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Investigation Report on the Flooding in

Sha Po Tsai Village, Tai Po on 22 July 2010

Executive Summary

Introduction

A severe rainstorm in the afternoon of 22 Jul 2010 caused a flash flood at Tai Po River
(Middle Reaches). There was one fatal incident involving a resident of Sha Po Tsai
Village who was washed away by flood water. There was serious flooding and damage
to property in Sha Po Tsai Village.

Sha Po Tsai Village is right next to the Works Site of Drainage Services Department
(DSD) Contract No. DC/2007/06 - River Improvement Works in Upper Lam Tsuen River,
She Shan River and Upper Tai Po River. A plan (Fig. 1) is attached to show:

(4) Location of Sha Po Tsai Village, the Works Site and the adjacent areas;

(5)  Three Sections of Tai Po River, namely Tai Po River (Upper Reaches) (Stream A,
Stream B and streams in further upland), Tai Po River (Middle Reaches) (West
Branch, Central Branch and East Branch) and Tai Po River (Lower Reaches)
(Sections downstream of the Stepped Channel and Tat Wan Road Bridge and
sections flowing through Tai Po New Town); and

(6)  The main features of the river such as confluences, split flow and cross flow. Sha
Po Tsai Village is located between the Central Branch and the West Branch.

After the flooding, it was observed that:

(1) The flooding situation at Sha Po Tsai Village was very severe with flood water
flowing from west to east across the village at depths from 1m to more than 2m;

(2)  There was erosion at many locations along Tai Po River (Upper Reaches and
Middle Reaches) and there were large quantities of vegetation, sediments and
boulders deposited along other locations of Tai Po River (Middle Reaches and
Lower Reaches) and some were found blocking the openings under bridges;

(3) Some construction works and material were washed away and / or displaced.

The investigation considers the hydraulic performance of Tai Po River under scenarios
reflecting these observed conditions, the sources of erosion and the effects of the
construction works on the flooding situations. The investigation then attempts to
determine the causes of the flooding.

The Characteristics of Tai Po River Catchment

The overall length of Tai Po River is about 6.7km with a catchment of 7km? descending
from 752mPD to sea level at Tolo Harbour (Fig. 2). The gradients are steep (about 1 on
5) at Tai Po River (Upper Reaches) and gradually decrease to moderate (about 1 on 23)
at Tai Po River (Middle Reaches). Based on previous flood records and verbal accounts
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of the residents, Tai Po River (Middle Reaches) at the location of the Works Site is
prone to flooding.

Proposed Drainage Improvement Works

In view of the flood-prone nature, DSD is implementing drainage improvement works at
the Central Branch of Tai Po River (Middle Reaches) under Contract No. DC/2007/06.
The Contractor, Chiu Hing Construction & Transportation Co. Ltd., has been carrying
out the construction works since Mar 2008 under the supervision of DSD’s engineering
consultants, AECOM Asia Co. Ltd. The scope of works includes the improvement of the
Central Branch to carry the main river flow between gabion wall banks, a Boulder Trap
at the upstream end together with bridge crossings. Upon completion, the West Branch
will be cut off from the Central Branch at CH_C 180 and will become a tributary
collecting local runoff only.

The Flooding Incident

In the preceding 5 days, there was a total rainfall of 70.7mm which would represent a
fairly wet antecedent moisture condition. The major rainstorm on 22 Jul 2010 occurred
from 4:40pm to 7:20pm, with a peak hourly rainfall of 203mm. The total rainfall in the
period was 167mm. This rainstorm was amongst the heaviest in the recent 10 years
according to the available rainfall records in Tai Po.

At around 5:30pm on 22 Jul 2010, Sha Po Tsai Village was reported to see flood water
flowing over the bank of the West Branch across the village towards the Central Branch.
The flood levels rose rapidly to knee height within 15 minutes and reached its peak
within about half an hour. The flood depth was around 1m but some houses were
flooded to the ceiling (more than 2m high). The flood lasted for about one and a half
hours. All flood water receded at around 7:00pm.

There was significant damage to the Sha Po Tsai Village. A resident of House No. 2
was washed away and later found dead. House No. 3 collapsed and House No. 26 was
flooded to over 2m. Many households were inundated with damage to household

property.

After the incident, sediments and boulders were found deposited at various constricted
sections of the river and in particular caused blockages at 7 bridge crossings (i.e. 5
bridge crossings at the Central Branch at CH_C 230, CH_C 325 (Bridge TB-A), CH_C
340 (Bridge TB-B), CH_C 420 (Bridge TB-C) and CH_C 520 (Bridge TB-D), and 2
bridge crossings at the West Branch at CH_W 350 and CH_W 450).

Hydraulic Analyses by Mathematical Modelling

As part of the investigation, a mathematical model has been constructed for Tai Po
River Catchment using Danish Hydraulic Institute river modelling suite MIKE 11 (version
2001b) to simulate various flooding scenarios. The model, having been calibrated with
the maximum surveyed flood marks and the estimated flow rate at the Stepped Channel
at CH_C 620, is considered fit for the purpose of analyzing different site conditions for
flood investigation. 5 Scenarios have been modelled:

* Scenario 1 - Baseline Condition (before commencement of works)
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* Scenario 2 - Baseline Condition plus Blockages at 7 Bridges

e Scenario 3 - Baseline Condition plus Interim Drainage Works

» Scenario 4 - Baseline Condition plus Blockages at 7 Bridges plus Interim
Drainage Works

e Scenario 5 - Condition of Flooding with Blockages at 7 Bridges, Interim Drainage
Works and Final Bank and Bed Levels after the flooding event

Upon analyses of the modelling results, it is noted that the flow pattern for all 5
scenarios are similar, especially at Split Flow 2 location (CH_C 180 to CH_C 240) as
shown in Fig. 3.

For Scenario 1, at Split Flow 2, the flow from upstream splits one-third to the West
Branch and two-thirds to the Central Branch. Because of the lower river bed level, flow
enters the West Branch first. When flow increases, the water level in the narrower West
Branch rises sharply and flow starts to spread to the Central Branch which gradually
takes up more flow. This flow at Central Branch then splits into the Central Branch and
Cross Flow 2. Because of the lower river bed level of Cross Flow 2 in relation to the flow
along the Central Branch at the bridge openings at CH_C 230, more flow from the
Central Branch returns to the West Branch. The combined flow at the West Branch
becomes fairly large. This flow soon overtops the right bank of the narrow West Branch
and pushes a significant amount of flow across Sha Po Tsai Village near House No. 26.
This pattern of split, return and overflow is the natural consequence of the topography
and river geometry.

According to the predictions of the model, the water levels along the entire West Branch
are higher than the right bank at Sha Po Tsai Village. Also the flow is so large that it
overtops the 2 bridges at CH_W 350 and CH_W 450. These 2 bridges pose constriction
to the flow with significant energy losses represented by conspicuous backing up of the
water levels. The water levels at the Central Branch are higher than the left bank at Sha
Po Tsai Village but not the right bank. Similarly the flow is so large that it overtops the 5
bridges at CH_C 230, TB-A, TB-B, TB-C and TB-D. Again these 5 bridges pose
constriction to the flow and again back up the water levels. It also indicates that there is
flow from the West Branch across Sha Po Tsai Village towards the Central Branch.

This Scenario 1 shows that the West Branch does not have sufficient hydraulic capacity
to accommodate the rainstorm of 22 Jul 2010, (a) even in its untouched state before the
commencement of the construction works; and (b) even in its untouched state without
the blockages of the 7 bridges.

In Scenario 2, the blockages of the 7 bridge crossings raise the water levels at their
upstream and cause more severe cross flow across Sha Po Tsai Village. It predicts that
the flooding situation at Sha Po Tsai Village with the blockages of the bridge openings
would generally be worse than the hypothetical flooding situation before the
commencement of the construction works.

Scenario 3 represents the combined effects of the interim drainage works completed
before the flooding event (including the Boulder Trap, sections of Gabion Walls,
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footbridge abutments and miscellaneous temporary works such as the Check Dam,
noise barriers, bank protection, temporary rock fill stockpiles and river bed re-profiling,
all of which will be described in more details in the following sections). Comparing
Scenario 3 with Scenario 1, the Check Dam constructed at Cross Flow 2 blocks the
cross flow from the Central Branch to the West Branch and diverts more flow to the
Central Branch, reducing the cross flow at House No. 26 and the flow at the West
Branch in front of House No. 2. While the flow along the Central Branch increases, it
does not cause major flood damage. In summary, the hypothetical flooding situation
before the commencement of the construction works is predicted to be alleviated by the
combined effects of the interim drainage works completed before the flooding event.

Scenario 4 represents both the blockages of the 7 bridge crossings as well as combined
the effects of the construction works completed before the flooding event. Scenario 4
versus Scenario 2 bears a similar relationship to Scenario 3 versus Scenario 1; the
hypothetical flooding situation with the blockages of the 7 bridge crossings before the
commencement of the construction works is predicted to be alleviated by the combined
effects of the interim drainage works completed before the flooding event.

Scenario 5 represents the effects of the river bed and bank shapes being modified by
the erosion and deposition during the flooding event. Situations for Scenario 5 and
Scenario 4 would be the ones closely resembling the actual situations as erosion and
deposition during the flooding event progressed. With respect to the flooding impact on
Sha Po Tsai Village, Scenario 5 is slightly less adverse than Scenario 4 owing to
reduced flow to the West Branch caused by the extensive deposition of sediment and
boulders around Spilt Flow 2 and Cross Flow 2.

Key findings of the model analyses are:

(4) The West Branch does not have sufficient hydraulic capacity to accommodate
the rainstorm of 22 Jul 2010. In other words, the Sha Po Tsai Village would have
been flooded (a) even if there were no drainage improvement works under
construction; and (b) even if there were no blockages of the 7 bridges;

(5) The blockages of the 7 bridge crossings by sediments and boulders exacerbated
the flooding situation; and

(6) The overall effects of the interim drainage works completed before the flooding
event did not aggravate the flooding situation.

Assessment of the Sources of Sediments

There were clear signs of erosion along Stream A and Stream B of Tai Po River (Upper
Reaches) as shown by a comparison of the aerial photos of Nov 2009 and Aug 2010
(Fig. 4). The erosion and movement of sizeable boulders and cobbles were caused by
the high flow velocities and the steep gradients of these two streams. Within the Tai Po
River (Middle Reaches), erosion of sections of river bed and banks was found, whereas
there was also deposition of sediments and boulders along other sections of the Tai Po
River (Middle Reaches), mainly immediately upstream of the bridges crossing the West
Branch and the Central Branch. Based on quantitative analyses of the volume of
sediments and boulders transported by erosion and deposition, it is estimated that the
erosion of the river bed and banks in Stream A and Stream B during this rainstorm event
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yielded a significant amount of sediments and boulders (about 5,400m°%), part of which
was deposited within the Tai Po River (Middle Reaches), and the remainder washed
further downstream to Tai Po River (Lower Reaches) and to Tolo Harbour. Within the
Tai Po River (Middle Reaches), an erosion of about 1,800 m?® was identified, and a
deposition of about 4,000 m*® was found, suggesting that a net deposition of about
2,200m?* was originated from the Tai Po River (Upper Reaches).

Effects of the Interim Drainage Works on Flooding

While the overall effect of the interim drainage works was assessed in the hydraulic
analyses by mathematical modelling to be not adverse, each item of the interim
drainage including temporary construction works is studied in more detail. The interim
drainage works completed before the flooding event included the Boulder Trap, sections
of Gabion Wall and footbridge abutments. The temporary construction works completed
before the flooding event included the Check Dam, noise barriers, bank protection,
temporary rock fill stockpiles, and river bed re-profiling. Details are shown in Fig. 5. All
permanent works remained intact after the flooding event. However, some temporary
works had been washed away or displaced. Details are shown in Fig. 6.

« Boulder Trap — had arrested 580m? of sediments and boulders washed down
from Stream A and Stream B. Its presence had also avoided the erosion of the
original 60m long natural river bed and banks had it not been constructed.
Erosion in the form of a scoured pit was found immediately downstream of the
Boulder Trap. Taking into account the erosion at this scoured pit, there was a net
benefit of trapping 390m? of sediments and boulders.

»  Sections of Gabion Wall — were constructed in a direction parallel to the river and
outside the original river. These should not have major adverse effects on the
river flow.

* Footbridge abutments — were constructed at the bank of the original river and
should not have major adverse effects on the river flow.

« Check Dam — remained intact and had served a beneficial function in diverting
more flow to the Central Branch as predicted by the mathematical modelling.

* Noise Barriers — were comprised of steel frames, panels of corrugated sheet and
large boulders or water-filled steel barrels as hold-down weights. 127 frames,
260 panels and 283 steel barrels were displaced due to the flooding. Amongst
these, and upstream of Split Flow 2, 2 frames and 2 panels ended up at Bridge
at CH_W 350 and 2 panels were trapped at CH_C 210. Also, downstream of
Split Flow 2, 5 frames and 15 panels were found at Bridge TB-C; and 1 frame
and 1 panel were found at Bridge TB-D. Others were missing and were likely to
have been washed away. The trapped frames and panels were found buried with
sediments and boulders which blocked some of the bridge openings. In view of
the much larger volume of sediments and boulders at the blocked locations, the
cause of blockage attributed to the noise barrier frames and panels would not be
the dominant one.

e Temporary Stockpiles — there were 3 heaps of temporary stockpiles of rock fill
material before the flooding event. 2 heaps were placed outside the east wall
and lheap behind the west wall of the Boulder Trap, all outside the extent of the
river. They remained intact after the flooding event.
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 Temporary Bank Protection — boulders and precast concrete blocks were placed
along the bank of the Central Branch as temporary bank protection. The
boulders remained in place but 17 precast concrete blocks were displaced and
were found deposited at the downstream reaches of the Central Branch as
shown in Fig. 6. These blocks were moved by the high velocity flow and
deposited when the flow subsided. As the process took place on the downstream
of the Sha Po Tsai Village, the blocks should not have aggravated the flooding
situation there.

* River Bed Re-profiled zones — some parts of the original uneven river bed were
re-profiled by the Contractor to facilitate the operation of construction plant. The
overall cross sectional area of the river was maintained so that the river flow
would not be adversely impacted. Erosion of some sections of the re-profiled
zones was found, mainly at the Central Branch downstream of Cross Flow 2.

The requirements for construction stage flood risks assessment were stipulated in
ETWB Technical Circular No. 2/2006 and DSD Technical Circular No. 14/2000. The
principle of managing the flood risk during construction stage was based on the principle
of “no unacceptable increase in flood risk”. The Contractor was required to submit
Temporary Drainage Management Plan (TDMP) for any construction works within the
river. In accordance with the approved TDMP, the Contractor was only permitted to
carry out works within the river during the dry season periods specified. When the wet
season began in Apr 2010, the Contractor was required to vacate and had vacated the
river, including the removal of all construction plant and material and restoring the re-
profiled river bed to below the original bed level.

Limited access to the site dictated the construction sequence. At the upstream end of
the Works Site, construction plant could only access Tai Po River (Middle Reaches)
from Wilson Trail through a temporary access road. The construction of the Boulder
Trap was completed early on in order to provide protection against sediments and
boulders from Tai Po River (Upper Reaches). Two sections of Gabion Walls were
constructed in the dry seasons of 2008/09 and 2009/10. The Check Dam was
constructed in the dry season of 2008/09 to provide better interim protection to the West
Branch. The proposed construction sequence of the remaining works was to start
working at CH_C 230 and gradually moving upstream and eventually to exit via CH_C 0.

Another access point was at the downstream end of the Works Site near CH_C 600 just
upstream of the Stepped Channel at CH _C 620 near Tat Wan Road Bridge. Two
sections of Gabion Walls were constructed in the dry season of 2009/10. The proposed
construction sequence of the remaining works was to start working at CH_C 230 and
gradually moving downstream and eventually to exit via CH_C 600. Plant operation in
other parts of the Works Site could only be made by temporarily re-profiling the river bed.
While working from downstream end towards the upstream end would be a usual
construction sequence, it could not be applied in this Contract due to site access
constraints. Instead, the feasibility of the adopted / proposed construction sequence had
been demonstrated by appropriate flood risk assessment.
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Findings of the Analyses in Determining the Causes of Flooding

The rainstorm in the evening of 22 Jul 2010 was an intense one with a peak
hourly rainfall of 2103mm;

The West Branch does not have sufficient hydraulic capacity to accommodate
the rainstorm of 22 Jul 2010. In other words, the Sha Po Tsai Village would have
been flooded (a) even if there were no drainage improvement works under
construction; and (b) even if there were no blockages of the 7 bridges;

The erosion of the river bed and banks in Stream A and Stream B of Tai Po
River (Upper Reaches) during this rainstorm event yielded a significant amount
of sediments and boulders (about 5,400m®), part of which was deposited within
the Tai Po River (Middle Reaches) and contributed to the blockages of 7 bridge
crossings. These blockages exacerbated the flooding situation;

Those temporary works items (noise barrier frames, panels, water-filled steel
barrels and precast concrete blocks for bank protection) displaced and deposited
among sediment and boulders on the river bed and at bridge crossings should
not be the dominant cause of blockage in view of the small quantity and the
location where they were deposited;

The Boulder Trap had arrested 580m?* of sediments and boulders washed down
from the Stream A and Stream B. The Check Dam had served a beneficial
function in diverting more flow to the Central Branch;

Collectively the overall effects of the interim drainage works completed before
the flooding event, as illustrated by mathematical modelling, did not aggravate
the flooding situation;

The early construction of the Boulder Trap and Check Dam was reasonable in
consideration of their beneficial functions. The feasibility of the adopted /
proposed construction sequence had been demonstrated by appropriate flood
risk assessment.

Improvement Measures

In order to enhance the protection against blockages of existing bridge openings and to
divert flow away from the West Branch, the following short term improvement measures
are being carried out and would be completed in mid Sep 2010:

Temporary Wire Boulder Fence

Grille at Boulder Trap

Raising of Check Dam

Interim Bridge at CH230

Improvement at Existing Bridge Crossings at the Central Branch

The following long term improvement measures which will further enhance the current
design have been identified and their feasibility will be explored:

Additional Boulder Trap (to increase the trapping capacity)
Measures to Better Control the Turbulent Flow Near Tat Wan Road (to prevent
the damaging effect of the turbulence)
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