Guidance Notes on Road Pavement Drainage Design

Annex B - Drainage Impact Assessment (DIA) of Chai Wan Road
and adjacent Steep Roads

There are two key components in the DIA of a road. First is to investigate whether there are
any additional lateral or upstream inflows to the road and to provide interception roadside
channels or inlets to prevent them flowing onto the road. Second is to assess the adequacy of
the existing drainage facilities of the road and check them with reference to RD/GN/035.
Chai Wan Road and adjacent steep roads are used as a study case and the steps of analysis are
shown below.

For the ease of reference of the readers, some remarks and detailed elaboration of the
assessment have been added to this DIA. Further information is shown in the Supplementary
Guidelines.

Step 1 Realistic delineation of the actual catchment area of the road by making use of
the available topographic survey maps.

Using the topographic information on the 1:1,000 survey maps to:
a) delineate the rural catchments along ridges of hills and edges of slopes; and
b) delineate the urban catchments along road boundaries.

Please refer to plan No. CWR-Stage 1.pdf for the preliminary delineation based
on the topographical information on the survey maps.

Remark
Catchments with boundary highlighted in red are potential additional catchments
to the concerned sections of Chai Wan Road and adjacent steep roads.

Step 2 Identification of existing drainage provision for interception of stormwater in
the catchment area outside the steep road reserve.

Identify the existing drainage provision by reviewing the drainage record plans
from DSD and conducting site inspection.

Step 3 Fine tune the actual boundary of the additional catchments outside the road and
evaluate the additional stormwater that will eventually flow onto the road
pavement.

Based on the identified drainage provision along the boundaries of the adjacent
catchments, assess whether they are adequate to intercept the stormwater flow
from those catchments and then evaluate additional stormwater runoff will flow
from the adjacent catchments to the road pavement under 1 in 50 years
rainstorm event.

Please refer to plan No. CWR-Stage 2.pdf and the Notes for CWR-Stage 2.doc
for the fine-tuned catchment boundaries.
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Step 4

Remarks:

1) In the evaluation it is assumed that the existing drainage facilities of other
parties (e.g., drainage channels, catch pits, natural watercourses) have
adequate intercepting capacities and function properly.

2) Stormwater runoff in the catchments with boundary highlighted in green (i.e.
Areas C1, C2, part of C5 and part of C7) will unlikely be discharged onto
the concerned road section (i.e. road section hatched in yellow in CWR-
Stage 1.pdf).

3) For simplicity, it is considered that the stormwater runoff in the catchments
with boundary highlighted in red (i.e. Areas C3, C4, the concerned part of
C5, C6, the concerned part of C7and C8) will likely be discharged onto the
revised concerned road section (i.e. road section hatched in red in CWR-
Stage 2.pdf).

Evaluation of the time of concentration for the catchment areas.

Using the Brandsby William’s Equation, check the time of concentration of
Area C3, Area C4, the concerned part of Area C5, Area C6, the concerned part
of Area C7 and Area C8 as below:

For Area C3, L ~ 60m, H ~9%, A~90 m2, to~ 3.6min;

For Area C4, L ~ 60m, H ~6%, A~160 m’, t,~ 3.7min;

For Area C5(part), L ~25m, H ~32%, A~110 mz, to~ 1.1min;
For Area C6, L ~ 30m, H ~5%, A~65 m’, ty~ 2.1min;

For Area C7(part, L ~ 40m, H ~9%, A~195 mz, to~ 2.2min; and
For Area C8, L ~ 40m, H ~6%, A~285 m’, ty~ 2.3min.

As all the above six areas are suited in mid-way of the steep roads, (i.e. not at
upstream end of the roads), the actual time of concentration for their flows to the
nearest inlets of the carrier drains will be controlled by the time of concentration
of the most upstream catchment (i.e. the road section from upstream end of the
road section to the concerned drainage inlet nearest to the above six areas),
which will be much longer than those of the six areas. In this regard, it is
considered sufficiently conservative if the time of concentration of 5 min is used
to calculate the stormwater runoff discharging from the six areas and the
concerned road sections to the relevant carrier drains.

Steps 5 & 6 Evaluation of the actual stormwater runoff that will flow from the catchments

onto the road.

Assuming that the surfaces of Area C3, Area C4, the concerned part of Area C5,
Area C6, the concerned part of Area C7 and Area C8 are paved, therefore using
the runoff coefficient of C = 1; and

using the rainfall intensity of 1 in 50 year 5-min duration design rainstorm
stated in Table 1 of RD/GN/035(= 270mm/hr),

calculate the additional runoff from Area C3, Area C4, the concerned part of
Area C5, Area C6, the concerned part of Area C7 and Area C8.
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Step 7

The additional runoff are found to be 0.01m’/s (for each of Area C3, Area C4,
the concerned part of Area C5, Area C6 and the concerned part of Area C7) and
0.02m’/s (for Area C8) respectively.

Evaluation of the stormwater interception capacity of the existing drainage
provisions at critical locations of the road section.

Based on DSD Drainage Record Plans “Drainage Record-11SE19A1.pdf”,
“Drainage  Record-11SE19A3.pdf”, “Drainage = Record-11SE19A4.pdf”,
“Drainage Record-11SE19C1.pdf”, “Drainage Record-11SE19C2.pdf” and
using the equation 6 of RD/GN/035, the drainage capacity of the existing
drainage facilities are calculated as follow:

Drain 1 (manhole SMH7041492 - manhole SMH7041495)
Length~40m, U/S Invert Level~43.92mPD, DS Invert Level~41.98mPD,
Slope~0.05, Diameter = 0.75m, Capacity C~2.73m’/s

Drain 2 (manhole SMH7041439 - manhole SMH7041494)
Length~16m, U/S Invert Level~44.95mPD, DS Invert Level~42.95mPD,
Slope~0.13, Diameter = 0.3m, Capacity C~0.40m’/s

Drain 3 (manhole SMH7040354 - manhole SMH7040335)

Length~165m, U/S Cover Level~15.59mPD, DS Cover Level~12.04mPD,
Slope~0.02, Diameter = 1.35m, Capacity C~8.45m’/s (Remark: As invert levels
of the pipe are not shown on the drainage record plans, cover levels are used to
calculate the pipe capacity)

Drain 4 (manhole SMH7040335 - manhole SMH7059774)

Length~105m, U/S Cover Level~12.04mPD, DS Cover Level~6.45mPD,
Slope~0.05, Diameter = 1.35m, Capacity C~13.31ms (Remark: As invert
levels of the pipe are not shown on the drainage record plans, cover levels are
used to calculate the pipe capacity)

Drain 5 (manhole SMH7061143 - manhole SMH7061148)
Length~20m, U/S Invert Level~34.29mPD, DS Invert Level~32.72mPD,
Slope~0.08, Diameter = 0.75m, Capacity C~3.47m’/s

Drain 6 (manhole SMH7052704 - manhole SMH7027350)
Length~65m, U/S Invert Level~6.92mPD, DS Invert Level~2.72mPD,
Slope~0.06, Diameter = 2.44m, Capacity C~68.65m’/s

Drain 7 (manhole SMH7027381- manhole SMH7027378)
Length~30m, U/S Invert Level~31.49mPD, DS Invert Level~28.13mPD,
Slope~0.11, Diameter = 0.525m, Capacity C~1.63m’/s

For tentative locations of Drain 1 — Drain 7, please refer to plan No. CWR-Stage
3.pdf. For detailed locations of the drains and manholes, please refer to the
above drainage records.

Besides, with reference to plan No. CWR-Stage 3.pdf:
Road Area 1, Area ~ 2,200m?, Q=0.278CiA ~0.17 m*/s
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Step 8

Step 9

Road Area 2, Area ~ 12,400m?, Q=0.278CiA ~0.93 m’/s
Road Area 3, Area ~ 5,500m?, Q=0.278CiA ~0.41 m’/s
Road Area 4, Area ~ 1,500m?, Q=0.278CiA ~0.11 m’/s
Road Area 5, Area ~ 5,500m?, Q=0.278CiA ~0.41 m*/s
Road Area 6, Area ~ 500m?, Q=0.278CiA ~0.04 m’/s
Road Area 7, Area ~ 3,400m?*, Q=0.278CiA ~0.26 m’/s;
Road Area 8, Area ~ 4,500m?, Q=0.278CiA ~0.34 m’/s
Road Area 9, Area ~ 1,500m?%, Q=0.278CiA ~0.11 m*/s

For Drains 1 to Drain 7, it appears that they are not exclusively for the
concerned road sections and upland catchments but may also convey stormwater
runoff from some other catchments. Therefore, it is not certain whether they are
adequate to convey the stormwater from the concerned road sections and upland
catchments (i.e. Road Areas 1 — 9, Area C3, Area C4, the concerned part of
Area C5, Area C6, the concerned part of Area C7 and Area C8) despite that their
capacities may be larger than the stormwater runoff from the concerned road
sections and upland catchments. In such situation, it is recommended to consult
DSD to acquire their advice and findings from their relevant drainage studies.

For this DIA, DSD has provided their advice on whether Drains 1 - 7 are
adequate to handle the stormwater runoff under a 1 in 50 year rainfall intensity
based on their past Drainage Master Plan study in the Northern Hong Kong
Island. (please refer to “Adequacy of Drains 1 - 7.pdf”). Based on this
information, it is considered that Drains 1 and 3 — 6 are incapable to handle the
stormwater runoff from the concerned road sections and upland catchments. It
is suggested to liaise with DSD to further investigate whether these drains are
required to be upgraded.

Remark:

For Drains 3 and 4, their invert levels cannot be found in the drainage record
plans. It is suggested that further site surveys can be conducted to ascertain their
invert levels as required.

Review of the history and causes of previous flooding incidents (flooding may
be due to reasons other from excess stormwater flow such as debris blockage).

Within the study area seven flooding incidents were reported during the
specified period. Four cases occurred near the Chai Wan Road Roundabout.
The other cases occurred at various locations along Chai Wan Road. The causes
of flooding have not been identified. The flooding history however indicates
that the area near the Chai Wan Road Roundabout is the most problematic area.
A possible reason for the flooding there is its low-lying ground level (~5.2mPD).
As the drainage networks there are of low invert levels, they are suspicious to
severe backwater effect from sea during high-tide scenario (please also refer to
Item 2 of the last section of the DIA).

Identification of improvement measures such as providing optimum crossfall,
more effective road gully arrangement, transverse drains, on-site road side flood
storage, bypass/excess surface runoff diversion/interception plan at upstream,
and the use of porous pavement, etc. at suitable locations.
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1. The flooding problem at the Chai Wan Road Roundabout is likely due to
the tide induced backwater effect and thus is not directly related to
adequacy of the drainage facilities of the steep roads. Remedial measures
may include the use of tide gate together with an underground floodwater
storage tank.

2. Based on this assessment, it is preliminarily identified that the capacity of
Drains 1 and 3 — 6 are inadequate to convey the stormwater runoff from the
concerned road pavements and additional catchments. Further detailed
assessment should be conducted to confirm this finding and, if essential,
DSD may be consulted to resolve this problem together.

Other Points to Note

The following additional points are suggested for the consideration of the designers on road
pavement drainage works by making reference to the assessment carried out under this DIA:

1.

For simplicity, the drainage networks are regarded as exclusively only for the concerned
road pavements in the above calculation. However, for urban areas (also for this case),
the drainage networks are in general not exclusively for road pavements only and they
will also be used to convey stormwater runoff from adjacent developments, slopes, other
catchments, etc. Therefore, it is suggested to liaise with DSD to determine whether the
concerned carrier drains are capable to convey the stormwater runoff from relevant
catchments if the carrier drains are not exclusively for road pavements only based on the
findings in DSD’s past relevant studies (such drainage master plan studies).

At downstream ends of Chai Wan Road and Wan Tsui Road (near the large roundabout),
there is a large box culvert provided for conveying stormwater runoff from upstream
areas. However, adequate information for assessment of the capacity of the box culvert
is not available on the drainage record plans. It is recommended to contact DSD to
acquire the required information. Besides, as the ground level at the roundabout is just
about 5.2mPD, the drainage capacity of the box culvert underneath will likely be
affected by tide (As the height of the culvert is 2.9m, for the ground level of 5.2mPD and
assuming the cover depth of the culvert of 1m or more, the invert level of the culvert will
be 1.3mPD or lower, which is lower than high tide level). In this case, the drainage
capacity of the culvert cannot be simply calculated using the equation 6 of RD/GN/035,
which has assumed that the flow is uniform and is not affected by backwater. Therefore,
it is suggested to liaise with DSD to determine whether the concerned carrier drains are
capable to convey the stormwater runoff from relevant catchments if their flow
capacities are suspected to be affected by tide.

For steep watercourses running towards roads, regular desiliting and maintenance for the
sections of watercourses near the roads is suggested to avoid overflow of stormwater
runoff from the watercourses onto the road pavements due to blockage.

For gullies, channels, intakes suited next to amenity, regular desiliting is suggested to
avoid overflow of stormwater runoff from the drainage networks onto the road
pavements due to blockage.

At low-lying road sections/sag points (such as ground level of about SmPD or less),
stormwater runoff may be difficult or even unable to be conveyed into carrier drains
during high tide due to backwater effect. In that case, interception of the stormwater
runoff at more upstream road sections is suggested.

- End -
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Notes for CWR-Stage 2

Note 1
As there is a retaining wall at the toe of slope with interception channel immediately next to

the wall, it is expected that the stormwater runoff in Area C1 will not run onto the road
pavement.

o Slope toe

Retaining wall with intereption channel at slope toe

Note 2

As there is an interception channel at the toe of slope, it is expected that the stormwater
runoff in Area C2 will not run onto the road pavement.

Interception channel at slope toe
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Note 3
As there is no interception channel at the toe of slope, it is expected that the stormwater
runoff in Area C3 will run onto the road pavement.

e B RS
NS

No intérception channel at slof)e toe

Note 4
As there is no interception channel at the toe of slope, it is expected that the stormwater
runoff in Area C4 will run onto the road pavement.

pP.2



Notes for CWR-Stage 2
Note 5

There is an interception channel along almost the entire section (except a short section) of the
toe of slope. Eventually, it is expected that only the stormwater runoff in a small part of Area
C5 (highlighted in red in CWR-Stage 2.pdf) will run onto the road pavement.

3 i .

Interception channel along almost the entire section of slope toe
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Notes for CWR-Stage 2

.71\\-

No interception channel along a short section of slope toe

=

Note 6
As there is no interception channel at the toe of slope, it is expected that the stormwater
runoff in Area C6 will run onto the road pavement.

20 AR
AT
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Notes for CWR-Stage 2
Note 7

There is an interception channel along almost the entire section (except a short section) of the
toe of slope. Eventually, it is expected that the stormwater runoff in a small part of Area C7
(highlighted in red in CWR-Stage 2.pdf) will run onto the road pavement.

No interception channel along a short section of slope toe
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Notes for CWR-Stage 2

Note 8

There is no interception channel at the entrance/exit. Stormwater on Area C8 will likely run
onto the road pavement.

g s

No interception ch

‘i

annel at entrance/exit

Note 9

There are two natural streams conveying stormwater runoff from slope and they will run into
two intakes suited next to the road pavement. If the intakes are blocked (e.g. by large size
stones and rubbish), considerable quantity of stormwater may overflow onto the road
pavement. Also, as there is no interception channel at the toe of slope between the streams, a
small portion of stormwater runoff from the slope my run onto the road pavement.

D LT a

One of the two natural streams

Another one of the two natural streams

Natural streams and intakes

P.6
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No interception channel at toe of the slope between the two natural streams

Note 10

There is a natural stream conveying stormwater runoff from slope and it will run into an
intake suited next to the road pavement. If the intake is blocked (e.g. by large size stones and
rubbish), considerable quantity of stormwater may overflow onto the road pavement.

LR DT TR Al Y |/ ———
|*i M N8 Natural stream

co o

Natur'cil stream and intake
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Notes for CWR-Stage 2

Note 11

There is a steep channel conveying stormwater runoff from a slope to a drain pit next to the
road pavement. It is considered that the drain pit is suspicious for blockage by leaves or
debris and overflow to road pavement may occur.

Steep channel

Note 12

There is no interception channel at the entrance/exit Stormwater will likely run from the
development onto the road pavement.

No interception channel at entrance/exit
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Notes for CWR-Stage 2

Note 13
Double gullies are provided at both sides of the road junction.

Double gullies at both sides of road junction

Note 14
Double gullies are provided at both sides of the road junction.

P9



Notes for CWR-Stage 2

Note 15
Double gullies are provided at one side of the road junction.

25 ; es!

Double gullies at one side of road junction

Note 16
Many gullies are provided at both sides of the road junction.

Many gullies at both sides of road junction
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Note 17
Many gullies are provided at roundabout (roughly around 40 nos. or more).

Many gullies at roundabout
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Note 18
There is no interception channel at the entrances/exits of the development; stormwater will
likely run from the development onto the road pavement.

No interception channel at entrances/exits

Note 19
There is no interception channel at the entrance/exit. Stormwater on the road pavement will
likely run into the development.

No interception channel at entrance/exit
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Note 20
Triple gullies are provided at both sides of the road junction.

i)

Triple gullies at both sides of road junction

Note 21
Triple gullies are provided at road junction.

Triple gullies at road junction

Note 22
Triple gullies are provided at both sides of the road junction.

Triple gullies at both sides of road junction
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Notes for CWR-Stage 2

Note 23
As there is an interception channel next to amenity, it is expected that no stormwater runoff
will run from the amenity onto the road pavement.

Note 24
As there is an interception channel at the toe of the slope, it is expected that no stormwater
runoff will run from the slope onto the road pavement.

Interepuon channel at slope toe
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Note 25
As there is a number of interception channels in the park, it is expected that almost no
stormwater runoff will run from the park onto the road pavement.

Interception channels in park

Note 26
As there are interception channels at the entrances/exit of the park, it is expected that almost
no stormwater runoff will run from the park onto the road pavement.

Interception channels at entrances/exits
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Note 27
Double gullies are provided at both sides of the road junction.

Double gullies at both sides of road junction

Note 28
Multiple gullies are provided near the road junction.

e
23 e\

Multiple gullies near road junction
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Note 29
As there are interception channels at the entrances/exits of the parking area, it is expected that
almost no stormwater runoff will run from the parking area onto the road pavement.

Interception channels at entrances/exits

Note 30
As there is no interception channel at the entrance/exit of the development, it is expected that
stormwater runoff may run from the road pavement into the development.

S L =

channel at entrance/exit
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Notes for CWR-Stage 2

Note 31
As there is no interception channel at the entrance/exit of the park, it is expected that
stormwater runoff will run from the small park onto the development.

O
No Interception channel at entrance/exit

Note 32
Double gullies are provided near both sides of the road junction.

Double gullies near both sides of road junction

Note 33
Multiple gullies are provided near the road junction.

Multiple gullies near road junction

P.18
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Dramn 1
Dram 2
Dirain 3
Drain £
Diram 3
Dram 6
Diram 7

Result of 1in 50 Yrs Design Period

Adequacy of Drains 1 - 7

Location of Pipes
Noufe No, Flood Depth (m) Node No, Floud Depth (m} [Pipe Size (mm | Handle 50 Yrs Design Storm ?
SMHTO41492 0316 SMHTOAL1495 1.905 150 Mo
SMHTO41 436G LB SMHTOE 1404 0 30K Yes
SMH740354 ] SMHTOM0335 (L0002 1350 No
SMHTOMO037T5 IR B EMHIS0774 L1854 1350 No
SMHTOA] 143 0.071 SMHTOA1143 o record * 750 N
SMHT052 704 0 SMHT2T350 0,27 2440 o
SMHTO2T3R] 0 EMHII2TITE 0 525 Yes

* po record exists in DMP model

# Please note thal the above figures are for informafion only . All records are extracted from the past DIMP Study
submuitted by Consultants, pipe network i the mode] may be not epdated and not tallied with existing draingage recond,
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