milectone &, Castle Peak Road
(Date: 18 January 19%1. Failure of & rock cut slope resulting in the
partial blockage and gubsequent closure of one lane of the road.)

The rock cut slope adjoining Castle Peak Road here is about 5 m high with
a slope of over 707, and comprises slightly to moderately decomposed granite
with weathered joints. The failure involved a rock wedge of about 1.5 cu m,
and is thought to have heen caused by groundwater movement and subsegquent
weathering of unfaveurably oriented rock joints. The failure resulted in the
partial blockage of one lane of Castle Peak Road. Inspection revealed two
aimilar potentially unstable rock wedges close to the failure scar.

4.3 Incident HK 2/2, Shau Kel Wan Fast Housing Development Site

(Date: 28 February 1991. Major failure of a disused rock gquarry face
overlooking Hoi Ching Street, Plates 1 and 2.)

The landslide occurred at the crest of a 50 m high disused quarry face.
Approximately 2,000 ecu m of rock was dislodged and fell onto Housing
Department Works Area 3CY situated in the base of the quarry. Six container
ceffices and four vehiclas were damaged and one man was slightly injured by a
rebounding rock fragment. At the time of the failure blasting was taking
place at the crest of the quarry as part of the =ite preparation works for the
Shau Kej Wan East Housing Development Site, and the landsglide is reported to
have occurred within one minute of a blast that was =ituated within 3 m of the
failure plane. GEC Report SPR 5/91 (Evans and Irfan, 1991) describee this
landslide in detail and concludes that the failure was a planar =lide on an
unfavourably oriented discontinuity and was triggered by the blasting at the
quarry cregst. Rainfall was not a factor in this landslide.

4.4 Incident HK 3/2, Stanlev Gap Road
(Date: 27 March 19%1. HMajor failure of a fill slope resulting in road
blockage, Plate 3,)

The rupture of a water main in a fill slope caused a major failure
invelving approximately 150 cu m of silt and rock £fill. BAn 8 m by 3 m section
of Stanley Gap Road at the crest of the glope collapsed, while a further
section of road about 6 m by 3 m subsided. At the toe of the failure, the
Playground of a residential building was affected, Rainfall was not
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considered to be a factor in this ineident.

4.5 Incident HBK &/3, Harlech Road

{Date: 9 June 1991. Failure of a rock cut glope resulting in the
blockage of one lane of the road, Plates 5 and 6.)

Failure of a rock cut slepe during rain led to approximately 1.5 cu m of
weathered rock collapsing onte Harlech Road, bhlocking one lane. The failure
was probably caused by the erosion of weathered unfavourably oriented rock
joints.

4.6 Incident ME 6/1, Bride‘s Pool Road, North District, the NT.

(Pate: 12 June 1991, Majer failure of a soil and rock cut slope,
Plates 9 and 10.)

Erosion and infiltration caused a major failure (approximately 70 cu m)
in a g0il and rock cut slope. A pedestrian pavement and a rural road were
affected,

4.7 Incident X 6/5, Mau Lam_ Street, Jordan
(Date: 12 June 199]1. Major subsidence failure resulting in the
temporary closure of Mau Lam Street and the temporary evacuation of two
bulldings.)

Local fallures in temporarily exposed ground in a basement excavation are
thought to have formed voids behind the basement lateral support, with
migration of the woids to the ground surface causing subsidence. GEO
Technical Note TN 1/92 (Chan, 1992) describes this incident in detail.

4.8 Incident ME 7f/1, Ha Wo Che Village, Shatin
(Date: 23 July 1991. Pailure of a retaining wall and loose fill, Plate
13.)

Infiltration during heavy rain associated with Typhoon Brendan led to the
failure of a brick retalning wall, concrete paving and associated loose
backfill. Typhoon Signal No B was hoisted at the time. Approximately 20 cu
m of material was jinvolved and the retaining wall was displaced about 1 m
downslope and was left overhanging a steep slope. A c¢losure order wag
subsequently placed on parts of two village houses at the toe of the slope
while emergency works were carried out under BO Section 27 A(4).

4.9 Inclident MW _8/3, Milestone 6, Castle Peak Raoad
{Date: 15 August 1991. Failure of a soil and rock cut slope, resulting
in the blockage and clogure of Castle Peak Road, Plates 15 and 16,)

Infiltration during heavy rain associated with Typhoon Fred, and
subsequent seepage, caused curvi-linear/planar failure of a rock cut slope
comprising granite with moderately to highly decomposed joints. The cut slope
adjeining Castle Peak Road here is about 15 m high with a slope greater than
70% and with & thin capping of reeidual =oil. The failure involved
approximately 30 cu m of goil and rock which collapsed onto Castle Peak Road,
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blocking twe lanes and the adjoining feotpath. In addition, the faflure crest
came within one metre of an electricity power pole. A boulder estimated to
weigh over 5 tonnes was left overhanging the upper part of the slip.

4.10 Inecident HE 8/3, Repulse Bay Road
(Date: 16 August 1991. Failure of a natural slope resulting in the
closure of one lane of the road and the serving of a Type 1 D-Notiee on
the owner.)

A considerable storm—water discharge from a broken connection to a
manhole at the alope ecrest led to a washout in a natural slope in residual
s0ll and completely decomposed volcanics. Some of the material may have been
loose fill resulting from previous construction activities. Appreximately 40
cu m of soil collapsed, resulting in the closure of one lane of Repulse Bay
Road at the slope toe. A column footing supporting the podium of No. 5
Repul=e Bay Road was exposed and 2 Type 1 D-Notice was =erved on the owner.

4.11 Incident HE 10/5, Chal Wan Road
{Date: unknown. Faijure of a soll cut slope, blocking a pedestrian
pavement, Plates 18 and 19.)

Approximately 10 cu m of highly to completely weathered granite failed
and blocked the pedestrian pavement. Seepage of water was observed from a
natural pipehols in the upper part of the slip scar. It is probable that the
failure was induced by groundwater movement.

4.12 Incident MW 10/3, Lei Uk Tsuen, Shatin

(Date: 15 October 1%91, Failure of a masonry rubble retaining wall,
affecting squatters, Plate 20.)

Infiltration of rainwater caused the failvure of a 1.5 m length of a 3.5
m high by 7.5 m long masonry rubble retaining wall and associated loose soil
backfill. The failure involved ahout 3 ¢u m of material which collapsed into
the back lane of two huts, which were temporarily evacuated as inspection
showad that the remaining parts of the wall were also showing signs of
distress.

5. CONCLUSIONS

Rainfall during 1991 was very low, the year being the tenth driest on
record. The total rainfall in 1991 was 74% of the yearly average of 2214.3
mnm .

One Landelide Warning was issued in 1991, during the heavy rainstorm of
15 to 16 Ovtober. There were 88 landslides and related incidents reported to
the GEO District Divisions during the year and the damage resulting from thesge
incidents may be summarised as follows: 33 sguatrter huts were evacuated
(seven temporarily and 26 permanently), eleven buildings were temporarily
evacuated, and 21 sections of road/access were blocked.

The relatively low number of landslides in 1991, and the lack of serjious
landslide damage, can be directly related to the exceptionally low rainfall.
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Table 1 - Rainfall-Landslide Events in 1991 with 24-hour Rainfall Greater than 50 mm

Maximum Rainfall {mm) Landslide Consequences
Date'” . 2 ‘
" Royal Observatory GEO Raingauges Number of Landslides Persons | Number Huts
Event Antecedent & @ Killed or| Evacuated
24-hr | 5-hr | 1-hr 4day | 15-day 24-hr | 5-br | 1-br | GEO"|Newspaper | FSD Injured | Permanently
14-15/10/91% | 206.0 1.3 30.5 15.7 15.7 195.5 0.0 39.5 8 - - - 1
G/a/211 111.1 54.49 23.5 50.5 56.9 130.5 £8.0 32,5 9 - - - 2
14-15/9/91 93.2 64.9 29.2 13.7 403.3 195.0 113.5 65.0 I - - - -
14-15/8/211 77.5 41.7 273 ils 102.2 02.3 48.0 31.0 5 - 1 - -
23-24/7/91| 70.6 3.1 L4 69,7 130.4 148.0 64.3 18.02 5 1 - - 2
1046/91] 66,8 319 17.5 lal.6 167.8 1006.0 45.0 30.0 2 - - - -
16/10/91% 66,5 34.6 14.3 222.5 2225 185.0 90.0 42.0 5 - - - 1
15-16/8/91 62.2 41.2 13.1 108.7 127.9 94.0 33.5 28.5 T - - - -
31/9/41  59.3 50.9 23.0 13.5 154.2 96.0 70.0 40.5 ! - - -
B/6MMI| 50.5 46.9 31.4 NIL 4.3 72.5 613 47.5 4 - - - 4
Recent Major Rainstorms (For Comparizon Only)
29/5/82]1 394 153 44 i 11 430 237 111 351 498 15 48 1153
29-30774871 183 71 38 147 343 314 169 73 111 36 3 3 49
20-21/5/89| 2388 149 37 28 42 588 224 51 340 100 k! 5 199
Notes : (1) The events are arranged in order of magnitude of 24-hour rainfall at the Royal Observatory, Tsim Sha Tsui.
(2) The maxima are selected from the 48 GEO Raingauges for the same rainstorm period.
(3) For the rest of 1991, no more than 2 incidents were reported to GEO on any one day.
{4) Newspapers searched are South China Moming Post and Hong Kong Standard.
{5) Landslip wamings were issued for these events,
Abbreviation : GEQ = Geotechnical Engineering Office; FSD = Fire Services Department; RO = Royal Observatory

_DE_




Table 2 - Type and Date of Warnings Issued by the Royal Observatory in 1991

Monthly Dates of Warnings
Month Rainfall
(mm) Thuaderstorm Flood *Landslip Tropical Storm
January 287 - - - -
February 8.2 - - - -
March 51.5 22,31 - - -
April 34.7 30 - - -
May £0.9 1,15,16,27,29 15 - -
Tune 3ITLY 8-11,18-23 8,9,20,22 - -
July 2936 3,13,14,19-21,25,29-31 31 - gﬂ;ﬂﬂﬁzﬂ? Egekgén%%signﬂs no. 1-3 Amy},
August 302.3 9-14,19-22,24-24 11,12,15,21,25 - 13-14(signals no. 1-3 Fred)
September 178.7 4,12,14,15 12,14,15 - 3-4(signals no. 1-3 Joel}, 16,23,29(signal no.1 Nat}
October 294.3 - 15,16 15-16 -
November 2.9 - - - -
December 11.8 - - - -
Total 1639.1 43 16 1 i
Legend :

*  Landslip warnings were issued after consultation between GEQ & RO

-tz -
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Table 3 - Maximum Rainfalls During 1991 and Estimated Return Periods

Ending Time
T Estimated
Duration * Rainfall Return
{mm) Period
(Year)
Date Hours
1 hour 31.4 8/6 1300 < 2
5 hours 71.3 15/10 0700 < 2
12 hours 125.8 15/10 1000 < 2
24 hours 206 15/10 2300 2
2 days 283.6 16/10 2100 3
4 days 293.3 17/10 2200 < 2
7 days 293.9 20/10 0100 < 2
15 days 327.8 2216 1600 < 2
Legend :
* Rainfall at Royal Observatory, Tsim Sha Tsui

i) Gumbel equation, Peterson & Kwong (1981)




Table 4 - Number of Incidenis Reported to Various Offices/Departments During 1991

Types of Incident

Office/Department Total Number
Landslide Flooding Others

Agriculture & Fisheries Department - - - -
Architectural Services Department 2 1 - 1
Drainage Services Department 9 - G -
Fire Services Department 4 2 1 i
Geotechnical Engineering Office, CED 95 85 2 3
Highways Department 37 20% - 3
Housing Department 4 4 - -
Water Supplies Department 15 15 - -

Legend :

*  Landslides reported to HyD were referred to GEO and are included in the GEQ incidents

— EF -
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Table 5 - Number of Incidents Reported to GEO Affecting Different Areas in 1991

Affected Hong Kon Kowloon New All
Area g g Territories Districts
Squatters 4 11 4 19
Building Lots 9 1(1) 9 19(1)
Roads / Access 25(1) A1) 14(1) 42(3)
Construction
Sites 1(1) 0 0 1(1)
Country Park 2 0 0 2
Open Arecas 6 3 4 13
TOTAL 47(2) 18(2) 31D 96(5)
Legend :
() Number of major failures
Notes : (1) One incident may affect more than one type of area.
(2) Incidents of no geotechnical concemned (e.g. tree falling, flooding)
were ignored,
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Table 6 - Consequence Related to Type of Failure in 1991

No. of Huts Evacuated

oo | woad
Type of Failure Access Injury
of Blocked
Building
Permanent Temporary
Fill Slope 14 0 0 1 0
Soil 7 2 3 4 0
Cut
o 0‘;36 Soil/Rock 0 0 0 2 0
Rock 0 0 1 7 1
Natural Slope 4 0 2 ! 0
Retaining Wall 0 3 3 2 0
Rock / Boulder Fall 1 0 0 4 0
Others
(Subsidence elc.) 0 2 2 L 0
TOTAL 26 7 11 22 1
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Table 7 - Number of Incidents Reported to GEO During 1991 Classified by Type of

Failure
Type of Failure Number Percentage
Fill Slope 9(1) 10
Soil 31 35
Cut Slope Soil / Rock 6(1) 7
Rock 12(1) 14
Retaining Wall 5 6
Natural Slope 9 10
Rock / Boulder Fall 13 15
(Subsgltzrfé: ete.) (1) 3
TOTAL 88(4) 100
Legend :
() Number of major failures
Note : Incidents of no geotechnical concern (e.g. tree falling, flooding) were

ignored.
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18 Chai Wan Road, Shau Kei Wan 50
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Plate 1 : Negative No. I 9100614 Taken on : 5-3-91

Plate 2 : Negative No. I 9100615 Taken on : 5-3-91

Description : Major failure of a disused rock quarry face overlooking Hoi Ching
Street on 28 February 1991 (about 2,000 cu m).

Plates 1 & 2 - Shau Kei Wan East Housing Development Site (Incident HK 2/2)
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Plate 3 : Negative No. I 9103008 Taken on : 27-3-91

Description : Major failure of a fill slope on 27 March 1991 blocking both road
lanes (about 150 cu m).

Plate 3 - Stanley Gap Road (Incident HK 3/2)
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Plate 4 : Negative No. MW 9111105 Taken on : 8-6-91

Description : Failure of chunam on a soil cut slope on 8 June 1991.

Plate 4 - No. 14 Yung Shue Long New Village, Lamma Island (Incident MW 6/6)
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Plate 5 : Negative No. I 9112104 Taken on : 10-6-91

= — —

Plate 6 : Negative No. I 9112105 Taken on : 10-6-91

Description : Failure of a rock cut slope on 9 June 1991, blocking one road lane.

Plates 5 & 6 - Harlech Road, Victoria Gap (Incident HK 6/3)
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Plate 7 : Negative No. ME 9116808 Taken on : 10-6-91

Description : Failure of a soil cut slope on 9 June 1991 leading to the permanent
evacuation of two squatter huts.

Plate 7 - Ling Nam San Tsuen, Kwun Tong, hut RKT/12A/W/243 (Incident K 6/1)
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Plate 8 : Negative No. MW 9110202 Taken on : 10-6-91

Description : Failure of a masonry retaining wall on 10 June 1991, affecting
squatter huts and a public footpath.

Plate 8 - No. 16, Ka Loon Tsuen, MS 14'% Castle Peak Road (Incident MW 6/3)
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Plate 9 : Negative No. ME 9117803 Taken on : 14-6-91

>

v’

Plate 10 : Negative No. ME 9117804 Taken on : 14-6-91

Description : Major failure of a soil and rock cut slope on 12 June 1991 affecting a
rural road.

Plates 9 & 10 - Bride’s Pool Road, North District, the New Territories
(Incident ME 6/1)
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Plate 11 : Negative No. MW 9111901 Taken on : Unknown

Description : Failure of a soil cut slope on 20 June 1991 resulting in the partial
blockage of a back lane.

Plate 11 - 72 Po Wah Yuen, Lamma Island (Incident MW 6/10)




Plate 12 : Negative No. MW 9111904 Taken on : Unknown

Description : Failure of a soil and rock cut slope on 20 June 1991 resulting in the
blockage of a back lane.

Plate 12 - 84A Tai Peng New Village, Lamma Island (Incident MW 6/11)




- 46 -

Ul

Plate 13 : Negative No. ME 9120804 Taken on : 23-7-91

Description : Failure of a retaining wall on 23 July 1991 resulting in the temporary
evacuation of two village houses.

Plate 13 - No. 143, Ha Wo Che Village, Shatin (Incident ME 7/1)
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Plate 14 : Negative No. MW 9113312 Taken on : 26-7-91

Description : Failure of a soil cut slope (date unknown) resulting in the closure of a
pedestrian pavement.

Plate 14 - Shek Li Street, Kwai Chung (Incident MW 7/4)
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Plate 16 : Negative No. MW 9114108 Taken on : 15-8-91

Description : Failure of a soil and rock cut slope on 15 August 1991 resulting in the
blockage of two road lanes.

Plates 15 & 16 - MS 6, Castle Peak Road (Incident MW 8/3)
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Plate 17 : Negative No. ME 9126207 Taken on : 24-9-91

Description : Failure of a soil cut slope on 15 September 1991 affecting an access
road.

Plate 17 - Slope in front of Lot 161, Sheung Sze Wan (Incident ME 9/1)
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Plate 18 : Negative No. I 9127601 Taken on : 17-10-91

3 ‘ S

Plate 19 : Negative No. 1 9127608 Taken on : 17-10-91

Description : Failure of a soil cut slope (date unknown) blocking a pedestrian
pavement.

Plates 18 & 19 - Chai Wan Road, Shau Kei Wan (Incident HK 10/5)
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Plate 20 : Negative No. MW 9119002 Taken on : 15-10-91

Description : Failure of a masonry retaining wall on 15 October 1991 resulting in
the temporary evacuation of two huts.

Plate 20 - House 1A, Lei Uk Tsuen, Shatin (Incident MW 10/3)




Plate 21 : Negative No. I 9130023 Taken on : 8-11-91

Description : Failure of a natural slope on 28 October 1991, affecting a pedestrian
pavement.

Plate 21 - 38 Cloud View Road, North Point (Incident HK 10/12)
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Table Al — List of Incidents on Hong Kong Island Reported to GECG in 1991 (Sheet 1 of 5)

f i 1
! | Call Recedved i Fakure Area Consequence Rarmarks
! Incident Nc.g Location | | Date I Type Geale Affected
! : ; Pate From I {Tirney -
!
HK M Undernesth elevated road dack foan HyD : Soilirock cut slope Mince | Access Washout
oulside Mo 8 Broadwood Road, i
Happy Valley. . ;
: ]
HE 211 J'D Peak Road and Guildford Road, - &2 WD B2 am . Sail cut slops Minor | Highway bridge Washout
Magazine Gap, ; '
. i . . . .
Hk 2:2 Shats Kal Wan East Housing | 282 F.8.0. 28/2 ; Rock cut slope Major | Constructon she : Tamporary syscuetion efp.m.; Failwe induced by blasting,
Development Ske. Diaused query : 1315 ! school. One persan injured,
face overlooking Hoi Ching Strest ;
HEK 3 Tai Wan Sun Tsuen, 14/3 DCOYHKS | " Natural slope Minor | Squatter Dne bt permanenty : Erosion and subsklance
Pokfulam Road, PokFu Lam ' | ewacuat ;
HE a2 Stanley Gap Aoad near Stanley i 2713 HHE @ 273 - Fil slopa Major | Aoad, playground  Tivo kanes of road bloclked
Willage Road  Tai Tam Road i 30 of & residesntial :
Junction building i
HE 81 Sai Wan Ho Ambudance Depot 115 F.2.D. 115 Rock/boukler fall Mincs | Open space
C.OB:30 |
: HK &M 54 MacDonnell Bead, Centrad, above 106 Rasilent | 88—9/8 | Fill slope Minor | Building Lot Washout
: - R.WWall Ko, 115W—B/R248
PHE 612 22 Cloud Yiew Road Islamic Schoal, 16 HWE 8/6—0/6 | Rockboulkder fall Minor | Building Lot
- North Point
HK 63 . Harlech Road, Victoria Gap 10/ | HyD/HK Rock cut slope Minat | Road One lane of road blocked
HE 84 54 Kong Sin Wan Village, 1045 DOHKS Soil cul skope ireor Squatters
Telegraph Bay i

5%




Table Al — List of Incidents on Hong Kong Island Reported to GEQO in 1991 (Sheet 2 of 5)

| Call Becedved Faiture Area Consequence Ramarks
! Incident Mo, Location | Data Type Scale Aflecled
pate | From | [Time
HK &5 272 Kung Man Villags, 10/ Resklenl | - 85 Sail cut siopa Miror | Squaliers Collpse of chunam
it Davis
HK 6§ Chung Hom Kok Road, 12/ HyDHK u's Reck cut shopa Minor | Road Cne lane of read blocked
Chung Hom Kok am.
HE. &7 86 Telegraph Bay, /5 DOHES &5 - Matural slope Minor | Squatters Three squatter huts Scouring straam colrse
Pok Fuiam 24:00 permanenty evacuated
D HK &8 12 Sevem FAoad. Mount Gough. 10/8 HyD/HK 96 Rock cut slope Minor i- Buitding Let
i (115W-DJ0 501) a.m.
HK &M% Opposie 34 [sland Road, 26 D HyD/HKS® 1908 Solrock cut Mince Foad
Repulse Bay. ¢ 2400 | slopa
HK 510 | ¥ee King Road, Morth Paint 25/8 HyD | 24/8-25/q Frea—standing wall Minor | Pedeskian Mo geotechnical coneern
[NSE-&C 214) paverment
HK &1 | TatHang Road, ara Hy Dy 26527/ Aock boulder fall Miror | Road i Ona kene of road closed for
Jardine's Lookowt, near YHIO repairs
{11SE-C/fC 54]
HE. 7 Tal Tam Road, Chai Wan 37 Hyl> End of | Soil cut slope Minor | Road Partial blockage of the
{bebween catchpit TTB7 & TT8E) Juna roed side gully
| (1SE-DVC 133)
HK. Fr2 : 4,7,5 12 Shek O Acad, ShekD 177 Residant Filll slope Minor | Access
i
i

89




Table Al — List of Incidents on Hong Kong Island Reported to GEO in 1991 (Sheet 3 of 5)

' Cail Recetved Fadure Area Cohsequence Rernarks
Incident Ho. Location | I Date Tipe Scak Adfacted
1
Date | From | (Timel
HK 73 #—31 Peacock Road Campark, 247 BOQ 24{7 Rock cut slope Mincr | Carpark Dne taxi damaged
MHoeth Paint, at the rear of 0500
Ming Yuen Manakon %
i
HK  7/d 50 KaiYuen Terrace, 247 Palice 237- | Fallen reas Mince | Buildings Ho gectechilcal coneern
. Merth Point i 2447
HK 8 Aocess o 11 Repulse Bay Road 16/8 HyDVHK 158 Flooding of catehpd Minor | Private access Ho gectechnical concern
0900 | B road
HK 82 19 Blue Pool Aoad, Happy Valley 188 Police 15/8 Soil cul siope Minor | Building bot ‘Washout
HK 8/3 South of 5 Repulse Bay Road 168 HyDHX 16/ | Nabwalskop= Mot | Building ket, aceess | Ona lane of read closed Pessible fill from building consiruction
Dg.an
1 HK B854 45 Aepulse Bay Acad 18/8 Hy DyH, 15/8 Rock cut shope Minor | Road 1/4 lane of road blocked . Minor plane talure
I {$ENE—A/C22) 12:30
- HK &/5 10 Stankey Market Road. Stanley 16/8 Fulice 15/8 Sail eut shope Miner : BuBding lot
HE 88 Southesst of 129 Rspulzse Bay Rosd 17/8 HyDrHK 1718 | Rock cut slope Minor ; Road One lane of road blocked
[1SHE-AT 110) 14:30 :
H¥ &7 Slope above Salesian Schoal, 19/8 Educatior] 14/8— | Natural slope Miror | Opan space
Chai Wan Road, Shau Kei Wan Depl, 15/8
(11SE-B/C30)
|
HE a1 18 Village Tesrace, Yillage Acad, i/e HyEHK e Rock cart slope Mimor | Ptivabe necess,
Happy Valley 11:25 open space

Ls




Table Al — List of Incidents on Hong Kong Island Reported to GEOin 1991 (Sheet 4 of 5)

i Cal Received Failure Arep Consequence Remarks
Incident No.. Location | Date Type ' Scale pifected
] Date : From ; {Time]
HK 9i2 ;38 Broadwood Poad, 219 W.s.D. Fill skopa Minor | Open space Washoul
| Happy valley :
HK @2 25—27 Veniris Aoad, 17iQ Resident i Soil cut slope Minor | Bullding kat, Washout
Happy Valbey private access
HK a4 Tai Hang Aoed rear Perkins Foad, 2042 HyD/HK Sail sul shope Mimor | Road :
SaoHeh Po
{11SE - GTan
HK. 13/1 | 26 Peak Aoad 1610 Paolice Rockiboulder falt Minor | Wallanay f Wallway partty blocked
' ' '
HEK {12 | TaiTam Read near catpitch TTE0 18110 Police Rockibovlider fall Minor  Walleay Road parly blocked ]
: Ju]
HE, 10/2 | Yee King Acad, Morth Paint i 18M1Q Falica I Roekibouider fall Minor  Pedestrian !
pavemant
_ HK 194 | 5254 bit Davie Road, Pok FuLam 18/10 HyDyHK 1810 i Soil cut slopa Miror | Aoad Hak¥ lane of road kblocked
: HASW-C/C 205) : 2030 |
: HE 105 - TheiWan Road, Shau Kei Wan 1710 HyQHK, ) Soil cut slope Mirot | Pedeskian Faclasirian pavemsnt closed
CMSE — Oyoa pavament
HK 10/8 | 200 Chai Wan Road, Chai Wan 1810 Police Flooding Construction site . Na gectechnical concern
HK 107 | Building Contractors Assoeialion 1o ASD 1610 | Aock cut slope Miner | Building 1ot Failen traes and broken chunam
Sechoa!, Tin Hau Temple Aoad, '
Morth Point :
HK 10/8 | 48 Kennedy Road, Central © 490 | Publiz | 16M0 | Rockbouider fal Minor | Private access
’ 2i30
i




‘Tabie Al — List of Incidents on Hong Kong Island Reported to GEO in 1991 (Sheet 5 of 5)

) Call Recaived Failure Area | Consequence Remarks
 fheidant No. Location : Date Tipe Seale Affected |
) Date From [Tima) :
HK 1048 | 27—131 Blue Pocl Road, 1810 Cheaigny' 16410 | Matural slops Minor | Open space
Heappy Yalley GEO
HK 1040 Mt Parker Roed, Quarry Bay 1910 AF.D. 1810 | Soil cut slopa Mincr | Country Park
HE 10711 i 116 Aberdeen Main Aoad, Aherdaen 2210 HyDiHE © 18/10 | Rockyboulder fall Minor | Privale access
HK 1012 | 38 Cloud View Road, Morth Paint 2910 HyDMHK 28110 Matural slope iror Pedestrian
Poam pavemant
HK 1013 | J/O Kennedy Road and oMo W.B.0. 30M0 | Rock cutshpe Minor | Pedestrian Cne lare of road blocked, Washaout in weathered rock
Quesn’s Aoad East, Wan Chai 15:00 | pevenvent, road padestrian payement closed
E |
HK 1014 | Behind 50 Kai Yuen Strest, | 2500 | BOO. | 1510~ | Rockcutslope Minor  Lane Back lane blocked
. North Poirt 1810 :
D HK 1271 | TaiTam Heservor Road g/12 HyD Sail cut slope Minor i Country Park
i
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Table A2 — List of Incidents on Kowloon Reported to GEO in 1991 (Sheet 1 of 2)

! ! Call Fisceived Faiure Piea Consequence Rernarks
Incidant Me, Locaticn Date Typa Scale Affected
Drate Fram {Tmme}
K 2 Un Lok Yillage, Sau Mau Ping 262 HyE 252  |Fil sfope i Miner | Souatter Four huts
{Hut Mo, XKE48,8/1150—-53) perrnanently evacuated
i :
K 352 On Lok Vilage, Sau Mau Ping 163 HyD 183 Fill slope Minor Squatter ) Ten huts
{Huts Mo. XKE'S/B/8/1 183 — &7 : ‘permanenty evecualked
& 1101- 05}
K 33 Heung Yeung Village, Tsz Wan Shan 273 |DO/WTS 24/3 Sail eut slope Minar | Pedestian pavemert,
[Hut o. RKT,/58,13%) Opan space
K 411 No, 45F, Ma Wan Village, 16/4 Palice 1044 Retaining wall Miror | Squalter One hut Masonrywall
Lei ¥ue Mun 14:00 temporariy evacuabe
K 81 Ling Mam San Tauen, 106 0.0 B/s Sodl cut shope ¢ Miner | Squatter Two huts Rear wall of hut 243 coliapsed
Ke Chiu Road, Kwun Tong, 09:45 permarrantly evacuabed
(Hut Mo, RKTA 26 W0243)
K &2 Heung Yeung Village, Tsz Wan Shan 16 (GECQ | Soll aut slope Minor : Squatter Omia hut
{Hut Mo. RKTISB257) : permanently evacuabed
_ i
K &3 ‘Hang Ning Road, Kwun Tang 176 ; DONKT 178 | Subsidenca Minor : Sguatter i One hut
[Hut o, RKT2/Dr1848) I 000 " lnpotarly svacuated
i
K 54 | S1ope behind hut Mo, RKTRAB/S03 26/8 Polica 26/8 | Sofl cut slopa Minor | Squather | Ona Fiut
Ngau Chi Wan Villaga 16:00 temporarily evacuated

09




Table A2 — List of Incidents on Kowloon Reported to GEO in 1991 (Sheet 2 of 2)

Call Receivad Faifure Aroa Consequence Remarks
Inzident Mo. Location Date ; Typa Seale Aftectad
Date From {Time} i
| |
! !
K 8'5 MauLam Street Jordan 128 =1s]s) i2/8 Subsiklernice, | Major Roed, buitding lot Aoad closed, Cloawe Failure of a basemeant
; bassment i crcdlers on bwo buldings ayeavation
K 7 Sze Shan Public School, 17 | School | “Sall cut slepe Minor | Open space
Ghe Ko Ling, Kwun Teng .
K Fre Tai Shing Vitlage, 24T HyD 247 - Soil eut slope Minor | Squalter Two huks
Sau Mau Ping a.m. parmanently svacuatsd
E
K an Slope behind Kavuen Tong 208 Paolice Fallen trees Miror | Dangerous goods Mo geotechnical conestn
Podice Station ! glore at toe,
privals access
!
K &1 Behind Lam Tin Palyclinic, e DOWKT 28/2 | Sod cut slope Mincr | Squetier Cres hut
Kei Tin Aoad, Lam Tn ternporarily avacualed
{Hut Mo, RKT/20ND/B1)
KAt Tung Yeung Willage, Tsx Wan Shan, ) 1510 |DOYWTS| 15M0 | Soil eut slope Minoe | Squatter, fookpath One hut
Hut Mo, RKTFi5/M/443) am permanantty evacuated
K 10z Lai Yue Mun Village, 2110 F.5.D. 18110 | Rothboukier falk Minor | Sejuater One hat
| (Hut No. RKT/1 2/C/500) ' 19:30 permanently evacuated
K 103 : O Shiu Aoad, Fok Kin Assoclation 29/10 | DO/KT | 2810 | Aockiboukder fall Miner | Sehool playground
: Primary Schood | . i1:00 :
| [11NE-C/C28) '
|

T9



Table A3 — List of Incidents in Eastern New Territories Reported to GEQ in 1991 (Sheet 1 of 1)

Cal Received Failure Area Consequeance Remarks
Incidant Mo, Location : Date Twpe ] Scale Aftected
" Date From [Trme} 7

ME 1M Mo 21 Luk Hep Vilege, 2afie | DOIST Suwbeidence Minor | Souatter Ona hut

&' mike, TaiPo Road tempaorarily evacuabed
[Beside hut Mo, RTPRZ1}
ME 31 Slope behind the sehool 1TA0ED DOYN Soll eut slopa Mincr | Church, school
in Ap Chay, Crocked Harbour ' bulldings
ME &1 Bride's Pood Road 146 | HyDWNT 128 Soilfrock et Major - fAuvalroad
Morth District, H.T. i slopa :
{3SE-B/CE) : I
: ; : R
ME 71 - Retrining Wallbeside Mo, 143, 23T |BOO .23 Retajning wall Mimer | Open area, Parts of bvo houses P
~Ha Wa Che Village, Shatn ' : 2200 building lot ternporarily evacuated
i |
i ME rf2 Slope adacent to focipath 37 Do aPrs Soil cut slope Minor | Foolpath
outside house no, 3, 03 0] :
Kag Pin Long, Sei Kung j

ME 9 Sleps in front of kot 181 in DD235 16/f2 |BOHO/DB 15/9 Soil cut slope Minor | Access rosd
Sheung Sze Wan, Sai Kung

ME 10{1 Meat 'Kin Garden' 410 | Resident Matural slcpe Minor | Private Eccess Washout
Mew Long Keng Vilage i
Saikung

ME 1072 TaiPo Kaw, KCRC 1710 | Hyl¥ | #5M0 | Soldfrock cut Minor | Open area adjacent
(Shope No.9.16 KCRC) Raltway = 22:30 slope radwny linas




Table A4 — List of Incidents in Western New Tertitories Reported to GEQ in 1991 (Sheet 1 of 3)

Call Recedred Fallure Aea Consequatss Remerks
Ineident Ko, Location Date Type Scale Aftacted
Cata From {Time}
M 1M M.5.5 Caslle Peak Road, Kwai Chung 1811 HyD 131 Rock eut slopa Mirmw | Road D lana of roed parkialhy
111 HW— AFCEB) : 17:30 blocked and closed
M 61 31 AYung Shue Wan Main Skeet, 108 Police 28 Matural slope Minor | Building lot
Lamma lsland 15:30
M a2 24— 34, Yau twong Street Peng Chau 1048 | HyD/NT Bg Sail cutstopa Minor | Back lane Collapse of chubam
{108W-B,C15} 18:00
MW 82 - No. 18, Ka Loon Tauen, 1yE B0 | 10/6 . Retaining walt Minor : Stuatier, publie Public focipath blocked, | Masaonry wall
M.5.14'% Castie Peak Road 09:30 fooipath | ana house termpocarily
evaciated
MW 64 Bouldsr adjoning o 14 1046 B.O.O. 1008 Matural slope Mincr | Building lat Tiwo houses Washoul of [rill material
Ka Loon Tauen, M.5.1444 09730 ternporarily evacualted betwean two boulders
Casthe Paak Aoad ;
MW g5 Kem Shan Yillage, Keai Chung a6 B.O.O. a8 Soil cut slope Minor | Buildinig kot Cracking of chumam and washout
: of exposad slope
MW 86 M. 14 Yung Shue Long 136 [ HyD/NT: A5 " Soi cut slope Minor | Building lot Colapsa of chunam
i Mew Villaga, Larmma Island 15:00
MW &7 Lot 302 In DD453, Fu Yung Shan San 2% (HyDWNT [ 2186 | Sofl eut slope | Minor | Building lot Three houses
Tsuan, Tsuen Wan 15:30 temporarly evacuated |

£3



Table A4 — List of Incidents in Western New Territories Reported to GEQ in 1991 (Sheet 2 of 3)

Cal Received Failura Area Conzejuencs Remarks
Incident Na. Location | Date Tipe Scale Affected
Date From {Time]
MW &8 Mo.28— 30 Bullerfly Yalley Cottages, 2806 | HyD/K | 24/8  |FRslope Minor | Buding lot “Washout
Butterfly Vakiey
MW B/ | Mo.260 Mo Lo Shan, 218 | HyDINT Fill slope Minos  Opan space Washout
Tsing Shen Tsuen, Tuen Mun )
MW BMD 72 Po 'Wah Yuen, Lamma Island 268 DLof 204 Sofl cut slope Minor | Back kne : Back lana partly blocked
* laland |
MW 5/11 CB4A Tai Peng New Vilage, 26/6 Doy 208 Solirock ot slope Minor | Back kne Back larve biocked
- Lamnaa Islang Islersd 0300
MW 71 Sha Tih Tau, Shatin 247 iHyDNT| 247  Solteutsiops Minor | Scuatter
! (Hut No. XRSTTA1 No.18, Avea 2) i 14:00 !
MW Fr2 Sha Tin Tau. Skatin . 257 HD &%  Sailcutslope Minor | Squattar Parl of one hut
[Hut No. RSTT/162 Mo.8A, Arsa 2] i 12:00 permanently evacuated
MW 73 Behind No.28, Yau Kwong Strest, felelig Loy 247 - Fallen fres Minor | Back lane Private lane blocked Mo gectechnical concern
Feng Chawr [Slope Mo, 10 SW-B/G16) Islend
MW Trd Foalpath east of Shek Li Street 257 | DOKC | . Safl eut elope Minor | Pedestrian Padasirian pavernent
play@ound, Kwai Chung : pavemant cloged
MW 81 13 Nam Kau Road, - 168 Hesiden!g - Rockboubdar fall Minor | Building kot
Kak Tin Yillage, Shatin i
I
| |

¥9




Table A4 — List of Incidents in Western New Territories Reported to GEO in 1991 {Sheei 3 of 3)

Calf Recetved Falure Area Consequence Remanks
Incident o, Lecation Clats Tvpe Scale Affected
Crate From [Time)
My g2 No. 72 Kau Wa Keng, San Tsuen 138 Do Erosion Minot | Open space o geotechnical concern
: i
i
:
MW B3 . M58, Castla Peak Road 15/8 HyDr 15/8 Soilftock eut slopa Miner | Road 2 larws blocked i
f 123:30
MW a1 Public park adfacent to Lai King 19/8 [, 4] Fill slops Minar | Public: park Washout
Catholic Sehool, Kwai Chung ;
MW 1001 - No.26 Yung Shue Leng New Yillage, 2/ DLO/ | mid—Sept | Retawing wah Minet | Focipath Footrath closed
: Lamma island ksland
MW 10,2 Near Che Kung Temple, Shatin 1o DioysT 15/8 Rochbouider fall Minor |Foocipath Foopath partly blocked
MW 1003 House No. 14, Lei Lk Tsisan, Shatin 15MD0 | oosT 15/10 | Aetaining wall Mingr | Squather Twa huts i\‘n.las~‘:|n|-|r'g,-'1||v.reu.ll
: [Hut Mos. ASTTAM & 65) i o200 temporarily evacuated
My 1074 Lai Chi Kok Receplich Cenlre, 16610 cs0 1510 | Reckbaulder fall Minor | Focipath Fence damaped

Butterfly Yallwy Foad,

 Butterfly Valley
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APFENDIX B

RECORDS FROM GEQ RAINGAUGES DURING
THE HEAVIEST 24-HOUR RATNSTORM
OF 1991
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Histograms of Hourly Rainfall Recorded by GEO
Raingauges on 14 and 15 Qctober 1991
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Figure Bl - Histograms of Hourly Rainfall Recorded by GEO Ralingauges

cn 14th and 15th Octoker 1991 (Sheet 1 of §5)
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APPENDIX C

DAILY RAINFALL AT THE ROYAL OBSERVATORY IN 1991
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Table C1 ~ Summary of Daily Rainfall at the Royal Observatory in 1991

‘ DATE JEN FEB MAR APR MAY | JUN JUL AUG SEFP oCT NOY DEC
1 - — Trace - 118 - — 5.2 — Trace - - Trace
‘ 2 — - 0.4 - Trace - 4.4 0.9 Traca - - Trace
3 - - 08 - 1.4 - 11.5 — — — - Trace
‘ 4 Trace ' — 01 - 2.4 : - 2.2 - 4.2 — - =
! 5 5.1 - - Trace 0.8 | Trace 1.5 Trace - 2.8 - - -
5] 2.2 - - 1.3 Trace Trace Trace 0.6 : 11.0 Trace - —
7 7.6 - — Trace 7.1 Traca Trace 6.5 ) 0.4 - - -
B 2.5 i — — 53 Trace 5D.5 Trace Trace : 0.2 — Trace —
8 - : - - Trace Trace 111.% — Trace ' B.8 — 0.3 -
[ 10 — - Trace Trace Trace 66,8 — 5.2 — — — Trace
11 8.4 Trace - - - 22.3 3.0 25.6 ) - Trace - . -
| 12 1.9 Trace Trace - - 0.2 12,1 43 194 — - Trace
| 13 Trace Trace Trace Z 12.7 25 21.8 17 ! Trace - - . Trace
14 0.5 6.4 Trace — - 3.4 22.8 208 8dd 30.1 - | -
15 0.5 oA — - 17.7 Trace 1.0 65.2 ) 2g.1 192.4 - Trace
15 — 14 Trace — a.1 .3 e 56.0 : — 56.5 - i - 1
17 - 0.4 Trace — - - Trace i 12.2 : - 4.3 - ) - iy
18 - Trace 2.5 - Trara 2.3 - ! - 4.2 Trace - : - in
19 - Trace Trace Trace Trace 14.5 0.2 4.4 : - 0.4 Trace H - 1
20 — 0.2 Trace Trace - 33.2 275 | Trace '  Trace 0.2 0.2 . -
21 = — — 0.5 — 16.9 4.5 ! 34,7 1.5 - Trace ) -
22 - Trace 36.6 - Trace 3.4 7.2 ! - ; D.B Trace - -
23 i Trace — 1.2 - Trace 2.7 a7g - ! - Trace Trace © _ Trace
24 Trace - Trace - QA1 12.8 33.5 ' 0.6 a.0 0.4 Trace ) -
25 - — Trace | - 0.2 0.6 04 . 183 | oen Trace 18 ! -
28 Trace - - | Trace Trace 25.4 - : - ! — - D4 0.6
27 ' - -~ Trace - 2.7 Trace - ! - i - | 0.4
28 i - Trace Trace Trace Trace Trace 36.4 : Trace - - | 7.6
29 - Trace 0.7 — 13.5 Trace — - 1.3
3 Trace 3.8 0.7 - 7.5 0.2 = 1.4
31 Trace a1 4.8 51.8 - - 0.5
TOTAL : 28.7 51.5 34.7 50.9 3717 2936 3023 2943 : 2.7 118

The Total Rainfall in 1991 is 1638 lmm




LIST QF DRAWING

Drawing
No.

GUSP 8/8 Location Map of Landslides and Related Incidents in 19291
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