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Separate and Combined Drainage 
system

Separate and combined system, advantages and disadvantages 

Separate system Combined system

Advantages 
No CSOs – potentially less pollution of 
watercourses. 

Smaller wastewater treatment works.

Stormwater pumped only if necessary. 

Wastewater and storm sewers may 
follow own optimum line and depth 
(for example, stormwater to nearby 
outfall). 

Disadvantages 
CSOs necessary to keep main sewers and 
treatment works to feasible size. May cause 
serious pollution of watercourses.

Larger treatment works inlets necessary, 
probably with provision for stormwater
diversion and storage. 

Higher pumping costs if pumping of flow to 
treatment is necessary.

Line is a compromise, and may necessitate 
long branch connections. Optimum depth for 
stormwater collection may not suit 
wastewater. 
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Separate and Combined Drainage 
system

Table  Separate and combined system, advantages and disadvantages 

Separate system Combined system

Advantages 

Wastewater sewer small, and greater 
velocities maintained at low flows.

Less variation in flow and strength of 
wastewater. 

No road grit in wastewater sewers.

Any flooding will be by stormwater
only. 

Disadvantages 

Slow, shallow flow in large sewers in dry 
weather flow may cause deposition and 
decomposition of solids. 

Wide variation in flow to pumps, and in 
flow and strength of wastewater to 
treatment works.

Grit removal necessary.

If flooding and surcharge of manholes 
occurs, foul conditions will be caused. 
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Separate and Combined Drainage 
system

Table  Separate and combined system, advantages and disadvantages 

Separate system Combined system

Disadvantages 
Extra cost of two pipes. 

Additional space occupied in narrow 
streets in built-up areas.

More house drains, with risk of 
wrong connections. 

No flushing of deposited wastewater 
solids by stormwater.

No treatment of stormwater. 

Advantages 
Lower pipe construction costs. 

Economical in space. 

House drainage simpler and cheaper. 

Deposited wastewater solids flushed out in 
times of storm. 

Some treatment of stormwater. 
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Design of Urban Drainage Systems
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Design and Analysis of Sewer systems
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Rainfall-Runoff modelling
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Rainfall-Runoff
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Rational Method

Steady Flow

Qn=discharge at a location with n upstream areas (l/s)

i= critical rainfall intensity (l/s/ha η mm/h) with return

period Τ and concentration time t

Cm=runoff coefficient for the watershed corresponding to

area m

Am= watershed surface corresponding to area m (ha)
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Rational Method

Assumptions:

• Uniform rainfall in the whole area of the watershed

• Watershed permeability is constant for the whole

duration of the storm

•Flow is with constant velocity for the time tc

• Steady flow for tstorm>tc
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Runoff Coefficient c

Depends on the watershed characteristics
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Inflow Points-Manholes
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Contributing area per inflow point
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Concentration Time

The required time for runoff from the most remote point of the 

catchment to the inflow point
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Two Components
Return Period (years) Entrance time (min)

-entrance time

(te)

-Flow time (tf)

tc=te+tf

1
2
3

4-8
4-7
3-6



Entrance Time and Flow Time

The entrance time depends on

• surface roughness

• slope and length of water path

• rainfall intensity

The flow time depends on

• hydraulic characteristics of the pipe (e.g flow velocity)

• length of water path
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Rational Method-Stationary conditions
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Critical Intensity of rainfall
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Example – Design Flow
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Χωριστικό και Παντοροικό Δίκτυο
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DESIGN

1. Inverted Siphons

2. Overflow Structures

3. Manholes
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INVERTED SIPHONS 
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Because the discharge ratio of the night minimum and the rainfall maximum are 

different by a factor of typically 20 or more, a single siphon pipe in a combined sewer 

system is inadequate. Therefore a series of parallel siphon pipes with gradated 

diameters is selected to satisfy both capacity and minimum velocity requirements. 

Often, a rainwater outlet is located upstream from an inverted siphon such that the 

structure has to be designed for the maximum dry weather discharge.



COMPONENTS OF INVERTED SIPHONS 
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Components of inverted siphon ➀ intake structure, ➁ trash rack, ➂ sideweir, ➃ fine
trash rack, ➄ siphon pipes, ➅ siphon outlet, ➆ outlet works

The inverted siphon consists of the inlet structure, the pipe series and the outlet structure. The inlet structure contains 

sideweirs of staggered crest elevations. The approach flow discharge is thus divided on the various pipes to satisfy the flow 

conditions. A trash rack of a 0.05–0.10 m free passage width located upstream from the sideweirs prevents clogging of the 

siphon pipes. The area of the trash rack can be enlarged with a box design accessible also during flood conditions.  The 

siphon pipe with the minimum diameter should have a velocity of at least 0.60 m/s for the discharge during the night 

minimum flow. The minimum diameter should be 0.30 m for combined sewer systems (SIA 1981) and 0.25 m for a separated 

sewer system.

The siphon pipes are usually horizontal. The transition from the inlet should be at least 1:3 sloping, and 1:6–1:1 for the 

ascending transition. At the lowest point, the pipe should be connected with a pump sump and a valve for maintenance. The 

siphon profile is often circular, and it can be rectangular for larger structures.

The outlet works of the inverted siphon, and the downstream sewer should involve minimum energy losses. As for the inlet, 

the outlet is staggered to prevent a backflow into the siphon pipes. For security reasons, inverted siphons are often protected 

with a downstream rack.



INVERTED SIPHONS –Hydraulic Design

Trash rack loss ξR (=0.5)

Inlet loss ξe (=0.4)

Bend loss ξk (4*0.15=0.6)

Expansion loss ξE (=0.5) and

Outlet loss equal to zero.

Loss due to friction (ξf)
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2U
(h ,   ξ=coefficient of local losses)

2g
  

For given minimum discharge Qm, dry weather discharge QT and critical treatment
discharge QK, the uniform and critical flow depths are determined in the
approach flow and the downstream sewers (SIA 1981). 
For supercritical approach flow, a sufficient submergence at the inlet should move the 

hydraulic jump into the upstream sewer. Head losses involve the following elements:



INVERTED SIPHONS –Hydraulic Design

Energy Equation:

The discharge for the ith pipe and Δh=ho+Δz-hu is

2 2

o u
o u

U U
h z h (1 )

2g 2g
     

 1/2

i i i i

2g h
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 
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ΑΠΘ ΠΟΛ. ΜΗΧ.

Π. ΠΡΙΝΟΣ



Overflows for Combined Sewers
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MANHOLES
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Manholes
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They serve for (a) Maintenance and rehabilitation, (b) Reconstruction of 

damaged sewers, (c ) Inspection of larger sewers, (d) Design of special 

manholes, (e) Aeration and deaeration of flow, and (f) Emergency overflow 
during clogging.



Standard Manhole
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Standard manhole up to D = 0.50 m according to ATV (1978).

(a) Longitudinal section, (b) transverse section with 100% benches



Standard manhole for diameters in excess of D = 0.50 m according to 
ATV (1978) for a circular sewer (a) longitudinal section, (b) transverse 
section. 
Egg-shaped sewer manhole with (c) plan and (d) transverse section
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Drop Manholes
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Drop Manholes
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Locations for Drop Manholes
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Drop Manholes

Drop manhole according to SIA (1980) with

➀ approach sewer, ➁ access, ➂ dry-weather drop, ➃ impact wall,
➄ drop chamber,➅ water cushion,➆impact nose,➇ outlet
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Drop Manholes-Vortex Drop
Contrary to a drop manhole, a vortex drop involves a significant energy dissipation by wall 

friction. This favourable effect is due to a superposition of rotational with translatory flow 

components causing a helicoidal flow across the shaft. Further, the water moves essentially along 

the shaft walls, whereas the air moves in a central air core with a pressure slightly above the 

atmosphere. Thus, the shaft flow is separated into a fluid and a gas phase, resulting in a stable 

annular flow pattern.
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Vortex Drop
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Vortex drops apply, provided:
• Elevation difference between inlet and outlet is at least 
5–10 m, depending on the shaft diameter,
• Approach flow is either stably subcritical (Fr < 0.7) or 
stably supercritical (Fr > 1.5), and
• Steeply sloping sewer is no economical solution.

The outflow of a steep sewer is supercritical, whereas the 
outflow of a vortex drop is generally subcritical. This 
difference in concept may be determining in the selection
of the optimum structure.
The design of a vortex drop depends essentially on the 
approach flow conditions.
The computation involves three items:
• Intake structure,
• Vertical shaft, and
• Outlet structure.
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