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CODE OF PRACTICE
ON

SURFACE WATER DRAINAGE
(Sixth Edition - Dec 2011)

Addendum No. 1 - June 2013

This addendum shall be read in conjunction withGloele of Practice on Surface Water Drainage (Sixth
Edition - Dec 2011) and shall form part of the Cofi€ractice.
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S/No Part /Page N Amendments /correctio

1 Xl Add new point
“2.4 Flood Protection Measurt

2 Xl Add new point
“8.1 Integration of Adjacent Watercourses with Depetents

3 XMl Add new point
“8.2 Integration of ABC Wters Design Features within Developme

4 i\ Replace Clause “Flood Protection Measures (i.estCFood barriers/ Pumpe
drainage system)”with “Submissions on Storm Water Drainage Sys
(including Crest/Flood barriers/Pumped drainagetesygABC Waters desig
features)'in Clause 13.2.

5 XV Replace “Appendix 2 Rainfall Intensity-Duration-gteency Curves fo
Singapore Islandivith
“Appendix 2 Submission Requirements for Flood PtaiedVeasures

6 XV Replace Appendix with
“Rainfall Intensity- Duration- Frequency Curves fingapore Island”

7 XV Add new Appendix
“Appendix 5 Submission Requirements for “As Constied” Drainage
Drawings’

8 XV Replace Drawing @ith “Enhanced Drop-Inlet Chambers”

9 XV Replace Drawing with “Earth Control Meeures at Construction S”

10 XV Replace Drawing with “Slot-outlets and Access Sh”

11 - Delete Drawing No 10 “Frame for Pedestrian Gral

12 - Delete Drawing No 11 “Vehicular Grating and Acc&mft’

13 - Delete Drawing No 12 “Frame for Vehicular Grating”

14 - Delete Drawing No 3 “Earth Control Measures at Construction”

15 2 Replace “Central Building Plan Unittith “Central Building Plan Departmer

(CBPD) refers to the Central Building Plan Deparitn& National Environmen

=
—

Agency (NEA).”




16

Replace Clause “2.1.1glith
“Special Facilities and Developments with linkages Special Undergroun
Facilities

For special facilities including Rapid Transit gias, airport runways and waf
fabrication plants, and all developments with direcindirect links to specig

underground facilities such as underground Rapi#hdit stations, the minimum

platform level shall not be lower than:-

104.0 mRL for developments along the southern caast

104.5 mRL for developments along the northern ¢aast

1 m above the adjacent road/ground level; or

1 m above the highest recorded flood level, if aany,advised by th
Board; or

« Any other level as may be specified by the Board;

whichever is the highes
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~

Replace “Flood Protection Measuregth “Exception cases” in Clause 2.1.2

18

Replace Clause “2.1.2blith “Flood protection measures must be included in
design to provide at least the same level of flpootection that the minimun
platform and/or crest levels would provide for thélding. Details of propose

flood protection measures should be submitted ® Board for approval.

Implementation of the flood protection measureslisibamply with the
requirements stipulated in Section 2.4.

Notwithstanding the above, the Qualified Person llshadvise the|

developer/owner to raise the platform level and/mst level to the highe$

possible levels before considering the deployméiiibod protection measure
In addition, the developer/owner shall be advised the development site m
be subject to flood risks despite the implementatiaf flood protection
measures.”
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19

Replace Clause “2.1.3bWith “addition & alteration (A&A) works to an existin
building where there are no linkar to special underground facies;”

20

Replace Clause “2.1.3biivith “partial reconstruction works to an existi
building involving only the building of additiondlloors without reconstructio
of the first storey and where there are no linkaiesspecial undergroun|
facilities;”

9
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Replace after Clause “2.1.3bwtith “For these development proposals,

Qualified Person shall advise the developer/owhat the minimum platform

levels are still recommended as a protection measureduce flood risks.

lower platform levels are adopted, the developanévshall be advised that t
development site may be subject to flood risks néhstall flood barriers a
stipulated in Section 2.4 where possible.”
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22

Replace Clause 2.2¢ “Section 2..with “Clause 2.2b
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10

Insert new Clause after Clause “2\@ith “2.4 Flood Protection Measures

Flood protection measures as stipulated under €%a4.2(b) and 2.1.3(b) wi
be subjected to the following requirements, inatgdithose stipulated i
Appendix 2:

(a) General Development
Flood barriers shall be installed at all pointseotry and exit for thq
building premises (at ground/platform level).

(b) Commercial/ Multi-Unit Residential Developments wBasements an
Special Facilities and Developments with linkages $pecial
Underground Facilities
Flood barriers shall be installed at:

i) all points of entry and exit for the building press (at ground
platform level); or
i)  all points of entry and exit for the entire devetant area.

(c) The developer/owner shall obtain the necessaryasiea from relevan
authorities to install the flood protection measureuring the
Development Control (DC) stage for approval.

(d) Details of the flood protection measures and Stahdaperating
Procedure (SOP) should be submitted to the BoaiidgiBuilding Plan
(BP) stage for record.”

24

12

Replace Clause 4.4.3 “Section” with “Clause 4.9.1

25

2C

Replace Clause 6.3.5 “Drawing No Iwith “Drawing No ¢
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21

Replace Clause 6.3.8Ba “a solid kerb of at lea®im6@ high should'with “a
boundary wa of at lesst 600mm high sh#’

27

2€

Replace “Appendix 2with “Appendix 4"

28

26

Insert new Clause after Clause “7.1wth “7.1.5 Maximum Allowable Pea
Runoff

Industrial, commercial, institutional and residahtievelopments greater than
equal to 0.2 hectares in size are required to abttie peak runoff discharge
from the development sites. The maximum allowabtakp runoff to beg
discharged to the public drains will be calculateged on a runoff coefficient
0.55, and for design storms with a return perioi®f/ears and for various stofr
durations of up to 4 hours (inclusive). Peak rumefuction can be achievg
through the implementation of ABC Waters designtuiess and structurd
detention and retention features, such as:

a) Detention tanks;

b) Retention/sedimentation ponds;

C) Wetlands;

d) Green roofs;

e) Planter boxes;

f) Bioretention swales;

0) Porous pavements;

h) Bioretention basins or rain gardests,

The QP shall be required to submit details (catmra and/or hydraulic mode

results) showing how the proposed system meeteethered peak runoff rate
Due consideration shall be given to meeting ABC &t&atstormwater qualit)
objectives, which will often require treatment ébrsnwater runoff using AB(
Waters design features. For design guidance oABt® Waters design feature
QPs can refer to the ABC Waters Guidelines andvaele chapters in th
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Engineering Procedures, available on thB website”




29

29

Replace Chapter “8"with “Integration of Adjacent Watercourses with
Developments and ABC Waters Design Features widlevelopments

30

29

Replace Clause “8.1Wwith “8.1 Integration of Adjacent Watercourses with
Developments”

31

29

Insert new Clause after Clause “8uiith “8.1.1 As part of the Active, Beautifu|,
Clean Waters (ABC Waters) Programme, integratiomdjficent watercourses
with proposed developments is encouraged, whilssfgmg the engineering
requirements for drainage functions without posiagy public safety
maintenance or environmental problems. These ie¢logt are not limited to:

(a) Enhancing the accessibility or connectivity to wiatelies/waterways,
eg. creating community spaces for adjacent to weigses and
providing boardwalks to bring people closer to wetéc.;

(b) Providing aesthetic treatment to waterways, eg.aisa more naturg|
finish such as block pitching or imprints on cawnallls, planting along
the canal walls, etc.;

(c) Installing ABC Waters Design features to detain &eat storm watey
runoff closer to the source (see Section 8.2 fdhés details).”

32

29

Replace Clause “8.2With “8.2 Integration of ABC Waters Design Featufes
within Development”

33

29

Insert new Clause after Clause “8With “8.2.1 Qualified Persons together with
the developer/ owner can significantly enhancedtheslopment by incorporating
into their designs appropriate ABC Waters Desigatuees as described in the
latest version of “ABC Waters Design Guidelinestidi&ngineering Procedurgs
for ABC Waters design features” published by theaf8o (available at
http://www.pub.gov.sg/abcwatersJhese guidelines were developed based on
the following principles:-

(a) Reduction of runoff and peak flow from the develgmn site by
implementing local ABC Waters design features fhratvide detentior
measures and minimise impervious areas;

(b) Improvement of quality of water draining from thevélopment intg
receiving environment. For example, through effectfiltration and
retention measures via ABC Waters design featmesff from the site
can be treated to remove pollutants and silt, byepeotecting the water
quality in waterways downstream;

(c) Integration of stormwater treatment into the lamagigcby incorporating
multiple-use ABC Waters design features that alsaximise the
aesthetics and recreational amenities of develotsnemd

(d) Protection and enhancement of natural water systaiitisin the
development site

34

30

Insert new Clause after Clause “8.@ith “8.2.2 The developer/owner shall
engage an ABC Waters (Active, Beautiful, Clean W&tBrofessional to desigp,
oversee the construction of, and develop a maintenplan for the ABC Waterls
design features. The developer/owner shall suttraitbncept design and design
calculations, endorsed by the ABC Waters Profea$ida the Board as part of
DC submission

35

30

Insert new Clause after Clause “8.2.1" with “8.E8r ABC Waters desig
features that are designed to be part of the messoicomply with Clause 7.1.
the developer/owner shall maintain the ABC Watarsigh features regularly {
ensure that these features are well maintainedeandin effective in serving th
functions as stipulated in Clause 7.1.5. The deefowner shall comply witl
the submission of documents as stipulated in Sedo2.”
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36

Clause “8.3" rename as Clause “8.:




37

Clause “8.4” rename as Clause “8.:

38

Replace Clause “9.8.MWith “Runoff from road carriageways and carparks s
be effectively drained away to prevent water stéignaand to ensure road safe
Drop-inlet chambers and concealed scupper drairgdgdl be designed i

accordance with the Land Transport Authority's déad specifications and shall

be provided at maximum 6 m spacings along all czdageways.

For flood prone areas, hotspots or any other amsaspecified by the Boar
enhanced drop-inlet chambers (shown in Drawing3)ishall be provided.”

39

32

Replace Clause 9.8.2 “Drawing No.With “Drawing No. 9”

40

32

Replace Clause “9.12.1%ith “All gratings provided over closed drains/culve
shall be hinged to fixed frames securely embedadiedtihe drain structures. Mil
steel heavy duty gratings shall be used for claaihs subjected to vehicul
loadings, whereas light dutyagmngs shall only be used for pedestrian loadil
Chequered plates shall be fixed on the pedestratings for those closed drai
narrower than 2 m (internal width). The gratingsnfes and chequered pla
shall be galvanised. The details of the gratingd ehequered plates shall

designed in accordance with Land Transport Autherit standard
specifications.”
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41

Replace “Clause 9.12.3 internal width of 600 &@W £ 750 mm “6 m (for
drain£ 1 m deep) or 18 m (for drain > 1 m deepjth “6 m”

42

ReplaceClause 9.12.“Drawing No. 11’ with “Drawing No. 9’

43

Replace Clause “9.13%ith “Where an entrance culvert/crossing is proposed

stretch of closed drain, gratings/openings shalptmvided at the closed drajn

sections immediately upstream and downstream of pgieposed entrang
culvert/crossing.

Under the exceptional circumstance where the etdgraculvert/crossing i
shallower than 600 mm, hinged open gratings shalinbtalled throughout th
whole length of the entrance culvcrossing.
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38

Replace Clause “11.Mith “QPs are required to declare that their platforrd
crest levels are in compliance with the Code ofctra on Surface Watg
Drainage and constructed according to approvedsplahen applying fo
Temporary Occupation Permit (TOP) clearance.

The declaration shall consist of the applicatiom TOP clearance and [
supported by as-built survey plans indicating tresiclevels, platform levels arj
flood protection levels (based on the approveddfipmtection measures), whe
applicable, and any other relevant informationeagiired by the Board, prepar
and endorsed by a Registered Surveyor. The Bodirdmy issue TOP clearandg
through CBPD to the developer/owner when the datitar and all necessal
supporting documents are submitted and assesdael ito compliance with th
requirements of approved plans and the Code oftiBgaon Surface Watg
Drainage.

*‘”~<mg_a;o.m

45

39

Replace Clause 12.4 “Appendix ¥ith “Appendix 5”

46

41

Replace Clause “13.2With “Submissions on Storm Water Drainage Sys
(including Crest/Flood barriers/Pumped drainagetesgtABC Waters desig
features)
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41

Insert new Clause after Clause “13véith “13.2.1 Crest Level(s)

(i)

(ii)

For Commercial/ Multi-Unit Residential Developmentsth Basement$

(e.g. shopping malls, large office buildings andnamminiums), the
developer/owner shall, every three years upon wibgithe Temporary
Occupation Permit (TOP), declare that the crestléeare in complianc
with the Code of Practice on Surface Water Drainagd constructe

according to approved plans. When there is devidtiam approved plans,

the declaration shall be supported by as-built egplans indicating th
crest levels, platform levels, adjacent road levated any other releva

information as required by the Board, prepared @amdorsed by a

Registered Surveyor.

When requested by the Board, this dectavaghall be submitted annual
upon obtaining the Temporary Occupation Permit (JTOP

For Special Underground Facilities and Developmemith linkages to
Special Underground Facilities, the developer/owstell declare that th
crest levels are in compliance with the Code oftfra on Surface Wate
Drainage and constructed according to approvedspkamually upon
obtaining the Temporary Occupation Permit (TOP)isTdeclaration sha
be prepared and endorsed by a Registered Sur”

11

1%

nt

ly

= D

48

41

Insert new Clause after Clause “13.2uiith “13.2.2 Flood Barriers/Detentio
Tanks/ABC Waters Design Features/Pumped Drainage®y

The developer/owner, when requested by the Bohall submit the following
documents (where applicable) annually upon obtginithe Temporary
Occupation Permit (TOP):

(i)

(ii)

(iii)

(iv)

v)

Certificate of inspection on flood barriers on-sitecluding leak tes
complying with relevant international standards amy requirement
specified by the Board and endorsed by a Civil/Meatal Qualified
Person (where applicable);

Amendments to the standard operating procedure 8f2Re flood barriel
endorsed by a Civil and/or Mechanical Qualifieds®er

Certificate of inspection on the pumped drainagetesy (for the baseme
and/or detention tank) endorsed by a Mechanicdtlectrical Qualified
Person;

Records on the Operational Performance of Flood teBtion
Measures/Pumped Drainage Systems prior to the afighe North Eas
Monsoon season (Nov — Jan); and

Certificate of inspection on ABC Waters design tiees endorsed by 3
ABC Waters Professional. The certificate of insmectshall contain 4
declaration that the features have been inspectad, are maintaine

[
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satisfactorily and functioning wel
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43

Replace Appendix” 2Wwith “APPENDIX 2: SUBMISSION REQUIREMENTS
FOR FLOOD PROTECTION MEASURES

During Development Control (DC) stage
For all developments with flood protection measurése following
documents, endorsed by a Qualified Person, sbalubmitted:
()  Proposed plans indicating the crest levels andéatfopm levels with
and without flood barrier at various entrance axitigoints;

During Building Plan (BP) stage

For developments where flood barriers are automaedor with more than

2 points of entry/exit, or when requested by thampthe following shall bg

submitted:

(i)  Details on the size, type and design of the floaxdiér.

(i)  Details on the standard operating procedure (S@€luding the
proposed maintenance plan of the flood barrieret@dorsed by a
Civil and/or Mechanical Qualified Person, and teealoper owner.

1%

During Temporary Occupation Period (TOP) stage

For all developments with flood protection measurése following

documents, endorsed by a Registered Surveyor, shaubmitted togethe

with the declaration that their platform and criestels are in complianc

with the Code of Practice on Surface Water Drainagd constructe

according to approved plans:

(i)  As-built survey plans indicating the crest levglgtform levels ang

the flood protection levels (based on the apprdieatl protection
measures).

= ) I

Certificate of Statutory Completion (CSC) stage

For developments where automated flood barriersimmemented, the

following documents, endorsed by a Qualified Perd@ivil and/or
Mechanical), shall be submitted:

(i) Leak Test Certification on the installed flood lewrin compliance

with relevant international standards or any rexmagnts specified

by the Board.

Maintaining the Integrity of the Storm Water DraiygaSystem including
Flood Protection Measures

The developer/owner of premises with flood protettimeasures, whe
requested by the Board, shall comply with the ssbion of documents
upon obtaining the Temporary Occupation Permit (T@® stipulated in
Section 13.7

>
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46

Replace “Appendix 2iith “Appendix 4"

51

47

Replace “Appendix 4with “Appendix 5"

VI



52

52

Replace Drawing No 5 “Drop-inlet Chambers and 8laiets” with “Enhanced
Drop-Inlet Chambers”

53

56

Replace Drawing No 8 “Earth Control Measures atsfroiction site”

This drawing shows typically the Earth Control Measures at construction site.
Details of the Earth Control Measures are to be designed by Qualified Erosion Control Professional (QECP).
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54

57

Replace Drawing No 9 “Slot-outlets and Access Shaft

55 - Delete Drawing No 10 “Frame for Pedestrian Gral

56 - Delete Drawing No 11 “Vehicular Grating and Acc&émft”

56 - Delete Drawing No 12 “Frame for Vehicular Grati

57 - Delete Drawing No 13 “Earth Control Measures at$harction Site”
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CODE OF PRACTICE

ON

SURFACE WATER DRAINAGE

INTRODUCTION

Singapore is situated close to the equator angbjested to heavy tropical rainstorms. The average
annual rainfall in Singapore is about 2,400 mm.ré&lae no distinct wet or dry seasons as rain éaksy
month of the year. The two main seasons, the Neatii-monsoon season (from late November to March)
and the South-west monsoon season (from late M&gptember) refer to the prevailing winds dominant
at the time of the year. The transitional montdrdrfter-monsoon period) separating the two mons@oe
April to early May, and October to early November.

The total land area of Singapore is approximat&B.& knf (as at 2010). This area comprises the
mainland and other islands. The mainland meas@&srom east to west and 25 km from north tolsout
with a coastline of 189 km. The topography of themsland of Singapore is undulating with its fegh
point, the Bukit Timah Peak at only 163 m above m&ea level. Much of Singapore lies within 15 m of
mean sea level and the ground levels of some 3MB#gapore are less than 5 m above mean sea level.

This Code of Practice on Surface Water Drainagssised under Section 32 of the Sewerage and
Drainage Act (Chapter 294). It specifies the mimmengineering requirements for surface water dgana
for new developments. The Qualified Persons shaluee that all aspects of surface water drainage ar
effectively taken care of in their planning, desggrd implementation of the development proposals.

Public Utilities Board
Singapore



“ABC Waters
Design features”

"Architect"

"Board"

“Catchment”

"Central

Building Plan
Department"(CBPD)

"Commercial/Multi

Unit Residential
Developments with
Basements”

"Common
Drain"

"Crest Level"

"Drain”

"Drainage
Reserve"

"Drainage
Works"

"General
Developments"

"Internal Drain"
"Outlet Drain"
"Platform Level"

"Professional
Engineer"

TERMINOLOGY

are environmental friendly features that detain and treahegtater runoff using natural
elements like plants and soil filter media. The features afdance the surroundings
with biodiversity and aesthetic value;

means a person who is registered under the Architectsl@@t and has in force a
practising certificate issued under that Act;

means the Public Utilities Board reconstituted under Se@iof the Public Utilities
Act 2001 (Act 8 of 2001);

means the area which drains into a storm water drainagensy

refers to the Central Building Plan Department afibhal Environment Agency (NEA);

Refers to developments with basements such as isigoppalls, large office buildings,
condominiums, hotels and hospitals;

refers to a drain of less than 1.0 m wide serving more din@npremises and without
drainage reserve;

means the bottom level of any openings (includiagtiation and services openings) or
summit level of a ramp or accessway leading intcaway from an underground or
basement structure or facility, including the suindevel of any exits from the
underground facilities;

includes any canal, culvert, conduit, river or weberse;

means any land set aside for drainage works pursoatevelopment proposals approved
by a competent authority;

includes any engineering works for the construgtalteration and maintenance of any
storm water drainage system;

refers to developments other than Commercial/ Mutit Residential Developments with
Basements and Special Facilities;

refers to a drain within the premises;
refers to a drain within a Drainage Reserve;
means the general ground level of a proposed davelot;

means a person who is registered under the Professingaidérs Act 1991 and has in
force a practising certificate issued under that Act;



"Qualified
Person" (QP)

"Qualified
Erosion
Control

Professional”
(QECP)

"Reclamation
Level"

"Roadside Drain"

"Storm Water
Drainage Systen

means a person who is an Architect or a ProfedsiBngineer or a suitably qualified
person registered under other relevant legislation;

means a Professional Engineer who is registered under dfes§lonal Engineers Act
Chapter 253, has in force a practising certificate issueder that Act, and has
satisfactorily completed a specialized professional courserasiom and sediment
control;

means the filled level of a reclamation site;

refers to a drain within the land set aside foirdige in a Road Reserve;

means a system of drains for the conveyance agea@f storm water and includes

€) any weir, grating, float boom, gauge, tidegate, [gustorage pond, pumping
station, maintenance access and debris intercegatidmemoval facility related to

such system;

(b) any structure constructed to convey, store or meastorm water or for flood
alleviation; and

(c) any bridge over or railing for any such drairany appurtenance thereof;
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DRAINAGE RESERVE

11

1.2

13

14

Drainage Reserve Requirements

The width of a Drainage Reserve is based on tharegfjdrain size as determined by the Board.
Requirements for Drainage Reserves are shown iedpp 1.

Vesting of Drainage Reserve for Development Rrosal
1.2.1 Any land which has been set aside as Draifagerve pursuant to any development
proposal shall be vested gratis in the Governniesd, of all encumbrances, as and when

required by the Board.

1.2.2 The Drainage Reserve shall be delineatedsaparate lot with a separate plot number in
the layout plans.

Realignment of Drainage Reserve
A Drainage Reserve may be realigned subject téotlmeving conditions:-

@ the proposed drain diversion is technically ahgsically feasible and acceptable to the
Board; and

(b) the developer/owner shall construct the propad@in to the size as determined by the
Board.

Use of Drainage Reserve

1.4.1 Under special circumstances, the developagdowmay be allowed the use of the Drainage
Reserve subject to the following conditions:-

)] the developer/owner shall allow the Board erBmard’s agent access to carry out
drainage works within the Drainage Reserve as drehwecessary.

(b) the developer/owner shall not construct anycstires or facilities on, over or under
the Drainage Reserve.

(c) the developer/owner shall be responsible ferghysical maintenance of the land
within the Drainage Reserve.

(d) the developer/owner shall be responsibletlier structural maintenance of the
storm water drainage system within the DrainageeRe.

(e) the developer/owner shall be responsible fdlipwsafety within the Drainage
Reserve.



4] the developer/owner shall at all times indemnifyd dkeep indemnified the
Governmentfully and completely against all liabilities of wisaever nature and
description which may be incurred or suffered by @overnment in connection
with or arising out of the use of the Drainage Resdy the developer/owner and
against all actions, proceedings, claims, costeapédnses therefrom.

(9) Any additional conditions deemed necessary by terdd

2 PLATFORM, CREST AND RECLAMATION LEVELS
2.1 Minimum Platform Level
The minimum platform level of a development site specified by the Board is the required
minimum ground level of that proposed developm&ht platform levels as determined shall be

indicated on the layout plans.

The minimum platform level required for a proposE/elopment depends on its locality and the
type of development, as categorised below:-

2.1.1 Type of Development
)] General Developments
The minimum platform level shall not be lower than:

(i)  104.0 mRL for developments along the southern ceasit
104.5 mRL for developments along the northern ¢aast

(i) 300 mm above the adjacent road/ground level; or

(i) 600 mm above the highest recorded flood levelnif, aas advised by the
Board; or

(iv)  Any other level as may be specified by the Board,;
whichever is the highest.

(b) Commercial/ Multi-Unit Residential Developments wih Basements (e.qg.
shopping malls, large office buildings and condomiums)

The minimum platform level shall not be lower than:

0] 104.0 mRL for developments along the southern caast
104.5 mRL for developments along the northern ¢aast

(i) 600 mm above the adjacent road/ground level; or

(i) 600 mm above the highest recorded flood levelnif, &as advised by the
Board; or

(iv)  Any other level as may be specified by the Board,;

whichever is the highest.



©

Special Facilities and Developments with linkageto Special Underground
Facilities

For special facilities, including Rapid Transittgtas, airport runways and wafer
fabrication plants, and all developments with direc indirect links to special

underground facilities such as underground Rapahdit stations, the minimum
platform level shall not be lower than:-

()  104.0 mRL for developments along the southern caast
104.5 mRL for developments along the northern ¢aast

(i) 1 m above the adjacent road/ground level; or
(i) 1 m above the highest recorded flood level, if @syadvised by the Board; or
(iv)  Any other level as may be specified by the Board,;

whichever is the highest.

2.1.2 Exception cases

If, subject to approval of the Board, the minimulatiorm levels as specified in Clause
2.1.1 cannot be met, the following conditions &) éb) must be met:

@)

and;

(b)

The platform level of the building strugtumust be at least;

()  103.5 mRL for developments along the southern caast
104.0 mRL for developments along the northern ¢aast

(i) 300 mm above the adjacent road/ ground level; or

(i) 300 mm above the highest recorded flood levelnif, aas advised by the
Board,;

whichever is highest

Flood protection measures must be ireduoh the design to provide at least the
same level of flood protection that the minimumtfplan and/or crest levels would
provide for the building. Details of proposed floptbtection measures should be
submitted to the Board for approvahplementation of the flood protection
measures shall comply with the reeuéets stipulated in Section 2.4.

Notwithstanding the above, the Qualified Personl sldwise the developer/owner to
raise the platform level and/or crest level to thighest possible levels before
considering the deployment of flood protection mees. In addition, the

developer/owner shall be advised that the developsiee may be subject to flood
risks despite the implementation of flood protettineasures.



2.1.3 Compliance with Minimum Platform Levels

@)

(b)

All new development proposals including recardion proposals shall comply
with the requirements for minimum platform levelcept those listed in item (b)
below.

The following proposals need not comply witte trequired minimum platform
levels:-

0] addition & alteration (A&A) works to an existinbuilding where there are
no linkages to special underground facilities;

(i) partial reconstruction works to an existinglding involving only the
building of additional floors without reconstrugatiof the first storey and
where there are no linkages to special undergrtagilities;

(iii) conservation projects;
(iv) temporary development works intended for useaftemporary period;
v) any other works as may be specified by the 8oar

For these development proposals, the Qualified dRershall advise the

developer/owner that the minimum platform levele atill recommended as a
protection measure to reduce flood risks. If logkatform levels are adopted, the
developer/owner shall be advised that the developsite may be subject to flood
risks and to install flood barriers as stipulare&ection 2.4 where possible.

2.1.4 Ancillary Areas

@)

(b)

Where the minimum platform levels for developitsein low-lying areas are
significantly higher than the adjacent road/grolenkels, the Qualified Person
may apply in writing to Board for approval to caust the ancillary areas at
below the minimum platform levels so as to tie-iitrwthe adjacent low-lying
road/ground levels or to satisfy other planning endronmental considerations.

The ancillary areas include:-

0] entrance driveways;

(i) bin centres;

(iii) turfed compound areas;

(iv) car porch for single unit development; and

V) other areas as may be approved by the Board.



2.2

2.3

Crest Level

Minimum crest level is required for an entranceit ex opening to a basement or underground
structure (basement, tunnel, underground facéity), as follows:-

(@)

(b)

(©

Basements of General Developments

For basements, underpasses and sunken/undergracititie$, the minimum crest level
shall be at least 150 mm above the minimum platiefrel as specified in Clause 2.1.1(a).

Special Underground Facilities and Basements of @umercial/ Multi-Unit
Residential Developments

For Mass Rapid Transit underground stations/tunnetedderground road networks,
depressed roads, basements of Commercial/ Multi-Besidential Developments and
other special underground facilities, the minimuestlevel shall be at least 300 mm above
the minimum platform level as specified in Clause Bb) & (c).

Linkage to Special Underground Facilities and Basaents of Commercial/ Multi-
Unit Residential Developments

All developments with direct or indirect links thetse special underground facilities and
basements of Commercial/ Multi-Unit Residential Blepments shall comply with the
same minimum crest level requirements as spedifi€@iause 2.2(b).

Land Reclamation Level

For land reclamation works, the minimum reclaoratevel shall not be lower than:-

(i)
(i)
(i)

104.0 mRL along the southern coast; and
104.5 mRL along the northern coast; or

Any other levels as may be specified by Beard.

The platform levels required for any developmarisgequently carried out on the reclaimed land
shall be higher than the reclamation level andl df&lseparately determined by the developer’s
Qualified Person to ensure effective internal drgenof the development site.
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Flood Protection Measures

Flood protection measw@agstipulated under Clauses 2.1.2(b) and 2.v8lhe subjected to the
following requirementsciuding those stipulated in Appendix 2:

(@)

(b)

(©)

(d)

General Development

Flood barriers shall be installed at all pointsenfry and exit for the building premises (at
ground/platform level).

Commercial/ _Multi-Unit _Residential Developments witBasements and Special

Facilities and Developments with linkages to Special Undemd Facilities

Flood barriers shall be installed at:
()  all points of entry and exit for the building presas (at ground/ platform level); or
(i)  all points of entry and exit for the entire devetemnt area.

The developer/owner shall obtain the necessary clearanoerélevant authorities to

install the flood protection measures during the DevetwgnControl (DC) stage for
approval.

Details of the flood protection measures and StanQaetating Procedure (SOP) should
be submitted to the Board during Building Plan (BRystfor record.

10



3 FLOOD PROTECTION OF UNDERGROUND RAPID TRANSIT SYSTEM

3.1

3.2

Principles and Standards of Protection

Higher level of protection against flood risks required for the Underground Rapid Transit
System. The principles and standards of proteetieroutlined in Appendix 3.

Linkages to Underground Rapid Transit System

All developments with linkages to the Underground Rap@h$it System shall have the same
protection requirements as for the Underground Rapid TreBgstem. All development
proposals (including addition & alteration and recorgdtom proposals) having such linkages
shall be submitted to the Board for approval.

11



4

DRAINAGE PLANNING REQUIREMENTS

4.1

4.2

4.3

4.4

Drains not to be interfered with
No drain shall be interfered with or altered withthe approval of the Board.
Drainage Affecting Other Premises

4.2.1 Al runoff within a development site shall be diacped into a roadside drain or an outlet
drain and not into the adjacent premises. A minim@@@ mm high solid boundary wall
shall be erected around a development site to preweface runoff from overflowing into
adjacent premises.

4.2.2 Where the runoff from the development site is disghd through an existing or proposed
drainage outlet to the adjacent premises, the dosam drain at the adjacent premises
must be able to cope with the runoff from the depelent site. The developer/owner may
be required to upgrade the downstream drain tordhaired size as determined by the
Board. The Qualified Person shall liaise with thewdstream owner(s) before
implementing the drainage proposal.

4.2.3 Where there is existing runoff flowing from adjatenemises or roads into or through the
development site, the runoff shall continue to Wlewed to discharge through the
development site.

4.2.4 If a development site is sloping towards the adjapeemises, a drainage system shall be
provided along the site boundary to prevent theoffuftom discharging into adjacent
premises.

Closed Drainage System

4.3.1 The internal width and clear depth of a rmbddrain (including entrance culvert) shall be
at least 600 mm.

4.3.2 The provision of gratings, openings and chesgi plates for closed drains shall comply
with Section 9.12.

4.3.3 Culverts Across Roads
4.3.3.1 Only box culverts shall be provided. Thermaé width and clear depth of a
box culvert shall be at least 600 mnfror culverts across expressways and
semi-expressways, the minimum size shall be 1.0 m x 1.0 m

Internal Drainage System

4.4.1 The capacity of internal drains shall be sufficienintercept and discharge all runoff from
the development site.

4.4.2 The internal drains shall be designed fatgatnd ease of maintenance.

443 For drainage of the open backyard area oineammediate terraced development, the
internal conduit drain shall be laid in accordawite Clause 4.9.1.

4.4.4  Prior to discharging any storm water wittiie tlevelopment site to public drain, vertical

grating shall be installed at the outlet dischgrgmt(s) of the internal drain located within
the development site.

12



4.5

4.6

4.7

4.8

Common Drain

45.1 The internal width of a common drain shall be astel50 mm.

4.5.2 Where reconstruction or extension of builfitrgcture affects the existing common drain,
the common drain shall be diverted outside of ailding structures.

4.5.3 Where the existing common drain is located withia Ibt boundary but outside the existing
boundary wall or fencing of the development she, position of the existing boundary wall
or fencing shall not be altered or realigned. plwposed location of new boundary wall or

fencing shall be erected at the same positioneettisting boundary wall or fencing. Any
deviation to this arrangement shall be approvethéyBoard.

Improvements to Existing Drain

4.6.1 Pursuant to a development proposal, the developesfomay be required to improve the
existing drain such as the outlet drain flowingotigh the development site, the entrance
culvert and the roadside drain.

4.6.2 The size (width and depth) and the alignment optloposed drain shall be determined and
approved by the Board.

Structure over Roadside Drain/Outlet Drain

4.7.1  No structure shall be constructed over the roadside dwmaioutlet drain without the
approval of the Board. If approved, the drain untersiructure shall be upgraded to the
design requirements as determined by the Board.

Hydraulic & Structural Calculations

4.8.1 Hydraulic Calculations
For developments of area exceeding 0.4 hectarehyttleaulic calculations for internal
drainage system (including the catchment plan)/l $f& endorsed by a Professional
Engineer and submitted to the Board for record.

4.8.2 Structural Calculations

The structural calculations and plans for the feilg categories of drains shall be endorsed
by a Professional Engineer and submitted to thedfoa record:-

@) Drains within the Drainage Reserve; and

(b) Closed roadside drains which do not follow #tendard designs used by Land
Transport Authority.

13



4.9

4.10

Drainage for Terraced Developments

491

49.2

493

Internal Conduit Drain

Where the open backyard area of each intermedigtced development is not linked to
the front yard by a corridor at ground level, adwgndrain for conveying surface runoff

may run beneath the building itself. The condugtishall be at least 300 mm in diameter.
The conduit drain shall be laid straight withouy &end or sag in its alignment. At both the
inlet and outlet ends of the conduit drain, maiate® sumps shall be provided with invert
level drops of at least 150 mm deep. The condaindshall be fully supported along its

entire length by (and not attached to) the groueahts of the building and shall form as
part of the permanent structure of the buildingrieure against settlement.

Common Backyard Drain

Where the internal drain of the proposed terraceasing development cannot be connected
to the front roadside or outlet drain which is aghler ground, a common backyard drain
running from lot to lot may be approved by the Bbar

Drainage for Air Wells/Courtyards

Conduit drains serving the air wells or courtyastiall be designed to cater for the runoff
and shall be at least 150 mm in diameter.

Drainage for Underground Facilities

4.10.1 Basements, tunnels and other undergrouiiiiéacshall as far as possible be designed to

prevent any ingress of storm water. Where ingoésstorm water cannot be completely
prevented, the catchment contributing to the irge®ll be kept to the minimum and an
adequate pumped drainage system shall be provitled. minimum design and operation
criteria for the pumped drainage system shall Helksvs:-

(€)] A pump sump of sufficient size and adequat@gng facilities (as described in
Part Il) shall be provided.

(b) The underground structure’s catchment shall bellyotegregated from the
surface water catchment. This can be achieved bgtiad), but not limited to the
following design considerations:-

0] Adequate crest protection levels at the entraneeskss points to
underground structure shall be provided beforehdigging any surface
runoff collected within the development to the paldrain. Please refer
to Section 2.2 on requirements on crest protedtioels.

(ii) Channel runoff from the roofs, rainwater downpipesl all premises at
and above ground level into surface gravity draimst not into the
underground structures.

(iii) Provide cut-off drains across the ramps or access W prevent surface
water from entering underground structures. Cutdréfins serving the
underground structure catchment must not be linkeatie surface water
drainage system.

4.10.2 Details of the design requirements of a pumpaidabe system are described in Part Il

of this Code of Practice.

14



411

4.12

Drainage at Reclaimed Land

(@)

(b)

(©

(d)

Proper drainage system, either temporary or pembasball be provided at all stages of
reclamation works. All proposals of drainage warksonnection with reclamation shall
be submitted to the Board for approval.

Before the commencement of any reclamation gyotkains affected by the reclamation
shall be upgraded and extended to channel off viedamd flows from the existing land
upstream of the reclamation site.

All temporary drainage systems provided duting construction stage shall be cleansed
and maintained regularly by the reclamation dewslopvner to remove all obstructions,
silt and rubbish until such time when the reclairteedl is developed and provided with a
permanent drainage system.

The developer/owner shall maintain and manage dh®@leted reclaimed land at all times
to ensure that runoff is effectively drained awathaut causing drainage problems within
the land or to the adjacent lots. The finishedlkewéthe completed reclaimed land shall be
formed in such a manner to ensure free surfacer wiedéhage and no localised ponding.
All subsidence, low-lying areas and depressiondl §leafilled-up and graded to effect

proper surface water drainage.

Outfall Structure for Drain Connecting into Sea

All outfall structures shall be extended under bagond the sand bar area in an encased form and
to discharge flow at below the low tide level. Wéndnere is no sand bar formation along the shore,
the outfall structure may be in an open or encé&sed subject to the approval of the Board. In all
cases, the outfall shall extend adequately beylomdhoreline such that the sea-bed level is dt leas
500 mm below the outfall invert at the point ofdtiarge. All outfall structures shall be protected
against undermining and scouring effects. Clearander Foreshores Act for the outfall structure is
required.

15



STRUCTURES WITHIN OR ADJACENT TO DRAIN/DRAINAGE R ESERVE
5.1 No Structure Within Drain/Drainage Reserve

No structure shall be constructed within a doiDrainage Reserve.
5.2 Drain Connection Within Drainage Reserve

Drain connection within a Drainage Reserve shaltlosed to maintain the continuity of access
along the Drainage Reserve. The closed drain osltite and its supporting structure/foundation
shall be designed for heavy vehicular loading icoatance with Land Transport Authority’s
standards.

5.3 Embankments and Structures Adjacent to Drain/Draingge Reserve

All embankments and structures shall be setaeitsie Drainage Reserve. They shall be stable and
independent of the drainage structures.

The design of embankments and structures neaaia of Drainage Reserve must not take into
consideration the passive resistance offered byexigting or proposed drainage structures. The
embankments and structures shall be stable wheavati@ns up to 1.0 m below the invert or

proposed invert of the adjacent drain are carrigdla addition, the Qualified Person shall ensure
that the embankments and structures can be btlibwiiaffecting the drainage structures.

5.3.1 Submission of Structural and Stability Calculationsfor Record

The structural and stability calculations for anbamkment or a structure within 2 m from
the edge of the Drainage Reserve shall be enddrged Professional Engineer and
submitted to Board for record. The submission ahscalculations shall not in any way
absolve the Professional Engineer from his/heroesipility.

5.3.2 Drainage for Earth Retaining Structure

If an earth retaining structure is erected to rétieeground level of the development site
above adjacent premises, runoff from the developsitmincluding the sub-soil flow from
weepholes of the earth retaining structure shallitadned away by internal drains within
the development site without overflowing into titgaaent premises.

If the earth retaining structure is erected to lower tloaigy level of the development
site, the earth retaining structure shall not in agy obstruct existing sub-soil and
overland flows discharging through the development sienfthe adjacent premises.
The flows shall be drained off by internal drains witthia development site.

16



5.4 Structure Within/Across Drain/Drainage Reserve

Where a structure is allowed to be located withiDrainage Reserve or drain by the Board, the
following general technical requirements shall beplied with:

(@)

(b)

(©)

Drainage Capacity

The affected drain must be hydraulically adequatdegermined by the Board, otherwise it
must be upgraded to the required size in conjometiith the proposal.

No structure shall be built within the flow channeMhere intermediate support is
necessary to be provided within the channel fonrteal reasons, the reduced discharge
capacity must be compensated by suitable enlargesh#ére channel. Such support, where
approved, shall not be located at the centre othtaanel or within the dry weather flow
channel but at a suitable location where it willsleast obstruction to the flow.

Structural Integrity

The Board may require the drain affected by thectires to be upgraded in conjunction
with the proposal. The proposed structures to reeted within the drain or Drainage
Reserve shall be designed and constructed to bpéndently supported.

All foundation structures/piers, in the vicinity of within the drain or Drainage Reserve
shall also be designed and constructed as indeperstieictures from the drainage

structures. These foundation structures/piers tmeistable when excavations up to 1.0 m
below the invert or proposed invert of the affedeain are carried out.

For a proposed structure to be constructed oveaia dr Drainage Reserve, the vertical
clearance between the base of the proposed sguahd the cope of the existing or
proposed drain shall be at least 100 mm.

The independent supports of a proposed structure mustaied at least 300 mm away
from the drainage structures.

Maintenance

The proposed structure to be erected within th@ar Drainage Reserve shall not inhibit
drainage maintenance work. The following provisiof@ maintenance shall be
incorporated:-

0] For elevated structures (such as Rapid Tramsibad viaduct, building, etc) over
an outlet drain:

Sufficient headroom, viz minimum 5.4 m verticalari@nce between the base of the
proposed structure and the vehicular maintenancesacwithin the Drainage
Reserve, shall be provided.

(i) For at-grade structures (such as road deakegteian mall, etc) over a length of
outlet drain:

In addition to the provision, where appropriategrdtings as specified in Section
9.12, access openings (4 m by 2 m) with 6 m wigéblgs at about 500 m intervals
shall be provided along but outside the road agexisay or mall; Additional
requirements on the provision for maintenance neagpecified by the Board.

17
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(d)

Effective Drainage for Proposed Structure

The proposed structure shall be provided witeféective drainage system to intercept and
discharge the surface water runoff.

Where a slab is built over a roadside drain twigle access to premises, runoff from the
slab shall be effectively drained away without @agisirainage problem on top of the slab
and the adjacent areas.

Services Within Drain/Drainage Reserve

551

55.2

5.5.3

5.5.4

555

No Services Within Drain or Drainage Reserve

No services, manholes or other services strucslrall be laid within a drain or Drainage
Reserve.

Where there is no Drainage Reserve, servicesceemanholes or other services structures
shall be located at a minimum distance of 300 nomfthe drainage structures.

Services to Undercross Drain/Drainage Reserve

Where services are approved to be laid withimaandor Drainage Reserve, the services
shall be laid to undercross the drain/Drainage Restroughout the full width of the
drain/Drainage Reserve with the following minimuteacance below the invert of the
existing or proposed drain:-

@ 1.0 m for lined drain;

(b) 1.5 m for earth drain or

(c) other minimum clearance as may be specifiethéBoard.

Design Loading for Services within Drainage Reserve

Services located within a Drainage Reserve, jifr@ged, shall be designed to withstand
heavy vehicular loading in accordance with Lanch$pmrt Authority’s standards and with
their own independent supports.

Diversion of Services

Where new drains are to be constructed or egidiirains are to be reconstructed, all
existing services within or across the drains angiriage Reserves shall be re-laid at the
cost of the developer/owner to undercross the meaoonstructed drains.

Services Ducts in Culverts

Services ducts may be incorporated in the topidie culverts, subject to the approval of
the Board.
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6

REQUIREMENTS FOR CONSTRUCTION ACTIVITIES

6.1

General Requirements

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

6.1.6

6.1.7

6.1.8

6.1.9

6.1.10

6.1.11

The execution of any work shall not change, distilptblock, divert or disturb the existing
overland flow or the existing system of drains gal@an alternative drainage system has
been approved by the Board.

The runoff within, upstream of and adjacenthte worksite shall be effectively drained
away without causing drainage problems within therksite or in areas outside the
worksite.

All earth slopes shall be set outside thén2ge Reserve.

No obstruction of any kind shall be placed, laideogcted within Drainage Reserves and
drains unless authorised by the Board. If soDitnage Reserves and drains shall remain
accessible at all times to workers and plant/egeigrof, or authorised by the Board.

No temporary structures such as cofferdamassings, stagings etc. shall be constructed in
or over an existing drain without the approvalhef Board.

Any temporary structure if approved withidrain or Drainage Reserve shall be removed
immediately on completion of the construction waskss directed.

Drainage inlets such as drop-inlet chamhaaissaupper drains shall not be blocked by any
material or debris.

Drains shall not be covered without the aygirof the Board

Bunds of stockpiled materials such as eaoth trench work shall not be longer than 10 m
and gaps of at least 1 m width shall be providedden the bunds to allow the free flow of
surface runoff.

Material from any stockpile shall not béowed to fall or be washed into the drain.
Adequate preventive measures, including the pravisif proper and stable barricades or
screens where necessary, shall be provided.

Any damage to existing drain/drainage if&sl arising out of any work shall be
immediately reported to the Board. Any obstructiorflow arising from the damage shall
be immediately and completely cleared. The damdgaid shall be repaired or reinstated
to the requirements of the Board.
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6.2

6.3

Laying and Diversion of Services

No services shall be laid or left (in conjunctiorithwdevelopment works) within a Drainage
Reserve. Where the services have to cross a QmiRaserve, approval of the Board shall be
obtained.

Earth Control Measures

6.3.1

6.3.2

6.3.3

6.3.4

6.3.5

6.3.6

6.3.7

Water Quality Parameters to be Complied with

The discharge from any construction / earthwork sitesstdnm water drainage system
shall not contain Total Suspended Solids (TSS) in cdrat@ons greater than, the
prescribed limits under Regulation 4(1) of the Sewerage aath&ye (Surface Water
Drainage) Regulations.

Minimal or No Discharge

A construction / earthwork site should practise reogchf water. The recycled water
could be used for non-potable purposes in order tonmgei discharge into the
stormwater drainage systems.

ECM Specifications in Tenders

Developers / owners and Qualified Persons should indlugleearth control measures
(ECM) specifications and schematic or conceptual ECM glarise tender documents
and allow for the cost of ECM in the tenders.

Permit to start Earthworks
The site operator / contractor shall obtain a written @sion (or a clearance certificate)
from the Board before the commencement of any earthwork.

Submission of ECM proposal before commencement of works

Before commencement of works, the site operator / owhall engage a Qualified
Erosion Control Professional (QECP) to plan and desigsystem of earth control
measures (ECM) to meet the requirements cited in Clause 6.3.1

The site operator / owner shall submit the detailed E@bposal, endorsed by his
QECP, to the Board for record, prior to the commenceménvorks. The ECM
proposals (with calculations) shall include a plan (acipplan is as shown in Drawing
No. 8).

Design Criteria of ECM
The ECM shall be designed to cope with a minimum desiigrfall intensity of a return
period of 1 in 5 years storm.

ECM to be installed before commencement of work

The ECM shall be installed by the site operator / contraatoording to the endorsed
plans and the completed ECM at site shall be approvedhby QECP before
commencement of construction and earthworks.
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6.3.8 General Guidelines for Effective ECM

An effective ECM requires 2 components which shall iceubut is not limited to, the
following minimum measures in order to meet the legal requénts cited under
Regulation 4(1) of the Sewerage and Drainage (Surface Wedgrage) Regulations:

(A)

(B)

Erosion Control Measures
The erosion control measures shall minimise the extent aradi@h of any exposed /
bare / erodible surfaces by:

a.

Proper Work Sequencing Adopting proper construction staging and work
sequencing will help to ensure that no large bare / lelmdurfaces are exposed for a
long duration of time.

Covering up of all bare / erodible surfacesAll bare surfaces (including earth
stockpiles) shall be by concrete-lining, concrete-pavinglled waste, erosion
control blankets, close turfing or other suitable materi Accesses within the site
and at exit / entrance as well as the surfaces whereasiléids (such as office,
fabrication and storage yards) shall be paved. For thosk aveas, they shall be
covered by canvas sheets, tarpaulin sheeting or other suitabéeials during rains
or before work stops every day.

Progressive and timely revegetation and stabilisatiorhis is to ensure that all bare
surfaces are restored immediately upon completion of waelealy stage.

If a construction site has very little bare / erodibldestes, the operator / contractor will
have less difficulty in containing and treating the siligcharges as described in Clause
6.3.8 (B) below. For those areas within a construcsiee which have been paved /
covered and will not cause silty discharge, it is posdibldrain these areas directly into
the storm water drainage system without treatment.

Sediment Control Measures

The sediment control measures shall trap, contain andtkreatilty discharges from
within a construction / earthworks site (includingntarunoff, water from washbay,
underground water at basement, etc) by providing:

a.

Perimeter Cut-off Drain— Perimeter cut-off drains shall be concrete-lined and
adequate to capture all runoff from the site. For sitesmted above slope, a
boundary wall of at least 600 mm high shall be providedgthe entire perimeter
of the site to prevent overflow onto adjacent properties.

Perimeter Silt Fence- Silt fences shall be erected along the perimeter cutraiifi d
(between the construction site and perimeter cut-off grdine silt fence is to be
embedded firmly into the ground and made from an agat@eotextile filter fabric
or equivalents to capture the sediment from stormwaterffrufloe sediment built-
up behind the silt fence must be regularly removed.

Intermediate Silt Trap- Intermediate silt traps of suitable size shall beallest at
regular intervals along the perimeter lined cut-off draiithin the intermediate silt
traps, suitable geotextile filter fabric or equivalents shalinstalled across the full
depth and width and / or coagulation-assistance matestiell be placed. Silt traps
relying primarily on hardcore, granite chips or sands fiitration, are not
acceptable.
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6.3.9

6.3.10

6.3.11

6.3.12

d. Sedimentation Basin or Storage Pond / Taldefore silty discharge leaves the site,
the silt and sediments shall be separated from the wateis can be achieved by
either:

i. in a sedimentation basin / pond (which t@ke days for settlement to take place
and a large basin volume), or
ii. through a treatment system—cum-storage tank.

The basin / tank shall have a storage capacitypte with the volume of water from
a rain based on a minimum design return period of lyeabs storm.

e. Treatment System If the design of a sedimentation basin cannot mee{T®S
requirement, then other suitably-sized treatment sysheh Ise installed to treat all
silty discharge from construction and earthwork sitese fféated effluent could be
recycled for non-potable use.

f.  Turbidity Curtains- For works in or adjacent to water bodies, such as canadss,
sea or in a reclamation work, turbidity curtain(s) stoal installed along all the
exposed slopes / riverbanks. The silty discharge écppthin the turbidity curtain
shall be allowed to be settled or treated, and the setliedrabved.

g. Wheel wash- the waters used to wash the wheels of the trucks / velsictdl not be
discharged into stormwater drainage system at any time. siltg water within the
wheel wash basin shall be connected to the sedimentation/lesitment system.
The silt collected at the bottom of the wheel wash shaikb®ved.

Review of ECM during Contract duration

The site operator/ contractor shall ensure that the EGlgymied and installed shall be
continuously reviewed by the QECP for every stage of thetemti®on and earthworks.

The ECM shall remain effective throughout the whole dormatf works. The site

operator / contractor shall add or amend the ECM at sitedingato the design of the
QECPR

Maintenance of ECM during Contract duration

The site operator / contractors shall operate and nmititai ECM regularly to ensure
the ECM remains effective throughout the whole duratiowadks. This may involve
replacing of silt fences and erosion control blanketegyaving of concrete surfaces or
replacing of membrane module or polymers blocks.

Monitoring of Discharge during Contract duration

The site operator/ contractor shall monitor the dischamger quality as cited in Clause
6.3.1before it enters the storm water drainage system. Tdeérator/ contractor shall
for this purpose provide a continuous monitoring syseemch include the necessary
monitoring instrument and CCTV system upon requestethé Board for their ECM.
The site operator/ contractor shall submit regular tsp@ncluding photographic and
monitoring records) of the site ECM as well as thosalfscharge quality to the Board
over the whole duration of the project.

Removal upon Completion

The ECM shall not be removed before the completiomark. The site operator/ owner
shall inform the Board prior to removal of the ECMampletion of the project
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6.4

6.5

6.6

Earthworks

@ The approval of the Board shall be sought flceaathworks affecting the existing drainage
system or the flow pattern of surface runoff. Ia #vent that earthworks are to be carried
out adjacent to major drains and canals, the dpeglowner shall engage a Qualified
Person to carry out soil investigation works arapslstability analysis to ensure that the
earthworks will not cause any damage to the draisawgictures.

(b) The developer/owner shall take all necessagssand measures, such as implementing
suitable soil stabilisation methods and temporaptegetion works to ensure the stability
and structural integrity of the existing drainagecures.

(©) Earth control measures shall be provideccgoadance with the requirements as stipulated
in Section 6.3.
Roadworks

A temporary drainage system shall be provided forcatworks to prevent flooding or water
ponding on the road. Where the road is being dais®l the new road drainage outlets are at a
higher level than the existing ones, the existingets shall not be blocked unless temporary
alternative drainage system has been provided. dElveloper/owner and the Qualified Person
shall be responsible for implementing all necessary mesi¢a ensure that the site is kept flood
free at all times. Where necessary, the Board may requéresubmission of hydraulic
calculations, programme of works, temporary drainage agraagts at various stages of the
roadworks, etc by the Qualified Person.

Reclamation Works
6.6.1 All reclamation works shall be carried out in actorce with Sections 2.3 and 4.11.

6.6.2 During reclamation, a temporary drainage systerudimg perimeter cut-off drains, silt-
traps, silt fences and outlet connections shapirogided. The temporary drainage system
shall include erosion protection linings, such asccete, geotexile mattress and other
suitable materials to be approved by the Boarde fJloposals of the temporary drainage
system shall be submitted to the Board for approval

6.6.3 The temporary drainage system shall banskdl and maintained regularly by the

reclamation agency to remove all obstructions, ailtl rubbish during the reclamation
period.
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CODE OF PRACTICE ON SURFACE WATER DRAINAGE

PART I

DESIGN REQUIREMENTS

7 DRAINAGE DESIGN AND CONSIDERATIONS
7.1 Computation of Peak Runoff

7.1.1 Rational Formula

The Rational Formula shall be used to compute ¢ad punoff:-

1
Q= 360 CIA
where Q = peak runoff at the point of design¥(s)
C = runoff coefficient
I = average rainfall intensity (mm/hr)
A = catchment area (hectares)

7.1.2 Runoff Coefficient

The runoff coefficient (C) depends on the degred type of development within the
catchment. Catchments are classified accordinget@tpected general characteristics when
fully developed. The C values are as follows:-

Characteristics of catchment when fully developed alué of C
Roads, highways, airport runways, paved up areas 00 1.
Urban areas fully and closely built up 0.90
Residential/industrial areas densely built up 0.80
Residential/industrial areas not densely built up .650
Rural areas with fish ponds and vegetable gardens 45 0
Note: For catchments with composite land use dasa characteristics,

a weighted value of C may be adopted.
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7.1.3

7.1.4

7.1.5

Rainfall Intensity

For a storm of return period (T) years, thefedirntensity (1) is the average rate of rainfall

from such a storm having a duration equal to the tof concentration (tc). The rainfall

intensity (I) can be obtained from the Intensityrllion-Frequency (IDF) curves by

estimating the duration of rainfall (equals to tinee of concentration, tc) and selecting the
required return period of (T) years. The IntenBityration-Frequency (IDF) curves for

Singapore Island are shown in Appendix 4.

The return periods (T) adopted for theigfe®f drainage systems in Singapore are as
follows:-

Area Served by Drainage System Return Period (T)
Catchment of less than 100 ha 10 years
Catchment of 100 to 1000 ha 25 years

Catchment of more than 1000 ha or critical| 50 to 100 years
installation:

Time of Concentration

The peak runoff (Qr) occurs at the point of gesihen all parts of the catchment receiving
a steady, uniform rainfall intensity are contribgtito the outflow at this point. This
condition is met when the duration of rainfall eiguthe time of concentration (tc). The
time of concentration (tc) consists of the overlflod/ time (to) plus the drain flow time
from the most remote drainage inlet to the poirdexign (td), viz. tc = to + td.

The overland flow time (to) varies from 5 mirsite 15 minutes, depending on the overland
travel distance, land topography and charactesisti¢he drain flow time (td) shall be
estimated from the hydraulic properties of therdrge channel.

Maximum Allowable Peak Runoff

Industrial, commercial, institutional and residahtievelopments greater than or equal to
0.2 hectares in size are required to control tla penoff discharged from the development
sites. The maximum allowable peak runoff to be htisged to the public drains will be
calculated based on a runoff coefficient of 0.5%] for design storms with a return period
of 10 years and for various storm durations of apdthours (inclusive). Peak runoff
reduction can be achieved through the implemematfcABC Waters design features and
structural detention and retention features, sach a

a) Detention tanks;

b) Retention/sedimentation ponds;

c) Wetlands;

d) Green roofs;

e) Planter boxes;

f) Bioretention swales;

g) Porous pavements;

h) Bioretention basins or rain gardens, etc.
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The QP shall be required to submit details (catmmra and/or hydraulic model results)
showing how the proposed system meets the reqo@akl runoff rates. Due consideration
shall be given to meeting ABC Waters stormwaterlityuabjectives, which will often
require treatment of stormwater runoff using ABC téva design features. For design
guidance on the ABC Waters design features, QPsefanto the ABC Waters Guidelines
and relevant chapters in the Engineering Procedavesiable on the PUB website.

7.2 Computation of Discharge Capacity

7.2.1

7.2.2

7.2.3

Steady Uniform Flow Condition

Drains are designed for steady uniform flow caodi and one-dimensional method of
analysis is used.

Manning's Formula
Drains shall be designed to have discharge t@sa¢Qc) adequate to cope with the
estimated peak runoffs (Qr). The size, geometd/tha bed gradient of a drain determine

its discharge capacity (Qc). With the requirectliisge capacity (Qc) determined [which
must be equal to or larger than the peak runoff](@re size of the drain is computed from

0, =L ARSS
n

the Manning's Formula:-

where Q = discharge capacity of drain {is)

n = roughness coefficient

A = flowarea (f)

P = wetted perimeter (m)

R = A/P = hydraulic radius (m)
S = Dbed gradient

Roughness Coefficient

The value of the roughness coefficient (n) depamdthe drain's flow surface and is given
below:-

Boundary Condition Roughness Coefficient (n)

Unplasticised Polyvinyl Chloride(UPVC) 0.0125

Concrete 0.0150

Brick 0.0170

Earth 0.0270

Earth with stones and weed 0.0350

Gravel 0.0300

Note: Where there are different flow surfacesinit drain section, equivalent
roughness coefficient may be used.
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7.3

Design Considerations

7.3.1

7.3.2

7.3.3

7.3.4

Minimum Velocity and Dry Weather Flow

The velocity of flow in a drain shall not be lesthan 1.0 m/s for self-cleansing action to
take place. However, the flow rate during dry Wweatmay fall to a low level where this

minimum velocity cannot be achieved. The problem lbe solved by introducing a small
channel in the drain to confine the dry weathewflm a smaller flow section. The

dimensions of such a dry weather flow channel deémgenthe width of the drain and are
tabulated in Drawing No. 1.

Maximum Velocity

The velocity of flow in a drain shall not be tgpeat to cause excessive scouring or
hydraulic jumps. Hence the velocity of flow in @ncrete-lined drain shall be limited to a
maximum of 3.0 m/s or below the critical velocityhichever is lower. For an earth stream,
the maximum velocity shall be limited to 1.5 m/&urther limitation of the maximum
velocity shall be complied with when specified bg Board.

Sub-critical Flow

Drains are designed to carry sub-critical flov@itical state of flow exists when the Froude
Number is equal to one. An open channel flow atear the critical state shall be avoided
as under such a condition the water surface isblesand wavy. In order to secure greater
flow efficiency, channel flow shall be designedtisat the Froude Number shall fall within
the range from 0.8 decreasing to such minimum vatut achieve a practical flow depth
and permissible flow velocity.

Freeboard
Freeboard refers to the depth from the top efdiain (cope/bank) to the top of the water
surface in the drain at design flow condition. fisignt freeboard shall be provided to

prevent waves or fluctuation of the water surfacemf overflowing the cope/bank.
Generally, a depth of freeboard equivalent to 15%edepth of the drain is required.
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8 INTEGRATION OF ADJACENT WATERCOURSES WITH DEVELOP MENTS AND ABC
WATERS DESIGN FEATURES WITHIN DEVELOPMENTS

8.1

8.2

Integration of Adjacent Watercourses with Developmats

8.1.1

8.1.2

8.1.3

As part of the Active, Beautiful, Clean WatéABC Waters) Programme, integration of
adjacent watercourses with proposed developmerdadeuraged, whilst satisfying the
engineering requirements for drainage functionsheiit posing any public safety,
maintenance or environmental problems. These ieclodt are not limited to:

(a) Enhancing the accessibility or connectivity to whatelies/waterways, eg.
creating community spaces for adjacent to watesssurand providing
boardwalks to bring people closer to water, etc.;

(b) Providing aesthetic treatment to waterways, eg.ofigemore natural finish such
as block pitching or imprints on canal walls, plagtalong the canal walls, etc.;

(© Installing ABC Waters Design features to detain émedt storm water runoff
closer to the source (see Section 8.2 for furtleéails).

The designs of the aesthetic waterbodieserways and safety barriers need not be
constrained by the standard features as shownisrCibde of Practice as long as these
facilities fulfill the drainage requirements and dot give rise to any public safety,
maintenance or environmental problems.

The approval of the competent planning authorigball also be sought for all such
proposals. Where appropriate, the aesthetic wadeboand watercourses shall be
integrated into the development proposals and hietaiaed by the developers/owners
of these developments.

Integration of ABC Waters Design Features within Dgelopments

8.2.1

Qualified Persons together with the dewelfmwner can significantly enhance the
development by incorporating into their designs rappate ABC Waters Design
features as described in the latest version of “ABM@ters Design Guidelines” and
“Engineering Procedures for ABC Waters design festu published by the Board
(available at http://www.pub.gov.sg/abcwaters). Sehguidelines were developed based
on the following principles:-

(a) Reduction of runoff and peak flow frone tievelopment site by implementing
local ABC Waters design features that provide detention nmmeasand minimise
impervious areas;

(b) Improvement of quality of water draining fromet development into receiving
environment. For example, through effective fiimatand retention measures
via ABC Waters design features, runoff from the sian be treated to remove
pollutants and silt, thereby protecting the watemalily in waterways
downstream;

(© Integration of stormwater treatment into thendscape by incorporating
multiple-use ABC Waters design features that alsximise the aesthetics and
recreational amenities of developments; and

(d) Protection and enhancement of natural watetesys within the development
site.
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8.2.2

8.2.3

The developer/owner shall engage an ABC Watkctive, Beautiful, Clean Waters)
Professional to design, oversee the constructipard develop a maintenance plan for
the ABC Waters design features. The developer/owheall submit the concept design
and design calculations, endorsed by the ABC Wa&entessional, to the Board as part
of DC submission.

For ABC Waters design features that are desigo be part of the measures to comply
with Clause 7.1.5, the developer/owner shall mainthe ABC Waters design features
regularly to ensure that these features are welhtaiaed and remain effective in
serving the functions as stipulated in Clause 7.Ite developer/owner shall comply
with the submission of documents as stipulatedeictisn 13.2.
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DRAINAGE STRUCTURES AND FACILITIES

9.1

9.2

9.3

9.4

9.5

9.6

Drain and Culvert

The schematic details of U-shaped and trapezdidals and box culvert are shown in Drawing No.
1. Drains and culverts shall be designed to bedwjidally adequate, structurally sound and
geotechnically stable in accordance with the cticedes, specifications and requirements.

Roadside Drain

All roadside drains shall be constructed in acaocg with the standard Land Transport Authority's
specifications shown in Drawing No. 2 or such otdeEwings to be issued by Land Transport
Authority or the Board. The roadside drains shalpbovided with false bottom as may be required
by the Board.

Transition

A transition is required where there is a charfgdrain cross-section. The purpose of a transion

to change the shape of flow and surface profilguich a manner that minimum energy losses occur
and cross waves and other turbulence are redubé&imiy be achieved using tapering walls with
no sudden changes of cross-section. The minimugtHest a transition shall be 1.5 times the width
of the wider drain section.

Curve and Bend

9.4.1 The presence of curves or bends in draimrakgnt is sometimes unavoidable. Difficulties
in design often arise because of the complexitthefflow around a curved path. A drain
curve will increase frictional loss and lead to thenger of serious local erosion due to
spiral flow. Hence, the radius of any horizontahve shall be as large as possible,
consistent with the general terrain, in order tdupe the super elevation of the water
surface and preserve the freeboard. A horizontalecshall have a minimum radius of 3
times the width of the drain channel.

9.4.2 The benching of the drain at the bend skatidnfigured to minimise sedimentation at the
inner side of the bend. For this purpose, thewsgther flow channel at the bend shall be
aligned towards the outer side of the bend, wighcéintre of the channel spaced at a quarter
of the drain width from the outer cope of the drain

Sump for Drain Intersections

A sump of sufficient size shall be provided wherains converge. The minimum internal width of

the sump shall not be less than 1.5 times the wifithe drain leading away from the sump. Drains
shall enter the sump at angles less than a rigjte @md at different levels wherever possible. The
invert level of the downstream drain shall be lowen the invert level of the sump so that no
stagnant water will collect in the sump.

Maintenance Access for Drainage Reserve
9.6.1 The maintenance access within a DrainagerReshall be level and continuous. The
requirements of the levelled maintenance accesshargn in Drawing No. 3. If there is an

approved structure overcrossing a Drainage Resemgs (not steeper than 12%) shall be
provided at both sides of the structure for theioaity of maintenance access.
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9.7

9.8

9.9

9.10

9.11

9.12

9.6.2 Access from adjacent road to Drainage Resdrat be provided. At the entrance of the
access, detachable bollards or posts and chailidsharovided as shown in Drawing No.
4.

Markers along Edge of Drainage Reserve

If a Drainage Reserve is not fenced-out from ti@iaing premises, concrete markers shown in
Drawing No. 4 shall be installed at maximum 50 racépgs along the edge(s) of the Drainage
Reserve to demarcate the Drainage Reserve lin€lgser spacing may be necessary at
curves/bends.

Drop-inlet Chamber and Slot-outlet

9.8.1 Runoff from road carriageways and carpahkdl e effectively drained away to prevent
water stagnation and to ensure road safety. Drep-¢hambers and concealed scupper
drainage shall be designed in accordance with #ed LTransport Authority's standard
specifications and shall be provided at maximum 6 spacings along all road
carriageways.

For flood prone areas, hotspots or any other aasaspecified by the Board, enhanced
drop-inlet chambers (shown in Drawing No. 5) sbhallprovided.

9.8.2 At all T-junctions of roads with one or maf the connecting side roads sloping down
towards the junction, drop-inlet chambers shalptmrided at half the normal spacings or
alternatively, slot-outlets with gratings shallfm@vided as shown in Drawing No. 9. Slot-
outlet may also be used where an existing road$idie is less than 500 mm deep or at
areas outside the road carriageways such as carpark

Safety Railings

Standard safety railings shall be provided foropken drains more than 1.0 m deep. The railings
shall be galvanised, painted and erected as sgaifiDrawing No. 6.

Special Railings for Park Connectors

If approved by the Board, special railings may risdlled in conjunction with the development of
park connectors or waterbodies. The railings $feattasy to maintain, safe and compatible with the
surroundings. Special railings which have beenamat for use are given in Drawing Nos. 7A &
7B.

Rungs in Drains

Non skid aluminium rungs shall be provided at 6@part for open drains with internal widths equal
to or less than 2 m and at every opening/gratinglfised drains with internal widths equal to or
less than 2 m. Rungs shall be embedded in the wadiras shown in Drawing No. 2.

Grating over Closed Drain/Culvert

9.12.1 All gratings provided over closed drains/culvettalsbe hinged to fixed frames securely
embedded into the drain structures. Mild steelfheluty gratings shall be used for closed
drains subjected to vehicular loadings, wheredt liyity gratings shall only be used for
pedestrian loadings. Chequered plates shall leel fon the pedestrian gratings for those
closed drains narrower than 2 m (internal widthije Gratings, frames and chequered plates
shall be galvanised. The details of the gratingg ehequered plates shall be shall be
designed in accordance with the Land Transport @iittis standard specifications.
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9.13

9.12.2 Where a culvert runs across the road, mopAguating shall be sited on the road
carriageway. Where necessary, sumps with galvé@unisiel steel grating shall be provided
at the two side-tables of the road. In the casedfal carriageway, a sump with galvanised
heavy duty mild steel grating shall be providethatcentre divider.

9.12.3 The size and spacing of gratings requihedl be based on the internal width of the closed
drain, as follows:-

Internal Width Grating
(W) Size Spacing
W>4m 850 mm x 1000 mm 50 m (staggered)
in additic_m 35mx1.8 500 m
m (opening)
2m<WE4m 850 mm x 1000 mm 50 m (staggered)
in addition 1.5 m x 1.5 m 500 m

(opening)

850 mm X 1000 mm 6 m (for drainf 1 m deep) or
750 mm < WE 2 m 18 m (for drain > 1 m deep)

600 mm£ W £ 750 mm| 700 mm x 850 mm 6m

Note: () Rungs shall be embedded at the drain a@abvery opening/grating
for closed drains with internal widths equal to less than 2m in
accordance with Section 9.11.

(i) Chequered plates shall be fixed on the pedesgratings for closed
drains with internal widths less than 2m.

9.12.4 Where a closed drain exceeds 3 m deep sasltaft (2 m by 1.5 m) may be required by the
Board. If the access shaft is deeper than 4 mynmdiate platform shall be provided as
shown in Drawing No. 9.

Entrance Culvert/Crossing
Where an entrance culvert/crossing is proposedstietch of closed drain, gratings/openings shall
be provided at the closed drain sections immegiaipktream and downstream of the proposed

entrance culvert/crossing.

Under the exceptional circumstance where the erdgranlvert/crossing is shallower than 600 mm,
hinged open gratings shall be installed througttmtvhole length of the entrance culvert/crossing.
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9.14 Live Loads on Drains
9.14.1 In the design of drains, stability of thepsl and upheaval shall be considered. A
nominal live load surcharge of 10 kNfishall be taken into consideration in the design
of drains except as qualified by Clause 9.14.2.

9.14.2  For drains that are adjacent to roads and aretedfday vehicular loading, a live load
surcharge of 20 kN/fshall be taken into consideration in the desigdrains.

9.14.3  Culverts carrying vehicular loading shall be desijio withstand bridge loading in
accordance with Land Transport Authority’s standard
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10 PUMPED DRAINAGE SYSTEM

10.1

10.2

The minimum design and operation criteriati@erpumped drainage system shall be as follows:-

(@)

(b)

(©

(d)

(e)

()

the pumping capacity shall be adequate to dateimmediate discharge of the storm
water ingress of not less than 150 millimetrestpmir from the entire source catchment
area,; i.e:

1A
> -
3.6x10°

where P = pumping capacity {s)

rainfall intensity (mm/hr)

A = catchment area contributing to ingress ofraterater ()

there shall be a complete set of back-up pugnpouipment, including back-up pumps,
pumping mains, generators and their appurtenaocdm€k-up power supply.

the pumping installation shall be designed withautomated device to start the pumping
operation at times of storm water ingress, withragienal option for manual control to
override the automated device whenever desired.

adequate pump sump shall be provided with @afft storage capacity to cater for the
total quantum of inflow from the entire source batent area over a duration of at least 3
hours or such longer period as may be deemed regdsg the Qualified Person or as

required by the Board for the re-activation of fhemping installation in the event of

emergency breakdown/repairs or power failure, basethe maximum recorded rainfall

given below:-

Duration (hrs) 3 4 5 6 12 24

Total Rainfall (mm) 196.9 210.6 253.4 281)9 376.7 33.2

the Qualified Person shall formulate and im@atna well-regulated procedure for the
maintenance, operation and monitoring of the pungvashage system.

the base of the pump sump shall be designed vgthdient of 1:40 or steeper, and which
shall be graded towards the pumps. The pumps bdbcated within a small sump pit
which should be deeper than the pump sump sottbeg will be no stagnant water in the
pump sump at all times.

The criteria specified above are minimum requinetmewhich shall be complied with.
Nevertheless, the Qualified Person shall be fullgponsible for the complete design of the
pumped drainage system, incorporating such additi@atures or requirements as the Qualified
Person may deem necessary to achieve fail-safeeghiat of the basements, tunnels or
underground facilities against flood.
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10.3

10.4

10.5

The civil and structural components of the pumpledinage system shall be designed and
endorsed by a Professional Engineer (Civil) while tmechanical and electrical components
shall be designed and endorsed by a Professiongin&sr (Mechanical/Electrical). Design
computations duly endorsed by the Professional igegs shall be submitted to the Board for
record including the operation sequence and mongomeasures of the pumped drainage
system and other relevant information.

The developer/owner shall be responsible for tlantenance, operation and monitoring of the
pumped drainage system. The Qualified Persons kaiglt with the developer/owner to ensure
that a well-established management set-up is dpeedtto undertake this function before
applying for the issue of Temporary Occupation Reamd Certificate of Statutory Completion.

The Board may in special cases introduce amendmoertdditional requirements for the design
and operation of the pumped drainage systems.

36



CODE OF PRACTICE ON SURFACE WATER DRAINAGE

PART I

ENSURING THE INTEGRITY OF STORM WATER DR AINAGE SYSTEMS

11 Temporary Occupation Permit (TOP)
12 Certificate of Statutory Completion (CSC)

13 Maintaining the Integrity of Storm water DragesSystems
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CODE OF PRACTICE ON SURFACE WATER DRAINAGE

PART Il

ENSURING THE INTEGRITY OF STORM WATER DR AINAGE SYSTEMS

11 TEMPORARY OCCUPATION PERMIT (TOP)

11.1

Compliance during Temporary Occupation Permi{TOP)

QPs are required to declare that their platfonch @est protection levels are in compliance with t
Code of Practice on Surface Water Drainage andtreatsd according to approved plans when
applying for Temporary Occupation Permit (TOP) ceae.

The declaration shall consist of the application TOP clearance and be supported by as-built
survey plans indicating the crest levels, platfdewels and flood protection levels (based on the
approved flood protection measures), where appéicadnd any other relevant information as

required by the Board, prepared and endorsed bgistered surveyor. The Public Utilities Board

will only issue TOP clearance through CBPD to teeelboper/ owner when the declaration and all
necessary supporting documents are submitted aselssesl to be in compliance with the

requirements of approved plans and the Code ofi@am Surface Water Drainage.
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12

CERTIFICATE OF STATUTORY COMPLETION (CSC)

121

12.2

12.3

124

12.5

12.6

Drainage Works According to Approved Plan

Drainage works shall be constructed in accordanttethe approved drainage plans, the Sewerage
and Drainage Act (Chapter 29#)e Sewerage and Drainage (Surface Water DrairReglations
and this Code of Practice.

Supervision

@) The Qualified Person shall comply with the valg sections of the Sewerage and Drainage
Act (Chapter 294).

(b) The Qualified Person shall be fully respolesifor the supervision and construction of

drainage works based on the approved plan.

(©) The Qualified Person shall notify the Boafdchny proposed deviation of works from the
approved plan and obtain approval for the deviatigrsubmitting drawings showing the
amendments before proceeding with the works.

(d) The Qualified Person shall, if necessaryifyfapply directly to all the relevant authorities
such as the Land Transport Authority, National BaéBlard and Environmental Health
Department before carrying out drainage works &adl abide by the conditions stipulated
by the relevant authorities.

Completion of Works

On completion of drainage works, the QualifiedsBarshall certify and submit to the Board a
Certificate of Inspection for Drainage Works.

“As-Constructed” Drainage Drawing and Piling Record

On completion of drainage works, the QualifiedsBa shall submit the “As-constructed” drawings
and piling records to the Board for record. “Asa@oucted” drawings for the following two
categories of drainage works need to be submitted:-

(0 Drains and approved structures within DrainRgserve and
(i) Roadside drains (except for those built in accardamith the Land Transport Authority's
standard designs).

Submission requirements for “As- Constructed” drgmndrawings are shown in Appendix 5.
Survey Plan

A survey plan shall be submitted if a developrramstructure is constructed within less than 300
mm from a Drainage Reserve. The survey plan slmibist of a site plan and cross-sections
showing the development or structure and lot bognderelation to the Drainage Reserve. The
survey plan shall be prepared and endorsed by iatBegl Surveyor.

Defects Liability Period

Drainage works to be handed-oteithe Board shall have a one year Defects LigtHiriod. The
Defects Liability Period shall commence from théedhe Board gives no objection to the issue of

the CSC. The developer/owner shall pay for the absctification of defects in the drainage works
during the Defects Liability Period.
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12.7

Handing-over of Drain

Upon the expiry of the Defects Liability Peridde Qualified Person shall arrange for the handing-
over of the drainage works to the Board aftertadl mecessary or required rectification works are

satisfactorily completed.
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13

MAINTAINING THE INTEGRITY OF THE STORM WATER DRA INAGE SYSTEM
INCLUDING FLOOD PROTECTION MEASURES

13.1

13.2

Responsibility of Developer/Owner

The developer/owner shall be responsible for thenter@ance, operation and monitoring of the
storm water drainage systems within their premi$égse include, but are not limited to, regular
adequacy checks on the flood protection measucksasiminimum crest levels, detention/retention
pond systems and pumped drainage system.

Submissions on Storm Water Drainage Systenm¢luding Crest/Flood barriers/Pumped
drainage system/ABC Waters design features)

13.2.1 Crest Level(s)

)

For Commercial/ Multi-Unit Residential Developmentsth Basements (e.g. shopping
malls, large office buildings and condominiums)k ttieveloper/owner shall, every three
years upon obtaining the Temporary Occupation R€imiP), declare that the crest levels
are in compliance with the Code of Practice on &afWater Drainage and constructed
according to the approved plans. When there isatlewi from the approved plans, the
declaration shall be supported by as-built sundapgindicating the crest levels, platform
levels, adjacent road levels, and any other retewvdiormation as required by the Board,
prepared and endorsed by a Registered Surveyor.

When requested by the Board, this declaration sigafubmittecinnually upon obtaining
the Temporary Occupation Permit (TOP).

For Special Underground Facilites and Develemts with linkages to Special
Underground Facilities, the developer/owner shaitlate that the crest levels are in
compliance with the Code of Practice on SurfaceeWatainage and constructed according
to approved plans annually upon obtaining the TeargoOccupation Permit (TOP).
When there is deviation from approved plans, ttetadation shall be supported by as-built
survey plans indicating the crest levels, platféenels, adjacent road levels, and any other
relevant information as required by the Board, greg and endorsed by a Registered
Surveyor.

13.2.2 Flood barriers/ Detention Tanks/ ABC Walgesign Features/ Pumped Drainage System

The developer/owner, when requested by the Bohadl, submit the following documents (where
applicable) annually upon obtaining the Temporacgupation Permit (TOP):

)

Certificate of inspection on flood barriers on-giteluding leak test complying with relevant
international standards or any requirements specifiy the Board and endorsed by a
Civil/Mechanical Qualified Person (where applicaple

Amendments to the standard operating procedure (8Re flood barrier endorsed by a
Civil and/or Mechanical Qualified Person;

Certificate of inspection on the pumped drainagitesy (for the basement and/or detention
tank) endorsed by a Mechanical or Electrical QigaliPerson;

Records on the Operational Performance of FloodeBwon Measures/Pumped Drainage
Systems prior to the onset of the North East Monssason (Nov — Jan); and

Certificate of inspection on an ABC Waters desigatdires endorsed by ABC Waters
Professional. The certificate of inspection shalitain a declaration that the features have
been inspected, and are maintained satisfactordyfinctioning well.
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Appendix 2

SUBMISSION REQUIREMENTS FOR FLOOD PROTECTION MEASUR ES

1)

2)

3)

4)

5)

During Development Control (DC) stage

For all developments with flood protection measutbke following documents, endorsed by a Qualified
Person, shall be submitted:

()  Proposed plans indicating the crest levels andaifopm level with and without flood barrier at
various entrance and exit points;

During Building Plan (BP) stage

For developments where flood barriers are autonstelébr with more than 2 points of entry/ exitwdren
requested by the Board, the following shall be sttbth

(i)  Proposed size, type and design of the flood barrier
(i) Details on the standard operating procedure (S@fR)ding the proposed maintenance plan of the
flood barrier to be endorsed by a Civil and/or Madbal Qualified Person, and the developer

owner.

During Temporary Occupation Period (TOP) stage

For all developments with flood protection measutie following documents, endorsed by a Registered
Surveyor, shall be submitted together with the atation that their platform and crest levels are in
compliance with the Code of Practice on SurfaceeWWBrainage and constructed according to approved
plans:

(i)  As-built survey plans indicating the crest levedigtform levels and the flood protection levels
(based on the approved flood protection measures).

Certificate of Statutory Completion (CSC) stage

For developments where automated flood barriersvgreemented, the following documents, endorsed by
Qualified Person (Civil and/or Mechanical), shaldubmitted:

(i) Leak Test Certification on the installed flood lemrin compliance with relevant international
standards or any requirements specified by thedBoar

Maintaining the Integrity of the Storm Water Draina ge System including Flood Protection Measures

The developer/owner of premises with flood protecttmeasures, when requested by the Board, shall
comply with the submission of documents upon obigirthe Temporary Occupation Permit (TOP) as
stipulated in Section 13.2.
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Appendix 3

PRINCIPLES AND STANDARDS FOR FLOOD PROTECTION OF UN DERGROUND RAPID

TRANSIT SYSTEM

The Underground Rapid Transit System must be sritig protected against flood risks. The salieimgiples
and standards of protection to be complied arermdlbelow:-

(A)

(B)

(©)

STRINGENT CATCHMENT SEGREGATION
[segregating the Underground Rapid Transit System Surface catchments and runoffs]

absolutely minimise the storm catchments of the adgbund Rapid Transit System (such as by
means of profile designs and roofing), and chamtleat-grade and above-grade runoffs (eg. that
from the roofs) into surface drains segregated fiioenunderground facilities.

segregate the Underground Rapid Transit statiodstamnels by means of integrated water-tight
barriers of at least 1metre above flood and grdewels.

all ingress and egresses to the Underground Ramdsik System (including pedestrian/traffic
linkages and ventilation/services openings) arbéadouilt with a segregation threshold of at least
1metre above flood and ground levels.

FAIL-SAFE PUMPED DRAINAGE FACILITIES
[for removal of any water ingress that cannot bieaftiowing to constraints inherent in the Undengnd
Rapid Transit System's interface with the surfaaekis and linkages]

install an active pumping capacity equivalent @ 190-year return storm intensity corresponding to
the time of concentration of the storm catchmemtl(gling the internal infiltration route of the
tunnel surface) as determined from the Code oftiemon Surface Water Drainage, capped at
280mm/hour for a typical 10-minute concentrationadion.

provide duplicated standby pumping facilities.
install standby fuel generators for uninterruptpdration of the pumping facilities.

construct pump sumps with an active operationalage capacity of 280mm (for 6-hour inflow)
where sumps are accessible during train operatoB80mm (for 24-hour inflow) where sumps are
inaccessible during train operations.

institute a well-regulated maintenance and opemngitocedure for the pumped drainage facilities.

DEVELOPMENT CONTROL OF ALL CONNECTED DEVELOPMEN TS
[such that the same principles and standards ofifforotection in (A) & (B) above are applied to all
developments/facilities with existing/proposed hgles to the Underground Rapid Transit System]

carry out advanced, comprehensive planning of mippsed linkages to the Underground Rapid
Transit System.

implement the same flood protection safeguards imeed above for all such developments.

PAGE 1 OF 2
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Appendix 3

(D) OPERATIONAL AND MANAGEMENT CONTROL
[to ensure continued functioning and safeguardinghe protection measures implemented under (A),

(B) & (C)]
have in place a comprehensive map/database ofvigralbunderground networks with linkages to
the Underground Rapid Transit System.

subject all building and development planning @ithg Addition & Alteration and reconstruction)
of such linked developments/facilities to the vegtand control of the Land Transport Authority.

institute stringent operational and management oreasto be undertaken by the owners of the
linked developments/facilities under the supervisié Land Transport Authority.

PAGE 2 OF 2
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Appendix 5

SUBMISSION REQUIREMENTS FOR “AS-CONSTRUCTED” DRAINA GE DRAWINGS

(@)

(b)

Two sets of the “As-Constructed” drawings shellsubmitted. The “As-Constructed” drawings sball
endorsed by a Professional Engineer and, wher@abld, also by a Registered Surveyor.

The “As-Constructed” drawings shall show thiofeing details:-

0]

(ii)
(il
(iv)
(v)
(vi)

(vii)

(viii)

alignment and width of the Drainage Reserve.
size and type of the constructed drain witthia Drainage Reserve.
longitudinal section showing the gradientyémt and cope level of the constructed drain.

cross-section of the constructed drain intretato the Drainage Reserve/lot boundary/retaining
wall/boundary fence.

locations, sizes and types of all drain connections
piling records for drains and structures within Br@inage Reserve and roadside drains including
entrance culverts. The piling records shall inclticle extent of piling, sizes, types, lengths and

spacing of the piles. Reasons shall be statedpilimy is carried out.

details of structures within Drainage Reserve sashbridge, crossing over drain, pedestrian
crossing.

structures (including piling records) beside DrgmaReserve, as and when required by the
Board.
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