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Foreword

This Malaysian Standard was developed by the Technical Committee on Planning and Design
of Urban Stormwater Management Facilities under the authority of the Industry Standards
Committee on Building, Construction and Civil Engineering. Development of this standard
was carried out by Department of Irrigation and Drainage Malaysia which is the Standards-
Writing Organisation (SWO) appointed by SIRIM Berhad to develop standards for urban
stormwater management.

This Malaysian Standard on Urban stormwater management is part of a series of standards
developed for stormwater management design practices in Malaysia. The series from Part 1
to 20 cover the majority of stormwater facilities, from quantity design to erosion and sediment
control. However, Parts 1 to 3 of these standards set the general criteria, common to all
facilities, needed to design for either stormwater quantity or quality control. Parts 4 to 20 set
the specific criteria for the design of the individual facility or Best Management Practices
(BMP).

These standards are derived mainly from the Urban Stormwater Management Manual for
Malaysia, MSMA 2nd Edition, which already contains extensive explanatory material as well
as detailed technical guides, including work examples. As such, these standards do not
replicate the design manual. Rather, they summarise the pertinent aspects of the manual
which the user must comply with as minimum requirements in designing stormwater facilities.

It is hoped that with these standards, stormwater management in the country can be properly
implemented and regulated in minimising the present haphazard flash floods as well as
deterioration in water quality resulting from developing and developed catchment areas.

This Malaysian Standard does not purport to include all the necessary provisions of a
contract. Users of Malaysian Standards are responsible for their correct application.

MS 2526 consists of the following parts, under the general title, Urban stormwater
management:

Part 1: Design acceptance criteria
Part 2: Quantity design fundamentals
Part 3: Quality design fundamentals
Part 4: Roof and property drainage
Part 5: On-site detention

Part 6: Rainwater harvesting

Part 7: Detention ponds

Part 8: Infiltration facilities

Part 9: Bioretention systems

Part 10: Gross pollutant traps
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Foreword (continued)

Part 11: Water quality ponds and wetlands
Part 12: Erosion and sediment control
Part 13: Pavement drainage

Part 14: Drains and swales

Part 15: Pipe drains

Part 16: Engineered channels

Part 17: Bioengineered channels

Part 18: Culverts

Part 19: Gate and pump

Part 20: Hydraulic structures

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.
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Introduction

Conventional urban drainage engineering practice follows what is termed as ‘rapid disposal’
concept where stormwater is rapidly conveyed to the nearest waterway through a system of
lined drainage system. As urban areas rapidly grow throughout the country, this approach to
drainage not only creates more flash floods but also does not take into account the increasing
pollution being carried by stormwater as it flows through developing and developed areas.

The new approach, based on sustainable practices, addresses both quantity and quality
management of the stormwater. Quantity is managed through a system of detention and
storages which aims to reduce the peak discharges arising from new and redevelopments to
that of pre development. Quality control is managed through a system of treatment facilities
for sediments and dissolved pollutants as well as floatables.

This part of the standards series addresses criteria needed for the design of rainwater
harvesting systems.
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Urban stormwater management -
Part 6: Rainwater harvesting

1 Scope

This Malaysian Standard specifies design criteria for rainwater harvesting facilities for
household or individual building use. Design requirements, mainly for storage tank and
plumbing or piping, are specified. Safeguards against contamination as well as for public

safety are also provided for. This is to ensure that the system complies with sustainability,
water quality and design standard.

2 Normative references

The following normative references are indispensable for the application of this standard. For
dated references, only the edition cited applies. For undated references, the latest edition of
the normative reference (including any amendments) applies.

MS 2526-4, Urban stormwater management - Part 4: Roof and property drainage

MS 2526-5, Urban stormwater management - Part 5: On-site detention

3 Terms and definitions
For the purpose of this standard, the following terms and definitions apply.
3.1 collection area

The collection area of a rainwater harvesting system in most cases is a roof of a house
or building.

3.2 conveyance

Components which transport the rainfall discharge from the roof catchment to various stages
throughout the system. Conveyances such as channels, ditches, pipes and swales all can be
part of a distribution system.

3.3 filtration device

Devices used to filter and remove pollutants, mainly particulate material either through
biofiltration or media filtration.

3.4 first flush

The critical first period of rainfall (taken as 5 mins) which carries away about 70 % - 80 % of
deposited pollutants in the catchment of the rainwater harvesting system.

3.5 leaf guard

Covers placed over the whole gutter collection line, to prevent leaves and other large
material from entering the rainwater harvesting system and clogging it up.

© STANDARDS MALAYSIA 2014 - All rights reserved 1
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3.6 minor system

Drainage system intended to collect and convey runoff from relatively frequent storm events to
minimise inconvenience and nuisance flooding.

3.7 major system

Drainage system intended to safely convey runoff from major storm which not collected by the
minor drainage system to waterways or rivers designed to give protection from the
consequences of large, reasonably rare events, which could cause severe flood damage,
injury and even loss of life.

NOTE. The definition of major/minor system does not refer to the size of the drains.

3.8 On-Site Detention (OSD)

The control of stormwater peak flows from a site using tanks or surface depressions as
storage devices to temporarily store stormwater from major storm events which is then
discharged to the local drainage system at a controlled rate.

3.9 rainhead

Sump-type device to collect rainwater discharge from the box gutter to be discharged to the
downpipe.

3.10 Rainwater Harvesting System (RWHS)

Stormwater system intended to collect and store the rainwater for the purpose of reducing
peak flow and re-using the rainwater for multiple purposes.

NOTE. The system can have basic components for general purposes or complex components for other
specific purposes.

3.11 stormwater
Water resulting from runoff from a storm event.

NOTE. During a rainfall event some water remains on the surface or is held in the soil or underground
aquifer as groundwater, a portion of the water is used directly by plants and the remainder flows over
the surface. This overland flow called stormwater usually moves as overland (sheet) flow or channel
(concentrated) flow.

4 Principles

Rainwater harvesting refers to the collecting of rainfall as a supplementary source of water
supply for households, commercial and industrial premises, landscape watering, livestock
water, and irrigation for agriculture. Rainwater harvesting using roof catchments is the easiest
and most common method. Rainwater may also be collected from any impervious surface,
such as stone, concrete, or asphaltic pavement. Landscape can also be contoured to facilitate
runoff for rainwater collection.
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Benefits

There are numerous benefits of rainwater harvesting:

it provides an alternative water supply to piped water;

it is a green approach; reducing demand on treated water hence delaying the dam
construction and deforestation associated with reservoir building;

it reduces water bills for the consumer. Occasionally, there are additional economic
advantages such as rebates from municipalities for a reduction in use and dependency
on municipal water;

on islands with limited fresh-water, rainwater harvesting is the major source of water for
domestic use; and

it reduces stormwater flooding and soil erosion.

Components of a system

Whether it is large or small, RWHS has five basic components:

a)

b)

Catchment area - the surface area which catches the rainfall. It may be a roof or
impervious pavement and may include landscaped areas.

Conveyance - channels or pipes that transport the water from catchment area to a
storage.

First flush - the systems that filter and remove contaminants and debris using
separation devices.

Storage tanks - where collected rainwater is stored.

Distribution - the system that delivers the rainwater to the point of use, either by gravity
or pump.

In cases where collected rainwater is for potable usage, purification involving filtering,
distillation and disinfection should be additional components in the rainwater harvesting
system. The process from rainfall to end user is conceptually shown in Figure 1. A typical
detailing of the system either above-ground storage or below-ground storage for a building is
shown in Figure 2.
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Figure 1. Rainwater harvesting process
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Figure 2. Typical components of rainwater harvesting system for a residential building
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4.21 First flush device

Rainwater quality varies and is affected by environmental factors and commercial industrial
activities in the area. The inclusion of the first flush device will significantly improve the quality
of the rainwater collected as it can dispose of an estimated 70 % to 80 % deposited
pollutants. The device may be part of the rainwater downpipe, be separated from a tank or be
attached to a tank. It may also be installed below ground.

Collection and disposal of the first flush of water from a roof, is of particular concern for any
rainwater harvesting system. This is due to the fact that first flush picks up most of the dirt,
debris, and contaminants, such as bird droppings that have been collected on the roof and in
the gutters during dry periods. Multiple first flush devices may be required instead of a single
first flush depending on the slope of the catchment and time required for rainwater to reach
the first flush device(s). Figure 3 shows a typical first flush system.

Operational water

Watfer from level
roo
. S AN
Floating ball
First flush
water
. —Debris collecting in
bottom chamber
R —

Small bore pipe for
automatic reset

Removable cover
for cleaning Storage tank

Figure 3. Typical first flush system
4.2.2 Configuration of tank

There are various types for rainwater harvesting tank. In general, the rainwater tank may be
divided into either above-ground tank or below-ground tank as shown in Figure 4.
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Figure 4. Types of storage tank

Tank shapes may be circular, rectangular or any suitable structural shape to fit in available
space. There are a number of factors that govern what tank or tanks would be suitable in
varying situations. These include:

a) height of roof;

b) roof catchment area identification;

C) gutter and downpipe arrangements;

d)  space around the building;

e)  alignment of building in relation to boundaries; and

f) local authority regulations with regard to water tanks.

Larger tanks may have to be cast in-situ. Fibreglass tanks, although more expensive, are
more durable because they resist corrosion and are not generally affected by chemicals or
moisture. These tanks are manufactured with a good-grade coating on their interior surface.
The tanks should also be manufactured to prevent the entry of light, which could encourage
algae growth.

423 Pumps

Pumps supplied with RWHS shall be designed according to manufacturer requirements for
capability and efficiency.

4.3 Integration with OSD

The rainwater harvesting system may be integrated with OSD facilities for quantity control of
minor storm events. It may be installed in large landscapes such as in parks, schools,
commercial sites, parking lots, apartment complexes and also small residential landscapes.
Rainwater may be stored on flat roofs provided that adequate protection against leakage is
catered for in the structural design of the building.
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This type of storage has limited application in residential areas and is more suited to
commercial and industrial buildings where large flat roofs are available. OSD storage-cum-
rainwater harvesting system may be provided as below-ground storages, above-ground
storages or a combination of both. Design of OSD systems integrated with RWHS shall
comply with procedures as set out in MS 2526-5.

5 Sizing storage tank

5.1 Rainwater demand

Rainwater demand from a potential RWHS depends on many factors:

a) the number of people using the water;

b)  average consumption per person; and

C) the range of uses (drinking, bathroom, laundry, toilet, garden watering, etc).
Calculations for rainwater demand may use Table A.1 (Annex A), to estimate water uses for
different appliances and outdoor applications. Water conservation practices should be
implemented in water stressed areas (like islands) and during dry periods to reduce demand
on the rainwater.

5.2 Factors affecting rainwater availability

Rainwater availability to a RWHS depends on parameters such as rainfall characteristics,
catchment area (roof area), and tank size. The other minor factors which affect yield are first
flush amount and losses on the roof, such as evaporation and splashing.

a) Rainfall characteristics

For a typical RWHS with a defined roof area, tank size and rainwater use pattern, the
rainwater yield will depend mainly on the rainfall characteristics such as the sequence of rain-
days and the daily rainfall amount. Generally, more rain-days yield higher rainwater amounts.
Since the rainfall characteristics vary from place to place in Malaysia, the RWHS yield will
therefore vary. A total of 17 major towns within Malaysia have data records for calculation of
rainwater yield assessment. Rainwater yield calculations may use Table A.2 (Annex A) which
shows the average annual rainfall and the number of rain-days for the selected towns and
cities. Other minor towns may use the data of the nearest town or city in the list for a similar
assessment.

b) Rooftop area

The rooftop area corresponds to the rainwater catchment area. The rainwater yield is higher
when rooftop area is larger.

C) Rainwater storage tank size
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The rainwater tank is an important component in the RWHS from the perspective of cost and
space allocation. The rainwater yield is higher when the tank size is bigger. However,
increasing tank size is not accompanied by a similar increase in yield; due to the roof area
being fixed. Instead, the incremental increase in yield declines. Hence optimum tank size
should be calculated for any RWHS.

d) First flush volume

The first flush volume, equivalent to 0.5 mm of rainfall to be discarded from the storage of the
RWHS, shall be as shown in Table 1.

Table 1. First flush requirement according to roof area

Roof area First flush volume
(m’) (m°)
<100 0.025 to 0.05
100 to 4356 0.05t02.5
>4356 2.5
NOTE. Adopt first flush of 5 m? if surface contains excessive soil, dust or debris.

e) Losses from roofs

For houses in the tropical region such as Malaysia, roof structures usually heat up due to
prolonged exposure to sunshine. Other than in the Monsoon seasons, convectional rainfall
usually occurs in the late afternoon. Hence, 0.5 mm of the rain falling on the roof shall be
considered as evaporation and splashing losses.

5.3 Rainwater availability estimation

For rainwater availability estimation, the model procedures by Jenkins, D. Pearson, F. Moore,
E. Sun, K. Valentine, R. (1987). Feasibility of Rainwater Collection Systems in California,
Contribution no. 173. University of California (UCLA) may be followed:

a) Yield Before Spillage (YBS) model; or
b)  Yield After Spillage (YAS) model.

The YBS model adopts an optimistic approach where the rainwater harvested is supplied for
daily consumption and the balance is stored in the storage tank for next day use. On the other
hand, the YAS model assumes a conservative approach where rainwater harvested is
channeled to the tank first, and excess rainwater overflowed. The daily consumption is drawn
from the tank.

With the RWHS described above and the adopted parameters, a daily water balance model

configured to compute the daily rainwater yield based on YBS may be calculated as shown in
Figure 5.

8 © STANDARDS MALAYSIA 2014 - All rights reserved
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Figure 5. Daily water balance based on YBS model
5.4 Average Annual Rainwater Yield (AARY) estimation

Estimation of the Average Annual Rainwater Yield (AARY) has been carried out using daily
water balance model for selected towns in the country adopting YBS method The estimation
was based on a typical household of 5 persons, roof area of 100 m? and first flush with
losses from the roof of 1 mm.

For example, in Alor Star, the AARY is 103 m® if a tank size of 1 m® is used When the tank
size is 3 times bigger (3 m ) the AARY is increased only by 32 % to 136 m?®. Therefore, tank
size of 1 m® is the near optimum in term of highest AARY per unit tank size for Alor Star
Similarly for other towns, a tank size of 1 m?® is the near optimum tank size for every 100 m? of
roof area.

Table A.3 (Annex A) may be used as the AARY from the YBS model for the selected towns.
5.5 Tank size estimation
From the daily water balance, the tank size in the country regardless of location shall be taken

as 1 m for every roof area of 100 m?. It is equivalent to a storage of 10 mm of rainfall within
100 m? of roof area. Estimation of tank size for a RWHS shall follow the equation below:
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St = 0.01A,
where
S; is the tank size expressed in m®; and
A is the rooftop catchment area expressed in m?.

This equation assumes that demand is proportional to the roof area and tank size. The tank
size with varying daily demand and roof area may have a variation of + 25 % using the above
simplified approach. A more methodical approach, i.e., a daily water balance model using the
specific roof area and daily rainwater demand for a particular project may be carried out for
large projects.

6 Sizing conveyance and distribution systems
6.1 Rainwater collection and conveyance

System components shall be designed based on procedures as set out in MS 2526-4. It shall
comprises gutters, rainheads, sumps and downpipes.

6.2 Distribution pipe

In designing for water supply installation, an assessment shall first be made of the probable
maximum water flow. In most buildings it seldom happens that the total numbers of
appliances installed are ever in use at the same time, and therefore, for economic reasons, it
is usual for a system to be designed for a peak usage which is less than the possible
maximum usage. The probable maximum demand may be assessed based on probability of
usage. This method uses a loading unit rating which is devised for each type of appliance,
based on its rate of water delivery, the time the taps are open during usage, and the
simultaneous demand for the particular type of appliance. Calculations for the loading unit
rating for various appliances may follow that shown in Table A.4 (Annex A).

In buildings where high peak demands occur, the loading unit rating for such appliances shall
not be applicable and 100 % of the flow rate for these appliances may be used as shown in
Table A.5 (Annex A). The same applies to automatic flushing cisterns for urinals.

The pipe sizing may be determined using the Thomas-Box equation below:

- d’ xH
\/25xLx105

where

q is the discharge through the pipe expressed in L/s;
d is the diameter of pipe expressed in mm;

H is the head of water expressed in m; and

L is the total length of pipe expressed in m.
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The diameter of the pipe necessary to give a required flow rate will depend upon the head of
water available, the smoothness of the internal bore of the pipe and the effective length of the
pipe. An allowance for the frictional resistance set up by fittings such as elbows, tees, taps
and valves shall be added to the actual length of the pipe. Table 2 shall be used to give the
allowance for fittings expressed in equivalent pipe lengths.

Table 2. Frictional resistance of fittings

Nominal outside Equivalent pipe length
diameter (m)
(mm) Elbow Bend Tee
15 0.5 04 1.2
20 0.6 0.5 1.4
25 0.7 0.6 1.8
32 1.0 0.7 2.3
40 1.2 1.0 2.7
50 1.4 1.2 3.4
65 1.7 1.3 4.2
80 2.0 1.6 5.3
100 2.7 2.0 6.8

In calculating the diameter of a pipe to supply individual fittings, the head loss through the
draw-off tap shall also be taken into account. Table 3 shall be used to estimate allowances for
draw-off taps expressed in equivalent pipe lengths.

Table 3. Frictional resistance of draw-off taps

Fitting Discharge rate Equivalent pipe length (m)
with tap fully
open (L/s) Copper | Galvanized steel
15 mm diameter Bib-tap or pillar tap 0.20 2.70 4.00
20 mm diameter Bib-tap or pillar tap 0.30 8.50 5.75
25 mm diameter Bib-tap or pillar tap 0.60 20.00 13.00

© STANDARDS MALAYSIA 2014 - All rights reserved 11
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Annex A
(informative)

Tables for rainwater yield calculations and
loading unit rating calculations for appliances

Table A.1 Rainwater demand for domestic application

- dishwasher

- general cleaning

10-20 litres per minutes

Usage Type Average consumption Average total
(appliance) rainwater demand
A. Indoor

- toilet Single Flush 9 litres per flush 120 litres per day
Dual Flush 6 or 3 litres per flush 40 litres per day

- washing machine Twin Tub - 40 litres per wash
(Semi- auto)
Front Loading - 80 litres per wash
Top Loading - 170 litres per wash

20-50 litres per load

150 litres per day

B. Outdoor

- sprinkler or handheld
hose

- drip system

- washing car with a
running hose

- hosing paths/driveways

10-20 litres per minute

20 litres per minute

10-20 litres per minute

1000 litres per hour

4 litres per hour
200 litres per wash

100-300 litres per wash

12
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Table A.2 Mean annual rainfall and number of rain-days for selected towns

No. Name of town Rainfall Period of Mean annual Number of Years of
station record rainfall annual rain-days record
(mm)
1 Alor Star 6103047 1948-2007 2,365 147 42
2 Ipoh 4511111 1972-2008 2,288 181 38
3 Klang 3014084 1953-2008 2,197 132 55
4 Kuala Lumpur 3117070 1953-2008 2,527 177 56
5 Seremban 2719043 1959-2008 1,901 141 50
6 Melaka 2222010 1954-1998 1,989 179 45
7 Kluang 1833092 1948-2006 2,295 163 58
8 Johor Bahru 1537113 1948-2007 2,787 158 59
9 Kota Bharu 6121001 1981-2008 2,622 138 21
10 Kuala Terengganu 5331048 1954-2008 2,659 161 53
11 Kuantan 3833004 1948-2008 2,881 136 59
12 Kuching 1403001 1950-2008 4,043 242 59
13 Sibu 2219001 1999-2007 3,282 229 9
14 Bintulu MMS 96441 1999-2008 4,136 225 10
15 Kota Kinabalu 5961002 1985-2009 2,629 177 25
16 Sandakan 5875001 1987-2008 3,070 190 18
17 Tawau 4278004 1989-2006 1,626 155 14
NOTE. When large gaps occur in a particular year, the entire data series of that year were discarded in
analysis.
Table A.3 Average annual rainwater yield for selected towns
No. Name of town Average annual rainwater yield
(m°)

1 Alor Star 103

2 Ipoh 99

3 Klang 107

4 Kuala Lumpur 116

5 Seremban 98

6 Melaka 100

7 Kluang 115

8 Johor Bahru 128

9 Kota Bharu 95

10 Kuala Terengganu 94

11 Kuantan 111

12 Kuching 156

13 Sibu 144

14 Bintulu 148

15 Kota Kinabalu 109

16 Sandakan 120

17 Tawau 89

NOTE. AARY computed from tank size of 1 m®and roof area of 100 m.

© STANDARDS MALAYSIA 2014 - All rights reserved
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Table A.4 Loading unit rating for various applications

Type of appliance Loading unit rating

Dwelling and flats

- W.C. flushing cistern 2
- wash basin 1.5
- bath 10
- sink 3-5
Offices
- W.C. flushing cistern 2
- wash basin (distributed use) 1.5
- wash basin (concentrated use) 3

School and industrial buildings

- W.C. flushing cistern 2
- wash basin 3
- shower (with nozzle) 3
Public bath 22

Table A.5 Recommended minimum flow rate for various appliances

Type of appliance Rate of flow (L/s)
W.C. flushing cistern 0.12
Wash basin 0.15
Wash basin with spray taps 0.04
Bath (private) 0.30
Bath (public) 0.60
Shower (with nozzle) 1.12
Sink with 13 mm taps 0.20
Sink with 19 mm taps 0.30
Sink with 25 mm taps 0.60

14 © STANDARDS MALAYSIA 2014 - All rights reserved
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