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1. INTRODUCTION 

1.1 Why this Manual? 

 

A reliable supply of clean and safe water is the first and most critical municipal service that 

people require.  

 

Proper operation and maintenance are indispensable to ensure that capital investments on new 

infrastructure result in sustainable service provision. Without it, a new water distribution 

system will soon decline to a point where service provision is compromised, leading to 

greater water losses, financial losses, and health risks to consumers. If operation and 

maintenance are neglected for long enough, it may become necessary to replace the system, 

requiring a new injection capital that could otherwise be used for other needs or stimulating 

economic development. 

 

This manual aims to assist service delivery by making information on proper operation and 

maintenance practices available in a practical and accessible way. The manual focuses on 

water distribution systems including pipes, pumps, valves, storage reservoirs, meters, and 

other fittings. Also, the manual focuses on technical issues of operation and maintenance and 

does not deal with associated factors such as human resources management, data systems, 

funding, and public participation and accountability. 

 

The approach adopted in the manual is to provide the reader with an understanding of the 

processes leading to system decline, measuring system performance, and the best practices in 

operation and maintenance of water distribution systems. It aims to guide to empower the 

reader to implement a proper operation and maintenance system in practice, focusing on the 

most common and important aspects. 

1.2 What are Operations and Maintenance? 

 

The purpose of a water distribution system is to provide an adequate and reliable supply of 

safe water to its users. Operation and maintenance are those activities needed to continuously 

fulfill this purpose. 

The difference between operation and maintenance is that operation involves activities 

necessary to deliver the service, while maintenance involves activities that keep the system in 

good operating condition.  

Operation includes monitoring the system state, running the system, and enforcing policies 

and procedures. Maintenance entails condition assessment, servicing, repair, and 

replacement of system components. When maintenance is done before a system element fails 

to prevent it from falling, this is called proactive maintenance. Maintenance is done after a 

component failure is called reactive maintenance. 

1.3 Background 

The water supply system in Jacobabad city was established in the early sixties by the Public 

Health Engineering Department (PHED). However, the municipal services in Jacobabad, 
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including the water supply system, were in very poor condition until the early 2000s, like 

many other under-developed and neglected cities of Pakistan. The main reasons for this poor 

condition of the water supply system include rapid growth in population, non-availability of 

required resources for efficient operation and maintenance, and lack of professional 

management. The water supply Improvement projects started in 2004/05 were completed in 

2008 which mainly included the construction of intake works, lagoon No. 2, filtration plant, 

and a new distribution system. However, despite these major improvement projects, the 

overall system is lacked in the following aspects: 

 Supply of water as per the demand of different zones of Jacobabad city 

 Maintenance of required pressure in the distribution network, especially in tail-end 

areas 

 Supply of filtered and chlorinated treated water to the residents according to the WHO 

Standard. 

1.4 Project Area 

Jacobabad is the capital city of Jacobabad District and an important city connecting three 

provinces Baluchistan, Sindh, and Punjab. The City is a big Mandi of Rice export, situated on 

Sukkur-Quetta National Highway. It is located 76 km away from Sukkur and 36km from 

Shikarpur and is connected with all Tehsil headquarters by metal roads as well as railroads. It 

is also connected with the Tehsils of Baluchistan Province. 

The city is subdivided into 8 Union Councils namely SoomrahMohalla, Lashari Mohalla, 

Shah Gazi Mohalla, Drakhan Mohalla, Phool Bagh, Mochi Basti, Jaffarabad Mohalla, and 

Dastagir Colony. The total area covered by all union Councils is nearly 2530 acres i.e. 10.25 

sq.km and population is approximately275, 000. The location of Jacobabad city on Pakistan's 

map is shown below. 

The city is situated in a tropical and drought-prone geographic zone. The groundwater of 

Jacobabad city is brackish, highly contaminated, and unfit for human consumption. 

 

 
 

Figure 1: Location of Jacobabad on the 

map of Pakistan. 

 

 
Figure 2: Jacobabad and its 

surrounding districts. 
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1.5 Sindh Municipal Services Program 

The Sindh Municipal Services Program under the USAID is supporting the Government of 

Sindh to improve the delivery of local water, sanitation, and hygiene services in Jacobabad, 

leading to measurable levels of governance and health outcomes. 

The scope of improvements under the Municipal Services Program (MSP) for the basic 

infrastructure of Jacobabad is described below: 

1.6 Operation and Maintenance 

Operation and Maintenance procedures are the decisions and actions regarding the control 

and upkeep of property and equipment. These are inclusive, but not limited to, the following: 

1) Actions focused on scheduling, procedures, and work/systems control and 

optimization; and 

2) Performance of routine, preventive, predictive, scheduled, and unscheduled actions 

aimed at preventing equipment failure or decline to increase efficiency, reliability, 

and safety. 

1.7 Scope of the Report 

The purpose of this document is to assist the operator (Municipal Water Supply Staff) in 

operation and maintenance of the water supply system of Jacobabad; both existing and newly 

constructed facilities for supplying water to eight union councils of Jacobabad and some rural 

areas and the proposed sewerage system. In general, operation refers to the overall 

management system that includes the organization, planning, quality control, documentation, 

measures for water treatment utilities to ensure compliance for providing potable water 

according to WHO Standards and GoS Policy for households of Jacobabad 
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2. General 

2.1 Water Supply System 

2.1.1 Population and Water Demand 

Jacobabad is the capital city of Jacobabad District in the Sindh province of Pakistan. The 

city is also the administrative center of Jacobabad Taluka, a subdivision of the district. The 

city itself is subdivided into 8 Union Councils. 

The population figure according to census 2018 is 191076 persons. The summary of the 

projected population and the water demand at 30 gallons per capita per day (according to 

PHED Design Criteria for urban population) for various design steps is presented hereunder: 

2.1.2 Projected Population and Water Demand 

Year Population Design Water Demand 

2020 197158 5.91 MGD 22389 m3/day 

2025 211454 6.34 MGD 24013 m3/day 

2030 227795 6.83 MGD 25868 m3/day 

2035 245400 7.36 MGD 27868 m3/day 

2040 264366 7.93 MGD 30022 m3/day 

2045 284797 8.54 MGD 32342 m3/day 

2050 306807 9.2 MGD 34841 m3/day 

2.2 Upgraded Water Supply System 

The extended capacity is to meet the 20……… requirements of 14.50 MGD (65,917 m3/day) 

under the USAID funded project. All the components of the Water Supply Network including 

water intake and transmission, storage, pumping at various stages, and treatment and 

distribution systems have been accordingly designed and operational. 

Based on the detailed review of the previous Water Supply System of Jacobabad major 

improvements are included in the distribution of domestic water to Jacobabad residents. 

Direct pumping had replaced with uninterrupted supplies from overhead reservoirs spread all 

over the city. 

The existing distribution system comprises of the following components; 

 Old and new pumping system with a common 900 mm diameter manifold 

 600 mm diameter transmission Loop feeding 6 Overhead Reservoirs 

 6 Overhead reservoirs 25 to 28 meters above ground level to supply water to 

respective distribution zones 

 Distribution System in individual zones from overhead reservoirs 

 Flow Meters to be provided on water transmission from Manifold and supplies to 

individual overhead reservoirs 

The system includes the construction of 6 overhead reservoirs to supply water to respective 

distribution zones. The city water distribution system has been divided into six zones keeping 



  

Page 11 of 140 
 

in view the topographic and domestic features. A transmission loop starting from the 

manifold feeds the 6 overhead reservoirs strategically located in various parts of the city. 

Each zone will be supplied from an overhead reservoir through a pipe network of various 

pipe sizes from 350 mm to 75 mm. 

2.3 Water Intake and Storage 

Two existing storage lagoons are having a capacity of 110MG each near the intake works. 

One additional water storage lagoon of about 140 MG capacity is constructed. The lagoons 

store water for the canal closure period which is normally 45 days. Provided that all 3 

lagoons are filled at the start of the closure period, more than 8 MGD water can be provided 

to Jacobabad city for up to 45 days. 

Total water storage capacity of three lagoons  = 110 + 110 +140 MG 

= 360 MG (1,636,555.15 m3) 

The Low Lift Pumping Station has two pump houses on the bank of the Khirthar canal. The 

purpose of the Low Lift Pumping Station is to supply canal water to the storage lagoons when 

the water level in the canal is low and gravity flow from the canal is not sufficient to feed the 

lagoons. 

Six similar pumps are installed at the Low Lift Pumping station, three in each room. Each 

pump has a capacity of 286.4 m3/hr and is horizontally coupled with a 25 hp motor. Each set 

of three pumps is operating in parallel discharging in a common header of 16-inch diameter. 

2.4 Components for Water Intake and Storage System. 

Old Components New Components Constructed Under the  

USAID MSP 

18" (450 mm) dia water main from 

Khirthar canal to Lagoon No. 1. 

32" (800mm) dia water main from 

Khirthar canal to Lagoon No. 3 

(discharge 8.9 MGD). 

24" (600 mm) dia water main from 

Khirthar canal to Lagoon No. 2. 

- 

Two no. lagoons each of dimension: 2000ft x 

1000ft x 10ft  (609.57m x 304.79m x 3.05m) 

Lagoon no. 3 constructed on 53 acres of 

land with a capacity of almost 140 million 

gallons. 

Low Lift Pumping Station New generator room constructed with the 

provision of 100/110 KVA standby diesel 

generator for Low Lift Pumping Station. 

 

2.5 Water Transmission System 

The new and old water transmission system from the Khirthar Canal to Jacobabad city has 

two parts: 
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 High Lift pumping system pumping raw water from the lagoons to the Water 

Filtration Plant located 22 km away from the lagoons, in Jacobabad city. 

 Filtered water pumped to six overhead reservoirs through a 600 mm dia transmission 

loop. 

2.6 High Lift Pumping System (Water Transmission) 

The old and new pumping stations can pump a total of 14.5 MGD (6.5 MGD from old and 8 

MGD from the new pumping room) of water to the filtration plant. 

The enhanced pumping system is enabling the delivery of full capacity flow in about 20 

hours pumping. With the gradual increase in water requirement, the pumping hours can be 

increased, and requirements can be met. 

The existing and new components constructed under this project for the High Lift Water 

Transmission System are listed in the table below: 

2.7 Components for High Lift Water Transmission System. 

Old Components Components Constructed Under the  

USAID MSP 

The pump room and underground tank (old). The pump room and underground tank (new). 

22 km 600 mm (24 inches) dia MS water 

line from old HLPS to WFP. 

20.75 km 600 mm (24 inches) dia MS water line from 

the new HLPS pump room to WFP. 

Generator Room housing a 300 KVA 

generator set. 
Construction of a new generator room and 

provision of a new generator set of 700 KVA. 

- 
Installation of air valves on new water mains and 

replacement of out of order air valves on the existing 

water mains. 

2.8 General Scheme for Operation of Pumps at HLPS. 

Year 

Water  

Demand  

(MGD) 

Pumps in  

Operation  

(No.) 

Pumping  

Duration  

(Hours) 

Water  

Supply  

(MGD) 

2013 8.25 8 20 Hrs. 8.64 

2020 10.60 10 20 Hrs. 10.80 

2025 12.40 12 20 Hrs. 12.96 

2030 14.50 12 23 Hrs. 14.90 

An old 300 KVA standby Diesel Generator has already existed new 700 KVA generator is 

provided at the HLP. 
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2.8.1 The main Transmission line from lagoons to the Water Filtration plant 

22 kilometers main transmission line is laid to supply raw water from lagoons to WFP   

2.8.2 Water Transmission Loop (Water Transmission) 

The components of the Water transmission Loop are listed in the table below: 

22 kilometers main transmission line is laid to supply raw water from lagoons to WFP 

The main from 24” transmission loop to OHR-Reservoirs   

S # Reservoir o. and Location The Transmission line in 

Meters 

1 OHR-1 Police Force Ground 1570 

2 OHR-2 Bus stand 205 

3 OHR-3 Tow Municipal Admiration 92.4 

4 OHR-4 Mochi Basti 192.8 

5 OHR-5 Numaish Ground 62 

6 OHR-6 Circuit House 446 meters 

 

2.9 Over Head Reservoir (Height, Size and Water Holding Capacity) 

S# Height (Meters) Size (ft)  Water Holding Capacity 

1 29. 05 21.15x21.15x4.45 300000 [gal (imp)] 

2 23.07 15.25x15.25x4.075 150000 [gal (imp)] 

3 28.8 18.05x18.05x4.20 220000 [gal (imp)] 

4 23.3 13.60x13.60x4.30 125000 [gal (imp)] 

5 28.98 18.65x18.65x4.075 250000 [gal (imp)] 

6 23.08 15.85x15.85x4.35 165000 [gal (imp)] 

Supplied to the OHRs through new and old pumping machinery. One additional 300KVA 

generator has been shifted from HLPS after repair for a total of 600 KVA backup. 

2.10 Water Filtration Plant 

The two 22 km rising mains from High Lift (both old and new) are connected to the 

Hydraulic Jump structure at Water Filtration Plant. Raw water from the Hydraulic Jump 

undergoes several steps of filtration including alum dozing, flocculation, rapid sand filtering, 

and chlorination. The filtered water is collected in a Clear Water Tank (491,103 gallons 

capacity) from which it will be pumped to the new water supply transmission loop. 

The capacity of the Water Filtration Plant has been enhanced from 6 MGD to 14.5 MGD by 

constructing a new filter plant comprising of a second Clariflocculator and four new rapid 

sand filter beds. The alum dozing system has also been rehabilitated and made operative 

whereas a new disinfection system comprising of sodium hypochlorite has been provided to 

replace the old chlorine dosing system. 
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2.11 Process Plant 

The process plant has been designed in such a way that the raw water can be treated to 

produce a supply of water which complies with the “International Standards for Drinking 

Water”, as published by the “World Health Organization”, 1972 Edition. It is a continuous 

process which involves; 

a) Removal of solids in suspension 

b) Bacterial purification 

2.11.1 Removal of Solids in Suspension 

This is achieved by a continuation of chemical additives which aids precipitation, and sand 

filtration which effectively removes any remaining sediment.  

2.11.2 Bacterial Purification 

At various stages of the process, Chlorine (sodium hypochlorite solution) is added to the 

water to promote dis-infection. Initially, the Chlorine (sodium hypochlorite solution) is dosed 

into the raw water to avoid multiple bacterial growths in the clarifiers, which would 

otherwise be an ideal breeding ground. A second dose is injected before the filters so that, 

again the level of bacteria is controlled in an environment that could otherwise be conducive 

to bacterial pollution. Finally, the third dose of Chlorine (sodium hypochlorite solution) is 

made just before the transmission of treated water through a pipeline to the city. 

The flow chart illustrates the different stages of the treatment process and the various 

associated ancillary services. 

2.11.3 Alum Mixing Recirculation Pumps 

Pumps are used to recirculate the water in the alum mixing tanks for preparation of alum 

solution and to keep the solution homogeneous during its use. 

2.11.4 Alum Dosing Pumps 

Through these pumps, the alum solution is fed to the raw water in the chamber. 

2.11.5 Chlorination Pumps 

Treated water is pumped via chlorinators to the various points where it is added to the water 

at various stages of treatment. 

2.12 Other Major Auxiliaries 

2.12.1 Clarifiers 

There are three clarifiers which serve to get water from the distribution channel where alum 

mixed water is allowed to remain and through which it flows to filters. Sludge which settles 
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in its basement is drained to wastewater tanks. Clarifiers are designed for 14.5 MGD water 

treatment. 

2.12.2 Blowers for Back Wash 

These are low pressure, high volume air compressors, they are used in conjunction with the 

backwash water pumps to improve the cleaning of the filters. 

It should be noted that the main water pumps which form the lagoon pumping station, 

although an integral part of the plant, were supplied under a different contract.  

2.13 Treated Water Quality 

The Water Quality should comply with each of the targets and must match the “International 

Standards for Drinking Water” after treatment in the plant. 

For reference, the “Standards are reproduced below: - 

2.13.1 Bacteriological Quality 

Type Escherichia Coli  Coliform-Group Bacteria 

   

 (Nos / 100 ml ) (Nos / 100 ml ) 

Treated water in Network 0 0 

2.13.2 Index of Physiochemical Properties Detrimental Impurity 

Name Max. Permissible density (mg/l) 

Lead (Pb) 0.01 

Selenium (Se) 0.01 

Arsenic (As) 0.05 

Cyanide (CN) 0.05 

Cadmium (Cd) 0.01 

Mercury (Hg) 0.001 
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2.13.3 Permissible Chemical Substance in the Water 

Substance or Property Max. Suitable Density Max. Permissible Density 

Total Dissolved Solids (TDS) 500 mg/l 1500 mg/l 

Color 5 PCSU 50 PCSU 

Turbidity 5 JTU 25 JTU 

Taste Acceptable  

Odor Acceptable  

Iron (Fe) 0.1 mg/l 1.0 mg/l 

Manganese (Mn) 0.05 mg/l 0.5 mg/l 

Copper (Cu) 0.5 mg/l 1.5 mg/l 

Zinc (Zn) 5 mg/l 15 mg/l 

Calcium (Ca) 75 mg/l 200 mg/l 

Magnesium (Mg) 30 mg/l 150 mg/l 

 
(When the water contains 

Sulphates at least)  
 

 250 mg/l  

Sulphates (SO4) 200 mg/l 400 mg/l 

Chlorides (Cl) 200 mg/l 600 mg/l 

PH 7 – 8.5 6.5 – 9.2 

Phenol 0.001 mg/l 0.002 mg/l 

Anion Detergent 0.2 mg/l 1.0 mg/l 

Mineral Oil 0.01 mg/l 0.3 mg/l 

Total Hardness 2 mg Equivalent /l 10 mg Equivalent /l 

2.14 Plant management 

The continuous production of treated water requires the co-ordination of three principal 

functions. 

a) Operation of the plant 

b) Maintenance of equipment 
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c) Monitoring of water quality 

The daily procedures should be clearly defined, and routines required for the smooth and 

efficient operation of the plant should be carried out with care. This responsibility rests with 

management but those who are delegated to perform such duties also have an important part 

to play. Therefore, it will be necessary to set up such reporting procedure so that at all times; 

a) Water Quality can be maintained. 

b) The precise condition of the operating plant is known. 

c) The future water output is estimated and any required changes in the plant can 

be anticipated. 

d) Maintenance and repair work can be planned. 

e) Supplies of Chemicals and store positions can be anticipated. 

f) Plans for emergencies can be updated. 

g) Decisions can be made on changes to improve the operational efficiency of 

the plant. 

h) Any weakness or doubts in the reliability or capacity of any part of the plant 

or equipment can be highlighted. 

It is also vital in a plant like this, in which all employees should be in good health, and that 

safety rules and regulations are enforced. (See also clause 1.8. in this section.) 

2.14.1 Several Plant Maintenance 

In addition to the main items of the plant covered by this contract, attention is drawn to the 

need to maintain other services or equipment. 

2.14.2 Gardens 

The area not occupied by the roads or buildings has been landscaped by the planting of trees, 

shrubs, and lawns. Not only it presents a pleasant and clean appearance of the water treatment 

plant, but it also reduces dust, heat radiation, and noise. Regular watering, grass cutting, and 

tree trimming should be carried out. Care should be taken to make sure that trees do not 

interfere with high tension lines and vehicles. 

2.14.3 Road and Footpaths 

These should be kept clean and free from leaves and mud. The clogging of Drains should be 

avoided strictly. 

Repair should be undertaken without delay to prevent hazards to vehicles or pedestrians. 

Storage of goods or equipment should not be permitted on roads or footpaths. 
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2.14.4 Firefighting Equipment 

Records should be kept of all fire extinguishers which include dates when those are examined 

or checked operationally. Operating instructions be pasted in all areas with information on the 

location of extinguishers. 

Fire buckets containing sand should also be checked regularly to ensure that those are full. 

2.14.5 Painting 

All painted items of plant and equipment should be regularly checked for signs of damage or 

corrosion. The interval between re-paintings depends on the type and location of the item and 

a schedule should be drawn up so that this maintenance is not overlooked. 

The schedule should also detail the type and color of paint to be used. 

Pipelines are color coated and care must be taken to preserve this coating which should 

conform to a standard. 

2.14.6 Unauthorized Entry 

Certain areas are out of bounds to employees unless they have special permits. Notices 

should be pasted that entry is forbidden and if possible, access should be prevented by lock 

and key. The notice should state where a key is kept in case of an emergency. 

It is suggested that entry be allowed to authorize personnel only in the following locations: - 

Laboratory. 

Electrical Sub-Station. 

Chlorine Store. 

Chlorination (sodium hypochlorite solution) Room. 

Stores. 

2.15 Maintenance Report 

All maintenance operations should be given a written report whether it is routine inspection, 

lubrication, planned maintenance, or repairs. Preforms should be developed for this to make 

the task of the staff easier both in reporting and in classifying the work. 

Routine work will require a schedule based on time intervals of days, weeks, months, and 

years. 

Careful observation of these reports will enable repairs to be anticipated and breakdowns 

avoided. Telltale signs of deteriorating performance can quickly be recognized so that 

appropriate action can be taken. Examples of such signs are; 
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a) Increasing bearing temperatures, 

b) Increasing noise, 

c) Increase in gland leakage, etc: 
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2.15.1 Health and Safety 

Precautions should be taken at all times to ensure the safety of all employees. The notice 

should be taken of any statutory requirements and any directions which the authorities may 

issue. 

2.15.2 Electricity 

Entry to high voltage stations should be prohibited except to Qualified personal, all 

employees are at risk if damage occurs to any electrical installation. Employees should be 

encouraged to report such things as broken switched or socket outlets or wiring in which the 

insulation has become defective. 

Poorly illuminated areas can be especially dangerous whether inside or outside a building. 

Routine inspection maintenance should ensure that faulty equipment is quickly replaced. 

Special checking must be carried out after to see and rectify any short-circuited wires or 

electrical fittings. 

Safety charts available with the electricity department should be hanged so that workers can 

follow instructions on them. 

2.15.3 Water 

There are hazardous areas where safety equipment in the form of life belts must be provided 

such as adjacent to clarifiers and filter beds. It should be regularly inspected and checked for 

workability. Workers who know swimming must be allowed to be on duty at such places. 

2.15.4 Personal Safety 

Accidents due to falling objects can be reduced considerably if employees are encouraged to 

wear safety helmets (Hard Hats) and safety shoes (with extra protection for toes). 

Special Safety equipment should be provided for those who use welding equipment (gloves, 

helmets, and dark visors) and electricians (insulated tools and gloves). 

Chlorine (sodium hypochlorite solution) 

All employees should be instructed on what to do in the event of a chlorine leak, and 

appropriate safety equipment must be available at all times, for those who will have to deal 

with this hazard. for operators to safely and effectively carry out their required tasks, all 

facilities should be kept clean and free of clutter. Chemicals and equipment not related to the 

operation of the water system should not be stored in the plant. 
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2.16 Water Distribution Network 

A distribution network is laid in Jacobabad city. The new system includes the construction of 

6 overhead reservoirs, approx. 25 meters above ground level, to supply water to respective 

distribution zones. As discussed above, a transmission loop starting from the manifold at the 

water filter plant will feed the 6 overhead reservoirs strategically located in various parts of 

the city. The city's water distribution system has been divided into six zones keeping in view 

the topographic and domestic features. The water demand for these zones varies from 1.43 

MGD to 3.71 MGD. Each zone can supply water from an overhead reservoir through a pipe 

network of various pipe sizes from 350 mm to 75 mm. 

Flow meters are installed on the transmission loop and the feeding line for each OHR to 

monitor water consumption in each zone. Any unauthorized water connection from the 

transmission loop or any major leakage in the loop system can also be identified by 

comparing the inflows in the loop and total outflows from the loop. 
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3. Operation and Maintenance of Storage Lagoons at Intake 

The intakes are constructed on the Kheerthar canal an irrigation canal led by the river Indus 

from upstream of the Sukkur Barrage. The canal intake pumping station is situated at the 

intake and provides a flow of water to setting Lagoons from which the treatment plan can 

draw its supply of raw water.  

The Lagoon Pumping Station which forms part of the treatment works is means by which raw 

water attains the first stage of the treatment process. 

The quality of the Khirthar canal (River Indus) water varies and turbidity reaches up to a 

maximum of 4000 mg/l in June till October during the Monsoon Season when the river is in 

flood. At other times the expected sediment load probably average 550 mg/l. The 

resettlement lagoons should reduce the total quantity of silt by about 75% and therefore the 

clarifiers have been designed to cope with the following conditions: - 

Two existing storage lagoons are having a capacity of 110MG each near the intake works. 

One additional water storage lagoon of about 140 MG capacity is constructed. The lagoons 

store water for the canal closure period which is normally 45 days. Provided that all 3 

lagoons are filled at the start of the closure period, more than 8 MGD water can be provided 

to Jacobabad city for up to 45 days. 

Total water storage capacity of three lagoons  = 110 + 110 +140 MG 

= 360 MG (1,636,555.15 m3) 

The Low Lift Pumping Station has two pump houses on the bank of the Khirthar canal. The 

purpose of the Low Lift Pumping Station is to supply canal water to the storage lagoons when 



  

Page 25 of 140 
 

the water level in the canal is low and gravity flow from the canal is not sufficient to feed the 

lagoons. 

Six similar pumps are installed at the Low Lift Pumping station, three in each room. Each 

pump has a capacity of 286.4 m3/hr and is horizontally coupled with a 25 hp motor. Each set 

of three pumps is operating in parallel discharging in a common header of 16-inch diameter. 

The operation and maintenance of the three water storage lagoons shall be done according to 

the following plan. 

Activities  

1. Inspection of the embankment  

2. Checking the growth of weeds  

3. De-silting of lagoon 

4. Monitoring/ measuring the water level in the lagoon 

 

1. Inspection of the embankment 

Actions to be taken  

 Regularly checking the condition of stone pitching and any possible seepage from the 

embankment and repairing any weakening portion. 

 De-weeding to be done at regular intervals to avoid its uncontrolled growth. 

 Every year during the canal closure period, the de-silting of the lagoon to be done to 

maintain its full storage capacity. 

 Recording the water level and keeping the record to regulate water supply during the 

canal closure period. 

Plan of Action  

S# Activity Things to be 

observed  

Action Means of 

verification 

Frequency  

1 Inspection of the Embankment 

1.1 Condition of stones Cracks, inscribes, 

openings, seepage of 

embankments  

Fixation of 

crakes and 

openings, filling 

of inscribes, 

record all activity  

O&M book  Monthly  

2 The growth of weeds 

2.1 De-weeding Physical observation 

growth of weeds,  

De-weeding to be 

done at regular 

intervals to avoid 

its uncontrolled 

growth  

O&M book Monthly 
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3 Measurement of the water level in the lagoon 

3.1 Monitoring water 

level   

Measurement of 

water level with 

proper gage, 

maintain the 

prescribed water 

gage   

Keeping the 

record to regulate 

water supply 

during the canal 

closure period. 

O&M book Monthly  

4 Annual inspection   

4.1 De-silting of lagoon  Storage capacity, 

coat of silt 

Every year 

during the canal 

closure period, 

de-silting of the 

lagoon to be done 

to maintain its 

full storage 

capacity 

O&M book Yearly  

 

4. Operation and Maintenance of Carbon Steel Water Supply Transmission Lines 

The vast majority of a water distribution system consists of pipes and couplings to link them 

to each other in different configurations. Bulk water suppliers and municipalities invest 

considerably more in the pipe network than in all other water assets combined, and thus it is 

important that pipes are operated within their limits and maintained to ensure that their 

service lives are maximized. 

Further, sewer and water leakages in underground pipelines have become a critical issue for 

water-management authorities. Leakages in sewer and water pipelines may lead to several 

problems such as a shortage of drinking water, groundwater contamination, and ground 

subsidence. It is necessary to adopt a preventive maintenance measure to perform composite 

wrapping or repairs on the affected pipe section before a catastrophic failure happens. 

4.1 Common Operation and Maintenance Tasks 

4.1.1 Operational Requirements of Pipes Include the Following: 

 

• The rated operating pressure of a pipe should never be exceeded even for short periods 

such as underwater hammer conditions. 

• Negative pressures should be avoided under all operating conditions. 

4.1.2. Maintenance Requirements of Pipes Include the Following: 

 

• Check for leaks through appropriate active leak detection methods at regular intervals. 

The maintenance of the three water supply transmission lines shall be done according to the 

following plan 
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4.2 O and M Table 

S

# 

Activity Things to 

be observed  

Action Means of 

verification/r

ecord  

Freque

ncy  

1 Patrollin

g along 

the route 

of the 

transmiss

ion line. 

external 

signs such 

as a water 

jet or wet 

area of soil 

Report to supervisor  O & M book Daily  

2 Locate 

failure  

From an 

external 

sign such as 

a water jet 

or wet area 

of soil, or 

from 

specialized 

leak 

detection 

equipment 

(if 

available). 

Close isolation valves in the system to 

isolate the leak. Mark each valve that is 

closed, for instance on a worksheet or 

with a physical marker such as danger 

tape on the valve itself. 

Repair the failed pipe using an 

appropriate method:  

For a small leak, a repair clamp may be 

fixed over the leak to seal it. Small leaks 

in steel pipe may be welded closed. 

For a more extensive leak, the damaged 

section of the pipe is cut out, a new 

section of pipe installed using appropriate 

connectors. 

Ensure that all isolation and scour valves 

opened or closed are reinstated to their 

correct state. 

Flush the section using a hydrant to 

ensure that any contaminants and solids 

are removed. 

Once the section is under pressure, 

inspect the repairs for leaks. 

Reinstate the pipe bedding, blanket, and 

backfill using appropriate placing and 

compaction methods and materials. 

Reinstate and clean the area where the 

excavations were done.  

Complete a 

pipe repair 

report, 

including an 

analysis of 

the likely 

cause of the 

failure. 

Failure 

reports 

should be 

securely 

stored for 

future 

reference. 

As per 

need  

3 Checkin

g of air 

valves 

Functioning 

valves 

Spare air valves are used to immediately 

replace valves removed for maintenance 

purposes. The removed valve can then be 

opened, cleaned, and lubricated in a 

workshop. Corrosion on the outside of the 

valve should be removed and the valve 

O & M book Weekl

y 
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sealed with appropriate epoxy paint. 

4 Checkin

g of 

Surge 

valves 

and 

Pressure 

gauges 

Functioning 

valves and 

pressure 

gauges 

Spare Surge valves are used to 

immediately replace valves removed for 

maintenance purposes. The removed 

surge valve can then be opened, cleaned, 

and lubricated in a workshop. Corrosion 

on the outside of the surge valve should 

be removed and the valve sealed with 

appropriate epoxy paint. 

O & M book Weekl

y 
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5. Floccuclarifiers 

5.1 Operational Method 

5.1.1 Preparation 

A. Check whether the vertical type sludge recirculation pump and the bridgework 

properly. 

B. Check whether the sludge scrapper matches with the bottom of the flocculator and 

whether the winch is reliable. 

C. Check whether the De-sledging penstock is closed. 

If everything is normal and the “Ready” signal from the Filter is received, instruction for the 

supply of water to the distribution chamber can be issued. 

5.1.2 Running 

At the initial stage, the volume of water processed should be kept at 50% of the nominal 

capacity and when water quality meets the required standard then the workload is increased 

gradually to achieve normal production level. 

When water is supplied from the Distribution Chamber, check whether the flow is fluent or 

not, and when the water level in the flocculated rises to the Outlet Weirs, switch on the 

Agitator, the Bridge, and the Sludge Recirculation Pump, and keep the formation of flocs in 

the flocculation zone and the rabidity of the clarified water flowing out from the Outlet Weirs 

in close observation. If the particles of flocs are small in size and insufficient in quantity and 

the turbidity of the clarified water exceeds 10 NTU, order the Alum-Dosing Room to raise 

the dosage or reduce it if the diaphaneity of the water in the sluicing area is fine with big-

sized flocs. When opening the De-sledging Penstock, the degree of the opening should be 

controlled at 1/3 for the start; keep the sludge content in the De-sledging Check-up under 

close observation and see to it that the rate of sludge settling is between 60 – 80%. If the rate 

is below 60%, narrow the opening of the De-sledging Penstock to reduce the quantity of the 

sludge expelled. If the turbidity of raw water is low and there is little sludge settled in the 

Decanting area, or there are not many flocs formed in the Flocculate Zone, close the 

Dislodging Penstock and stop deluding to save the water used for dislodging and improve the 

formation of flocs. If the rate of sludge settling exceeds 80% or the clarified water carries 

big-sized flocs, open wide the dislodging Penstock to speed up dislodging. If the turbidity of 

the raw water remains too high, the Decanting Area bears too much sludge and the quality of 

clarified water deteriorates even after the Penstock has been fully opened, the Straight-Way 

Valve in the Sludge Discharge Pipeline should then be opened to allow for dislodging in 

large quantities. 
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5.1.3 Method for Determining the rate of Sludge Settling 

Put the slurry sample into a cone-shaped 100 ml measuring glass container and let it 

undisturbed for five minutes, the percentage of the slurry that precipitates is the rate of sludge 

settling. 

The bridge should work at a speed of 1 r.p.h. at the initial stage and then change to 0.5 r.p.h. 

after it begins to run normally, and the turbidity of the clarified water goes below 10 NTU. 

Under normal conditions, if the turbidity of the raw water is especially high with many big 

flocs and deteriorated water quality, the bridge can run at 1 r.p.h. to speed up dislodging and 

prevent the sludge sediment in the Decanting Area from floating up and worsening the water 

quality. 

The agitator should run at top gear at the initial stage when the turbidity of the raw water is 

low (6 p.m.) and shift to a slower one (4 p.m.) when good flocs are formed in the Flocculate 

zone, but if the turbidity of the raw water is high, flocs are big and in large quantities, the 

Agitator must run at the lowest speed (2 p.m.). 

All the Sludge Recirculation Pumps should be switched-on at the initial stage when the 

turbidity of the raw water is low to re-use the activated sludge that has settled down at the 

bottom for flocculation. The number of pumps working is subject to how well the flocs are 

being formed in the Flocculate zone, and under conditions when big floss are formed in large 

quantities, all the pumps should be stopped. 

The Bridge, The Agitator, and the pumps should work in co-ordination and keeping with the 

turbidity, volume, and alum dosage of the raw water and the quality of the treated water, 

condition of flocculation and sludge sedimentation to ensure the quality of the clarified water. 

Alum dosage should be kept within the range of -------- mg/l and before dosing each time, 

tests have to be carried out on the quality of the raw water to determine the optimum dosing 

rate; whenever the operation starts, the actual dosing rate should be twice as much as that 

determined by the test, and when the formation of good floss is achieved and quality of the 

treated water comes up to the set standard, the dosage be reduced to the test-determined rate. 

In winter nights when the water temperature is low, the dosing rate should be increased 

correspondingly. 

When the color and order of the raw water increase or when there is organic matter in the 

water and purification cannot be achieved by alum dosing alone, additional chlorine must be 

dosed as coagulation aid at the main pipeline (Trunk System) of the raw water. The rate of 

chlorine dosing is to be determined by tests. 

After the above adjustment and when the turbidity of the clarified water goes below 10 NTU, 

the water can then be delivered to the Gravity Filter. 
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5.1.4 Patrol 

The process is complete when the water passed the Gravity Filter and then shift to routine 

operation in which there is a need for patrolling once every hour, and notes must be carefully 

kept of each patrol. The notes should include the turbidity of the raw water, temperature, 

alum dosing rate, comments on flocculation and dislodging, operation of the Bridge, 

Agitators, and sludge Recirculation Pumps as well as the turbidity of the clarified water. 

The Checkered Plate Walkway and the surrounding area should be cleaned every day to 

prevent the garbage from getting into the Clariflocculator and the water channel, blocking the 

flow of water, damaging the equipment and deteriorating the water quality. 

5.1.5 Stop 

The production of the Water Treatment Plant requires a continuous working system and it is 

not necessary to stop the Clariflocculator unless there is a need for maintenance, cleaning, or 

troubleshooting. 

When it is necessary to stop the works, the Distribution Chamber must first be notified to 

close the Penstock concerned and stop the water from coming in. Then switch off the 

Agitators and the Sludge Recirculation Pumps, open the Straightway Valve in the Sludge 

discharge pipeline to drain the water of Clarifier, and finally turn off the Bridge. 

5.1.6 Trouble Shooting System 

Symptom Cause and Remedy Frequency  

Flocs are small and the 

density of sludge is low. 

Increase alum dosage on the 

advice of the chemist, slow 

down, or stop dislodging. 

As per need 

Tiny flocs rise out of the 

flocculation zone and the 

turbidity of the water in 

the decanting area is over 

to NTU. 

Switch on all recirculation 

pumps to circulate sludge. 

As per need 

Residual sodium 

hypochlorite solution in 

filtered water not up to 

the standard. 

Increase sodium hypochlorite 

solution dosage in clarified 

water or pre-settled water if 

necessary; as a remedial 

measure, sodium hypochlorite 

solution can also the dosed 

directly into filtered water, but 

this has to be done on the 

advice of a qualified chemist. 

As per need 



  

Page 32 of 140 
 

Symptom Cause and Remedy Frequency  

Filtering velocity too 

slow. 

Filter beds carry too much 

sludge. Backwashing should be 

carried out. 

As per need 

Filter media flow away 

with the wastewater of 

the backwash. 

Adjust air pressure and the 

strength of wash water. 

As per need 

Filtering velocity too fast. Adjust the opening of the outlet 

valve. 

As per need 

Result of backwash not 

satisfactory. 

Adjust air pressure and the 

strength of wash water. 

As per need 

 “blockage” or 

“Penetration” formed in 

filter beds. 

Carry on backwashing over and 

again if the trouble is not 

serious, otherwise “turnover” 

has to be executed. 

As per need 

Filter water and 

backwash water 

distributed unevenly. 

Carry on backwashing over and 

again if the trouble is not 

serious, otherwise “turnover” 

has to be executed. 

As per need 

 

5.1.7 Maintenance 

Item Frequency 

Stop operation to clean and dispose of 

sludge 

Once before and after the high turbidity season 

every year. 

Check up the infrastructure of the clarifier. Once a year in normal design criteria but 

frequently when the system is overloaded as the 

present. 

Touching up, rust removing painting of 

agitator paddles, recirculation pumps, 

bridge, scrappers, and suspension frames. 

Same as above. 
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5.2 Additional 

5.2.1 O&M Plan for Filtration of Water. 

Activity Description Frequency 

Checking of pre and post-

filtration turbidity of water. 

Check influent and effluent quality at the 

filter using an approved field measurement 

device and record the turbidity 

measurements. 

Daily 

Checking proper functioning 

of the turbidity instruments. 

Calibrate instruments as per manufacturer’s 

recommendations. 

Daily 

Compare portable instrument 

measurements to on-line 

instrument readings where 

on-line turbidity instruments 

are in place. 

If there are notable discrepancies, ensure that 

the instruments are properly calibrated. 

Daily 

Inspect backwash pumps Lubricate backwash pumps according to the 

manufacturer’s recommendations. 

Monthly 

Check filters control valves Ensure that there are no leakages and the 

valves are working, for proper operation. 

Monthly 

Inspect the air scour/blower 

(Where applicable) and 

check oil levels. 

Ensure proper functioning of the air scours. Monthly 

Inspect the condition and 

grading of filter media 

If media is not easily accessible, plan for 

filter shutdown and inspection/maintenance 

well in advance. Ensure that the media is 

uniformly graded and distributed and there is 

the proper depth of each gradation layer of 

media. 

Annual 

Check the under-drain 

system. 

Expose the under-drain system to check if 

the holes or nozzles are clogged 

Annual 

Check the corrosion of 

equipment. 

Evaluate any corrosion or equipment issues 

and take appropriate corrective actions. 

Annual 
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5.3 Basic filter operation and maintenance 

5.3.1 Rapid Gravity Filter System 

Description Unit Value 

Flow MGD 14.5 

Flow m3/day 65,889 

DESIGN  

Overflow rate m3/m2 day 120 

DESIGN 

Surface Area m2 549 

Length of the filter bed M 9.1 

Width of the filter bed M 6.1 

Area of one filter m2 55.74 

Number of filter beds No. 10.0 

5.3.2 Description  

Nearly all surface water treatment facilities and some groundwater treatment facilities 

employ some form of filtration to either remove particulate matter for turbidity control or a 

critical water a quality parameter. The monitoring of filter operation includes observation of 

the flow rate, head loss, turbidity levels for each filter, backwashing, and air scouring cycles. 

These operational data can provide the operator with an evaluation of the filter’s condition 

and will indicate the need for corrective action, inspection, or decreases, the turbidity 

increases, and the head loss increase. If these changes happen in a relatively short period, the 

operator should check the filter influent since it may contain large amounts of particulate 

matter. This would indicate the raw water conditions have changed and the chemical feed 

rates should be adjusted. Another option may be to reduce the plant flow if possible. If 

excessive head losses are indicated immediately after backwashing, the under-drain system 

may be clogged or fouled due to corrosion or chemical deposits. 

5.4  

1) Automatic operation can be carried out either in the Motor Control Centre or on the 

Filtration Operation Platform. In either case, the signal of operation will be indicated in both 

places. 

2) Both automatic operation and manual operation have a locking system. When closed, 

the signal light turns off. 
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3) When washing is necessary, use the special key to open the lock hole marked 

“AUTOMATIC” or “MANUAL” as you choose, and when the signal light is on, withdraw 

the key and the washing is started. 

4) Washing of another filter cannot start when one is being washed. 

5.4.1 Preparation for the Filtration of water. 

Activity Description Frequency 

Checking of pre and post-

filtration turbidity of water. 

Symptom 

Turbidity of filtered water higher than 

required. 

Check influent and effluent quality at the 

filter using an approved field measurement 

device and record the turbidity 

measurements. 

Daily 

Checking proper functioning 

of the turbidity instruments. 

Calibrate instruments as per manufacturer’s 

recommendations. 

Daily 

Compare portable instrument 

measurements to on-line 

instrument readings where 

on-line turbidity instruments 

are in place. 

If there are notable discrepancies, ensure that 

the instruments are properly calibrated. 

Daily 

Inspect backwash pumps Lubricate backwash pumps according to the 

manufacturer’s recommendations. 

Monthly 

Check filters control valves Ensure that there are no leakages and the 

valves are working, for proper operation. 

Monthly 

Inspect the air scour/blower 

(Where applicable) and 

check oil levels. 

Ensure proper functioning of the air scours. Monthly 

Inspect the condition and 

grading of filter media 

If media is not easily accessible, plan for 

filter shutdown and inspection/maintenance 

well in advance. Ensure that the media is 

uniformly graded and distributed and there is 

a proper depth of each gradation layer of 

media. 

Annual 

Check the under-drain 

system. 

Expose the under-drain system to check if 

the holes or nozzles are clogged 

Annual 

Check the corrosion of 

equipment. 

Evaluate any corrosion or equipment issues 

and take appropriate corrective actions. 

Annual 
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6. De–Silting Operation of Clarifier Water Filtration Plant Jacobabad 

6.1 Description 

There is two bridge clarifier each having capacity of 1271600 IGPM. The retention time of 

water is 3.7 hours resulting in the silt and any other heavy particles accumulated by 

sedimentation at the base of the clarifier? 

To accelerate the sedimentation process alum solution is pumped through alum dosing 

pumping station in the hydraulic jump. The hydraulic jump consists of two tanks 

/compartments, the water by pumping from high lift pumping station (HLPS) comes from 

22km long 24-inch dia carbon steel pipeline and directly enters in the hydraulic jump from 30 

feet deep piping system laid underground to avoid the direct hit to the civil structure by 

reducing the velocity and it also helps in proper mixing of alum. As and when this 

compartment is filled its overflow water enters through the separation wall in the second 

compartment. Both the two-compartment are connected through penstock gates` with the 

clarifloculater by an underground piping system carrying water to the clarifiers.  

6.2 Method of De- Silting Operation 

6.2.1 Step#1 

For de-silting of clarifier #1 (old) in the first instance penstock gate #! It will be closed to 

avoid entering of water in the clarifier #1. The two-outlet butterfly 6-inch dia valves installed 

in each clarifier base, are opened to drain salty/muddy water to sludge underground tank and 

from were pumped through sludge pumping station to Jamali way canal 

6.2.2 Step #2 

When the incoming silted water level becomes low, the sludge pumps are stopped till filling 

the sludge tank   

6.2.3 Step #3 

Repeat the above procedure simultaneously till de-silting completed THEN ENSURE TO 

CLOSED THE BUTTERFLY VALVES OF CLARIFIER AT THE END OF DE SILTING.  

6.3 Solid Waste 

Waste generated during operation of the plant will generally include process residuals, used 

filtration media, and other inert waste generated during operation of a small to medium-sized 

plant. Since the operations are confined within a designated boundary, the environmental 

impacts, with proper mitigation measures, are expected to below. The mitigation measures 

will include: 

 Minimize the number of solids generated by the water treatment process through 

optimizing system processes. 

 Separate bins shall be provided for segregation of hazardous and non-hazardous waste 

with labels marked with bone and skull mark according to Hazardous Substance Rules 

2003 
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7. Alum Dosing System 

7.1 Description 

7.1.1 Production Capacity 

The dosing capacity of the Alum Dosing Room is designed to match the production 

capability of the Floccuclarifiers. With the concentration of solution being 10%, and the 

maximum dosing capacity being  1126.125 kg/day of commercial alum crystal (capacity of 

water is 8.25 MGD), it can meet the requirement of the Water Treatment Plant, which has a 

hydraulic capacity of 37537.5 m3/d with maximum alum dosing rate being 30 mg/l. The 

design of this dosing capacity also takes into consideration the possible enlargement of the 

Plant in the future and the consequent increased demand for alum dosing that shall arise 

thereafter. 

7.1.2 Principle of Process 

Commercial alum crystals (or aluminum sulfate) are smashed solids in small blocks which do 

not mix well with water and cannot be dosed directly into the raw water as this will result in 

inaccurate dosing and waste of materials since a lot of the alum crystals will get expelled with 

the sludge before they have the time to get dissolved and react with the colloids in the water. 

For the above-mentioned reason, a solution with a concentration of 5 – 7% is made by pre-

dissolving the alum blocks in a special tank, which can then be dosed into the raw water, and 

with the stirring of a hydraulic jump, the aluminum sulfate gets thoroughly mixed with the 

raw water and good coagulation effect is achieved. 

The pre-dissolving tank, which consists of a dissolving chamber and a set of spurges pipes, is 

used not only for preparing but also for storing alum solution. Outside the tank, there is a 

circulation pump that draws water from the tank and sends it up to the spurges pipes installed 

at the upper part of the dissolving chamber, where it is sprinkled onto the alum blocks and 

dissolves them. The solution made is then returned to the tank and the process of solution 

preparation is complete. The delivery of the solution to the distribution chamber is done by 

the pump and relevant pipes. 

The water used for preparing the solution is delivered to the solution tank by gravity through 

pipes connected to the main channel for clarified water. There are altogether two solution 

tanks which alternate in the function of “Preparation”, “Storing” and “On Duty”, and each 

tank is equipped with 2 corrosion-resistant circulation pumps (one on duty and one in 

reserve) and 2 pumps (one on duty and one in reserve). Each metering pump can draw a 

solution from any of the two tanks. 

The alum dosing rate is determined by tests and following the turbidity and temperature of 

the water to be treated. Generally speaking, the dosing rate should be increased when the 

turbidity is high and reduced when turbidity is low. Dosing rate must be accurately 
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controlled, as insufficient dosing does not give good coagulation effect, and excessive dosing 

results in waste of alum and produces such undesirable effect as making negatively-charged 

colloids positively-charged, which disables the colloids to get separated from the water. 

The correct dosing rate is to be supplied by the laboratory after necessary tests. While the 

works are in operation, data should be kept on the quality of the raw water and the 

corresponding dosing rate applied to set up a data bank for the sake of technical 

advancement. 
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7.2 Technological Parameters 

Plane dimension of each solution tank 

(including the dissolving chamber) 

7.07 m x 7.47 m 

(23 ft X 24.5 ft) 

The effective depth of the solution tank 3.7 m 

(12 ft) 

Plane dimension of dissolving chamber 7.07 m x 1.37 m 

23 ft X 4.5 ft 

The effective depth of the dissolving 

chamber 

3.7 m 

(12 ft) 

The concentration of alum solution (based 

on the weight of commercial aluminum 

sulfate) 

5 – 10% w/v 

Number of the corrosion-resistant 

circulation pump 

2 for pumping and 2 for circulation 

and mixing 

Rated flow of corrosion-resistant 

circulation pump 

4449.5 lit/ hr (4.4495 m3/hr) 

Rated head of corrosion-resistant 

circulation pump 

9 m (30 ft) 

7.3 Structure 

The alum dosing room consists of an alum store, solution tanks, and an equipment gallery. 

The store is located in the same room as the solution tanks and adjacent to the equipment 

gallery. The control buttons for the circulation pumps and metering pumps are located on the 

Control Panel installed in the resettled water (lagoon) pumping station. 

7.4 Method of Operation 

7.4.1 Solution Preparation 

E.g. Preparing a 5% [W(Kg)/V(lit)] Aluminum sulphate solution. 

There are two tanks for the alum process we are calculating one tank, for two water and 

alum will be double. Weigh 9.77 tons of commercial alum blocks and dump them into the 

Dissolving Chamber. Pour 195407.73 liters (195.407 m3) of water into the solution tank from 

the DN 100 Offset (depth of water in the tank at 3.7 m), pump the water up to the spurges 



  

Page 42 of 140 
 

pipes installed at the upper part of the Dissolving Chamber and sprinkle it onto the alum 

blocks until the blocks are fully dissolved, the solution that is made is exactly of 5% 

concentration. Then switch off the circulation pumps and hold the solution in the solution 

tanks for use. Under normal conditions, the three solution tanks shall alternate in the function 

of “Preparing”, “Storing” and “On duty”. In high-turbidity seasons, a solution of higher 

concentration must be made and the alternating cycle of the three tanks must be shortened. 

7.4.2 Demarcation of the Metering Pumps 

The Metering pumps should be demarked following the instructions of the Operation Manual 

of the pump. 

7.4.3 Dosing 

When the “Ready” signal is received from the Distribution Chamber, the Metering Pump can 

be started to dose alum solution to the Distribution Chamber in synchronization with the 

supply of water by the Lagoon Pumping Station. 

For example, with the nominal capacity of the Plant being 18768.75 m3/d, and test-

determined dosing rate being 30 mg/l, the demand for alum solution (of 5% concentration) is 

calculated to be 470 l/hr. In the trial run of the works, the water processing capacity should 

be kept at 50% of the nominal capacity and only one instead of 2 Metering Pumps shall 

operate with a dosing capacity of 16.3 IGPM (4449.9 lit/hr). When the processing capacity 

of the Clariflocculators is gradually enhanced to the nominal capacity and the Works shifts to 

routine operation, the dosing rate can then be fixed at the test-determined rate with two 

pumps working at a dosing capacity of 16.3 IGPM (4449.9 lit/hr). 

In routine operation, the operator should patrol the works once every hour, and notes must be 

kept of each Patrol. The solution tanks should be constantly checked for the reserve, when the 

depth of solution in one tank goes below 0.4 m, it must be replaced promptly with another 

one which is filled with a solution. The solution tanks cannot be left an empty and constant 

supply of coagulant to the Distribution Chamber must be ensured. The Metering Pumps 

should be always kept in good order and the dosing rate constantly re-adjusted by the 

feedback information from the Clariflocculators. 

Every year before the high turbidity season of River Indus comes, the tanks should be 

cleaned, and the circulation pumps and the metering pumps be checked and kept in good 

order. Sufficient alum should be stored and a high-concentration solution prepared; when 

necessary, all the solution tanks and metering pumps should be put on duty to meet the huge 

demand for coagulant in treating highly turbid raw water. 

The nature of the water treatment plant makes it imperative that the works be kept in 

continuous operation. Under normal conditions, the Alum Dosing Room should not be 

stopped. The routine maintenance of the solution tanks should be rotated among the three of 

them and be scheduled at the time of the year when turbidity of the raw water is low. Before 

maintenance, the supply of dissolving water must be stopped, the circulation pumps switched 
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off and the outlet valve closed. The Discharge Valve should be opened to drain the remaining 

solution from the tanks. 

7.5 Major Equipment List for Alum Dosing System 

NO. 
EQUIPMENT 

NOS: 

1. Recirculation Pump 2 

2. Motor for Recirculation Pump 2 

3. Metering Pumps 2 

4. Motor for Metering Pumps 2 

5. Aerators 2 

6 Aerators Motors 2 

7 Related Electrical Panels 6 
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8. Disinfection 

Disinfection is an important step in ensuring that water is safe to drink. Water systems add 

disinfectants to destroy microorganisms that can cause disease in humans. The Surface Water 

Treatment Rule requires public water systems to disinfect water obtained from surface water 

supplies or groundwater sources under the influence of surface water. Primary methods of 

disinfection are chlorination, chloramines, ozone, and ultraviolet light. Other disinfection 

methods include chlorine dioxide, potassium permanganate, and nano-filtration. Since certain 

forms of chlorine react with organic material naturally present in many water sources to form 

harmful chemical by-products, the U.S. Environmental Protection Agency has proposed 

maximum levels for these contaminants. Current studies indicate that using or drinking water 

with small amounts of chlorine does not cause harmful health effects and protects against 

waterborne disease outbreaks. 

8.1 Why Disinfect Drinking Water? 

Disinfection kills or inactivates disease-causing organisms in water supply and must provide 

a 99.9 percent inactivation of Giardia lamblia cysts and enteric viruses to protect health and 

to comply with Environmental Protection Agency (EPA) regulations. There are two kinds of 

disinfection: primary disinfection achieves the desired level of microorganism kill or 

inactivation, while secondary disinfection maintains a disinfectant residual in the finished 

water that prevents the regrowth of microorganisms. 

8.2 How is Disinfection Achieved? 

Our natural environment contains numerous microorganisms. Most of these present no 

concerns. However, some such as E. Coli, Coliform bacteria as well as Giardia lamblia and 

various viruses, which can be present in water supplies—are extremely harmful and can 

cause disease in humans. These disease-causing organisms are known as pathogens. 

Because pathogens can be present in drinking water supplies, disinfection is very important 

the EPA requires it for surface water and groundwater under the influence of surface water. 

Disinfection treatment methods include chlorination, chlorine dioxide, chloramines, ozone, 

and ultraviolet light. When combined with conventional treatment, such as coagulation, 

flocculation, sedimentation, and filtration, good results have been obtained. Direct filtration, 

slow sand filtration, and diatomaceous earth filtration, along with disinfection, have been just 

as successful. 

Groundwater systems that disinfect may have to add filtration if the water contains iron and 

manganese. Insoluble oxides form when chlorine, chlorine dioxide, or ozone are added to 

these systems. Both ozonation and chlorination may cause flocculation of dissolved organics, 

thus increasing turbidity and necessitating filtration. The effectiveness of disinfection is 

judged by analyzing for an indicator organism (total coliform bacteria). This organism is 

considered harmless, but its presence indicates that pathogens may also have survived. 

Chlorinated water can taste and smell different than untreated water. Some people like the 

taste and smell of chlorinated water and others do not. Taste and smell problems may arise 

depending upon the water quality and amount of chlorine in the water. According to WHO, 
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chlorine levels up to 5 milligrams per liter (mg/L or 5 parts per million (ppm) are considered 

safe in drinking water. At this level External, no harmful health effects are likely to occur. 

8.3 Chlorination (Sodium Hypochlorite Solution) 

Sodium hypochlorite is used as a bleaching agent, mostly to bleach papers or textiles, and as 

a disinfectant in solution. The solution generally contains 10–15% of the available chlorine, 

but rapidly loses its force in storing process. A regular controlled environment is needed as 

the solution is affected greatly by the pH, light, heat, and heavy metals. 

Advantages of Sodium hypochlorite 

Sodium hypochlorite can also be used as a disinfectant. 

Both sodium hypochlorite and chlorine gas show similar disinfection effectiveness. 

As compared to chlorine gas, sodium hypochlorite disinfection reduces the hazards in storing 

and handling. 

No hazardous chemicals are used in onsite generation. Only softened water and high-grade 

salt (NaCl) is used. 

As compared to the standard supplied solution (14% concentration), sodium hypochlorite 

(NaOCl) solutions are less hazardous (1% concentration) and less concentrated while 

generating onsite production. 

Limitations 

NaOCl can be commercially supplied or generated on-site, the latter being the safer of the 

two methods for handling reasons. In an on-site generation, salt is dissolved with softened 

water to form a concentrated brine solution that is subsequently diluted and passed through an 

electrolytic cell to form sodium hypochlorite. Hydrogen is also produced during electrolysis, 

and it needs to be vented because of its explosive nature. 

Calculation of 2 ppm solution sodium hypochlorite dose for 1 MGD, from12.5 % solution. 

2 ppm = 2 mg/lit 

1 lit = 2 X10-6 Kg  

8.25 MGD = 8.25X106 Gallon per day = 8.25X4.55 X106 lit per day 

Solution 

8.25X 4.55 X106 lit per day = (8.25) (4.55 X106) (2 X10-6) = 75.075 Kg 

If we have 12.5 % solution 

12.5 Kg sodium hypochlorite present in 100 Kg solution 

75.075 Kg sodium hypochlorite present in (100/12.5) (75.075) Kg solution 
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75.075 Kg sodium hypochlorite present = in 600.6 Kg solution 

Volume of 72.8 Kg of 12.5 sodium hypochlorite = (600.6 /1.2) = 500.5 liters 

[1.2 is the density of 12.5 % sodium hypochlorite solution at 25 oC] 

Volume of 12.5 % sodium hypochlorite solution is available in can (small plastic drum) = 30 

liters 

Total number of cans require for Chlorination of 8.25 MGD Water 500.5/30 =16.6 (17 cans) 

8.4 Process 

Chorine (12.5 % sodium hypochlorite solution) is feed into the clear water tank. The filtered 

water enters the clear water tank 12.2 m x 61 m x 3 m deep (40 ft x 200 ft and10 ft deep) 

under the filter beds for pumping to the city distribution network after chlorination. 

Therefore, volume of the clear water tank is 2232.6 m3 =2232600 liters = 490681.31 Imperial 

Gallons.  

8.5 Estimation of Chorine (12.5 % sodium hypochlorite solution) 

I liter water need Chlorine = 2 X 10-6 Kg  

2232600 liters water need Chlorine = (2232600) 2 X 10-6 Kg  

2232600 liters water need Chlorine = (2.232600) (10-6) X2 X 10-6 Kg  

2232600 liters water need Chlorine = 4.4652 Kg  

12.5 Kg Chlorine present in 100 Kg 12.5 % sodium hypochlorite solution  

4.4652 Kg Chlorine present in (100/12.5) (4.4652) Kg 12.5 % sodium hypochlorite solution  

4.4652 Kg Chlorine present in (35.7) Kg 12.5 % sodium hypochlorite solution  

Volume of 35.7 Kg 12.5 % sodium hypochlorite solution if density of solution is 12.5 

Volume = 35.7/1.2 = 29.768 liters = 30 liters 

There are three drums of the Chlorine storage tank (capacity of each tank is 1500 liters so 

total capacity is 4500 liters. 

For disinfection of water in the clear water tank if it is 100% filled with water then amount of 

12.5 % sodium hypochlorite solution is 30 liters will be mixed in water at Chlorine storage 

tank and send it to the clear water tank with help of 3 pumping motors (Flow rate of every 

motor is 117 liter per hour, which is adjustable). 

8.6 O & M of Chemical Feed Systems 

Each system should have a summary sheet that lists equipment-specific information on 

maintenance needs, including supplier, age of [ump and other equipment, changes or repairs, 

etc. Spare parts or spare pumps if appropriate must be kept on hand for critical components 
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such as disinfection systems so breakdowns can be repaired quickly and worn parts can be 

replaced when the feeder is disassembled for maintenance. 
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8.7 O&M Plan for Chemical Feed Systems. 

Activity Description Frequency 

Check chemical solution 

tanks and record quantity 

used 

Record either the volume or weight of 

chemical used 

Daily 

Record the time the tank is filled and at 

what level so that an accurate usage 

calculation can be made the next day 

Current day calculations  

Compare the volume of chemical used to 

the volume of water produced* 

Record the water conditions (e.g. turbidity) 

to develop a historical record to help in 

making future adjustments under similar 

conditions 

 Record raw water conditions 

 Observe and record water 

parameters  

 Record indications underfeed 

 Record indications overfeed  

 scaling and plugging of lines 

 Tanks should be checked for leaks   

 

 

 

 

Inspect chemical feed 

pumps for proper operation 

Make sure that the feeder is not broken or 

plugged and that it is adjusted correctly 

 

 

 

 

Daily 

Check to see if the chemical feeder is 

supplying the correct dosage by using a 

volumetric measuring device such as a 

graduated cylinder 

Check chemical feed rates at different 

times of the day  

To ensure the chemical feed is consistent 

or properly proportioned. 

 

 

Inspect the chemical feed 

lines 

Clean chemical feed lines to make sure 

they are not clogged or kinked and 

 

 

Daily Clean the solution tanks properly 

Especially when injecting fluids that 

calcify, such as sodium hypochlorite. 

These deposits and other build-ups can 

clog the fittings, increase the 

backpressure, and interfere with the check 

valve operation. 

 

 

, The pumps should be calibrated 

To ensure that they deliver the 
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Calibrate chemical feed 

pumps 

appropriate amount of chemicals to the 

water system. 

 

Quarterly 

 

 

 

 

 

 

 

Measure the amount of solution withdrawn 

by the pump over a given period of use the 

pump calibration column (if available) 

Record this value and speed/stroke length 

setting and compare this rate with the 

desired feed rate. Refer to the 

manufacturer’s instructions to adjust the 

feed pump accordingly. Be sure to record 

any new speed and stroke setting any time 

a change is made. 

Ensure that the feed pump is suitably sized 

for the application. 

Overhauling of chemical 

feed pumps. 

Overhaul chemical feed pumps (O rings, 

check valves, and diaphragms) completely 

at least once a year. Include cleaning the 

feeder head, cleaning and checking all 

valves and O rings for wear, and cleaning 

and checking the condition of check 

valves, and pump control valves. Replace 

worn parts, including diaphragms. Spare 

parts should be kept on hand so that 

breakdowns can be repaired quickly. Spare 

parts or spare pumps if appropriate must be 

kept on hand for critical components such 

as disinfection systems. Calibrate chemical 

feed pumps after overhaul. Mount a copy 

of the owner’s manual on the wall next to 

the pump with a parts schematic complete 

with part numbers. Spare pumps should be 

considered for each chemical application to 

provide 100% redundancy.  

Annual 

Dosage rate calculation: (a) x (b) / (c) = (d) 

(a) (b) (c) (d)  

Concentration of 

chemical 

solution* (mg/l) 

=ppm 

The volume of 

Solution 

Pumped over 

24-hrs (L) 

The volume of 

water treated 

over 24-hrs (L) 

Calculated 

Dosage (mg/L) 

Expected 

Dosage (mg/L) 

     

     

     

* Note that 1% = 10,000 ppm 
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9. Water Supply Quality 

The quality of water from the treatment plant is dependent upon adequate operations. A 

power failure will completely shut down plant operations. One of the major reasons for poor 

water quality is contamination within the distribution system. This can happen due to illegal 

connections and wear and tear of pipelines. These concerns have been highlighted by 

stakeholders during the scoping meeting. The illegal connections result in leakages and 

contamination of water. During depressurization periods due to power failure, contaminated 

water from outside the pipe can enter the pipeline through leakage points in the line and cause 

contamination of water delivered to customers. 

Mitigation measure will include: 

 Regular monitoring of the quality of water at both the DWTP and consumer ends with 

samples tested in the established laboratory of the facility. The quality of water shall 

comply with NEQS, 2010 and WHO Drinking water standards; 

 Continuous inspection of illegal connections. 

 Availability of standby power source. 

 Regular training and capacity building of the staff. 

 The emergency plan and water safety plan should be prepared on the format given in 

Annex -1 and shall be strictly implemented to reduce the risks associated with the 

security of water. 

 Periodic maintenance and monitoring of all processes and components of the filtration 

plant. Water quality should be tested as per NEQSs and WHO standards to ensure the 

integrity of the water supply system. Recommended key locations for monitoring are: 

i. Khirther Canal 

ii. before and after the water filtration plant 

iii. Six storage reservoirs within the delivery system 

iv. Consumer ends 

The Frequency of monitoring shall be: 

 Daily monitoring of turbidity, microbiological parameters, and free residual chlorine 

at the DWTP, 

 Analysis of water quality parameters as defined in NEQS on Weekly basis, 

 Weekly sampling and analyses of water in the six storage reservoirs 

 Monthly analysis of water quality parameters from the third party 

A detailed Monitoring plan is discussed in Section 8.4.5 of EMMP. 18.1.8 Human-Induced 

Hazards 

The existing plant does not have a boundary wall, which makes the facility vulnerable to 

vandalism. A boundary wall along the perimeter of the plant is proposed to secure its system 

and processes. Similarly, watch guards are proposed to be deployed, especially at nights. 
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9.1 Inequality in the Distribution of Water Supply 

Illegal connections are commonly made by influential people and no accountability system 

exists to address the issue. Access to the water supply is a big challenge for poorer sections of 

the community. The existing water supply lines are damaged due to illegal connections and 

the lack of skilled technicians to repair. Sewerage water regularly infiltrates into water supply 

lines. The water supply is limited and contaminated, especially for poorer segments that pay 

300 rupees per month to the city municipality. 

The inequalities can be addressed through the formation of an Implementing Agency (IA) as 

proposed by the district government. The Northern Sindh Urban Services Corporation 

(NSUSC) is the expected implementation agency at the operational level. The IA should 

introduce and implement; an accountability system to restrict illegal connections, a complaint 

and response center to address grievances; and simplified procedures for new connections. 
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10. O& M for Treated Water Storage Reservoirs 

10.1 Operation 

 

The main types of storage facilities are underground storage reservoirs/lagoons, and 

Overhead reservoirs of lesser capacity. The following are some recommended operational 

duties to help develop a preventative maintenance program for storage facilities. 

The operational plan of a reservoir is normally not done in isolation, but combination with 

other storage and pump facilities in the system. However, individual reservoirs should be 

operated based on the following: 

Reservoir operation is closely linked to energy costs since pumps are normally used to fill 

reservoirs. By pumping in the early morning hours, when electricity costs are at a minimum, 

and allowing the reservoir level to drop during the day, it is possible to minimize operational 

costs. A detailed analysis of the system and electricity tariffs is required to develop an 

optimal pumping schedule. 

The most critical time for reservoir reliability is during the summer peak demand period, 

where reservoir levels should be kept as high as possible and maintenance crews should be 

on standby to repair leaks on the reservoir feeder pipes as quickly as possible. The risk of a 

reservoir running dry is much lower during the winter months when the seasonal demand is 

lower, and it may even be considered to operate the reservoir at lower levels during these 

periods.  

 

10.2 Maintenance 

 

Reservoirs and water towers need regular inspection and maintenance to keep them in good 

operating condition and prevent more serious problems from developing. Major 

maintenance on reservoirs and their pipework should be done during winter months when 

reservoirs have surplus capacity. In all cases, corrective action should be taken immediately 

when problems are discovered. 

 

The daily inspection and maintenance routine should include the following: 

 

Activity:     Check and record water levels 

Frequency:    Daily  

Description: Check and record water levels in storage tanks and 

reservoirs. Keep them within the normal operating 

range. Check for evidence of overflow and leaks. If the 

tank is overflowing, there may be a problem with the 

pumps, or water level measurement and control system. 
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If it is below normal, there maybe there may be a 

capacity or control problem. Water level measuring 

devices should also be checked. See sample storage 

Tank/Reservoir Log. 

Activity:  Check and record water levels 

Frequency: Daily 

Description: Check and record water levels and pressure in hydro 

pneumatic tanks. They can overfill, or waterlog at 

times, affecting overall system pressure. Monitoring 

system pressure can help identify leaks, open valves, 

and even well pump problems. 

Activity:  Inspection of storage tanks and reservoirs. 

Frequency: Daily 

Description: Inspect storage tanks and reservoirs for defects and 

sanitary deficiencies at least once a year to guard 

against water quality problems and excessive leakage. 

The inspection should include: 

 Ensuring that all openings are properly screened 

(vents, overflows, etc.) to prevent the entry of small 

animals, small insects, and organic matter. 

 Checking vents and screens for blockage. 

 Check for any deterioration in the tank walls or the 

tank foundation. Note any excessive pitting or large 

cracks in concrete structures. 

 Removing any notable silt build-up.  

 Ensuring that overflow pipes are above local flood 

levels. 

The weekly inspection and maintenance routine should include the following: 

 

• Security, gate, and lock and lighting.  

 

• Pump station for proper operation of pumps and other equipment (e.g. control valves or 

booster chlorinators),  

 

• Pipework and reservoir for signs of leakage or reservoir overflow.  

 

• Check that water level indicators function correctly.  
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• Cut grass and edges, and clean paths, channels, and maintain gardens.  

 

• Take a water sample at the reservoir outlet and send it for analysis.  

 

The monthly inspection and maintenance routine should include the following: 

 

• Open and inspect valve and meter chambers and other on-site installations for proper 

operation. Clean strainers and chambers. Check chamber lids and locks, and oil 

hinges.  

 

• Check valves for corrosion or other damage, and that they are operating smoothly.  

 

• Check lids/doors and locks on the pump station, reservoir, and other facilities and 

oil hinges.  

• Check that signs are in place and legible. 

 

Movable parts on valves should be greased every three months. Finally, reservoirs and 

water towers should be drained, cleaned, inspected, and maintained every three to five 

years.  

 

10.3 Reservoir Cleaning 

Reservoirs are mostly cleaned by staff entering the drained reservoir to remove accumulated 

sediments. During cleaning, consumers can be served from another reservoir or by a 

different part of the reservoir if it is sub-divided. Reservoir cleaning should be done during 

winter months when consumption, and thus the load on the reservoir, is at a minimum.  

 

The steps required to clean the reservoir are as follows: 

 

• Empty the reservoir. The reservoir level should be allowed to drop as low as feasible 

by normal consumption. The valves on supply pipes are then closed and the scour 

valve opened to drain the remaining water.  

 

• Collect accumulated sediments from the bottom of the reservoir using spades, 

scrapers, and brooms and re-move it with buckets through the entry hatch. 

Alternatively, the sediments may be liquefied using a high-pressure spray and washed 

out through the scour valve. Special care should be taken not to damage linings that 

have been installed to waterproof the reservoir. 

 

• Wash down the reservoir walls and floor using a suitable detergent, high-pressure 

spray, and brooms. Use appropriate measures to reach higher parts of the walls and 

ensure that all joints and corners are properly cleaned.  

 

• Rinse the walls and floor using a high-pressure spray until no traces of detergent are 
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left in the rinse water.  

 

• Inspect internal surfaces and joints to ensure that all is in good condition. Do repairs 

if required.  

 

• Disinfect the reservoir: Ensure that the walls and floor of the reservoir are clean 

and all traces of dirt and detergent washed out.  

 

• Ensure that the scour valve is closed.  

 

• Prepare a solution of water with apH less than 7.5 (for optimal action of chlorine) 

and a chlorine concentration of 50 mg/l.  

 

• Thoroughly hose down all internal surfaces, including pipework and fittings with 

the chlorinated water.  

 

• Some of the chlorinated water is poured or sprayed over the internal access ladder 

once all personnel has left the reservoir.  

 

• The chlorinated water is drained from the structure through the scour valve. Care 

should be taken to neutralize high chlorine content in the scour water where it can 

cause damage to the environment (for instance using sodium thiosulphate). 

 

• The structure is filled with potable water after at least 6 hours 
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10.4 Form for Recording Water Level 

Storage Tank / Reservoir / Lagoon No: 1, 2, 3/ Underground Tank @ Hlps/ Ohrs of 

Zones 1, 2, 3,4,5,6 

Normal Operating Level 

Month/Year 

Day Water Level Units: 

……………….. 

Time of 

Reading 

System 

Pressure Units: 

………….. 

Notes/Comments 

1.     

2.     

3.     

4.     

5.     

6.     

7.     

8.     

9.     

10.     

11.     

12.     

13.     

14.     

15.     
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11. Motor Control Center 

11.1 Description 

A motor control center (MCC) is an assembly to control electric motors in a central location. 

It consists of multiple enclosed sections having a motor starter, fuses, circuit breakers, relays, 

pushbuttons, lamps, voltmeter, and ammeter, etc. 

 

1.1 The capacity of Electric Motors 

 

1.1.1 Old Water Supply Pumps-Motors 

No. of sets = 6 no’s. 

The capacity of each = 60 kW 

Operating Voltage = 380~420 V. 

Current: 115 A 

No. of Duty Pumps-Motors = 3 sets. 

Capacity of Duty Pumps-Motors = 3x60 = 180 Kw. 

Load of Duty Pumps-Motors = 3x115 = 345 A. 

No. of Standby Pumps-Motors = 3 sets. 

Total Capacity = 6x60 = 360 Kw. 

 

1.1.1 New Water Supply Pumps-Motors 

No. of sets = 6 no’s. 

The capacity of each = 75 kW 

Operating Voltage = 380~420 V. 

Current: 131.2 A 

No. of Duty Pumps-Motors = 3 sets. 

Capacity of Duty Pumps-Motors = 3x75 = 225 Kw. 

Load of Duty Pumps-Motors = 3x131.2 = 393.6 A. 

No. of Standby Pumps-Motors = 3 sets. 

Total Capacity = 6x75 = 225 Kw. 

 

1.1.2 Backwash Pumps-Motors 

No. of sets = 3 no’s. 

The capacity of each = 37.3 kW 

Operating Voltage = 380~420 V. 

Current: 71.7 A 

No. of Duty Pumps-Motors = 2 sets. 

Capacity of Duty Pumps-Motors = 2x37.3 = 74.6 Kw. 

Load of Duty Pumps-Motors = 2x71.7 = 143.4 A. 

No. of Standby Pumps-Motors = 1 set. 

Total Capacity = 3x37.3 = 112 Kw. 
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1.1.3 Sludge Water Pumps-Motors 

No. of sets = 3 no’s. 

The capacity of each = 15 kW 

Operating Voltage = 380~420 V. 

Current: 28 A 

No. of Duty Pumps-Motors = 2 sets. 

Capacity of Duty Pumps-Motors = 2x15 = 30 Kw. 

Load of Duty Pumps-Motors = 2x28 = 56 A. 

No. of Standby Pumps-Motors = 1 set. 

Total Capacity = 3x15 = 45 Kw. 

 

1.1.4 Alum Dosing Pumps-Motors 

 

No. of sets = 3 no’s. 

The capacity of each = 4 kW 

Operating Voltage = 380~420 V. 

Current: 8.2 A 

No. of Duty Pumps-Motors = 2 sets. 

Capacity of Duty Pumps-Motors = 2x4 = 8 Kw. 

Load of Duty Pumps-Motors = 2x8.2 = 16.4 A. 

No. of Standby Pumps-Motors = 1 set. 

Total Capacity = 3x4 = 12 Kw. 

 

1.1.5 Alum Agitator Motors 

 

No. of sets = 2 no’s. 

The capacity of each = 5.5 kW 

Operating Voltage = 380~420 V. 

Current: 11.2 A 

No. of Duty Motors = 1 set. 

The capacity of Duty Motors = 5.5 kW. 

Load of Duty Motors = 11.2 A. 

No. of Standby Motors = 1 set. 

Total Capacity = 2x5.5 = 11 Kw. 

 

1.1.6 Sodium Hypochlorite Dosing Motors 

 

No. of sets = 3 no’s. 

The capacity of each = 3 kW 

Operating Voltage = 380~420 V. 
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Current: 0.09 A 

No. of Duty Motors = 2 sets. 

Capacity of Duty Motors = 2x3 = 6 Kw. 

Load of Duty Motors = 2x0.09 = 0.18 A. 

No. of Standby Motors = 1 set. 

Total Capacity = 3x3 = 9 Kw. 

 

1.1.7 Compressor Motors 

 

No. of sets = 2 no’s. 

The capacity of each = 75 kW 

Operating Voltage = 380~420 V. 

Current: 129 A 

No. of Duty Motors = 1 set. 

The capacity of Duty Motors = 75 kW. 

Load of Duty Motors = 129 A. 

No. of Standby Motors = 1 set. 

Total Capacity = 2x75 = 150 Kw. 
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Diagrams 
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12 Operation and Maintenance – Motors 

Electric motors fail for a variety of reasons. Certain components of motors degrade with time 

and operating stress. Electrical insulation weakens over time with exposure to voltage 

unbalance, over and under-voltage, voltage disturbances, and temperature. Contact between 

moving surfaces causes wear. Wear is affected by dirt, moisture, and corrosive fumes and is 

greatly accelerated when the lubricant is misapplied, becomes overheated or contaminated, or 

is not replaced at regular intervals. When any components are degraded beyond the point of 

economic repair, the motor’s economic life is ended. 

The best safeguard against thermal damage is avoiding conditions that contribute to 

overheating. These include dirt, under and over-voltage unbalance, harmonics, high ambient 

temperature, poor ventilation, and overload operation (even within the service factor). 

Bearing failures account for nearly one-half of all motor failures. If not detected in time, the 

failing bearing can cause overheating and damage insulation or can fail catastrophically and 

do irreparable mechanical damage to the motor. 

Symptom Probable Fault Remedy 

Motor 

overheating 
Motor incorrectly sized for duty. 

Check design requirements and 

replace the motor if necessary. 

Cooling air ducts/fan choked. 

Remove fan cowl and clean fan 

and ducting. On standard 

protected machines, it may be 

necessary to strip the motor and 

clean it. 

Cooling water system dirty/faulty or 

incoming water temperature too high. 

Investigate system, clean heat 

exchanger, and supply water at 

the correct temperature. 

Amps are drawn too high due to 

under-voltage in supply. 

Check and rectify incoming 

supply. 

General ventilation in the plant room 

is inadequate. 

Investigate and improve 

ventilation. 

Overload, measure load and compare 

with nameplate. 

Check for excessive friction in 

motor drive or machine. Reduce 

load or replace the motor with the 

right capacity motor drive. 

Rotor rubbing against the stator. 
Check bearings and replace them 

if required. 

Stator windings shorted. 
Test windings with ammeter and 

repair/ correct 

Motor fan shear pin has failed to 

allow slippage. 

Open motor fan cover and 

replace a shear pin. Check the fan 

bush for damage and replace it if 

necessary. 
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Ammeter 

fluctuating during 

pump operation 

Incoming electrical supply 

inconsistent. 

Contact supply authority to 

rectify supply. 

Loose connection in the system. 

Check all connections in the 

control panel, starters, and 

terminal boxes. 

Stator windings insulation breaking 

down. 

Remove the cable from the motor 

terminal box and test windings 

and cable separately. Replace the 

cable or have motor windings 

rectified by rewinding, re-

insulation. 

 On slipping motor brushes not 

contacting slip rings correctly. 

Expose slip rings and check and 

rectify brushes, brush holders, 

pressure springs. 

The ammeter is faulty. Check and replace if necessary. 

A motor will not 

start 

Supply voltage not reaching the 

motor. 
Investigate and rectify. 

Connections are in system faulty or 

cable broken. 

Tighten and clean all connections 

and check the cable for 

continuity. 

Motor incorrectly connected. 
Check connections against the 

diagram. 

Motor incorrectly sized for the 

application. 

Try starting motor uncoupled. 

Check the sizing of the motor to 

the requirements of the pump. If 

necessary, change to motor more 

suited to requirements, i.e. high 

starting torque. etc. 

The starter contactor is faulty. Check and rectify. 

Auto Transformer is faulty. Check and rectify. 

Brushes not contacting slip rings 

correctly. 

Expose slip rings and check and 

rectify brushes, brush holders, 

and pressure springs. 

Internal connections in motor faulty. Check and rectify. 

Rotor resistance is incorrect. 
Check the design and rectify the 

rotor. 

Overloads in contactor incorrectly 

adjusted. 

Check and reset to the required 

value. 

Usually power supply problem - 

single phasing at starter perhaps a 

fuse has blown. 

Check the source of the power 

supply. 
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The motor starts 

but will not take a 

load 

Overload incorrectly adjusted, or 

incorrect size of overload. 

Check and reset to the required 

value. 

Supply voltage incorrect. Check and rectify. 

Loose connections in the system. Check and rectify. 

Motor incorrectly sized for duty. Check and replace if necessary. 

Method of starting incorrect for duty 

requirement 
Check design and rectify. 

Motor design incorrect. Check design and rectify. 

Driven unit is excessively stiff. Check and rectify. 

The direction of rotation incorrect. Check and rectify. 

Excessive hum Pump and driving unit out of 

alignment. Uneven air gap. Check 

with the feeler gauge. 

Replace bearings, check if the 

rotor did not rub against the 

stator. 

The winding fault could be a short 

circuit. 

Inspect and test windings by an 

electrical re-winder. 

Rotor out of balance. Dynamic balance rotor. 

 

12.1 Checklist of good maintenance practices 

Appropriate maintenance is needed to maintain motor performance. A checklist of good 

maintenance practices would include: 

 Inspect motors regularly for wear in bearings and housings (to reduce frictional 

losses) and for dirt/dust in motor ventilating ducts (to ensure proper heat dissipation). 

 Check load conditions to ensure that the motor is not over or under loaded. A change 

in motor load from the last test indicates a change in the driven load, the cause of 

which should be understood. 

 Lubricate appropriately. Manufacturers generally give recommendations for how and 

when to lubricate their motors. Inadequate lubrication can cause problems. Over-

lubrication can also create problems, e.g. excess oil or grease from the motor bearings 

can enter the motor and saturate the motor insulation, causing premature failure ore 

creating a fire risk. 

 Check periodically for proper alignment of the motor and the driven equipment. 

Improper alignment can cause shafts and bearing to wear quickly, resulting in damage 

to both the motor and the driven equipment. 

 Ensure that supply wiring and terminal box are properly sized and installed. Inspect 

regularly the connections at the motor and starter to be sure that they are clean and 

tight. 

 Provide adequate ventilation and keep motor cooling ducts clean to help dissipate heat 

to reduce excessive losses. The life of the insulation in the motor would also be 
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longer: for every 10oC increase in motor operating temperature over the 

recommended peak, the time before rewinding would be needed is estimated to be 

halved. 

12.2 Routine and Periodic Maintenance Procedures 

A general maintenance schedule for motors is given below. 

Table 13-Proposed Maintenance Schedule for Motors. 

Activity Description Frequency 

Motor use / sequencing Turn off/ sequence unnecessary motors Daily 

Overall visual Inspection Complete overall visual inspection to be sure 

all equipment is operating and safety 

systems are in place 

Daily 

Motor Condition Check the condition of the motor through 

temperature or vibration analysis and 

compare to baseline values 

Weekly 

Check Lubrication Assure that all bearings are lubricated per the 

manufacture’s recommendation. 

Monthly 

Check packing Check packing for wear and repack as 

necessary. Consider replacing packing with 

mechanical seals. 

Monthly 

Motor alignment Aligning the motor coupling allows for 

efficient torque transfer to the pump. 

Monthly 

Check  mountings Check and secure all pump mountings Monthly 

Check terminal tightness Tighten connection terminals as necessary Monthly 

Cleaning Remove dust and dirt from the motor to 

facilitate cooling 

Monthly 

Check bearings Insect bearings and drive belts for wear 

adjust, repair, or replace as necessary. 

Annually 

Motor Condition Checking the condition of the motor through 

temperature or vibration analysis assures 

long life. 

Annually 

Check for balanced three-

phase power 

Unbalanced power can shorten motor life 

through excessive heat build-up 

Annually 

Check for over voltage or 

under voltage conditions 

Over or the under-voltage situation can 

shorten the motor life through excessive heat 

build-up 

Annually 

 



  

Page 68 of 140 
 

13 Operation and Maintenance – Pumps 

Pumps that are properly sized and dynamically balanced; that sit on stable foundations with 

good shaft alignment and with proper lubrication; that operators start, run, and stop carefully; 

and that maintenance personnel observe for the appearance of unhealthy trends which could 

begin acting on and causing damage to; usually never experience a catastrophic failure. 

The importance of pumps to the daily operation of buildings and processes necessitates a 

proactive maintenance program. Most pump maintenance activities center on checking 

packing and mechanical seals for leakage, performing preventive/predictive maintenance 

activities on bearings, assuring proper alignment, and validating proper motor condition and 

function. 

13.1 Normal Operation Procedures 

While operating a pump, the following precautions must be taken: 

 Coupling guards: 

- Never operate a pump without a coupling guard properly installed. 

 Flanged connections: 

- Never force piping to make a connection with the pump. 

- Ensure proper size, material, and numbers of fasteners are installed. 

- Beware of corroded fasteners. 

 Do not operate vent or drain valves, or remove plugs while the system is pressurized. 

 The pump should run quietly and free from vibrations at all times. Unusual noise or 

vibration should be investigated and corrected immediately. 

 If the flexible coupling elements begin to show signs of wear, they should be 

replaced. 

 When running the pump against a closed discharge-side shut off element for a short 

period, the permissible pressure and temperature values must not be exceeded. 

 Verify the oil level is correct. 

 The gland packing (if the pump is fitted with one) should drip slightly during 

operation. The gland should only be gently tightened. 

 Any standby pumps installed should be switched on and off again once a week to 

keep them operational. Attention should be paid to the correct functioning of the 

auxiliary connections. 

13.2 Safety Issues 

Some important safety tips while operating or performing maintenance actions for pumps are 

listed below. A more comprehensive plan can be formulated after specific manufacturer’s 

manuals for each of the designed pumps have been obtained. 

13.3 Safety Apparel 

While performing maintenance work, a minimum of following safety apparel should be used: 

 Insulted work gloves when handling hot bearings or using the bearing heater. 

 Heavy work gloves when handling parts with sharp edges, especially impellers. 
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 Safety glasses (with side shields) for eye protection, especially in the machine shop 

area. 

 Steel-toed shoes for foot protection when handling parts, heavy tools, etc. 

13.4 Routine and Periodic Maintenance Procedures 

While performing maintenance work, an operator should take the following precautions: 

 Always lock out power 

 Ensure the pump is isolated from the system and pressure is relieved before any 

disassembly of the pump, removal of plugs, or disconnecting piping. 

 Pump and components are heavy. Failure to properly lift and support equipment could 

result in serious injury. 

 Observe proper decontamination procedures. Know and follow company safety 

regulations. 

 Never apply heat to remove the impeller. 

Symptom Probable fault Remedy 

The pump does 

not deliver liquid 

 

 

 

Impeller rotating in the wrong 

direction. 

Reverse direction of rotation by 

swapping two phases on the 

electrical supply. 

Pump not properly primed -air or 

vapor lock in the suction line. 

Stop pump and re prime 

Inlet of suction pipe insufficiently 

submerged and sucking a vortex in 

the water. 

Increase suction depth of suction 

pipe to at least 3 x diameter of the 

suction pipe. 

Air leaks in the suction line or 

gland arrangement. 

Make good any leaks or repack 

glands. 

Pump not up to rated speed. Increase in speed. 

Delivery/suction valve throttled or 

not fully opened or completely 

shut. 

Check the valve position. 

The pump does 

not deliver liquid 

Quantity 

Air or vapor lock in the suction 

line. 
Stop the pump and re prime. 

Inlet of suction pipe insufficiently 

submerged and sucking a vortex in 

the water.  

Increase suction depth of suction 

pipe to at least 3 x diameter of the 

suction pipe. 

Pump not up to rated speed. Increase speed by adjusting drive 

pulley ratios or use a variable speed 

drive. 

Air leaks in the suction line or 

gland arrangement. 

Make good any leaks or repack 

glands. 
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Foot valve or suction strainer 

choked. 
Clean foot valve or strainer. 

Restriction in delivery pipework or 

pipework incorrect. 

Clear obstruction or rectify an error 

in the pipework. 

Head underestimated and/or pump 
Check head losses in delivery pipes, 

bends 

Incorrectly selected. 

And valves, reduce losses as 

required, or re-select pump to 

required delivery rate. 

An unobserved leak in delivery. Examine pipework and repair leak. 

Blockage in impeller or casing. 
Remove half casing and clear 

obstruction. 

Excessive wear at neck rings or 

wearing plates. 

Dismantle pump and restore 

clearances to original dimensions. 

impeller damaged or vane angles 

not to specification 

Dismantle pump and renew impeller 

or re-machine vane angles. 

Pump gaskets leaking. Renew defective gaskets. 

Suction/delivery or non-return 

valves faulty or not fully open. 

Check valves for defects replace if 

necessary. 

The pump does 

not generate its 

rated delivery 

pressure 

Impeller rotating in the wrong 

direction. 

Reverse direction of rotation by 

swapping two phases on the 

electrical supply. 

Pump not up to rated speed. 

Increase speed by adjusting drive 

pulley ratios or use a variable speed 

drive. 

Impeller neck rings worn 

excessively. 

Dismantle pump and restore 

clearances to original dimensions. 

Impeller damaged or choked. 
Dismantle pump and renew impeller 

or clear blockage. 

Pump gaskets leaking. Renew defective gaskets. 

The pump does 

not generate its 

rated delivery 

pressure 

Impeller rotating in the wrong 

direction. 

Reverse direction of rotation by 

swapping two phases on the 

electrical supply. 

Pump not up to rated speed. 

Increase speed by adjusting drive 

pulley ratios or use a variable speed 

drive. 

Impeller neck rings worn 

excessively. 

Dismantle pump and restore 

clearances to original dimensions. 

Impeller damaged or choked. 
Dismantle pump and renew impeller 

or clear blockage. 
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Pump gaskets leaking. Renew defective gaskets. 

Pump loses 

liquid after 

starting 

Suction line not fully primed - air 

or vapor lock in the suction line. 
Stop the pump and re prime 

Inlet of suction pipe insufficiently 

submerged. 

Increase suction depth of suction 

pipe to at least 3 x diameter of the 

suction pipe. 

Air leaks in the suction line or 

gland arrangement. 

Make good any leaks or renew gland 

packing. 

Liquid seal to gland arrangement 

lantern 

 ring (if fitted) orifice choked. 

Clean out liquid seal supply orifice. 

Lantern ring not properly located. 
Unpack gland and relocate lantern 

ring undersupply orifice. 

Pump overloads 

driving unit 
Pump gaskets leaking. Renew defective gaskets. 

A serious leak in the delivery line, 

pump delivering more than its 

rated quantity. 

Repair leak or choke the pump with 

the delivery valve to ensure that it 

runs on its curve. 

Speed too high. Reduce speed. 

Bearings are defective. Replace bearing. 

Impeller neck rings worn 

excessively. 

Dismantle pump and restore 

clearances to original dimensions. 

Gland packing too tight. 

Stop pump, close delivery valve to 

relieve internal pressure on packing, 

slacken back the gland nuts and 

retighten to finger tightness. 

Impeller damaged. 
Dismantle pump and renew 

impeller. 

Mechanical tightness at pump 

internal components. 

Dismantle pump, check internal 

clearances, and adjust as necessary. 

Pipework exerting strain on the 

pump. 

Disconnect pipework and realign to 

pump. 

Misalignment between drive and 

pump. 
Align the pump and drive. 

Pumping a product with a different 

density than what the pump was 

designed for (sludge vs. water). 

Check for what liquid the pump was 

designed for. Change the liquid 

product or change the pump. 

Bearings wear Pump and driving unit out of 

alignment. 

Disconnect coupling and realign 

pump and driving unit. 

Rotating element shaft bent. 
Replenish with the correct grade of 

oil or drain down to the correct 
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level. 

Dirt in bearings. Drain out bearing, flush through 

bearings; refill with the correct 

grade of oil. 

Lack of lubrication. Dismantle, clean out and flush 

through bearings; refill with the 

correct grade of oil 

Bearing badly installed. Drain out bearing, flush through and 

refill with the correct grade of oil. 

Determine the cause of 

contamination and rectify it. 

Pipework exerting strain on the 

pump. 

Ensure that bearings are correctly 

bedded to their journals with the 

correct amount of oil clearance. 

Renew bearings if necessary. 

Deterioration of the oil lubricating 
Clean out old grease and repack with 

properties due to ingress of dirt, 

moisture, and excessive heat 
Correct grade and amount of grease. 

Excessive vibration. 
Disconnect pipework and realign to 

pump. 

Excessive 

vibration 

Air or vapor lock in suction. Stop the pump and re prime. 

Inlet of suction pipe insufficiently Increase suction depth of suction 

pipe to 

Submerged. At least 3 x diameter of the suction 

pipe. 

The pump and driving unit 

incorrectly aligned. 

Disconnect coupling and realign 

pump and driving unit. 

Worn or loose bearings. Dismantle and renew bearings 

Impeller choked or damaged. Dismantle pump and clear or renew 

impeller. 

Rotating element shaft bent. Dismantle pump and straighten or 

renew shaft. 

Foundation not rigid or baseplate 

holding down bolts lose. 

Remove the pump, strengthen the 

foundation, and reinstall the pump. 

Tighten holding down bolts and fit 

lock nuts. 

Foundation/Pump plinth not large 

enough. 

Foundation/pump plinth to be 

increased to roughly 5 x the weight 

of the pump and motor combination. 
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Cavitation due to the implosion of 

air bubbles. 

Ensure that there is sufficient NPSH 

(Net Positive Suction Height) 

available. Bring the pump closer to 

the suction surface. 

Foundation/Pump plinth not wide 

enough. 

Drop a vertical line from the center 

of the motor, two lines radiating out 

thirty degrees from this center-line 

should pass through the baseplate, 

not the sides of the foundation. 

Increase the width of the foundation. 

Coupling damaged. Renew coupling. 

Harmonic vibration from nearby 

equipment. 

The pump or one of its components 

can vibrate in harmony with another 

piece of equipment located nearby. 

Isolate the vibration by installing 

vibration dampers. 

Pipework exerting strain on the 

pump. 

Disconnect pipework and realign to 

pump. 

Shaft Alignment out. Re-align. 

Bearing 

overheating 

Pump and driving unit out of 

alignment. 

Disconnect coupling and realign 

pump and driving unit. 

Oil level too low or too high. 

Replenish with the correct grade of 

oil or drain down to the correct 

level. 

Wrong grade of oil. 

Drain out bearing, flush through 

bearings; refill with the correct 

grade of oil. 

Dirt in bearings. 

Dismantle, clean out and flush 

through bearings; refill with the 

correct grade of oil. 

Moisture in oil. 

Drain out bearing, flush through and 

refill with the correct grade of oil. 

Determine the cause of 

contamination and rectify it. 

Bearings too tight. 

Ensure that bearings are correctly 

bedded to their journals with the 

correct amount of oil clearance. 

Renew bearings if necessary. 

Too much grease in bearing. 

Clean out old grease and repack with 

the correct grade and amount of 

grease. 
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Pipework exerting strain on the 

pump. 

Disconnect pipework and realign to 

pump. 

Irregular 

delivery 

Air or vapor lock in the suction 

line. 
Stop the pump and reprime. 

Fault in driving unit. 
Examine the driving unit and make 

good any defects. 

Air leaks in the suction line or 

gland. 

Make good any leaks or repack 

gland arrangement. 

Inlet of suction pipe insufficiently 
Increase suction depth of suction 

pipe to at 

Immersed in liquid. 
Least 3 x diameter of the suction 

pipe. 

Suction inlet mesh blocked or 

dirty. 
Clean suction inlet. 

Excessive noise 

level 

Air or vapor lock in the suction 

line. 
Stop the pump and re prime. 

Inlet of suction pipe insufficiently 
Increase suction depth of suction 

pipe to at 

Submerged. 
Least 3 x diameter of the suction 

pipe. 

Air leaks in the suction line or 

gland arrangement. And driving 

unit out of alignment. 

Make good any leaks or repack 

glands. 

Worn or loose bearings. 
  

Pump and driving unit out of 

alignment. 

Disconnect coupling and realign 

pump and driving unit. 

Worn or loose bearings. Dismantle and renew bearings. 

Rotating element shaft bent. 
Dismantle pump, straighten or 

renew shaft 

Foundation or baseplate not rigid. 
Remove the pump and driving unit 

to strengthen the foundation. 

Cavitation due to pump not 

operating on it’s designed duty 

point. 

Throttle the pump delivery valve to 

force the pump back onto its 

operating curve. Select another 

pump to fit with the required duty. 

Warhammer due to sudden pump 

stoppage. Sudden valve closure, 

etc. 

Design pipeline and pump station 

components to minimize water 

hammer overpressures or release 

excess pressure to the atmosphere by 

mechanical means. 
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Mechanical seal arrangement has 

come loose from the pump shaft. 

Stop the pump and replace the seat. 

Repair machine pump shaft in case 

of serious damage. 

Mechanical seal faces are running 

dry causing a high-pitched 

whistling noise. 

Ensure that the pump is fully primed 

and avoid running the pump without 

water or fluid in the volute. 

The pump is being operated at a 

critical speed. (Any object made of 

elastic material has a natural 

period of vibration. At the speed at 

which the centrifugal force 

exceeds the elastic restoring forcer 

the rotating element will vibrate as 

though it were seriously 

unbalanced - if it runs at that speed 

without restraining forces, the 

deflection will continue until the 

shaft fails.) 

Avoid operation of the pump at the 

critical speed or ensure that there are 

sufficient restraining measures in 

place to deal with the unbalanced 

forces. 

Bearing 

overheating 

Pump and driving unit out of 

alignment. 

Disconnect coupling and realign and 

driving unit. 

Oil level too low or too high. 

Replenish with the correct grade of 

oil or drain down to the correct 

level. 

Wrong grade of oil. 

Drain out bearing, flush through 

bearings, refill with the correct grade 

of oil. 

Dirt in bearings. 
Dismantle, clean out and flush 

through grade and amount of grease. 

Too much tension in chain or belt 

drive. 
Reduce tension in the chain or belt. 

Excessive end thrust. 

Check motor if level, shim up. 

Reduce thrust from drive or 

machine. Shaft should have 

reasonable ‘axial’ float. 

Bearings not greased regularly. 

Motors fitted with greaseable 

bearings should be greased at least 

weekly with an amount as 

prescribed by the manufacturer. 

Bearing wear 

rapidly 
Pump and driving unit out of 

alignment. 

Disconnect coupling and realign 

pump and driving unit. Renew 

bearings if necessary. 

Rotating element shaft bent. 
Dismantle motor, straighten or 

renew shaft. Renew bearings if 
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necessary. 

Dirt in bearings. 

Ensure that only clean oil is used to 

replenish bearings. Renew bearings 

if necessary. 

Lack of lubrication. 

Dismantle, clean out and flush 

through bearings; refill with the 

correct grade of oil. 

Bearing badly installed. 

Ensure that bearings are correctly 

bedded to their journals with the 

correct amount of oil clearance. 

Renew bearings if necessary. 

Induced currents from variable 

speed drive. 

Some variable speed drive switch 

gear induces eddy currents in the 

drive. The bearings causing the 

bearing to react like a capacitor. 

This causes arcing between the ball 

races and the bearing casing. This 

phenomenon can be prevented by 

using an in-line sine wave filter on 

the electrical supply or by installing 

ceramic bearings. 

Excessive 

vibration 

The pump and driving unit 

incorrectly aligned. 

Disconnect the coupling set and 

realign pump and driving unit. 

Worn or loose bearings. Dismantle and renew bearings. 

Rotating element shaft bent. 
Dismantle motor and straighten or 

renew shaft. 

Foundation was not rigid. 
Remove motor, strengthen the 

foundation, and reinstall motor. 

Coupling damaged. Renew coupling. 

Mounting bolts not tight. 

Tighten mounting bolts and fit lock 

nuts to prevent them from loosening 

again. 

 

13.5 A general maintenance schedule for pumps is given below. 

Activity Description Maintenance 

Frequency 

Pump use/ sequencing Turn off/ sequence unnecessary pumps Daily 

Overall visual Inspection Complete overall visual inspection to be Daily 
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sure all equipment is operating and the 

safety system are in place. 

Check lubrication Assure that all bearings are lubricated per 

the manufacture’s recommendations. 

Monthly 

Check packing Check packing for wear and repack as 

necessary. Consider replacing packing with 

mechanical seals. 

Monthly 

Motor/Pump alignment Aligning the pump/motor coupling allows 

for efficient torque transfer to the pump 

Monthly 

Check Mountings Check and secure all pump mountings Monthly 

Check bearings Inspect bearings and drive belts for wear 

adjust, repair, replace as necessary. 

Annually 

Motor condition Checking the condition of the motor through 

temperature or vibration analysis assures 

long life. 

Annually 
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14 Operation and Maintenance – Lighting System 

A lighting system consists of light sources, ballasts, or other devices that regulate the power 

that drives electric lights, the luminaire housing with components that hold the sources and 

direct and shield the light, and lighting controls that manipulate the time or intensity of 

lighting systems. 

14.1 Safety Issues 

In dealing with lighting equipment, the greatest concern in electrical shock, followed by 

injury from falls from high mounting locations, ladders, and lifts, and handling of hazardous 

waste. 

14.2 Electrical and Equipment Safety 

All electrical equipment should be properly grounded, including luminary ballasts, stators, 

capacitors, and controls, and be by the National Electric Code® (NEC® NFPA-70-2011). 

Although maintenance personnel may handle routine maintenance such as changing lamps or 

cleaning luminaries, all troubleshooting, and repair must be handled by licensed electricians. 

All personnel must be properly trained and equipped. 

All maintenance personnel shall be provided with and instructed in the use of proper tools 

and equipment such as protective hand tools, fall protection such as safety belts or harnesses, 

hard hats, goggles, gloves, and testing tools. 

Special precautions should be taken near high voltages and lighting components such as HID 

capacitors that may retain their electric change after the system has been de-energized. 

All forms of lifts, scaffolds, and ladders must meet occupational safety and health 

administration (OSHA 1910 subpart D) standards for construction and use. Portable 

scaffolds, telescoping scaffolds, and personnel lifts are typically safer than ladders, by 

providing a firmer footing and space for tools replacement, replacement items, and cleaning 

materials. Ladders used for lighting maintenance should not be made from materials that 

conduct electricity, such as aluminum. Stilts are sometimes used for maintenance of low 

ceilings or low-mounted luminaries.   

14.3 Common Causes of Poor Performance 

Some maintenance items such as swirling lamps or inoperable ballasts or obviously in need 

of immediate attention and repair. Of more serious concern or systems that are improperly 

calibrated or not being maintained on a planned basis resulting in energy waste and/or poor 

lighting quality. These hidden factors include: 

 Dirt accumulation on luminaries or room surfaces that have significantly reduced 

light output. 

 Older lamps that have not burned out but output fewer lumens than the system design 

assumptions. 

 Lamps that are still operating, but have passed their useful life, such as metal halides 

and LEDs. 
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  Dimming or stepped ballasts that are miss-wired or filled by defaulting to full out-

put. 

 Controls that were never properly calibrated or have fallen out of correct calibration. 

 Controls or power packs that have failed and defaulted to continuous on. 

 Motion sensors or light sensors that have been disabled by the occupants. 

 Controls that have been overridden or disabled (rather than recalibrated) by the 

building staff in response to complaints. 

14.4 Cleaning 

The intent of cleaning lamps, luminaries, and room surfaces is to return them to their original 

condition recovering any interim losses in light output. It is important to use the proper 

cleaning compounds and strategies, so that luminary surfaces are not damaged. Different 

surfaces require different cleaning compounds. Instead of the manufacturer’s instructions, the 

following represents some guidance.     

 Never clean lamps that are operational or still hot. 

 Use very mild soaps and cleaners, followed by a clean rinse on most surfaces. Silver 

films require the mildest 0.5% solution and a soft damp cloth. Avoid strong alkaline 

cleaners or abrasives cleaners. 

 Glass cleaners may be used on porcelain or glass, but the latter requires an additional 

clear rinse. 

 To avoid a static charge on plastics, use anti-static cleaning compounds. Do not dry-

wipe plastic after a rinse, as this will create an electrostatic charge. Drip drying 

creates streaks. Vacuuming is the best method for drying plastics. 

14.5 Lamp and Ballast Troubleshooting 

The most common problems associated with lamps and ballasts are: 

 Lamps will not light or start erratically or slowly. 

 Premature failure is of lamp life shorter than expected. 

 Deposits, discoloration, dark spots, or streaks of the lamps. 

 Blinking, swirling, fluttering, spiraling, unexpected dimming. 

 Light output or color degradation sooner than expected. 

 Blistering/bulging on the bulb. 

 Lamp cycling on and off. 

 Ballast noise. 

14.6 Proposed Maintenance Schedule for lighting Fixtures. 

Activity Description Maintenance Frequency 

Visual 

inspection 

Inspect fixtures to identify 

inoperable or faulty lamps or 

ballasts. Burned-out lamps may 

damage ballasts if not replaced. 

Burned-out lamps 

to be replaced  

Weekly to monthly 

Visual Inspect fixtures and controls to Dusting  Bi-annually 
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inspection identify excessive dirt, degraded 

lenses, inoperable or ineffective 

controls. 

lamps and 

fixtures 

Lamps and fixture reflective 

surfaces should be cleaned 

periodically for maximum 

efficient delivery of light to 

space 

Clean 6 to 30 months, 

depending on space 

and luminaries’ type 

walls and 

ceilings 

Clean surfaces allow maximum 

distribution of light within the 

space 

Clean 1 to 3 years 

depending on 

dirtiness of 

environment 

Degraded 

lenses or 

louvers 

Replace yellowed, stained, or 

broken lenses or louvers 

Replace As identified by 

Administration 

Walls and 

replace 

ceilings 

Lighter colored surfaces will 

increase light distribution 

efficiency within the space 

Repaint As identified by 

Administration 

Burned out 

lamps 

For larger facilities consider 

group replacement of lamps 

Replace As needed or on the 

group schedule 

Lamps and 

ballasts for a 

potential 

upgrade 

The rapid change in technology 

may result in significant savings 

through re-lamping or simple 

retrofit. 

Evaluate  Every five years or 

on group re-lamping 

schedule 
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15 Water main Repair and Disinfection 

15.1 Repair of Water Main 

The vast majority of a water distribution system consists of pipes and couplings to link them 

to each other in different configurations. Bulk water suppliers and municipalities invest 

considerably more in the pipe network than in all other water assets combined, and thus it is 

important that pipes are operated within their limits and maintained to ensure that their 

service lives are maximized. 

15.1.1 Operation 

 

Operational requirements of pipes include the following: 

 

The rated operating pressure of a pipe should never be exceeded even for short periods such 

as underwater hammer conditions.  

 

Negative pressures should be avoided under all operating conditions.  

 

15.1.2 Maintenance 

 

Any water main repair or replacement should be properly disinfected by the latest AWWA 

Standard C651 and tested before being placed back into service. In the event of a burst of 

water main the steps should be taken to repair a water main urgently for restoring the supply 

in the area: 

 Contamination can occur along many stages of the water main repair or replacement. 

To minimize the potential for contamination, ensure the following actions are taken: 

o Keep sections of new pipe sealed at both ends to prevent dirt and foreign 

matter from entering. Plug existing open water main ends until tie-in or repair 

is to be made. 

o Properly excavate around the pipe to mitigate against soil intrusion into the 

opened pipe section, maintain a de-watering system where necessary. 

 Use HDPE-100 approved products, wherever possible, for any installation or repairs 

 Ensure that repair tools, equipment, and any other items that come into contact with 

the water main are properly cleaned and disinfected. 

 Ensure proper disinfection of all piping, fittings, and appurtenances  

 Ensure the repair is tight and not leaking. 

 Investigate possible sources of cross-connections after installation or repair (ex: 

leaking valve, backflow through distribution), 

 Implement disinfection and flushing as per AWWA Standard C651. 

 Before placing the main back into service, verify with bacteriological testing as per 

AWWA Standard C651, or as instructed by the Drinking Water Officer.  
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15.1.3 Procedures for Flushing and Pipe Cleaning 

The following procedures are recommended for flushing operations: 

 Pre-plan an entire day’s flushing using the available distribution system maps; 

consider flushing at night between midnight and 5:00 am to minimize completing 

water demand and any inconvenience to customers; 

 Determine where sections of mains are to be flushed at one time, the valves to be 

used, and the order in which the pipelines will be flushed; develop and use typical 

forms as identified under the heading of Flushing Procedures; 

 Start at or near a source of supply and work outward into the distribution system; 

 Ensure that an adequate amount of flushing water is available at sufficiently high 

pressures, that is, ensure the reservoir(s) are full; a minimum flushing velocity of 

ft/sec (5 ft/sec preferred) (0.75 and 1.50 m/sec) should be used; 

 Before flushing the mains, notify all customers who will be affected by the date and 

times of the flushing through billing, newspapers, and local radio and TV 

announcements. 

 Isolate the section to be flushed from the rest of the system; close the valves slowly to 

Types of joints and their repair  

Various types of joints are available to connect pipes to each other. The type of joint used is 

mostly determined by the pipe material used, but also by other requirements such as the 

ability to handle tension forces, toleration of small deflections and ease of use in the field.  

 In spigot and socket (or bell and spigot) joints, one end of a pipe section (the bell) is 

enlarged and provided with a rubber seal, while the other end (the spigot) is left 

unchanged. To join two pipes, the spigot of one pipe is pushed into the bell of the other 

pipe to create a watertight seal.  

 
 

 Butt fusion jointing is used to connectHDPE pipes: the ends of both pipes are heated and then 

pressed together at a prescribed pressure to create a bond. The quality of workmanship in butt 

fusion jointing is very important to ensure a strong and lasting joint.  
 

 Electro fusion is an alternative jointing method for HDPE pipes that employs special collars 

with built-in heating coils. The ends of the pipes are cleaned and their outer layers removed 

using a special scraping tool to expose virgin material. The electro fusion collar is then placed 

over the pipe ends and an electrical current applied to the heating coil. The heat melts the 

material of the collar and pipe together. Quality control is critical and it is important that pipe 

ends are perfectly round and clean, that the pipes are restrained throughout the fusion 

process and that joints are allowed to cool down fully before the restraints are removed. 
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prevent water hammer; 

 Mark closed valves on a map or flushing sheet (sheet Flushing Procedures) when they 

are closed and erase marks after the valves are reopened; and after one section of pipe 

has been flushed, move onto the next section to be flushed and repeat the same 

procedures. 

15.2 Processes for Detecting Leaks 

 Leaks may originate from any weekend joint or fitting connection or a damaged or 

corroded part of the pipe. Leaks are undesirable not only because they waste water, 

but because they can undermine pavements and other structures. Another undesirable 

effect of leaks is that the leak soaks the ground surrounding the pipe and, in the event, 

that pressure is lost in the pipe, the water, combined now with dirt and other 

contaminants, may backflow into the pipe. 

 The total amount of leakage is also affected by the type of soil surrounding the 

leaking pipes. In coarse soils, the leakage may continue for an extended period 

without detection, whereas in finer soils (clays) leaks appear sooner on the surface. 

 The process of locating a leak can be difficult and can become a troublesome and 

frustrating experience. Methods used to locate leaks include direct observation as well 

as the use of sounding rods, listening devices, and data from waste control study. 

15.3 Types of Pipe leaks 

 

 

 The simplest method of leak detection is to search for and locate wet spots which 

might indicate the presence of a leak. Sometimes these are reported by the consumers. 

However, even if a damp spot is found, it does not necessarily mean the leak can be 

easily found. The leak may be located directly below the damp area or it may be 
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meters away. Often the leak is not located where it would be expected because water 

follows the path of least resistance to the ground surface. 

 After the general location of the leak has been determined, a probe may be used to 

find the exact location. This probe is a sharp-pointed metal rod that is thrust into the 

ground and pulled up for inspection. If the rod is moist or muddy, the line of the leak 

is being followed. Do not probe into an area that has an electrical cable. 

 Listening devices are sound-intensifying equipment that is used systematically to 

locate leaks. The simplest listening device is a steel bar held against the pipe or valve. 

The device is moved in the direction of increasing sound until the leak is found. 

Patented leak detectors use audio phones to pick up the sound of escaping water. 

 Another method for locating leaks is the use of a leak noise correlate. This instrument 

locates leaks by noise intensity and the time it takes for the leak sound to travel to a 

pair of microphones placed on fittings (fire hydrants or stop valves) on each side of a 

suspected leak. Leak correlates are fairly accurate in locating a leak. 

 The amount of water lost from the distribution system through leakage is only one 

component of the system’s total water losses. The total amount of water lost from a 

distribution system from all sources is often referred to as “unaccounted for water” or 

non-revenue water (NRW). The NRW is the difference between the total amount of 

water produced and the total amount of water consumed. The amount of unaccounted-

for water lost by a distribution system is usually determined by conducting a water 

audit. A water audit is possible only when all the water inflow and outflow points are 

equipped with low meters. 

 Waste control or water audit studies are usually conducted when no specific reason 

can be found for a significant water loss in the system. Routine comparisons of water 

production and use should be made to determine the amount of NRW or unaccounted 

for water. When the loss exceeds 10 percent of the water produced corrective actions 

should be taken. 

15.4 Locating and Remediating Line Breaks 

Breaks in water mains can occur at any time and every service provider must have an 

established, written response plan. After a break has been located, determine which valves 

must be closed to isolate the break. A good policy before shutting off any valves is to notify 

every consumer involved that they will be out of water for an estimated length of time. The 

purpose of this advance notification is to allow consumers to make any necessary 

preparations. If extensive damage is caused by the break (flooding and/or washouts), close 

the valves and isolate the section as soon as possible, even before notifying all consumers. 

15.4.1 Repairing Leaking Pipes 

The following steps are used to repair a leaking pipe: 

 

1. Locate the failure from an external sign such as a water jet or wet area of soil, or 

specialized leak detection equipment.  

 

2. Close isolation valves in the system to isolate the leak. Mark each valve that is closed, for 
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instance on a worksheet or with a physical marker such as danger tape on the valve itself.  

 

3. Ensure that the work area is safe for working using appropriate signs, barriers, and traffic 

diversion measures.  

 

4. Excavate the failed pipe section while ensuring worker safety and avoiding further 

damage to the pipe.  

 

5. Use an extractor pump capable of handling sludge to drain water from the trench.  

 

6. Repair the failed pipe using an appropriate method:  

 

a. For a small leak, a repair clamp may be fixed over the leak to seal it. Small leaks in 

steel pipe may be welded closed.   

 

7. In all cases, ensure that exposed and new sections of pipe are carefully cleaned and 

disinfected. Take special care to ensure that any solids that may have entered the pipe 

during the repair are removed.  

All new or repaired water mains should be disinfected according to the current 

edition of the AWWA Standard for Disinfecting Water Mains Standard C651-92. 

New lines shall be thoroughly flushed and chlorinated at a dosage of 50mg/L for 12 

hours. In short lines, and if portable chlorination equipment is not available, 

through flushing and maintenance of free chlorine residual of 1.0mg/L after 24 

hours shall be carried out, with a test for residual chlorine being made at the end of 

the test period. 

8. Slowly open one or more of the closed isolation valves as well as a hydrant or valve 

to allow air to escape from the system 

15.5 Disinfection 

Pipes and fittings need to be disinfected before they are connected to the distribution system, 

either when new pipes are installed or when pipes are exposed for repairs. The first 

requirement is to keep the pipe as clean as possible during all storage, transport, and 

installation steps. A pipe wrench is not a clean environment and mud and contaminated water 

are often present. 

 

Workers should be trained to understand the need to keep the inside and joints of a pipe as 

clean as possible during construction and know the potential consequences of not doing 

this. 

 

To disinfect the pipe, it is first flushed to clear any dirt left in it before being filled with water 

with a chlorine content of at least 25 mg/l for at least 24 hours. Calcium hypochlorite 

granules or sodium hypochlorite liquid (liquid bleach) may be used as sources of chlorine. 

The water in the pipe should have a chlorine residual of at least 10 mg/l at the end of the 
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period. Alternatively, water with a chlorine concentration of 100 mg/l should be left for at 

least three hours, after which the residual chlorine concentration should be at least 50 mg/l. 

 

The pipe is then flushed with potable water before connecting it to the rest of the network. 

Chlorinated flushing water should be DE chlorinated or disposed of in a way that will not 

damage the environment. 

 

When pipes are repaired, they should also be flushed and disinfected. If it isn’t possible to 

leave the disinfectant in the pipe for the required period, a precautionary “boil water” notice 

should be issued to affected consumers.  
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16 Valves 

Routine valve inspections should be conducted by performing the following tasks: 

Various types of valves are used in distribution systems to shut down sections of the 

network, release air or regulate flow or pressure in the system. The main types are the 

following: 

 

• Isolation Valves  

 

• Air Valves  

 

• Non-return or Check Valves  

 

• Control Valves  

 

16.1 Isolation Valves 

Isolation valves are used to close off and thus prevent any flow through pipes. This may be 

required to shut down a section of pipe for repairs or isolate one supply zone from another. 

Most valves are made out of steel, ductile iron, or cast iron. Gate valves are typically used for 

isolation of small diameter pipes, while butterfly valves are used for large diameter pipes. 

 

Isolation valves are installed at junctions in pipe networks and regular intervals of one to two 

kilometers on transmission lines. They should be located near street corners and in line with 

property side-boundaries so that they are easier to find. All isolation valves in a system 

should close in the same direction, whether clockwise or anti-clockwise. 

 

Isolation valves can shut the flow off with a close-fitting metal-to-metal seal or use a 

rubber seal (called a resilient seal valve). While resilient seal valves are 

 

generally cheaper and have some operational advantages, the rubber seal tends to lose its 

flexibility when the valve is closed for long periods, resulting in the valve subsequently not 

being able to seal perfectly. Thus, resilient seal valves can be used in locations where they 

have to be opened frequently or will be open most of the time. However, critical valves that 

are closed most of the time, such as scour or isolation valves, should use a metal-to-metal 

seal. 

 

Isolation valves are prone to deterioration and failures such as stripped, broken or bent stems, 

leaking O-rings or packing, corrosion of the valve body and bolts, and wear on the valve disk 

and seat h. 

 

Isolation valves have the following operational requirements: 

 

• Isolation valves should only be operated by staff trained and authorized to do this, and 
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all changes in valve setting should be recorded on a form designed for this purpose. 

Contractors should not be allowed to operate valves without being specifically 

authorized to do this and complying with the same standards as municipal staff.  

 

• Gate valves should not be used to isolate pipes for pressure testing when the testing 

pressures exceed the operational rating of the valve, as this can damage the valve seals.  

 

• Isolation valves should be opened and closed slowly (approximately 10 minutes), 

especially on large pipelines to prevent water hammer. Valves on pipes with a water 

hammer risk should be fitted with gearboxes or actuators that regulate the valve closing 

speed.  

 

• A gate valve should be turned until it is completely opened or closed, and then half a turn 

in the opposite direction.  

This helps to prevent the valve from getting stuck.  

• Gate valves should not be used to throttle flow as the high velocity of water through a 

small valve opening can cause cavitation and scour damage to the valve. Butterfly valves 

are better suited to throttling.  

 

• Large isolation valves should be fitted with bypass valves to allow the pressure to be 

equalized on both sides of the large valve before it is opened.  

 

• To prevent operators from using too much force when closing a valve resulting in 

shearing of the valve stem, it is advisable to use special valve keys that will not allow an 

excessive force to be transmitted to the valve, or teach operators the number of turns 

required to close the valve (and thus not force it further).  

 

Maintenance requirements of isolation valves include the following: 

 

• Valves should be inspected and maintained regularly, but at least once a year. Gate 

valves should be checked for leaks around the stem and flange gaskets. Nuts and bolts 

should be tightened, avoiding over-tightening. The valve body should be cleaned, and 

corrosion protection applied when necessary. The valve stem and nut should be 

lubricated. Seals and gaskets should be replaced every five years.  

 

• Isolation valves should be exercised (opened and closed) at regular intervals) to ensure 

they are operational and don’t get stuck. 

 

• Valves with gearboxes should be serviced once a year, replacing gland packing and 

cracking the valve (close it slightly before opening it again) at least once a year. 

However, critical valves in the system should be inspected at more regular intervals to 

ensure they are ready should it become necessary to operate them. 
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16.2 Air Valves 

Air valves are installed on pipelines to control the flow of air into and out of the system. 

Pipelines should be filled with water under normal operating conditions, and thus any air that 

enters a system needs to be released. This is necessary when filing a drained pipe, or when air 

enters the system as bubbles or dissolved in the water. If the air is not released, it will 

accumulate at high points in pipes, restricting and even preventing flow altogether. 

 

Air should be allowed to enter a pipe when it is emptied, for instance, to repair a leak, or 

when pressures drop below atmospheric pressure, for instance, due to negative transient 

waves after a sudden pump stoppage. 

 

Air valves operate by automatically opening a valve when air accumulates in the valve body 

or negative pressures occur in the system. The valve also closes automatically when the air 

has been expelled. Most air valves operate using a floating device that moves up and down 

with the water level in the air valve chamber. Different designs are used for small and large 

air flows, but combination air valves incorporate both types in a single body. 

 

Air valves installations should include an air trap diameter similar to that of the pipe 

(typically a T-piece) onto which a smaller diameter isolation valve is connected (to allow air 

valves to be removed for maintenance purposes), followed by the air valve itself. It is a good 

idea to have a small vent valve close to the air valve to allow maintenance staff to check that 

the air valve is isolated from the system pressure before dismantling it. 

 

Air valves are not required everywhere in distribution systems since air can escape through 

consumer taps and valves. Bulk pipelines require air valves at high points in the pipe profile, 

where the pipe bends downwards and at regular intervals on straight pipe sections. Also, air 

valves are required at isolation and check valves where negative pressures may occur when 

draining the pipeline. 

 

Air valves experience two common problems: blocking of the orifice and the floater getting 

stuck. Thus, air valves should be checked at least every six months and maintained at regular 

intervals. The air valve should never be isolated or removed from the pipeline while the pipe 

is operational as the absence of the air valve may result in damage to the pipeline. It is 

recommended that spare air valves be used to immediately replace valves removed for 

maintenance purposes. The removed valve can then be opened, cleaned, and lubricated in a 

workshop. Corrosion on the outside of the valve should be removed and the valve sealed 

with appropriate epoxy paint. Air valve chambers should be regularly inspected to ensure 

that air valves are not submerged by rainwater or a pipe leak, their isolation valves open, the 

valve chamber air vents open and insect screens intact. 
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16.3 Non-return Valves 

 

Non-return or check valves only allow flow in one direction. If water flows in the opposite 

direction, the valve automatically closes one or more flaps or diaphragms, shutting off the 

flow. Non-return valves should be provided with counterweights to ensure that they fully 

close when there is no flow in the pipe. If this does not happen, a sudden return flow can 

cause the valve to slam closed violently, resulting in damage to the system. 

 

Non-return valves should be installed whenever flow is only allowed in one direction, 

including directly downstream of pumps, on-pump bypass pipes, and on large consumer 

connections. 

 

Non-return valves generally have to be removed from the pipe for inspection and 

maintenance work but don’t need much attention. However, it is important to check that they 

still seal well from time to time, particularly on pump bypasses where a leaking non-return 

valve can cause significant reductions in pump efficiency. 

 

16.4 Control Valves 

 

Control valves are used to control the flows or pressures in a distribution system by 

automatically varying their degree of opening in response to changes in system conditions. 

They use pressure from the network to open and close the valve, and thus do not normally 

require an external power source. Small diameter metal tubes are used as hydraulic circuits to 

transmit pressure signals from different parts of the valve or pipe to actuators that regulate the 

valve opening. Different hydraulic circuits are used to produce different types of control 

valves. The most common control valves in distribution systems are as follows: 

 

• Pressure reducing valves (PRVs) ensure that the pressure on their downstream sides 

does not exceed a given value.  

 

• Pressure sustaining valves (PSVs) maintain a given minimum pressure on their upstream 

sides.  

 

• Flow control valves (FCVs) ensure the flow rate passing through them doesn’t exceed a 

given value.  

• Level control valves close when a reservoir is full and opens when the water level drops 

to a pre-determined level.  

 

• Surge control valves open or close to help dissipate water hammer pressures in a pipe 

or protect components against it.  

 

• Pump control valves prevent water hammer from occurring in a system by controlling 

the rate at which the flow changes when pumps are started or stopped.  
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Control valves are used where special controls are required in a network, such as flow or 

pressure control. Most control valves also function as non-return valves. Control valves 

generally have a certain range that they can operate on, and in some cases, it is necessary to 

use more than one valve in series or parallel to get the desired results. 

 

Further  

Exercising (opening and closing a valve) should be done at the same time the valve 

inspection is made. Some manufacturers recommend that a valve stem never be left in a fully 

open or closed position. They recommend that after fully opening or closing a valve, back off 

the stem by one turn. 

Conditions of each system will determine how often the valves should be exercised; in 

general, it is recommended that all valves be exercised at least once a year. Planned 

exercising of valves verifies valve location, determines whether or not the valve works, and 

extends valve life by helping to clean incrustation from the valve seats and gates. Any valves 

which do not completely close or open should be replaced. Valves that leak around the stems 

should be repacked.  To determine that a valve is closed, an aqua phone or other listening 

device can be used. Valves should be exercised in both directions (fully closed and fully 

opened) and the number of turns and direction of operation recorded. Valves operating in a 

direction opposite to that which is standard for the system need to be identified and this fact 

recorded. The condition of the valve packing, stem, stem nut, and gearing should be noted. A 

timely maintenance program should be initiated to correct any problems found during the 

inspection and exercise. An important factor in maintaining distribution system valves are the 

availability of current and correct maps of the distribution system. Each utility should verify 

their maps often so that it is accurate and keep the map up to date by immediately recording 

any changes such as replacements or additions. 

Maintaining current records is as important as maintaining current maps. A purveyor should 

develop a valve form to track important information. The location of a valve is obtained from 

a controlled survey benchmark or a permanent reference point. The make of valve is 

important because different makes have different operating characteristics. The use of a 

simple valve numbering system keyed to up-to-date drawings is recommended. This 

procedure has proven to be quite helpful in locating valves rapidly and in communicating 

with others about particular valves. 

Road improvements require constant attention from water distribution system operators to 

ensure that valves are not lost. The valve chamber can be graded out or covered with 

pavement. The center lines of roads curb lines, and right-of-way lines are not to be used as 

reference points for locating vales, because they can change over time. 

Valves left closed in error can cause severe problems in a distribution system. Construction 

and maintenance crews operate valves as they do their work, and contractors and plumbers 

may operate valves without permissions. Separate pressure zones in the distribution system 

may be established by closing valves, thus increasing the possibility of problems related to 
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the incorrect use of valves. Unexplained problems with pressure and excessive operation of 

pumps in a given area have been traced to valves left closed or open in error. When crews 

change shifts during a project, valve closure and opening information must be exchanged. 

Crew chiefs must be certain all valves are restored to proper positions. 

Proper planning is important. The valves that will be used t isolate a damaged valve must be 

in good operating condition. When ordering repair parts, including the size, make the 

direction of opening, year of manufacture, and other pertinent information to assure that the 

correct repair parts will be received. 

Until the valve is isolated and opened up, it is difficult to determine what part of the valve is 

damaged. Therefore, have all replacement parts available before isolating the necessary 

section of the water main, excavating the valve, and making the repairs. 

Activity Description Frequency 

Location of valves on the 

map. 

Verify the accuracy of the location of the 

valve chambers on the system map (if 

incorrect, change the map and update the 

Master Copy); 

Once Only 

Valve Leakage checking After removing the valve chamber cover, 

inspect the stem and nut for damage or 

obvious leakage. 

Monthly 

Check for the proper 

functioning of the valves 

Close the valve fully and record the number 

of turns to the fully closed position. Always 

close a valve slowly to prevent water 

hammer; 

Reopen the valve to re-establish system 

flows. 

 

Cleaning of valve chamber 

cover seat 

Clean valve chamber cover seat; sometimes 

covers on valve boxes will come off when 

traffic passes over them due to dirt in the 

seat. 
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17 Flow Meters 

17.1 Routine, Periodic Maintenance Procedures 

Following the routine, periodic maintenance procedures should be carried out: 

 Calibration of the flow meter 

 Check for any improper wiring (rust, not tighten, etc.) 

 Clean the internal part of the turbine meter as necessary to remove any dirt. 

 Check for bubbles and solids trapped in turbine flow meters. 

Recommended Procedures for Common Emergency Situations; and Common 

Troubleshooting Procedures 

17.2 Proposed Maintenance Form for Flow Meters 

Trouble Possible Cause Remedy 

Meter indicates higher than 

an actual flow rate 

 Cavitation 

 Debris on rotor support  

 The buildup of foreign 

material 

 On meter bore   

 Increase back pressure  

 Clean meter 

 Clean meter 

 Install gas eliminator 

 Ahead of meter  

Meter indicates lower than 

an actual flow rate 

 Debris on rotor  

 Worn bearing  

 Viscosity higher than 

calibrated  

 Clean meter and add 

filter 

 Clean meter and add 

filter 

Erratic system indication, 

meter alone works well 

(remote monitor application 

only) 

Ground loop in shielding  Ground shield one 

place only. 

 Look for internal 

electronic instrument 

ground. 

 Reroute cables away 

from electrical noise 

The indicator shows flow 

when shut off 

Mechanical vibration causes a 

rotor to oscillate without 

Isolate meter 

No flow indication. Full or 

partially open position 

Fluid shock, full flow into the 

dry meter or impact caused a 

bearing separation or broken 

rotor shaft 

Rebuild meter with a repair 

kit and recalibrate monitor. 

Move to the location where 

the meter is a full-on startup 

or add downstream flow 

control valve 

Erratic indication at low 

flow, the good indication at 

high flow 

Rotor has foreign material 

wrapped around it 

Clean meter and add filter 

No flow indication  Faulty pick-up Replace pick-up 

The system works perfect, Bypass flow, leak  Repair or replace bypass 
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except indicates lower flow 

over the entire range 

valves or faulty solenoid 

valves 

A meter indicating high 

flow, upstream piping at 

meter smaller than meter 

bore 

Fluid jet impingement on the 

rotor  

Change piping 
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18 Diesel Engine 

 

18.1 Brief Description of Technology 

Diesel engines are very often used as a stationary power source. The main parts of the engine 

are the cylinders, pistons, valves, and crankshaft. The number of cylinders may vary from one 

to more than six. When air is heavily compressed by a piston inside a cylinder and diesel fuel 

is injected into it, this mixture comes to a controlled explosion that moves the piston. This 

movement is transferred to the crankshaft and from there it can be put to use, for example, to 

drive a pump or an electricity generator. Valves in the cylinder regulate the inflow of fuel and 

air and the outflow of exhaust gasses. A high-pressure pump forces the diesel fuel into the 

cylinder at the right moment. Diesel engines differ from petrol engines in that they use a 

different fuel, do not have spark ignition plugs, and work at much higher pressures. The 

efficiency of diesel engines is higher, and they need less maintenance than petrol engines. 

Engines can differ in size, speed (revolutions per minute), cycle (two-stroke and four-stroke 

cycles), cooling system (water or air), etc. Generally, low- speed four-stroke engines last 

longer, and high-speed two-stroke engines produce more power per kg of engine weight. 

Water-cooled engines generally need less maintenance than air-cooled engines. 

18.2 Normal Operation Procedures 

The engine must be operated by a trained caretaker/operator. Every engine has its typical 

operating instructions.  

 To keep diesel engines in peak operating conditions, the operator must give careful 

attention to the following factors-prestart inspection, starting the diesel, securing the 

diesel, and operator maintenance. 

 Before a diesel can be started, the operator must perform a prestart inspection to 

ensure the engine is ready for operation. The specific inspection routine varies 

somewhat according to each engine. The basic procedure, however, requires the 

operator to inspect the engine for a sufficient supply of fuel oil, lube oil, and cooling 

water. The operator must also be alert for any leakage of these fluids. When 

replenishment of cooling water is necessary for the radiator, use clean or soft water to 

keep the engine water jackets and coolant circulating system free of sediment. If the 

engine is still hot from the previous operation, do not add large amounts of cold 

water. Sudden cooling can crack cylinders or cylinder heads and may cause unequal 

contraction of the structural and working parts and lead to seizing of the pistons. 

When topping off batteries, use distilled water. 

 Accessories and drives should be inspected for loose connections and mountings. If 

the diesel starting system is battery equipped, check the batteries for cracks and leaks, 

and ensure the battery cables and vent caps are clean and secure. 

 As a safety precaution, inspect the fire extinguisher for ease of removal, full charge, 

security, and cleanliness of valves and nozzles before starting the engine. 

 Thus, internal combustion takes place and the engine begins to crank under its power. 

Once the engine has been started, the actions the operator must take are as follows: 

http://enginemechanics.tpub.com/14081/css/Prestart-Inspection-160.htm
http://enginemechanics.tpub.com/14081/css/Prestart-Inspection-160.htm
http://armyordnance.tpub.com/OD1619/OD16190087.htm
http://enginemechanics.tpub.com/14076/css/Pistons-68.htm
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1. Throttle the engine to normal (fast idle) warm-up speed. The diesel should not be 

permitted to slow idle for any appreciable length of time because this causes the 

engine-driven blower to deliver an insufficient amount of air for 

complete combustion. This condition results in partially burned fuel oil, forming 

heavy carbon deposits that foul the valves, the piston rings, and the exhaust system. 

2. Immediately check the lube oil pressure gauge. If the gauge does not indicate 

positive and sufficient lube oil pressure within 30 seconds, stop the engine 

immediately, and report the difficulty to the proper authority. 

3. Observe the temperature gauge during the warm-up period. The engine must not be 

placed under load until it reaches the proper warm-up temperature. Placing a cold 

engine under full load can result in serious damage to the engine because of poor 

lubrication at low temperatures and uneven rates of expansion. 

While the engine is in operation, other inspections and checks are required, such as 

checking of lube oil and fuel oil levels, filters and strainers, accessories and drives, 

and engine operating temperatures and pressures. Normally, the operator records the 

results of these inspections in an operating log. 

When the diesel is secured, if the engine installation permits, let the engine low idle 

without load for a short time before stopping to allow for a gradual reduction 

of engine temperature. Once the diesel has been shut down, the standby lube oil 

pump should be kept in operation for a short time to allow the lube oil to further cool 

the engine. The cooling water should also be kept circulating for 15 to 30 minutes to 

bring the working parts to a low temperature without danger of distortion from one-

part cooling faster than another. 

While the engine is cooling, the operator must check to determine the need for 

adjustment, for repair, and replacement or renewal of parts. The required actions are 

as follows: 

 Check the fuel, the oil, and the water as in the prestart inspection. 

 Check the engine instruments or the gauges for proper readings. 

 Check the accessories and the drives as in the prestart inspection. 

 Inspect the air cleaners and the breather caps. 

 Inspect the fuel filters. 

 Removing and cleaning the oil filter elements 

 Inspecting the fuel lines, the fuel filters, and the fuel pump 

 Cleaning the battery casing and the terminal posts; checking for proper 

electrolyte level and specific gravity 

 Inspecting, cleaning, and lubricating the generator; inspecting and testing the 

voltage and current regulator 

 Inspecting the radiator; inspecting the water pump, the fan, and the drive belts 

 Disassembling and cleaning the air filters and the breather caps 

 Inspecting the cylinder heads and the gaskets 

http://firecontrolman.tpub.com/14104/css/Combustion-46.htm
http://enginemechanics.tpub.com/14075/css/Piston-Rings-104.htm
http://nuclearpowertraining.tpub.com/h1018v2/css/Filters-And-Strainers-122.htm
http://armyordnance.tpub.com/OD1001/Engine-Temperature-88.htm
http://navyaviation.tpub.com/14115/Oil-Pump-252.html
http://navyaviation.tpub.com/14115/Oil-Pump-252.html
http://armychemicaloperations.tpub.com/cm12054/Air-Cleaner-60.htm
http://armychemicaloperations.tpub.com/cm12054/Fuel-Filter-43.htm


  

Page 103 of 140 
 

18.3 Routine and Periodic Maintenance Procedures 

Every day the outside of the engine must be cleaned, and in dusty conditions, the air filter 

must be checked and cleaned. Some parts may need manual lubrication. In moderately dusty 

conditions, oil-bath air filters are cleaned once a week, dry-paper air filters a little less 

frequently. 

The engine is serviced for preventive maintenance according to the number of hours it has 

run. Every 50 hours, the clutch (if present) must be greased. Every 250 hours, clean all filters 

(replace if necessary), change oil, and check nuts and bolts and exhaust pipe. Every 1500 

hours, major service overhaul with de-carbonizing, adjusting wall clearance, etc. if the engine 

is connected to a pump or generator with a V-belt, this wills regularly need replacement. 

Once a year the engine house must be painted and occasionally repaired. If a generator is 

present it will have its own maintenance needs. 

The table below shows only the most important O&M activities. 

A general maintenance schedule for diesel engines is given below:  

18.4 Proposed Maintenance Schedule for Diesel Engines 

Activity Description Maintenance 

Frequency 

Liquid level Monitoring Check liquid levels and add if necessary Daily 

Operation Start and stop the engine Daily 

Maintain Records Keep logbook Daily 

Air Filter Monitoring Check air filter, clean or replace if necessary Daily/ Weekly 

Check fuel level Check for oil and fuel leaks Weekly 

Check nuts and bolts Tighten nuts and bolts  Weekly 

Check engine oil Change engine oil Every 250 

service hours 

Check filters Clean or replace filters Regularly 

Service overhaul Decarbonizes, clean injector nozzles, adjust 

valves, etc. 

Every 500 to 

2000 hours  

Drive belts Replace drive belt Regularly 

Engine parts Replace engine parts Occasionally 

Engine housing Repair engine mounting and housing Occasionally 

 

18.5 Organizational Aspects 

Diesel engines require a lot of simple maintenance and, if this is done well, they can have a 

long service life. Therefore, the training and supervision of the caretaker are important. More 

complicated maintenance tasks and repairs have to be done by a well-trained mechanic with 

access to sufficient spare parts. Good organization will guarantee scheduled services at the 

right times and quick response in case of breakdown.  
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18.5.1 Frequent Problems 

 Excessive wear due to wrong O&M, neglect, or misunderstanding. 

 Rapid carbon buildup and low efficiency due to running the engine under full loading. 

 Broken drive belts. 
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19 O&M Generating Set 

19.1 Generator Isolating for Maintenance 

When you service an electric power, generation set or when you repair an electric power 

generation set, follow the procedure below: 

 Stop the engine 

 Attach a “DO NOT OPERATE” or similar warning tag to the engine prime mover 

starting circuit. 

 Disconnect the engine starting circuit. 

 Disconnect the generator from the distribution system. 

 Lockout the circuit breaker. Attach a “DO NOT OPERATE” or similar warning tag to 

the circuit breaker. Verify that all points of possible reverse power flow have been 

locked out. 

 For the following circuitry, remove the transformer’s fuses: 

o Power 

o Sensing 

o Control 

 Attach a “DO NOT OPERATE” or similar warning tag to the generator excitation 

controls. 

 Remove the cover of the generator’s terminal box. 

 Use an audio/visual proximity tester to verify that the generator is de-energized. This 

tester must be insulated for the proper voltage rating. Follow all guidelines to verify 

that the tester is operational. 

 Determine that the generator is in a de-energized condition. Add ground straps to the 

conductors or terminals. During the entire work period, these ground straps must 

remain connected to the conductors and the terminals. 

19.2 Recommended Maintenance Activities by Frequency for Generators 

As a minimum, the following are the recommended maintenance activities for a generator. 

The frequency of these activities may vary according to the manufacturer’s specifications. 

19.2.1 Actions #1 

Checkpoint Actions to be taken Frequency  

Bearing (Ball) Lubricate When Required 

Engine Air Cleaner Element Replace When Required 

Engine Oil Filter Change When Required 

Fumes Disposal Filter 

Element 

Replace When Required 

Generator Set Test When Required 

Insulation Test Overhaul Considerations When Required 

Rotating Rectifier Test Space Heater- check When Required 

Valve Stem Projection Measure/Record When Required 

Visitor Test When Required 



  

Page 106 of 140 
 

Winding Test When Required 

 

19.2.2 Actions # 2 

Checkpoint Actions to be taken Frequency  

Air Inlet Filter Check  Daily  

Air Starting Motor 

Lubricator Oil Level 

Check  Daily  

Air Tank Moisture and 

Sediment 

Drain Daily  

Bearing Temperature Measure/Record Daily  

Cooling System Coolant 

Level 

Check Daily  

Electrical Connection Check Daily  

Electrohydraulic System Inspect Daily  

Engine Air Cleaner Service 

Indicator 

Inspect Daily  

Engine Air Tray Cleaner Clean Daily  

Engine Oil Level Check Daily  

Fuel System Fuel Filter 

Differential Pressure 

Check Daily  

Fumes Disposal Filter 

Differential Pressure 

Check  Daily  

Generator Inspect 

 

Daily 

Generator Load Check Daily 

Power Factor Check Daily 

Stator Winding Temperature Measure/Record Daily 

Voltage and Frequency Check Daily 

Walk-Around Inspection Check Daily 

 

19.2.3 Actions # 3 

Checkpoints Actions to be taken Frequency  

Crankcase Blow-by Measure/Record Initial 250 Service Hours 

Cylinder Pressure Measure/Record Initial 250 Service Hours 

Engine Oil Sample Obtain Initial 250 Service Hours 

Valve Stem Projection Measure/Record Initial 250 Service Hours 

Every 250 hours Service 

Electrolyte Level 

Check Initial 250 Service Hours 

 

19.2.4 Actions # 4 

Description  Actions to be taken Frequency 
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Battery Electrolyte Level Check Every 250 Hours Service 

Hours 

 

19.2.5 Actions # 5 

Description  Actions to be taken Frequency 

Cooling System Coolant 

Sample (Level -1 ) 

Obtain Every 500 Service Hours 

Fumes Disposal Filter Drain Every 500 Service Hours 

 

19.2.6 Actions # 6 

Description  Actions to be taken Frequency 

Cooling System 

Supplemental Coolant 

Additive 

Inspect Initial 1000 Service Hours 

Engine Speed/Timing Sensor Clean / Inspect Initial 1000 Service Hours 

Valve Stem Projection Measure / Record Initial 1000 Service Hours 

 

19.2.7 Actions # 7 

Description  Actions to be taken Frequency 

After-cooler condensation Drain Every 1000 Service Hours 

Alternator Inspect Every 1000 Service Hours 

Belts Inspect/Adjust/Replace Every 1000 Service Hours 

Cooling System Coolant 

System (Level-2) 

Obtain Every 1000 Service Hours 

Crankcase Pressure Measure Every 1000 Service Hours 

Crankshaft Vibration 

Damper 

Inspect 

 

Every 1000 Service Hours 

Engine Crankcase Breather  Clean Every 1000 Service Hours 

Engine Oil  Change Every 1000 Service Hours 

Engine Oil Filter (Auxiliary) Change Every 1000 Service Hours 

Engine Oil Filter  

 

Change Every 1000 Service Hours 

Engine Oil Sample Obtain Every 1000 Service Hours 

Engine Valve Lash and 

Bridge 

Adjust Every 1000 Service Hours 

Exhaust Piping Inspect Every 1000 Service Hours 

Gas Pressure Regulator 

Condensation 

Drain Every 1000 Service Hours 

Hoses and Clamps Inspect/Replace Every 1000 Service Hours 

Ignition System Spark Plugs Inspect/Adjust/Replace Every 1000 Service Hours 

Ignition System Timing Check/Adjust Every 1000 Service Hours 
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Inlet Air System Inspect Every 1000 Service Hours 

Oxygen Sensor Calibrate Every 1000 Service Hours 

Radiator Clean Every 1000 Service Hours 

 

20 Safety Instructions for Maintenance and Inspection 

While carrying out maintenance procedures, it is important to consider the safety of 

equipment and personnel. If improperly handled, even perfectly operational equipment may 

break down during inspection for faults. The staff appointed to carry out the operating and 

maintenance work of any equipment must thoroughly understand the operating principles and 

maintenance requirements of each component and the system as a whole. 

In general, the following precautions must be undertaken” 

 The operator is responsible for ensuring that all maintenance, inspection, and 

installation work is performed by authorized and qualified personnel who are 

thoroughly familiar with the O&M manual prepared for the facility. 

 Work on the machine must be carried out only during standstill. The shutdown 

procedure described in the O&M manual for taking the machine out of service must 

be adhered to without fail. 

 Work on the unit must only be carried out with the electrical connections 

disconnected and locked out. Make sure that the pump set cannot be switched on 

accidentally. 

 Before dismantling or reassembly, secure the pump to make sure it cannot be 

switched on accidentally. The shut-off elements in the suction of discharge nozzles 

must be closed. The pump must have cooled down to ambient temperature, drained, 

and its pressure must be released. 

 Before dismantling or reassembly of vertical pumps, remove the motor and pull the 

assembly out of the sump.  

 Pumps or pump units handling liquids posing health hazards must be decontaminated. 

When draining the medium ensure there is no risk to persons or the environment. All 

relevant laws must be adhered to. 

 Do not apply heat to the impeller hub or nose due to the sealed cavity at the impeller 

nose as there may be a DANGER OF EXPLOSION! 

 Upon completion of the work, all safety-related and protective equipment must be 

properly refitted and/or reactivated before starting the pump set. 

20.1 Manufacturer’s Warranty 

Care must be taken to operate or modify the equipment in a way that it does not void the 

manufacturer’s warranty. The use of unauthorized spare parts and accessories can invalidate 

any liability of the manufacturer for damage or warranty. It is a good idea to consult the 

manufacturer before undertaking any modification or alternations of the machine. Any 

warranty of the operating reliability and safety of the pump/unit supplied is only valid if the 
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machine is operated by its designated use as described in the manufacturer’s datasheet. The 

limits stated in the datasheet must not be exceeded under any circumstances. 
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20.2 Environmental Mitigation and Monitoring Plan-EMMP 

20.2.1 Water Intake form Khirthar Canal 

Activity Potential Impacts Mitigation Measures Monitoring Indicators 

Monitoring 

and Reporting 

Frequency 

Party (ies) 

Responsible 

Monitoring of water 

quantity supplied 

from the source 

(Khirthar Canal). 

 Shortage of 

water supply 

 Both gravity and pumping 

systems are present for 

extracting water from 

Khirthar Canal 

 Monitor discharge  Daily 

monitoring 

 Operatin

g Agency 

Monitoring of water 

pollution at the 

source (Khirthar 

Canal). 

 Water pollution  Continuous water 

monitoring will evaluate the 

pollution load on WFP. 

 Water quality will be 

tested as per 

WHO/GOP standards 

 Monthly 

monitoring 

 Operatin

g Agency 

Air pollution of 

diesel generator 

installed at the low 

lift pumping station 

 Air Pollution 

 Health issues 

 Proper engine tuning 

generator to meet National 

Environmental Quality 

Standards of Pakistan limits 

and USEPA Tier 4 

standards 2014 will be 

ensured. 

 Monitoring will be 

done on the stack of 

machinery and 

equipment. The 

parameter required to 

be monitored are 

Smoke, H2S, Sox, CO, 

VOCs, and NOx 

 Monthly 

monitoring 

 Operatin

g Agency 

Noise pollution due 

to pumps and diesel 

generator at the low 

lift pumping station 

 Noise pollution 

 Health issues 

 Equipment with high noise 

levels will be fitted with 

noise reduction devices 

 Regular Inspection, 

maintenance, and 

lubrication of the 

 Monitoring 

compliance to NEQS 

for noise (SRO 72 

(KE) / 2009) 

 The sampling will be 

done twice every 

 Fortnightly 

monitoring 

 Operatin

g Agency 
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construction vehicle and 

equipment will be 

performed 

 Use of PPEs such as 

earplugs and earmuffs by 

the workers will be ensured  

 Avoid nighttime activity 

month at 7m form the 

source. The duration 

of sampling will be 24 

hours @ 15 seconds 

interval over 15 

minutes every hour 

(averaged) 

A fire hazard at 

pump room and 

diesel generator 

building at the low 

lift pumping station 

 Health & safety 

issue  

 Structural 

damage of 

pump room and 

generator 

building  

 Impairment of 

pumps and 

generator 

 Proper O&M practices 

should be adopted to avoid 

short-circuiting. 

 Provide and maintain an 

adequate number of fire 

extinguishers  

 Monitor the expiry of 

fire extinguisher and 

use class C type fire 

extinguisher as per 

OSHA’s standards. 

 Monthly 

monitoring 

 Operatin

g Agency 

Health and safety 

issues due to 

operation and 

maintenance activity 

at the low lift 

pumping station 

 Health & safety 

issues 

 Use of PPEs such as 

earplugs, gloves, eye 

goggles, rubber boots, etc. 

by the workers will be 

ensured  

 Staff & workers responsible 

for O&M will be adequately 

trained and only trained 

personal will be allowed for 

the job. 

 Monitor Compliance   During 

Activity 

 Operatin

g Agency 
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20.2.2 Pumping Stations 

Activity Potential Impacts Mitigation Measures Monitoring Indicators 

Monitoring 

and Reporting 

Frequency 

Party (ies) 

Responsible 

Monitoring of water 

quantity supplied 

from the high lift 

pumping station 

 Shortage of 

water supply 

and operational 

problems in the 

water filtration 

plant 

 Ensure the water quantity 

supplied will be as per 

design  

 Monitor discharge  Daily 

monitoring 

 Operatin

g Agency 

Air pollution of  Air pollution  Proper engine tuning  Monitoring will be  Monthly  Operatin

 Necessary first aid 

arrangement s in case of an 

accident will be provided at 

the site. 

Removal of 

vegetation and 

desalting from water 

storage pool #1,2 and 

3 

 Soil and 

groundwater 

contamination  

 Land 

degradation due 

to waste 

disposal 

 Proper disposal of dredged 

material at designated 

landfill sites. 

 Adoption of good 

management practices to 

control soil and 

groundwater contamination. 

 Ensure restoration of site to 

its original conditions after 

transferring the desalted 

material to the disposal site. 

 Monitor compliance 

by visual inspection 

 Daily 

monitoring  

 Operatin

g Agency 
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diesel generator 

installed at the high 

lift pumping station 

 Health issues  generator to meet National 

Environmental Quality 

Standards of Pakistan limits 

and USEPA Tier 4 

standards 2014 will be 

ensured. 

done on the stack of 

machinery and 

equipment. The 

parameter required to 

be monitored is 

Smoke, H2S, Sox, CO, 

VOCs, and NOx. 

monitoring g Agency 

Noise pollution due 

to pumps and diesel 

generator at the high 

lift pumping station 

 Noise pollution 

 Health issues 

 Equipment with high nose 

levels will be fitted with 

noise reduction devices  

 Regular inspection, 

maintenance, and 

lubrication of the 

construction vehicle and 

equipment will be 

performed  

 Use of PPEs such as 

earplugs and earmuffs by 

the workers will be ensured 

 Avoid nighttime activity 

 Monitoring 

compliance to NEQS 

for noise (SRO 72 

(KE) / 2009) 

 The sampling will be 

done twice monthly at 

7m from the source. 

The duration of 

sampling will be 24 

hours @ 15 seconds 

interval over 15 

minutes every hour 

(averaged) 

 Fortnightly 

monitoring  

 Operatin

g Agency 

A fire hazard at 

pump room and 

diesel generator 

building at the high 

lift pumping station 

 Health & safety 

issues 

 Structural 

damage of 

pump room and 

generator 

building 

 Proper O&M practices 

should be adopted to avoid 

short-circuiting. 

 Provide and maintain an 

adequate number of fire 

extinguishers 

 Monitor the expiry of 

fire extinguisher and 

use class C type fire 

extinguisher as per 

OSHA’s standards. 

 Monthly 

monitoring 

 Operatin

g Agency 
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 Impairment of 

pups and 

generator  

Health and safety 

issues due to 

operation and 

maintenance activity 

at the high lift 

pumping station 

 Health & safety 

issues 

 Use of PPEs such as 

earplugs, gloves, eye 

goggles, rubber boots, etc. 

by the workers will be 

ensured 

 Staff & worker responsible 

for O&M will be adequately 

trained and only trained 

personal will be allowed for 

the job 

 A necessary first aid 

arrangement in case of an 

accident will be provided at 

the site.  

 Monitor compliance  During 

Activity  

 Operatin

g Agency 

Maintenance of air 

release valves in 

rising mains 

 Lack of 

maintenance 

will cause loss 

of water and 

impairment of 

rising main 

 Ensure the proper 

maintenance of air release 

valves 

 Visual inspection  Monthly 

monitoring 

 Operatin

g Agency 

Illegal water 

connections in rising 

mains 

 Loss of pressure 

in rising main  

 Impairment of 

rising main 

 Periodic surveillance & 

monitoring  

 Surveillance & 

Monitoring 

 Monthly 

monitoring  

 Operatin

g Agency 
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20.2.3 Pumping & Transmission System Loop 

Activity Potential Impacts Mitigation Measures Monitoring Indicators 

Monitoring and 

Reporting 

Frequency 

Party (ies) 

Responsibl

e 

Air pollution of 

diesel generator 

installed at the water 

filtration plant. 

 Air pollution 

 Health issues 

 Proper engine tuning 

generator to meet National 

Environmental Quality 

Standards of Pakistan limits 

and USEPA Tier 4 

standards 2014 will be 

ensured. 

 Monitoring will be 

done on the stack of 

machinery and 

equipment. The 

parameter required 

to be monitored are 

Smoke, H2s, Sox, 

CO, VOCs, and 

NOx 

 Monthly 

monitoring  

 Operati

ng 

Agency 

A fire hazard at the 

pump room and 

diesel generator 

building at the water 

filtration plant. 

 Health & safety 

issues  

 Structural 

damage of 

pump room and 

generator 

building  

 Impairment of 

pumps and 

generator 

 Proper O&M practices 

should be adopted to avoid 

short-circuiting. 

 Provide and maintain an 

adequate number of fire 

extinguishers 

 Monitor the expiry 

of fire extinguisher 

and use class C 

type fire 

extinguisher as per 

OSHA’s standards. 

 Monthly 

monitoring 

 Operati

ng 

Agency 

Monitoring of water 

pollution at each 

water tank delivery 

and end-users 

 Health issues 

 Social Issues 

 Water quality will be tested as 

per WHO/ GOP standards to 

ensure the integrity of the 

water supply system. 

 WHO/ GOP Drinking 

Water Standards 

 Daily monitoring 

of turbidity and  

free residual 

chlorine test 

 Operati

ng 

Agency 
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 Turbidity and free residual 

chlorine tests. 

 Consider maintaining residual 

chlorine in distribution water 

at 0.4 to 0.5 mg/I to prevent 

the growth of nuisance 

bacteria. 

 Reliability of water supply 

source. 

 Analysis of water 

quality parameters 

weekly 

 Monthly analysis 

of water quality 

parameters from 

third party 

laboratory 

 If the applicable 

standards are not 

met, adequate 

mitigation 

measures to 

ensure that the 

water supply is 

fit for drinking. 
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20.2.4 Water Filtration Plant 

Activity Mitigation Measures 
Monitoring 

Indicators 

Monitoring and 

Reporting Frequency 

Party(ies) 

Responsible 

Discharge of Effluent 

from the treatment 

plant 

 Settling of sludge on 

drying beds for ultimate 

disposal 

 The supernatant should 

be tested to check 

compliance with NEQS 

2000 for disposal to 

Sewage line. 

 The permit should be 

obtained from the Public 

Health Department for 

connecting it to the sewer 

line. The total volume is 

estimated to be about 1.5 

cusecs. 

Sludge analysis 

and transportation 

Analysis of 

Supernatant 

Continuous Analysis Implementing Agency — In 

charge of DWTP Plant 

Storage of chemicals  Storage of chemicals in 

 Accordance with 

Hazardous Substance 

Rules 2003. 

 Approval from Sindh 

EPA Storage in the 

purpose-built area for a 

designated period only. 

Permits from 

Regulating agency. 

Visual  

Inspections 

Record of 

accidents and 

near miss 

Periodic maintenance Implementing Agency — In 

charge of DWTP Plant 
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Area to be marked with 

proper signage. 

 The material safety data 

sheet (MSDS) shall be 

prepared for all stored 

material. 

 Monitoring of 

disinfectant residual in 

stored water. 

 Provision of 

washrooms/cleaning 

stations for staff. 

Generation of 

Solid waste 

 Separate bins for 

chemical and non-

chemical waste. 

 Disposal of

 waste at 

 designated sites 

Visual inspection Daily monitoring Implementing Agency — In 

charge of DWTP Plant 

Water Quality  Regular

 monitoring of the 

quality of water at inlet, 

outlet of DWTP, and 

consumer end. 

 Regular training and 

capacity building in 

water testing Emergency 

plan and water safety 

Testingof Water 

parameters given 

in the NEQS.  

Training Record 

Office Record 

Plans 

Continuous sampling 

Yearly Periodic review 

and update of the 

Implementing Agency — In 

charge of DWTPPlant 
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plan. These have been 

prepared and attached as 

Annex-I and should be 

Implemented 

Risks of 

Vandalism 
 Securing thephysical 

infrastructure of the 

treatment plant by 

building a boundary wall 

and installation of lights 

Incidents of 

trespassing 

Daily supervision  Implementing Agency —

In charge of DWTP Plant 

Maintenanceand 

Operations 
 Operating allphysical 

infrastructure as per 

design, regular 

maintenance and 

cleanliness ofelectro- 

mechanical equipment 

including thebackup 

 generators per  

manufacturer's manuals 

Availabilityof 

manufacturer's 

manuals and 

compliance 

Periodic operations 

and maintenance as 

per O&M  

manuals 

Implementing Agency — In 

charge of DWTP Plant 
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Occupational Health 

and Safety 

 Regular training in 

HSE and compliance 

 Use of Personal 

Protection Equipment 

(PPE) such as safety 

vests, helmets, goggles, 

rubber boots. 

 Installation of warning 

and  

danger signs at the 

required location. 

 Availability of medical 

equipment and first aid 

box.   

 Use of chemicals as  

mentioned in 

PERSUAP 

Approved SE 

plans Incident, 

injuries and 

near-miss record 

Compliance to 

Factories Act 

1934, Hazardous 

Substance Rules 

2003 

Periodic monitoring 

 

Implementing Agency — In 

charge of DWTP Plant 

Operational 

Sustainability 

 Equipping the water testing 

laboratory for water quality 

monitoring 

 Record keeping of 

laboratory analysis. 

  Emergency response plans 

for short term imbalances 

in water quality. 

 Training of staff and 

technicians. 

Testing and 

record-keeping 

Periodic monitoring Implementing Agency — In 

charge of DWTP Plant 
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20.2.5 Sampling Plan during the Operation Phases 

Components Parameters 

No. of 

Samples 

(No. of 

Samples 

x 

Frequen

cy x 

Year) 

Frequency Responsibility Location 

Air Quality CO, NOx,SOx, PK° (24 hours) 

 

 

 

 

1x2x1 = 2 Bi-annual PlantManager of 

Operating Agency 

The ambient air monitoring will

 be 

carriedout at filtration plant 

 

Drinking-

Water Quality 

Bacterial 

As 

mentioned 

in the 

EMMP 

 

 

 

 

 

 

 

 

 

 

As mentioned, 

in the EMMP 

 

 

 

 

 

 

 

 

 

 

 

 

Plant Manager 

of Operating Agency 

 

 

 

 

 

 

 

 

 

 

 

 

As mentioned in the EMMP 

 

 

 

 

 

 

 

 

 

 

 

 

 

E. Coli, Fecal, Coliform,

 Total 

Coliform Bacteria 

Physical 

PH, Color, Taste, Odor, 

Turbidity, Total Hardness as 

CaCO3, TDS 

Chemical 
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Aluminum(Al), Antimony (Sb), 

Arsenic (As), Barium (Ba), 

Cadmium (Cd), Chloride (CI), 

Chromium (Cr), Copper (Cu), 

Cyanide(CN), Fluoride

 (F), 

Lead(Pb), Manganese (Mn), 

Mercury (Hg), Nickel

 (Ni), 

Nitrate (NO3), Nitrite (NO2), 

Selenium (Se), Residual 

Chlorine, Zinc, (Zn), Pesticides, 

Phenolic, Compound as  

Phenols,Poly nuclear Aromatic 

Hydrocarbons (as PAH), Alpha 

Emitters, or pCi Beta emitters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 x2x1 = 

02 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bi annual 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PlantManager of 

Operating 

Agency 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The monitoring will be carried 

out 

inside the filtration slant 

 

 

 

 

 

Noise Level Noise Level 

Continuous 24 

Hours Monitoring 
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21 Potential Adverse Impacts and Mitigations during Operation Phase 

for Water Filtration Plant 

 

21.1 Treatment Plan Effluent 

 

The design range for the effluent generation is 5% of the processed water. Currently, 2,250 

m3/day of effluent is generated. At maximum capacity (14.5 MGD by 2030), the plant will 

generate an estimated quantity of 3,953 m3/day (0.9 MGD). Sludge based effluent is 

generated at theclari-flocculator and filter beds. Presently, effluent is directly discharged 

through the existing sludge holding tanks to the Jamali Wah canal. Although effluent only 

contains salts and other suspended solids, its direct discharge to the Jamali Wah canal is not 

an ideal practice since the effluent may contain TSS as high as 700 mg/I. 

For safe handling and disposal of sludge, a mitigation measure has been proposed to direct 

the supernatant from the sludge holding tank to the existing wastewater treatment plant. The 

settled suspended solids will be disposed to the already identified locations where my land 

will be well compacted before applying the sludge. The supernatant will be analyzed to 

comply with the NEQS 2000 for disposal to sewage and a permit should be obtained from the 

Public Health Department for connecting it to the sewer line. The total volume is estimated to 

be about 1.5 cusecs. 

21.2 Hazard of Sodium Hypochlorite (NaHCIO3) 

The current usage of sodium hypochlorite is 510 L/day. This usage is expected to increase by 

2020 and 2030 to 655 L/day and 898 L/day respectively. Any accidental leakages of the 

disinfectant (NaHCI03) may cause severe health impacts to the worker and end-users as well. 

The health impacts associated with exposure to chlorine are skin irritation and digestive 

problems. It also causes corrosion in the distribution networks. 

The mitigation measures include: 

 Disinfectant storage permit should be obtained from EPA, Sindh according to 

Hazardous Substance Rules 2003. 

 Disinfectant shall be stored in cool, dry, and dark conditions for no more than fifteen 

days (15). The equipment shall be constructed of corrosion-resistant materials. 

 The storage facility shall have a non-permeable surface. 

 The Material Safety Data Sheet (MSDS) for NaHCI03should be available, accessible, 

and in a language read by the technicians and other staff using or possibly exposed to 

the chemical. 

 Regular monitoring of chlorine concentration at the source, i.e., the water treatment 

plant and in the distribution network, and ensuring adequate chlorination for safe 

delivery of water. 
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 In case of contact with the skin or eyes, immediate remedial facilities shall include 

eyewash and shower stations that shall be regularly checked and maintained 

according to hazardous substance rule 2003. 

 Residual chlorine in treated water shall be maintained in the range from 0.4 mg/I to 

0.5 mg/I; 

 Safety protocols related to the disinfectant process should be defined and 

communicated to the workers responsible for the chlorination process. 

 Develop and implement a plan for responding to accidental releases. 

 Train operations staff to handle NaHCIO3 

21.3 Solid Waste 

Waste generated during operation of the plant will generally include process residuals, used 

filtration media, and other inert waste generated during operation of a small to medium-sized 

plant. Since the operations are confined within a designated boundary, the environmental 

impacts, with proper mitigation measures, are expected to below. The mitigation measures 

will include: 

 Minimize the number of solids generated by the water treatment process through 

optimizing system processes. 

 Separate bins shall be provided for segregation of hazardous and non-hazardous waste 

with labels marked with bone and skull mark according to Hazardous Substance Rules 

2003 

21.4 Noise: 

Operational staff shall be equipped with PPEs including earplugs and earmuffs. Generators 

shall be installed in a properly built generator room that is insulated to contain the noise. 
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21.5 Electro-Mechanical Equipment: 

In addition to the pumps and equipment, a600KVA backup generator will be available for the 

operation of the Water Filtration Plant. This shall comply with USG tier 4 emissions and 

other applicable standards. 

21.6 Air Emissions 

No significant air emissions are expected from the operation of DWTP except when 

operating standby generators. The air emissions shall be monitored regularly and shall 

comply with the Ambient Air Quality Standards NEQS, 2010. The twenty-four (24) hours 

average concentrations of NOx, SOx, CO, and PM shall not exceed 40 pg/m3, 120 pg/m, 10 

mg/m3, and 150 pg/m3, respectively. 

21.7 Water Supply Quality 

The quality of water from the treatment plant is dependent upon adequate operations. A 

power failure will completely shut down plant operations. One of the major reasons for poor 

water quality is contamination within the distribution system. This can happen due to illegal 

connections and wear and tear of pipelines. These concerns have been highlighted by 

stakeholders during the scoping meeting. The illegal connections result in leakages and 

contamination of water. During depressurization periods due to power failure, contaminated 

water from outside the pipe can enter the pipeline through leakage points in the line and cause 

contamination of water delivered to customers. 

Mitigation measure will include: 

 Regular monitoring of the quality of water at both the DWTP and consumer ends with 

samples tested in the established laboratory of the facility. The quality of water shall 

comply with NEQS, 2010 and WHO Drinking water standards; 

 Continuous inspection of illegal connections. 

 Availability of standby power source. 

 Regular training and capacity building of the staff. 

 The emergency plan and water safety plan should be prepared on the format given in 

Annex -1 and shall be strictly implemented to reduce the risks associated with the 

security of water. 

 Periodic maintenance and monitoring of all processes and components of the filtration 

plant. Water quality should be tested as per NEQSs and WHO standards to ensure the 

integrity of the water supply system. Recommended key locations for monitoring are: 

22 Khirthar Canal 

23 before and after the water filtration plant 

24 Six storage reservoirs within the delivery system 

25 Consumer ends 

The Frequency of monitoring shall be: 

 Daily monitoring of turbidity, microbiological parameters, and free residual chlorine 

at the DWTP, 
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 Analysis of water quality parameters as defined in NEQS on Weekly basis, 

 Weekly sampling and analyses of water in the six storage reservoirs 

 Monthly analysis of water quality parameters from the third party 

A detailed Monitoring plan is discussed in Section 8.4.5 of EMMP. 18.1.8 Human-Induced 

Hazards 

The existing plant does not have a boundary wall, which makes the facility vulnerable to 

vandalism. A boundary wall along the perimeter of the plant is proposed to secure its system 

and processes. Similarly, watch guards are proposed to be deployed, especially at nights. 

21.18 Inequality in the Distribution of Water Supply 

Illegal connections are commonly made by influential people and no accountability system 

exists to address the issue. Access to the water supply is a big challenge for poorer sections of 

the community. The existing water supply lines are damaged due to illegal connections and 

the lack of skilled technicians to repair. Sewerage water regularly infiltrates into water supply 

lines. The water supply is limited and contaminated, especially for poorer segments that pay 

300 rupees per month to the city municipality. 
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21.19 Emergency Planning 

An emergency plan is needed so that when an emergency occurs, it can be handled quickly, 

efficiently, and professionally. Emergencies would include power outages, equipment failure, 

and loss of pressure in the distribution system, or a suspected contamination event. The 

emergency plan should be specific to each system and the best person to develop an 

emergency plan is the operator. The emergency plan should outline what action will be taken 

and by whom. 

Any emergency plan should be written down and stored in a binder so it can be regularly 

updated. More than one person should be familiar with the plan and it should be readily 

accessible. An Emergency Plan should be reviewed and tested periodically. 

At a minimum, an Emergency Plan should contain the following elements as applicable to 

each system: 

The following contact names and telephone numbers 

 Water system personnel (Municipal Administration) 

 Local Drinking Water Officer 

 Local Public Health Inspector 

 Provincial 24-hour emergency response number, 

 Local and Municipal emergency services (Police, Fire, EMS), 

 Current chemical suppliers, 

 Laboratories, 

 Utilities (Telephone, Hydro, etc.), 

 Contractors who would be readily available for making emergency repairs beyond the 

capability of the operator (Plumbers, Electricians, Excavators, etc.), 

 Equipment suppliers and spare parts, pipe sections, and pipe repair parts 

 Arrangements for obtaining an alternative source of potable water; 

 An up-to-date distribution map showing water intake, pumping facilities, storage 

facilities, line sizes, valves, hydrants, and blow-offs; 

 Procedure for notifying the public and media, including a sample Boil Water notice; 

and 

 Emergency disinfection procedures for, water lines and storage facilities. 
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21.20 Asset Management 

 A good asset management plan helps ensure the water system gets the most value 

from each asset as well as providing the financial resources to rehabilitate and replace 

them when necessary. 

 Take an inventory and familiarize yourself with what assets exist and their condition 

to help to the schedule of rehabilitation and replacement of the various system assets 

 Prioritize the assets ensuring that funds are allocated to the rehabilitation or 

replacement of the most important assets (i.e. pumps, disinfection equipment, etc.). 

 Develop an asset management plan. Create an annual budget that summarizes how 

much it will cost to operate and maintain the system for the year. This includes 

calculating how much reserve money needs to be set aside each year for future large 

purchases and upgrades. 

 Implement the plan. Review what funds are available and how much more additional 

funding may be required to meet the set budget. 

 Review the asset management plan every year as it is a flexible document that should 

evolve and grow along with the system or enhancement with an increase of 

population and area. 
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21.21 Operation Monitoring Form 

 

21.21.1Operational Monitoring Form 

Community: 

Population: 

Water Demand 

  Average day m3 

Peak day m3 

 

Surface Water: 

Total Number of connection from Khirthar Canal 

             ____________________    

No of connections used:     Average demand:    Peak demand: _________  

   

Protection measures (describe)                

Is there any supply problems? If so describe:              

 

Water Treatment Storage and Distribution  

Year of construction:      _____________________________________________________________  

Is there any expansion? If so describe:               
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Treatment Capacity:    m3/ day or Lis 

Note: 

The purpose of the filtration plant is to remove the following pollutants, present in the feed water. 

(i) Turbidity (iii) Suspended Solids (iv) Taste and Odor (if present) or otherwise according to the analysis of feed water of that site. However, the 

treatment will be conducted as per the laboratory report. Hence all such probable treatment/chemical feeds are provided in the chart. 

 (1) Treatment Units 

  Unit Operations/ Processes  Present  Comments 

(1) Pretreatment 

 Chemicals Used 

 

 

   

 Sodium hypochlorite  _________  Dosagecontrol manual  Others   

 Other  _________  Dosagecontrol manual  Others   

Are the chemical approved? Yes   No   

      

 (2). Filtration    Type (gravity) RAPID SAND FILTER 

Control (manual or automatic)      

 Size and No of Filters)        

Total Capacity         

Filtration rate:         

Details of Media:         

Backwash details including type, flow rate and frequency   

Discharge details of backwash water and filter to waste   

Filter condition:        

     

 (3) Disinfection    Type of Disinfection used NaOC1  

Dosagecontrol manual  Others   
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 (4) Treated Water storage tanks    Type (elevated or underground)      

Capacity        m3 

Are the tanks protected (cover and inside coating)?    
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II. physical plant detail including type of building    ________  Describe: _________________________________________ 

 

III. Laboratory and Testing Area      ________  Describe: _________________________________________ 

IV. Electrical System      ________  General Conduction: ________________________________ 

V. Piping Valves etc       ________  General Conduction: ________________________________ 

VI. Flow meters  ________  No of meters available, location and condition  

VII. Pump         ________  No of Pumps available, type, location, capacity and condition: 

           Is there any generator set? ____________________________ 

VIII. Water Distributaries Pipes      ________  years of installation _________________________________ 

           Pipe material (Type) _________________________________ 

           Pipe Size Diameters _________________________________ 

           Main replacement ___________________________________ 

IX. Operating personnel       ________  No of Operators_____________________________________ 

           Water treatment ______________________________ 

           Water distribution _____________________________ 

           Backup______________________________________ 

           Detail of Operator Attendance _________________________ 
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           Detail of Operator Training____________________________ 

           Operator certification level____________________________ 
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Parameters testing and records  

1. Availability of testing equipment (check applicable) 

 

Turbidity: ______________________________ 

PH: ___________________________________ 

Iron: __________________________________ 

Manganese: _____________________________ 

Fluoride: ________________________________ 

Alkalinity: ______________________________ 

Hardness: _______________________________ 

Chlorine: __________________________________ 

Particle counting: _____________________________ 

Particle counting: ______________________________ 

Color: ______________________________________ 

Filter head loss measuring instrument ______________ 

Other: __________________________________ 

 

II. Availability of on-line monitoring equipment (check applicable) 

Turbidity: _______________ 

PH: ___________ 

Chlorine residual: ______________ 

Water meter (raw, filtered, backwash etc.): __________________ 

Other: ________________ 

 

III. Availability of safety equipment 

 (Gloves, apron, goggles, eyewash, shower, etc.):  Describe: _________________________________________ 
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IV. Details about equipment calibration practices:  _________________________________________________ 

 

Parameters testing and frequency (note time period): ________________________________________________________________ 

 On Site Testing   Raw Water   In-Plant & treated Water   Distribution System 

 Turbidity    __________   _____________________   _________________ 

 pH     __________   _____________________   _________________ 

 Iron     __________   _____________________   _________________ 

 Manganese    __________   _____________________   _________________ 

 Fluoride    __________   _____________________   _________________ 

 Alkalinity    __________   _____________________   _________________ 

 Hardness    __________   _____________________   _________________ 

 Colour     __________   _____________________   _________________ 

 Chlorine residual   __________   _____________________   _________________ 

 Other (particle counting etc.)  __________   _____________________   _________________ 

Laboratory Testing 

Parameters   Samples Collected on   Sample Collected by  Sample sent to  Result received on 

(List as specified 

in the permit) 

Bacteriological 
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1.    _________ ________________   _________________  ____________  ________________ 

2.    _________ ________________   _________________  _____________  ________________ 

 

Chemical 

1.   _________  ________________   _________________  ______________ 

 _________________ 

2.  _________  ________________   _________________  ______________  _________________ 

3.  _________  ________________   _________________  ______________  _________________ 

4.  _________  ________________   _________________  ______________  _________________  

5.  _________  ________________   _________________  ______________  _________________ 

6.  _________  ________________   _________________  ______________  _________________  

 

7. _________  _______________  _______________  _______________  _____________ 

8. _________  _______________  _______________  _______________  _____________ 

9. _________  _______________  _______________  _______________  _____________ 

 

Chemical health category  

1. _________  _______________  _______________  _______________  _____________ 

2. _________  _______________  _______________  _______________  _____________ 

3. _________  _______________  _______________  _______________  _____________ 

4. _________  _______________  _______________  _______________  _____________ 

Physical  

1. _________  _______________  _______________  _______________  _____________ 
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2. _________  _______________  _______________  _______________  _____________ 

3. _________  _______________  _______________  _______________  _____________ 

4. _________  _______________  _______________  _______________  _____________ 

5. _________  _______________  _______________  _______________  _____________ 

 

VI. Item inspection – Record Entry and Maintenances 

Item      Recorded (Check Applicable)  Frequency (Note the Time)  

Raw Water quantity    ________________________  ________________________ 

Treated water quantity    _________________________  ________________________ 

Treated Water rate    ________________________  ________________________ 

Back wash Rate    ________________________  ________________________ 

Back wash duration    ________________________  ________________________ 

Filter media Inspection   ________________________  ________________________ 

Crack in filter beds, if any   ________________________  ________________________ 

Filter head loss     ________________________  ________________________ 

Back Wash Duration    ________________________  ________________________ 

Pump operation Hours    ________________________  ________________________ 

Chemical Solution Strength   ________________________  ________________________ 

Chemical Dosage    ________________________  ________________________ 

Filter Cleaning     ________________________  ________________________ 

Storage tank cleaning    ________________________  ________________________ 

System distribution (Main) Pressure   ________________________  ________________________ 

Physical observation  

(Color, Odor, Clarity) 

 Raw Water    ___________________________  ___________________________ 

 Clarifier influent   ___________________________  ___________________________ 
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 Filter influent    ___________________________  ___________________________ 

 Back wash water  ___________________________  ___________________________ 

 Filter effluent    ___________________________  ___________________________ 

 Water form storage tanks  ___________________________  ___________________________ 

 Others     ___________________________  ___________________________ 

VII. Describe the physical maintenance and repairs carried out in the treatment plant and distribution system 

________________________________________________________________________________________________________________________

_______ 

________________________________________________________________________________________________________________________

_______ 

VIII. Details of testing/ Calibration for: 

 Flow meters     ______________ 

 Valves     ______________ 

 Pumps     ______________ 

 Chemical feeders    ______________ 

 Other     ______________ 

IX. Details of Safety Alarm Systemin the Plant: ________________________________________ 
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Treated water Quality Monitoring Plan 

Parameters (list as  Sampling  Sampling   Result   SE Standards Compliance with Guidelines Remarks  

Specified Permit  Location  Method    Guidelines  Standards   

             

 

Bacteriological  

1. _________   _________    _________     _________   _________    ________        _________ ___________ 

2. _________   _________    _________     _________   _________    ________        _________ ___________ 

 

Chemical  

1. _________   _________    _________     _________   _________    ________        _________ ___________ 

2. _________   _________    _________     _________   _________    ________        _________ ___________ 

3. _________   _________    _________     _________   _________    ________        _________ ___________ 

4. _________   _________    _________     _________   _________    ________        _________ ___________ 

5. _________   _________    _________     _________   _________    ________        _________ ___________ 

6. _________   _________    _________     _________   _________    ________        _________ ___________ 

7. _________   _________    _________     _________   _________    ________        _________ ___________ 

8. _________   _________    _________     _________   _________    ________        _________ ___________ 

9. _________   _________    _________     _________   _________    ________        _________ ___________ 

10. _________   _________    _________     _________   _________    ________        _________ ___________ 

11. _________   _________    _________     _________   _________    ________        _________ ___________ 

12. _________   _________    _________     _________   _________    ________        _________ ___________ 

 

Chemical Health Category  

1. _________   _________    _________     _________   _________    ________        _________ ___________ 

2. _________   _________    _________     _________   _________    ________        _________ ___________ 

3. _________   _________    _________     _________   _________    ________        _________ ___________ 

4. _________   _________    _________     _________   _________    ________        _________ ___________ 
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5. _________   _________    _________     _________   _________    ________        _________ ___________ 

 

Physical  

1. pH    _________     _________       _________      _________   _________       ________ ___________ 

2. Temperature   _________     _________       _________      _________   _________       ________ ___________ 

3. __________  _________     _________       _________      _________   _________       ________ ___________ 

4. __________  _________     _________       _________      _________   _________       ________ ___________ 

 

Other  

1. Turbidity   _________     _________       _________      _________   _________       ________ ___________ 

2. Residual   _________     _________       _________      _________   _________       ________ ___________ 

Disinfectant   _________     _________       _________      _________   _________       ________ ___________ 

Concentration   


