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Wastewater Collection Systems 

1.  Introduction 
This course presents the principles and practices of wastewater collection system.  This will 
outline the preliminary sewer design issues, the hydraulic design of gravity and pressure 
sewers, sewer system layout, appurtenances, facilities act, regulatory stands, and permitting 
requirements, structural design of sewer lines, and the essential steps for sewer management 
and operation.  This course will also discuss how to approach evaluation and rehabilitation of 
existing sewer systems.  This course is ideal for civil engineers and other design and 
construction professionals looking for an introduction to the design, operation, and 
maintenance of wastewater collection systems. 

2. Learning Objectives 
Upon successful completion of this course, the participants will be able to: 
 Define the common terminology used in the wastewater collection systems.  
 Describe different types of wastewater collection systems.  
 Comprehend the basic considerations of wastewater collection system design.  
 Design a circular sewer system.  
 Elaborate the construction specifications and contract drawings.  
 Discuss the essential steps for sewer management and operation. 

3.  Wastewater Collection System 
The water supply of a community is considered to be wastewater. The individual pipes used to 
collect and transport wastewater are called sewers, and the network of sewers used to collect 
wastewater from a community is known as Collection System (Figure 1). 
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Figure 1: An overview of wastewater collection systems 
 
A sewer collection system includes everything except the sewer plant. All lines, lift stations, 
pump stations, manholes, and anything that sewage touches on its way to the sewer plant. 
Generally, the municipality is responsible for maintaining the collection system from the time 
the sewage leaves the lateral line and enters the main.  

4.  Definition of Terms 
Domestic Sewage: Liquid waste generated from residences, business buildings, and 
institutions is known as domestic or sanitary sewage. 
Industrial Sewage: Liquid waste generated from industrial establishments is known as 
industrial sewage. 
Sewage: Combination of domestic and industrial wastes and stormwater. 
Sullage: The water from kitchen, baths, sinks, and similar appliances from buildings which 
does not contain human or animal excreta is called sullage. 
Sewer: A pipe carrying sewage is called a sewer. 
Sewerage: The system of pipes laid for carrying sewage is sewerage. 

5. Types of Collection Systems 
 
Based on the mode of collection/deliver, the collection systems are classified as Gravity, Low 
Pressure, and Vacuum collection systems.  
 

5.A  Gravity Collection System 
The primary type of public sanitary sewer collection system is a gravity system (Figure 3). A 
gravity system is so named because the wastewater flows down gradient in the sewer, driven by 
forces of gravity. Various sizes of sewers are generally laid at a minimum slope to ensure open 
channel flow through the pipe at a minimum velocity of 2.0 feet per second. The minimum 
velocity is required to ensure that solids do not settle out in the sewer. Gravity sewers are a 
minimum of 8-inch diameter pipes with manhole structures located at changes in horizontal 
alignment and vertical slope changes. The maximum distance between manholes is 400 feet.  
 

5.B  Low Pressure Collection System 
Low pressure sewer systems are used in areas where the use of gravity sewers is impractical due 
to topography or economic reasons. Low pressure systems (Figure 2) are often found around lakes 
and in rolling terrain. Wastewater is collected on-site and pumped from a small grinder pump into 
a small diameter force main. The private force main discharges into a larger public force main. A 
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check valve is used near the end of the private line to prevent wastewater in the public force main 
from entering the private force main. In most cases, the low-pressure public force main then 
discharges into a public gravity collection system. Private force main pipes are typically 1-½ to 2-
inches in diameter. Public force mains typically vary in size from 2- to 6-inches in diameter. Force 
mains are designed to maintain minimum velocities of 2.0 feet per second. Low pressure force 
mains are also used for discharge from pumping stations. Force main pipe from pumping stations 
typically varies from 4- to 12-inches in diameter, depending on the size of the pumps in the 
pumping station.  
 

 
 

Figure 2: Typical view of low-pressure collection system2. 
 

5.C  Vacuum Collection System 
Vacuum collection systems are used for the same reason as low-pressure systems (Figure 3). 
However, it is rare to find a vacuum collection system in use in Pennsylvania as this is a fairly 
new collection alternative in the United States, and operation and maintenance is more difficult 
than a low-pressure system. Wastewater is collected on-site by a valve pit/sump, and a 4-inch vent 
is located on the service lateral between the residence and the valve pit/sump to provide air into 
the system. Piping connects the individual valve pit/sump and the collection tank. A vacuum 
station that includes vacuum pumps produces a vacuum, which transports the wastewater from the 
vacuum sewer lines to the treatment plant via a pressurized line.  
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Figure 3: Typical view of vacuum collection system2. 

 
 
Based types of wastewater carried by the collection systems, the systems are classified as follows: 
 

a. Separate Sewer System aka Sanitary Sewer (Municipal Sewer) 

b. Stormwater Sewer System 

c. Combined Sewer System 

Separate (or Sanitary) Sewer: Identified as separate sewers and it is developed to mainly 
remove domestic sewage from residential areas. Sanitary sewer collection systems are 
responsible for collecting and conveying wastewater that is generated at residential dwellings and 
commercial and industrial buildings to the wastewater treatment plant for treatment. Figure 1 
shows that household wastewater and roof drain are collected by two sets of pipes: One is 
draining to lake and the other is draining to wastewater treatment plant (WWTP). It is the 
system in which storm water is carried separately from domestic and industrial wastewater. 
This system is preferred when: 

• There is an immediate need for collection of sanitary sewage but not for storm water 
• When sanitary sewage needs treatment, but the storm water does not.  



 
PDHNow - Wastewater Collection Systems Dr. M. A. Karim, P.E, F.ASCE. 
 

 
Page 8 of 63 

 

 
Figure 4: An overview of separate sewer system 

Storm Sewer: It is solely used to collect stormwater. Usually larger than sanitary sewer 
(Figure 1). 

Combined Sewer: It is the type of system in which sewer carries both the sanitary and storm 
water. Combined system is favored when 

• Combined sewage can be disposed off without treatment 
• Both sanitary and storm water need treatment 
• Streets are narrow and two separate sewers cannot be laid. 

 
Figure 5: An overview of combined sewer system 



 
PDHNow - Wastewater Collection Systems Dr. M. A. Karim, P.E, F.ASCE. 
 

 
Page 9 of 63 

 

6.  Types of Sewers 
The types of sewers vary with size collection system and the location of the wastewater 
treatment plants. The principal types of sewers are:  

a. Building Sewers –  Sometimes called building connections that are used to convey 
Wastewater from buildings to lateral or branch sewers or any other sewers except 
another building sewers.  

b. Lateral or branch Sewers – 1st element of the Wastewater collection system that are 
used to convey Wastewater from one or more building sewers to the main sewers. 

c.  Main Sewers – are used to convey Wastewater from one or more lateral sewers to 
trunk sewers or to intercepting sewers. 

d. Trunk Sewers – are the large sewers in the collection system that are used to convey 
Wastewater from main sewers to treatment plants or to larger intercepting sewers.  

e. Intercepting Sewers – are the larger one that are used to intercept a few main or trunk 
sewers and convey wastewater to the treatment plants.  

 

 
Figure 6: Definition sketch for types of sewers used in collection systems1. 



 
PDHNow - Wastewater Collection Systems Dr. M. A. Karim, P.E, F.ASCE. 
 

 
Page 10 of 63 

 

7. Shapes of Sewers 
There are five shapes of sewers that are usually used in wastewater collection system design 
and construction. The five shapes are rectangular, circular, semi-elliptical, horse-shoe and 
egg-shaped. 
 
Rectangular – RCC and may be pre-cast or cast in-situ 
Circular – commonly used – may be concrete or HDPE 

 
Figure 7: Typical rectangular and circular sewers1 

 
Semi-elliptical – Made of mainly RCC and very stable 
Horse-shoe  - suitable for heavy discharge 

 
Figure 8: Semi-elliptical and horse-shoe sewers1 

 
 
Egg-shaped – Gives good hydraulic properties even better than circular 
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Figure 9: Typical egg-shaped sewer 

8. Collection System Appurtenances 
Appurtenances are machinery, appliances, structures and other parts of the main structure 
necessary to allow it to operate as intended but are not considered to be a part of the main 

structure.
3 
The primary appurtenances of sanitary sewers are:  

 
a. Manholes 

b. Drop inlets to manholes 

c. Building connections, and 

d. Junction chambers 

e. Backflow preventers,  
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f. Cleanouts,  

g. Laterals,  

h. Inverted siphons and  

i. Flow regulators  

 
 Manholes  -  Manholes are provided  

 At every change in alignment 

 At every change in gradient 

 At every junction of two or more sewer lines 

 At heads of all sewers or branches 

 At every change in size of sewer 

 At regular intervals in the sewerage system (Table 1) 

       Table 1: Manhole spacing 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Typical drop inlets to manholes 

Pipe Diameter (inch) Spacing (ft)
up to 6 150 
6  - 20 250 
20 - 36 300 

> 36 As provided by the 
authority

 

Figure 10: Typical manhole 
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Figure 11: Typical drop inlet to manhole1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Typical Building Connections 



 
PDHNow - Wastewater Collection Systems Dr. M. A. Karim, P.E, F.ASCE. 
 

 
Page 14 of 63 

 

 

 
Figure 12: Typical building connections1. 

 
 
 Typical Junction Chambers – They are the larger forms of manholes. As the diameter of 

the intercepting sewers continues to increase as wastewater from more of the service areas 
is collected, precast manholes may not be big enough to be used. In this case, special 
junction chambers are constructed on-site to connect the intercepting sewers.  
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 Typical Backflow preventers - Backflow preventers are used in a sanitary sewer lateral 
to prevent the accidental backflow of wastewater into buildings.  

 

 
Figure 13: Typical backflow preventer2. 

 

 Typical Cleanouts - Cleanouts are used in a sanitary sewer lateral to permit access for the 
removal of solids that result in blockages. At least two cleanouts should be provided; one 
approximately 3 feet from the building foundation, and one at the property line.  
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Figure 14: Typical cleanouts2. 

 
 Typical Laterals - The lateral is the piping that connects the public sewer to the building. 

The size of the lateral is typically 4 to 6 inches in diameter (Figure 6).  
 

 Typical Inverted siphons - An inverted siphon (Figure 15) is generally used in situations 
where there is a depressed obstruction, typically a watercourse, in the path of the gravity 
sewer. Wastewater is pushed up the downstream end of the siphon by the velocity of the 
wastewater. Additional maintenance is typically required to remove solids.  

 

 
Figure 15: Typical inverted siphon2. 
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 Typical Flow regulators - Flow regulators (Figure 16) are used to divert flow from one 
sewer line to another to prevent overloading the system. An example of a flow regulator is 
a weir in a manhole.  

 

 
 

Figure 16: Typical flow regulator2. 

9. Basic Considerations of Sewer Design 
The basic considerations are as follows: 
 Estimation of wastewater design flow rates 

 Selection of design parameters 

a. Hydraulic design equation 

b. Sewer pipe materials  
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c. Minimum sizes 

d. Maximum and minimum flow velocities 

 Selection of appropriate sewer appurtenances 

 Evaluation of alternative alignments 

 Evaluation of the use of curved sewers, if necessary. 

 Estimation of wastewater design flow rates 

 The flow rates of sewage may consist of: 

• Infiltration 

• Dry weather flow which is domestic and industrial sewage during dry 
weather; and  

• Stormwater – for combined sewers only. 

   Infiltration/Inflow (I/I)  

• Infiltration is groundwater entering into the sewer system through faults in the 
sewer line, lateral or manhole. During dry weather there will be no infiltration 
and hence only domestic sewage and industrial waste will be conveyed.  

• Inflow is the direct discharge of non-sanitary water into the sewer system.  
• Infiltration and Inflow (I/I) is the total quantity of flow from both infiltration 

and inflow sources.  
• During rains, the infiltration will be due to the rise in groundwater table and 

from roofs. The infiltration depends on: 
• Height of groundwater level 
• Type of soil in which sewers are laid 
• Workmanship of laying pipes.  
• It is nonexistent during dry weather but increases during rainy season. 
• Water and Sanitation Agency (WASA) Lahore uses the following infiltration 

rates for the design of sewer system. 
                

 Table 2:  Infiltration estimate2 
  Sewer Diameter  Infiltration 

   225 mm  to 600 mm 5 % of Avg. Sewage Flow 
    > 600 mm 10 % of Avg. Sewage Flow 
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 Sanitary sewers are designed for the following flows: 

• Peak flows from industrial, commercial, institutional, and industrial sources 
for the entire service area 

• Peak infiltration allowance for the entire service area 

• Peak factor may be selected according to the following table: 

    Population                        Peak Factor 
   Upto 20,000                         3.50 
   20,000 – 50,000                   2.50 
   50,000 – 750,000                 2.25 
       > 750,000                            2.00 
      Estimation of Stormwater flow rates 

• Rational Method – This formula estimates the peak rate of runoff at any location in a 
drainage area. The formula is expressed as: 

                  Q = CIA                                                                              (1) 
            Where, Q = maximum rate of runoff, cfs (cubic ft/sec.) 

 C = dimensionless runoff coefficient, dependent on land use 
  I = design rainfall intensity, inch/hr, for a duration equal to the time of 

concentration (tc)of a watershed. 
 A = drainage area in acres. 
– Time of concentration (tc): the time required for runoff to travel from the 

hydrologically distant point in the watershed to the outlet. 

• Rational Method – Assumptions: 

– Under steady rainfall intensity, the maximum discharge will occur at the watershed 
outlet at the time when the entire area above the outlet is contributing runoff. 

– The time of concentration is equal to the minimum duration of peak rainfall. 

– The frequency or return period of the computed peak discharge is the same as the 
frequency or return period of rainfall intensity (design storm) for the given time of 
concentration. 

– The fraction of rainfall that becomes runoff is independent of rainfall intensity or 
volume. 

– The peak rate of runoff is sufficient information for the design of storm water 
detention and retention facilities. 

• Rational Method – Limitations 

– Because of the assumptions discussed above, the rational method should only be 
used when the following criteria are met: 
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 The given watershed has a time of concentration, tc, less than 20 minutes; 

 The drainage area is less than 20 acres. 

 
Table 3: List of “C” values for land use3 

 
 
Example 1: Estimate the maximum runoff from a drainage area of 20,000 sq. ft. of which 
25% is residential with lot size of 1,200 sq. ft, 30% is forest, 10% is lawns, and 35% is 
industrial and commercial for a design rainfall intensity of 4.5 inch/hr, for a duration equal to 
the time of concentration (tc) of the drainage area. 

Land use "C" Value
Business, Commercial, and Industrial 0.09

Apartments 0.75

Schools 0.60

Residential - lots of 10,000 sq. ft. 0.50

- lots of 12,000 sq. ft. 0.45

- lots of 17,000 sq. ft. 0.45

- lots of 1/2 acres or more 0.40

Parks, cemeteries, and unimproved areas 0.34

Paved and roof areas 0.90

Cultivated area 0.60

Pasture 0.45

Forest 0.30

Steep grass slope (2:1) 0.70

Shoulder and ditch areas 0.50

Lawns 0.20
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  Selection of design parameters - design equation 
 Currently Manning’s equation is the widely used one to design sewer system. The 

Manning’s Equation is4: 

 

 where,  
   V = flow velocity (ft/s in FPS,  m/s in SI) 
   k = 1 for SI and 1.486 for PFS 
   Rh =  hydraulic radius = flow area/wetted perimeter, ft (FPS), m (SI) 
   S   =   channel slope or slope of energy grade line (ft/ft, m/m), and  
   n = Manning’s roughness coefficient (it depends on channel materials, surface 

irregularities, variation in shape and size of the cross-section, vegetation, flow 
conditions, channel obstruction, and degree of meandering).  

 
  

• n can be obtained from tables or from following equations: 

                                                                                             
                                                                             
             where,  d = 90-percentile size of bed material. …….. (3) 
 
Table 4: The Manning’s Roughness Coefficient (n) Values3 

Total Area = 20,000 sq. ft. I = 4.5 inch/hr = 0.000104 ft/s
 

% Area “C” 
Value

25% 0.45

30% 0.30

10% 0.20

35% 0.09

100% ----

The maximum runoff, Q = ∑CIA = 0.529 ft3/s  ANS.

∑ 20,000 5,080 0.529

Lawns 2000 400 0.0417

Industrial & Commercial 7000 630 0.0656

Residential 5000 2,250 0.2344

Forest 6000 1,800 0.1875

Surface characteristics Area (sq. ft) AC (sq. ft.) Q = CIA  (cfs)

)2........(....................2/13/2 aSR
n
kV h=

)2........(....................2/13/2 bSAR
n
kAVQ h==

))8Muller(194andPeterMeyerbyProposed(038.0 6
1

−= dn
)1923)Strickler(byProposed(0417.0 6

1

dn =
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 Selection of design parameters - Sewer pipe materials  

• The principal materials that are sued for sewer system are: 

 Asbestos cement 

 Ductile iron 

 Reinforce cement concrete (RCC) 

 Polyvinyl chloride (PVC) 

 High density Polyethylene (HDPE) 

 Selection of design parameters - Minimum sizes 

 The minimum sizes are usually specified in the local building codes. 

 The smallest size used should be larger than building sewer connections so that 
objects passed through the building sewer do not clog the sanitary sewer.  

 Building sewer connection: 4–6 inch (100 -150 mm) 

 The recommended minimum diameter for sanitary sewer: 8 inches (200 
mm). Sometimes 6 inches (150 mm) are used. 

 Selection of design parameters - Maximum and minimum flow velocities 

Sewer diameter               Self-cleansing velocity 
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6 – 10 inch                        3.0 ft/sec. (0.9 m/s) 
12 – 24 inch                      2.5 ft/sec. (0.75 m/s) 
     > 24 inch                      2.0 ft/sec. (0.6 m/s) 

Therefore, if Q is the discharge, V is the velocity of flow, and A is the area of x-section of 
a sewer: 

            Q = A x V 
– Knowing the discharge and velocity, area of the sewer can be calculated.  

– In general, the recommended minimum flow velocity is 2.0 ft/sec (0.6 m/s) to 
avoid deposition and the recommended maximum flow velocity is 10.0 ft/sec 
(3.0 m/s) to avoid damaging sewers. 

 
 Selection of appropriate sewer appurtenances 

Based on the sizes of the sewer system, as discussed before, all 9 appurtenances may 
be necessary to successfully complete the sewer design and construction. The 9 
appurtenances are: 

o Manholes 
o Drop inlets to manholes 
o Building connections,  
o Junction chambers  - junction chambers are seldom necessary 
o Backflow preventers,  
o Cleanouts,  
o Laterals,  
o Inverted siphons and  
o Flow regulators 

 
 Evaluation of alternative alignments 

o Sometimes alternative alignments can be easier to construct or economical. As 
a result, alternative alignment may need to be evaluated. 

 Evaluation of the use of curved sewers, if necessary. 

o Curved sewer may be used as it is found necessary, economic, and feasible. 

o Flow velocity may not be the same in all section of the sewer due to bending 
which needs to be verified, especially for high velocity that may cause damage 
to the bending sewer. 

 Design Period 
 Sewer System: Period of design is indefinite. The system is designed to take care 

for the maximum development of the area. But we take design period of 20 years 
for our sewer system.  

 Sewer Pumping Station: Design period is 10-years. Rate of Flow are average 
daily, peak and minimum flow including Infiltration. 



 
PDHNow - Wastewater Collection Systems Dr. M. A. Karim, P.E, F.ASCE. 
 

 
Page 24 of 63 

 

10.  Design of Sanitary Sewers 
Sewer system plays a vital role in the economic development of a country. Sewers are must 
for the drainage of wastewater. In order to have an effective sewage system the sewers should 
be properly designed, and more care should be taken in finding the invert levels otherwise 
whole design may get wrong. Design of Sewer System. Sewers are designed for the drainage 
of wastewater coming from houses, industries, streets, runoff etc. to protect the environment 
and people from serious diseases, as more than 50 diseases spread from sewage. So for a good 
living, the sewers should be properly designed, and the sewage should be treated properly 
before discharging it into the river.  
Water mains carry water under pressure, while flow in sewers is under gravity. If the sewage 
is to be conveyed under pressure, elaborate pumping equipment is necessary. Hence sewers 
are designed as open channels using Manning’s equation. The design of sewers consists of 
determining the diameter of sewer to carry the estimated quantity of sewage at a velocity that 
is equal to the self-cleansing velocity. Self-cleansing velocity is a velocity that is required to 
prevent silting and depositing in sewers.   
Example 2: Using Manning’s equation calculate the velocity of flow (V) and discharge (Q) in 
a sewer of 1.5 ft diameter laid at a gradient of 1 in 400. Assume sewer run half-flow and n = 
0.012. 
    Solution: Manning’s equation in FPS 

  
    where, V = Velocity of flow in ft/sec.  
         D = diameter of sewer pipe = 1.5 ft 
         Rh = hydraulic radius in ft. = D/4 = 1.5/4 = 0.375 ft. 
         s = slope of the sewer line = 1/400 = 0.0025 (given)  
         n = roughness coefficient = 0.012 (given) 

Area of flow, A = ½ x π (1.5)2/4 = 0.8836 sq. ft.  [half-flow] 
V = (1.486/0.012) x (0.375)2/3 x (0.0025)1/2 = 3.2285 ≈ 3.23 ft/sec.  Ans. 
Q = A x V = 0.8836 x 3.23 = 2.8526 ≈ 2.85 ft3/sec (cfs).  Ans. 

 
Example 3: Design a sanitary sewer to serve a population of 5,000 people, if the average 
consumption is 400 liters per capita per day (lpcd). How many extra persons can be served if 
the slope is doubled? Using “n” value of 0.013 in the Manning’s formula & the return flow as 
70%. Check the minimum self-cleaning velocity. Neglect infiltration & inflow (I/I).  
Given Data: 
Population (P) = 5,000 persons;   Average water consumption (q) = 400 lpcd 
Manning’s coefficient (n) = 0.013;   Return flow = 70% 
Assume slope = 0.5% = 0.005 
Required: 
1. Find the Velocity (V) =?  Also check minimum self-cleansing velocity 
2. When the slope is doubled find the extra population to be served =? 

PART 1 

Average wastewater flow (qw) = P x Return flow (%) x q 

2
1

3
2486.1 sR

n
V h=
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= 5000 x 0.7 x 400 

 
= 1,400,000  lpcd 

 
= 0.0162 m3/s [1 m3 = 1000 L, 1 day = 86,400 sec] 

Let take peaking factor (P.F.) = 3.5 

Peak Hourly Wastewater Flow = 3.5 x 0.0162 m3/s 
 

= 0.0567  m3/s 

Now finding the diameter of sewer pipeline.  Using Manning’s discharge formula; 

Q = AV  ⇒  Q = (π/4)(D
2
) (1/n)(R

2/3
 S

1/2
)                                             [using, R = D/4]       

 

                                                                  Use 9.5 inch (0.24 m) pipe. 

Diameter for the average flow,    

 

 
Use 7 inch (0.178 m) pipe 

Checking the minimum self-cleansing velocity 

   Vavg    =  (1/n)( R2/3 S1/2 )     where,   R = (D/4)  for circular pipe 

              = (1/0.013) x (0.178/4)2/3 x (0.005)1/2 = 0.68 m/s       Ans. 

     Vmin = 0.6 m/s   <   Vavg = 0.68 m/s   <   Vmax = 3 m/s    OK. 

 

PART 2 

Doubling the slope i.e.      S = 2S = 2 x 0.005 = 0.01 

Q = A V =  (π/4 D2)(1/n)(R2/3S1/2) = (0.31/n)x (D8/3S1/2 )         [(π/4)/42/3 = 0.31] 
     
               = (0.31/0.013)x(0.178)8/3 x(0.01)1/2 
               = 0.0238 m3/s x ( 1000 L/ 1 m3) x (86,400 s/1 day) = 2,053,778 L/d  

Q = P * qw               

375.0

5.0548.1 





=∴

S
nQD

ftmD 77.0234.0
)005.0(
0567.0013.0548.1

375.0

5.0 ==






 ×
=∴

ftmD 57.0175.0
)005.0(
0162.0013.0548.1

375.0

5.0 ==






 ×
=∴



 
PDHNow - Wastewater Collection Systems Dr. M. A. Karim, P.E, F.ASCE. 
 

 
Page 26 of 63 

 

P = Q/qw                  where, qw = Return flow (%) * q   = 0.7x400 =280 Lpcd 

P    =  2,053,778 lpd /280 lpcd             = 7,335 persons.  

So, if the slope is doubled then total of 2,335 extra persons can be served.     Ans. 

 
Example 4: A 3.0-m circular sewer is laid on a slope of 0.0009 m/m. If n is equal to 0.012 at all 

depth of flows, determine3: 

       (a) Q and V when the sewer is flowing full        (b) V and depth of flow, d when Q = 1.0 m3/s 

 
 
 
 
 
 
 
Solutions of Example 4:  

 
 

Given,        pipe diameter , D = 3 m n = 0.012
Slope, S  = 0.0009 m/m A f  = PI x D^2/4 = 7.069 m2

For circular pipe flow, full and half,     Rh =  D/4 = 0.75 m

(a)  Using Mannig's Equation, 

= (1/0.012)(0.75)^(2/3) (0.0009 )^(1/2) = 2.06 m/s ANS.

Q = A V  = 14.587 m3/s ANS.

3.14159 x3^2/4 =

2
1

3
21 SR

n
V h=
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Figure 17: Design diagram from FE Exam Handbook4 

(b)   Give Q  = 1 m3/s Lets assume that depth of flow for given Q is   = d m

Q/Qfull = 1/14.587 = 0.0686

From the following Figure, for Q/Qf = 0.0686       d/D  = 0.2
 (red and green arrows)

∴  d = 0.2 x 3 = 0.6 m  ANS.

From the following Figure, for d/D = 0.2                         A/Af = 0.13 V/Vf  = 0.56
 (blue and green arrows)  (black and green arrows)

∴ A = 0.13x 7.069 = 0.919 m2 ∴ V  = 0.56 x 2.06 = 1.16 m/s

V = Q/A  = 1 / 0.919 = 1.09 m/s  ANS.
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11. Preparation of Contract Drawings and Specifications 
Contract drawings and specification define the work that is to be performed. The contract 
drawings provide a graphical representation of the work. Contract drawings such as plans and 
profiles are prepared to show the details of the design for bidding and construction purposes. 
The drawing are very important to be accurate and precise for proper estimation and 
construction. Accurate drawings lead less change order in contract activities and assure the 
smooth construction and timely finishing of the project. The typical contract drawings (plans 
and profiles) are shown in Figure n.   
 

11.A  Contract Drawings  
Contract drawings typically consist of several sheets including:  

 Title sheet stating the name of the project.  
 Index of sheets.  
 Legend.  
 Location map.  

 
Additional sheets that include the plan and profile view of the proposed sewer system and 
specific notes relevant to the sections shown on each sheet. A plan view is a drawing showing 
the top view of sewers, manholes and streets. A profile view is a drawing showing the side view 
of sewers and manholes.  
 
An additional sheet that shows details such as bedding and backfill, stream crossing and 
manholes.  
 

11.B  Specifications  
Specifications state the qualitative requirements for the projects. The requirements typically 
cover the material and the workmanship involved in the manufacturing and installation of the 
equipment.  
 
Specifications for sewer system typically follow the Construction Specifications Institute 
(CSI) format, which includes 16 divisions. Division 1 covers general requirements of the 
project, and Divisions 2 through 16 covers the material and workmanship requirements. The 
CSI Divisions that are typically utilized for a sewer system project include:  
 

CSI Division 1 – General Requirements.  
CSI Division 2 – Site Work.  
CSI Division 3 – Concrete.  
CSI Division 5 – Metals and  
CSI Division 9 – Finishes.  
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The specifications contain language requiring that the contractor submit shop drawings to 
ensure the quality of the material being proposed by the contractor. Shop drawings are 
typically catalog cuts, which illustrate that the material proposed by the contractor is what was 
specified or is equivalent to what was specified. The engineer must approve the submitted 
shop drawings prior to construction of the project. A copy of the approved shop drawing is 
forwarded to the owner, construction inspector and contractor.  
 
During construction of the project, the specifications must be followed to ensure that the 
project is being constructed as designed. The shop drawings would be at the project site to 
ensure that the material being placed in the ground is what was approved.  
 

 
Figure 18: Typical (a) plan and (b) profile view of a sewer line1. 

12.  Construction of Sewers 
The construction and layout of sewers consist of the following operations: 
 Setting out the alignment for sewer laying 

 Excavation of trenches 

 Branching and dewatering of sewer 

 Laying pipe, and joining the pipes 

 Testing, and   

 
 



 
PDHNow - Wastewater Collection Systems Dr. M. A. Karim, P.E, F.ASCE. 
 

 
Page 30 of 63 

 

 Backfilling 

13.   Maintenance of Sewers  
Keeping sewers clear of obstructions and in proper working order. Cleaning with special tools 
where flushing is inadequate to remove an obstruction. Providing proper ventilation for 
removing explosive gases (CH4, CO2) as they form due to decomposition of waste. 

14. Cleaning the Collection System with Mechanical Devices 

Sewer Jets: A sewer jet is a high-pressure water system used to clean sewer lines. It may be 
truck or trailer mounted. It consists of a high-pressure hose of up to 500 feet mounted on a 
hydraulic reel and a pump. The hose is either ¾ or one inch in diameter. The trucks usually 
carry a 1,000-gallon tank that is filled at a fire hydrant to supply water to the pump. The 
trailer-mounted units may have a smaller tank, or they may hook directly to a fire hydrant. 
Depending on size, the pumps will generate between 1,200 and 2,000 psi at 35 to 65 gallons 
per minute. Some sewer jets are larger, but they all work the same way. 

The hose is inserted into the sewer line through a manhole at the downstream end of the 
blockage or section to be cleaned. The hose has a steel head on the end shaped like a bullet. 
The head has small holes on the end near the hose. These holes, usually about eight in 
number, (known as orifices) are at various angles, ranging from 15 to 35 degrees. The water is 
pumped through the hose causing into be driven upstream, usually to the next manhole. When 
it arrives at the upstream manhole, the hydraulic reel pulls it back to the machine. All the 
while, the pressure is maintained. This allows the water to scrub the walls of the pipe, 
removing the grease. Sewer jets can be used for a variety of jobs. They are valuable pieces of 
equipment. 

Municipal Vacuum Trucks: Unlike the trucks used to pump septic tanks, which pull a 
vacuum, a municipal vacuum truck is an air conveyer. It pulls a column of air through their 
system. Whatever is caught in the air stream is lifted to the truck. The advantage of this truck 
is that it can vacuum both wet and dry material such as those found in catch basins. It is a 
more versatile piece of equipment than a standard septic truck. 

Some municipalities will run a truck that is a combination sewer jet and vacuum truck. 
Vacuum trucks are expensive. You will find that many municipalities do not own them. 

Rodders: A rodder is a piece of equipment used to clean grease from sewer lines when a 
sewer jet is not available. It consists of a reel of wire up to 500 feet in length. This wire, 
known as a rod, is at least 5/16 inch in diameter. There is also an auxiliary motor. The rodder 
can be either truck or trailer mounted. The end of the wire is fitted with cutters of different 
sizes and types, depending on the job. To operate a rodder, the cutter is inserted in the line in 
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the same manner as the sewer jet hose. The auxiliary motor is turned on. This causes the reel 
of wire to rotate and unwind the rod, allowing the operator to send the rod up the line 

Rodders are ineffective against grease. They cannot remove it; they can only punch holes in it. 
They can open a plugged line, but they cannot clean a pipe. Rodders are more effective 
removing hard objects such as roots. 

Rodders are unforgiving pieces of equipment. Because of the torque being generated by the 
reel, if the rods hit a hard object, it can snap very easily. When that happens, the operator is 
forced to retrieve the broken rod from the line. This is not an easy task and sometimes takes 
quite a bit of time. 

Some municipalities do not own any sewer cleaning equipment. When they need this 
equipment, they hire a private contractor or rent from a neighboring town 

When you get an emergency blockage, the crew may have to use hand rods. These are 5/16- 
or 3/8-inch rods. The hand rods are made of wood, metal and fiberglass. They come in three, 
four, five, and sixteen-foot lengths with connectors on each end. They are pushed down the 
blocked line by hand, one length at a time. To say this is brutal work, is putting it mildly. Not 
only is it very difficult to shove a couple of hundred feet of rod up a sewer line, but it must be 
done in the confines of a manhole, usually while you are on your knees. It generally requires 
at least two people. Since all this is done from the downstream side, when they finally break 
up the blockage, guess who gets hit with the flood of sewer water that is released! After the 
flood, they have to take the rod out of the line the same way they put it in, one length at a 
time. Only now, the sewer is running. 

Keep in mind that most sewer line blockages occur at off-hours, generally around dinner time 
or later. Except for possible overtime pay, the guys down that manhole pushing the rod are not 
happy campers. That unhappiness is even greater in the wintertime. 

15.   Sewage Facilities Act  
For a collection system to be permitted, the proposed development must comply with Act 537 
(Sewage Facilities Act) Planning.  
 
The act states: “All proposed wastewater facilities must demonstrate consistency with local 
wastewater facilities plans and conform to state laws. This is accomplished in part by the 
municipality updating its official sewage plan or by the municipality, owner, subdivider, or 
agent of the proposed land completing Planning Modules for Land Development.” A copy of 
the Planning Modules for Land Development is available in the state website2.  
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16.   Regulatory Standards  
There are basic standards that must be met for the design of a sanitary sewer collection system 
in Pennsylvania. New systems that are designed as a combined system to carry both 
wastewater and storm water will generally not be allowed.  
 
Separate sanitary sewers shall exclude extraneous water (i.e., roof drains, street, foundation 
drains, etc.).  
 
Collection system shall be designed to serve the projected population in the area and the 
population in areas surrounding the project area that could connect to the system.  
 
The minimum size of a sanitary sewer shall typically be 8-inches in diameter.  
 
Sewers shall be deep enough to prevent freezing. A typical minimum depth for collection 
sewers is 4 feet.  
 
Sewers shall be laid in a uniform slope between manholes. The minimum slope for an 8-inch 
diameter sewer is 0.40%. Sewers on steep slopes, 20% or greater, should be anchored with 
concrete anchors.  
 
Manholes shall be pre-cast concrete, fiberglass, PVC or poured-in-place concrete.  
 
Inlet and outlet pipes from manholes shall have a watertight connection.  
 
Sanitary sewers should be 10 feet horizontally from existing or proposed water mains. If the 
sewer must cross under a water main, there should be 18-inches of vertical clearance.  
 
Three feet of cover should be provided over sanitary sewers that are crossing a stream. Sewers 
crossing streams should be constructed of cast or ductile iron.  
 
Testing shall be performed on the constructed sanitary sewer system. Deflection tests, joints 
and leakage tests shall be performed on installed sanitary sewers and an exfiltration test shall 
be performed on manholes.  

17.   Permitting  
An Erosion and Sedimentation (E and S) Control Plan is required for earth moving activity. Most 
of the State’s Department of Environmental Protection, Permit Sewer Extensions and Pumping 
Stations is required for public collection systems that have the potential to serve more than 250 
Equivalent Dwelling Units. It may vary from state to state. A copy of this document is included 
available in the state website2. Additional submittal is required if the proposed collection system 
will be located underneath a waterway. 
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18.  Overview of Wastewater Collection Systems  
The three types of collection systems include gravity, low pressure and vacuum collection 
systems.  
 
A gravity sewer is a pipe or conduit intended to carry wastewater flowing with a minimum 
velocity of 2 ft/sec from a higher elevation to a lower elevation due to the force of gravity.  
 
Gravity sewers are a minimum of 8-inch diameter pipes with manhole structures located at 
changes in horizontal alignment and vertical slope changes.  
 
A force main is a pipe that carries wastewater under pressure from the discharge side of a 
pump to a point of gravity flow downstream.  
 
In vacuum sewers the wastewater is drawn or sucked by vacuum to the WWTP.  
 
A sanitary sewer system can be either a separate system or a combined system in that a 
separate sewer system is designed to carry only wastewater while a combined system is 
designed to carry both wastewater and storm or surface water runoff.  
 
Nine types of appurtenances: manholes, drop inlets to manholes, building connections, 
junction chambers, backflow preventers, cleanouts, laterals, inverted siphons, and flow 
regulators.  
 
Manholes are typically between 200 to a maximum of 400 feet apart and are required where 
the sewer changes direction, where pipe slope changes and where several sewer lines meet.  
 
The lateral is the piping that connects the public sewer to the building. The size of the lateral 
is typically 4 to 6 inches in diameter.  
 
Act 537, The Sewage Facilities Planning Act, requires proper planning of all types of sewage 
facilities, permitting of individual and community on-lot disposal systems (OLDS), as well as 
uniform standards for designing OLDS.  

19.  Overview of Design and Construction of Collection Systems  
Flow is defined as the continuous movement of a liquid from one place to another with there 
being three types of flows, residential, commercial and industrial which contribute flows to a 
wastewater collection system. The following are the summary of design and construction of 
collection systems2. 
 
Wastewater generated in a typical home averages 70 gal/day/person.  
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The residential flow has a peaking factor, used in design to ensure that the collection system is 
large enough to convey the flow, which is calculated by dividing the maximum flow by the 
average flow. A typical peaking factor (maximum flow/average flow) for residential land is 
2.5.  
 
Commercial land use can provide a wide variety of flows ranging from a restaurant providing 
a typical flow of 3 gal/meal to a self-service laundry mat providing average flows of 550 
gal/machine.  
 
Industrial land use can also produce a wide variety of flow and is typically based on historical 
data for the type of industry proposed.  
 
Sewers shall be deep enough to prevent freezing. A typical minimum depth for collection 
sewers is 4 feet.  
 
Sewers shall be laid in a uniform slope between manholes. The minimum slope for an 8-inch 
diameter sewer is 0.40%. Sewers on steep slopes, 20% or greater, should be anchored with 
concrete anchors.  
 
Sanitary sewers should be 10 feet horizontally from existing or proposed water mains. If the 
sewer must cross under a water main, there should be 18-inches of vertical clearance.  
 
The required size of the sewer is dependent on the slope of the sewer and the contributing 
flow into the sewer.  
 
A sanitary sewer should be sized to be one-half full when conveying peak dry weather flow 
with the remaining one-half of the sanitary sewer permits a flow of air that may help decrease 
sulfide generation, which can lead to corrosion of the sewer.  
 
Pipe deflection means the pipe has changed direction from the direction it was laid.  
 
Bedding material must be appropriate for the type of pipe used.  
 
Specification and contract drawings define the work that is to be performed. The contract 
drawings provide a graphical representation of the work.  
 
During construction air testing or water testing is done to ensure the system does not leak and 
mandrel testing is done to ensure the pipe is in its proper alignment.  

20.  System Evaluation and Problems  
Sewer systems need to be evaluated to determine the major areas of a municipality’s system 
and to determine where problems exist. High levels of I/I in a system and structural 
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deterioration lead to expensive treatment costs, building relief sewers, backing up sewage into 
residences and overflowing sewage into waterways.  
 

20.A  Flow Metering and Analysis  
Flow metering is used to determine the amount of I/I present in the system and is the first step 
in performing a hydraulic analysis. Flow metering consists of temporary and permanent 
meters. Temporary meters are located at areas of interest and typically provide most of the 
metering data. Permanent meters, located at pumping stations and the treatment plant, provide 
backup data.  
 
The following factors should be considered when choosing sites for the temporary meters:  
 
 Flow depth.  
 Sediment load.  
 Pipe size and shape.  
 Accessibility.  
 Manhole location.  
 Surcharge potential.  

 
The use of weirs and flumes may increase the accuracy of flow metering; however, additional 
maintenance is required to ensure that debris does not affect the reading.  
 
Flow data evaluation involves processing the information obtained from each meter. The data 
is analyzed on preset intervals, typically 15 minutes, 30 minutes or 60 minutes. The flow rates 
for each interval are determined and then a total daily value is calculated. Hydrographs are 
constructed with the intervals to provide a graphical representation.  
 
In order to have a realistic evaluation of what is occurring, precipitation and groundwater 
levels should be measured during the metering period. This data will help in evaluating the 
causes of high flow.  
 

20.B  Condition Assessment  
The condition of the system should be assessed. The system should be mapped, and the map 
should be kept up-to-date with new extensions added when constructed. The system should be 
assessed by surface inspection and internal inspections.  
 
Surface inspections involve walking the pipeline length and recording any sunken areas, areas 
of ponded water and water leakage from the soil, which are indicators of sewer defects. In 
addition, stream crossing conditions and manhole conditions should be recorded.  
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Suspect areas found during flow metering and surface inspections should be internally 
inspected. Typically, CCTV is used to determine the condition. Reports and videotape should 
be produced during televising to maintain a record of defects encountered.  
 

20.C  Prioritizing Rehabilitation  

Based on the findings, a list of needed repairs should be prepared. The list should be based on 
the physical and operational conditions of the system.  
 
The listing should include all problems by general groupings such as:  

  
• Near Collapse.  
• Frequent Failures.  
• Troublesome.  

 
The next step would involve a cost analysis to determine what course of action should be 
taken for each problem. There are typically four courses of action: maintain, rehabilitate, 
relieve and replace.  
 
The process for setting priorities may involve evaluation of the following factors: sewer 
performance, capacity, consequence of failure and condition and costs. All these factors 
should be considered when prioritizing rehabilitation.  
 

20.D  Rehabilitation Methods  
There are several methods of rehabilitation that can be used on sewer lines. The method is 
often based on the problem involved and/or cost of the rehabilitation.  
 
Excavate/Replace:  This is the oldest and most common method of rehabilitation. It is used 
when there is severe structural deterioration or severe misalignment of the sewer. This method 
should not be considered when excavation disruption is considered unacceptable.  
 
Chemical Grouting:  Chemical grouting is used to seal pipe joint and circumferential cracks. 
Two types of chemical grouts are gels and foams.  For grouting to be successful, joints must 
be clean, free of roots and not significantly deteriorated. The service life of grout is 
questionable when attempting to seal joints and cracks that are actively leaking during the 
grouting process.  
 
Trenchless Technology: Several methods have been developed that allow sewers to be 
rehabilitated without excavation. 
  
Sliplining: Sliplining involves pulling or pushing a new flexible liner pipe of a slightly 
smaller diameter into the existing pipeline. The lateral connections to the sewer line are 
reconnected by excavation. The method can only be used on pipe that is not excessively 
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deteriorated. An additional limitation is that this method results in a substantial loss of cross-
sectional area of pipe.  
 
Cured-in-Place: Cured-in-place involves the installation and curing of a resin-saturated 
flexible fabric liner inside the existing pipe. The line must be televised with lateral locations 
recorded and cleaned; and have roots removed and cracks grouted prior to beginning work.  
 
Once the preparation work is completed, the flexible tube is impregnated with resin (a 
hardening material) and is typically inserted through a manhole. The tube is installed in the 
existing sewer by pulling it or inverting it under air or water pressure. The tube is then pressed 
against the wall of the existing sewer, and the resin cures and forms a hard liner against the 
existing sewer. The force used to press the liner against the wall forms dimples where the 
laterals are located. Once the resin sets, the downstream end is cut, and the remaining tube is 
removed. A cutting device attached to a CCTV is pulled through the line and the lateral 
connections are cut open.  
 
This method requires no excavation but does require a trained crew with specialized 
equipment. It is expensive and cannot be used on a sewer that has severe structural 
deterioration.  
 
Deformed and Reshaped: This method involves inserting a pipe that has been reduced in 
size into the existing sewer line at manholes or insertion pits. Once the deformed pipe is 
inserted, it is restored to its original size using heat or pressure. The laterals are reconnected to 
the pipe with the use of a cutter. The reduced pipeline capacity is minimal, and no grouting is 
required.  
 
This method requires a trained crew with specialized equipment. Sewer lines with severe 
structural deterioration can cause problems.  
 
Pipe Bursting: Pipe bursting involves inserting a Pipeline Insertion Machine (PIM) that 
breaks out the existing sewer line and pulls a new pipe through the bore formed by the PIM. 
The method may result in an increase in line capacity by allowing the new pipe to be a size 
bigger than the existing sewer line.  

  
The method requires excavation for laterals, disconnection and reconnection. In addition, 
nearby underground utilities may be damaged, and a trained crew with specialized equipment 
is required.  
 

20.E  Rehabilitation of Manholes  
Manholes are necessary to a sewer system to permit access locations for maintenance and 
repair. Manhole rehabilitation is required to eliminate I/I and repair structural defects to 
ensure that the sewer is a safe access point. 
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Grouting: Grouting is used to repair leaks in the manhole walls. Grouting of manholes is 
performed by drilling holes through the manhole wall and pumping grout into the soil outside 
the manhole to fill the cracks.  It is important to note that grouting does not add to the 
structural integrity of the manhole and should not be used to rehabilitate manholes with severe 
structural deterioration.  
 
Coating: The application of coating can rehabilitate a deteriorated manhole structure for 
several years. The coating is comprised of a cementitious material containing Portland 
cement, finely graded mineral fillers and chemical additives. The walls of the manhole should 
be cleaned, and then the coating applied in one or more coats.  
 
Lining:  Lining is used to structurally rehabilitate a manhole. A cast-in-place protective 
plastic lining can be installed inside a manhole. Lining is typically not cost competitive with 
grouting and coating based on initial cost; however, it is less costly than excavation and 
replacement.  
 

20.F  Rehabilitation of Appurtenances  
Laterals are appurtenances that require rehabilitation. Typically, rehabilitation of laterals is 
complicated because the portion from the building to the right-of-way line is privately owned. 
However, laterals can be a significant source of I/I to the system and can cause backups if 
structurally deteriorated.  

  
Many of the rehabilitation methods that are used for sewer lines can also be used on laterals; 
however, rehabilitation is often more difficult based on the limited space available, root 
problems and landscaping over the lateral.  

21.  Overview of Management and Operations  
A community which has only a sewer system is not required to have a permit but those with a 
WWTP must have an NPDES permit which is renewed every 5 years.  
 
A Chapter 94 report to include a variety of collection system information is required annually 
to be submitted to the PaDEP2.  
 
The proposed EPA CMOM regulations directs collection system owners to take a pro-active 
position to correct existing problems and prevent future problems and includes a combined 
sewer overflows policy and a long term control plan that a municipality will follow to 
ultimately obtain full compliance with the Clean Water Act.  
 
There are three (3) mechanical cleaning methods: power bucket cleaning, power rodding and 
hand rod cleaning.  
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There are five (5) hydraulic (involve the use of water) cleaning methods: balling, high-
velocity cleaning, flushing, sewer scooters, and the use of kites, bags and poly pig.  
 
There are 5 inspection techniques: closed circuit televisions, smoke testing, dye testing, 
lamping and manholes.  

  
Infiltration and Inflow (I/I) is the total quantity of flow from both infiltration (groundwater 
entering the sewer system through faults in the sewer line, lateral or manhole) and inflow (the 
direct discharge of non-sanitary water into the sewer system) water sources.  
 
There are three (3) rehabilitation methods of collection systems including excavate/replace, 
chemical grouting and a variety of trenchless technologies.  
 
Manhole rehabilitation methods include grouting, coating, and lining.  

22.  Summary 
In this course we have defined several terms related to wastewater collection system, 
discussed the different types of collections systems, types of sewers, shapes of sewers, 
collection system appurtenances, facilities act, regulatory standards, permitting requirements, 
and the essential steps for sewer management and operation, the approach to evaluation and 
rehabilitation of existing sewer systems. We have also analyzed the basic considerations of 
sewer design and worked out a few simple design problems using widely used Manning’s 
equation and graphs from FE Handbook.  
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+++++++++++++++ The End of the Course ++++++++++++++ 

Any questions please contact the instructor at makarim@juno.com 

 

mailto:makarim@juno.com
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QUIZ for Wastewater Collection Systems 
 
 
1. The individual pipes used to collect and transport wastewater are called ___________, and the 
network of sewers used to collect wastewater from a community is known as Collection System.  
a. sullage 
b. sewers 
c. sewage 
d. sewerage 
 
2. The water from kitchen, baths, sinks, and similar appliances from buildings which does not 
contain human or animal excreta is called ____________. 
a. sullage 
b. sewers 
c. sewage 
d. sewerage 
 
3. The system of pipes laid for carrying sewage is called ____________. 
a. sullage 
b. sewers 
c. sewage 
d. sewerage 
 
4. The combination of domestic, industrial wastes, and stormwater is known as ___________. 
a. sullage 
b. sewers 
c. sewage 
d. sewerage 
 
5. There are 3 types of wastewater collection systems and these are: 
a. sanitary or municipal sewer 
b. stormwater sewer 
c. combined sewer 
d. all of the above 
e. none of the above 
 
6. Intercepting sewers are the larger one that are used to intercept several main or trunk sewers 
and convey wastewater to the treatment plants.  
a. True 
b. False 
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7. The _________ shape sewers are commonly used to collect wastewater and they may be made 
of concrete or HDPE. 
a. rectangular 
b. circular 
c. semi-elliptical 
d. horse-shoe 
e. egg-shaped 
 
8. The _________ shape sewers are suitable for heavy discharge. 
a. rectangular 
b. circular 
c. semi-elliptical 
d. horse-shoe 
e. egg-shaped 
 
9. The _________ shape sewers provide good hydraulic properties even better than circular 
shaped sewers. 
a. rectangular 
b. circular 
c. semi-elliptical 
d. horse-shoe 
e. egg-shaped 
 
10. The primary appurtenances of sanitary sewers are: 
a. manholes 
b. drop inlets to manholes 
c. building connections, and junction chambers 
d. all of the above 
e. none of the above 
  
11. Manholes are provided at  
a. every change in alignment 
b. every change in gradient 
c. every junction of two or more sewer lines 
d. heads of all sewers or branches 
e. all of the above 
f. none of the above 
 
12. During rains, the infiltration will be due to the rise in groundwater table and from roofs. The 
infiltration depends on: 
a. Height of groundwater level 
b. Type of soil in which sewers are laid  
c. Workmanship of laying pipes 
d. All of the above 
e. None of the above 
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13. The principal materials that are used for sewer system are: 
a. wood, regular plastic, rubber, and lead  
b. asbestos cement, ductile iron, reinforce cement concrete (RCC), polyvinyl chloride (PVC), 
and high-density polyethylene (HDPE) 
c. all of the above 
d. none of the above 
 
14. The self-cleansing velocity for 12 – 24 inch diameter sewer is: 
a. 3.0 ft/s (0.9 m/s)  
b. 2.5 ft/s (0.75 m/s) 
c. 2.0 ft/s (0.6 m/s) 
d. 1.0 ft/s (0.3 m/s) 
 
15. The maximum velocity of __________ is recommended to avoid damaging sewers. 
a. 10.0 ft/s (3 m/s) 
b. 3.0 ft/s (0.9 m/s)  
c. 2.5 ft/s (0.75 m/s) 
d. 2.0 ft/s (0.6 m/s) 
 
16. The minimum velocity of __________ is recommended to avoid deposition in the sewers. 
a. 10.0 ft/s (3 m/s) 
b. 3.0 ft/s (0.9 m/s)  
c. 2.5 ft/s (0.75 m/s) 
d. 2.0 ft/s (0.6 m/s) 
 
17. In order to carry a wastewater flow rate of 2.5 ft3/s (0.0708 m3/s) through a sewer line with a 
self-cleansing velocity of 2.5 ft/s (0.75 m/s), the diameter of the sewer line to be provided is 
nearly: 
a. 6 inch (150 mm) 
b. 8 inch (200 mm) 
c. 14 inch (350 mm) 
d. 18 inch (450 mm) 
 
18. A gravity sewer pipe or conduit is designed to carry wastewater flowing at 2 ft/sec.  
a. True  
b. False  
 
19. Act ______ is commonly called the Sewage Facilities Planning Act.  
a. 523 
b. 537 
c. 547 
d. 557 
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20.  The minimum size of a sanitary sewer shall typically be ___-inches in diameter.  
a. 4 
b. 6 
c. 8 
d.10 
 
21. Sewers shall be deep enough to prevent freezing. A typical minimum depth for collection 
sewers is ____ feet.  
a. 2 
b. 4  
c. 6 
d. 8 
 
22 Sewers shall be laid in a uniform slope between manholes. The minimum slope for an 8-inch 
diameter sewer is _______.   
a. 0.20% 
b. 0.40% 
c. 0.60% 
d. 0.80% 
 
23.  Sewers shall be laid in a uniform slope between manholes. Sewers on steep slopes, _______ 
or greater, should be anchored with concrete anchors.  
a. 20% 
b. 40% 
c. 60% 
d. 80% 
 
24. Sanitary sewers should be _______ feet horizontally from existing or proposed water mains.  
a. 2 
b. 6 
c. 10 
d. 14 
 
25. If the sewer must cross under a water main, there should be _____-inches of vertical 
clearance.  
a. 6 
b. 12 
c. 18 
d. 24 
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26. ________ feet of cover should be provided over sanitary sewers that are crossing a stream. 
Sewers crossing streams should be constructed of cast or ductile iron.  
a. Three 
b. Five 
c. Seven 
d. Nine 
 
27. A gravity sewer is a pipe or conduit intended to carry wastewater flowing with a minimum 
velocity of ______ ft/sec from a higher elevation to a lower elevation due to the force of gravity.  
a. 2 
b. 4 
c. 6 
d. 8 
 
28. Gravity sewers are a minimum of _____-inch diameter pipes with manhole structures located 
at changes in horizontal alignment and vertical slope changes.  
a. 2 
b. 4 
c. 6 
d. 8 
 
29. The lateral is the piping that connects the public sewer to the building. The size of the lateral 
is typically ____ to ____ inches in diameter.  
a. 2 to 4 
b.4 to 6 
c. 6 to 8 
d. 8 to 10 
 
30. Sewers shall be deep enough to prevent freezing. A typical minimum depth for collection 
sewers is ____ feet.  
a. 2 
b.4 
c. 6 
d. 8 
 
31. The contract drawings provide a _________________ representation of the work to be done.  
a. linguistic written 
b. graphical 
c. visual 
d. natural 
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32. Flow data evaluation involves processing the information obtained from each meter. The data 
is analyzed on preset intervals, typically ____ minutes, _____ minutes or _____ minutes.  
a. 5, 10, 20 
b. 10, 20, 40 
c. 15, 30, 60 
d. 20, 40, 80 
 
33. The flow rates for each interval are determined and then a total daily value is calculated. 
Hydrographs are constructed with the intervals to provide a ________ representation. 
a. linguistic written 
b. graphical 
c. visual 
d. natural 
 
34. A community which has only a sewer system is not required to have a permit but those with a 
WWTP must have an NPDES permit which is renewed every ____ years.  
a. 3  
b. 5 
c. 10 
d. 15 
 
35. Depending on size, the sewer jet pumps will generate between 1,200 and 2,000 psi at ____ to 
_____ gallons per minute. Some sewer jets are larger, but they all work the same way. 
a. 15 to 25 
b. 25 to 45 
c. 35 to 65 
d. 45 to 75 
 
36. Cleaning the sewers with special tools where flushing is inadequate to remove an obstruction. 
Providing proper ventilation for removing explosive gases ( _____, _____ ) as they form due to 
decomposition of waste. 
a. NH4, CO2 
b. CH4, CO 
c. CH4, CO2 
d. SO4, CO 
 
37. The design of sewers consists of determining the diameter of sewer to carry the estimated 
quantity of sewage at a velocity that is equal to the ___________ velocity.  
a. minimum 
b. maximum 
c. self-cleansing 
d. average 
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38. Rational Method formula estimates the peak rate of runoff at any location in a drainage area. 
The limitation of rational method is that the drainage area is less than _____ acres. 
a. 10 
b. 20 
c. 30 
d. 40 
 
39. Flow regulators are used to divert flow from one sewer line to another to prevent overloading 
the system. 
a. True  
b. False 
 
40. Cleanouts are used in a sanitary sewer lateral to permit access for the removal of solids that 
result in blockages. At least two cleanouts should be provided; one approximately ____ feet from 
the building foundation, and one at the property line.  
a. 3  
b. 5 
c. 10 
d. 15 
 
41. Backflow preventers are used in a sanitary sewer lateral to prevent the accidental backflow of 
wastewater into buildings.  
a. True  
b. False  
 
42. Chemical grouting is used to seal pipe joint and circumferential cracks. Two types of 
chemical grouts that are used in chemical grouting to seal pipe joint and circumferential cracks 
are gels and foams.  
a. True 
b. False 
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