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Wastewater Collection System
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Important Terms
• Domestic (Sanitary) sewage is the liquid waste which originates in 

the sanitary conveniences, e.g., water closets (wc), urinals, baths, 
sinks etc. of dwellings, commercial or industrial facilities, and 
institutions. This is sometimes also referred to as black water.

• Industrial wastewater includes the liquid discharges from spent water 
in different industrial processes such as manufacturing and food 
processing.

• Sullage is the liquid discharge from kitchens, wash basins etc. and 
excludes discharge from WCs and urinals. Sullage, also known as 
grey water, is less foul than domestic sewage and can be discharged 
through open surface drains in unsewered areas.

• Infiltration is the water which enters the sewers from the ground 
through leaks or faulty joints.



• Storm water is the surface runoff obtained during and immediately 
after the rainfall, which enters sewers through inlets. Storm water is 
not as foul as sanitary or industrial sewage and hence can be carried 
through open drains or channels and disposed of in natural rivers or 
streams without any treatment.

• Sanitary sewer carries sanitary sewage and is designed to exclude 
storm sewage, infiltration, and surface inflow. Industrial waste may be 
carried in sanitary sewers, depending upon its characteristics.

• Storm sewer carries storm sewage and any other waste which may 
be discharged into the streets or onto the surface of the ground.

Important Terms
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Conventional Sewerage System

Basic Functional Elements
– the house connections for collection of household or 

institutional wastewater,
– a network of sewer systems for collection and conveying 

the wastewater,
– a treatment plant for processing the wastewater, 
– the receiving environment (water or land) for disposal of 

the treated wastewater.



Types of Collection Systems
There are three different sewage collection systems:
1. Separate Sewerage System: In this system sanitary sewage 
and storm waste are collected and conveyed separately through 
two different systems
Advantages

– Sewers are of smaller sizes;
– Only sanitary sewage is treated;
– Storm water can be discharged without treatment;
– Sewage lifting is less costly because of less volume.

Disadvantages
– Two sets of sewers may prove costly;
– Smaller sewers may be difficult to clean.





2. Combined Sewerage System: In this system both sanitary sewage and 
storm water are collected and carried together through a single set of 
sewers.
Advantages

– Only one set of sewers might prove economical;
– Larger sewers are easy to clean;
– Strength of sewage diluted with storm water.

Disadvantages
– Increased load on treatment plant;
– Larger volume requires to be lifted;
– Heavy rains may cause overflow and thus create a nuisance;
– Storm water is polluted unnecessarily;
– More difficult to properly treat the wastewater to high quality standards;
– Flow during the dry period may cause difficulties in maintaining 

minimum flow.





3. Partially Combined or Partially Separate System: In this system only 
one set of sewers is laid to carry sanitary sewage as well as storm water 
during low rainfall. During heavy rainfall excess storm water is carried 
separately e.g., through open drains to natural channels.
Advantages

– Sizes of sewers is not very large;
– Advantages of both separate and combined systems;
– Minimal solids deposition problem;
– Problems of storm water discharges from homes are simplified.
– Where pumping is required at short intervals.

Disadvantages
– Velocity of flow may be low during the dry period;
– Increased load on pumps & treatment unit.





Suitable Conditions for Separate System

• In flat areas a separate system is economical as deep 
excavations are not required.

• When sufficient funds are not available for two sets of sewer 
systems, only a sanitary sewerage system may be installed.

• Where rainfall is not uniform throughout the year a separate 
system is suitable.

• In areas near rivers or streams, only a sanitary system may 
be installed; storm water may be disposed of into rivers 
untreated, through open drains.

• Where pumping is required at short intervals.



• In rocky areas where large combined systems may be difficult 
to install.

• If sewers are to be laid before actual development of the area, 
a separate system is desirable.

Suitable Conditions for Separate System



Suitable Conditions for Combined System

• Where rainfall is uniform throughout the year, a combined 
system is economical.

• Where pumping is required for both sanitary sewage and storm 
water.

• Where sufficient space is not available for two separate sets of 
sewer systems.



Which sewerage system is suitable for Dhaka City?

What is the difference between Separate and Combined Sewerage system?

1
separate: non-uniform rainfall

flat topography

treatment eff.

use existing drain to address storm



Types of Sewers

Outfall Sewer: There are the lengths of main or trunk or interceptor sewers 
which lie between connections and the final point of disposal or treatment 
plant.







Design of Sanitary Sewer System

The important objectives of the design of a sanitary sewer 
system are:

– to ensure ease of operation;
– to minimize maintenance requirements.

Two major factors
• Quantity/Estimation of wastewater flow
• Flow hydraulics





Estimation/Quantity of Sanitary Sewage
The sewers are designed to carry:

• Spent water from a community
• Some groundwater as infiltration
• Fraction of the storm water
• Industrial wastewater for small establishments

• The sanitary sewers are designed to carry the wastewater from the 
above sources to a sewage/wastewater treatment plants

• Carrying capacity of the sewers depends on: 1. Present and 2. Future 
quantities of flow rate expected.

• Important to estimate the design flow rate for the sewers to be 
constructed.



Estimation of Sewage Flow rate

• Design period: The length of the time up to which the capacity of a 
sewer will be adequate is called a design period.

• Normally design period for a sewerage system is considered as 30 
years

• But, mechanical rotating equipment such as pumps are designed for 15 
years



Estimation of Waste Water Flows

Population Estimates: often made using the following simple 
equation P = P0 [1 + r]n

Relation to water use: estimate would be 
• too high for a residential community with hot, dry summers
• too low for a community containing industries, or commercial institutions 

with private water supplies.

Also affected by factors affecting water use:
• characteristics (economic level) of the population
• metering of water supply;
•other factors (e.g., climate, quality, pressure, and conservation 
programs).



Per Capita Sewage Flow rate
• Ideally the entire amount of water used by a community should appear as 

the total flow in a sanitary sewer
• Water is lost due to:

• Evaporation Loss
• Seepage into ground
• Leakages

• The dry weather flowrate is slightly less than the per capita water 
consumption

• For very dry and arid regions,
– Average sewage flowrate ≥ 40% of the consumption rate

• In well-paved and well-developed areas,
– Average sewage flowrate ≈ 90% of the consumption rate

• Conservative estimate is 80% of water consumption rate
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Design Flows
The unit quantities of wastewater for which the sewer sizes have 
to be designed are called the design flows.
Wastewater flow is not uniform throughout the day and 
throughout the year. 

– It varies during the day due to the varying use of water for domestic, 
commercial and industrial purposes. 

– Variations throughout the year are due to seasonal variation of rainfall 
and rainfall intensity.

Due to such variations in wastewater flow, some terms are used:



ADWF (Average dry weather flow):
– Is the average of the daily dry weather flow to the sewer system
– Not affected by storm infiltration
– Reflects the wastewater discharges from domestic, industrial and commercial 

fixtures.
PDWF (Peak dry weather flow):

– During normal daily flows, two distinct peaks usually occur - the morning peak 
and the evening peak.

– The maximum hourly or short-term flow rate in a sewer system without rainfall, 
often defined as the average of the highest flows over several dry days. 

– Includes sanitary sewage (domestic, commercial, industrial) and Groundwater 
Infiltration (GWI) but excludes storm water.

PWWF (Peak Wet weather flow):
– Is the maximum flow to be considered in designing the capacity of sewers
– highest flow rate in a sewer system during rain or snowmelt, combining regular 

sanitary sewage with significant amounts of storm water entering through 
cracks (infiltration) or illegal connections (inflow). 
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Design Flows

• For design purpose, sewers are always designed to carry 
maximum or peak flow rates, rather than designing it for 
average flowrate.



Groundwater infiltration
The presence of a high groundwater table results in seepage into 
the sewers through the joints and in an increase in the quantity of 
wastewater.

The rate and quantity of infiltration depends on a number of 
factors:

– Depth at which sewer is laid
– Materials of the sewers
– Length of sewer below groundwater table
– Nature and types of soils
– Types of joints
– Workmanship Y



Groundwater infiltration
Usually, for a sanitary sewer below the groundwater table the following 
values are taken,

Maximum sanitary flow rate = Average domestic flow rate X PF + 
infiltration flow rate

PEAK FLOW RATE or MAXIMUM FLOW RATE





Quantity of Storm Water

The quantity of storm water that goes to the system depends 
upon:

(a) Area to be drained off (catchment area): larger the catchment area 
larger the storm water
(b) Topography and Nature of the surface: Steep slope produce larger 
amount of storm water
(c) Intensity of the rainfall: If intensity is high, less time duration of 
rainfall, small evaporation, thus more storm water
(d) Extent of rainfall: greater rainfall greater storm water
(e) Antecedent condition: If soils are already wet, then more storm 
water
(f) Obstructions: Obstruction in areas and depressions decrease the 
quantity of storm water to be drained out.













Rainfall Intensity

• Amount of rainfall in a specific time expressed as mm/hour, cm/hour 
etc.

• The intensity of a rainfall is the rate at which it is falling
• The duration is the time for which it is falling with that given intensity
• Frequency is the number of times it occurs
• The intensity of rainfall over short periods has been observed to be 

greater than the average for the whole day.

• I (cm/hr) = 76.2 / ( t + 10 )   for t = 5 – 20 minutes
                      = 101.6 / ( t + 20 )  for t = 20 – 100 minutes



Time of Concentration
The maximum time taken by water to travel from the extreme catchment 
boundary to the catchment outlet is known as time of concentration.
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Estimation of Design Flow
Based on the rational approach, the design flow consists of the sum of the 
PDWF plus wet weather additive and may be expressed as Q = ΣD. d + ΣI. 
i
ΣD = sum of all dry weather flow components; d = peak dry weather factor; 
ΣI = basic wet weather additive; i = appropriate infiltration factor

• ΣD = P. qr + Ac. qc + Ai. qi
P = population; qr = residential discharge rate (say, 100 – 400 lpcd); Ac = 
commercial area; qc = commercial discharge rate (say, 0.25 - .5 l/sec/ha for 
sub-urban business areas, but may be up to 8.0 l/sec/ha in high-rise 
business area); Ai = industrial area; qi = industrial discharge rate (depends 
on industry type, e.g., 0.25 – 0.35 l/sec/ha)



• ΣI = Ar. K + Ac. K/4 + Ai. K/4
Ar = residential area; Ac = commercial area; Ai = industrial area; K = ground 
constant (higher values for clayey soils and lower values for sandy soils).

• d = vary from 3.0 for small areas and 0.7 for large areas

• i = varies from 1.0 for small area to 0.5 for large areas in a manner 
similar to decrease of rainfall intensity with increasing area

Sewers are usually designed to have a capacity ≥ Q

Estimation of Design Flow



Self-cleansing velocity
• The velocity that would not permit the solids to settle down and 

even scour the deposited particles of a given size is called as 
self-cleansing velocity. 

• Minimum velocity should at least develop once in a day so as not to 
allow any deposition in the sewers. 

• If such deposition takes place, it will obstruct free flow causing 
further deposition and finally leading to the complete blocking of the 
sewers. 

• For removing the impurities present in sewage i.e., sand up to 1 
mm diameter with specific gravity 2.65 and organic particles up to 5 
mm diameter with specific gravity of 1.2, it is necessary that a 
minimum velocity of about 0.45 m/sec and an average velocity of 
about 0.9 m/sec should be developed in sewers.



Self-cleansing velocity
• While finalizing the sizes and gradients of the sewers, they must be 

checked for the minimum velocity that would be generated at minimum 
discharge, i.e., about 1/3 of the average discharge. 

• While designing the sewers the flow velocity at full depth is generally 
kept at about 0.8 m/sec or so. Since, sewers are generally designed 
for ½ to ¾ full, the velocity at ‘designed discharge’ (i.e., ½ to ¾ full) will 
even be more than 0.8 m/sec. 
Thus, the minimum velocity generated in sewers will help in following 
ways: 
– Adequate transportation of suspended solids, 
– Keeping the sewer size under control; and 
– Preventing the sewage from decomposition by moving it faster, 

thereby preventing evolution of foul gases. 



Maximum Velocity or Non-scouring Velocity
• The interior surface of the sewer pipe gets scoured due to 

the continuous abrasion caused by suspended solids 
present in sewage. The scouring is pronounced at higher 
velocity than what can be tolerated by the pipe materials. 

• This wear and tear of the sewer pipes will reduce the life 
span of the pipe and their carrying capacity. 

• In order to avoid this, it is necessary to limit the maximum 
velocity that will be produced in sewer pipe at any time. 
This limiting or non- scouring velocity mainly depends upon 
the material of sewer. 



Maximum Velocity or Non-scouring Velocity

• The problem of maximum or non-scouring is severe in hilly 
areas where ground slope is very steep and this is 
overcome by constructing drop manholes at suitable places 
along the length of the sewer.

Sewer Material Limiting velocity (m/sec)
Vitrified Clay 5.5

Cast iron 4.5
Cement concrete 3.0

Stone ware  4.5
Brick lined 2.5



Sewer gradients are affected by:
– Slope of the ground: The gradient should as far as possible follow 

the slope of the ground along the same direction to minimize 
excavation.

– Gradient should not be steeper than 1 in 20.
– For house connections 1 in 40 to 1 in 80
– Minimum gradient 1 in 100
– Minimum and Maximum velocities
– Diameter of the sewer and the quantity to be discharged

Hydraulic design of sewers
• Chezy’s formula
• Manning’s formula
• Hazen-William formula







• Velocity under full flow and half full flow conditions are equal, i.e. v=V     at both d/D= 
0.5 and d/D= 1

• Maximum velocity at d/D = 0.81 which is v/V = 1.14
• Maximum flow at d/D = 0.94 which is q/Q = 1.07



Layout of Sewer Lines
Steps followed for making the layout:

– Selection of an outlet or disposal points
– Fixing limits to the drainage area or zone 

boundaries
– Finalizing the location of Trunk and Main 

sewers
– Finalizing the location of Pumping stations 

wherever necessary
• Trunk sewer is with the largest diameter in the 

network that extends farthest from the sewage 
outfall

• All other sewers are considered as branches
• Whenever two sewers meet at a point, the 

incoming one with larger  diameter is called the 
main sewer.



All the sewer pipes are generally laid starting from their outfall end towards their 
starting. The laying of a new sewer pipes consists of the following 9 steps:
1. Marking of alignment

– The center line of the sewer is marked along the road with a theodolite and invert 
tap.  The position of the manhole is also marked.

2. Setting benchmark
3. Establishment of grade lines
4. Excavation of trench

– The excavation may be carried out either by manual labor or by machines like power 
shovels, track excavators etc. The width of the trench at the bottom is generally kept 
15 cm more than the dia of sewer pipe.

5. Dewatering of trench if need
– If water is met with during excavation, it is removed by pumping or any other suitable 

method.

Laying of Sewer Pipes



6. Bedding
– For soft soil, the bed of the sewer is prepared by plain concrete 

(1:3:6). The thickness of concrete varies from 15 to 20 cm. The 
bedding layer is not required in case of rocky or hard soil. 

7. Laying and joining of pipes
• The sewers are laid along the trench very carefully. Then the joining 

of the sewer is done as per requirements. After joining, both sides of 
the pipe are finished with concrete.

8. Inspection of leakage
• The leakage in the pipe joints or any other points is tested by water 

test or air test.
9. Backfilling of trench

• Lastly, the trenches are filled up with the excavated earth in layers of 
about 15 cm thick. Each layer is properly watered and rammed.

Laying of Sewer Pipes



Laying and Joining of  Pipes

Marking of the Alignment



SEWER DESIGN







































Wastewater Collection System
(Math Prob)



Problem 1. Estimate the maximum hourly, average daily and minimum hourly residential sewage 
flows from an area occupied by 750 people having average per capita sewage flow of 59 gpcd. 
Consider the length of the sewer and house connections to be 1.3 miles and infiltration to be 30,000 gpd 
per miles. 
Solution
Design Flows:
Qav (san) = 100 % of water use (60 –80% for developed country)
Qav (design) = Qav (san) + Infiltration + Storm Inflow
Qmax (design) = 3 Qav (san) + Infiltration + Storm Inflow
Qmin (design) = 0.33 Qav (san) + Infiltration + Storm Inflow
No of people to be served = 750
Average sanitary sewage flow, Qavg (san) = 750 × 59 = 44250 g/d = 1843.75 g/h
Infiltration = 30000 × 1.3 = 39000 g/d = 1625 g/h
Qav (daily) (design) = Qav (san) + Infiltration = 44250 + 39000 = 83250 g/d
Qmax (hourly) (design) = 3 Qav (san) + Infiltration = 3× 1843.75 + 1625 = 7156.25 g/h
Qmin (hourly) (design) = 0.33 Qav (san) + Infiltration = 0.33× 1843.75 + 1625 = 2233.44 g/h



Problem 2. A drainage area, having rain falls during four months of the year only, 
has an area of 15 ha, with 30 houses/ha. The area has the following surface 
characteristics:
(i) The average area of the roof is 80 m2/house, with runoff coefficient of 0.9.
(ii) The roads occupy 25% of total area. The main roads are tarred and interior 
ones are of water bound macadam. Impermeability factor for these roads could be 
taken as 0.6.
(iii) The remaining area is open space whose coefficient of runoff may be taken as 
0.12. 
 
If the rainfall records show that the intensity of an ordinary rainstorm is 4.5 cm/h, 
what will be the discharge from this district? Determine the dry weather flow from 
the area if the population is 300 persons/ha and the rate of water supply is 250 
lpcd. Also find the ratio of storm sewage to dry weather flow and indicate the 
suitability of separate sewerage scheme in the area in preference to combined 
sewerage scheme.



Solution
For the area of 1 ha,
Roof area, A1 = 30 × 80 = 2400 m2

Equivalent roof area, A1 C1 = 2400 × 0.9 = 2160 m2

Road area, A2 = 0.25 × 1 = 0.25 ha = 2500 m2

Equivalent road area, A2 C2 = 2500 × 0.6 = 1500 m2

Open space area, A3 = (10000 – (2400 + 2500) = 5100 m2

Equivalent open space area, A3 C3 = 5100 × 0.12 = 612 m2

 

Q = FCIA = 27.8 ×0.43 × 4.5 × 15 = 807 l/s
Total population to be served = 300 persons / ha = 300 × 15 = 4500 persons
Average daily sewage contribution = 80% of average water supply = 0.8 × 250 × 4500
= 900000 l/d = 10.42 l/s
Assuming that the sewer is a branch/ lateral sewer, the maximum discharge of dry weather flow,
Q max = 2.5 × 10.42 = 26.05 l/s
Now, ratio of storm sewage to max dry weather flow = 807/26.05 = 31
From this problem, it is clear that if a combined sewer is adopted for the given area, the sewer would carry only 
1/ 31 th of total discharge for about 8 months of a year. Thus, a separate sewerage scheme is most suitable for 
the area given in this problem. However, the modern trend for well-planned cities is to adopt combined schemes 
for their overall merits over separate sewerage schemes.



Storm Sewer
Determine the peak discharge for use in the design of a highway crossing a 
canal. The catchment has the following characteristics: 



IDF 
Curve



















Problem: Determine the rate of discharge and discharge velocity in a 30 cm 
circular sewer with n = 0.013, slope = 0.004 and depth of flow equal to 7.5 cm, 
using both of the Nomograms and Partial flow diagram, given below.
Solution
From the nomograms –
for slope =0 .004 (m/m) = 4m/ 1000 m and diameter, D = 30 cm,
Discharge, Q = 3570 l/min = 59.5 l/s and Velocity, V = 84 cm/s = 0.84 m/s
Now, depth ratio, d/D = 7.5 / 30 = 0.25
From the partial flow diagram, q/Q = 0.12
Therefore, q = 0.12 × 59.5 = 7.14 l/s
Again, v = 0.65 × 0.84= 0.55 m/s





I & I



Problem: A trunk sewer is to be sized for a 25 km2 (2,500 ha) city with a naturally sloped 
towards the major river with a gradient of 1 in 1000. It will be 60% residential, 30% 
commercial, and 10% industrial. The residential area will have 40% large lots, 55% small 
single family lots, and 5% multi-story apartments. The average domestic wastewater 
flow rate is 800 L/d/capita (9.26x10-6 m3/sec/person), the average commercial flow rate 
is 25,000 L/D/ha (2.89x I0-4 m3/sec/ha), and the average industrial flow rate is 40,000 
L/d/ha (4.63xI0-4 m3/sec/ha). I & I is 1,000 L/d/ha for the entire area. Estimate the peak 
and minimum flows to be handled by the trunk sewer. Given: Qpeak/Qavg = 5.5/(p0.18) and 
Qmin/Qavg = 0.2(p0.16),where 'p' is the total city population in thousands. Also design the 
sewer based on the estimated flow and the saturation densities for the residential areas 
given in the table below:





Using Manning’s Equation for a full-flowing pipe (𝑛=0.013 for concrete) at a gradient 𝑆=0.001



Velocity Check:
It is essential to ensure the flow velocity (𝑉) is within the self-cleansing range (typically 0.6 m/s to 3.0 
m/s)

Since 1.32 m/s is greater than 0.6 m/s and less than 3.0 m/s the design is hydraulically stable.
The design requires a sewer pipe with a diameter of 2.28 meters (or the nearest standard 
commercial size, such as 2300 mm)



Why does H2S form in sewers?
H2S is formed by anaerobic processes 
in the thin slime layer that develops on 
the inside of the sewer walls as 
organic material in the sewage breaks 
down. 
The formation of H2S in wastewater 
mainly depends on:
– Flow (velocity) of sewage in pipes
– Slope of the pipe
– Ratio of wetted perimeter of the 

pipe wall to surface width of the 
stream

– Temperature of the sewage
– Biochemical oxygen demand (BOD)



Top Width, B= D sin (θ/2)
-

-



Problem: A 2000 mm dia. RCC pipe is laid with a slope of 
0.0015 for a design flow of 0.6 m3/sec when flowing partially full 
having a width of 1.414m at the top. The sewer pipe provided is 
designed to carry domestic sewage having BOD5 of 200 mg/L 
and a maximum temperature of 30°C. Determine the potential 
for Sulfide Generation (Z). 
Step 1: Calculate the Effective BOD (𝐸𝐵𝑂𝐷 ) 
The Effective BOD accounts for the increased biological activity 
at higher temperatures. It is calculated using the formula:
𝐸𝐵𝑂𝐷=𝐵𝑂𝐷5⋅1.07 (𝑇−20)

Given, 
𝐵𝑂𝐷5=200 mg/L, 𝑇=300C
𝐸𝐵𝑂𝐷=200⋅1.07 (30−20) =393.43 mg/L



Step 2: Determine Geometric Parameters 
For a circular pipe with diameter 
𝐷=2000 mm =2.0 m
𝑅=1.0 m and a top width of flow B=1.414 m 
Find the central angle 
B=2𝑅sin (𝜃/2)
1.414=2(1.0) sin (𝜃/2) ⟹sin (𝜃/2)=0.707⟹𝜃/2=450

𝜃=900 (or 𝜋/2 radians).
Find the wetted perimeter 
𝑃=𝑅⋅𝜃=1.0⋅𝜋/2≈1.571 m
Calculate the ratio 
𝑃/B =1.571/1.414≈1.111



Step 3: Calculate the Z-index 
The Z-index formula is defined as:

Substitute the given values (𝑆=0.0015, 𝑄=0.6 m3/sec)
 𝑍 = 0.308 (393.43x1.111)/ (0.0015)1/2x (0.6)1/3

𝑍= 0.308 (393.43 x 1.111)/(0.03873 x 0.8434) ≈ 134.63/ 0.03266 ≈ 4,122
 
The potential for Sulfide Generation (Z) is 4,122. Since this value is less 
than 5,000, sulfide generation is likely not to occur. 



Loads on Sewer
• In a buried sewer, stresses are induced by external 

loads and by internal pressure in case of a pressure 
main.

• The external loads are of two categories viz., load due 
to backfill material known as backfill load and 
superimposed load, which again is of two types viz. 
concentrated load and distributed load.

• The load on a buried conduit is equal to the weight of 
the prism of earth directly over the conduit, called the 
interior prism of earth plus or minus the frictional 
shearing forces transferred to the prism by the adjacent 
prism of earth.





Loads on Sewer

The general form of Marston’s formula is 

Where,
W : Load on the pipe in kg/m
w : Unit weight of backfill soil in kg/m3

B : Width of trench at the top of the pipe in m and
C : Load coefficient which is a function of a ratio of height 

of fill to width of trench (H/B) and of the friction 
coefficient between the backfill and the sides of the 
trench.



Maintenance of Sewerage System 



Sewer

• Most sewers are circular in section. Other shapes such as egg-shaped, 
rectangular etc. were formerly used, especially in combined sewers. 

• Clay, concrete, cast-iron, asbestos and PVC pipes were generally used 
as sewer pipes. Due to health hazards use of asbestos has been banned. 

• Concrete is somewhat susceptible to corrosion by H2SO4 from H2S gas 
generated in sewers or from industrial wastes. 

• In case of sewage is strong, stable and very warm hasten the bacterial 
activities, thus generation of hydrogen sulfide. It is advisable to use clay 
pipe for diameter smaller than 24 inches and concrete pipes for cast 
in-situ plastic linings for larger sizes. 

• The smallest sizes are 3-4 inches for house connections.









Small Bore Sewerage (SBS) System
• High cost of conventional sewerage has stimulated interest in 

alternative low-cost proposals to extend adequate sanitation services 
to medium and low-income communities.

• Small Bore Sewerage (SBS) system is a recent sanitation 
technology.

• This system offers all the advantages of conventional sewerage 
systems at a much lower cost.

Three basic elements of SBS system:
• septic tanks;
• small bore sewer network;
• treatment plant



Figure: Elements of small bore sewerage system



Small Bore Sewerage (SBS) System

• They are designed to carry only the liquid part of the domestic sewage 
generated for off-site treatment or disposal.

• Solids are separated at a septic tank or at the aqua-privies before  the 
sewage reaches the sewers.

Advantages:
• Sewer sizes can be reduced because each septic tank tends to act as a 

balancing tank, largely eliminating surge.
• Since the wastewater contains minimum solids, self-cleansing velocities 

are not necessary and hence sewer grades can be substantially 
reduced.

• Sewer blockages are minimal as septic tanks retain most of the solids 
content.



Small Bore Sewerage (SBS) System
Advantages:
• Volume of excavation is considerable reduced because of smaller 

sewers and lower sewer grades.
• Solids handling at the secondary treatment site is minimum.
• Rapid construction is possible because of lesser volume of excavation 

and fewer number of manholes to be constructed.

The small bore sewer system outfall can be any of the following:
a)The conventional sewer system
b) Waste stabilization ponds
c) Any other low cost treatment systems followed by fish ponds or land 
based disposal with precautions



Limitations:
• Interceptor tank requires periodical cleaning and disposal of solids
• Any illegal connection without any interceptor tank shall ruin the system. So, strict 

vigilance is required.
• Septic tank installation is mandatory which is not required in conventional sewerage 

system.
• Inspection and desludging of septic tank are additional burden.
• The SBS system needs frequent flushing.
Basic Difference with Conventional Sewerage System

– Incorporation of septic tanks within the individual premises.
– The wastewater from septic tank is transported through a network of sewers to a 

treatment plant comprising a series of stabilization lagoons.
– In the case of an existing septic tank system the sewer installation commences 

immediately downstream, and 
– New developments must install septic tanks to be able to connect to the SBS 

system.

Small Bore Sewerage (SBS) System

only cannies solids

smaller pipe

less slope



Design Criteria for SBS
Design Flows: 

– Wastewater flows: 40-80 lpcd with yard tap supplies and 80-120 lpcd with multiple tap 
in-house supplies.

– Design Flow Peak Factor: peak factor of 2 should be adopted for SBS.
– Groundwater Infiltration and Surface Inflow: Can be eliminated in SBS system by 

using solvent jointed UPVC as sewer materials
Sewer Diameter:

– SBS system can employ a minimum sewer size of as low as 50 mm
– if flow is more than 60% of full capacity next higher size should be adopted
– a minimum diameter of 100 mm may be recommended in case of unavailability of 

cleaning equipment.
Sewer Gradients:

– it is not necessary to maintain a self-cleansing velocity in SBS 
– grades can be substantially reduced in SBS by reducing the volume of excavation

 Manholes:
– requires less maintenance due to minimal solids content 
– a fewer number of manholes are installed.



Simplified Sewerage System
• Low-cost sanitation technology particularly suited to high-density, 

low-income urban areas in developing countries.
• These are modification of surface drain with covers and consist of a 

network of pipe laid in the areas away from the places where heavy 
sewage loads are expected.

• Receives all household wastewater without settlement in septic tanks.
• Pipes are laid in flat gradients following the natural slope of the ground. 

The minimum depth is 0.4 m. 
• Laid flatter gradient than conventional sewerage- slope is determined by 

tractive tension (not by minimum velocity).
• Sewers are not beneath the central roads, but within the property 

boundaries and beneath the sidewalks.
• Capital cost is lower (50-80% lesser than conventional sewerage) and 

operating costs are lower.



Simplified Sewerage System

System contains:
a) House connections
b) Inspection chambers
c) Laterals (minimum diameter of 100 mm)
d) Street-collector sewers (minimum diameter of 150 mm)
e) Pumping stations



Model layout of a small simplified sewerage scheme



Simplified Sewerage System
Suitability of the system:
• High density habitats such as slums or squatter settlements ( with 

population density more than 170 per ha)
• Ground-condition is adverse and on-site disposal is not possible
• Sewage has to be disposed of and minimum water consumption is 

25 lpcd.
Limitations:
• It is suitable when suitable ground slope is available
• Unless flushed out at peak flow rates, there is a possibility of solids 

deposition if there is not enough ground slope available
• May require frequent cleaning



Non-sewered Transportation of Wastewater

Bucket Latrine System

Vault-vacuum tanker System



Sewer Appurtenances

• The structures, which are constructed at suitable intervals 
along the sewerage system to help its efficient operation and 
maintenance, are called as sewer appurtenances. 

• They include manholes, lamp holes, street inlets, catch 
basins, inverted siphons etc.



Manholes
• Man holes are the openings of either circular or rectangular in 

shape constructed on the alignment of a sewer line to enable a 
person to enter the sewer for inspection, cleaning and flushing. 

• They serve as ventilators for sewers, by the provisions of 
perforated man-hole covers. Also they facilitate the laying of 
sewer lines in convenient length.

• Man-holes are provided at all junctions of two or more sewers, 
whenever diameter of sewer changes, whenever direction of 
sewer line changes and when sewers of different elevations 
join together.

• For straight sewer line manholes are provided at regular 
interval depending upon the diameter of the sewer.



Manholes
• For sewer up to 0.3 m diameter or sewers which cannot be 

entered for cleaning or inspection the maximum spacing 
between the manholes recommended is 30 m, and 300 m 
spacing for pipe greater than 2.0 m diameter.

• A spacing allowance of 100 m per 1 m diameter of sewer is a 
general rule in case of very large sewers.

• Depending upon the depth the manholes can be classified as: 
(a) Shallow Manholes, (b) Normal Manholes, and (c) Deep 
Manholes 





Manholes







Catch Basins: Catch basins are 
small settling chambers of diameter 
60 - 90 cm and 60 - 75 cm deep, 
which are constructed below the street 
inlets. They are provided to stop the 
entry of heavy debris present in the 
storm water into the sewers and allow 
grit, sand, debris to settle in the basin. 
At the bottom of the basin space is 
provided for the accumulation of 
impurities. Perforated cover is 
provided at the top of the basin to 
admit rain water into the basin.



Inverted Siphons:  Inverted siphons are pipes that allow 
wastewater to flow under obstructions or low-lying areas, such as 
rivers, utilities, or highways. They are used when gravity flow is not 
possible. The pipe is lowered below the obstacle, then rises back 
to its original level. The liquid in the pipe is completely filled and 
flows under pressure. 
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7.8 Effect of Flow Variations on Velocities in a Sewer 
 
The discharge flowing through sewers varies considerably from time to time.  Hence, there occur 

variation in depth of flow and thus, variation in Hydraulic Mean Depth (H.M.D.).  Due to change 

in H.M.D. there occur changes in flow velocity, because it is proportional to (H.M.D.)2/3.  

Therefore, it is necessary to check the sewer for minimum velocity of about 0.45 m/sec at the 

time of minimum flow (1/3 of average flow) and the velocity of about 0.9 to 1.2 m/sec should be 

developed at a time of average flow.  The velocity should also be checked for limiting velocity 

i.e. non-scouring velocity at the maximum discharge. 

 

For flat ground sewers are designed for self-cleansing velocity at maximum discharge.  This will 

permit flatter gradient for sewers.  For mild slopping ground, the condition of developing self-

cleansing velocity at average flow may be economical. Whereas, in hilly areas, sewers can be 

designed for self-cleansing velocity at minimum discharge, but the design must be checked for 

non-scouring velocity at maximum discharge. 

 
Example: 1 

Design a sewer for a maximum discharge of 650 L/s running half full.  Consider Manning’s 

rugosity coefficient of n = 0.012, and gradient of sewer S = 0.0001. 

Solution 

Q  = A.V 

0.65 = (πD2/8) (1/n) R2/3  S1/2 

R = A/P 

Solving for half full sewer, R = D/4 

Substituting in above equation and solving we get D = 1.82 m. 

Comments: If the pipe is partially full it is not easy to solve this equation and it is time 

consuming. 

 

 
 
 
 
 



 

 

7.9 Hydraulic Characteristics of Circular Sewer Running Full or Partially Full 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.1  Section of a circular sewer running partially full 
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b) Therefore proportionate depth  
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c) Proportionate area 
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e) Proportionate Hydraulic Mean Depth  
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f) Proportionate velocity = 3/2

3/2

R
r

n
N

V
v
=  

 
In all above equations except ‘α’ every thing is constant.  Hence, for different values of ‘α’, all 

the proportionate elements can be easily calculated.  These values of the hydraulic elements can 

D 
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be obtained from the proportionate graph prepared for different values of d/D (Figure 7.2).  The 

value of Manning’s n can be considered constant for all depths.  In reality it varies with the depth 

of flow and it may be considered variable with depth and accordingly the hydraulic elements 

values can be read from the graph for different depth ratio of flow. 
 
From the plot it is evident that the velocities in partially filled circular sewer sections can exceed 

those in full section and it is maximum at d/D of 0.8. Similarly, the discharge obtained is not 

maximum at flow full condition, but it is maximum when the depth is about 0.95 times the full 

depth. 

 
The sewers flowing with depths between 50% and 80% full need not to be placed on steeper 

gradients to be as self cleansing as sewers flowing full. The reason is that velocity and discharge 

are function of tractive force intensity which depends upon friction coefficient as well as flow 

velocity generated by gradient of the sewer.  Using subscript ‘s’ denoting self cleansing 

equivalent to that obtained in full section, the required ratios vs/V, qs/Q and ss/S can be computed 

as stated below: 
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With the assumption that the equality of tractive force intensity implies equality of cleansing, 

i.e., for sewers to be same selfcleansing at partial depth as full depth: 

ι = T 

Therefore,  

γw . r. ss = γw . R. S 

Hence, 

 ss = (R/r) S 

Or  
r
R

S
ss =  
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OR, by substituting r/R = S/ss 
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Example: 2 

A 300 mm diameter sewer is to flow at 0.3 depth on a grade ensuring a degree of self cleansing 

equivalent to that obtained at full depth at a velocity of 0.9 m/sec.  Find the required grade and 

associated velocity and rate of discharge at this depth.  Assume Manning’s rugosity coefficient n 

= 0.013.  The variation of n with depth may be neglected. 

Solution: 

Manning’s formula for partial depth 

2/13/21 sr
n

v =  

For full depth 



 

 

2/13/21 SR
N

V =  

Using V = 0.90 m/sec, N = n = 0.013 and R = D/4 = 75 mm = 0.075 m 

2/13/2075.0
013.0
190.0 S=  

S = 0.0043 This is the gradient required for full depth. 

and,  Q = A.V = π/4 (0.3)2 x 0.90 = 0.064 m3/s 

At depth d = 0.3D, (i.e., for d/D = 0.3) we have a/A = 0.252 and r/R = 0.684 (neglecting 

variation of n) 

Now for the sewer to be same self cleansing at 0.3 m depth as it will be at full depth, we have the 

gradient (ss) required as ss = (R/r)S 

Therefore, ss = S / 0.684 

  = 0.0043 / 0.0684  = 0.0063 

Now, the velocity vs generated at this gradient is given by 
6/1
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  = 1 x (0.684)1/6 x 0.9 

 = 0.846 m/s 

The discharge qs is given by 
6/1
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 qs  = 1 x (0.258) x (0.939) x (0.064) 

  = 0.015 m3/s 
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A P-trap is a bend in a drain 
and waste pipe which contains 
a pocket of water, blocks 
toxic, foul-smelling sewer 
gases (like methane) from 
traveling through the pipe 
inside home.

S-traps are a type of plumbing 
trap that blocks sewer gases in 
sinks and other plumbing fixtures 
which traps wastewater before it 
drains to the sewer line, creating 
a water seal that prevents gases 
from flowing up through the 
drain. 

Q-trap is a common SWR fittings 
used in combination with Push fit & 
Solfit Pipes. It prevents 
transmission of unfavorable odors 
from the washroom to the living 
area. Commonly used in shower 
areas and WC drain areas.









Sewer gas is prevented by the 
back-flow prevention of the water 
seal in bottom of the trap (It “traps” 
the water). Sewer gas can contain 
many smells and odors and may 
smell like rotten eggs, but can also 
be poisonous. The traps installed in 
the plumbing lines help to form a 
seal of water within the plumbing 
trap.

Water Seal



Loss of Trap Seals
• Trap seal loss occurs when the seal of the trap is lost as a result of 
poor practice and by not following the regulations with regard to 
sanitation pipework installation. If a trap seal losses, smells from the 
sanitary appliances would enter the building. 

• The main reasons of losing the water seal are: 
• Evaporation 
• Capillary action 
• Momentum 
• Leakage 
• Wind effect 
• Compression or back pressure 
• Induced siphonage 
• Self siphonage 



Loss of Trap Seals
• Evaporation: Trap seals can be lost due to 

evaporation when fixtures are not used for long 
periods of time. This is especially true in warm or 
hot climates. When a trap seal evaporates, you 
can replenish the water seal by running water into 
the fixture. If this is not possible or convenient, 
then the drain opening may be sealed with a cap 
to prevent sewer gases from entering the 
structure. The rate is approximately 2.55 mm per 
week, so a 25 mm seal would last for 10 weeks. 

• Capillary action: This is another rare occurrence 
which happens in ‘S’ trap when a piece of porous 
material being caught over the bend of a trap 
absorbs water and deposits it down the waste 
discharge pipe. 



Loss of Trap Seals

• Wind Effect: This is caused by the effect 
of the wind which passes over the top of 
the ventilation pipe and thus causes 
pressure fluctuations.

• Momentum: This is caused by a sudden 
discharge of water from a bucket. Due to 
velocity water is discharged and it shoots 
around the trap bend and goes down the 
waste pipe, leaving no seal. 



Loss of Trap Seals
• Leakage: It is caused by a fault in the trap or 
plumbing installation and water on the floor would 
be apparent. 

• Compression or back pressure: This occurs in 
high rise buildings. When water is discharged 
down to the main discharge stack, air is 
compressed at the base of the stack. A waste pipe 
connected to the stack in the pressure zone may 
have the seal of the trap lost by the compressed 
air forcing out the water. Detergent foam 
increases the risk of compression. 



Loss of Trap Seals
• Induced siphonage: This is caused by 
discharge of water from another sanitary 
appliance connected to the same discharge 
pipe. In either a vertical or horizontal main waste 
pipe, as water flows down the pipe and passes 
the branch pipe connected to it, it draws air from 
it, thus creating a partial vacuum and 
subsequently siphonage of the trap takes place. 

• Self Siphonage: This is caused by appliances 
such as wash basins and other small 
appliances, due to their curved shape, and is 
caused by a moving plug of water in the waste 
pipe. A partial vacuum is created at the outlet of 
the trap, thus causing siphonage action takes 
place. 
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Water Distribution System
•The layout of water distribution piping is basically a combination 

of horizontal or vertical piping arrangements designed to supply 
water from a source to points of use at different locations.

•Depending upon the location of supply in respect to the source 
of water, the distribution system is termed as up feed or down 
feed system.

Types of Distribution System
•Up feed system
•Down feed system



Up Feed System
System with piping above the main or 

pressure tank is called up feed 
system.

• In this system, as water is forced to 
rise from the main or reservoir, 
pressure is lost in overcoming the 
static head and friction offered to 
water flow.

• At the uppermost and furthest outlet, 
enough pressure must be ensured to 
operate the faucet. 



Up Feed System

Advantages of Up Feed System
•It requires the least floor space
•It generally has low initial cost
•It is the most flexible system in terms of available flow and 

pressure to meet a variety of distribution requirements
•The installation does not impose a large weight on the structure.



Up Feed System

Disadvantages of Up Feed System
• It has high operating and maintenance cost
• Sophisticated control system and knowledgeable maintenance 
staff is required

• Water supply is interrupted due to power failure
• Instantaneous pressure fluctuation may be greater



Up Feed System
Generally two systems are adopted in a building for an up feed 

distribution.
Booster Pump System
• A booster pump system is generally employed when pressure in water 
supply main is insufficient and variable. Booster pump draws water 
from the supply main or underground reservoir and supplies water at 
desired pressure, directly to the points of uses.

Hydro Pneumatic Tank System
• Hydro Pneumatic tank system consist of a pneumatic water tank used 
in connection with a water pump. The pneumatic tank is simply a water 
tank partly filled with air. It acts as an equalizer of the water demand. 
Air volume in the tank is maintained supplying air by an air 
compressor.

direct push

compressed air -> push



Hydro Pneumatic Tank System



Down Feed System

When the source is located at an 
elevated position than the points of 
use then the supply system is called 
a down feed system

•In this system static head is available 
for overcoming friction to flow 
through piping and for obtaining 
adequate delivery pressure at 
faucets.

•Water distribution from overhead 
tanks to faucets in the lower floors is 
the down feed system



Down Feed System

Advantages of Down Feed System
• Provides a reserve against failure of the mains supply
• Reduce possibility of mains pressure dropping and back 
siphonage of water from sanitary appliances into the main

• Reduce pressure on the installation which minimizes noise and 
wastage

• Not affected by power interruption 
• Time needed to replace broken parts does not affect water supply



Down Feed System

Disadvantages of Down Feed System
• Water is subject to contamination 
• High maintenance cost 
• Occupies valuable space 
• Requires stronger foundation and other structure to carry 
additional load of tank and water 



Plumbing fixtures
•Plumbing fixtures are installed receptacles, devices or 
appliances to an existing plumbing system which are 
designed to receive pure water and discharge wastes.

The fixtures most commonly included in toilet and kitchen 
are:

• Lavatory
• Sink
• Bathtub
• Water Closet
• Sink
• Faucet





Plumbing fixtures
Flush Tank/Flush Cistern: A chamber in which water is accumulated 

and discharged rapidly for flushing out water closets and urinals.
Flush Valve: A flush valve is a device located at the bottom of a tank 

for the purpose of flushing water closets and similar fixtures and is 
closed by direct water pressure or some other mechanical means.

Fixture Unit: A fixture unit (F.U.) is a quantity in terms of which the 
load producing effects on the plumbing systems of different kinds of 
plumbing fixtures are expressed on some arbitrary chosen scale. A 
fixture unit is not a flow rate unit but a design factor.

Riser: A water supply pipe which extends vertically one full story or 
more to convey water to branches or fixtures or to OH tank.









"Sustainable plumbing practices reduce water and 
energy consumption, minimize waste, and promote 
eco-friendly living."

Water Conservation
- Low-flow showerheads and faucets        
- Dual-flush toilets        
- Rainwater harvesting systems

Energy Efficiency
- Solar water heaters        
- Efficient pumps and motors        
- Insulated pipes

Sustainable Plumbing Practices



Sustainable Plumbing Practices

Waste Reduction
- Greywater reuse systems        
- Composting toilets        
- Biodegradable cleaning products

Eco-Friendly Materials
- Recycled pipes and fittings        
- Sustainable materials (bamboo, recycled plastic)        
- Lead-free and low-lead products



Design of Water Supply System of a Building
a. Design of Water Supply Main
• Estimate total fixture units of the building.
• Determine water supply demand in gpm (from demand load 
curve).

• Selection of the required pipe size to allow design flow and 
determine the allowable frictional loss in the selected pipe size. 

• Zoning of water distribution
- Lower floors can be up feed from the service main pressure.
- Upper floor must be supplied by down feed risers from elevated 

tank.



Design of Water Supply System of a Building

b. Determination of Up feed Zone (from the service main)
• In an up feed zone, P = p + 0.434h + f
where, P = service main pressure, psi
p = pressure drop through water meter, piping and equipment, psi.
h = height from the main to the top fixture served by up feed zone, ft.
f = fixture pressure, psi
• Pressure drop through the piping will be determined based on the 
selection of pipe and demand flow. Comparatively larger pipe dia can 
be selected to conserve pressure for the up feed zone.

• Pressure drop through water meter will be obtained from 
manufacturer’s data



Design of Water Supply System of a Building

c. Determination of Down feed Zone (from the overhead tank)
• Position of overhead tank, P = 0.434h
where, P = minimum allowable pressure for a fixture, psi (depends on 

type of fixture )
h = height from the overhead tank to the topmost fixture served by 

down feed zone, ft.



Design of Water Supply System of a Building

d. Check the available pressure allowable to overcome friction loss (Up 
feed zone)

p = P – (p′ + 0.434h + f + b)
Where, p = pressure drop due to friction through piping, fitting and 

equipment, psi
P = service main pressure, psi
p′ = pressure drop through the water meter, psi.
h = height from the main to the top fixture served by up feed zone, ft.
f = maximum fixture pressure, psi
b =fixture branch pressure, psi (usually 1 psi)



Design of Water Supply System of a Building

e. Check the available pressure allowable to overcome friction loss 
(Down feed zone)

p = 0.434h - f - b
where,
p = pressure drop due to friction through piping, fitting and equipment, psi.
h = height from the overhead tank to lowest fixture served by down feed 

zone (ft)
f = maximum fixture pressure, psi
b =fixture branch pressure, psi (usually 1 psi)



Plumbing System
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Sustainability of Water and 
Sanitation Services



SDG 6: Ensure Access to Water and Sanitation for 
All

Target 6.1: Safe and affordable drinking water
UN definition: By 2030, achieve universal and equitable access to safe and 
affordable drinking water for all.
Target 6.2: End open defecation and provide access to sanitation 
and hygiene
UN definition: By 2030, achieve access to adequate and equitable sanitation and 
hygiene for all and end open defecation, paying special attention to the needs of 
women and girls and those in vulnerable situations.
Target 6.3: Improve water quality, wastewater treatment and safe 
reuse
UN definition: By 2030, improve water quality by reducing pollution, eliminating 
dumping and minimizing release of hazardous chemicals and materials, halving 
the proportion of untreated wastewater and substantially increasing recycling and 
safe reuse globally.



SDG 6: Ensure Access to Water and Sanitation for 
All

Target 6.4: Increase water use efficiency and ensure freshwater 
supplies
UN definition: By 2030, substantially increase water-use efficiency across all 
sectors and ensure sustainable withdrawals and supply of freshwater to address 
water scarcity and substantially reduce the number of people suffering from water 
scarcity.
Target 6.5: Implement integrated water resources management
UN definition: By 2030, implement integrated water resources management at all 
levels, including through transboundary cooperation as appropriate.
Target 6.6: Protect and restore water-related ecosystems
UN definition: By 2020, protect and restore water-related ecosystems, including 
mountains, forests, wetlands, rivers, aquifers and lakes.



SDG 6: Ensure Access to Water and Sanitation for 
All

Target 6.7: Expand water and sanitation support to developing 
countries
UN definition: By 2030, expand international cooperation and capacity-building 
support to developing countries in water and sanitation-related activities and 
programmes, including water harvesting, desalination, water efficiency, wastewater 
treatment, recycling and reuse technologies.
Target 6.8: Support local engagement in water and sanitation 
management
UN definition: Support and strengthen the participation of local communities in 
improving water and sanitation management.

What are the challenges?
In 2024, 2.2 billion people still lacked safely managed drinking water; 3.4 
billion people lacked safely managed sanitation,; and 1.7 billion lacked basic 
hygiene services at home.



The definition of sustainability with respect to water supply or 
sanitation system indicates:

• Provides an efficient and reliable service at a level which is 
desired.

• Can be financed or co-financed by the users with limited 
but feasible external support and technical assistance.

• Is being used in an efficient effective way, without 
negatively affecting the environment. 

Sustainability



• Communities or households must be convinced of the 
desirability of new water sources, or particularly new excreta 
disposal facilities, in the first place.

• The financial costs which communities are expected to rise 
as a contribution to capital or recurrent expenses must be 
acceptable, affordable, or practicable.

• Communities must have felt ownership of the new 
infrastructure, so that repairs and maintenance should be 
taken place.

• Benefits promised at the outset of projects (e.g. dramatically 
improved health) must be materialized.

Sustainability



• Community education (e.g. hygiene education) and the 
attitudinal and behavioral change expected to be achieved 
by it.

• Full community participation or management should be 
planned in from the start, community-level committees and 
caretakers should be trained.

Sustainability







Water Sources Hardware

• Rainwater Harvesting
• Field Trenches
• Sand Dams and Subsurface Dams
• Conjunctive Use
• Controlled Drainage
• Fog Drip
• Rivers, Lakes, Springs
• Man-made Reservoirs
• Dug Well, Manual pumping
• Desalination, Water source protection
• Retention basin
• Groundwater Recharge



Water Sources Software
• Creating Policies and a Legal Framework
• Strengthening Enforcement Bodies
• School Campaigns
• Empowering Young People as Promoters
• Media Campaigns - Internet and Email
• Creating Information Material
• Corporate Social Responsibility
• Social Marketing
• Water Charges
• Water Resources Assessment
• Water Allocation













• Group of people with common but also conflicting interests 
and ideas and different socio-economic and cultural 
background living in one geographic area.

• Water supply and sanitation systems can be common interest 
but at the same time source of conflict.

• As example at the community level part of it uses latrines 
whereas others use the open air.

• A very clear understanding of problems and potential 
solutions has to be shared by all involved.

Community







Community-managed water supply systems are decentralized, 
participatory approaches where local users operate and maintain 
water infrastructure to ensure safe, sustainable access.

Rainwater reservoir and ponds 
– managed by individual or groups 
– regular cleaning and desilting is needed to avoid contamination

Handpumps 
– placed on shallow and deep wells 
– maintained by users, mechanics and DPHE

Community water points 
– piped system 
– user group chooses a small committee to oversee proper water use 

and collect money

Community Management- Water Supply



Group taps 
– used by taking one private connection and share the bill
– needs good facilitation and overall management structure

Vending Kiosks 
– water is sold per bucket at public vending points 
– elected water committee employ kiosk holders
– manages fund and takes care of maintenance and repair

Community Management- Water Supply



Community Water Points 

Vending Kiosks Group Taps 



Local Distribution Net 
– communities buy water from the urban utility 
– install metered connection or fills reservoir 
– local community distributes to user

Small Autonomous Water Supply
– an elected management committee involves in treatment 

by multi-stage filtration 

Community Management- Water Supply



Local Distribution Net 



Community-led sanitation management empowers local communities 
to take responsibility for, design, and maintain sanitation facilities.

On-site sanitation systems 
– usually constructed by the users 
– latrines (Home made, Ventilated Improved Pit, Water Seal) require 

maintenance  
– communal collection for the disposal of latrine pits content

Shared sanitary facilities 
– group of families living in the same cluster share one sanitary latrine 
– user committee involves in locating and organizing its proper 

maintenance (fund collection, keep latrines clean)

Community Management- Sanitation



The condominial system 
– a shallow sewerage system
– sewer pipes are installed in backyard’s of the house and 

connect to main sewer lines
– community involves in waste collection and recycling 

Pay and use latrines 
– leased and managed by private sector 
– maintenance and upkeep are ensured from revenues   

Community Management- Sanitation



Shared Latrine



Condominial System 





Fecal Sludge Management (FSM)



Fate of Fecal Sludge ……..
• Pits are mostly emptied manually, at great risk to the 

manual emptiers, endangering public health. Media 
reported 31 deaths of sweepers while cleaning septic 
tanks in 2015.

• In the absence of proper emptying services, the pit/septic 
tank-contents are often drained into the surrounding 
low-lying areas, or into storm drainage system.

• Even if the pits are emptied, the emptied fecal matter are 
discharged into nearby drains/water bodies. 



Fate of Fecal Sludge ……..



Fate of Fecal Sludge ……..
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Fate of Fecal Sludge ……..



Fecal Sludge Management (FSM)
• Fecal Sludge Management (FSM) refers to a “systems 

approach” that includes technologies and mechanisms for 
containment, emptying, collection, transportation, treatment, 
disposal and/or enduse of sludge produced in onsite 
sanitation systems such as septic tanks and pit/pour-flush 
latrines.

• Conventional sewerage system is not included in a FSM 
system.



Fecal Sludge Management (FSM)



FSM System Elements: Important Issues
• User: Raise awareness of users regarding FSM
• Containment: Proper design for effective containment and easy 

emptying of fecal matter.
• Emptying: Sufficient access for mechanical desludging, particularly in 

slums and low income communities.
• Collection: Align collection vehicle size with available access to OSS 

facilities.
• Transport: Include transfer stations for cost-effective transport of fecal 

sludge up to treatment plants.
• Treatment: Ensure availability of land for establishment of fecal sludge 

treatment plants.
• Disposal/ reuse: Implement quality assurance of treatment and of 

treated FS for enduse. 



Containment & on-site treatment
• The “containment” refers to small-scale treatment options for 

domestic wastewater treatment in which FS is contained for 
collection.

• Through good FS containment, the discharge of pathogens 
into the environment is significantly reduced. 

• Within any technical containment option, wastewater is also 
automatically treated to some extent. 

• The treatment process may consist of sedimentation, filtration 
(mechanical treatment), anaerobic and/or aerobic digestion 
(biological treatment) or a combination of mechanical and 
biological treatment processes.



Containment & on-site treatment
• Pit systems fall under the category of “basic sanitation” and do 

allow for an underground collection of feces. 
• A conventional septic tank falls under the containment 

category of “improved sanitation” in which domestic 
wastewater from toilets is collected.



Pit System Conventional Septic Tank

Prefabricated Septic Tank Anaerobic Baffled Reactor



Emptying
• The "emptying and collection" component within the FSM 

refers to different manual and mechanical means by which 
fecal sludge is collected from different types of containment 
structures for transport to fecal sludge treatment plants 
(FSTP).

• Human powered tools, Manually powered pumps, 
Wastewater Pumps, Vacuum tugs etc. are used for emptying 
fecal sludge from containment. 











Transport
• The transport process of fecal sludge is often directly linked to its 

prior collection.
• Manual emptying services may operate push-carts or 

wheel-barrows, mechanical pumps are mounted on different kinds 
of vehicles

• “Vacuum truck" is literally a combination of different pieces of 
technical equipment - a vacuum pump connected to a large vessel 
that is mounted on a truck.

• Major limitations of the transport component are the size of 
vehicles, the size and volume of mounted FS collection containers 
(smaller containers must be emptied more frequently which does 
consume valuable time) and the location of the fecal sludge 
treatment plant (FSTP).







Characterization of Fecal Sludge



Treatment
• Safe treatment of fecal sludge for disposal or reuse is the 

ultimate component within the FSM service chain.
• Trenching of FS is being promoted as (temporary) solution for 

safe disposal of fecal sludge.
• Open lagoon, pond or tank systems for fecal sludge treatment 

of various sizes are well known throughout the world.
• As part of an early liquid/solid separation during the treatment 

process of an FSTP, fecal sludge is discharged onto a 
sand-bed.

• Geobags or geotubes, which are made from engineered 
geotextiles, are an alternative technical option to sand-beds for 
dewatering of fecal sludge.



Treatment
• Technical processes of anaerobic sub-surface FSTPs are 

based on the principles an early liquid/solid separation, 
anaerobic sludge stabilization / digestion and flow of liquids 
by gravity.

Treatment objectives
• Dewatering
• Pathogen inactivation
• Harnessing nutrients for beneficial use
• Stabilization–organic matter and nutrients
• Safe end-use or disposal



 Trenching Advantage • Low-cost solution to 
dispose fecal sludge safely in sparsely 
populated rural areas with low ground 
water as well as in arid and semi-arid 
areas 
Disadvantage • Unsuitable for densely 
populated urban regions • Risk of 
contamination of water resources during 
monsoon • Risk of public health hazards 
if open trenching is practiced

Advantage • Easy to operate (no experts, 
but trained community required) • Can be 
built and repaired with locally available 
materials • Relatively low capital costs; low 
operating costs • Fruit or forage growing in 
the beds can generate income •No electrical 
energy required
Disadvantage • Requires a large land area • 
Odors and flies may be noticeable • 
Requires expert design and construction 
supervision • Leachate requires further 
treatment

 Planted Drying Bed



Pond Systems

Geobags

Advantages • Tested and robust sludge 
treatment systems • Low-operation and 
maintenance costs as no skilled personnel 
and equipment is needed • Long lifetime of 
20+ years if properly constructed and 
maintained 
Disadvantages • Large requirement of space 
especially for lagoon type plants • Compact 
tank/ pond plants are prone to hydraulic 
overloading • Potentially disturbing for 
nearby residents due to odors and overflow 
during rainy season

Advantages • Less space requirement than 
sand drying-bed based FSTP • Less odor 
emissions than FS sand drying-bed based 
FSTP • No energy required for drying 
Disadvantages • Continuous replacement 
of geobags required • Used geobags 
produce large amounts of solid waste • 
Short lifetime and subsequently high CO2 
footprint.







Resource Recovery
• A reuse of treated fecal sludge as safe organic fertilizer and 

subsequent recovery of fertilizing nutrients in agriculture. 
• Utilization of sludge as a source of renewable fuel. 
• May require further refinements in addition to dewatering of 

sludge during its treatment.
• Solar drying and composting reduces the pathogen content 

for safe application in agriculture and will allow for easier 
packaging and efficient transport of sludge.

• Further processes such as sieving, nutrient enrichment and 
pelletizing are recommended for better sales and marketing 
of fecal sludge based organic fertilizers. 



Resource Recovery
• In addition to produce fertilizer, the use of professional 

pelletizing equipment may also allow a combustion of sludge 
based organic materials as renewable source of fuel.



Resource Recovery


