MALAYSIAN MS 2441-2:2014
STANDARD

On site sewage treatment units -
Part 2: Packaged prefabricated small sewage
treatment system specifications

ICS: 93.030

Descriptors: sewage treatment, prefabricated small sewage treatment system, specification, FRP tank,
PE tank

© Copyright 2014
DEPARTMENT OF STANDARDS MALAYSIA




DEVELOPMENT OF MALAYSIAN STANDARDS

The Department of Standards Malaysia (STANDARDS MALAYSIA) is the national
standards and accreditation body of Malaysia.

The main function of STANDARDS MALAYSIA is to foster and promote standards,
standardisation and accreditation as a means of advancing the national economy, promoting
industrial efficiency and development, benefiting the health and safety of the public,
protecting the consumers, facilitating domestic and international trade and furthering
international cooperation in relation to standards and standardisation.

Malaysian Standards (MS) are developed through consensus by committees which comprise
balanced representation of producers, users, consumers and others with relevant interests,
as may be appropriate to the subject at hand. To the greatest extent possible, Malaysian
Standards are aligned to or are adoption of international standards. Approval of a standard
as a Malaysian Standard is governed by the Standards of Malaysia Act 1996 [Act 549].
Malaysian Standards are reviewed periodically. The use of Malaysian Standards is voluntary
except in so far as they are made mandatory by regulatory authorities by means of
regulations, local by-laws or any other similar ways.

For the purposes of Malaysian Standards, the following definitions apply:

Revision: A process where existing Malaysian Standard is reviewed and updated which
resulted in the publication of a new edition of the Malaysian Standard.

Confirmed MS: A Malaysian Standard that has been reviewed by the responsible
committee and confirmed that its contents are current.

Amendment: A process where a provision(s) of existing Malaysian Standard is altered. The
changes are indicated in an amendment page which is incorporated into the existing
Malaysian Standard. Amendments can be of technical and/or editorial nature.

Technical corrigendum: A corrected reprint of the current edition which is issued to correct
either a technical error or ambiguity in a Malaysian Standard inadvertently introduced either
in drafting or in printing and which could lead to incorrect or unsafe application of the
publication.

NOTE: Technical corrigenda are not to correct errors which can be assumed to have no consequences in the application
of the MS, for example minor printing errors.

STANDARDS MALAYSIA has appointed SIRIM Berhad as the agent to develop, distribute
and sell Malaysian Standards.

For further information on Malaysian Standards, please contact:

Department of Standards Malaysia OR SIRIM Berhad

Ministry of Science, Technology and Innovation (Company No. 367474 - V)
Level 1 & 2, Block 2300, Century Square 1, Persiaran Dato’ Menteri
Jalan Usahawan Section 2, P. O. Box 7035
63000 Cyberjaya 40700 Shah Alam
Selangor Darul Ehsan Selangor Darul Ehsan
MALAYSIA MALAYSIA

Tel: 60 3 8318 0002 Tel: 60 3 5544 6000

Fax: 60 3 8319 3131 Fax: 60 3 5510 8095
http://www.jsm.gov.my http://www.sirim.my

E-mail: central@jsm.gov.my E-mail: msonline@sirim.my



MS 2441-2:2014

Contents

Page
CommIittee repPreSENTAtION ......cou i ettt e e e e e e e e e aeaes iii
o] (=11 (o F RO URTTOPPI v
1 S Tore] o 1= PP PUTPT R UURPPRRTN 1
2 NOIMALIVE FEFEIENCES. ...ccii i e e e e e 2
3 Terms and defiNitiONS.........coi s 3
4 Symbols and abbreviations ...........ccoi i 7
5 DESIgN rEQUITEMENTS. ... ieiiiieee ettt ettt e e e e e e ee e e e e e s nbreeeeaaeeeannrees 7
6 Performance reqUIrEMENES.......co.o it e 13
7 Fibreglass reinforced plastic (FRP) tank..........cccuueiiiiiiiii e 15
8 Polyethylene (PE) tanks.........ccou it 17
9 1Y F= T (T g T TR 20
10 Certification MArK.........eeoii e 20
11 Evaluation of Conformity.........co e 20
12 Manufacturer's QUIAEIINES ..........oeiiiiiiiii e 22
Annex A Influent organic daily loads, effluent quality and hydraulic daily flow................... 28

Annex B Determination of the resistance of a partition to a hydrostatic head (pump
(o110 (=1 ) TP PRPRR 30

Annex C Process performance evaluation ... 31

Annex D Test of manufacturer's instructions for the installation of fittings in a sound and

Watertight MaNNEr ... 38
Annex E  Determination of watertightness .............eeeiiiiiiiiiii e 39
Annex F  Determination of the resistance to lateral load - Hydraulic pit test method........... 41

Annex G Determination of resistance to lateral load for FRP tanks - Vacuum test method.43

Annex H Determination of resistance to top 10ading...........cccoueieiiiiiiiiiiiiii e, 44

© STANDARDS MALAYSIA 2014 - All rights reserved i



MS 2441-2:2014

Contents (continued)

Page
Annex J Determination of dimensions (dimensional test).........cccccoiiiiiiiiiiiiiiiiiiiiiieeeeee 46
Annex K Determination of hardness of FRP composites..........ccccooiiiiiiiiiiiiiieiieee, 47
=71 o]IToT [ ir=T o] 1)V PR 48

i © STANDARDS MALAYSIA 2014 - All rights reserved



MS 2441-2:2014

Committee representation

The Industry Standards Committee on Building, Construction and Civil Engineering (ISC D) under whose authority this
Malaysian Standard was developed, comprises representatives from the following organisations:

Association of Consulting Engineers Malaysia
Construction Industry Development Board Malaysia
Department of Irrigation and Drainage Malaysia
Department of Standards Malaysia

Dewan Bandaraya Kuala Lumpur

Federation of Malaysian Manufacturers

Jabatan Bomba dan Penyelamat Malaysia
Jabatan Kerajaan Tempatan

Jabatan Kerja Raya Malaysia

Malaysian Timber Council

Malaysian Timber Industry Board

Master Builders Association Malaysia

Pertubuhan Akitek Malaysia

Projek Lebuhraya Utara-Selatan Berhad

Real Estate and Housing Developers' Association Malaysia
SIRIM Berhad (Secretariat)

Suruhanjaya Perkhidmatan Air Negara

The Cement and Concrete Association of Malaysia
The Institution of Engineers, Malaysia

Universiti Sains Malaysia

Universiti Teknologi Malaysia

The Technical Committee on Sewerage which supervised the development of this Malaysian Standard is managed by
the National Water Services Commission (SPAN) in its capacity as an authorised Standards-Writing Organisation and
consists of representatives from the following organisations:

Association of Consulting Engineers Malaysia

Association of Environmental Contractors and Companies Malaysia

Department of Environment

IKRAM QA Services Sdn Bhd

Indah Water Konsortium Sdn Bhd

Jabatan Kerja Raya Malaysia

Master Builders Association Malaysia

Ministry of Health Malaysia (Engineering Division)

National Water Services Commission (Secretariat)

Sewerage Services Department

SIRIM QAS International Sdn Bhd

The Institution of Engineers, Malaysia

Universiti Teknologi Malaysia

© STANDARDS MALAYSIA 2014 - All rights reserved iii



MS 2441-2:2014

Committee representation (continued)

The Working Group on Packaged Prefabricated Small Sewage Treatment System which developed this Malaysian
Standard consists of representatives from the following organisations:

Association of Consulting Engineers Malaysia
Atostech Fiberglass Sdn Bhd

Best Lindeteves Sdn Bhd

D’Bumi Water Sdn Bhd

Goodwater Engineering Sdn Bhd

IKRAM QA Services Sdn Bhd

Indah Water Konsortium Sdn Bhd

Jabatan Kerja Raya Malaysia

Loyal Engineering Sdn Bhd

Malaysian Builders Association Malaysia

National Water Services Commission (Secretariat)

National Water Services Commission (Sewerage Regulatory Department)
PJ Bumi Berhad

SIRIM QAS International Sdn Bhd (Product Certification Section)

The Institution of Engineers, Malaysia

Universiti Teknologi Malaysia

iv © STANDARDS MALAYSIA 2014 - All rights reserved



MS 2441-2:2014

Foreword

This Malaysian Standard was developed by the Working Group on Packaged Prefabricated
Small Sewage Treatment System under the authority of the Industry Standards Committee on
Building, Construction and Civil Engineering. Development of this standard was carried out by
National Water Services Commission which is the Standards-Writing Organisation (SWO)
appointed by SIRIM Berhad to develop standards for sewerage.

MS 2441 consists of the following parts, under the general titte On site sewage treatment units:
Part 1: Prefabricated septic tanks specifications

Part 2: Packaged prefabricated small sewage treatment system specifications

The illustrations used in this standard are diagrammatic only and are chosen to illustrate
principles of design or operation.

Compliance with a Malaysian Standard does not of itself confer immunity from legal obligations.
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On site sewage treatment units -
Part 2: Packaged prefabricated small sewage treatment system
specifications

1 Scope

1.1 This Malaysian Standard specifies the requirements for packaged prefabricated small
sewage treatment system (SSTS) and their associated fittings. The standard sets out means
of compliance and testing specifications for prefabricated tanks and treatment process
performance of the SSTS.

The SSTS covered by this standard is for the treatment of sewage by aeration and clarification,
and those designed for sewage flow of 31 up to 149 population equivalents. The principles of
this standard may be applied to alternative treatment technologies, where approved by the
regulatory authority.

The SSTS in this standard is for use buried in the ground where no vehicle loads are applied
to the systems and not installed in high water table area.

Two materials covered in this standard are fibreglass-reinforced plastic and polyethylene. Other
materials which comply with the requirements of this standard may also be used.

This standard applies to SSTS where all prefabricated components are off-site assembled in
the factory by one manufacturer and which are tested as a complete unit of treatment system.

The standard does not cover the plumbing or drainage systems conveying sewage to the SSTS,
nor anything downstream of the SSTS outlet. This standard excludes the design of mechanical
and electrical components needs in the system.

This standard is intended for use by consultants, designers, manufacturers, certification bodies,
installers, regulators and other interested parties.

NOTE. One population equivalents generates a daily sewage flow of 225 L.

1.2 Objective

The objectives of this standard are to provide:

a) performance statement which define the requirements to be met by SSTS;
b) a basis against which SSTS is to be assessed;

c) basic specifications for manufacturers of SSTS that will enable the certification bodies to
check that product conforms to the standard; and

d) confidence to purchaser of a SSTS that the system will perform as required.
1.3  Structural design

Specific design by a competent engineer using appropriate design methodologies and relevant
standards is to be carried out when any of the following conditions apply:
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a) the system is to be installed above ground level;

b) the system is subjected to vehicular loads;

c) the system is to be installed in high water table area; or/and

d) the system needs to be protected from UV attacks.

NOTE. High water table means that the water table can rise higher than the soffit level of the buried
SSTS.

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 ISO 62, Plastics - Determination of water absorption

MS ISO 75-2, Plastics - Determination of temperature of deflection under load - Part 2: Plastics
and ebonite

MS ISO 75-3, Plastics - Determination of temperature of deflection under load - Part 3: High
strength thermosetting laminates and long-fibre-reinforced plastics

MS ISO 179-1, Plastics - Determination of charpy impact properties - Part 1: Non-instrumented
impact test

MS ISO 527-4, Plastics - Determination of tensile properties - Part 4: Test conditions for
isotropic and orthotropic fibre-reinforced plastic composites

MS ISO 1268-4, Fibre-reinforced plastics - Methods of producing test plates - Part 4: Moulding
of prepregs

MS ISO/IEC 17025, General requirements for the competence of testing and calibration
laboratories

ISO 1172, Textile-glass-reinforced plastics - Prepregs, moulding compounds and laminates -
Determination of the textile-glass and mineral-filler content - Calcination methods

ISO 14125, Fibre-reinforced plastic composites - Determination of flexural properties

ISO 6964, Polyolefin pipes and fittings - Determination of carbon black content by calcination
and pyrolysis - Test method and basic specification

ISO 18553, Method for the assessment of the degree of the pigment or carbon black dispersion
in polyolefin pipes, fittings and compounds

AS 2738, Copper and copper alloys - Compositions and designations of refinery products,
wrought products, ingots and castings

ASTM A240/A240M, Standard specification for chromium and chromium-nickel stainless steel
plate, sheet, and strip for pressure vessels and for general applications
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ASTM D4097, Standard specification for contact-molded glass-fiber-reinforced thermoset resin
corrosion-resistant tanks

BS 3396-3, Woven glass fibre fabrics for plastics reinforcement - Part 3: Specification for
finished fabrics for use with polyester resin systems

BS 3749, Specification for E glass fibre woven roving fabrics for the reinforcement of polyester
and epoxy resins systems

BS 2071, Specification for Soxhlet extractors

EN 13923, Filament-wound FRP pressure vessels - Materials, design, manufacturing and
testing

EN 14020-3, Reinforcements - Specification for textile glass rovings - Part 3: Specific
requirements

EN 14118-3, Reinforcement - Specifications for textile glass mats (chopped strand and
continuous filament mats) - Part 3: Specific requirements

Standard methods for the examination of water and wastewater, a joint publication of the

American Public Health Association, the American Water Works Association and the Water
Environment Federation

3 Terms and definitions

For the purposes of this standard, the following terms and definitions apply.

3.1  anchorage

A device or technique for holding the tank in the ground against hydrostatic uplift pressures.
3.2 biochemical oxygen demand, BODs

The concentration of dissolved oxygen consumed under specified conditions (5 days at 20 °C
with or without nitrification inhibition) by the biological oxidation of organic and/or inorganic
matter in water.

3.3 chemical oxygen demand, COD

The concentration of oxygen equivalent to the amount of dichromate consumed when a water
sample is treated with that oxidant under defined conditions.

3.4 cure
The chemical reaction resulting in the final product.
3.5 design capacity

Maximum flows and loads of the wastewater the facilities are designed for, which conform to
the specified consent effluent standard.
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3.6 desludging

Removal of the liquid and fine solid material originating from sewage that is removed from SSTS
or other sewage treatment facility after the said liquid and fine solid material has accumulated
over a period of time and does not include any non domestic waste.

3.7 effluent

Liquid discharged from a sewage treatment process.

3.8 equipment

Any component which is installed in, mounted on, attached to, or operated on structures in the
performance of their intended function.

3.9 extension

A structure used to bring the access or inspection cover to finished ground level.

3.10 filter media

Inert material of various specific surfaces on which an attached film grows.

3.1 free board

The space between top water level and the underside of the tank.

3.12  gel-coat

A thin layer of unreinforced resin on the surface of a glass fibre laminate, which covers the fibre
of the reinforcement, protects the bond between resin and reinforcement, and provides special
surface properties. It may be pigmented.

3.13 initial type test

An examination which confirms the required technical utility properties and usability, performed
before launching the product in the market and for usage.

3.14  inlet fitting

A device that allows a connection to be made between the internal sewerage piping carrying
the sewage and the SSTS.

3.15 inspection opening

An opening in the top surface of the tank fitted with a cover which is removable to allow access
for desludging and for visual inspection of the interior of the tank and contents, for routine
maintenance sampling, cleaning and other maintenance work, but not intended to allow people
to enter a tank.

3.16 instrumentation

Instrument that deals with measurement and control.
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3.17 laminate

For glass fibre manufacture, the set layer or layers of reinforcement impregnated with polyester
or other resin forming a thick structural membrane, excluding the gel-coat.

3.18 lateral load

The load applied sideways onto a buried tank due to combined effects of soil, water, and traffic.
3.19  manufacturers

A registered company or firm that manufactures the SSTS.

3.20 outlet fitting

A device that allows a connection to be made between the outlet of the tank and the drainage
system that conducts the effluent away for further treatment.

3.21 packaged small sewage treatment system

A prefabricated factory-built tanks and components of SSTS installation assembled off-site by
one supplier or manufacturer.

3.22  partitions

An internal wall within a prefabricated tank of SSTS.

3.23  performance criteria

The qualitative or quantitative description of the performance requirements.
3.24  performance requirements

The functions that a system has to perform in order to operate as defined.
3.25 population equivalent

The equivalent, in terms of fixed population of a varying or transient population or other activity
(e.g. industrial, commercial contributing flow to the sewerage system).

3.26  primary treatments

The separation of suspended material from sewage by settlement and/or floatation in SSTS,
primary settling chambers, or other structures, prior to effluent discharge to a secondary
treatment process.

3.27  production batch

A number of tanks, all of them have the same design, manufactured from the same material on
the same machine or method.
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3.28 range

A group of products in which, for the purpose of evaluation, the selected property(s) is/are
similar for all products within the group.

3.29 regulatory authorities

The authority which is empowered by statute to be responsible for regulating sewerage
industry.

3.30 sample

A representative part or a single item from a larger whole or group selected at random without
regard to quality, especially when presented for inspection or shown as evidence of quality,
style, or nature of the whole.

3.31 scum

The floating mass of sewage solids buoyed up by entrained gas, grease or other substances
which form an accumulating layer on the liquid surface inside the SSTS.

3.32 secondary treatments

An aerobic biological processing and settling or filtering of effluent received from a primary
treatment unit.

3.33 sewage

Any liquid discharges containing human excreta, animal or vegetable matters in suspensions
or solution derived from domestic activities and being generated from household, commercial,
institutional and industrial premises including liquid discharges from water closets, basins,
sinks, bathrooms and other sanitary appliances but excluding rain water and prohibited effluent.
3.34  sludge

The semi-liquid solids settled from sewage.

3.35 small sewage treatment systems, SSTS

A sewage treatment system which accepts and treats sewage to a declared quality.

3.36 suspended solids, SS

Concentration of solids in a liquid usually determined by filtration or centrifuging and then drying
all under specified conditions.

3.37  unit process

Any structure including any related equipment which is used as a process stage and which can
be isolated from other parallel, upstream or downstream structures.
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3.38 vent

A device, usually a pipe, which allows odours to be removed from the tank.

4 Symbols and abbreviations

BODs Biochemical oxygen demand at 5 days
COD Chemical oxygen demand

DO Dissolved oxygen

FRP Fibre-reinforced plastic

C&G Oil and grease

PE Polyethylene

SS Suspended solids

SSTS Small sewage treatment system

5 Design requirements

5.1 Nominal designation (ND)

The SSTS is designated by preferred ND of influent organic daily loads and effluent quality
expressed in milligram per litres (mg/L) and hydraulic daily flow for both average (QOnave) and
peak (Onpeak) Values expressed in cubic metres per day (m3%d). The recommended ND based
on the designated population equivalent is given in Annex A.

The packaged prefabricated SSTS shall be sized to a minimum of 35 population equivalents
with interval of 5 population equivalent between two consecutive sizes.

5.2 Process design
5.2.1 Design consideration
The SSTS shall be designed to a performance specified in 6.1 with considerations to:

a) serve sewage capacity from 31 up to 150 population equivalent to total power consumption
of < 1.5 kW and requires scheduled desludging;

b) treat raw sewage using a natural biological process without any additives such as enzymes,
chemicals, effective microorganism or any equivalent substances;

c) not significantly reduce nutrients such as nitrogen and phosphorus unless specifically
designed for that purpose;

d) be without any instrumentation;

© STANDARDS MALAYSIA 2014 - All rights reserved 7



MS 2441-2:2014

e) provide adequate capacity for the design sewage flow, storage of solids and frequency of
discharge;

f) operate under normal, intermittent, and peak flow and load conditions;
g) remove settling and floatable solids;

h) be provided with oil and grease removal to a discharge requirement specified in Table A.2
of Annex A;

i) avoid the likelihood of cross contamination between unit processes; and
i) provide insulation against noise.

The modular design of the SSTS may be allowed to a maximum of two (2) modules. Under this
condition, the sewage flow and capacity shall be equally divided into each module.

The schematic diagram of SSTS as defined in this standard is shown in Figure 1.

Pritnary treatment chamber Aeration tank
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Qil and grease
remaval

v ¥ ¥
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= = -
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Figure 1. Schematic diagram of SSTS

5.2.2 Design criteria

The SSTS shall be designed to the following criteria:

a) total population equivalent;

b) average hydraulic daily flow of 225 L per population equivalent;

c) peak hydraulic daily flow with peak factor of 4.7 x (population equivalent/1 000)°";
d) maximum influent organic daily loads in accordance with Annex A;

e) effluent quality in accordance with Annex A;

f) treatment efficiency to achieve specified effluent quality;

g) minimum effective volume criteria;

h) sludge accumulation rate of 0.04 m3/PE per year; and
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i) minimum desludging frequency of 1 year interval.

5.3 Load bearing capacity

5.3.1 Data for calculation

The SSTS shall resist the loads and stresses resulting from handling, installation and use,
including desludging and maintenance, for their serviceable life span. Depending on the end
use, safety factors (given by regulatory authority or codes of practice) shall be used to calculate
the loads for which the SSTS are designed. Calculation shall be made according to calculation
methods accepted in the place of use.

The following loads for the complete equipped SSTS shall be considered:

a) backfill load;

b) hydrostatic loads; and

c) pedestrian loads.

For the determination of loads, the parameters shown in Figure 2 shall be used.

5.3.2 Backfill load

Calculation of backfill loads shall take into account of the effect of ground conditions, backfill
materials and tank shape factors. A vertical and horizontal component shall be calculated as

follows:

a) vertical component: hx 18 (expressed in kN/m?), where 18 (kN/m®) is the specific weight of
the soil;

b) horizontal component: Kx Dx 18 (expressed in kN/m?), where Dis the distance from the
ground level to the point where the load applies and K:

- sand:0.33;
- gravel:0.27; and
- other backfill materials: 0.5.
5.3.3 Hydrostatic loads
A vertical and horizontal component shall be calculated as follows:

a) vertical component: Hyx 10 (expressed in kN/m?), where 10 (kN/m?) is the action resulting
from the specific weight of water;

b) horizontal component: Dx 10 (expressed in kN/m?2).
On sites where the groundwater table is significant (the highest level of the groundwater table
is above the bottom of the tank), the stability conditions of the system in relation to the water

pressure shall be indicated in the manufacturer’s instructions. In this case, the specific load of
soil is 10 kN/m?®and shall be added to the water load.
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5.3.4 Pedestrian loads

A figure of 2.5 kN/m2 shall be considered only when the height of the backfill is less than
1.0 m. Over 1.0 m, pedestrian loading is assumed to be negligible against other actions.

F 3
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q ANNNNY

SIS LILLILSILLIS SIS SIS SIS SIS SIS SIS SIS 4

N

H total depth of the plant
Hw height of exterior water level (groundwater)
K coefficient of horizontal soil pressure

h depth of the backfill from the top of the tank to ground level
1 inlet
2 outlet

Figure 2. Definition of parameters for loads determination
5.3.5 Vehicular loads
The SSTS that will be subjected to top loading from vehicular traffic (such as installation under
roadway, parking areas, or other trafficable location) shall be specifically designed by a
competent engineer to carry the expected loads. The tank shall be subjected to engineering
design and a certificate verifying the load-carrying capacity shall be provided with the tank.

5.4 Prefabricated tanks

The design of a prefabricated tank shall be such as to prevent deformation and flexing and to
take into account of:

a) internal and external pressures;
b) mass of tank and contents;
c) localised load acting at the supports, lugs and other attachments;

d) normal loads applied during transport and installation;
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e) material fatigue; and

f)  soil conditions and expected loading.

No fabrication or moulding of any part of the prefabricated tanks shall be allowed at the site. All
components shall be factory fabricated, moulded and installed by the manufacturer prior to
delivery of the tanks.

5.5 Inlets, outlets and interconnecting pipe

The minimum internal diameter of inlet, outlet and interconnecting pipes for gravity flow shall
be 150 mm. The distance between the top water level and the top of interconnecting pipes shall
not exceed 150 mm.

The inlet, outlet and interconnecting pipes shall be designed to:

a) ensure no back-flows, blockage or surcharging occur during normal operation;

b) reduce short-circuiting of liquid between inlet and outlet;

c) allow clearance of any internal blockage; and

d) ensure that solids that form the scum layer do not flow through the outlet.

Any pipe carrying sludge shall be designed and installed to allow for self cleansing and
preventing sludge settlement inside the pipe.

All openings for pipes connection of the tanks shall be pre-fitted at the factory with a socket, a
spigot, a flange or a 300 mm length short piece of pipe.

No drilling of pipe holes shall be allowed at the site. All jointing, inlet and outlet fittings and pipe
holes connection shall be factory fabricated, moulded and installed by the manufacturer prior
to delivery of the tanks.

5.6 Inspection openings

When an inspection opening is located over single chamber or compartment, it shall have a
minimum dimension of not less than 400 mm.

When an inspection opening is located over a chamber divider or a partition and provides
access to two chambers or compartments, it shall have a minimum dimension of not less than
600 mm, and the minimum dimension of the opening to either chamber with divider or partition
shall not be less than 300 mm.

5.6.1 Covers for openings

Covers for access openings shall:

a) provide a corrosion-resistant means for lifting;

b) effective, durable and airtight; and

c) be secure and shall be designed to prevent removal by children.
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5.7 Optional devices

5.7.1 Partitions

When a single prefabricated tank is divided into different compartments by a partition,
assumptions regarding the arrangement of liquid loading shall cause critical effects. When
installed, the partitions shall:

a) be structurally sound and fixed without diminishing the integrity of the tank;

b) consider to possible sliding and overturning of the partition walls due to differential in
moment;

c) be permanently fastened in place or form an integral part of the tanks structure;
d) allow fluid to transfer while reducing or preventing the transfer of any solid matter;
e) have the top of the partition wall at least 150 mm above the top of the water level; and

f) be able to withstand pump-out during desludging or emptying the tank for maintenance
(see Annex B for verification test).

The partition shall be permanently fastened in place or form an integral part of the prefabricated
tanks structure. The permanent fixing of a partition into the SSTS shall be pre-assembled at
factory by the manufacturer before delivery to the site.

5.7.2 Anchorage

In situations where floatation due to hydrostatic uplift from high water table is possible, SSTS
shall be provided with a means of being anchored by use of attachments to the tanks or other
proven means of holding the tanks down in place. Anchorage shall be designed and provided
on tanks where the deadweight of empty tank and applicable soil loads are less than 1.5 times
the force due to hydrostatic uplift. The anchorage should last in equivalent with serviceable life
span of the SSTS.

5.7.3 Gas baffle

When installed, gas baffles shall:

a) be designed and constructed to prevent the carryover of gas borne solids through the outlet;
and

b) be fitted in accordance with the manufacturer’s instructions.
5.7.4 Filter media
When SSTS have been designed to be fitted with filter media, the filter media shall:

a) be fitted with the system during delivery;

b) be contained in a chamber;

12 © STANDARDS MALAYSIA 2014 - All rights reserved



MS 2441-2:2014

c) be easily accessible and removable for maintenance purposes; and

d) be made of non-gradable, non-corrodible and of inert materials which may not warp over
time.

5.8 Fasteners

All fasteners shall be of durable materials, resistant to the corrosive environment, and be either:
a) stainless steel, grade 304 (see ASTM A240 or ASTM A240M);

b) copper alloy, grade 443 (see AS 2738); or

c) a suitable equivalent.

6 Performance requirements
6.1 Treatment process
6.1.1  Data to be monitored

To demonstrate treatment process compliance of SSTS, the following parameters shall be
declared:

a) nominal designation of SSTS;

b) total power consumption;

c) temperature (liquid phase) for influent and effluent;

d) pH forinfluent and effluent;

e) dissolved oxygen concentration in aeration tank; and

f) sludge volume in primary treatment chamber.

6.1.2 Effluent compliance criteria

The SSTS shall be tested according to Annex C. The effluent shall meet the following criteria:

a) of the samples taken over the three test periods, 90 % shall have BODs less than or equal
to 20 mg/l with no sample greater than 35 mg/l;

b) of the samples taken over the three test periods, 90 % shall have total SS less than or
equal to 50 mg/l with no sample greater than 75 mg/l;

c) of the samples taken over the three test periods, 90 % shall have COD less than or equal
to 120 mg/l with no sample greater than 160 mg/l; and

d) of the samples taken over the three test periods, 90 % shall have O & G less than or equal
to 5 mg/l with no sample greater than 7.5 mg/I.
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6.1.3 Nutrient compliance criteria

Where SSTS is specifically designed to reduce the concentration of nitrogen and/or phosphorus
in the final effluent, the manufacturer shall nominate the nutrient concentration in the effluent
prior to commencement of compliance testing. The nominated nutrient concentrations shall be
included in the test required according to C.4.7.

6.1.4 Noise

The maximum permissible noise level with all equipment operating shall be 85 dBA at a
distance of 1 m from the nearest item of noise emitting equipment.

6.2 Joints

The joints between a fitting and the wall of a tank and between tank components of the SSTS,
such as the wall and lid, shall have a durable seal, be watertight, and have sufficient integral
strength and/or flexibility to maintain a sound structure. The verification test for joints around
fittings shall be conducted in accordance with Annex D.

6.3 Watertightness

When assembled ready to use, the fittings and covers for the SSTS shall be watertight. The
tanks shall meet the criteria according to test method in Annex E.

6.4 Integrity

The integrity of the tank shall be such that no full penetration crack shall develop a width greater
than 0.1 mm (approximately) during any stage of production. Further widening or lengthening
of any crack shall not occur during subsequent handling, installation or use.

6.5 Loading of tanks

6.5.1 Lifting system loading

There shall be no structural failure when the tank is lifted, or is moved during installation. Any
cracking shall be limited according to the limit specify in 6.4.

When a tank is lifted using the manufacturer’s nominated lifing method, there shall be no
structural failure or visible cracking after being so lifted for 1 h.

6.5.2 Lateral loads

The tanks shall be designed so that there shall be no structural failure, undue distortion or in
surface cracking in excess of that permitted specify in 6.4 due to external hydrostatic
groundwater and soil loading of 11 kPa/m depth acting on an empty tank.

Account shall be taken of any loads imposed on the tank structure as a result of the technique
used to anchor the tank in the ground.

Verification test methods shall be conducted according to Annex F. For FRP tank, alternative
test as in Annex G may be used.
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6.5.3 Top loads
The tanks shall be designed to withstand a top load related to the maximum allowable depth of

cover specified by the manufacturer. The method of testing shall be in accordance with Annex
H, provide that crack shall not exceed the limit specify in 6.4.

7 Fibreglass reinforced plastic (FRP) tank
7.1 Scope

This clause covers construction of SSTS using fibreglass reinforced plastic. The use of other
fibres or other resins is not excluded provided that the provisions of this standard are met.

7.2 Materials

7.21 Resin

The resin shall be polyester resin or equivalent resin that has a minimum heat distortion
temperature of 65 °C when tested in accordance with MS ISO 75-2 or equivalent and is capable
of being used in the manufacture of a laminate that complies with 7.3.

7.2.2 Reinforcement

7.2.21 Glass fibre

The reinforcing material shall be a suitable grade of fibreglass having a glass finish compatible
with the resin used and complying with BS 3396-3, BS 3749, EN 14020-3, and
EN 14118-3 as appropriate.

7.2.2.2 Gel coats

A polyester gel coat or other equivalent polyester gel coat shall be a suitable chemical resistant
resin with a minimum heat distortion temperature of 65 °C when tested in accordance with MS
ISO 75-3 or equivalent.

7.3 Manufacture

7.3.1 General

The manufacturing process shall be carried out in a controlled manner to produce a consistent
product checked by a quality assurance process.

Components for FRP prefabricated tanks shall be manufactured by:
a) the even application of resin and glass to the mould;
b) rolling the lay up to achieve:

i) complete wetting of the fibres; and

i) removal of air bubbles from the surface.

c) rounding of all internal corners to a radius of not less than 6 mm.
© STANDARDS MALAYSIA 2014 - Al rights reserved 15
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When interconnecting pipes and fittings, inspection covers, anchorage devices and any
necessary fasteners are provided separate to the tank for installation, on site detailed
installation instructions shall be provide by the manufacturer with each tank at the time of
dispatch.

7.3.2 Laminate and thickness

The composition and thickness of the laminate shall be as follows:

a) The laminate shall contain not less than 30 % of glass strands. No fillers or pigments shall
be included in the laminate.

b) The thickness of the laminate shall not be less than 4 mm. The thickness shall be increased
to be not less than 6 mm for a distance of not less than 40 mm from all edges of openings
and the edges of up stands for inspection covers. Changes in thickness shall be by smooth
transitions. A verification test shall be in accordance with Annex J.

7.3.3 Dimensions

Internal dimensions of the tank and other components made of FRP shall be as declared by
the manufacturer. A verification test shall be in accordance with Annex J.

7.3.4 Surface finish

The internal and external surface of the prefabricated tanks shall be smooth, unbroken and
impervious.

7.4 Testing

7.41 Test specimen

The test specimen shall:

a) reflect the manufacturing process;

b) reflect a typical cross section of the prefabricated tanks;

c) be manufactured at the same time as the prefabricated tanks; and
d) be of an appropriate dimension for the required tests.

The test specimen shall be prepared in accordance with MS ISO 1268-4.
7.4.1.1  Flexural strength and modulus of elasticity

When tested in accordance with ISO 14125, the flexural strength and modulus of elasticity of
each test specimen shall not be less than 110 MPa and 4 830 MPa, respectively.

7.4.1.2 Impact resistance

When tested in accordance with MS ISO 179-1, the test specimen shall have no surface cracks
visible to normal or corrected normal vision.
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7.4.1.3 Hardness

When tested in accordance with Annex K, the Barcol hardness number of each test specimen
shall not be less than 35.

7.4.1.4 Water absorption

When tested in accordance with MS ISO 62, the amount of water absorption of each test
specimen shall not be greater than 0.75 %.

7.4.1.5 Glass fibre content

When tested in accordance with ISO 1172, the glass content of each test specimen shall not
be less than 30 % w/w.

7.4.1.6 Tensile strength

When tested in accordance with MS ISO 527-4, the tensile strength shall not be less than 63
MPa.

7.4.1.7 Tensile elongation

When tested in accordance with MS ISO 527-4, the tensile elongation shall not be less than
1.5 %.

7.4.2 Testrecords

The report shall include the following information for each test specimen:
a) identification of persons/organisation carrying out the test;

b) identification of the sample tested;

c) date of test;

d) the test results; and

e) reference to the test method.

8 Polyethylene (PE) tanks
8.1 Scope

This clause of the standard covers the construction of PE prefabricated tanks by rotational
moulding using thermoplastics.

8.2 Materials
8.2.1 Compounds

The tank shall be manufactured form 100 % virgin PE containing only those additives and
pigment necessary for the manufacture of tanks conforming to this standard and to its end use,
including weld ability when it is applicable.
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Raw material manufacture should provide a certificate for each batch of material to the tank
manufacture with the following data:

a) density; and
b) melt flow rate.

The additive or pigment when added into PE shall be by melt compounding process and shall
not be dry blended.

8.2.1.1  Colour

The tank can be any colour. If carbon black is not used or if its content does not meet the
requirements of 8.2.1.2, the compound shall be subjected to UV resistance which the
unpigmented PE compound shall contain UV stabiliser declared by the manufacturer.

8.2.1.2 Carbon black

The carbon black content added to resins shall be 1 % by mass measured in accordance with
ISO 6964.

When tested in accordance with ISO 18553, the rating of appearance of the carbon black
dispersion in the tank shall not be worse than the photomicrograph in ISO 18553.

Other test methods and procedures for determining the carbon black content may be used,
provided that they have been demonstrated to give accuracy of the same or higher degree than
that given in ISO 6964. In the event of a dispute, the method of ISO 6964 shall be the referee
method.

8.3 Manufacture

8.3.1 General

The manufacturing process shall be carried out in a controlled manner to produce a consistent
product checked by a quality assurance process.

When interconnecting pipes and fittings, inspection covers, anchorage devices and any
necessary fasteners are provided separate to the tank for installation on site detailed installation
instructions shall be provide by the manufacturer with each tank at the time of dispatch.

8.3.2 Dimension and thickness

Internal dimensions of the tank shall be as declared by the manufacturer. The thickness of the

tank walls, base, inspection opening covers, and lids shall not be less than 6 mm. A verification
test shall be in accordance with Annex J.
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8.4 Testing

8.4.1 Test specimen

The test specimen shall:

a) reflect the manufacturing process;

b) reflect a typical cross section of the prefabricated tanks;

c) be manufactured at the same time as the prefabricated tanks; and
d) be of an appropriate dimension for the required tests.

The test specimen may be cut from a vertical section of the tank wall using a low speed cutting
tool to prevent heat damage or other damage to the specimen.

8.4.1.1 Tensile strength and elongation at break test

Carry out the test in accordance with MS ISO 527-4, except for the following:

a) The thickness of the specimens shall be that of the tank wall. An equal number of
specimens shall be taken from the horizontal and vertical axes of the tank wall, but where
design only permits specimens to be taken in the vertical axis, an equal number of
specimens to be taken in the vertical axis, an equal number of specimens shall be taken
from the tank base.

b) The specimens shall be either punched from the tank wall at a temperature not in excess
of 50 °C, or machined or routed from the tank wall. When routed or machined, the edges
of the specimens shall be polished to ensure the absence of notches.

c) The rate of separation of the grips shall be 100 mm/min = 10 mm/min.

The ultimate tensile strength of the PE component of the wall of the tank shall not be less than
7.6 MPa.

The percentage elongation at break of the specimens from both the horizontal and vertical axes
shall not be less than 100 %.

8.4.1.2 Testreports

The report shall include the following information for each test specimen:
a) identification of persons/organisation carrying out the test;

b) identification of the sample tested;

c) date of test;

d) the test result; and

e) reference to the test method.
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9 Marking

9.1 Tank

The tank shall be permanently, legibly and clearly mark on the wall of the tank with the following
information:

a) manufacturer’s name and trademark;

b) model name or number of SSTS;

c) year of manufacture;

d) population equivalent;

e) nominal designation;

f) weight of tank, in kg;

g) top load limitation and maximum depth of cover;

h) effective working volume for each unit process, in L;

i) type and volume of filter media used, where applicable; and

j) permanent warning label “DILARANG MASUK — BAHAYA”. The warning shall be located
on the inspection opening lid.

Item a), b) and d) shall also be marked at the top face of the tank and visible after installation.
9.2 Other components

Any other component of the SSTS that may be separately manufactured and subsequently
assembled with the tank such as a lid and inspection cover shall be marked with manufacturer’s
name or trademark and the model or number of the SSTS.

10 Certification mark

Each tank, may by arrangement with a recognised certification body, be marked with the
certification mark of that body, provided that tank conforms to the requirements of this
Malaysian Standard.

11 Evaluation of conformity

11.1 General

Conformity of the product to the requirements in this standard shall be demonstrated by:

a) initial type tests; and

b) batch release tests.
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The results of every test conducted as specified in Tables 1 and 2 shall be recorded and
available for inspection, and shall be kept for at least 15 years after the date of last production
of the product to which they relate. All test equipment shall be calibrated and verified and the
procedure, frequency and criteria of testing shall be documented.

11.1.1 |Initial type tests

Initial type test shall be performed in accordance with Table 1 on first application of this
standard. Tests previously performed in accordance with provision of this standard (same
product, same characteristic, test methods, sampling procedure and system attestation of
conformity) may be taken into account.

In addition, when a new product (outside an existing range) or product range is developed,
appropriate initial type tests shall be carried out in accordance with Table 1 to confirm that the
final properties conform to the requirements of this standard. If a major modification, likely to
alter the functional properties of the finished product, takes place, the initial type test shall be
repeated.

11.1.2 Batch release tests

A factory production control system shall be established and documented. The factory
production control system shall consist of procedures for the internal control of production to
ensure that the products placed on the market conform to this standard.

Table 2 sets out the minimum sampling and testing frequency plan for a manufacture to
demonstrate compliance of products with this standard on an on-going basis. However, where
the manufacturer can demonstrate adequate process control to the certification body, the
frequency of the sampling and testing nominated by the manufacturer’s quality plan and/or
documented procedures shall take precedence for the purposes of certification to this standard.
11.2  Test report

The report shall include the following information for each test specimen:

a) identification of person/organisation carrying out the test;

b) identification of the sample/tank tested;

c) date of test;

d) the test results; and

e) reference to the test method of this standard.

11.3  Stock control

The stock control of finished products, together with procedures for dealing with non-conforming
products, shall be documented.
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12 Manufacturer’s guidelines
12.1 Installation instructions

The manufacturer shall supply installation instructions with each SSTS, written in the language
accepted by regulating agency in which the system is to be installed.

These instructions shall contain data for the installation of system and all operating conditions
including pipes connections, electrical connections and commissioning and start-up
procedures.

These instructions shall give the maximum backfill depth (%), the total depth of the plant (H) and
the maximum acceptable pedestrian load, and where applicable instructions to prevent
floatation.

The installation instructions shall contain details of sitting, requiring that the system when
installed has ready access for maintenance, particularly desludging equipment.

The manufacturer shall describe any ventilation requirements where applicable.
12.2  Operation and maintenance instructions
The manufacturer shall provide, with each installation of the system, clear and comprehensive

operation and maintenance instructions including declaration for desludging frequency written
in the language accepted by regulating agency in which the SSTS is to be installed.
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Annex A
(normative)

Influent organic daily loads, effluent quality and hydraulic daily flow

A.1 Scope

This annex gives maximum influent organic daily loads and effluent quality for SSTS and
relevant minimum hydraulic daily flow for the system.

A.2 Application and use

The influent organic daily loads and effluent quality set the degrees of treatment required for
SSTS to treat the required sewage discharges capacity from any premise that is not fitted with
water conserving devices or a food waste disposal unit.

The maximum values of the designated parameters for influent organic daily loads and effluent
quality are recommended in Tables A.1 and A.2 respectively. The recommended minimum
average and peak hydraulic daily flow based on the designated population equivalent is given

in Table A.3.
Table A.1. Maximum influent organic daily loads
Parameter Maximum concentration (mg/l)

BODs 250
SS 300
COD 500
Total nitrogen (optional) 50
Ammoniacal nitrogen (optional) 30

Table A.2. Maximum effluent quality

Maximum concentration (mg/l)
Parameter -
Design Absolute

BODs 20 35
SS 50 75
COD 120 160
0&G 5 7.5
Ammoniacal nitrogen (optional) 10 15
Nitrate nitrogen (optional) 20 35
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Table A.3. Minimum average and peak hydraulic daily flow based on designated
population equivalent

Minimum hydraulic daily flow (I/d)
Population equivalent
Average (Onav) Peak (Onpeax)

35 7 875 53 518

40 9000 60 272

45 10125 66 933

50 11 250 73 513

55 12 375 80 021

60 13 500 86 464

65 14 625 92 848

70 15 750 99 179

75 16 875 105 459

80 18 000 111 694

85 19125 117 886

90 20 250 124 038

95 21 375 130 153

100 22 500 136 232

105 23 625 142 278

110 24 750 148 293

115 25875 154 277

120 27 000 160 233

125 28 125 166 161

130 29 250 172 064

135 30 375 177 942

140 31 500 183 795

145 32 625 189 626

150 33 750 195 435
NOTES:
1. Average hydraulic daily flow is calculated based on population equivalent x 225 I/d of
assumed sewage contribution per population equivalent.
2. Peak hydraulic daily flow is derived from the average hydraulic daily flow by applying a
peak factor for daily flow fluctuations. The peak factor is calculated from the formula of 4.7 x
(population equivalent/1 000)'".
3.SSTS is regulated under requirement of Water Services Industry Act 2006 (Act 655).
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Annex B
(normative)

Determination of the resistance of a partition to a hydrostatic head
(pump out test)

B.1 Scope

This annex sets out a method for testing the resistance of a tank partition to the effects of
pumping out fluid from one side of the partition.

B.2 Principles
With the removal of fluid from one side of a partitioned tank during pump-out, the partition may

be subjected to a hydrostatic pressure head. This test shall be carried out and tested after the
applicable strength tests for prefabricated tank is performed.

B.3 Testing

This test may be carried out in conjunction with the watertightness test (see Annex E). The test
procedure shall be as follows:

a) set up the tank for the watertightness test as required by Annex E;

b) fill the tank with water, either as required by Annex E, or to the top of the partition or to the
level of any hole through it;

c) pump out water from one side of the partition;
d) repeat the test by filling from the opposite side; and

e) observe the reaction of the partition to the effects of the pump out process, and over a
period of minimum 1 h.
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Annex C
(normative)

Process performance evaluation

C.1 Scope

This annex specifies the procedures for undertaking process performance evaluation and
testing of small sewage treatment systems.

C.1.1  Verification method for alternate technologies

Where the certification body and regulatory authority agree that the testing procedures specified
in this annex is inappropriate for a particular SSTS, an alternate verification method shall be
prepared by the manufacture and certification body.

The alternate method shall verify that the technology meets the performance requirements of
this standard. The alternate testing procedures shall reflect the general intent of the reference
method so that equivalence can be demonstrated.

The regulatory authority prior to commencing final certification testing shall endorse the
alternative testing method.

C.1.2 Responsibility and testing location

The test shall be performed either in the test house of the certification body or on a user site
under the control of the certification body.

The selection of the test location is the manufacturer’s choice but with the agreement of the
certification body.

The test conditions at the location are the responsibility of the certification body and shall
comply with the following conditions.

C.2 System selection and preliminary evaluation

C.2.1 General

Before testing starts, the manufacturer shall provide the certification body with system and
process design specifications of the test SSTS including a complete set of drawings and
supporting calculations. Full information concerning the installation and operation and
maintenance requirements of the system shall also be provided.

The manufacturer shall provide the certification body with information detailing the mechanical,
electrical and structural safety of the SSTS installation to be tested.

The test SSTS shall be checked for conformity with the working drawings, specifications and
documentation provide by the manufacture before testing is commenced.

© STANDARDS MALAYSIA 2014 - All rights reserved 31



MS 2441-2:2014

C.2.2 Installation

The SSTS shall be assembled, installed, and filled in accordance with the manufacturer’s
instructions and in a way that is representative of the normal conditions of use. The
manufacturer shall inspect the system for proper installation.

C.2.3 Operation and maintenance procedures during testing

The SSTS shall be operated in accordance with the manufacturer’'s operating instruction.
Routine maintenance shall be carried out in strict accordance with the manufacturer’s
maintenance instruction. All maintenance work shall be recorded.

During the test period, no unauthorised access shall be permitted to the test site. The
certification body shall supervise authorised access.

C.3 Principle

The manufacturer shall supply a test SSTS including all associated fittings. Raw sewage
influent shall be supplied from a sewage treatment plant, operated by an authorised sewage
services provider serving a predominantly domestic community.

The testing of the SSTS is conducted over a period of 26-week by the certification body. At
approximately halfway through the testing schedule, the primary treatment chamber, where
provided, is loaded with septic sludge to simulate a system that has been in operation for
several years. Testing shall be recommended and continued for the remainder of the testing
schedule.

The testing of the SSTS shall verify the range of conditions of operation, temperature and

humidity nominated by the manufacturer, for which the SSTS is designed, to meet the
performance requirements set in 6.1.

C.4 Test procedure
C.4.1 Raw sewage influent characteristics

Prior to the commencement of testing, the suitability of raw sewage influent from the selected
sewage treatment plant shall be determined.

The raw sewage influent from the selected sewage treatment plant shall be sampled and tested
daily on at least three occasions during 5-day test period. The data from authorised sewage
services provider may be used if there is adequate data available.

After the testing has commenced, it is recommended that the raw sewage of the selected
sewage treatment plant be tested weekly during the 26-week test period.

The supply of raw sewage influent for testing shall be taken after the coarse screening. No
grinding equipment shall be used on the raw sewage influent supply. The raw sewage influent
shall not be pre-treated by chemical or biological additions.

The raw sewage influent shall have the characteristics set out in Table C.1.
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Table C.1. Raw sewage influent characteristics

Parameter Characteristics
(mg/l)
BODs 150 to 250
COD 300 to 500
SS 180 to 300
Total nitrogen (optional) 30 to 50
Ammoniacal nitrogen (optional) 18 to 30
NOTE. Influent is set between 60 % to 100 % of maximum allowable influent organic daily loads for
SSTS.

C.4.2 Effluent compliance criteria

Effluent shall meet the effluent compliance criteria in 6.1.2.

C.4.3 Commissioning
The testing shall commence in accordance with the following procedures:

a) Test conditions, including environment and sewage temperature, and compliance with the
manufacturer’'s manual, shall be monitored and recorded and agreed upon by the
certification body.

b) The system shall be commissioned in accordance with the manufacturer’s instruction. The
manufacturer shall commission all items of the SSTS prior to testing.

c) If no defects are detected and the system is judged to be structurally sound, it shall be
placed in operation in accordance with the manufacturer’s start up procedures.

d) If the manufacturer does not provide a start up procedure, 2/3 of the system’s capacity shall
be filled with clean water and the remaining 1/3 shall be filled with raw sewage.

C.4.4 Testing

After commissioning of the SSTS, the testing shall commence in accordance with the following
procedures with reference to Tables C.2 and C.3:

a) The commissioning day shall be the commencement of week 1.

b) Immediately after commissioning the SSTS (and the manufacturer having nominated the
smallest size of the SSTS), the system shall receive nominal flow of raw sewage influent
at the daily flow pattern as per Table C.2.

c) During week 8 (test period 1) and week 16 (test period 2), the testing shall occur over
5-day test periods using the procedures and raw sewage influent flow patterns as set out
in Table C.3. Once this test period is completed, the sewage flows shall be returned to
those stated in b).

d) Final testing (test period 3) shall be conducted during week 26. Testing shall occur over the

last 5-day test period using the procedures and sewage influent flow set out in
Table C.3. At the conclusion of the testing, the SSTS shall then be decommissioned.
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At the inlet of SSTS where raw sewage influent is introduced, the flow rate shall be measured
and recorded throughout the entire testing period with a tolerance of + 5 %.

Table C.2. SSTS testing schedule

Week Action

Week 1 - Commissioning procedure (refer C4.3)
- Test commencement

Week 2 to Week 7 Nominal flow

. Percentage of dail
Time Pe:‘lod vol?.lme Y
(h) (%)
6 amto 9 am 3 30
9amto 12 pm 3 15
12 pmto 6 pm 6 0
6 pm to 8 pm 2 40
8pmto 11 pm 3 15
11 pmto 6 am 7 0
NOTE. Daily volume is calculated based on minimum average hydraulic
daily flow, Onave as per Table A3.

Week 8 Test period 1

Week 9 to Week 11 Nominal flow

Week 12 - Maintenance service
- Nominal flow

Week 13 to Week 15 | Nominal flow

Week 16 Test period 2

Week 17 Sludge loading:

a) discontinue flows to SSTS;

b) remove liquid volume of primary treatment chamber as per
manufacturer declaration;

c) add septic sludge of the same volume to primary treatment
chamber;

d) settle 24 h; and

e) reinstate to nominal flow.

Week 18 to Week 23 | Nominal flow

Week 24 - Maintenance service
- Nominal flow

Week 25 Nominal flow

Week 26 Test period 3

End test - evaluation, data analysis and report
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Table C.3. Test period procedure

Day Test procedures
Day 1 Adjust hourly flow to:
Time Tot?oLf)low Flow regime
6 amto 12 pm 120 Overloading
12 pm to 6 pm 50 Underloading
6 pmto 11 pm 120 Overloading
11 pmto 6 am 50 Underloading
NOTE. Total flow is calculated based on minimum average hydraulic daily flow,
Onave @s per Table A.3.
Day 2, Day 3 Action to be taken:
and Day 4
Time interval Action
00 min Adjust flow to minimum peak hydraulic daily flow,
Onpeak @S per Table A.3.
30 min Sample for BODs, COD, SS, O & G and nutrient level
(if applicable), and measure pH, liquid temperature
and dissolved oxygen.
60 min Sample for BODs, COD, SS, O & G and nutrient level
(if applicable), and measure pH, liquid temperature
and dissolved oxygen.
90 min Sample for BODs, COD, SS, O & G and nutrient level
(if applicable), and measure pH, liquid temperature
and dissolved oxygen.
120 min Sample for BODs, COD, SS, O & G and nutrient level
(if applicable), and measure pH, liquid temperature
and dissolved oxygen. Then adjust the flow to day 1
flow as above.
Day 5 Repeat as for Day 2 and then return the flow to nominal flow (as specified in

Table C.2) between test periods.

C.4.5 Maintenance servicing

During week 12 and week 24, a maintenance service shall be performed.

C.4.6 Addition of septic sludge

Where the SSTS incorporates a primary treatment chamber, in week 17 the SSTS shall be shut
down. The liquid volume of primary treatment chamber as per manufacturer declaration shall
be removed and domestic septic tank sludge of the same volume shall be added. The primary

treatment chamber of the SSTS shall be allowed to settle for 24 h and then the raw sewage
influent flows shall be returned to those stated in C.4.4 b).
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C.4.7 Sample analysis
The test required shall be as follows:

a) raw sewage influent: BODs, COD, SS, total nitrogen (if applicable), ammoniacal nitrogen (if
applicable), pH and liquid temperature;

b) effluent: BODs, COD, SS,0 & G, pH and liquid temperature;

c) effluent: Nutrient levels as agreed between the manufacturer and certification body; and
d) dissolved oxygen in aeration tank.

All analysis shall be conducted by a laboratory accredited to MS ISO/IEC 17025.

C.4.8 Sampling point

The sampling points in an SSTS shall be as follows:

a) The influent sample shall be taken from the inlet pipe or below the water surface level in
the first chamber of the SSTS.

b) The final effluent samples shall be taken from the outlet of SSTS, or as nominated by the
certification bodies.

c) Samples for dissolved oxygen shall be taken from the aeration chamber.

All samplings for the testing shall be conducted by a laboratory accredited to
MS ISO/IEC 17025.

C.4.9 Method of analysis

Samples shall be analysed in accordance with a method specified in Standard Methods for the
Examination of Water and Wastewater, a joint publication by American Public Health
Association, the American Water Works Association and the Water Environment Federation of
the United States of America.

C.4.10 Reporting

The certification bodies shall prepare an evaluation report based on the design criteria,
construction requirements, and test criteria with particular reference to:

a) identification of the type and model of SSTS unit tested, compliance with drawings, rated
capacity, loadings and testing methods;

b) alog of tests, compliance calculations, maintenance, equipment or component failures, and
other factors pertinent to the test evaluation;

c) temperature regime;
d) daily flow volume data;

e) date of test;
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Test records shall be kept as required by any quality assurance programme.

C.4.11  Outcomes of testing

Actions subsequent on testing shall be as shown in Table C.4.

Table C.4. Testing outcomes

Test results

Outcome

Pass (nominated effluent criteria met)

Manufacturer maintains a quality assurance
programme to ensure that the unit complies with
that originally approved.

Failure due to errors or mishaps in testing
procedures or analysis

Extend test period to include an additional test
period.

Failure due to component failure

Retest commencing from initial commissioning.

Failure due to external influences on testing
procedure

Correction action shall be agreed to between the
manufacture, testing agency, and regulatory
authority. Testing may resume at the appropriate
point in the test programme.

Failure to meet compliance criteria

Rejection.
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Annex D
(normative)

Test of manufacturer's instructions for the installation of fittings in a
sound and watertight manner

D.1 Scope
This annex sets out a method for the testing of the manufacturer's instructions for the installation
of fittings in a sound and watertight manner, whether the fittings are installed in the factory or

on site. This test may be done simultaneously with watertightness test
(see Annex E).

D.2 Principle

The fittings in a tank are subjected to a low hydrostatic pressure from inside the tank.
NOTE. It is assumed that a fitting installation that is watertight in this situation will also be watertight
against water ingress to the tank through the fittings.

D.3 Testing

D.3.1 Procedure

The test procedure shall be as follows:

a) set up the tank as for the watertightness test as required by Annex E;

b) install fittings in accordance with the manufacturer's instructions;

c) seal openings in the fittings to allow water to build up behind the fitting during the test;
d) fill the tank with water to the rim;

e) allow to stand for a minimum of 4 h; and

f) observe the tank and fittings for any leakage.

D.3.2 Test criteria

Tanks shall have no leakage and no damp patches.
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Annex E
(normative)

Determination of watertightness

E.1 Scope

This annex sets out a method of testing of the watertightness of prefabricated tanks for SSTS.

E.2 Principles

The tank is subjected to a hydrostatic pressure head and is then examined for signs of water
leakage.

E.3 Testing of factory - built tanks
E.3.1 Set-up and test procedure

Tanks that can be stood in position without the need of support shall be placed on at least three
bearing blocks: 500 mm (minimum) length x 100 mm wide x 100 mm deep [see Figure E.1 a)].

Tanks that need support in order to remain in position for example horizontal cylinders shall be
placed on timber bearers and held in place with chocks [see Figure E.1 b)]. Horizontal cylindrical
tanks shall be supported sufficiently so as to counter any bending and induced tension.

For the test an elbow is plumbed into the outlet (temporarily). Start the test with the water level
at a mark, about 50 mm up vertical. Measure the water needed to 'top tank up' to that same
sight mark.

The procedure shall be as follows:

a) level the tank on the supports;

b) fill the tank with water to a depth of 900 mm or to the invert of the outlet pipe, whichever is
the greater depth;

c) allow to stand for a minimum of 4 h; and
d) top up with water and start test observation.
E.3.2 Test criteria

Tanks shall have no leakage, and no damp patches.
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Hardwood 190 x 100
fiush with outside of
tank

Water level .|

I Ll LI 1

Timber bearers Timber bearers

a) Vertical tank

Chock

b) Horizontal tank

Figure E.1. Watertightness test arrangements for vertical and horizontal tank

E.4 Testrecords

The report shall include the following information for each test specimen:
a) identification of person/organisation carrying out test;

b) identification of the tank tested;

c) date of test;

d) the leakage rate, in drops per minute; and

e) reference to Annex E.
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Annex F
(normative)

Determination of resistance to lateral load - Hydraulic pit test method

F.1 Scope

This annex sets out a method for testing the resistance of prefabricated tanks for SSTS to an
applied lateral load.

F.2 Principle

The lateral (side loading) forces on a tank due to soil in a fully or partially saturated state,
together with any accidental (incidental) additional loading due to the presence of earth-moving
equipment adjacent to the tank wall may be represented by a circumferential load applied to

the wall of the tank.

These forces equate approximately to the forces applied to an empty tank held submerged in
water.

The test method requires that forces due to any anchorage technique normally used with the
tank are simulated during the test.

F.3 Apparatus
This test is carried out using:

F.3.1 Container, large enough to allow the test tank to fit within and for the tank to be
submerged in water.

F.3.2 Weights or hydraulic ram assembly, used to reproduce any forces in a tank by the
mechanism of anchorage, if any.

F.3.3 Test tank, complete with lid.

F.4 Test procedure

The procedure shall be as follows:

a) Level the container base. This may be achieved on a sand bed of sufficient area. The top
and bottom surfaces of the sand bed shall be level and the sand shall be not less than 100
mm deep.

b) Install the empty test tank in the container and restrain it as necessary. If it is necessary to

reproduce anchorage compression, weights shall be placed on the upper rim of the tank
cylinder.

© STANDARDS MALAYSIA 2014 - All rights reserved 41



MS 2441-2:2014

¢) Holding down the tank in a manner that does not provide any lateral stability to the tank in
excess of that provided by the lid, when installed.

d) Fill the outer container with water up to the designed burial depth, including risers, of the
test tank.

e) Maintain the tank under test for a minimum of 7 days.

F.5 Assessment

Inspection shall show that there have been no leaks and that the integrity of the tank has no
permanent damage (see 6.4). Inspection shall show that the deflection measured in the tank
wall does not exceed:

a) the wall thickness at that point; or

b) the deflection predicted by calculation.
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Annex G
(informative)

Determination of resistance to lateral load for FRP tanks -
Vacuum test method

G.1  Scope

This annex sets out a method for testing the resistance of a prefabricated tank of SSTS to
withstand an external pressure P, as calculated using the following formula;

P=Lxf
where,
P is the test pressure in kPa;

L is the external pressure in kPa (obtained on the basis of the maximum load between the
vertical or horizontal load due to backfill + hydrostatic load, where applicable); and

f is a safety factor (equal to 1.5 for FRP).

G.2 Principle

An internal vacuum pressure is applied to the tank lid and access opening cover which allows
for both proof and load testing.

G.3 Test procedure
The procedure should be as follows:

a) bed an empty tank in dry sand to a depth not exceeding 100 mm with the tank oriented as
in service;

b) braced the tank properly before testing and take precaution to prevent injury caused by
unforeseen occurrences such as sudden structural failure;

c) seal the tank;

d) apply an internal vacuum equal to P; and

e) hold the pressure for 60 s and check for deformation of the tanks. Ensure that the hatches
and inlet and outlet fittings have not lost their seal or been distorted.

G.4 Assessment

There should be no permanent damage to the tank.
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Annex H
(normative)

Determination of resistance to top loading

H.1 Scope

This annex sets out a method for testing the resistance of a prefabricated tank for SSTS to an
applied top load.

H.2 Principle

A vertical downward top load is applied to the tank lid and access opening cover which allows
for both proof and load testing.

H.3 Test procedure
The procedure shall be as follows:

a) bed an empty tank in dry sand to a depth not exceeding 100 mm with the tank oriented as
in service and record the width of the tank (wo);

b) Determine the maximum plan area and load the top segment of the tank with sandbags to
a total mass calculated as follows:

W=2xAXxD
where,
W is the mass in kilogram (kg);
A isthe plan area in meter square (m?); and
D is the maximum depth of earth cover recommended by the manufacturer (m).
c) Load the top of the tank with sandbags (or an equivalent) up to the total load W as calculated
in H.3 b), taking care that the load is uniformly distributed. Completion of loading shall be

considered time zero for the purposes of this test.

d) Check the tank for cracking or other damage and measure the width at 1 h (w1) and 48 h
(was) aftertime zero.

e) At the end of the 48 h period under load W, reduce the load to 10 % of W. At the end of 24

h under the load of 10 % of W, measure the tank width (w72) and remove the remainder of
the load.
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H.4 Assessment

The deformed width (w) of the tank under load shall be as follows:
a) w1 shall not exceed 1.07 wo;

b) was shall not exceed 1.12 wo; and

c) wrzshall not exceed 1.05 wo.
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Annex J
(normative)

Determination of dimensions (dimensional test)

J.1 Scope

This annex outlines a method for testing and measuring all dimensional parameters of
importance for finish product of the prefabricated tank i.e. diameter, thickness, rib spacing and
length.

J.2 Principles

The tanks are subjected to non-uniform dimensional parameters during the manufacturing
process and are then examined to ensure that each part complies with the required minimum
reference dimensional value.

J.3 Test procedure

The procedure shall be as follows:

a) measure all dimensional parameters of importance, i.e. diameter, thickness, rib spacing
and length with a suitable instrument;

b) measure all the dimensions of the tank to the nearest 1 mm. An average of
2 perpendicular measurements for internal diameter of the tank and 2 parallel
measurements for rib spacing and length of the tank shall be taken;

c) the internal diameter of the tank can be measured by subtracting the thickness of structural
tanks wall from the external diameter of the tank; and

d) measure the thickness of structural tanks wall, end panel, partition wall and internal
components for finish product of prefabricated tank to the nearest 0.1 mm. The thickness
shall be measured at certain parts of the determining components.

J.4 Test criteria

The internal diameter, rib spacing and length of the tank shall not be less than the declared
dimensions by the manufacturer.

The thickness of all determining components shall not be less than the minimum thickness as
specified in 7.3.2 and 8.3.2.
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Annex K
(normative)

Determination of the hardness of FRP composites

K.1 Scope

This annex sets out a method for determining the hardness of reinforced plastic laminates for
prefabricated tanks of SSTS.

K.2 Principle

The Barcol hardness test gives a measure of the degree of cure of the fibreglass reinforced
composite.

K.3 Apparatus

A suitable Barcolimpressor.

K.4 Test specimens
The hardness test shall be carried out directly on the tank or on test specimens prepared in

accordance with MS ISO 1268-4. The test specimens shall have been manufactured for not
less than 48 h, be substantially flat, have a smooth surface, and be at least 2.5 mm thick.

K.5 Test procedure

The Barcolimpressor shall be applied to the surface and pressed firmly, and the dial gauge
reading simultaneously noted. No fewer than 20 readings shall be taken on the finished exterior
surface of each tank or specimen in random fashion over the surface being tested.

The top 3 and bottom 3 readings shall be discarded and the remaining 14 readings shall be
averaged.
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