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Guideline for Operation and Maintenance
of Sewerage Networks







MINISTERIAL FOREWORD

Based on the experience of the implementation of the four-phase rectangular strategy, as well as the
vision and policy of water and sanitation development of Samdach Akka Moha Sena Padei Techo Hun
Sen in the past, the Royal Government of the 7" mandate under the leadership of Samdach Moha Bovor
Thibdei Hun Maneth, the Prime Minister of the Kingdom of Cambodia, continues to prioritize the
development of water and sanitation infrastructure through the Pentagonal strategy. The focus is on the
creation of master plans for urban infrastructure, waste management, sanitation systems, and
wastewater treatment systems.

As the population in cities and towns increases, so does the amount of wastewater, requiring an urgent
need for sustainable wastewater management solutions. The Ministry of Public Works and Transport
(MPWT) is working with stakeholders to construct sewerage networks and wastewater treatment plants
while preparing policies and technical documents to ensure efficient and sustainable wastewater and
solid waste management.

The development of infrastructure is not enough in this context; it also requires operational and
maintenance processes, community education, technical expertise, and regulations. In addition, without
proper operational and maintenance care, the infrastructure can be easily damaged to the extent that
cannot be repaired or used to its full potential. Therefore, it is necessary to have operators with in-depth
knowledge and technical skills. The government needs to regulate the process of maintenance, repair,
inspection, and examination of the operation and maintenance of the infrastructure of wastewater
system infrastructure.

The MPWT has compiled guidelines for the operation and maintenance of sewerage networks in
collaboration with the Global Green Growth Institute (GGGI) to ensure sustainable use of wastewater
system infrastructure. The guidelines will serve as a reference document for operators with technical
knowledge and skills to maintain the infrastructure. The government needs to control the maintenance,
repair, inspection, and operation processes to ensure the infrastructure's longevity and optimal use.

The Ministry of Public Works and Transport expresses gratitude to the Global Green Growth Institute for
its dedicated efforts in updating the Guideline for Operation and Maintenance of Sewerage Networks.
This book will contribute significantly to the better development and management of wastewater
systems.

Phnom Penh, 11 March 2024
MINISTER OF PUBLIC WORKS AND TRANSPORT






PREFACE

The Ministry of Public Works and Transportation (MPWT) is working hard with relevant ministries,
national institutions, and development partners to improve the sewerage and sanitation sector. This is
to meet the needs of the current standard of living, the Royal Government’s reform policy, and the United
Nations Sustainable Development Goals 2030. As part of this, a technical cooperation project of the
Global Green Growth Institute has produced a technical manual called Guidelines for Operation and
Maintenance of Sewerage Networks, second edition.

The working group of the MPWT and a group of technical experts collaborated on this manual, which is
divided into six chapters that cover sewerage operation and maintenance. Chapter 1 deals with workload
and types of work, Chapter 2 covers inspection work, Chapter 3 covers maintenance, Chapter 4 deals
with protection and maintenance improvement, Chapter 5 covers occupational safety, and Chapter 6
summarizes the O & M processes.

This manual is an additional resource to the necessary technical requirements for the operation and
maintenance of wastewater systems. The MPWT welcomes feedback to improve and supplement this
manual for future publications.

THE TECHNICAL WORKING GROUP
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CHAPTER 1: INTRODUCTION

1.1 Background

This Operation and Maintenance (O&M) Guideline for the Sewerage Networks is an updated version of
the “Wastewater System Operation and Maintenance Guideline” formulated and published by the
Ministry of Public Works and Transport (MPWT) in 2018 with the support from Global Green Growth
Institute (GGGI) and Deutsche Gesellschaft fir Internationale Zusammenarbeit (GIZ).

This updated version focuses solely on the O&M aspects of the separate and combined sewerage
networks. This updated guideline on sewerage networks O&M retains the relevant sections from the
previous version and adds additional sections based on feedback from the stakeholders. This updated
version of the guidelines aims to provide guidance that is more specific to the various city authorities in
Cambodia that are currently maintaining sewerage networks or are planning to develop sewerage
networks in the future. This guideline further aims to support the local authorities in strengthening and
improving the operations and maintenance (O&M) processes and ensure well-maintained and effective
sewerage networks in the country.

This is a live document that is expected to be updated once every four years based on feedback from the
stakeholders and practitioners. The document would also be updated based on the changing technology
landscape of sanitation systems in Cambodia.

1.2 Scope

This updated guideline covers processes related to the operation and maintenance of both combined
and separate sewers and offers a comprehensive outline of maintenance procedures for sewerage
networks (separate or combined systems) including force mains, secondary and tertiary networks,
manhole and inspection chambers individual service connections, etc. It is based on the conventional
technologies typically adopted in the Cambodian context.

1.3 Sewerage network maintenance

Sewerage networks are integral to the wastewater management infrastructure. It is used to safely collect
wastewater and convey it to wastewater treatment facilities before discharge. The system consists of
pipelines, conduits, pumping stations, force mains, and other infrastructure used to collect wastewater
from individual residential, industrial, and commercial sources and convey it to the treatment facilities.
Once networks have been installed, proper maintenance of all existing networks is critical for ensuring
the effectiveness of wastewater systems.

Quality maintenance of the sewerage networks consists of the optimum use of labor, equipment, and
materials to keep the networks in good condition to efficiently accomplish its intended purpose of
collecting and transporting sewage to the treatment plant.

1.4 Definition

To ensure the consistency with the definition given in sub-decree #235, the definition of some of the key
technical terminologies are adopted from sub-decree #235 on “The management of drainage system and
wastewater treatment system” dated 25 December 2017.

= Sewage: refers to water of which the original characteristics have been changed after usage.
This includes wastewater coming out from the kitchen, bathroom, laundry, washing, and toilet,
including urine and faeces, of households, residential development complexes (residential/
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borey), satellite city, business building, commercial and service building, and resort or
recreational center.

=  Wastewater: refers to liquid waste that contains various pollutant substances generated from
activities or direct processing of products, businesses, or services.

=  Sewerage system/sewer system/network: refers to collection and conveyance systems - conduit
connection, manhole, and sewerage conduit (combined sewer, separate sewer, main pipeline,
secondary pipeline, tertiary pipeline, and lateral pipeline).

=  Combined Sewer: refers to sewer collecting and conveying both wastewater and stormwater
together.

= Separate Sewer: refers to sewer/drain collecting and conveying wastewater and stormwater
separately.

= Main pipeline: refers to network conduit that connects to a storage tank, pumping station, or
sewage treatment plant.

= Secondary pipeline: refers to the network conduit that connects to the main pipeline and receives
sewage from the tertiary pipeline.

= Tertiary pipeline: refers to the network conduit that connects to the main pipeline or the secondary
pipeline.

= Lateral pipeline: refers to network conduit that connects to tertiary pipeline and receives sewage
from a site or source of producers.

= Septic tank: refers to the storage tank that is used to collect sewage from the water closet (WC)
and bathroom. Then, it is allowed to decompose through bacterial activities before draining the
effluent to the public sewer system.

=  Sludge: refers to wet mud or waste resulting from the septic tank or sewage treatment plant.

= Sewage treatment system: refers to an open channel, storage tank, pumping station, main
pipeline, secondary pipeline, and sewage treatment plant.

= Central sewage treatment plant: refers to a sewage treatment plant that is used to treat sewage
from everywhere in the urban municipality, province, city, and district.

1.5 Type of maintenance

There are three types of maintenance of a sewerage network - preventive, routine, and emergency.
Preventive or routine maintenance should be carried out to prevent any breakdown of the system and
to avoid emergency operations to deal with clogged sewer lines, overflow, backflow of sewage into a
house, or structural failure of the networks. Preventive maintenance is more economical and provides
for reliability in the operations of the sewer facilities. Emergency repairs, which would be very rare if
proper maintenance is carried out well, also, must be provided for. Proper inspection and preventive
maintenance are necessary.

1.6 Necessity of maintenance

Maintenance helps to protect capital investment and ensures an effective and economical expenditure
in O & M of the sewerage facilities. It also helps to build up and maintain cordial relations with the public,
whose understanding and support are essential for the success of the facility. The city authorities must
ensure that sewerage networks are given their due importance to improve sanitation in the country.



1.7 Layout of the guideline

This guideline is divided into four key sections, each section covering a significant aspect of O&M of

sewerage networks as given in Figure 1.

a. Section 1 (Chapter 2) provides an outline of inspection and examination procedures required to
be conducted at regular intervals to ascertain the health of the network and identify the
maintenance/repair measures required.

b. Section 2 (Chapter 3) outlines the routine maintenance procedures and checklists that are to be
adopted for the sewerage networks.

c. Section 3 (Chapter 4) outlines the common issues faced during sewerage network O&M and the

protection and rehabilitation methodologies.

d. Section 4 (Chapter 5) outlines the critical aspect of safety with a focus on traffic hazards and

manhole works.

Sewerage

networks O&M

Section 4: Safety

Traffic hazard

practices

Sewer networks

Manhole

Section 1: Inspection
and examination

Home service
connection

A 4

A4

Manhole

Section 2:
Maintenance works

Section 3: Protection and

rehabilitation works

\

)

Inspection sheet

Figure 1. An overview of significant aspects of O&M of sewerage networks




CHAPTER 2: INSPECTION AND EXAMINATION OF SEWERAGE
NETWORKS

2.1 Importance of inspection and examination

Sewerage networks are intended to be a reliable method of conveying sewage from individual discharge
to sewage treatment plants. Inspection and examination are the techniques used to gather information
to develop operation and maintenance programs to ensure that new and existing collection systems
serve their intended purposes. Inspection and examination are necessary to do the following:

- ldentify existing or potential problem areas in the collection system,

- Evaluate the seriousness of detected problems,

- Locate the position of problems, and

- Provide clear, concise, and meaningful reports to supervisors regarding problems.

Two major purposes of inspection and examination are to prevent leaks from developing in the sewerage
networks and to identify existing leaks so they can be corrected.

A designer’s mistake and the failure in construction are directly responsible for many of the sewer failures.
Due to age, deterioration of the material of the sewer by an attack of hydrogen sulphide or other
chemicals, settlement of foundations, and leaking joints may result in the structural failure of the sewer.
It takes a very long time from the onset of the first initial defect to the collapse of the sewer. A crack or
a leaking joint will allow subsoil water and soil mixture to enter the sewer causing cavities around it and
leading to slow settlement of foundation and the eventual collapse of the sewer.

Very often soil with water is carried away below the bedding along the length of the sewer. This type of
failure often gives a clue to the cause. A shear failure due to a faulty foundation or movement of the
earth is a clean vertical break in the pipe. Excessive loading, either internally or externally, causes
horizontal breaks. Breaks caused by internal pressure led to cracks in the sewer while external overload
caused the top of the pipe to be crushed. Regular inspection of the sewer can pinpoint the sewer that
needs to be attended to before there is a complete failure or collapse. To prevent the above serious
instances of damage to the sewer system, the maintenance engineer should establish adequate
inspection and examination programs.

2.2 Role of city authority

The city authority is authorized to operate and maintain wastewater management systems by the Royal
Government of Cambodia through Sub-decree 235. The overall responsibility of maintaining, inspecting,
and examining sewerage, manholes, and home service connections is allocated to the official designated
by the city authority.

While the private sector is often employed for carrying out maintenance activities, the ultimate
responsibility of ensuring adequate maintenance of the facility remains with the city authority. It is
envisaged that the city authority would use this guideline as a basis for allocating roles and
responsibilities within its organizational teams. It is recommended that Inspection and examination
reports/checklists are reviewed before approving maintenance works.

2.3 Guideline for inspection and examination

Documents and data that can give information on the status of sewer facilities are necessary for O & M
of the facilities. However, enormous time and costs are necessary for examining and inspecting the
overall information on sewer facilities that extend over a wide area.

It is recommended that a preliminary inspection be implemented to acquire with comparative ease
documents and data that can be used to decide the facilities to be examined/inspected and their priority,
and then decide the facilities to be finally examined and inspected for effective acquisition of data.
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The methodology is to first acquire the basic information through preliminary inspection for the
examination and inspection of the facilities in a given length or area of the sewers as given in Figure 2.

Preliminary inspection »| Inspection and examination

Judge from inspection
results

Decide the necessary measure (repair,
replacement and modifications

Figure 2. An overview of key steps to conduct inspection and examination of sewerage networks

2.4 Preliminary inspection

During the preliminary inspection of the sewerage network, subsidence, collapse, and overflows on the
roads on which sewers are laid, should be confirmed. Deformation or damage to facilities, and deposits
of sand and silt are to be confirmed during observation from the manhole. If damage or possibility of
damage to the facility or if any of the abnormalities listed below are confirmed during the preliminary
inspection, the facility manager should examine and inspect the relevant locations for the following:

Corrosion, wear, damage, or crack in the facility

Water infiltration

Corrosion of steps, wear of covers, deformation of manhole, buried manhole
Abnormal odors

Clogging and overflowing

The suggested period of preliminary inspection is based on the best professional judgment prevailing in
Cambodian conditions and shall be carried out as in Table 1, Table 2, and Table 3.

Table 1. Preliminary inspection during Defect Liability Period (DLP)

Any other
Categor .
gory Manhole Sewer Inverted siphon sewerage
Inspection stages infrastructure

Initial/ first inspection

During the first 3 months of starting DLP (to expose any hidden
construction defects)

Final inspection During the last 3 months of DLP

Additions inspections, if
DLP is > 4 years

At a frequency of every 2 years after the first inspection during DLP

Table 2. Preliminary inspection for manhole sewers

Road & Traffic Conditions Category Manhole Sewer

Roads subjected to heavy & mixed traffic Once a year Once in 2 years
Roads 2m to 5m wide subject to mixed traffic Once in 2 years Once in 2 years
Roads and lanes less than 2m wide Once in 2 years Once in 3 years
gsnm;;lcwztf:afr: I:::Z)ed /raised footpaths (likely Once in 2 years Once in 3 years

All other components/facilities (such as
household connections, inverted siphons, and Once a year
force mains) of the sewer network




Table 3. Preliminary inspection for combined sewers and manholes

No. Name of component Inspection frequency
1. Conduits & Manholes
300 mm - 600 mm Diameter Once in 6 months
>600 mm - 1000 mm Diameter Oncein 1 year
> 1000 mm Diameter Once in 2 years
2. Gutters and Inlets Once in 6 months (Before monsoon)
3 Outfall structure Once in 6 months (Before monsoon)

2.5 Types of inspection and examination

To assess the condition of the sewers inspections and examinations are necessary. There are two basic
types of inspection and examination:

- Direct methods

- Indirect methods

2.5.1 Direct inspection and examination

This means a person walking through a sewer before it is commissioned and physically inspecting the
condition visually. This shall never be done once a sewer has been put into service. Even for new sewers,
the inside diameter shall be more than 2 m. All safety precautions needed for working in confined spaces
shall be taken. Hitting at the sidewall with a hammer or other device shall be prohibited. The only purpose
it will serve will be to get a visual idea of whether the pipe joints are made fully. Once a sewer is put into
service, this practice is to be banned forever.

2.5.2 Indirect inspection and examination

This method refers to the technology for helping to inspect instead of the person who walks through a
sewer. The technology of indirect inspection and examination of the sewer is mentioned in Table 4.

Even though there are many technologies available, the technology to be chosen will depend on the
affordability of the user departments. A simpler and more applicable technology compilation is shown in
Table 5. The light and mirror are the oldest known technologies shown in Figure 3. Two successive
manholes are opened and vented sufficiently for about an hour. Thereafter, a long hand-held mirror
secured at 45 degrees to the handle is lowered into the bottom of the manhole and a torch light is focused
on the mirror from above so that the light beam is deflected by 90 degrees to travel horizontally through
the sewer pipe and the light is seen in the opposite manhole. This is easier at dusk. This can tell whether
the bore of the pipe is choked clear or laid straight.

The closed-circuit camera is propelled through the sewer by a remote-controlled wired power supply
from a van travel through the sewer and relays the picture of the inside to a TV in the van. The sonar
system is similar. A robot is sent through the sewer, and it emits high-frequency sound waves, which
impinge on the pipe surfaces and return to the emitter as a reflection. Knowing the material of
construction of the sewer pipe walls, can be programmed to verify the structural condition of the wall of
the sewers.



Table 4. Methods of indirect inspection and examination of the sewers

Sewer type = E Defect detected
£ g g — = | o
— © = o -
Technology %‘ g T g S E g5 g w9 5
s | g | & 9 o~ |88 ¢ | ¥ | &8
S| 5| = 2 2 £8 & | S 2
Digital cameras 150 -
o v’ Any 1500 v | v | v
(]
= Zoom camera v Any >150 | v | v | v
O
Push-camera v’ Any <300 | v | v | v
In-line leak v
o detectors v Any 2100 v
= Monitoring
9 v’ PCCP 2450 v’
g systems
Sonar/ ultrasonic | v | v~ Any 250 v | v
é Electrlcgl leak v v~ | v~ | Non-ferrous 275 v’
B location
o .9
[T Remote field eddy Ferrous
>~ C ’
S current AR PCCP 250 e
s £
O Magnetic flux v~ 50 -
(3]
= leakage v | v Ferrous 1400 v’
100 -
Laser Laser profiling v | v Any 4000 | v | v
Gamma-gamma v v v Concrete Not yet v
2 logging define
Yy
3 Ground v | v | v Any | Notvet v | v
o penetrating radar define
e
(&)
Jot Infrared v |l v | v Any Not.yet v v
i thermograph define
=
g Micro-deflection v’ Brick Not.yet v’ v’
c define
C
- Impact echo / Brick/
SASW v Concrete >1800 v

Source: EPA/600/R-09/049, May 2009

PCCP = Prestressed Concrete Cylinder Pipe,

SASW = Spectral Analysis of Surface Waves

Table 5. Sewer system inspection technologies considered applicable to Cambodia condition

Application
NO Technology
Sewer Size Sewer Material Sewer Condition
1 Light and Mirror Up to 300 mm Any Empty
2 Closed Circuit Camera Any size Any Empty
3 Sonar Systems Any size Any Fully flowing
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Figure 3. Mirror test and mirror with rod

A classical problem encountered in stoneware sewers laid through light forests or heavy garden areas is
the roots of trees piercing through the joints and growing inside the sewers. These become like a plug
and choke the sewer. This is shown in Figure 4. On the right is the photo of the bunch of roots inside the
sewer taken by a CCTV camera.

=

Figure 4. Tree roots in sewers

Similarly, the structural condition of old sewers like brick arch sewers and concrete pipes can be
ascertained by sonar surveys, which can provide the frontal image of the wall on a 360-degree vertical
spiral around the horizontal axis. These images can be analyzed carefully. The system can also provide
information on the deflection and sidewall breakages of the sewer as in Figure 5.

Figure 5. Structural damage and longitudinal cracked condition of the sewer
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2.6 Sewer inspection and examination

If an abnormality is detected during preliminary internal inspection or noticed from outside, the
maintenance engineer should judge the urgency and the content of the abnormality, and then make a
proper inspection and study. Most sewer lines and manholes are inspected using one or more of the
following techniques:

2.6.1 Visual examination

Visual examination is an inspection through images or by sight to detect an abnormality and includes
direct visual inspection, and indirect visual inspection using pole-mounted inspection camera, and
closed-circuit TV equipment (CCTV).

= Manhole visual inspection

The visual inspection of the manhole is performed by visually checking the manhole cover and the
environment of the internal parts of the manhole. inspect the internal parts of the manhole, the inspector
should enter the manhole with proper safety. The visual manhole inspection is targeted for the following
items:

- Status of the internal surface of the manhole
- Status of sewer on the upstream and downstream sides viewed from the manhole.
- Status of groundwater infiltration

To inspect the internal parts of the sewer from the manhole, either a mirror or a strong light should be
used for observation, or a TV camera meant for inspecting conduits should be used.

Features of manhole visual inspection

- Inspection accuracy is high because the inspector actually observes the abnormality
personally.

- Economical compared to inspection using a TV camera.

- The inspected results become very useful O&M data.

The procedure for manhole visual inspection is shown in Figure 6.

Preparation

v

Inspection: Surrounding/covering of manhole

v

Inspection: Inside of manhole

v

Clearance

v

Work completion

Figure 6. Manhole visual inspection procedure

= Pole-mounted TV inspection camera

A pole-mounted TV camera consists of an extendable operating rod at the front of which a camera and
light are fitted. This arrangement is inserted in the manhole from the ground, and the inspector on the



ground observes a monitor and inspects the internal parts of the pipe through the camera. The details of
equipment and operation shown in Figure 7.

The features of direct visual inspection are compared with those of inspection by TV camera is shown in
Table 6.

_— f A \ Driver(general)
Inspection . - . . s . .
Technician = . - nspection - Inspection -

S gy M @ Assistant Worker

Manhole Inspection
Figure 7. lllustration of pole-mounted TV camera inspection

Table 6. The advantages and disadvantages of direct visual method and Pole-mounted TV inspection camera

Advantages Disadvantages
The inspection is easy and observations can be The scope of inspection is limited to the area
made in a short period. Moreover, the data of around the mouth of the pipe.

inspection can be recorded as images.

Since the inspector works above ground, there is Offset in the horizontal direction or fine cracks
no chance of oxygen deficiency or accidents by cannot be detected.
fall, and the work is safe.

The condition of the side surfaces in the sewer
pipe cannot be grasped (sides cannot be viewed).

= Closed-circuit Television camera (CCTV) inspection

CC TV inspections are the most frequently used, most cost-efficient in the long term and most effective
method to inspect the internal condition of a sewer. The closed-circuit TV camera is a type of Television
inspection that is propelled through the sewer by a remote-controlled wired power supply from a van
that travels through the sewer and relays the picture of the inside to a TV in the van. The CCTV
inspections can be operated with sewer lines having a diameter range of 150 - 1,200 mm.

Frequently, CCTV inspection can be used for the following purposes:

- When a contractor or construction agency is responsible for fixing defects in the newly
constructed sewers before their acceptance.

- When a contractor or construction agency identifies or verifies the exact locations of service
connections and other pipe construction points and corrects any as-built map as needed.

- When a contractor or construction agency establishes the priorities for corrective work in
old pipes on an “as needed” basis to ensure the maximum effective and economical use of
manpower and equipment for a preventative maintenance program covering an entire
collection system.
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- The construction of service connections to the lateral and branch sewers must be inspected
to determine if infiltration, roots, debris accumulation, or some type of internal inflow are
adversely affecting the capacity of sewers. This can be determined through observation of
these connections.

CCTV system consists of the following components which are normally included in some sort of
permanently mounted van or trailer - Television camera, Camera light, Power cable reel and video unit,
Television picture monitor, System power control center or module, Portable power source, Camera
carrying skids, Camera pulling winch, Camera return winch, Footage counter, Sound power telephone
communication system, Float liner pipe stringing line, Television cable reel with slip rings, Videotape
recording equipment, and Video footage reel.

The CCTV camera must be assembled to keep the lens as close as possible to the center of the pipe. In
larger sewers, the camera and lights are attached to a raft, which is floated through the sewer from one
manhole to the next. To see details of the sewer walls, the camera and lights swivel both vertically and
horizontally. In smaller sewers, the cable and camera are attached to a sled, to which a parachute or
drone is attached and floated from one manhole to the next. The illustration of the CCTV camera
inspection and inspection procedure are presented in Figure 8 and Figure 9, respectively.

TV Camera Loaded Vchiclc-\

Inspection Inspection
Worker / Worker

Inspection J Inspection

Technician | - Assistant _
- Driver(general)
s
-~
Ny
Cut-off Plug CCTV Camera

Figure 8. lllustration of CCTV camera inspection

Preparatory process

Cleaning process

v

Sewer inspection with TV camera Find out, evaluate, and record faults
Clearance Report preparation

v

Work completion

Figure 9. Operation procedure for CCTV camera inspection
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2.6.2 Inspecting infiltration of water

If the infiltration of water is more corresponding to the planned water flow in the sewerage networks,
the pipelines and treatment facilities will be adversely affected. This also leads to an increase in the
treatment costs of the sewage treatment plant (STP). The cause the of infiltration of water is either the
pipeline is inadequate or the drainage system is inadequate.

For this reason, inspection of cross connections, flow-rate inspection, and waterproofing inspections
need to be combined and the route of water infiltration should be checked. Flow-rate inspections help
since useful data for improvements and modifications to the piping facilities can be collected.

= nspecting cross-connections

Inspection has to be performed to check that stormwater equipment is not connected to the sewers in
a separate sewer system. This inspection needs to include all components, from the main pipe of
sewerage networks to household connections scope of work is from the main pipe of the sewerage
works to the house drainage facility.

There are three typical methods for inspecting cross connections; smoke test, echo sound test, and dye
test.

e Smoke test

A Smoke test is a simple process that consists of blowing smoke mixed with large volumes of air into the
sanitary sewer line usually induced through the manhole. The smoke travels the path of least resistance
and quickly shows up at sites that allow surface water inflow. Smoke will identify broken manholes, illegal
connections including roof drains, sump pumps and yard drains, uncapped lines, and even will show
cracked mains and laterals, providing there is a passageway for the smoke to travel to the surface. Smoke
testing is a method of inspecting both the main lines and laterals. Smoke travels throughout the system,
identifying problems in all connected lines—even sections of lines that were not known to exist or
thought to be independent or unconnected. The best results are obtained during dry weather, which
allows smoke a better opportunity to travel to the surface.

The necessary equipment used for smoke testing operation are blower and smoke generator/materials
(Figure 10). There are two types of smoke currently available for smoke test: classic smoke candles and
smoke fluids. The details of each equipment are shown as follows:

- Blower unit which is usually a squirrel cage blower with a gasoline engine and belt drive.
The average blower capacity will be over 3,000 m3/hr. and under 5,000 m3/hr. The blower
will have a base with a rubber gasket underneath the base that permits it to set over and
force a blast of air into an open manhole.

- Smoke candles are used by simply placing them on the fresh air intake side of the blower.
Once ignited, the exiting smoke is drawn in with the fresh air and blown down into the
manhole and throughout the system. Smoke candles are available in various sizes that can
be used singularly or in combination to meet any need. This type of smoke is formed by a
chemical reaction, creating a smoke that contains a high content of atmospheric moisture.
It is very visible even at low concentrations and extremely effective at finding leaks.

- Another available source of smoke is a smoke fluid system. This system involves injecting a
smoke fluid—usually a petroleum-based product—into the hot exhaust stream of the engine
where it is heated within the muffler (or heating chamber) and exhausted into the air intake
side of the blower. One gallon of smoke fluid generally is less expensive than 12 smoke
candles. However, smoke fluids do not consistently provide the same quality of smoke.
When using smoke fluid, it is important to understand that as fluid is injected into the
heating chamber (or muffler) it immediately begins to cool the unit. The heating chamber
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eventually will reach a point where it is not hot enough to completely convert all the fluid
to smoke, thus creating thin/wet smoke. This actually can happen quickly depending on the
rate of fluid flow. If the smoke has become thin, it can be especially difficult to see at greater
distances. Blocking off sections of line usually is a good idea with any type of smoke but
becomes almost a necessity when using smoke fluid.

Figure 10. Materials and tools require for a smoke test. (A) Manhole smoke blower, (B) Smoke bombs, and
(C) Smoke fluid

The sketches of smoke testing and the summary work procedure are shown in Figure 11 and Figure 12,
respectively.

10000000
¥

pooooono

Candle smoke Fluid smoke

Figure 11. lllustrative Sketches of a smoke test
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- Have a meeting
- Inspect the site v
- Prepare for starting

Notification/
greeting to
household

A 4

Working preparation
- Take some security measurements
- Measure gases by gas detectors
- Prepare to start blowing smoke

Start blowing
smoke

Smoke test
- Detect smoke rising points
- Locate miss-connected pipes
- Take photos
- Record the sewer line of problem in afield note

Stop blowing
smoke

y

Working completion
- Ventilate by a blower
- Notify completion to residences
- Cleanup the site

Go to next section

Figure 12. Operation procedure for a smoke test
e Echo sound test

This is a method for confirming that piping facilities are correctly connected, and is also an effective
method for knowing the plumbing systems and the routes of sewers and lateral sewers. Ultrasonic waves
are used (transmitter and receiver). The sketch of the echo sound test method and work procedure are
shown in Figure 13 and Figure 14, respectively.

Features of the echo sound test

- Simple method to confirm that a pipe has been connected or not.
- Effective especially in the connections of lateral sewers.
- Cannot judge clogging or trap.

Transmitter

/Receiver
~7 L= <
f((((((((((((((((\\

Figure 13. lllustration of Echo sound test
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Inspect the site
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Measure gases by gas detector

Echo sound test
Investigating connecting conditions
Locate miss-connected points
Take photos
Record the sewer line of problemin a field note

Ma knng areport
Compile data collected in the test
Summarize records in charts
Make a photo album
Renew charts and records in ledger, etc.

If necessary
- Security measurement
- Introduce guards

Figure 14. Operation procedure for Echo sound test

e Dye test

A dye test is used to identify if certain facilities or fixtures are connected to a wastewater collection
system, illegal connections, and overflowed or leaked sewer. A dye test is also used to reveal
interconnections between sanitary and storm sewers. Special dye is available for this type of testing.
Examples of typical dye tests include buildings that may not show smoke at vents during smoke test due
to dips or traps in the service connection pipes, yard or storm drain suspected of being tied to the building
sewer or a lateral sewer, and any suspected situation of inflow or surface drainage into the collection
pipe.

Other uses of dye testing include estimating the velocity of flow and testing for infiltration and
exfiltration. By pulling a bag of dye up a sewer and stopping at short intervals, an area of extraction can
be located that could not be seen on TV inspection such as an open joint that is in line and on grade.

To operate dye testing well, while one operator applies the dye to the suspected location, another
operator maintains a watch at the next downstream manhole from the location. Where a plumbing fixture
is used, such as a closet bowl or basin, the water is turned on and the dye powder or tablet is dropped
directly into the drain. Where there is no immediate supply of water, such as a roof gutter or storm drain
in dry weather, pouring a bucket of water with dye powder is suggested. The amount of water and dye
needed depends on the distance to the next manhole and the existing flow. Based on an assumed

15



velocity of flow, an estimate may be made of the expected flow time to the downstream manhole. Allow
plenty of time because the dye often takes much longer than expected. When a number of dye tests are
to be conducted on the same line or section of the sewer system, the dye testing should start at the
facility farthest downstream and progressively work upstream for the other dye tests. Otherwise, if you
dye the facilities upstream first, the flow then must wait several hours or until the next day to conduct
additional tests. The dye testing method is shown in Figure 15.

Dye Dilution

N

Figure 15. Drawing of dye test of sewer in a building
2.6.3 Inspecting flow rate

The flow rate inspection should be carried out at locations where possibility of infiltration is high, e.g.
where groundwater level is high, at a part of a river crossing, or at a location adjacent to rivers.

=  Flow rate measurement

Flow may be measured on an instantaneous or a continuous basis. A typical continuous system consists
of a primary flow device, a flow sensor, transmitter, flow recorder, and totalizer. Instantaneous flow
measurements can be obtained by using the primary flow device.

The heart of a typical continuous flow measurement system is the primary flow device. This device is
constructed to produce predictable hydraulic responses which are related to the flow rate of water or
wastewater through it. Examples of such devices include weirs and flumes which relate water depth
(head) to flow, Venturi® and orifice? type meters which relate differential pressure to flow, and magnetic
flow meters which relate induced electric voltage to flow. These standard primary flow devices, if
installed and built according to established standards, have proven to be accurate.

A flow sensor is required to measure the particular hydraulic responses of the primary flow measurement
device and transmit the responses to the recording system. Typically, sensors include ultra-sonic
transmitters, floats, pressure transducers, capacitance probes®, differential pressure cells,
electromagnetic cells, etc. The sensor signal is generally converted using mechanical, electromechanical
or electronic systems into units of flow which are recorded directly on a chart or transmitted into a data
system. Systems that utilize a recorder are generally equipped with a flow totalizer that displays the total
flow on a real-time basis.

An important consideration for the maintenance engineer during wastewater studies is to obtain
continuous flow data at a facility where only instantaneous flow data are being taken. If an open channel

L ltis used to measure the speed of a fluid, by measuring the pressure changes from one point to another (lenntech.com)
2 A flow meter device used to determine the flow rate of fluids such as gases or liquids through pipeline
(marinerspointpro.com/orifice-meter)

Sltis widely used in irrigation scheduling in agriculture (en.wikipedia.org/capacitance_probe)
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primary flow device is utilized for making instantaneous measurements, only the installation of a portable
field sensor and recorder is necessary.

Wastewater flow measurement systems are generally very accurate. Any continuous flow measurement
system that cannot measure the wastewater flow within £10 percent of the actual flow is considered
unacceptable for use in measuring wastewater flow.

= Pumping test

This is a method for measuring a flow rate of water that has infiltrated the pipeline. The flow rate of
infiltrated water into the space or the system can be known within a short time. However, the flow rate
of infiltrated water varies with the variation in groundwater, and thereafter, precipitation and weather at
the time of measurement should be confirmed.

To drain out household wastewater from the test during the inspection of each space, a cut-off plug
should be installed. This should preferably be implemented during the nighttime when the volume of
household sewage generated is small. The image of the pumping test and the work procedure are shown
in Figure 16 and Figure 17, respectively.

Manhole at Upstream Manhole at Downstream

l \
A ZA\

Connection Pipe

i
®
]

A !

Cut-off Plug Cut-off Plug
Figure 16. Diagram of pumping test
Features of measurements during pumping test are:

- The flow rate of infiltrated groundwater for each space or system can be measured within
a short time.

- The measured values differ widely depending on the variation in the groundwater level.

- During measurements of several spaces or each system, it is difficult to remove household
wastewater late at night.
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Install measuring equipment
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Inspection: pumping test »> Clearance —b‘ Work completion

Figure 17. Work procedure of pumping test
2.6.4 Inspecting corrosion and deterioration

The status of deterioration or corrosion within the sewer should be judged by a TV camera. The materials
in the piping facility are of various kinds: concrete pipe, ceramic pipe, hard unplasticized polyvinyl
chloride (uPVC), brick, high-density polyethylene (HDPE) pipe, ductile pipe, and glass fiber reinforced
plastic (GRP) pipe; and hence the corrosion and deterioration conditions vary.

Methods for inspecting corrosion and deterioration conditions of a sewer include the following:
- Inspection by TV camera of the wall surface condition
- Crack inspection

The causes of deterioration of structural concrete parts of the piping facilities are the following:
- Crack in concrete due to concentrated loads (live loads)
- Deterioration of structure due to changes with aging

The key reason for the deterioration of concrete structures (concrete corrosion) is due to sulphuric acid
from the generation of hydrogen sulphide. In a facility where sewage resides for a long period, sewage is
likely to become anaerobic, and dissolved sulfide will be generated, which leads to concrete corrosion
because of its formation in sulphuric acid. Locations where concrete corrosion is likely to occur in sewage:

- Piping facilities at the discharge destination of the pressure pipe (including the manhole
pump)

- Upstream and downstream ends of locations where sump discharge occurs
- Upstream and downstream ends of locations where discharges containing sulphide occur
- Locations downstream of the inverted siphon

Detection of hydrogen sulphide and other dangerous gases is an important step every time a manhole
cover is opened and before other inspections are conducted. Handheld sensors are lowered into an open
section of the sewer network and gas concentrations are measured. In pressured mains of large
lengths/scales, H2S sensors are installed within the system to detect the excessive buildup of hydrogen
sulphide. Typical handheld sensors can detect a range of gases as indicated in Table 7. The sensor selected
by the city authority should at least detect hydrogen sulphide, Carbon Monoxide, Oxygen (deficiency),
Methane, and Nitrogen oxide.
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Table 7. Gases commonly measured by gas detectors (varies from sensor to sensor)

Name of gas Symbol Unit
Carbon monoxide Cco %
Hydrogen sulphide H2S ppm
Oxygen O2 %
Methane CHa4 ppm
Nitrogen Oxide NOx ppm

2.6.5 Precautions

When entering manholes, safety measures during the work should be to ensure traffic safety, prevent
oxygen deficiency, precautions against hydrogen sulphide, and so on. For securing workers’ safety,
manual sewer/septic tank cleaning should be avoided because persons are likely to come in direct contact
with sludge and sewage.

Therefore, cleaning machinery and equipment are needed. Furthermore, necessary safety measures
before entering manholes for cleaning should be taken.

The contamination of water supply with sewage may occur when the water supply pipe passes through
sewer manholes, generally in narrow streets, especially when water supply pipe joints are enclosed in
sewer manholes and whenever water supply pipe joints leak, contamination of water supply occurs.

As such, water supply pipelines should never be enclosed in a sewer manhole. If any such situation is
observed, the water supply pipe be made non-functional immediately by stopping the flow of drinking
water, and the affected public be supplied clean drinking water by other temporary means, such as water
tankers or laying separate pipes over the ground/road surface and the portion of water supply lines lying
in sewer manholes be shifted out of manholes.

Special attention should be paid to decentralized sewer systems, particularly when a small-bore sewer
system or shallow sewer system is adopted.

2.7 House service connection

The maintenance engineer should preferably approve house connections or service connections to the
public or municipal sewer. It is necessary to ensure that the house's fittings and pipes follow the bylaws
rules or regulations in force. If such by-laws, rules, or regulations do not exist, then reference may be
made to the relevant International Standards/code of practice. House connections may be of a minimum
size of 150 mm in diameter and should preferably be connected to the municipal or public sewer through
a manhole.

Similarly, the connection to the manhole must be properly done and closed. Care must be taken so that
the brickbats or other construction materials cannot fall and lie in the manhole. This extraneous material
is largely responsible for the persistent clogging of the sewer lines.

It should also be ensured that the house fittings are properly trapped not only to prevent the ingress of
sewer gases into the houses but also to ensure that large objects do not find their way into the sewers.
Similarly, it should be ensured that any liquid or material that is likely to be injurious to the material of
the sewer line or to prejudicially interfere with its contents or be a hazard to the workmen engaged in
the maintenance of the sewer lines, like very hot water, acids, chemicals, etc., are not allowed.
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2.7.1 Inspection and examination

Inspection of lateral sewer and house inlet (household) should be carried out if deemed necessary from
documents and data, and cross connections and mains should be studied. Clogging of lateral sewer and
sedimentation of house inlet are the items to be inspected.

A TV camera examination of the lateral sewer should be carried out after high-pressure washing of the
lateral sewer. The insides of the pipe should be examined by a TV camera and recorded on videotape. TV
camera for lateral sewer is used as a direct view camera, and the camera head is pushed by a rod towards
the main from the public inlet. Also, there is a method of examination by which a hard cab tire cable
pushes into the camera head. Figure 18 shows an image of CCTV and examination of lateral sewer by TV
camera.

Figure 18. Portable TV system for small-diameter pipe (Source: EPA, 2003) and examination of lateral
sewer by TV camera.

Features of examination of the lateral sewer by a TV camera

- If power supply is ensured, the vehicle loaded with a TV camera can work even in locations
where human access is impossible.

- By connecting the monitor to the vehicle loaded with a TV camera, character data150 can
be displayed on the monitor screen.

- The standard examination distance per location during the examination of the lateral sewer
by TV camera is 5 m maximum

The procedure for examination of the lateral sewer by a TV camera is shown in Figure 19.
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Figure 19. Procedure for examination of lateral sewer by a TV camera

2.8 Manhole inspection and examination
2.8.1 Manhole and appurtenances

Because they are part of the collection system, manholes require the same inspection and attention as
the rest of the sewer network. When located in streets, these structures are subject to vibrations and
pounding of vehicle traffic. Manholes may settle at a different rate than connected sewers, creating joint
cracks. The objectives of manhole inspection are to determine the proper elevations or grades around
the lid, confirm that the lid is not buried, and examine the structural integrity (look for cracks) of the
manhole and its functional capacity. The condition of the pipelines coming into a manhole may be known
merely by observing the content and volume of flows from a specific direction.

2.8.2 Inspection and examination

Manhole inspection and examination are made by visually inspecting the condition of the cover and the
internal parts. Manhole inspection should be carried out together with inspecting and examining the
sewer. It is generally carried out together with the cleaning of the sewer.

2.8.3 Manhole

Damage or wear in the manhole cover obstructs passage and is a risk. The facility manager should inspect
the manhole cover for damage, wear, play, non-coincidence of heights of cover and road surface, offset
of manhole block, and so on as indicated in Figures 20.

Figure 20. Examples of damages of the manhole, (A) wear of cover, (B) offset of manhole block, and (C) Not
coinciding with the height of the road surface
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2.8.4 Condition inside manhole

A manhole is an essential facility for the operation and maintenance of sewer pipes; it helps operation
and maintenance to be performed safely and easily. For smooth flow of wastewater through the sewer
pipe, the following are to be properly inspected: scouring of sewer bottom, differential settlement,
manhole block, crack inside wall, sediments, and condition of the mouth of connected sewer pipe.

Inspection should be performed on the ground, while examination should be performed by the relevant
person entering the manhole and working inside. The inspection items and their description are given in

Table 8 and Appendix 1.

Table 8. Inspection and examination items for manhole

Item to be inspected Description of inspection
a. Check for cracks, subsidence, and cave-in
Ground b. Check for overflow stream
surface c. Check for any invaded pavement
d. Check surrounding condition
a. Visual check for backlash, abraded surface, and corrosion
Exterior condition (Check if any mark of an external or internal surface of the
cover is erased)
Manhole b. Check for any malfunction of the float preventive function,
cover locking device, fall preventive function, etc.

c. Others (damage on the rising spacer, difference in the grade
of cover and grade ring, damaged grade ring, caved-in
manhole cover, offset, etc.)

a. Check for stagnant water or flow

Elow and b. Check for any accumulation of sand and soil, pieces of wood,
. and mortar including remains of construction works and
sediment ) .
illegal disposals
c. Check the appearance of invert such as scouring damage, etc
. .\ a. Check steps for corrosion, rattling, and missing items (No.)
Interior condition .

b. Check blocks for damage, cracks, corrosion, gaps, and

deteriorated caulking
Damage .

c. Check the barrel and base for damage, cracks and corrosion

d. Check for any improper joint of the main sewer and lateral

e. Check for any irregular subsidence

Infiltration a. Check for infiltration
a. Check inflow for unacceptable or inferior quality
Others .
b. Check for toxic gases or odor

Source: JASCOMA, 2007

2.9 Judgment of inspection and examination results

It is necessary to judge whether urgent repairs or modifications are necessary, or normal operation and
maintenance are sufficient to ensure that the functions of piping facilities are maintained when an
abnormality is detected by studies and analyses. The facility manager should make the judgment
considering the material of the pipe, age of the pipe, location where buried, quality of wastewater, status
of groundwater, regional environment, and so on.
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The criteria given below may be used as judgment criteria:

- Emergency response criteria
- Judgment based on results of inspection or examination.
- Testing criteria

2.9.1 Emergency response criteria

Abnormalities related to piping facilities are generally detected from inspections or outside reports.
Prompt action should be taken when an accident has already occurred. Moreover, when the events below
are confirmed, action should be taken immediately.

- Road surface: Irregularity exists that can cause level differences leading to subsidence or
obstruction to operation.

- Manhole: Level difference exists that can lead to obstruction of operation.
- Inverted siphon: The water level on the upstream side is excessively high.
2.9.2 Judgement based on the results of inspection and examination

Testing of the overall span and each pipe should be carried out based on the results of the visual
inspection. Table 9 and Table 10 show the testing criteria.

Table 9. Testing criteria for overall sewer span

Rating
Items
(A) (B) (@)
Corroded pipe Reinforcing bars Aggregate expose Rough surface
pip exposed ggreg p g

>3 ID < 700 mm >ID ID=1/21D <1/2 of ID
T +

-fE’ § g ID 700 - 1650 mm >1/2 of ID 1/21D-1/4 1D <1/4 of ID
3] N

>3 ID = 1650 mm > 1/4 of ID 1/41D - 1/8 ID <1/8 of ID

Source: JASCOMA, 2007. Note: ID=Inner diameter

Table 10. Testing criteria for each pipe of sewer

| Rating
tems
(a) (b) (c)
) Partially missing/
Reinforced holed pipe Axial crack of 2 mm width | Axial crack of less than 2
concrete

a width or more
ks
5 Partially missing/
a holed pipe
2 Stoneware - Axial crake shorter than
pipes Axial crack of 1/2 1/2 of the pipe length
of the pipe length
and longer
% L Rce(;rrl]ic;;ctzd Célrracskm cfferSerr:rlsl Circumferential crack of 2 | Circumferential crack of
S a pipes, etc width more mm width or more less than 2 mm width
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Rating

Items
(a) (b) (c)
Circumferential . .
Stoneware crack of 2/3 of the Circumnferential crack
. . . shorter than 2/3 of the
pipes pipe circumference . .
and longer pipe circumference
Reinforced Reinforced
concrete > 70 mm concrete >70 mm
pipes displacement)
Stoneware Stoneware
. > 50 mm . > 50 mm
pipes pipes
Infiltration Splashing in Flowing in Soaking

Source: JASCOMA, 2007

The testing of the overall span is divided into three categories (A, B, and C)

- Functional degradation (A)

- Deterioration (B) and

- Abnormalities (C)

Clarified by inspection and examination should be assessed as shown in Figure 21.

24



Manhole Nol Manhole No2 Manhole No3

Pipe Judge=a  Pipe Judge=a
Pipe Judge =b

Pipe Judge =b

Pipe Judge =a PlpeJudge c

L=

Span Judge = A

Pipe Judge = ¢
A

Vi

I

Span Judge = A

.. S| ESP O

 §

B s BEREEEEEEETETEEEE

e

Manhole No.l Manhole No.2 Manhole No.3

S@augiurge
h 4
A +(atb+5c) A + (2a+2b+3c)
Example of Emergency Level -1

Manhole No.5 Manhole No.6 Manhole No.7
E Pipe Judge =b : Pipe Judge — a :
: Pipe Judge=a  Pipe Judge = ¢ . Pipe Judge = ¢ Pipe Judge =b| !
i A ' '
I | | | I N i -
3 Span Judge = B g Span Judge = B R

Manhole No.5 Manhole No.6 Manhole No.7

O—C—Cr

B + (a+b+5¢) B + (a+3b+3c)
Example of Emergency Level -11

(

Manhole No.10 Manhole No.11 Manhole No.12

Pipe Judge =b Pipe Judge =c¢
A

Span Judge = C

Pipe Judge =c  Pipe Judge =b
A A

4 & N

Span Judge =B

z
4

---V{_-.---_-----.---------
R AN PR
I

Manhole No.1(Manhole No.11Manhole No.12

I

00—
C + (2b+5¢) B + (3b+4c)

Example of Emergency Level -111

i
*

Figure 21. lllustration of testing criteria for sewer

2.9.3 Testing criteria

A maintenance engineer should judge what countermeasures are applied for inspected sewers following
Table 11, by usual operation and maintenance or by emergency repairs and modifications. Based on the
criteria shown in Table 11, emergency level | is a situation where immediate response is necessary.
Emergency level Il indicates that a simple response may be adopted and radical measures implemented
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within the next five years. Furthermore, emergency level Il indicates response adopted by operation and
maintenance, and implementation of simple response partially.

Table 11. Testing criteria of sewer

Emergency level | Category Testing criteria Criteria for measure
(A)s are more or (a)s are more in
| Important ) Prompt measure are necessary
the testing results
(A)s are less frequent and (B)s Necessary actions may be
" Medium are more, or (a)s are less and taken by provisional measures
importance (b)s are more in the testing and proper measure will be
results implemented within 5 years
Minor (A)s, (B)s are few, (C)s are many, Actions may be taken by
1 . or (a)s, (b)s are few, and (c)s .. . .
importance are many in testing results provision measures, if required

Testing criteria: (A) functional degradation, (B) Deterioration, and Abnormalities
2.10 Maintenance of records and follow up action

To reflect the inspection and testing results in appropriate O&M of piping facilities, the test results should
be recorded in the templates provided in the Appendices to this document.

2.10.1 Inspection sheet

When inspections and examinations are implemented as shown in Appendix 2 (Form 1), an inspection
sheet should be prepared and recorded as shown in Appendix 2 (Form 2).

2.10.2 Logbook

Dedicated bound logbooks will be used for field data collection including but not limited to sampling,
measurements and observations. Logbook entries should be objective, factual, and free of personal
feelings or other terminology which might prove inappropriate. All pertinent field activity information
will be recorded contemporaneously when observed or collected to prevent a loss of information.

The logbook should be used to record daily work results, which can be used in the O&M of piping
facilities. The format is shown in Appendix 2 (Form 3) for daily report and (Form 4) for monthly report.
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CHAPTER 3: MAINTENACE OF SEWERAGE NETWORKS

3.1 Sewer cleaning

To operate and maintain sewerage networks to function as intended, the maintenance engineer should
try to strive towards the following objectives:

- Minimize the number of blockages per unit length of sewer, and

- Minimize the number of odor complaints.

For this purpose, sewer cleaning using hydraulic or mechanical cleaning methods needs to be done on a
scheduled basis to remove accumulated debris in the pipe such as sand, silt, grease, roots, and rocks. If
debris is allowed to accumulate, it reduces the capacity of the pipe and blockage can eventually occur
resulting in overflows from the system onto streets, yards, and into surface waters. Roots and corrosion
also can cause physical damage to sewers.

3.1.1 Cleaning equipment and procedures

The selection of sewer cleaning equipment depends on the nature of the sewerage networks, the
objective of maintenance, and the experience/preference of the engineer in charge. A list of essential
sets of equipment for the maintenance of the sewerage network is provided in Appendix 3. Each city
developing sewerage networks should possess this essential equipment at all times and rent additional
specific equipment as and when required. There are 3 types of cleaning processes including hydraulic,
mechanical, and chemical cleaning techniques. The mechanical and hydraulic cleaning of sewers is a cost-
effective method of removing material that interferes with the proper operation of the sewer. The
objective is to remove all material clinging to the interior surface of the pipe so that the sewer pipe can
carry full pipe flow without any restrictions that might result in blockages due to reduced pipe capacity.

®  Hydraulic cleaning

The hydraulically propelled devices take advantage of the force of impounded water to effectively clear
sewers. The efficiency depends on the hydraulic principle that an increase in velocity in a moving stream
is accompanied by a greatly increased ability to move entrained material. The transporting capacity of
water varies as the sixth power of its velocity.

Several techniques of hydraulic cleaning such as sewer balls, sewer scooters, and flush bags as shown in
the following:

o Sewer balls

These are simple elastic pneumatic-type rubber balls, which can be blown up to varying degrees of
inflation. They are manufactured in sizes from 150 mm to 750 mm in diameter when fully inflated. When
used in cleaning a sewer, the ball is first inflated and then wrapped in a canvas cloth, the edges of which
are sewed together. A trial line, a little longer than the distance between the manholes, is attached
securely to the covering. The size of the ball and the covering shall be such as to fit fairly snugly into the
sewer. Immediately after the ball is thrust into the sewer, sewage commences to back up in the manhole
and continues to rise until such time as its pressure is great enough to force sewage under the ball and
move it downstream through the pipe. Acting as a compressible floating plug, it affords enough
obstruction, so that a continuous high-velocity jet spurts under and to some extent around the ball,
thereby sluicing all the movable material ahead to the next manhole. If the ball encounters an obstruction,
which is immovable, the ball merely indents to the necessary degree and moves forward. The only fixed
obstruction, which will stop the forward progress of the ball is a root mass or some similar obstruction
tightly wedged into the pipe.
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Bricks, stones, bottles, loose metal parts, broken pieces of pipes, sand, gravel and settled sludge are easily
moved ahead. If the ball stops momentarily, a pull on the trial line is usually sufficient to set it in motion
again. If the pipe is very dirty, the trial line can be tied to a step in the upper manhole and the ball’s
progress can be retarded to the required degree as the lower manhole is reached, thus giving time for
the complete removal of accumulated silt and debris, which has piled up ahead of the ball. The equipment
arrangement is shown in Figure 22.

Power Bucket
Machine Winch

@0

l€—— Winch Cable

S
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R |

.. . 2 ) . 4 .
///’/T Ic/w/\/ Slant Jack Roller 2777/ V/// l\khrhcn“u:.l
s § III3 //i, // installed here

Figure 22. Typical setup for Hydraulic cleaning using Sewer Ball

o Flush bags

A very effective tool for cleaning portions of sewers where rods cannot be used is the sewer flusher or
flush bag. The flusher is a canvas bag or rubber bag equipped with a fire hose coupler at one end and a
reducer at the other end. The flusher is connected to the fire hose and placed in the downstream end,
from the point where a choke is located. The bag is allowed to fill up until it expands and seals the sewer.
The upstream pressure built up due to this damming effect breaks loose the obstructions.

o Sewer scooters

This arrangement is an improved version of the scraper and consists of two jacks, a controlling rope, and
the scooter with a tight-fitting shield. In contrast to the scraper, the scooter completely stops any flow
of sewage. The scooter, attached to the control rope, is lowered into the manhole and then into the
downstream sewer line. The downstream manhole jack is lowered into place from the road and the upper
manhole jack set across the top of the manhole. When the scooter is introduced in the line, it stops the
flow of sewage thus building up a head behind the shield. The resulting pressure causes the scooter to
move through the sewer until it accumulates enough debris to stop its movement.

The head is then allowed to build up approximately one meter before the control rope is pulled, causing
the shield to fold back, thus allowing the accumulated sewage to gush into the sewer downstream,
flushing the debris ahead to the next manhole from where it is removed. The control rope is released,
clearing the shield against the sewage and causing the scooter to advance again until the debris stops its
movement. This process is repeated until the scooter reaches the downstream manhole where it may be
removed or allowed to continue through the next section. The operation of the sewer scooter is shown
in Figure 23.
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Figure 23. Sewer scooter operation

®  Mechanical cleaning

The mechanical cleaning also has many technologies such as manila rope and cloth ball, sectional sewer
rods, sewer cleaning bucket machine, dredger, rodding machine with flexible sewer rods, scraper, jetting
machines, and suction units.

o Manila rope and cloth ball

The most common way of cleaning small diameter sewers up to 300mm diameter is by the use of a manila
rope and cloth ball. Flexible bamboo strips tied together are inserted in the sewer line by a person on
top. If necessary, another person inside the manhole with full safety gears, precautionary measures and
safety equipment help in pushing the rod through the sewer line. When the front end of the bamboo
strip reaches the next manhole, a thick manila rope, with cloth ball at one end, is tied to the rear end of
the bamboo splits. The bamboo splits are then pulled by another person in the downstream manhole and
pushed through the sewer line. As the rope is pulled, the ball sweeps the sewer line and the accumulated
grit is carried to the next manhole where it is removed out by means of buckets. This operation is
repeated between the next manholes until the stretch of sewer line is cleaned. This action requires a
careful supervision.

o Sectional sewer rods

These rods are used for cleaning small sewers. The sewer rods may be of bamboo or teak wood or light
metal usually about one meter long at the end of which is a coupling, which remains intact in the sewer
but can be easily disjointed in the manhole. Sections of the rods are pushed down the sewer. The front
or the advancing end of the sewer rod is generally fitted with a brush, a rubber ring for cleaning or a
cutting edge to cut and dislodge the obstructions. These rods are also useful to locate the obstruction
from either manhole in case a particular portion of the sewer has to be exposed for attending to the
problem.

o Sewer cleaning bucket machine

Power bucket machines are another type of mechanical cleaning device; they are used to remove debris,
roots, grease, or sediments from main line sewers. A bucket machine is equipped with a set of specialized
winches that pull a special bucket through a pipe to collect debris. The captured materials are then
physically removed from the pipe.
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These machines are very powerful and offer the best cleaning product with the least opportunity for
operator error that could affect the results. Since a full-size cutter and brush can be pulled through the
line, each cleaning should be thorough and no residual debris should be left in the sewer main. Operating
bucket machines is a very labor-intensive process; therefore, power buckets are normally used only for
specific cleaning purposes, especially removing large amounts of debris from larger sewers.

o Dredger

It consists of a grab bucket on a wire rope, which is lowered into the manhole in the open condition with
the help of a crane and pulley. On reaching the bottom of the manhole, the segments are closed, and the
accumulated silt is picked up. The bucket is then raised above ground level where the bucket opens and
the silt is automatically dropped into a truck or a trailer. The bucket can be closed by wire ropes or by a
pneumatically operated cylinder. The disadvantage in this system is that it cannot clean the corners of
the catch pits of manholes. Sometimes the deposits at the corners may become so hard that the same
may be required to be chiseled out.

o Rodding machine with flexible sewer rods

This consists of a machine, which rotates a flexible rod to which is attached a cleaning tool such as auger,
corkscrew or hedgehog and sand cups (Figure 24).
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Figure 24. Power rodding operation

The flexible rod consists of a series of steel rods with screw couplings. It is guided through the manhole
by a bent pipe. The machine propels the rod with the tool attached to one end, the other end being fixed
to the machine. The rotating rod is thrust into the bent pipe manually with clamps with long handles for
holding the rod near the couplings. As the rod is thrust inside, the machine also is drawn towards the
manhole. The rod is pulled in and out in quick succession when the tool is engaging the obstruction, so
as to dislodge or loosen it. When the obstruction is cleared, the rod is pulled out by means of clamps
keeping the rod propelled to facilitate quick and easy removal. The various tools are shown in Figure 25.
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Figure 25. Rodding heads

o Scraper

This method is used for sewers of diameter larger than 750 mm. The scraper is an assembly of wooden
planks of slightly smaller size than the sewer to be cleaned. If the scraper cannot be lowered through the
opening of manhole, it has to be assembled inside the manhole. The scraper chains, attached to a control
chain in the manhole into which it is lowered, are then connected to a winch in the next downstream
manhole by means of chains. The winch is then operated to push the debris ahead of the scraper. The
upward flow behind the scraper and the water dropping from the top of the scraper will also assist in
pushing it in the forward direction. This ensures that the bottom and the sides of the sewer are cleaned
thoroughly. The scraped debris is removed manually.

Circular scrapers are used on small sewers below 350 mm diameter for cleaning the body of the line.
They are commonly known as discs and these discs are both collapsible and made of metal or a wooden
pair separated by about 200 mm by steel rods.

o Jetting machines

The high velocity sewer-cleaner makes use of high velocity water-jets to remove and dislodge
obstructions, soluble grease, grit, and other materials from sanitary, storm and combined sewerage
networks. It combines the functions of a rodding machine and gully emptier machine. It includes a high-
pressure hydraulic pump capable of delivering water at variable pressure up to about 8 MPa through a
flexible hose to a sewer cleaning nozzle. The nozzle has one forward facing jet and a number of peripheral
rearwards facing jets. The high-pressure water coming out of the holes with a high velocity, breaks up,
dislodges the obstructions and flushes the materials down the sewer. Moreover, by varying the pressure
suitably, the nozzle itself acts as a jack-hammer and breaks up stubborn obstructions. A separate suction
pump or airflow device may also be used to suck the dislodged material. The entire equipment is usually
mounted on a heavy truck chassis with either a separate prime mover or a power takes off for the suction
device. The high-pressure hose reel is also hydraulically driven. The truck carries secondary treated
sewage, if available, and if not untreated fresh water for the hydraulic jet. The truck also has a tank for
the removed sludge and the various controls grouped together for easy operation during sewer cleaning.
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The manufacturer’s operating and servicing manuals should be carefully followed for best results in the
use of the machine.

o Suction units

Suction units create the vacuum required for siphoning of mud, slurry, grit and other materials from
sanitary, storm and combined sewerage works. The vacuum elevated is such as to siphon the materials
from the deep manholes catch-pits etc., having depth ranging from 1m to 8m in normal cases with an
option to suck an additional 4m with the help of special accessories for the purpose. The unit can be
vehicle or trolley mounted.

Silt and heavy particles settled at the bottom can be agitated and loosened by pressurized air with the
help of the pump and then sucked in a tank. Once the silt tank is full, the effluent is discharged in the
nearby storm water drain or manhole and the operation is repeated until the silt is cleared off the
manhole. The silt deposited in the tank is then emptied at the predetermined dumping spot.

= Chemical cleaning

Several chemicals and application methods are available to kill and retard the regrowth of roots in the
wastewater collection system. Methods of application include foaming, dusting and liquid application.
Special equipment is required for all three application methods. If the problem is roots alone, chemical
treatment is a very cost-effective method of cleaning. Grease can also be cleaned from sewers by the
addition of chemicals or by bioaugmentation (addition of bacteria to speed up the breakdown of grease).
Various chemicals are available, such as enzymes, hydroxides, caustics, biocides, and neutralizers, for
removing and/or controlling grease buildups. The effectiveness of a particular chemical depends largely
on the exact nature of the problem and site-specific circumstances. In most cases, these compounds
tend to be an expensive method of treatment if they are applied routinely on an ongoing basis. If the
grease is not removed at the source, it can create additional problems downstream at the pumping
stations and treatment plants. An effective grease control ordinance is an important part of any service
program.

3.2 Manhole cleaning

Manhole cleaning should be performed by the most appropriate work method that suits the actual
conditions of the work location.

In manholes at the starting point, junction manholes, and manholes at the sharp curve of sewers, sand
and silt get deposited, and environmental problems such as foul odors occur. For this reason, periodic
cleaning is necessary. Moreover, when large debris flows in, it should be removed immediately.
Otherwise, an overflow accident, float-off, and cover dispersion is possible.

Manhole inspection should be generally carried out together with the cleaning of the sewer. The work
on the silt and sand in the bottom part should be pursuant to cleaning of the sewer pipe, while the dirt
on the side wall should be cleaned by a high-pressure jet washing vehicle.

3.3 Disposal of silt and sludge

Sludge from sewers can be disposed of along with grit and sludge of the STP (if available). Otherwise, the
sludge and silt can be co-disposed of in an eco-friendly manner with municipal solid waste.

3.4 Cleaning records and their utilization

Records of all cleaning operations should be entered and filed for future reference. These records should
include the data, street name or number, line size, distance and manhole numbers or identification. Also,
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the kind and amount of materials removed, wastewater flow, and auxiliary water used should be noted.
If particular problems were encountered, these too should be noted, especially the exact location of
obstructions. A record-form sample is shown in Appendix 3 (Form 1).

If pieces of broken sewer are removed, a TV inspection may be needed and repairs may need to be made
on the broken sections of pipe. Recording traffic patterns at a site can be very helpful next time the
equipment is set up at the location. Car park (such as over manholes), traffic volume during rush hours,
and whether police traffic control should be called for help before going to the site, should be indicated.
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CHAPTER 4: PROTECTION AND REHABILITATION

4.1 Protection of sewerage networks

A sewer may get damaged if other facilities such as water pipe or electric cable work are done beside or
at the cross-section of a sewer. Especially, fluctuations due to ground excavation (pile, underground
water drops, and pile method) may have a serious impact.

To avoid damage to the sewer, the maintenance engineer should do the following:

- Collect all related information about the construction activities which are planned around
the sewer location,

- Advise appropriate construction methods to minimize the impact on sewer, and

- If necessary, request the concerned agencies to adopt the protective measures for sewer
before the work commencement.

Typical protective measures are as follows:
- Protection for existing sewer (an example is shown in Figure 26)

- Temporary laying of supported sewer pipe

- Changing sewer material in advance
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Figure 26. Protection method for existing sewer

4.2 Sewer rehabilitation

4.2.1 Introduction

Deterioration of sewers proceeds over the surface as a whole, and repair takes considerable time,
therefore, it is necessary to implement renewal and repair according to a plan based on the results of
inspection and examinations. This practice will prevent incidents/accidents.

In cities, where sewers have already exceeded the service life, adequate renewal and repair may resolve
urgent problems and help extend the service life of the facilities, reducing O&M expenses. The two terms
renewal and repair are segregated as follows. Renewal is not included in O&M duties but in construction
because the time of implementation is the starting point of the new service life and changes must be
made to fixed assets.
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= Renewal

This means improvement and replacement of facilities not caused by expansion of drainage area. It
includes improvement, which is reconstruction or replacement of the facility that has not yet reached the
specified service life, and replacement, which is reconstruction, or replacement of the facility that has
reached the specified service life.

= Repair

This refers to partial replacement or repair of damage to the facility. Repair provides utility, but not an
increase in functions, so it does not contribute to an extension of the service life of the facility. Repair
simply maintains the capacity and life and does not cause a change in fixed assets.

However, making a clear distinction between O&M and construction duties is often difficult for
implementation of renewal and repair according to the plan. In certain cases, it is therefore desirable to
plan these duties as one package. Improvement of functions of existing sewers while incorporating
elements related to planning and construction projects is generally called rehabilitation. The definition
of terms related to rehabilitation is given in Table 12.

Table 12. Definition of terms

Terms Definition Classification
Rehabilitation, All concepts to improve function of existing
; . All measures
reconstruction sewer pipes.
Repair Repair of structural damage or partial renewal

of sewer pipes

Renovation Functional improvement of a certain section

with utilizing the existing pipe structures Structural measurements

Renewal Renewal of new pipes, with basic functions
and capacities remain equal to original pipes

Replacement Replacement with new pipe to reinforce
function and capacities

- Hydraulic measures
Reinforcement Installation of new pipes to enhance the flow

pipes capacity of the entire system

4.2.2 Rehabilitation method

Under the traditional method of sewer relief, a replacement is made or an additional parallel sewer line
is constructed by digging along the entire length of the existing pipeline, while these traditional methods
of sewer rehabilitation require digging and replacing the deficient pipe with (the dig-and-replace method),
trenchless methods of rehabilitation use the existing pipe as a host for a new pipe or liner. Trenchless
sewer-rehabilitation techniques correct pipe deficiencies that require less restoration and cause less
disturbance and environmental degradation than the traditional dig-and-replace method. Trenchless
sewer-rehabilitation methods include: Pipe bursting or in-line expansion, Slip lining, Cured-in-place pipe,
and Modified cross-section liner.

®  Pipe bursting or in-line expansion

Pipe bursting or in-line expansion is a method by which the existing pipe is forced outward and opened
by a bursting tool. During in-line expansion, the existing pipe is used as a guide for inserting the
expansion head (part of the bursting tool). The expansion head, typically pulled by a cable rod and winch,
increases the area available for the new pipe by pushing the existing pipe radically outward until it cracks.
The bursting device pulls the new pipeline behind itself. The pipe bursting process is illustrated in Figure
27.
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Figure 27. Pipe bursting process

= Slip lining

Slip lining is a well-established method of trenchless rehabilitation. During the slip lining process, a new
liner of smaller diameter is placed inside the existing pipe. The annular space, or area between the existing
pipe and the new pipe, is typically grouted to prevent leaks and to provide structural integrity. If the
annulus between the sections is not grouted, the liner is not considered a structural liner. Continuous
grouting of the annular space provides the seal. Grouting only the end-of-pipe sections can cause failures
and leaks. In most slip lining applications, manholes cannot function as proper access points to perform
the rehabilitation. In these situations, an insertion pit must be dug for each pipeline segment. Due to this
requirement in most applications, slip lining is not a completely trenchless technique. However, the
excavation required is considerably less than that for the traditional dig-and-replace method. System and
site conditions will dictate the amount of excavation. Methods of slip lining include continuous,
segmental and spiral wound methods. All three methods require laterals to be re-connected by
excavation or by a remote cutter. In continuous slip lining, the new pipe, jointed to form a continuous
segment, is inserted into the host pipe at strategic locations. The installation access point, such as a
manhole or insertion pit, must be able to handle the bending of the continuous pipe section. Installation
by the segmental method involves assembling pipe segment at the access point. Slip lining by the
segment method can be accomplished without rerouting the existing flow. In many applications, the
existing flow reduces frictional resistance and thereby aids in the installation process. Spiral-wound slip
lining is performed within a manhole or access point by using interlocking edges on the ends of the pipe
segments to connect the segments. The spiral wound pipe is then inserted into the existing pipe as
illustrated in Figure 28.
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Figure 28. Spiral wound slip lining process
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" Cured-in-place pipe (CIPP)

A typical cured-in-place pipe (CIPP) process by the water-inversion method is illustrated in Figure 29.
During the CIPP renewal process, a flexible fabric liner coated with a thermosetting resin is inserted in
the existing pipeline and cured to form into a new liner. The liner is typically inserted in the existing pipe
through an existing manhole. The fabric tube holds the resin in place until the tube is inserted in the pipe
and ready to be cured. Commonly manufactured resins include unsaturated polyester, vinyl ester, and
epoxy, each having distinct chemical resistance to domestic sewage. The CIPP method can be applied to
rehabilitate pipelines with defects such as cracks, offset joints and structurally deficient segments.
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Figure 29. Cured-in-place pipe installation procedure

The thermosetting resin material bonds with the existing pipe materials to form a tighter seal than most
other trenchless techniques. The two primary methods of installing CIPP are winch-in-place and invert-
in-place. These methods are used during installation to feed the tube through the pipe. The winch-in-
place method uses a winch to pull the tube through the existing pipeline. After being pulled through the
pipeline, the tube is inflated to push the liner against the existing pipe walls.

The more typically applied inversion-in-place method uses gravity and either water or air pressure to
force the tube through the pipe and invert it, or turn the tube inside out. This process of inversion presses
the resin-coated tube against the walls of the existing pipe. During both the winch-in-place and invert-
in-place methods, heat is then circulated through the tube to cure the resin to form a strong bond
between the tube and the existing pipe.

®  Modified cross-section liner

The modified cross-section lining methods include deformed and reformed methods, sewage lining and
roll down. These methods either modify the pipes cross-sectional profile or reduce its cross-sectional
area so that the liner can be extruded through the existing pipe. The liner is subsequently expanded to
conform to the existing pipe’s size. During deformed and reformed pipeline renewal, a new flexible pipe
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is deformed in shape and inserted into the host pipe. While the method of deforming the flexible pipe
varies, with many processes referred to as fold and form methods, a typical approach is to fold the new
liner into a “U” shape, reducing the pipe’s diameter by about 30 %. After the liner is pulled through the
existing line, the liner is heated and pressurized to conform to the original pipe shape. Another method
of obtaining a close fit between the new lining and existing pipe is to temporally compress the new liner
before it is drawn through the existing pipeline.

The sewage lining and roll down processes use chemical and mechanical means, respectively, to reduce
the cross-sectional area of the new liner. During sewage lining and a typical draw down process, the new
liners are heated and subsequently passed through a reducing die. A chemical reaction between the die
and liner material temporarily reduces the liner's diameter by 7 to 15 % and allows the liner to be pulled
through the existing pipe. As the new liner cools, it expands to its original diameter. The roll down process
uses a series of rollers to reduce the pipe-liner’s diameter. As in deform-and-reform methods, heat and
pressure are applied to expand the liner to its original pipe diameter after it has been pulled through the
existing pipe. Unlike CIPP, the modified cross-section methods do not make use of resins to secure the
liner in-place. Lacking resin-coated lining, these methods do not have the curing time requirement of
CIPP. A tight fit is obtained when the folded pipe expands to the host pipe’s inside diameter under applied
heat and pressure. As with the CIPP method, dimples are formed at lateral, junctions and similar methods
of reconnecting the laterals can be employed. Materials typically used for modified cross-section linings
include Unplasticised Polyvinyl Chloride (uPVC) and High-Density Polyethylene (HDPE).

4.2.3 Maintenance of machinery and apparatus for rehabilitation

Emergency cleaning and repair are required in case of an emergency response. Therefore, a maintenance
engineer should repair machinery and equipment to the original. In addition, he should have enough
maintenance and repair materials required (for example pipes, lid, the mounting tube). In addition, the
maintenance engineer should stock construction materials such as sand, rock crushing, and asphalt for
the cave-in repair of roads.

The maintenance engineer should ensure that the materials, equipment and facilities, and necessary
safety equipment are in standby state at all times.
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CHAPTER 5: SAFETY PRACTICES

Sewer cleaning is an occupation that has an overall accident frequency rate that is relatively higher than
any other industry. The employer has the responsibility of providing the worker with a safe place to work.
Nevertheless, the worker has the overall responsibility and must ensure that it is a safe place to work.
This can only be done by constantly thinking of safety and working safely.

The worker has the responsibility of protecting not only himself but also all other plant personnel or
visitors by establishing safety procedures for the plant and then ensuring they are followed. He must
train himself to analyze jobs, work areas, and procedures from a safety standpoint and learn to recognize
potential hazardous actions or conditions. When a hazard has been identified, he must take immediate
steps to eliminate it through corrective action. If correction is not possible, guard against the hazard by
proper use of warning signs and devices / by establishing and maintaining safety procedures. As an
individual, the supervisor can be held liable for injuries or property damage, which results from an
accident caused by his negligence.

Remember, “accidents don’t happen - they are caused!” Behind every accident, there is a chain of events,
which leads to an unsafe act, unsafe condition, or a combination of both. Accidents may be prevented by
using common sense, applying a few basic safety rules, and acquiring a good knowledge of the hazards
unique to the job of a plant supervisor.

5.1 Safety measures on sewer facilities

5.1.1 Traffic hazard

- Before starting any job in a street or other traffic area, study the work area and plan your
work.

- Traffic may be warned by high-level signs far ahead of the job site.

- Traffic cones, signs, or barricades arranged around the work, or a flagger are applies to direct
traffic.

- Whenever possible place your work vehicle between the working site and the oncoming
traffic.

- Use a fluorescent jacket while working along roads (Figure 30).

Figure 30. A sample of fluorescent jacket
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5.1.2 Manhole

All workers assigned to enter sewer manholes should be provided with proper safety equipment as
recommended here and as presented in Figure 31.

Approved gas detector (Properly calibrated)
Fresh air blower
Safety harness, rope and tripod safety system

RO
¥ o

o

Figure 31. Sample of personal protective equipment (A) gas detector, (B) air blower, (C) safety harness and

(D) hard hat

Before entering the manhole, following guidelines may be adopted to ensure safety in manhole:

Oxygen content must be at least 19.5 % in the confined space of the manhole measured at
all levels (bottom, middle and top). Safe oxygen level is considered if it ranges between 19.5
% and 21 %. Nobody should enter the manhole if oxygen level is below 19.5 % and more
than 21 %.

Ventilate the sewer line by opening at least two or three manholes on both upstream and
downstream where work is to be carried out. This is mandatory where adequate blowers
for ventilating sewers are not available. The manholes should be opened at least one hour
before the start of operation. The opened manhole must be properly fenced or barricaded
to prevent any person, especially children, from accidentally falling into the sewer. A dummy
cover may be used.

A fresh air blower ventilation system should be used as far as practicable. It is desirable to
operate blowers for at least 30 minutes before starting and during the cleaning operation.

Measure gas inflammability in manholes using detector.

Presence of toxic gases may be tested before entry of a person in manhole/ sewer line and
also in between if the operations are for longer period.

All workers should use safety harnesses and lifeline before entering the sewer line. At least
one support person at the top must be provided for each person entering the manhole. The
person entering the manhole/ sewer line must be monitored using signal/camera /CCTV
etc., throughout the operation period.

Structural safety of manhole rungs or steps must be tested before entering the manhole.
Portable aluminum ladder must be available during the work period where necessary. The
portable ladder must be properly seated or fixed during use.

Ensure that no material or tools are located near the edge, which can fall into the manhole
and injure the workmen.
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- Lower all tools to the workmen in a bucket fixed with rope and pulley.
- Lighting equipment used during sewer cleaning must be explosion-proof and fire-proof.
- Caution signboards must be displayed around open manholes during working period.

- Smoking, lighting open flames or gadgets producing sparks must be prohibited inside the
manhole as well as in the immediate vicinity of open manholes.

- All workers entering the manhole must be provided with protective gear and proper
equipment. Use of portable gear and equipment must be monitored strictly.

- Gas masks for respiratory protection must be available for use by the workers. The workers
must be trained to use the gas masks property.

- Sewer inspection and examination guidelines referred to in Section 2.6 may be followed as
and when necessary.

When entering a large sewer system, it may be required to use special equipment. The type of equipment
might include atmospheric monitoring devices with alarms. In the event of a sudden or unpredictable
atmospheric change, an emergency escape breathing apparatus (EEBA) with at least a 10-minute air
supply should be worn for escape purposes as indicated in Figure 32.

Figure 32. A sample of an emergency escape breathing apparatus
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CHAPTER 6: SUMMARY

Regular inspection and rehabilitation are crucial to maintain the proper functioning, durability, and
reliability of sewerage networks, and to protect public health and the environment. The process of
Inspecting and rehabilitating sewerage networks is continuous and should be integrated into the daily
work of maintenance engineers. To execute a well-planned inspection and rehabilitation program,
maintenance engineers should follow the O&M cycle as shown in Figure 33

| Inventory database |

:

[ Impact assessment ]

y

(—‘ Prioritization

Frequency of next [ Inspection ]
inspection
[ Rehabilitation ] [ Condition ]

Decision-making on
rehabilitation actions

Figure 33. O&M cycle
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APPENDIX 1: MANHOLE INSPECTION AND EXAMINATION
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Ministry of Public Works and Transport (MPWT)

General Directorate of Sewerage and Wastewater Management

INSPECTION RECORD OF MANHOLE

Manhole maintenance ManholeNo._________ Date:__________
Constructed year FY (______ )
Manhole type T}/!oe no: Nodular graphite cast
Specific ( ) Type of cover iron (flat, tapered), Gray

cast iron, Concrete)

Manhole Fair/Poor
Total no.
Steps
P Fair no.
Poor no.
Water depth
cm
downstream
No Pipe diameter Type Depth to base Condition
Replace cover. M/Y y y y ) y y y y
Month/Year /
Cleaning M/Y y y y ) y y ) )
Month/Year /
M/Y
Inspection / / / / / / / / /
Month/Year
Conditions M//Y / / / / / / / /
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APPENDIX 2: INSPECTION REPORTS
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Ministry of Public Works and Transport (MPWT)
General Directorate of Sewerage and Wastewater Management

FORM 1: MANHOLE INSPECTION REPORT

Map No: Date: Time: Inspector:
MH. No: Depth to Invert: Cleanliness:
Type Construction: Street References:

7

DEFECTS:
(Cover, frame, grout, steps, shelf, pipes, or channels)

1.

2.

3.

4.

5.

PIPE SIZE LENGTH  TOMH EST. FLOW TYPE FLOW

A.

B.

C.

D.

REMARKS:

(Include need for repairs)
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Ministry of Public Works and Transport (MPWT)
General Directorate of Sewerage and Wastewater Management

FORM 2: MANHOLE INSPECTION SHEET

Manhole name:

Sheet number:

Manhole type:

Sewer pipeline name:

Inspection Date:

Inspector name:

Manhole cover

Abrasion, backlash, difference in level, invaded pavement, damaged, location unknown

Inside of manhole

Corrosion, damage to the floor, infiltration, metal steps corroded, inferior pipe end,

0 rubbish, odour
g
-+~
< Pipe Corrosion, damage, coupling displacement, inadequate inclination, infiltration, roots of
B trees, earth, sand and mortar, road subsidence
3
[%2]
£ House inlet Cover (no damage), difference in level, corrosion, damage, damaged invert, earth and
sand, location unknown, odour
Lateral Damage, displacement, earth and sand, road subsidence

Inspection date: Inspector:

Inspection result

Follow up actions o Necessary o Contracted
o Not necessary o Self

Date of order

Date of schedule

Date of completion

Remarks
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Ministry of Public Works and Transport (MPWT)

General Directorate of Sewerage and Wastewater Management

FORM 3: DAILY REPORT
Daily report Date Weather
Response Receipt No. | Receipt | Location: Work description Inspector | Tool/Material | Remarks
to date address

complaint/ 1

breakdown
2
3
4
Diameter (mm) Name of cleaned | Daily total
Crew A area person

District:
Trunk Crew B person

cleaning Removed sand System No. m3
volume
Cleaned m
distance

Manhole | Direct works Name of | Name of drainage | System | Entrusted works | Name of | Name of | System | Tool/ | Daily total

place area No. place drainage area No. material
repaired repaired

Work Work
description description
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Ministry of Public Works and Transport (MPWT)

General Directorate of Sewerage and Wastewater Management

FORM 4: MONTLY REPORT

Monthly report Date Weather
Response to | Category 1. Lateral 2. Inlet 3. Manhole 4, Ground | 5. Odour 6. Others Total
complaint/ subsidence
breakdown

Number

Diameter (mm)

Direct crew
Trunlf Entrusted crew
cleaning

Removed sand

Cleaned distance
Manhole Manhole type 1 2 3 4 5 6 7 Special | Direct | Entrusted Total
repair

Cover replaced

Ring repaired

Barrel repaired

Noise
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APPENDIX 3: SEWER MAINTENANCE



Ministry of Public Works and Transport (MPWT)
General Directorate of Sewerage and Wastewater Management

FORM 1: ORDER FORM OF SEWER CLEANING WORK

Work order date: Work order #:

Crew members:

REASON FOR MAINTENANCE: CCTVo PMuo  Servicecallo  Other:

US map sheet #: DS map sheet #:
Sewer pipeline name:

Upstream manhole name: Downstream manhole name:

USMH depth: .~ m DSMH depth: ___ m
Indicated: Length: _________ m Size: mm Pipematerial: _____
Actual: Length: ___ m Size: mm Pipematerial: _____
Nearest address: (Downstream structure)
Location notes: (e.g Alley, easement, traffic)

Other notes:

Cleaning results: (Check the appropriate box(s))

Type of material Clear 2 3 4 Heavy | Not rated
1 5 0
Debris (sand, grit, rock)
Grease
Roots
Vermin Rate/roach/other
Other

Recommended maintenance action:

Cleaning frequency (months) : 3 o 60 90 120 18 o 600
Repair required? Yeso No o Manhole inspection
Required? Yes o No O
Root control required? Yes o No o CCTV required? YesoNoo
Comments:

Completed by: Date completed:

Signature:

Supervisor review: Date:
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Essential list of equipment required with all City Authorities with sewerage networks

No.

Equipment (Minimum)

Powerful Flashlight

Manhole lid removal rod/pully

Scrapers and hard wire brushes on long rods

Blower and hose (for ventilating the manhole)

Shovel and Pick

Manual Rods (bamboo/metal with various types of metal heads) / Mechanical rodding machines

High velocity jetting and sucking machines

Hazardous gas detector/monitor

NV (OINONUN |~ WIN (-

Full set of personal protective equipment including emergency escape breathing apparatus

p
o

Equipment (Optional/taken on lease/rent or through service agreement when specifically
needed)

CCTV camera / Pipe Crawler Camera

Mechanical sewer Scooter or Kite

Florescent dye set

Smoke testing set (sand bags/plugs, smoke bombs, camera, air blowers)

NP IWIN|F-

Grab bucket-type desilting machines
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