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Appendix M62.1 Design Criteria for Sewer Network

Items MManual on Sewerage and Sewage Treatment in India *1 Japanese Standards Adoption
1. Design flow Peak flow (p.45) | Hourly masmimum flow (= Peak flow) Peak flow
Peak factor to average flow (p.39) Exatnple on middle size city Peak factor to average flow
Clontributory population Feak factor Draily masirmum flow - Daily average flow = 1:075 Clontributory population Peak factor

Up to 20,000 persons 3.00 Hourly mammum flow : Daily masmum Jow =1.5:2 Up to 20,000 persons 3.00
20,000 - 50,000 persons 2.50 Hourly mammum flow : Daily average flow = 2.1 20,000 - 50,000 persons 2.50
50,000 - 750,000 persons 2.25 50,000 - 750,000 persons 2.25
Ahove 750,000 persons 2.00 Ahove 750,000 persons 2.00

2. Flow formula 1. Grawity flow (p.46)|1. Crawvity How 1. Grawity flow

MManning formula
V=(1/n) % (3968 % 1077 = D x gl

DMamming formula
W=(1/r) % R*? x g1

MManning formula
V=(1/m) % (3,968 % 1075 = D x gl

Q=(1/m)= 3.118 = D% = gt Q=AXY Q=(1/n)x 3.118 = D = gt
Whetre 0 Flow Capacity (litter/sec) Where Q Flow Capacity (ltter/sec) Where 0 Flow Capacity (litter/sec)
b= Slope of hydraulic gradient 3 Slope of hydraulic gradient b= Slope of hydraulic gradient
i) Internal diameter (rmm) A Internal area (mg) i) Internal diameter (rrm)
W Flowr welocity (tnfsec) W Flow velocity (mfsec) W Flowr welocity (tnfsec)
n Manning's coefficient of roughness R Hydraulic radius (1) n Manning's coefficient of roughness
Cement concrete pipe (good) : 0.013 p.47) 1 MManning's coefficient of roughness Cement concrete pipe (fair) © 0,015
Cement concrete pipe (far) © 0.015 Cement concrete pipe: 0.013
2. Pressure flow (p.48)|2. Pressure flow 2. Pressure flow

Hazen-Williams formula
WA 567 107 % O DY g0

Hazen-Williams formula
V=0.84935 % Cx R gt

Hazen-Williams formula
WA 56T 107 % O DY g0

0=1.292% 107 % Cx D% g0 Q=AXV 0=1.292% 107 % Cx D% x g0
Where ] Flowr capacity (/) Where Q Flow capacity (mihe) Where ] Flow capacity (i)
5] Internal diameter (rmm) R Hrydraulic radius () 5] Internal diameter (rrm)
W Flowr welocity (tnfsec) W Flow velocity (mfsec) W Flowr welocity (tnfsec)
3 Slope of hydravlic gradient 3 Slope of hydraulic gradient 3 Slope of hydravlic gradient
C Hazen-Williams coefficient A Internal area (mg) C Hazen-Wiliams coefficient
Castiron : 100 (.49 & Haren-Willamns coefficient Castiron : 100
Castiron : 110
3. Depth of flow 0.8 of full at ultimate peak flow (for ventilation in wastewater flow) Full depth flow 0.8 of full at ultimate peals Aow
4. Minimum velocity W =0.50 mfsec at design pealk dow (p. 523V = 0.60 misec W =10.80 mfsec
W =0.60 mfsec for early years (p.53)
5. Maximum velocity W =300 misec (p 533V = 3.00 misec (same as left) W =300 misec
6. Minimum diameter of sewer D= 150 run (p.53) | Depend of the scale of sewerage project D= 150 rrun
Small scale 150 rmm
Mortnal and large scale 200 mmn
7. Minimnum depth of earth cover H=10m (p4alilH=10m (same as left) H=1.01m {Branch sewers)

H= 1.5 m {Trunk sewers, diameter 200 rm or larger)

8. Pipe materials Concrete, Clay, Ashestos Cetnent, Iron and Steel PV, Concrete, Clay, Iron and Steel PWVC,
High density polyethylene (HDPE), High density polyethylene (HDFPE)

Glass fiber reinforced Plastic (GRP) (p.87)|Class fiber reinforced Plastic (GRF)

1. Grawity flowr

Concrete pipe (n=0.015)
2. Pressure flow

Cast Iron pipe (C=100)

9. Manhole spacing Cnameter of pipe MManhole spacing (p. 74} [ D1arneter of pipe Manhole spacing Cnameter of pipe MManhole spacing
Up to 900 mm < 30 m Up to 300 mm mazimum 50 m Up to 900 mm < 30m
900 - 1,500 min 90 - 150 m 350 - 600 masimum 75 m 900 - 1,500 min 20 - 150 m
1,500 - 2,000 tntn 150 - 200 m F00 - 1,000 trotn mazximum 100 1,500 - 2,000 tmtmn 150 - 200 m
1,100 - 1,500 trim maximam 150 m
Ahowe 1,650 mm mazmum 200 m
10. Manhole size {diameter) For depths above 0.90m and up to 1.65m = 200 rumn dia. (p. 77| For at the starting point of sewers 300 mum dia. For depths above 0.90m and up to 1.65m = 200 mun dia.
For depths above 1.65m and up to 2.30m = 1,200 rmum dia. intermediate point (less than 600mm sewer) For depths above 1.65m and up to 2.30m = 1,200 rmumn dia.
For depths above 2.30m and up to 3.00m = 1,500 trum dia junction poirt (less than 450mim sewer) For depths above 2.30m and up to 3.00m = 1,500 trum dia
For depths above 2.00m and up to 14.00m = 1,300 rmun dia. For mtermediate pomt (less than 200mm sewer) 1,200 rorn dia. For depths above 2.00m and up to 14.00m = 1,300 rmun dia.
and junction point (less than 600mum sewer) and
- Width/diameter of the manhole should not be less than internal For intermediate point (less than 1,200mun sewer) 1,500 rormn dia. - Width/diameter of the manhole should not be less than internal
diatneter of {the sewer + 150rmm on both sides) junction point (less than 300mumn sewer) diatneter of {the sewer + 150mm on both sides)
For intermediate point (less than 1, 500tmn sewer) 1,800 trn dia

qunction powt (less than 900mm sewer)

*1 . Published by "Central Public Health and Environrnental Engineering Organization”
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Appendix M62.2 Design Criteria for Pumping Station

Items

Manual on Sewerage and Sewage Treatment in India *1

Japanese Standards

Adoption

1. Design flow

Peak flow with 50% standby

(p.158)

Hourly maximum flow (= Peak flow)

Peak flow with 50% standby

2. Type of pumping station

(1) Two wells type

Wet well for storing sewage + dry well for setting pumps
(2) One well type

Use of wet-pit pump (submersible pump)

(p.154)

(1) Manhole pump type

Flow less than 3.0 m*/min
(2) Conventional type

Flow more than 3.0 m*/min

(1) Manhole pump type
Flow less than 3.0 m*/min

(2) Conventional type (with submergible pump)
Flow more than 3.0 m*/min

3. Screen facility

(1) Bar spacing

Less than 20 mm (in case of the fine screen)
(2) Quantity of screenings

0.0015 - 0.015 m* /ML (ML=1,000m")

(p-201)

(p-203)

(1) Bar spacing

15 - 25 mm (in case of the fine screen)
(2) Quantity of screenings

0.001 - 0.015 m*/1,000m” inflow

(1) Bar spacing

Less than 20 mm (in case of the fine screen)
(2) Quantity of screenings

0.0015 - 0.015 m*/ML (ML=1,000m")

4. Type of pump equipment

- Centrifugal type of pump, including the submersible pump

(p.158)

- Centrifugal type of pump, including the submersible pump
- Diagonal flow pump

- Centrifugal type of pump, including the submersible pump

5. Composition of pump equipment

(1) Manhole type pumping station
2 units (including 1 standby pump)

(2) Conventional type pumping station
3 - 6 units (including 1 standby pump)
Case of 3 units 1/2Q X 3units (1)
Case of 4 units (1/4Q X 2units) + ("2/4Q X 2units(1))

(1) Manhole type pumping station
2 units (including 1 stand-by pump)

(2) Conventional type pumping station
3 - 6 m3/min 3units  1/2Q X 3units (1)
6 - 12 m3/min 4units  (1/4Q X 2units) + ("2/4Q X 2units(1))
12-24 m3/min  Sunits  (1/8Q X2units) + ('2/8Q X 1unit)

Case of 5 units (1/8Q X 2units) + ("2/8Q X lunit) + ('4/8Qx2(1)units)
+ ('4/8Qx2(1)units)
Case of 6 units (1/10Q X 2units) + ("2/10Q X 2units)
+ ('4/10Q%2(1)units)
6. Specification of pump equipment Specific speed (p.158)[(1) Pump diameter (1) Pump diameter
_ _3.65xnx(Q)"’ D = 146X@QW)"’ D = 146X(Q/V)*
s H" Where D : Pump inlet/outlet diameter Where D : Pump inlet/outlet diameter
where ng : Specific speed Q : Flow-rate (m3/min) Q : Flow-rate ( mg/min)
n Speed of the pump (rpm) V ¢ Velocity (=1.5 - 3.0 m/sec) V : Velocity (=1.5 - 3.0 m/sec)
Q Flow-rate (m’/sec) (2) Motor power of pumps (2) Motor power of pumps
H Pump head (m) P = (0.163xQxH/n)x(1+a) P = (0.163xQxH/n)x(1+a)
Where P : Motor power (kW) Where P : Motor power (kw)
Q Discharging flow (1n3/min) Q Discharging flow (m3/min)
H Pump head (m) H Pump head (m)
n Pump efficiency (60 - 85%) n Pump efficiency (60 - 85%)
o Allowance of motor power (= 0.15) o Allowance of motor power (= 0.15)
7. Minimum size of pump 100 mm (p-158)[80 mm 100 mm
8. Essential Accessories - Flow measuring devices (p.155)|- Flow measuring devices - Flow measuring devices
- Ventilation - Ventilation - Ventilation
- Hoisting equipment, etc. - Hoisting equipment, etc. - Hoisting equipment, etc.
*1  : Published by "Central Public Health and Environmental Engineering Organization"
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Appendix M62.3 Selection of Sewage Treatment Methods

(M

First Stage Selection of Sewage Treatment Methods

Among the seven treatment methods shown in Volume II Table 62.7, Conventional Activated

Sludge, Stabilization Ponds and Trickling Filter processes are regarded not suitable for this

project due to the reasons below.

a)
>

b)

Conventional Activated Sludge
This method is suitable for larger-scale treatment plant because of stable effluent quality
and small footprint of the plant.
Construction costs and O&M costs are higher than the other treatment methods.
Many experienced operators are required for constant control of sludge concentration
and dissolved oxygen levels in reactors and daily inspection of equipment

Sludge discharge from both primary and final clarifiers is required.

Trickling Filter

High Rate Filter

>

BOD removal rate in the high rate filter is too low that an additional treatment is
necessary to meet the effluent quality standard. The following Table shows the
treatment efficiency of the high rate trickling filter.

Ttem Raw sewage Removal rate Treated water Effluent Standard
(mg/1) (%) (mg/l) (mg/l)
BOD 300 75 - 80 60-75 30

Low Rate Filter

BOD removal rate in the low rate filter process is 75 — 90% and its effluent will be able
to meet the effluent quality standard. However, it requires ten (10) times larger land
area than high rate filter. It is difficult to adopt the low rate filter process because of
the limitation of available land area.

(Water Surface Loading): Low rate filter process = 1 — 4 m’/m?/day

High rate filter process = 10 — 40 m*/m?/day

Stabilization Ponds
Anaerobic ponds, which are commonly included in this process, may provide bleeding
ground for mosquitoes and flies, and also emit odor. They shall not share boundary
with residents and tourist facilities.

Stabilization ponds require large area, which is not available in the study area. The
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required area is almost twenty (20) times larger than oxidation ditch. Required land
area is calculated in Volume IV Appendix M62.4 Required Land Area of STP (SP &
OD).

2) General Description of Treatment Method for Detailed Comparison Study

Detailed comparison study is conducted on the following four treatment methods.

Oxidation Ditch (OD method)

Aerated Lagoon (AL method)
Sequencing Batch Reactor (SBR method)
UASB + Aerobic Process (UASB+A)

vV V. V V

a) Oxidation Ditch

The oxidation ditch consists of a ring or oval shaped channel and is equipped with mechanical
aeration devices. Screened wastewater enters the ditch, is aerated, and circulates at about 0.25
to 0.35 m/sec flow velocity. The BOD removal efficiency is high (75 — 95%). Oxidation
ditches typically operate in an extended aeration mode with hydraulic retention time (12-36 hrs)
and solids retention time. Secondary sedimentation tanks are used for most applications. The
sample of the schematic flow diagram and illustration are presented in the Figures M62.3.1 and
M62.3.2.

Aeration .| Secondary | Disinfection
Tank "] Settling Tank i Tank
é H
Return Sludge V
Sludge Treatment
Process

Figure M62.3,1 Schematic Flow Diagram for Oxidation Ditch Process
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Effluent

Inlet raw sewage
and return sludge

Figure M62.3.2 Illustration of Oxidation Ditch Process

b) Aerated Lagoons

Aerated lagoons evolved from facultative stabilization ponds when surface aerators were
installed to suppress odor release from organically overloaded ponds. The aerated lagoon
process is essentially the same as the activated sludge process, except that an earthen basin is
used for the reactor, and this process does not depend on algae and sunlight to furnish oxygen
for bacterial respiration, but instead uses diffusers or other mechanical aeration devices to

transfer the major portion of oxygen and to create some degree of mixing.

Aerated lagoons are of two principal types named complete mixed lagoon and partially mixed
lagoon. Complete mixed lagoon is fully aerobic from top to bottom as the aeration power
input is sufficiently high to keep all the solids in suspension besides meeting the oxygenation
needs of the system. On the other hand in partially mixed lagoons, some solids may leave with
the effluent stream and some settle down in the lagoon since aeration power input is just enough
for oxygenation and not enough for keeping all solids in suspension. The lower part of such
lagoon may be anoxic or anaerobic while the upper layer is aerobic. The sample of the

schematic flow diagram is presented in the Figure M62.3.3.

Complete R Partially Disinfection
Mixed Lagoon "] Mixed Lagoon Tank

\ 4

Figure M62.3.3 Schematic Flow Diagram for Aerated Lagoon Process

c) Sequencing Batch Reactor

A sequencing batch reactor is a fill and draw activated sludge treatment system. The unit
processes in the SBR and conventional activated sludge systems are identical. Aeration and
sedimentation /clarification are carried out in both systems. The BOD removal efficiency is
high (75— 95%). There is one important difference. In conventional plants, the processes are

carried out simultaneously in separate tanks, whereas in SBR the processes are carried out
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sequentially in the same tank as shown below. The operation of step by step is presented in the

Table M62.3.1.

In the SBR operation, sludge discharge usually occurs during the draw and idle steps. A

unique feature of the SBR system is that there is no need for a return activated sludge system.

Because both aeration and settling occur in the same chamber, no sludge is lost in these steps,

and none has to be returned from the clarifier to maintain the sludge content in the aeration tank.

The typical operating sequence is shown in Figure M62.3.4.

Table M62.3.1  Operational Description for SBR Process
Operation Description
1% step: The purpose of the fill operation is to add substrate (raw sewage or primary effluent) to the
Fill reactor. The fill process typically allows the liquid level in the reactor to rise from 25% of
capacity to 100%. If controlled by time, the fill process normally lasts approximately 25% of
the full cycle time.
2" step: The purpose of aeration is to complete the reactions that were initiated during fill. Typically,
Aecration aeration takes up 35% of the total cycle time.
3" step: The purpose of settling is to allow solids separation to occur, providing a clarified supernatant to
Settling be discharged as effluent. In a SBR, this process is normally much more efficient than in a
continuous flow system because in the settling mode the reactor contents are completely
quiescent.
4™ step: The purpose of draw is to remove clarified treated water from the reactor. Many types of decant
Draw and Idle mechanisms are in current use, with the most popular being floating of adjustable weirs. The
time dedicated to draw can range from 5 to 30% of the total cycle time with 45 minutes being a
typical draw period.

Influent 1 Step 1

Fill

Step 2 Step 3 Step 4
Effluent
— — — —>
Aeration Settling Draw

Legend: - ;  Sedimented Sludge
I:l ;  Aeration
I:I ;  Supernatant

Figure M62.3.4

Typical Operating Sequence for SBR
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d) UASB Process

In the upflow anaerobic sludge blanket (UASB) process, sewage to be treated is introduced in
the bottom of the reactor. The sewage flow upward through a sludge blanket composed of
biologically formed granules or particles. Treatment occurs as sewage comes in contact with
the granules. The gases produced under anaerobic conditions (principally methane and carbon
dioxide) cause internal circulation, which helps in the formation and maintenance of the
biological granules. Some of the gas produced in the sludge blanket becomes attached to the
biological granules. Free gas and particles with attached gas rise to the top of the reactor.
The particles that rise to the surface strike the bottom of the degassing baffles, which causes the
attached gas bubbles to be released. The degassed granules typically drop back to the surface
of the sludge blanket. The free gas and the gas released from the granules are captured in gas
collection domes located on top of the reactor. Liquid containing some residual solids and
biological granules passes into a settling chamber, where the residual solids are separated from
the liquid. The separated solids fall back through the baffle system to the top of the sludge
blanket. To keep the sludge blanket in suspension, upflow velocity is maintained in the range
of 0.6 to 0.9 m/h. Typical section of UASB is shown in Figure M62.3.5.

Figure M62.3.5 Upflow Anaerobic Sludge Blanket Process (UASB)

Requirement for Additional Treatment Process for UASB

BOD removal efficiency of typical UASB is around 60%. When it is applied to the projected
sewage of BOD 300 mg/l, effluent from UASB will have 120 mg/l BOD. Additional treatment
is required to achieve the effluent BOD standard of 30 mg/l. Table M62.3.2 shows the design
sewage quality and efficiency of UASB method.

Table M62.3.2  Design Sewage Quality and efficiency of UASB method

Design sewage BOD | Typical removal rate of Expected Effluent BOD from Effluent discharge
quality UASB UASB standard (BOD)
300 mg/l 60 % 120 mg/l 30 mg/l
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Additional treatment shall achieve BOD removal of 75%, or effluent BOD of 30 mg/l. In
selecting an appropriate treatment method, the following factors are considered.
» It is preferable to use aerobic treatment method in order to minimize impact on mainly
aerobic aquatic life in the receiving public waters.
» In the study area, it is difficult to secure large area required for aerated lagoons and
oxidation ponds. It is ideal to use suspended or fixed media activated sludge systems in

this application.
Relatively low requirement of treatment efficiency for the additional treatment to UASB enable

us to choose trickling filter method rather than higher efficiency and energy intensive

treatment, such as OD and SBR.
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Appendix M62.4 Required Land Area of STP (SP & OD)
(1) Stabilization Pond
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(2) Ocxidation Ditch
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Note: Design Sewage Flow of AL Method

AL method is usually designed less sewage flow than OD or SBR, such as daily average flow for AL
and daily maximum flow for OD/SBR, because AL’s longer hydraulic retention time mitigates sewage
inflow fluctuation. In this project, sewage treatment plants are designed by daily average flow for any
treatment method though, AL was calculated by smaller flow such as 8,000 m’/day as usual
comparison with OD/SBR. Consequently construction cost of AL in this comparison becomes
smaller than necessary capacity, however, AL was not evaluated advantageous considering with other

factors.
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Appendix M62.6 Selection of Sludge Treatment Method

The commonly used methods to treat and to dispose sludge are listed in Table 62.6.1.

Table M62.6.1

Sludge Treatment and Disposal Methods

Unit process

Function

1. Thickening process

(1) Gravity thickening

(2) Flotation thickening

(3) Centrifugal thickening
(4) Rotary drum thickening

Volume reduction
Volume reduction
Volume reduction

Volume reduction

2. Stabilization process

(1) Digestion
- Anaerobic digestion
- Aerobic digestion

(2) Composting

Stabilization, mass reduction
Stabilization, mass reduction

Stabilization

3. Dewatering

(1) Mechanical Dewatering

Vacuum filter
Centrifuge
Belt press

(2) Sludge drying beds

Volume reduction
Volume reduction
Volume reduction

Volume reduction

4. Sludge disposal

(1) Landfill
(2) Land reclamation
(3) Reuse as land application
Agriculture, Green space, Forest, etc.

(4) Chemical fixation

Final disposal

Final disposal

Final disposal

Final disposal, beneficial use

Sludge treatment method shall be suitable for the proposed sludge disposal methods. Table

M62.6.2 shows the relationships between disposal methods and possible sludge conditions.

Table M62.6.2  Sludge Conditions and Possible Disposal Methods
Item Digested sludge Dewatered sludge Composted sludge
Land fill O O
Land reclamation O O
Agriculture reuse O @) O
Green space reuse O @) O
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Appendix M62.7 Study on STP Cost for Comparison of Treatment Methods
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