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Sanitation technology options for urban areas

Solutions for Gazipur City Coorporation
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Introduction

Safe containments
Why septic tank and soak well are mandatory
Why is required soak well

Septic tank
Standard septic tank by brick masonry
Plastic septic tank

Soak well
Calculation of soak well size
Soak well made of brick masonry
Soak well made of RCC ring-slabs
Soak well made of plastic

Decentralised Wastewater Treatment System (DEWATS)

Annex: Sizes of standard septic tank for different users
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Introduction

In terms of sanitation, Bangladesh is an
example of rapid progress in the South
Asian region. Over a period of less than 10
years, open defecation has been reduced
from 19% (in 2000) to less than 1% (in
2015). However, although a significant
proportion of the population have access
to toilets, the toilets are mostly
unimproved, many are unhygienic and, for
most, sludge ends up untreated in the
environment, drains, waterways and
marginal lands. In Gazipur City Corporation
the situation reflects the national findings.
In fact, GCC does not provide any services
for wastewater or faecal sludge
management — either for pit/septic tank
emptying, transportation of faecal sludge
or treatment and disposal of the same.

With the aim of improving this context,
SNV Netherlands Development
Organisation is implementing the WASH
SDG Programme in the city since 2018.
SNV provide technical support while
developing local capacities to reach a
system change. The programme is built
on three core strategic objectives: 1)
increasing demand for improved WASH
facilities and practices; 2) improving the
quality-of-service provision; and 3)
improving governance of the sector.

Furthermore, in 2017, an initiative titled
“Development of Integrated Wastewater
Management System for Gazipur City

Corporation (GCC)"” was started under the
guidance of Greater Dhaka Watershed
Restoration (GDWR) Workstream of the
Bangladesh Water Multi-Stakeholder
Partnership (MSP), supported by 2030
Water Resources Group (2030WRG). The
initiative focuses mainly on infrastructure
investment and development of PPP
models for implementation, specifically
in zones 1 and 4.

SNV and 2030WRG are collaborating to
support GCC to partner with the

initiative. For this purpose, different
interlinked actions are being undertaken
to: 1) development of mass awareness
and sensitization, through a Behavioural
Change Communication (BCC) Campaign;
2) drive to improve building level on-site
sanitation arrangements, i.e., septic tanks
and soak wells; 3) strengthening the
knowledge and skills of engineers, masons
and technicians, through training, manuals
and orientation; and 4) developing the
capacity of the city authority to supervise
building containment design and
construction, and enforcement of the
standards and regulations.

This brief brochure intends to provide
information and guidance to engineers,
masons and technicians about appropriate
sanitation options to ensure safe
containment of faecal sludge at the
building level in the city.

e Treatment e Reuse/Disposal
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Safe containments

In non-sewer sanitation system, human
excreta is initially stored in a containment.
Ensuring it is safely contained is essential
to prevent diseases at household level
and in our neighbourhood. There are two
common types of containments used in
Bangladesh: septic tank and pit latrines.

Septic tanks are safer than pits, particularly
in cities. However, if they are not properly
designed or maintained the internal

biodegradation process is hampered. This

can pollute the environment, harm public
health or the tank may even blast if not

properly ventilated, which is still a common
cause of death among sanitation workers.

A soak well is one of the most important
parts of a septic tank system, but generally
omitted in Bangladesh. The wastewater

leaving the septic tank is still polluted and
needs further treatment. A soak well is one
of the solutions that helps to filter, degrade
and allow a safe absorption into the soil.

~ According to a Baseline Survey conducted under SNVs WASH SDG
Programme in 2018, although half of Gazipur City Corporation’s
containments are septic tanks, 99% of these do not have a soak
well but discharge the effluent directly into drains, street or water
bodies, polluting the city.

Most of the citizens of GCC are not aware of the standards of septic
tanks and soak wells; but even among masons, contractors and
design engineers, there is no proper technical knowledge regarding
soak wells and its need to avoid the pollution of our cities.

Gazipur City Corporation

Gazipur Sadar
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Fig. 1: Situation of containments in Gazipur City Corporation
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Why septic tank and soak
well are mandatory

Bangladesh National Building Code (BNBC)
is clear about how septic tanks are
mandatory for all building premises.
Furthermore, that building owners are
bound to discharge their septic tank effluent
to a designed (from licensed professional)
surface disposal field or soak well.

According to BNBC 2020-

1.14.15 A septic tank shall be provided
within the premises for disposal of
sewage [...]. The location, design and
construction of the septic tank shall
conform to the requirements of this code.

6.9.12.1 Septic tank discharging into
either a subsurface disposal field or
one or more seepage pits shall be
required for the approval of drainage
and sanitation plans for the places
where public sewers are not available.

6.9.12.2 Such disposal method shall
be designed by a licensed professional
in accordance with the requirement of
the provisions of this code and
regulations of the concerned authorities.

6.9.12.5 Effluent from septic tank(s)
shall not discharge into open water
courses.
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Why is required soak well

Any wastewater treatment system requires
different process (or stages) to ensure it
does not harm people or pollute the
environment when it is finally discharged.
For on-site sanitation systems, we also
require this. The septic tank has the
function to settle the solids (mainly in first
chamber) and biodegrade the organic
content in an anaerobic process (no oxygen);
while the soak well is used to filter the
suspended solids and allow further
biodegradation in an aerobic process
(with oxygen). If the full process is not
completed, the wastewater is polluting
the environment when discharged.

In fact, recent scientific research from
icddr,b from Dhaka, Emory University in
USA and University of Technology Sydney?,
found very relevant evidence how drains
and water bodies of Dhaka are highly
contaminated. E.coli is the main pathogen
to identify if faecal matter is present, and
this is found in all samples. But most
important, other dangerous bacterial
pathogens, virus and protozoans (as shown
in table), which are very much related
with hospitals reports of diarrhoea and
typhoid. Even SARS-COV-2 (Covid-19
disease) is found in 68% of drains near
hospitals and in 48% of the treatment
systems of Dhaka.

Pathogens Prevalence Disease
(positive samples)
E. coli (515%) 100% Indicator organism
Shigella 89% Shigellosis/
Dysentery
V. cholerae 68% Cholera
NoV-GII 68% Gastroenteritis/
Diarrheal
Giardia 32% Diarrheal
S. Giardia 17% Typhoid fever
SARS-COV-2 68% (near Covid19
hosppitals),
48% (treatment
systems)
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Septic tank

A septic tank is an underground
waterproof tank made of concrete, brick
masonry, fiberglass or plastic, where black
water from toilet and domestic wastewater
from kitchen and bathing place is stored
for a certain period of time and is partially
treated by an anaerobic process. In
addition, the settling process causes the
solid part to accumulate at the bottom and
the liquid part to flow out through the
outlet into the soak well, where is filtered
and absorbed by the soil.

The accumulated solids at the bottom of
the septic tank needs to be emptied after
some time. Mechanical emptying (using
vacutag) is the preferred option for this.

Main characteristics:

e Solids are accumulated at the
bottom through settling, which
needs to be empty when the level
usually reaches half of the chamber.
Depending on the design, this may
happen every 3 to 5 years

e Organic solids are partially digested
through anaerobic process, which
reduces the organic load

* Needs a soak well to filter effluent
and soak into the ground (do NOT
connect to drain)

e A vent pipe pulls out gases, reducing
risk of blasting and emptiers’ death
when opening and when enter
inside the tank for emptying
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Standard septic tank by
brick masonry

BNBC provides a guideline for design of
standard septic tanks.

A two chambers septic tank is generally
recommended, but for less than 3m?3 size
a one chamber is also accepted. The size
of first chamber is to be twice of second
chamber, while a baffle wall is to separate
the two chambers enabling wastewater to
cross the chamber through a hole at 60%
the depth of the maximum water level. At
inlet and outlet, a 150 mm/6"” diameter
“T" with a short pipe is recommended to
prevent scum and floating solids to
escape, but gases to evacuate.

The minimum liquid capacity of the septic
tank should be 2m3, with an additional
30cm(1ft) of empty space above the liquid
level (freeboard). The minimum width of
the septic tank should be 1m and the
minimum liquid depth should be 1m. In
case of one chamber septic tank, its
minimum length should be at least twice
of its width; and in case of two chamber
septic tank, its minimum length should be
at least three times of its width. The
maximum length of a septic tank shall not
be more than four times of its width. The
inside of the septic tank is waterproofed
with plaster and net finishing with cement
mortar. The slab above the septic tank is
made by reinforced cement concrete
(RCC) and each chamber will have an
inspection manhole.

According to BNBC, the design of septic
tank is as follows and the size for
different users are given in annex.
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Fig. 2: Design of a standard septic tank followed by BNBC guideline
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Width | Total depth | Volume | Cha | Estimated | Consideration for design & cost
(LD+FB) cost calculation for a standard septic
()] (BDT) tank by brick masonry

Water consumption 120
39,100 litre/capita/day

1 chamber up to 3m?3
20 2 1 1.7 3.4 1 | 46,000 effective volume

2 chambers above 3m?3

30 3 1 1.8 5.4 2 68,100 150mm CC casting for
bottom slab

Only 250mm brick work
50 4.5 15 1.4 9.45 2 93,000 UbltoR mitoval debh

Above 2m total depth,
100 5.1 1.7 2 17.34 | 2 170,000 125mm RCC wall along

with 250mm brick work

200 69 | 2.3 2.1 33.33 | 2 | 252,000 12mm plaster with NCF
only in inner side

125mm RCC top slab with
300 8.4 2.7 2.1 49.4 2 322,800 RCC manhole cover in

each chamber
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Safer than a traditional pit latrine,
if well designed

Does not pollute the environment
(groundwater), if properly
designed, constructed and
connected with a soak well

Size is adjustable to number of
users (from 10 to 300)

Low cost for maintenance
(emptying)

Disadvantages

Brick masonry and RCC works
required, needing more space.

Costly for construction.

foq w2 3064 g g FiEe @& FFEHE @b G

Fig. 3: Single chamber septic tank by brick masonry is under construction
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Fig. 5: Diamond shape plastic septic tank



Plastic septic tank

It is a prefabricated septic tank made of
polyethylene (PE) plastic. Its basic
function is same as standard septic
tanks, particularly the settling and
anaerobic digestion. The key elements
for its function are already in place, as
this a prefabricated solution: the baffle
wall, the inlet/outlet “T” pipes, the one
or two chambers, the vent pipe, etc. In
Bangladesh, plastic septic tanks with a
capacity of 1,000 litres, 1,600 litres and
2,000 litres are available in the market
(see table below for specifications of

tanks available to date), with different
shapes but same purpose and function.
Although all septic tanks need to be filled
up with water from the very beginning to
enable the anaerobic digestion, this is
particularly important in plastic septic
tanks. As these tanks are light-weight
with thin walls, the earth pressure on
the sides or the pressure from water
table and/or rainwater can dent and
break the tank. However, if tank is full of
water, the pressures are balanced and
system is safe.

Capacity Size Thick- | Users Required Estimated
and shape ness plot space Cost (BDT)
1,000 L Length: 2.0 m 4 mm | 15-20 persons | Length: 7.5ft | Tank: 11,400
Cylindrical | Width: 0.87 m (depending on | Width: 3.94ft | Installation: 7,500
shape Height: 1.01 m water usage) Total: 18,900 (+VAT)
2,000 L Length: 2.42 m | 4 mm | 30-35 persons | Length: 9.2ft | Tank: 22,700
Cylindrical | Width: 1.10 m (depending on | Width: 4.6ft | Installation: 7,500
shape Height: 1.25 m water usage) Total: 30,200 (+VAT)
1,000 L Width: 1.33 m 8 mm | Residential: 6 Diameter: Tank: 32,000
Diamond Height:1.67 m Office: 20 5.6ft Installation: 7,500
shape Hotel room: 6 Total: 39,500 (+VAT)
Campus: 200
1,600 L Width: 1.48 m 8 mm | Residential: 10 | Diameter: Tank: 42,000
Diamond Height:1.75 m Office: 35 5.9 ft Installation: 7,500
shape Hotel room: 10 Total: 49,500 (+VAT)
Campus: 320

5@ w2 oMo 2fEs eI Bicesa 9 |

Fig. 6: Use of plastic septic tank in Gazipur
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Easy and quick installation, no need
for significant construction, only
digging, base platform and
plumbing required

All-in-one design — no need of an
engineer to design, or mason to
construct, which ensures a safe
containment

Light-weight, solid body, robust
and easy to transport

Long lifetime and sustainable in
any weather

Low-cost for maintenance
(emptying)

Easy removal and relocation
according to the need

Comparatively reasonable cost
Comparatively less area required
in the holding plot (4 feet width,
7.5 feet length)

Available in different sizes
according to the number of users

May be used in multiples for larger
number of users

Disadvantages

Pre-fixed designs and sizes, but
combination of systems is possible
to adapt to users
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Soak well

A soak well is a type of pit into which the
wastewater from the septic tank is filtered
and percolated into the soil. It can be
made of brick masonry, RCC ring-slab or
plastic.

Main characteristics:

e Relatively simple and easy
technology for masons to build

e Soak wells are typically cylindrical
in shape and the wall is perforated

e Depth is determined in such a way
to avoid contamination of
groundwater, which should consider
water table levels both in the wet
and dry seasons

e Different types and sizes of filter
media are used in the soak well to
clean up the wastewater while
protecting from contamination of
groundwater

e Septic tank should perform well, if
not (i.e., more users than design,
not cleaned regularly), surface of
the soak well might get clogged and
reduce the percolation to the soil

e Location needs to be selected to
be at safe distance from any
source of drinking water (wells)

e Maintenance costs are very low —
only requires washing or
replacement of filter media after
some years — depending on the
users and system performance
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Calculation of soak well size

Let’s consider a building with:
* Number of users = 20
e Rate of water use = 80 Lpcd
(litres per person per day)
e Soil percolation rate =
120L/m?/day = 0.12 m3/m?/day

Calculation of soaking area

e Total daily water use = 80 x 20 =
1,600L

e Total daily wastewater production =
80% of water used = (1,600 X 0.8)
L/day = 1,280L/day = 1.28m3/day

e Soaking area required =
(1.28/0.12)m? = 10.67m?

Design the soak well size

Let's assume a cylindrical soak well with a
e depth of 6ft (h = 1.83m),
* diameter of 4ft
(d=1.22m, r = d/2=0.61m).

If we calculate the surface of the walls

(2mr*h) and the bottom part (7tr?),
we get:

27tr*h + ;r2 = 7.01 + 1.17 =
8.18 <10.67

As the designed surface is less than the
required, calculation could be done
considering one more feet depth (7ft =
2.13m) and half more feet of diameter
(4.5ft = 1.37m, r=0.69m).

27tr*h + ;r2 = 9.23 + 1.50 =
10.72> 10.67

Now, designed surface is sufficient to
cover the surface required. We have our
soak well designed.

2 WA G I e E m
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Soak well made of brick masonry

The walls of the soak well are made of
bricks, with several holes in different
locations to allow its soaking into the soil.
The design parameters of diameter and
depth are determined based on the
number of users and the percolation rate
of the soil. The top of the pit is covered by
an RCC slab with an inspection manhole.

Based on the number of users, Local
Government Engineering Division (LGED)
provides an indication of the diameter.
However it is to be noted that the soil
percolation rate differs from one location
to another, and it is recommended to design
the soak well taking this into consideration
(see example provided below).

Users Internal Diameter Depth (ft) Estimated Cost (BDT)
10 3 ft 57,204

20 &30 3.5 ft 15-20ft, depending on the 79,587

50 4 ft sand layer. 5ft sand layer 91,673

100 5 ft should be ensured. 1,05,798

200 6ft 1,18,351

e All materials are easily available
all over Bangladesh

e Requires small space, around 4
feet diameter

m 2 SHRCEI G MO eI
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Disadvantages

e Construction cost are higher than
in case of soak wells constructed
with other materials

e Construction time is also higher
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Fig. 7: Design of a standard soak well made of brick masonry
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Soak well made of RCC ring-slabs

Based on the same concept of brick deeper than 7 feet. If the number of
masonry, a prefabricated RCC ring-slabs users is high multiple pits could be used
(the ones used for pit latrines) are used in series connection. And for better

for easier, faster and cheaper performance, it is recommended to keep
construction. a distance of 6 meters (19 feet) from

one pit to another.
Due to the limited wall thickness of RCC

ring (only 1.5"), it may not withstand the Brick bats and sand are used as filter
pressure from deep soil and may also be media inside the RCC rings, and the sand
dangerous for masons. Therefore, pits filling outside the rings are also part of
with RCC rings are not usually installed the soaking system.
Diameter Depth (ft) Number Estimated
(Including 1’ freeboard) of pits cost (BDT)
10 e Internal: 3 ft 4” 6 1 10,100
20 e External: 3 ft 7” 6 2 20,200
30 e Thickness of 7 2 23,400
40 sand filling:1 ft 7 3 35,100
50 e Hole diameter: 5 ft 7 7 4 46,800

Note: The percolation rate used to calculate the diameter, depth and number of pits is 80L/m?/day
and the daily water use is considered 80Lpcd. The cost is estimated according to LGED rate schedule
2019-2020 of Gazipur zone.

Septic Tank
6m 6m 6m

Fig. 8: Simple diagram of series soak well

e Construction costs are much lower e Depth of ring-slab pits can not be
than brick masonry too deep. However, depending on

the number of users and the

percolation rate of the soil, two or

e Easy to build and faster than brick

masonry more soak wells can be installed
e All materials, including precast RCC in serial. In that case, more land
ring-slabs, are easily available all is needed

over Bangladesh

e Requires small space; less affected
by high-rise buildings (because
depth and diameter are smaller)
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Fig. 9: Side view of a soak well made of RCC ring-slabs
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Plastic soak well

A similar prefabricated ring-slab plastic as filter media inside, and the sand
pit is available in the market, designed filling on the outside the body are also
for pit latrines, which can be used as a part of the soaking system. The body
prefabricated soak well. As in the RCC needs to be perforated to allow
ring-slab, brick bats and sand are used percolation to the ground.
Diameter Depth (ft) Number Estimated
(Including 1’ freeboard) of pits cost (BDT)
10 6 1 15,000
20 e Internal: 2 ft 7” 6 2 30’000
30 - Ttz &F 7 3 45,000
sand filling:1 ft
40 e Hole diameter: 4 ft 7" U 4 60,000
50 7 5 75,000

Note: The percolation rate used to calculate the diameter, depth and number of pits is 80L/m?/day
and the daily water use is considered 80Lpcd. The cost is estimated according to LGED rate schedule
2019-2020 of Gazipur zone.
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Decentralised
Wastewater Treatment
System (DEWATS)

DEWATS refers to an integrated systems
approach to treating domestic wastewater.
They are defined as the collection and
treatment of wastewater from individual
homes, clusters of homes, isolated
communities, industries, or institutional
facilities, as well as from portions of
existing communities at or near the
point of waste generation.

DEWATS could be a sustainable
solution for:

e slums or densely populated areas
where there is not enough space
to build separate pits or septic
tanks for each household

e areas where soil percolation rate
is very low, for which, soak pit
does not work

e areas that have the potential to
recycle treated wastewater locally

e areas where the expansion of
existing central sewerage system
is not possible

e public facilities, industrial parks,
business establishments, etc.
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Brief description

DEWATS consists of five components-

1. Settler
Anaerobic Baffle Reactor (ABR)
Anaerobic Filter (AF)
Planted gravel filter (PGF)
Polishing Ponds

e L

Faecal sludge from toilets and wastewater
from kitchens and bathrooms first enters
into the settler. Here solid part of faecal
sludge and wastewater is settled down
to the bottom. Those solids need to be
emptied after a certain period. The liquid

Anaerobic Anaerobic
baffle reactor filter

Wastewater
Faecal sludge

from toilets

and grey

water from

kitchen and
bathrooms

Solids

Emptying by
vacutugs

Faecal sludge
> treatment plant

portion enters into the ABR through the
outlet of the settler. Anaerobic digestion in
ABR reduces wastewater BOD, COD and
faecal coliforms, which continues later
into the AF were filtration takes place.
This partially treated wastewater then
enters into planted gravel filter where
plants act as a natural filter. Although
BOD, COD, faecal coliform and suspended
solids are also reduced here, some bad
odour may still remain. For this reason,
polishing ponds are used to deodorise the
water and increase the amount of oxygen
in it. The total process is as follows:

Drain or any
surface waterbody

Planted
gravel filter

Fig. 12: DEWATS process

The cost of DEWATS per household varies depending on the nhumber of
connections and the design of the system. This could vary from two to
three million BDT, for 50 to 100 households. Therefore, the investment

cost per household coud vary from 30,000 to 40,000 BDT, and the
maintenance cost will be much lower, as the annual emptying and some
repairing cost are shared among the community.
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Advantages

Investment cost per household is
lesser than individual solutions
(septic tanks)

Requires very little maintenance
— only annual emptying of the
settler by Vacutug and cleaning of
filter media after some years

No possibility of ground and
surfacewater contamination

Very effective in high groundwater
table areas

Can be designed according to the
quality of effluent and number of
users

Disadvantages

Technically skilled manpower is
required for design and
construction

In the case of community DEWATS,
the cost of management and
maintenance has to be borne by
the connected households which is
often difficult to collect and manage

Public land is recommended for
community DEWATS which needs
to be available and approved

Proper use of the system is
required to be understood by all the
users. Improper disposal of solids
(plastics, sanitary napkins, kitchen
waste, etc) can clog the network,
and, eventually affect all users
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Annex ‘ Sizes of standard septic tank

for different users

c = ~
2 Tl ~ |85 | E
2 2 é £ (7] -~
c £ = - | © ()]
S = =) = o €
= . . 7} [) =) 5 E]
= Socio-economic = = = S
- group 5] 3 S (5 S Remarks
- High income group 150 2 1 1 2
= _ . Emptying frequency: 1 year
o Py % é Middle income group 120 2 1 1 2 | Liquid retention time: 1 day, 1
5 ;, 2 Low-income group 65 2 1 1 2 | Chamber
)
Slum 40 2 1 1 2
o Emptying frequency: 1 year
-4,“:_: High income group 150 3 1 1.2 3.6 | Liquid retention time: 1 day, 2
0 chambers
© 2
5 2= Middle income group 120 2 1 | 1.4 28
S 8 : Emptying frequency: 1 year
d Low-income group 65 2 1 1 2 | Liquid retention time: 1 day, 1
O Slum 40 > 1 1 o | Chamber
@ | High income group 150 3 1 | 1.6 4.8 Emptying frequency: 1 year
o =2 Liquid retention time 1 day, 2
° ] Middle income group 120 3 1 1.5 4.5 | chambers
w0
o™ 4+ .
jf:-)» 2 | Low-income group 65 2 1 | 1.4 2.8 Emptying frequency: 1 year
0% Liquid retention time: 1 day, 1
© Slum 40 2 1 1.1 2.2 | chamber
D High income group 150 45 15 1.3 8.8
o=
o (] Middle income group 120 4515 1.1 7.5
wn
n 4+
29  Low-income group 65 3 1 |16 4.8
O3
BT | Slum 40 3 1 |12 3.6
0 High income group 150 54| 1.8 1.7  16.5
2=z
S % E Middle income group 120 5.1 1.7 | 1.7  14.8
- % g Low-income group 65 45 15 14 9.5
i)
© Slum 40 3.9 1.3 1.5 7.6 Empty|ng frequency: 1 year
»  High income group 150 | 7.5 2.5 1.8 33.8 'c"hqa”n'f'b;?tse”tm” time: 1 day, 2
()}
o é 5 Middle income group 120 6.9 23 1.8 | 28.6
0 -+
& 22  Low-income group 65 6 2 1.6 19.2
O %
S Slum 40 54| 18 | 1.5 14.6
l High income group 150 9 3 1.8 48.6
2z
S % S Middle income group 120 84 2.8 | 1.8 | 423
-
0 % g Low-income group 65 6.9 | 2.3 | 1.8 28.6
A
© Slum 40 6 2 1.8  21.6
Please note that 0.3m freeboard should be added with the tabulated liquid depth

mm 2 SRR G MO 2YfETr2

Sanitation technology options for urban areas






SNV

Bangladesh office

House - 11 (1¢ Floor), Road - 72
Gulshan - 2, Dhaka - 1212

+88 02 2222 88 708-9

+88 02 2222 88 984
bangladesh@snv.org
www.snv.org/country/bangladesh

www.twitter.com/SNVworld
www.facebook.com/SNVworld
www.facebook.com/SNVBangladesh
www.linkedin.com/company/snv

WORKS



mailto:bangladesh@snv.org
http://www.snv.org/country/bangladesh
http://www.twitter.com/SNVworld
http://www.facebook.com/SNVworld
http://www.facebook.com/SNVBangladesh
http://www.linkedin.com/company/snv

