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General

The main components of sewerage system:

1
l.

2.
3.
4,

House Connections

Gravity Sewers

Sewage Pumping and Lifting Stations
Pressure Mains

Asset Design Life:

Sewerage Works Component Design Life

Gravity and Pressure Pipelines 60 Years
Structures 60 Years
Mechanical & Electrical Works 15 Years
Instruments & Control system 7 Years

A sewerage system shall be designed in four main steps consisting of:

A=

Preliminary investigations and optioneering
Detailed Survey

Preliminary Design

Final Design

The designer shall collect all relevant information relating to the design. This includes:

Nowuhkwn =

Digital mapping with all topographical features and contours,

Future development plans for the area,

Details of existing sewerage assets both within and adjacent to the design area,
Details of other utility assets,

Hydrological information,

Current and projected populations,

Per capita consumption information.

Basic Design Consideration

Sewer Network:

The sewer network design shall take account of the following:

1.

2.
3.

Alignment of sewer based on topography, maximum acceptable sewer depth, pump
station location and minimum life cycle cost of sewerage system.

Pipe corridor allocation.

Shortest pipe route alignment to ensure economy of design.




4. Sewer depths shall be sufficient to accommodate all existing and future properties likely
to be built within the catchment area.

5. Method of construction based on depth and other factors such as socio-economic
impact, geotechnical information, groundwater and the proximity of foundations,
services, etc.

6. Provision of adequate sewer slope to prevent deposition of solid matter in the pipe by
ensuring self-cleansing velocities.

7. Design consideration to achieve self-cleansing velocities at times of peak flow each day
for the likely flows in early years.

8. Adequate access provision for maintenance

Population and Flows

All new works shall be assessed on both current and ultimate population within the project
area. All future developments shall be taken into account when designing new works. The
population study shall base on three main sources of information.

1. Current Population Data by Dubai Statistical Centre
2. Dubai Structure Plan Population by Dubai Municipality Planning Department
3. Ultimate Holding Capacity by Dubai Municipality Planning Department

Sewage Flow

Sewage flows shall be projected based on a per capita consumption basis combined with
current and forecasted population. In addition to the population data the designer shall collect
the latest Land Use and Zoning Plan of the project area from Dubai Municipality Planning
Department.

To estimate the per capita sewage generation rates following methods are adopted,

1. Reviewing the Potable water consumption
2. Calibrating the estimated sewage flow versus the actual flow measured at main pumping
station and STPs
3. Middle East practices
The potable water distribution company of Dubai Emirate, Dubai Electricity and Water Authority

(DEWA), recognizes the following six major demand categories based on the latest guidelines for
new projects in Dubai.

Residential

Commercial

Government & Public Premises

Industrial

Labour camps

District cooling — water not provided by DEWA for new projects
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Potable Water Consumption of DEWA consumers (Source: DEWA) ‘

Cat Potable Water Demand Range ‘
ategory
(L/Cap. Day)

Residential Buildings 250-400
Commercial Buildings 60-100
Villas 250-400
Labor Accommodation / Workers 80-150
RESTAURANT (Per Meal) 10-15 I/d per meal
Mosques 10-60
HOTELS (Per Room Including Workers, Visitors) | 300-500
Workshops/Machinery 60
Shops 60-80
Offices 60-80
Schools 60-80
Public Amenities 10-60
Retail 60-80
Visitors 14-45
Mixed Used Commerecial 60-80
Mixed Used Residential 250-400
Entertainment & Leisure’s 60
Theater 10-60
Town Center 60-80
MEDICAL (Per Bed) 60-80
Headquarters 60-80
University 60-80
Laboratory 60-80
Manufacturing 60-80
Based Metal Chemical Zone 100
Logistic, Academic & Business Zone 60-80
Minerals 80
Nursery 60-80
Local Plaza 60-82
Other 60-82
Events 10-60
Guardhouse 60-80
Clubhouse/Swimming Pool 100
Sewage Flow:

Generally, 80% of water consumed is considered to be converted as sewage.




Sewage Flows from Residential Area

Per Capita Sewage Generation Rate

DEWA Water | Water Demand | Average Dalily

Development Type Demand Range Typical Sewage Flow
Litre Litre Litres/capita/day

Low cost residential 250 - 400 250 200
Medium cost residential 250 - 400 280 225
High cost residential 250 - 400 350 280
Villas 250 - 400 400 320
High Rise 250 - 400 350 280
Labour Accommodation / Workers 80 - 150 150 120
In the absence of specific development information, considering a large portion of
development in Dubai is representation of medium cost residential type and the typical
sewage flows in the medium cost residential type, 280 litre / capita / day provides an
appropriate figure for the design of sewerage system.

Sewage Flows from Institutional Area

Per Capita sewage generation rates for Institutional sources

Flow (Litres/Unit-day)

Source

Bed 500-900 600
Hospital medical
Employee 19-56 38
Bed 280-530 380
Hospital mental
Employee 19-56 38
Inmate 280-570 450
Prison
Employee 19-56 38
Rest home Resident 190-450 320
Schools
With cafeteria, gym and Sowers Student 56-115 95
With Cafeteria only Student 38-75 56
Without cafeteria and gym Student 19-65 42
School, boarding Student 190-380 280




Commercial Areas Flows

Sewage flows from commercial users shall be considered while designing the sewage system.
These flow rates shall be obtained on a case-by-case basis.

Specific commercial connections will have varied inputs to the sewerage network. The designer
shall capture all projected demands for such connections when designing the sewerage network.

Per Capita sewage generation rates for Commercial sources

Flow (Litres/Unit-day)

Source
Airport Passenger 7-11 11
Vehicle Served 26-50 38
Automobile Service Station
Employee 34-56 45
Customer 4-19 11
Bar
Employee 38-60 49.5
Toilet room 1500-2300 1900
Department Store
Employee 30-45 38
Guest 150-230 180
Hotel
Employee 26 - 50 38
Industrial Building
(Sanitary waste only) Employee 26-60 50
Machine 1500-2500 2100
Laundry (self-Service)
Wash 170-120 190
Office Employee 26-60 49
Restaurant Meal 8-15 11
Employee 26 - 49 38
Shopping Center
Parking Space 4-8 8

Sewerage Catchment Flow Projections

The year wise sewage generated in the project area shall be estimated based on the population
forecast, the sewage generation rate as per the type of development, land use map and zoning
map of the project area.

The sewerage network for the project area shall be designed based on the ultimate sewage
load. Other utilities such as pumping station, treatment plants etc. can be designed in phased
manner based on the estimated sewage loads.




House Connections

A house connection is defined as a connection between the final inspection chamber of user's

internal foul drainage system of a property and the public sewer.

Piping

The house connection piping shall be designed in accordance with:

House Connection Piping Design Criteria

Piping Design Criteria

Limits

Minimum Pipe Diameter

160mm

Pipe Gradient

1.0% Minimum to 5.0% Maximum

Minimum Pipe Cover

1.20m Without Protection

0.50m With Protection

Flow Velocity in Pipe

Minimum Flow Velocity in Pipe

0.75 m/sec

Maximum Flow Velocity in Pipe

2.50 m/sec

Approved Pipe Materials

Vitrified Clay Pipe, uPVC and HDPE Pipe

inlet pipe diameter.

160 mm diameter pipe shall be used for connecting the user’s Final Inspection Chamber (FIC) to Dubai
Municipality’s first Inspection Chamber (IC). The connecting pipe should not be less than the user’s FIC

Dubai Municipality’s inspection chamber pipe connection shall be of 200 mm diameter.

Inspection chambers

The inspection chamber shall be designed in accordance with and standard drawing

Inspection Chamber Design Criteria

Inspection Chamber Design Criteria

Chamber Internal Dimensions

600 mm to 1000mm dia.

Duty of Cover

Heavy Duty

Cover Opening

600mm diameter

Maximum Distance Between Inspection Chambers

50m

Height of Rim Above Final Ground Level

Pavement and Pedestrian Area: At Finished Grade
Open Land: 75mm Minimum

Acceptable Materials for Inspection Chamber
Construction

Precast Concrete, GRP Lined

In-Situ Concrete, GRP Lined




Gravity Sewer Network

Peaking Factor

Sewage flow generally follows a diurnal pattern. Peak times are in the morning and evening. The
sewerage network has to be able to convey the peak flow of sewage at all locations in the
network. A peaking factor shall be applied to all sewage flows.

» The recommended empirical formula to calculate the peaking factor for populations

greater than 500 people is shown below.

Population _é
1000
» For population up to 500, a peaking factor of 5.0 shall be considered.

Peak Factor = 4.25 * (.

Hydraulic Calculations

» The Colebrook White equation shall be used for sewer design in Dubai. The general form

of the Colebrook White equation is:

V = -2.J2gDS log [—3_ 2517

3.7D D«/(ZgDS)]

Where:
V = velocity (m/s)

g = gravitational acceleration (m/s?)

D = pipe diameter (m)

S = hydraulic gradient; invert slope for full pipes, Water surface slopes for open
channels (1m/1000m)

Ks = a linear measure of effective roughness (m). The recommended Ks value
based on pipe material condition as poor is 1.5 mm.

¥ = kinematic viscosity of fluid (m?/s)

» The Manning Equation can also be used to design sewers running full or partially full. The
Manning Equation can be expressed in the following forms.

1 2 1 2, 2 1 2 1
v==%R3%52 g y*n *6.3448 Q=—+R3+52xA
n D1.333 n




Where;

v = pipe velocity, (m/s)

n = coefficient of roughness, (dimensionless). The recommended vale for the
coefficient of roughness (n) is 0.013.

R = hydraulic radius, (m)

S = slope of energy grade line, (m/m)

D = diameter of pipe, (m)

Q = flow rate, (m?/s)

A = cross-sectional area of flow, (m?)

Minimum and Maximum Sewage Flow Velocities

Maximum Velocity Minimum Velocity

not exceed 3 m/s above 0.75 m/s
To reduce pipe erosion, manhole To provide a self-cleansing regime
nuisance and safety issues. within gravity sewers.
Pipe Gradients
Sewer Diameter Minimum Gradient
(mm) (%) (mm/m)

200 mm 0.500 5.00

250 mm 0.375 3.75

315 mm 0.270 2.70

400 mm 0.205 2.05

500 mm 0.155 1.55

600 mm 0.125 1.25

700 mm 0.100 1.00

800 mm 0.085 0.85

900 mm 0.075 0.75

1000 mm 0.065 0.65

1200 mm 0.050 0.50

1400 mm 0.045 0.45

1600 mm 0.035 0.35

1800 mm 0.030 0.30

2000 mm and above 0.025 0.25




Depth of Flow

The recommended design criteria for percentage of pipe full in gravity sewer pipes at peak flow

condition are presented:

Sewer Line Maximum d/D Minimum d/D
Pipe Diameter up to 500 mm 0.70 0.50
Pipe Diameter: 500 - 800 mm 0.65-0.70 0.50
Pipe Diameter: Greater than 800 mm 0.65 0.50

Pipe Materials

Recommended pipe material to be used in Dubai for sewer pipes are given in the following

table. Use of alternate materials must be justified and approved by DM.

Minimum Recommended Sewage Pipe Materials

Category of

Use

House
Connections

Size Range

Up to 200mm O.D.

Construction
Method

Open Trench,

Preferred Materials

uPVC, MDPE or HDPE

Non-Disruptive
(Trenchless)

GRP, HDPE
Either encased in Concrete or slip lined
through sleeve pipe and grouted

Sewer Mains

200mm to 300mm

Open Trench,

uPVC, HDPE

Non-Disruptive
(Trenchless)

GRP, HDPE
Either encased in Concrete or slip lined
through sleeve pipe and grouted

Sewer Mains

350mm & Greater

Open Trench,

GRP, HDPE,
GRP/PVC lined Reinforced Cement Concrete
(RCC) pipes,

Non-Disruptive
(Trenchless)

GRP, HDPE
Either encased in Concrete or slip lined
through sleeve pipe and grouted

GRP/HDPE standalone pipe with suitable
stiffness




Pipe Depths
The minimum cover from finished ground level to the crown of pipe shall be as given below:

Criteria Minimum Cover

Without protection 1.2m
With protection 0.5m (concrete surrounding protection)
Road Crossing by NDM 2.5m
Under exiting utilities (Vertical clearance)
Water Pipeline 0.5 m (for Open Cut)
Electricity / Telecommunication etc. | 0.3 m
Oil and Gas As per DUSUP requirements
Maximum cover 10 - 12m
Pipe Sizes

Criteria Minimum Diameter

The minimum size of gravity sewer main 200 mm nominal internal diameter

Location and Utility Crossings

» Roads and Transport Authority (RTA) approved Right of Way (ROW) shall be considered
when selecting the route for the sewers.

» A potable water main shall always be above the sewer main to protect public health.

Sewer Manholes

Manholes are required on sewer lines to allow access to the system and to ensure controlled
transitions in hydraulic flow.

Manholes shall be provided at the following locations:

% Change in pipe gradient

K/
L X4

Change in pipe diameter

X/
°

Junction of two or more pipes

7
A X4

At regular spacing on straight pipeline based on maintenance equipment

X4

End of each lateral sewer

L)




Drops are sometimes required at manholes when a branch sewer adjoins a trunk sewer.

Connections under these conditions require the use of a backdrop when the difference in invert

elevations exceeds 600mm.

< Backdrops shall be constructed external to the manhole.
% Internal backdrops, while permissible, shall only be used for new connections to existing
manholes where external connections are not practicable. Internal backdrops are not

permitted on manholes that are less than 1.5m in diameter since this would restrict access

to an unacceptable degree.

Benching and channels in manholes shall be formed to permit safe access and to maximize

hydraulic efficiency through the manhole. Smooth transitions between inlet and outlet pipe

diameters and inverts shall be provided.

Sewer Manhole Design Criteria

Description

Standard

of Minor Sewer

Minimum Manhole Depth at head

1.8 m from Cover level to Invert level

Maximum Spacing between

80 m (for Pipe Diameter up to 315mm)

100 m (for Pipe Diameter 350 - 1000mm)

120 m (for Pipe Diameter >1000mm)

Manholes Spacing greater than 120 m may be considered for
larger sewer subject to review with Dubai Municipality
Maintenance Division regarding access requirements.
) Minimum 0.50m width on at least one side of flow
Benching

channel. Ladder stops to be incorporated into surface.

Ductile Iron (DI) Manhole Cover and
Frame

» Rectangular Opening 600x 600mm minimum.

> Double triangular leaves loosely bolted with 316 SS
bolts and nuts. Cover and frame to be machined
and tagged to prevent rocking. All covers and
frames in roadways to be rated for maximum vehicle

loads.

A GRP sealing plate shall be provided beneath the
Manhole cover.

Access Shaft

» Diameter 1.0m minimum

> Length 2.5m maximum




Diameter 1.5m except as otherwise noted. Based on
Barrel pipe diameter plus minimum benching of 0.5m one

side.

Provide on manhole outlet with pipe diameter of

Safety Chain 600mm or larger.

No inlet pipe at manholes shall have an angle less than 900 to the direction of flow.

Connection of branch sewer to trunk sewer shall be made such that the soffit of the smaller
diameter branch pipe is at the same level as the trunk sewer pipe soffit.




Sewer Manhole Classification

_ Upper Shaft Lower
Depth Range | Lower Min Upper Wall | Reducer
Manhole Depth Range Wall Top Slab
Shaft Shaft Slab :
Type : : Shaft i : Thickness
. . Depth ] Thickness | Thickness
Thickness
Special 1000 N/A <200 1000 | 1400 N/A N/A N/A 225 200 N/A N/A 225
A 1200 N/A 200 1400 2600 N/A N/A N/A 250 225 N/A N/A 250
200 to
B 1500 N/A 600 2600 | 3500 N/A N/A N/A 250 250 N/A N/A 250
200 to
C 1500 1000 600 3500 @ 5400 2100 600 2500 300 300 200 300 250
700 to
D 1800 1000 900 3800 | 7700 2400 600 2500 350 350 200 300 250
1000 to
E 2100 1000 - 4000 = 9000 2600 600 2500 400 350 200 300 250
F 2400 1000 >1200 | 4000 | 9000 2600 600 2500 400 350 200 300 250




Sewage Pumping and Lifting Stations

Two main types of pump station can be used for the sewage applications in Dubai as follows:

» Type 1- Submersible pump stations for small to medium size facilities

> Type 2- Wet Well — Dry Well type station for large facilities
Variable frequency drives (VFD) shall be considered for pumping applications particularly for
stations with a wide variation in flow patterns. Use of VFDs can minimize detention time in wet
well and allow smaller wet well.

Pump Station Sizing

Sewage pumping stations must be sized to handle a range of flows over the service life of the
station. Variable flow considerations are important in sizing the structure and selecting the
pump. All sewage pump stations in Dubai shall be designed to handle the projected peak
influent flow rate.

The peak flow rate is determined by applying the peaking factor to the average flow by one of
the following methods:

» Empirical formula for peaking factor as explained in sewage peak factor section.
» Average peaking factor based on similar station flows

Wet Well Volume and Sizing

The wet well sizing is a function of flow variation (diurnal pattern & annual variation), control
strategy for the pump station, the selected pumps and permissible number of starts per hour
for the pumps.

Pump start/stop levels shall be provided to suit a pumping regime that produces optimum
number of stop/starts at continuous flow. The minimum sump volume required for a constant
speed pumping unit can be calculated as below:

Q
V=trs
“2

Where

» V= storage volume between starts (cubic meter)
» Q= pump discharge rate (cubic meter/sec)
» t= time between starts (sec)

o =10 min (0.75-30 kw motor),

o =15 min (35-60 kw motor),

o = 20min (65-300 kw motor) and

o = 30 min (over 300 kw motor).




The time between starts given is for reference only. The allowable number of starts shall be
considered as per pump manufacturer's recommendation.

Pressure Mains

Sizing and Velocity Criteria

A minimum velocity of about 0.6 m/s is required to prevent sedimentation in the pipe. A
velocity of about 1.0 m/s is required to re-suspend settled solids. The highly variable diurnal
sewage flow pattern can mean very low flows at night.

The minimum and maximum acceptable velocity for the pressure main design is 1.0 m/sec and
3.0 m/sec respectively. The recommended target velocity is 1.5 m/sec. The minimum velocity
must be met on a daily basis to re-suspend the settled solids.

The minimum acceptable pipe diameter for pressure main is 200mm.

Head Losses

The head losses in the pressure main can be calculated using Colebrook-White or Hazen
William equations.

Material Selection

The recommended pipe material for the pressure main includes Ductile Iron, GRP and HDPE.

Air Valves and Washouts

Air Valves

Air valves are required at the following locations:
% At the downstream end of an ascending length of pressure main
% At a high point where the pressure main approaches, but then recedes from the

hydraulic gradient

>

R/
*

At increases in downward gradient

L)

X3

hS

At a point of decrease in upward gradient

>

7/
*

At intervals not exceeding 700m on a level or long descending stretch of main

Air Valve Size

*,

Pipeline Bore (mm) Nominal Air Valve Size (mm)

Up to 300mm 80
300 - 500 80 - 100
600 - 900 150

1000 - 1200 200
1300 - 1600 2 X200




Washouts

Washouts shall be provided at low points for maintenance and flushing the build-up of
sediment. An appropriate discharge point for the washout shall be included in the design.

Washouts Valve Size

Pipeline Bore (mm) Nominal Washout Valve Size (mm)
Up to 400 mm 100 mm
500 mm to 800 mm 150 mm
900 mm to 1200 mm 200 mm
1200 mm and above 300 mm




