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Preface

The Government of India, in February 2020, approved Phase-II of the Swachh Bharat Mission (Grameen) 

(SBM [G]) with a total outlay of Rs. 1,40,881 crores to focus on the sustainability of Open Defeca  on 

Free (ODF) status and Solid and Liquid Waste Management (SLWM). SBM (G) Phase-II is planned to 

be a novel model of convergence between diff erent ver  cals of fi nancing and various schemes of 

Central and State Governments. Apart from budgetary alloca  ons from Department of Drinking Water 

and Sanita  on (DDWS) and the corresponding state share, remaining funds will be dovetailed from 

15th Finance Commission (FC) grants to rural local bodies, Mahatma Gandhi Na  onal Rural Employment 

Guarantee Scheme (MGNREGS), Corporate Social Responsibility (CSR) funds, and revenue genera  on 

models, etc., par  cularly for SLWM.

SBM (G) Phase-II has been uniquely designed to leverage the capacity of individuals and communi  es 

in rural India to create a people’s movement to ensure that the ODF status of rural areas is sustained, 

people con  nue to prac  ce safe hygienic behaviour and that all villages have solid and liquid waste 

management arrangements.

This manual has been developed to support rural local bodies implement ODF Plus ini  a  ves eff ec  vely 

and effi  ciently in their se   ngs. It provides detailed informa  on on various technologies, es  mated 

cost, Opera  on and Maintenance (O&M) arrangements, etc. This manual should be able to provide 

comprehensive guidance to achieve eff ec  ve solid and liquid waste management in rural areas. 

It is hoped that all implementers of Swachh Bharat Mission Phase-II would fi nd this manual useful and 

a good guide for achieving ODF Plus objec  ves in their villages.

    

   

Department of Drinking Water and Sanita  on

June, 2021
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Background
The Government of India launched the guidelines for Swachh Bharat Mission (Grameen) Phase-II a  er 
the Union cabinet approved SBM Phase-II in February 2020. The guidelines aim to sustain the gains 
achieved under SBM during the last fi ve years. The intent is to ensure that ODF status and solid and 
liquid waste management services in rural areas are sustained. The guidelines focus on the importance 
of wastewater management as one of the key components of SBM (G) Phase-II.

The adverse eff ects on human health of unsafe disposal of wastewater are quite serious and pervasive. 
Stagnant ponds of wastewater in villages or improper drains can lead to increased risks of exposure to 
diseases such as malaria, dengue and fi lariasis. The increasing amount of wastewater generated, if not 
treated properly, can also lead to contamina  on of groundwater through natural percola  on.

Therefore, the SBM (G) Phase-II guidelines propose that greywater management interven  ons be 
undertaken in convergence with the implementa  on of the Jal Jeevan Mission (JJM) in villages as 
envisaged in the Village Ac  on Plan (VAP). The amount of greywater, its fl ow and discharge arrangements 
shall be taken into considera  on while designing greywater management interven  ons. The guidelines 
propose that, unlike Faecal Sludge Management (FSM) and Plas  c Waste Management (PWM), most 
greywater management ac  vi  es should be planned and implemented at the Gram Panchayat (GP)/
village level itself. Overall management and monitoring of these ac  vi  es along with suppor  ve 
components such as Informa  on, Educa  on, and Communica  on (IEC) and capacity building (CB) of key 
stakeholders can be planned with guidance from the district level administra  on.

There are a wide range of household and community-level technologies available for greywater 
management. An understanding of geographical condi  ons, availability of land, and demography plays 
a crucial part in the selec  on of the technology for use in par  cular areas. Unless offi  cials/implemen  ng 
agencies have detailed informa  on on various technologies, their applicability and usage, they cannot 
select the most suitable op  ons. It is therefore essen  al that proper technical guidance be extended to 
relevant stakeholders at the state, district, and GP levels.

This manual has been developed to guide implementers and provides detailed technical informa  on on 
the GWM technologies proposed in the SBM (G) II Guidelines for both household and community levels. 
It is our hope that this manual will help stakeholders to enhance their knowledge on this cri  cal topic.

Need to Operationalize ODF Plus Management 
Opera  onalizing the ODF plus ini  a  ve will require sustaining the ODF status in villages and the crea  on 
of SLWM infrastructure for achieving ODF Plus status in villages that own, operate, and manage their 
infrastructure and maintain the necessary sanita  on status. It has been envisaged that by 2025, villages 
will be able to a  ain the above-men  oned objec  ves and will become visually clean with minimal 
waterlogging and li  ering. The objec  ves of SBM (G) Phase-II are interrelated and reinforce each other, 
and chart the path towards ODF Plus status, which means: 

• Maintaining the ODF status of the villages, gram panchayats, blocks, districts, and states over a 
con  nued period
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• Ensuring con  nued prac  ce of safe sanita  on, including personal and community hygiene behaviours

• Ensuring that villages have access to SLWM for overall cleanliness in the rural areas

• Bringing about an improvement in the general quality of life in rural areas 

Opportunity and Challenges of ODF Plus and 
Specifi c Components 
Under SBM (G) Phase-II, the focus is on sustaining the momentum a  ained through ODF and to scale 
up solid and liquid waste management in a sustainable manner. Achieving ODF Plus poses enormous 
challenges due to mul  plicity of components complexi  es of geography and topography. There are also 
substan  al impediments to widespread acceptance. Some of the important opportuni  es and barriers 
are as follows: 

Overall
• There is limited knowledge of most of the technology and opera  on and maintenance aspects of 

ODF plus. Limited self-sustaining rural models for SLWM are available in few sites.

• Behavioral barriers such as building community assets and their managements, reuse of greywater, 
and household and community-level compos  ng, need to be taken up. 

• There is a need for technical support at the GP and district levels for feasibility analyses regarding 
selec  on of technologies as per local condi  ons, management op  ons, and opera  onal models.

Greywater Management
• In general, stormwater drains carry away greywater that drains in to the ponds or nearby land areas, 

which causes pollu  on. Also, great emphasis is given to the construc  on of the drainage systems 
without holis  c planning or appropriate technical knowledge. 

• Lack of proper solid waste management in the village leads to clogging of drains.

• At places, there may be direct discharge of untreated or par  ally treated black water into open 
drains, leading to severe health hazards and environmental pollu  on. 

• Given the intricate nature of greywater management, it is necessary to strengthen the capacity of 
all stakeholders including community.
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Around 71 per cent of the Earth’s 
surface is covered with water, of which 
only 3 per cent is freshwater. India has 
around 4 per cent of these freshwater 
resources. However, with  me the role 
of these resources has been neglected 
and most of these water bodies have 
simply been polluted by disposal of 
untreated wastewater, garbage, and 
other form of toxic wastes. In  me to 
come, these challenges will further be 
exacerbated because of popula  on 
growth and the impact of climate 
change. The guiding principle for 
greywater management includes 3Rs 
– Reduce, Reuse and Recharge – which focus on minimizing the genera  on of greywater and 
subs  tu  ng the use of freshwater. 

Judicious use of 
freshwater

Allevia  on of 
freshwater problem 

and replenishment of 
groundwater level

Minimum
greywater produced

Wise management
of greywater

Reduce

ReuseRe
ch

ar
ge
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Introduction

The management of liquid waste is vital for improved sanita  on in the rural community. Popula  on 
growth and development have led not only to reduced per capita availability of fresh water, but also 
to the pollu  on of exis  ng water bodies because of unmanaged disposal of wastewater. To reduce the 
pressure on fresh water sources and improve the 
visual cleanliness of villages, a holis  c approach to 
wastewater management is impera  ve, which means 
that treated wastewater must be turned into one of 
the sources of water in rural areas. 

In rural India, liquid waste is divided into two diff erent 
streams – greywater and black water. Earlier, public 
bathing, washing and other prac  ces resulted 
in limited greywater genera  on that was mainly 
restricted to the kitchen. Liquid kitchen waste was 
easily managed at the household level via open land 
or a small planta  on in the backyard. However, black 
water disposal is more dependent on the status 
of open defeca  on or disposal through an on-site 
sanita  on system. The concept of bathroom was also 
limited and the use of the community ponds and 
stand posts used to be very common. Con  nuous 
growth and development have disrupted this aspect 
of rural life.

Since the 1980s, liquid waste management has been 
introduced in various government programmes, 
however, it s  ll remains a major challenge in the 
rural areas of the country. As a fl agship programme of the Central Government, Swachh Bharat Mission 
(Grameen) has posi  vely impacted the management of black water through the crea  on of safe 
sanita  on systems, in the form of toilets connected to twin pits and sep  c tanks with soak pits. However, 
greywater management needs to be dealt in a more holis  c manner in the rural areas. The pressure on 
the open land near houses and change in prac  ces like bathing and washing from the community level to 
the household has resulted in increased genera  on of greywater, which requires adequate and suitable 
eff orts for its disposal. Also, it was noted in NARSS 2019–20 that many households dispose of individual 
greywater through a common system (refer to Figure 1). This means an increase in greywater at the 
household level will aff ect the neighbourhood due to water logging or its discharge into water bodies.

CHAPTER 1

In India, water bodies are 
an integral part of Indian 
customs and tradi  ons, 
and are also linked to 
almost every aspect of 
social life. The importance of water is 
ingrained in our culture. From ancient 
 mes, the Vedas and Puranas embraced 

the idea of the sacredness of water and 
encouraged the worship of rivers and other 
water bodies. Many water rituals remain 
a part of contemporary religious prac  ce 
and are performed across the country in 
various rivers and at water sources. Many 
other cultural prac  ces also highlight 
the signifi cance of water in India. It may 
be said that, not only is water the basic 
requirement of human life, it is the basis of 
our very existence and culture. The village 
ponds carry similar connota  ons for the 
households of the rural areas.
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Figure 1: Greywater Disposal at the Household Level

Image 1: Improper Management of Waste
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The greywater situa  on is likely to become challenging with the implementa  on of Jal Jeevan Mission 
(JJM) where every village household would get a water supply connec  on, further increasing the amount 
of greywater generated and making it necessary to efficiently implement greywater management 
prac  ces in rural areas. As per the an  cipated increase in the availability of water to households in 
future, the greywater management (GWM) and treatment procedures need to be planned and upgraded 
to the op  mum level.

The current situa  on is dire. Improper disposal of greywater not only pollutes water bodies and 
nega  vely  impacts the local ecosystem but also creates a contaminated environment that can result in 
a health hazard. These condi  ons, with  me, have disrupted the water bodies and their ecology, making 
it essen  al to conserve the fresh water resources as well as manage the generated wastewater.

Civiliza  ons across the world have all evolved near water sources. The Indus Valley civiliza  on is 
one such example well known for its water and sanita  on infrastructure. 

The drainage system was one of the most remarkable features of the mature Harappan city. All 
the streets and lanes across neighbourhoods in Mohenjo-Daro had drains. In addi  on, there 
were also provisions for managing wastewater inside the houses with ver  cal pipes in the walls 
that led to chutes opening on to the street, as well as drains from bathing fl oors that fl owed 
towards the street drains. The drains were mostly covered and hidden underground.

Small se  ling pools and traps were built into the drainage system to allow sediment and other 
material to collect while the water and smaller par  cles fl owed away. That they were cleaned 
out periodically is a  ested to by the “li  le heaps of greenish-gray sand that we frequently fi nd 
alongside them”.

(Source: www.harappa.com)

ANCIENT PRACTICES
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The Goal 6 of UN Sustainable Development Goals of Agenda 2030 aims to “ensure availability 
and sustainable management of water and sanita  on for all”. It is one of the 17 Sustainable 
Development Goals adopted by the United Na  ons General Assembly (UNGA) in 2015.

The Target 6.1 seeks to secure safe and aff ordable drinking water for all and the Target 6.2 
aims to provide people access to sanita  on in diverse ways. These are categorized into  ers 
that parallel the categories of assessment to water. India, being a signatory to Agenda 2030, 
aims to achieve sustainable development by fulfi lling Goal 6, with the help JJM and SBM 
(G) Phase-II. While JJM focuses on providing a func  onal tap connec  on (FHTC), SBM (G) 
Phase-II focuses on providing sanita  on services at the grass-roots level by managing waste at 
the source or community level. In the SLWM system, a high amount of greywater is generated 
due to the household-level tap connec  on, which, if managed with cau  on, could become a 
sustainable source of water instead of it contamina  ng the surface and groundwater, and it 
can also be used for preserving the aqua  c ecosystems.

UN Sustainable Development Goals

1.1 Liquid Waste Management in Villages 
The wastewater generated in the rural areas can be divided into blackwater and greywater depending 
upon the impuri  es they carry. 

Black Water: Wastewater generated from toilets containing faecal ma  er with very high amount 
of pathogens. Swachh Bharat Mission (Grameen) has addressed the issue of black water along 
with the drive against open defeca  on. Success was achieved through the installa  on of toilets 
with a twin pit system in rural areas. There are s  ll a limited number of village households that 
depend on sep  c tanks or single pits which requires faecal sludge management. A separate 
manual has been prepared for faecal sludge management, which also addresses the problem of 
blackwater management.
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Greywater: Wastewater generated from bathing, washing, general cleaning, kitchen, maintenance 
of livestock, as well as from community stand posts, wells, hand pumps and other ins  tu  onal 
areas, etc.

Greywater contains only one-tenth of the nitrogen that black water does and signifi cantly 
fewer pathogens. As a result, the organic content of greywater decomposes more rapidly than 
that of black water and thus its treatment is easier. These characteris  cs make it reusable as a 
sustainable source of water for irriga  on, and also for other purposes, but only a  er treatment 
which allows it to meet specifi c quality criteria.

Figure 2: Liquid Waste Genera  on

Greywater management should be cau  ously handled in places where the possibility of the intermixing of 
sep  c supernatant with the greywater is high. If that happens, the result is faecal contamina  on of greywater, 
which means that it then requires a diff erent and more complex treatment method. It is thus be  er to avoid 
such accidental mixing altogether.

To avoid the increase of pollutant load and dysfunc  on of the GWM system and associated 
infrastructure, blackwater should either be managed by a twin-pit system or through a robust 
FSM system.

Wastewater from 
bathroom, kitchen

Wastewater from toilet 
containing faecal sludge

Black waterGreywater

Liquid waste genera  on
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1.2 What is Greywater?
Greywater is the wastewater generated because of various domes  c uses of water, excluding toilets. 
Guidelines issued under JJM state a proposal to supply of 55 litres of water per capita per day and the 
amount of greywater generated is assumed to be 65 per cent of the quan  ty of water supplied. Thus, 
about 36 litres of greywater per capita per day is expected to be generated. Since toilet water is to be 
kept separate, greywater is expected to be free of faecal contamina  on. However, some  mes greywater 
does have traces of faecal ma  er where intermixing of sep  c tank effl  uent with greywater has occurred. 

The organic content in greywater is much lower as compared to blackwater or sewage. Therefore, 
separate treatment of greywater is always desirable as a large quan  ty of water can be recovered using 
smaller treatment systems. A matrix on the characteris  cs of greywater in reference to the other type 
of wastewater is presented in Table 1 for ready reference.

1.3 Need for a Manual on Greywater
Greywater has always been segregated as a stream of wastewater in the rural areas and it requires a 
separate management system. In general, an expensive pipe system with sewerage treatment plant 
(STP) has been seen as a solu  on for the treatment and disposal of blackwater as well as greywater. This 
system is neither sustainable nor aff ordable in rural areas where communi  es have already achieved 
safe sanita  on through viable systems, viz. toilets with twin pits, sep  c tanks with soak pits, etc. This 
manual will provide localized and nature-based treatment solu  ons that will not only ensure safe 
prac  ces for water and sanita  on, but treat greywater management as a separate stream of wastewater 
management.

Sr. 
No

Parameter Value*

Greywater Black water Sep  c tank 
effl  uent 
(trea  ng 

black water 
only) 

Sep  c tank 
effl  uent 

(trea  ng black 
water and 
greywater)

Sep  c tank 
effl  uent 

and 
greywater 

Sewage 
water**

1 BOD (mg/l) 100–300 600–1,000 300–600 80–160 150–400 250–400

2 COD (mg/l) 200–500 1,000–2,000 600–1,000 200–400 300–600 500–800

3 TSS (mg/l) 100–300 800–1,200 300–500 200–400 150–350 600–1,000

4 Faecal 
Coliforms 
(MPN/100 ml)

102–103 106–107 105–106 103–105 104–105 105–107

5 Total Coliforms 
(MPN/100 ml)

102–103 107–107 106–107 104–106 105–106 105–107

*Values of the parameters enlisted above vary over a wide range and hence it is recommended that the greywater samples be tested 
before a treatment plant is designed.
**Sewage is wastewater generated in toilets, bathroom, kitchen and other such places from residen  al, commercial, and other 
establishments, which fl ows away through sewers.

Table 1: Characteris  cs of Wastewater
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Greywater Management
Ensuring effi  cient greywater management in rural areas of India requires technological solu  ons to be 
cost-eff ec  ve, capable of handling both small and large quan   es of greywater (as required), and simple 
enough to be operated and maintained by the Gram Panchayat (GP). The SBM (G) Phase-II guidelines 
enlist the technologies that can be implemented at the Panchaya   Raj Ins  tu  on (PRI) level for eff ec  ve 
greywater management.

Management of centralized infrastructure such as conveyance and treatment plants for greywater 
management is a diffi  cult task, par  cularly for rural se  lements. Therefore, the problem of greywater 
management should be strategically approached wherein ini  ally the development of household-level 
facili  es for greywater should be focused upon, followed by a cluster-level approach to cover a group 
of households. In case the above-men  oned approach is not suitable for a par  cular loca  on, a village-
level greywater management facility that is appropriate in terms of related issues like land availability, 
feasibility of drainage line development, etc. can be implemented.

SBM (G) Phase-II Guidelines also men  on management of greywater generated in ins  tu  onal areas 
and public areas such as water points like stand-posts, hand-pumps, common washing-bathing places, 
etc. The methods could be on-site interven  ons, if possible, or channeling of the fl ow into community 
treatment plants.

The overall decision framework will follow Figure 3, priori  zing household-level interven  ons. 
Community-level management is divided into two parts: (i) system that can be implemented by clustering 
the households (5–15) and (ii) village-level systems such as WSP/CW DEWATS (explained later). In order 
to achieve technical and fi nancial feasibility in respect of a village-level system, at least a coverage of 
75 per cent of households is recommended.

CHAPTER 2
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Figure 3: Schema  c for Greywater Management Interven  ons

To provide guidelines for the implementa  on of interven  ons for greywater management, the 
interven  ons have been divided into treatment systems and conveyance systems.

“Nahani trap” should be incorporated at household level for proper func  oning and 
durability of greywater management interven  ons.

Household level

Greywater management

Conveyance systems 
small bore system/

closed drains

Cluster of household-
community-level 

leach pits

Village as a whole 
WSP/CW/DEWATS/

SBT/Others/Phytorid

Community level
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2.1 Options for Greywater Management

Household-level Interventions

1. Soak Pit

A soak pit is a dug-out pit that is fi lled with graded stones and gravels. The stones increase the 
surface area over which biological and chemical ac  ons take place.

Installa  on of soak pits is also recommended near hand-pumps, stand posts, etc. at community 
level as a measure for management of the greywater generated.

2. Leach Pit

A leach pit is either constructed in honeycomb brick masonry with cavi  es in alternate layers or by 
stacking concrete rings having 5–6 holes in each ring.

3. Magic Pit

A magic pit is a covered, porous-walled chamber that allows water to slowly soak into the ground. 
Pre-se  led effl  uent from a collec  on tank is discharged to the underground chamber.

4. Kitchen Garden

Greywater can be used for watering the plants in a kitchen garden. This not only solves the issue of 
greywater management but also reduces the demand for freshwater.

Soak-pit/leach pit/magic pit, etc. should be at minimum distance of 1m from the Twin-pits.

Community-level Interventions

1. Community Leach Pit

This is a brick-lined pit constructed at a convenient place for a group of houses. The number of 
houses to be connected should be calculated based on the greywater discharged from each house 
and the space available for the community leach pit. Greywater from the houses (wastewater from 
kitchen, bathing and washing area) should be carried to this pit.

2. Waste Stabiliza  on Pond (WSP)

A waste stabiliza  on pond (WSP) is a series of shallow man-made basins that facilitate diges  on of 
organics in the greywater through natural processes within the s  pulated reten  on  me. A WSP 
comprises of anaerobic, faculta  ve, and matura  on ponds.
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3. Decentralized Wastewater Treatment System (DEWATSTM)

DEWATS is a proven nature-based treatment technology suitable for wastewater treatment 
including greywater, which works under the ac  on of gravity, nega  ng the requirement of any 
electromechanical components and hence provides the advantage of minimal maintenance. The 
DEWATS module for each project/situa  on can be customized based on the diff erent quan   es and 
quality of incoming wastewater. DEWATS follows four stages of treatment namely – pre-treatment, 
solid liquid separa  on, treatment of liquid component, and polishing of the effl  uent, which can be 
designed, based on the characteris  cs of infl ow water and the level of treatment required.

4. Constructed Wetland (CW)

A horizontal fl ow constructed wetland (CW) is a planted fi lter bed for the treatment of wastewater 
(e.g., greywater or blackwater). It is a large gravel and sand-fi lled channel that is planted with aqua  c 
vegeta  on. As wastewater fl ows horizontally through the channel, the fi ltra  on material fi lters out 
par  cles and microorganisms degrade the organic bodies present.

5. Phytorid Technology

Phytorid is a scien  fi cally developed systema  c treatment methodology for wastewater. It combines 
physical, biological and chemical processes. It is a scalable technology that works on gravity and has 
a low electric power requirement. It is also easy to maintain.

The treatment systems men  oned above (2, 3,4 and 5) should be adopted in case 75 per cent of the 
popula  on of the village cannot be covered by either individual solu  ons or community-level leach pit 
and kitchen gardens.

Conveyance Systems

1. Closed Drains

These drains are preferably a trapezoidal sec  on with a half round at the base used for conveyance 
of greywater from the genera  on source to the designated treatment unit. They are either covered 
with removable reinforced cement concrete (RCC) covers or Shahabad  les or any other material 
recommend by the state/district administra  on.

2. Small Bore Pipe System

Small bore sewer systems are designed to receive only the liquid por  on of household greywater 
for off -site treatment and disposal. Grit, grease and fl oa  ng materials are separated from the waste 
fl ow in interceptor tanks.

2.2 Criteria for Selection of Appropriate 
Technologies
The system adopted by villages will be key for developing greywater management infrastructure in 
villages. The adopted system should be based on the exis  ng situa  on and the assets villages have. 
Depending upon the situa  on, any system based on the criteria men  oned below can be adopted. A 
more detailed matrix has been provided in Annexure 1 for reference with an illustra  ve example. 
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Figure 4: For Areas with Seasonal or Permanent High-Water Table/Waterlogged Areas/
Flood-prone Areas

Space available at HH

Space with low
water table nearby

Community leach pit 
for group of houses

Kitchen garden

Small bore system/
WSP/reed bed system/

DEWATS/SBT/Others

No space nearby

Inadequate space

Permanent high water table areas

Figure 5: For Areas with Hard Strata (Rocky Strata)

Space available at HH

Space with permeable 
soil nearby

Community leach pit 
for group of houses

Kitchen garden

Small bore system/
WSP/reed bed system/

DEWATS/SBT/Others

No space nearby

Inadequate space

Hard strata/rocky area

Special considera  ons for areas with extremely low temperatures (below freezing point):

Household-level treatment technologies/interven  ons must be adopted. Soak pits/leach 
pits/magic pits need to be placed at a depth of 1–1.5 m below ground level.
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For implemen  ng household-level technologies and community leach pits, a soil 
percola  on test must be carried out.

Special considera  ons for hilly terrains:

 Household-level treatment technologies/interven  ons need to be adopted. Where 
feasible, community leach pits could be adopted for a cluster of 5–15 households. 

In case of dense se  lements with large popula  ons, a constructed wetland could also 
be adopted. However, the conveyance system should include necessary arrangements 
to reduce the velocity of the wastewater at regular intervals and at drops (as is done in 
the case of storm water drains).

Figure 6: For Other Areas

Adequate space

Permeable soil

Leach pit Modifi ed leach pit

Semi-permeable
soil/B.C. soil

Small bore system WSP/
reed bed system/DEWATS/

SBT/Others

Space with permeable 
soil nearby

Community leach pit 
for group of houses

Kitchen garden/leach 
pit

Impermeable soil

No space nearby

Inadequate space

Space at HH
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Greywater Management 
at Household Level 
The sec  ons give a brief descrip  on of the technologies that can be adopted at the household level 
for effec  ve management of greywater. Details about the feasibility, suitability of soil and loca  on, 
technical details for design and construc  on, opera  on and maintenance (O&M) requirements along 
with financial details have been provided  for all technologies to be implemented at the household level. 
SBM (G) Phase-II guidelines recommend that financial support for household-level interven  ons can 
be taken from 15th FC funds allocated to GPs, Mahatma Gandhi National Rural Employment Guarantee 
Scheme (MGNREGS) and other convergence mechanisms. 

3.1 Soak Pit

3.1.1. Background
A soak pit is a covered, porous structure that allows water 
to slowly soak into the ground. As greywater percolates 
through the layers of graded aggregates and soil, small 
par  cles are fi ltered out and organics digested. 

CHAPTER 3

3.1.2 Feasibility

a. Geographic Requirement

Soil Type: Soak pits are best suited for soil with good absorp  ve proper  es. The performance 
of a soak pit depends on the permeability of the soil, e.g., sand has very high percola  on 
working very effi  ciently, while black co  on soil absorbs less water and therefore the soak pit 
will work with very low effi  ciency where it is present. Similarly, clayey soils and rocky terrain 
are not suitable for soak pits as their permeability is low. Permeability is also dependent on 
the underlying strata, compac  on in soil, etc. It is advisable to consider the percola  on in an 

In the case of 
household-level 
interventions, 
the bo  om 
level of the pit 
should be at 
least 1m above the water table.
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Image 2: Soak Pit with Earthen Pot 

exis  ng soak pit in a nearby vicinity before adop  ng the system. In case such a system is not 
available, it is recommended that a fi eld test for percola  on be carried out.

Site Iden  fi ca  on: The size of the pit is decided on the basis of calcula  ons regarding the 
number of households to be served, the amount of greywater expected to be generated and 
required to be absorbed. It must be noted that no stormwater can be allowed to enter the soak 
pit. Soak pits should not be constructed in low-lying areas where the chances of entrainment 
of water from nearby areas is high.

Soak pits are not advisable in areas with a high water table or near any water sources as there is 
a possibility of contamina  on of groundwater due to water that percolates from them. Seasonal 
varia  ons in the water table can also aff ect the performance of soak pits greatly. 
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b. Appropriateness of the Technology

ADVANTAGES LIMITATIONS

Low cost and easy to 
construct

Soak pits handle lower volumes as 
compared to leach pits

Unlike leach pits, soak pits cannot 
func  on in semi-permeable soils 

Chances of clogging due to silt in the 
infl uent are higher than in leach pits 
and magic pits

Not suitable for areas with high 
water table

Can be built and repaired with 
locally available materials

O&M costs are low and borne by 
individual households

Periodic cleaning of the earthen 
pot with fi lter media is easier 

compared to cleaning of silta  on 
tank in magic pit 

3.1.3. Technical Details

a. Design, Specifi cation and Construction 

A rectangular pit of 1 m x 1 m x 1 m can be designed for a 5–7 member household in permeable soil, 
which func  ons for a period of 7–8 years. The bo  om of the pit must be a minimum of 1 m above the 
high water table or bedrock. The construc  on of the soak pit should be carried out as per the drawing 
provided in Annexure 3; it should include excava  on and fi lling with fi lter material as described below. 

Excava  on: A rectangular pit of 1 m x 1 m x 1 m. This provides a total area of 5 sqm (four walls/
sides and bo  om of 1 sqm each) for the percola  on of water.

Filling: Filling of the soak pit should be carried out using materials men  oned in Table 2 in four 
layers. While fi lling the aggregates in the third and topmost layer, a perforated earthen pot 
of 6–8 inch diametre is kept at the centre of the pit. This layer is fi lled up to the level of the 
opening of the earthen pot so that the mouth of the pot remains exposed on the ground level. 
This earthen pot is then fi lled with dry grass, coconut coir, and/or other such fi ltra  on material. 
Perfora  ons at the bo  om of the pot facilitate the draining of water into the underlying layers.
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Table 2: Layers for Filling of Soak Pit

Layer from bo  om Height (cm) Filling material

First layer 30 Aggregates of size 100–150 mm

Second layer 30 Aggregates of size 75–100 mm

Third layer 25 Aggregates of size 50–75 mm

Fourth layer (topmost) 15 Twigs, torn gunny bags and soil

A layer of mud is spread over the topmost layer in such a way that it is slightly above the ground.

Plumbing Arrangement: It is recommended that a nahani trap be used at the point where 
greywater is generated, i.e., bathroom, sink drain, etc. This enhances the performance of the 
soak pit.

Precau  ons: The pit should not be allowed to be fi lled with bricks and coarse sand. These 
materials disintegrate over a period of  me, and the brickbat, sand and silt from greywater 
form an impermeable layer hampering the percola  on of water from the soak pit.

Figure 7: Schema  c Diagram of a Soak Pit
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Figure 8: Soak Pit

b. Operational Details

Greywater discharges into the earthen pot through the outlet pipe. As it drains through the fi lter medium 
in the earthen pot, the waste material and silt get trapped in the fi lter material. The remaining water fl ows 
over the underlying layers. The arrangement of aggregates acts as a fi lter and traps the solid impuri  es 
on their surface. These solids are digested by the micro-organisms in the surroundings ma  er. Thus, 
water gets par  ally treated. This water then percolates through the walls and into the bo  om of the pit. 
This percolated water follows the natural underground drainage channels and helps in maintaining the 
groundwater level.

c. Operation and Maintenance

• Filter material placed around the earthen pot needs to be cleaned or replaced periodically; the 
frequency of cleaning depends on the fl ow as well as the amount of suspended solids present in the 
greywater.

• The nahani trap and pipe connec  ng the soak pit need to be cleaned periodically.

• A soak pit gradually loses its capacity (generally in 7–8 years. When the  absorp  on capacity of a 
soak pit is reduced, it is advisable to take out all the fi lling material, clean it and then put it back. 

• Filling materials need to be washed and the walls and bo  om of the pit scraped to remove the 
layers of oil and grease that may have collected there.

• The pit should be allowed to dry for 2–3 days and then be fi lled up again in the same order. The 
fi lling material may be replaced if the material has disintegrated to a large extent. 
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3.1.4 Financial Details

a. Capital Cost

Area Requirement: For a household, an area of about 1.2 sq. m is suffi  cient for the construc  on 
of a soak pit. The list of items required for the construc  on of the soak pit at the household 
level, of size 1 m x 1 m x 1 m, is given in Table 3.

Table 3: List of Items for Construc  on of Soak Pit

Sr. No. Descrip  on Quan  ty Rate (Rs.) Amount (Rs.)

1 Aggregates of size 100–150 mm 0.3 809.2/m3 243

2 Aggregates of size 75–100 mm 0.3 809.2/m3 243

3 Aggregates of size 50–75 mm 0.25 809.2/m3 202

4 Sand 0.15 1,575/m3 236

5 PVC pipe 75 mm dia. 5 71/Rmt 355

Total 1,279

All the rates men  oned in the table are based on DSR 2019–20 (Pune, Maharashtra) and may vary 
according to states and local condi  ons. As a ma  er of principle, locally available materials should be 
used wherever possible without compromising the effi  ciency of the system. It should also be considered 
that the requirement of fi lter media may vary depending on the quality of the material excavated. For 
bulk installa  on of soak pits, collec  ve procurement of these materials can also be considered based on 
the number of houses to be provided with soak pits. 

Other materials required are:

• Soil and twigs to fi ll the pit up to ground level

• Gunny bags (area suffi  cient to cover the pit)

• Earthen pot (6–8 inch diametre)

These materials are easily available to the house owner and no cost will be incurred in their 
procurement. The cost incurred can be borne by the households themselves or through MGNREGS, 
15th FC GP funds or in convergence with other schemes.

b. O&M Cost

Soak pits are based on a very low-maintenance technology. Cleaning or replacing the fi lter material in 
the earthen pot and cleaning of nahani traps are the only rou  ne ac  vi  es that need to be carried out. 
These ac  vi  es can be undertaken by the house owners and hence there is no opera  onal cost incurred 
in the func  oning of this technology.



27

Soak pit in Algarwadi village, Latur district, Maharashtra2

Algarwadi a village in Chakur block of Latur district adopted the installa  on of soak pits at 
the household level.

Previously, open drains in the village were the only system available to manage the generated 
greywater. Their irregular maintenance and choking were a recurring problem. Household 
greywater flowed freely in the open, crea  ng breeding spots for mosquitoes. Villagers 
received informa  on about the construc  on of soak pits from Nanded zilla parishad and 
later a demonstra  on for construc  on was also shown to them.

Following this, the construc  on of soak pits was extensively undertaken covering households 
and common areas using MGNREGS and village funds. It took about nine months for the 
construc  on of 307 soak pits (290 household level and 17 in common areas).

Now, with extensive coverage of soak pits, there is no stagnant greywater anywhere in the 
village. This development has broken the reproduc  on chain of mosquitoes, and kept the 
vector-borne diseases in check. This has also resulted in improved health condi  ons in the 
village.

CASE STUDY
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Greywater Management in Meghalaya

A few years ago in Meghalaya, it was common for households in villages to release wastewater 
without any concern for the surroundings. There was no understanding about the harmful eff ects 
this prac  ce could have on the environment and human health. To counter this situa  on, the 
government took concrete steps – the fi rst of which was making construc  on of household soak 
pits mandatory before villages could receive an ODF declara  on. SLWM ac  vi  es were slowly made 
an integral part of the ODF drives. Ini  ally, soak pit construc  on was undertaken for handwashing 
units in anganwadi centres and household toilets. When villages encountered problems with the 
working of the soak pits, the State Government addressed the issue by sugges  ng modifi ca  ons 
and other improviza  ons in the technologies used.

The Government also focused on behaviour change and carried out various ac  vi  es in the villages 
to ensure sustainability of these soak pits and other greywater management technologies. The 
Government provided hands-on training to Village Water and Sanita  on Commi  ees (VWSCs) 
across villages for eff ec  ve management of greywater. The modifi ed soak pit which was fi nally 
constructed (using a biomass fi lter in the oil and grease trap) is now referred to as the Meghalaya 
Improved Soak Pit by the Government. The mantra for Meghalaya has been “Adop  on, Adapta  on 
and Upda  on”, which has resulted in visible cleanliness in the villages.

CASE STUDY
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3.2 Leach Pit

3.2.1. Background
A leach pit works on the principle of percola  on of water similar to that of the soak pit. However, leach 
pits can deal with higher incoming fl ows as compared to soak pits. A leach pit is a brick-lined or RCC pit 
constructed in the courtyard of a house at a convenient place. The greywater from the house (kitchen 
wastewater, bathing water, and washing water) should be directed to this pit. 

Image 3: Household-level Leach Pit Construc  on5

3.2.2 Feasibility

a. Geographic Requirement

Soil Type: Leach pits can work in both permeable and semi-permeable soils. When installing 
a leach pit in clay soils, the excava  on must have a 300 mm sand envelope around the pit. For 
details, refer to Sec  on 3.2.5. The sand fi lters the suspended solids and treats the greywater 
and turns it into a higher quality effl  uent that is more easily absorbed by the clay soil. Before 
placing the sand in the excava  on pit, the walls and bo  om of the pit must be raked to remove 
smeared clay soils and allow more contact area with the sand. In this way the drainage ability 
of the clay soil is greatly improved.

Site Iden  fi ca  on: The size of the pit is designed to absorb greywater generated for a par  cular 
number of people; care should be taken that no stormwater enters the leach pit. Leach pits 
should not be constructed in a low-lying area where the chances of entrainment of water from 
nearby areas are high.

As is the case with soak pits, leach pits are not advisable in areas with high water tables or near 
any water sources as there is a possibility of contamina  on of underground water sources due 
to water percola  ng from the leach pits. Seasonal varia  ons in the water table can also aff ect 
the performance of leach pits greatly. The leach pit can be modifi ed to suit the percola  on 
requirements in such areas. 
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While choosing a loca  on for the leach pit, the following need to be considered:

• The pit should be located 1 metre away from the house wall.

• It should be 10 metres away from any source of groundwater for drinking.

b. Appropriateness of the Technology

ADVANTAGES LIMITATIONS

Capable of handling higher 
volumes compared to soak pits 

and magic pits

Since a leach pit is a permanent construc  on, 
the site needs to be selected appropriately. 
Otherwise, it may result in problems like 
fl ooding of the leach pit, foul odour, etc.

Construc  on of this technology is 
costly compared to other on-site 
technologies

Skilled labour is required for the 
development of the honeycomb 
lining

It is not suitable for areas with a 
high water table

Can be constructed in semi-
permeable soils with nominal 

modifi ca  ons

Chances of clogging are low

3.2.3  Technical Details

a. Design, Specifi cation and Construction 

A leach pit should not be deeper than 1.25 m as, at this depth, be  er treatment and drainage are 
achieved in the soil that is just below the surface. The bo  om of the pit must be a minimum of 1 m 
above the high water table or bedrock. In general, 1 m diametre and 1 m depth are suffi  cient for a 
household of 5 people. The construc  on should be carried out as per drawing provided in Annexure 3 
using the specifi ca  ons and construc  on details provided below.

Excava  on: A cylindrical pit is generally preferred as it is more durable and costs less. A pit with 
an eff ec  ve diametre of 1.4 m and a depth of 1 m should be excavated. 
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Wall Lining: The pit is lined with brick masonry in a honeycomb pa  ern. The bo  om layer of 
brickwork is 230 mm thick; the rest of the lining is done with brick masonry of 110 mm thickness. 
These layers have honeycomb masonry in alternate layers to facilitate seepage of water. There 
are approximately 6–7 holes of 40–50 mm each, in every alternate layer. Brick masonry is to be 
done using a 1:6 mortar. Typical sec  ons of a leach pit as well as honeycomb brick masonry are 
provided in Figure 9 and drawing for construc  on can be found in Annexure 3. 

Alterna  vely, cement rings of 40–50 mm thickness with holes can also be used for the 
construc  on of the leach pit. The height of each ring is 300 mm and has 5–6 holes per ring. 
The height of the leach pit can be varied depending on the available diametre of the cement 
rings so as to provide the leach pit with the necessary volume.

Plumbing Arrangement: It is advisable to provide a nahani trap at the point where greywater 
is generated. This will restrict the entry of major solid impuri  es like shampoo sachets, soap 
covers, etc. in the greywater. Inlet pipe of diametre 63–75 mm is connected to the pit keeping 
a freeboard of 200–225 mm. A “T” with a removable plug at a convenient loca  on can be 
connected to the inlet pipe for diversion of the fl ow of water in case of emergency or fl ooding 
of the leach pit.

Cover: To keep the pit undisturbed it must be properly covered. This cover can be a 50–75 mm 
thick RCC cover or ferro-cement slab or good quality Kadapa stone.

A typical sec  on of a household-level leach pit is given in Figures 9 and 10.

Figure 9: Schema  c Diagram of a Household-level Leach Pit
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b. Operational Details

The key feature of the leach pit is that it is lined with brick masonry with a honeycomb pa  ern. Leach 
pits can be adopted for use by individual households as well as at the community level. The base of the 
pit is neither lined nor fi lled with any kind of fi lter media. The liquid por  on of greywater percolates 
into the ground and follows the natural path of underdrains and contributes to the groundwater. The 
solids remain at the base of the pit and are acted upon by soil bacteria. The cavi  es provided within the 
brickwork allow the water to drain laterally. The solids are retained at the surface of the bricks and are 
eventually decomposed. The material at the base and sides needs to be cleaned periodically and can be 
used as a soil condi  oner.

In case of high silt in an area, a silt chamber can be an added advantage to prevent any solids from 
entering the pit and it should be provided.

c. Operation and Maintenance

All the opera  on and maintenance ac  vi  es towards the household-level leach pit are to be taken up by 
the owner household and these include

• Cleaning of nahani trap and silt chamber (if provided) should be done weekly/fortnightly or as 
required.

Figure 10: Household-level Leach Pit
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• Desludging of the leach pit should be done once in 2–5 years, depending on need. If a silt chamber 
is provided and is periodically cleaned, then the pit does not require any desludging for 5–6 years or 
more.

• The solid material removed either from the silt chamber or the leach pit is usually a small quan  ty 
and can be composted, used as a soil condi  oner, or used for fi lling low-lying areas.

• In addi  on to these ac  vi  es, blockages in drainage lines should be cleared.

3.2.4 Financial Details

a. Capital Cost

a.1. Capital Cost for Household-level Leach Pit

A leach pit at the household level is constructed in the courtyard of the house near the discharge points 
to reduce the pipeline length required for conveyance. An area of about 1.5 m2 is suffi  cient for this 
purpose.

Table 4: Capital Cost for Household-level Leach Pit in Brickwork

Sr. No. Descrip  on Quan  ty Rate (Rs.) Amount (Rs.)

1 Excava  on 1.75 165/m3 289

2 PCC (1:3:6)
Base ring
Top ring
Total 

0.1
0.03
0.13

5158/m3

671

3 Brickwork 
Base layer 
Honeycombing 
Total 

0.07
0.33

0.4

4903/m3

1962

4 Pre-cast cover 1 849/Pc 849

5 PVC pipe, 75 mm diametre 5 71/Rmt 355

Total 4,126

As men  oned earlier, a leach pit can also be constructed using concrete rings with about 6–7 holes of 
40–50 mm diametre in each ring. The cost calcula  ons for this type of pit are given in Table 5.

Table 5: Capital Cost for Household-level Leach Pit with Concrete Rings

Sr. No. Descrip  on Quan  ty Rate (Rs.) Amount (Rs.)

1 Excava  on 1.77 165/m3 293

2 Concrete rings with holes 0.16 5630/m3 901

3 Reinforcement (80 kg/m3) 0.02 63216/MT 1,265

4 PVC pipe, 75 mm diametre 5 71/Rmt 355

5 Pre-cast cover 1 849/Pc 849

Total 3,663
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All the rates are as per DSR 2019–20 (Pune, Maharashtra) and are subject to change according to 
states and local condi  ons. Locally available materials should be used wherever possible, but without 
compromising the effi  ciency of the system. The cost incurred can be borne by the households themselves 
or through MGNREGS, 15th FC GP funds grants or in convergence with other schemes.

b. Operation and Maintenance

Leach pit is a low-maintenance technology that requires rou  ne cleaning for effi  cient opera  on, which 
can be undertaken by the house owners themselves. Alterna  vely, labourers can be hired to empty the 
leach pit every two years at a cost of Rs. 500–1,000.

Leach pit in Basara village, Panipat district, Haryana

Around 221 households (94 per cent of total households) have been provided with individual 
leach pits. The average cost of construc  on of one leach pit is Rs 4,000-5,000 and the 
material cost was procured from MGNREGA. As per a survey conducted by the World Bank 
Team, the groundwater table is recharged by approximately 300–400 litres per household. 
The remaining waste water is diverted to either kitchen gardens or pits. 

The system consists of silt chamber and leach pit. 

CASE STUDY

Silt Chamber

Length = 2.5  

Width = 1.5  

Height = 1.5  

Leach Pit

1,000 litres = 1 m3
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3.2.5 Additional Details
The leach pit design needs to be modifi ed in areas where there are semi-permeable soils such as black 
co  on and other such clayey soils. The modifi ca  on is essen  ally an increase in surface area available 
for adsorp  on and the use of sand. Details of the modifi ed design is provided below. 

Modifi ed Leach Pit

The absorp  on rate of semi-permeable soils such as black co  on soils is very low. Therefore, some 
modifi ca  ons in the design are required for adop  ng leach pits in such soil types. A sand envelope 
or jacket is provided around the leach pit to facilitate the seepage of water in the surrounding semi-
permeable soil. Another modifi ca  on is in the size of cavi  es in the honeycomb brickwork, which is 
reduced to 20–25 mm (in place of 40–50 mm) and the number of holes increased accordingly. The sand 
jacket is of 300 mm thickness. The cross-sec  on of a modifi ed leach pit at the household level is given 
in Figure 11.

Figure 11: Schema  c Diagram of a Modifi ed Leach Pit at Household Level
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Figure 12: Modifi ed Leach Pit at Household Level

Table 6: Increase in Cost due to Added Excava  on and Sand Envelope

Sr. No. Descrip  on Quan  ty Rate (Rs.) Amount (Rs.)

1 Excava  on 2.61 165/m3 431

2 PCC (1:3:6)
Base ring
Top ring
Total 

0.1
0.03
0.13

5,158/m3

671

3 Brickwork 
Base layer 
Honeycombing 
Total 

0.07
0.33

0.4

4,903/m3

1,962

4 Pre-cast cover 1 849/Pc 849

5 PVC pipe, 75 mm diametre 5 71/Rmt 355

6 Sand envelope 1.38 1,575/m3 2,174

Total 6,442
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3.3 Magic Pit

3.3.1. Background
A magic soak pit is a structure that consists of a cement/plas  c tank at the centre surrounded by diff erent 
grades of boulders and stones. Water is discharged into the tank placed in the centre where suspended 
par  cles from greywater se  le, allowing cleaner water to fl ow through diff erent sizes of boulders and 
stones provided at the periphery, and to percolate into the ground.

The advantage of the magic pit over the leach pit is that it also serves the func  on of de-sil  ng the 
greywater. This technology is recommended in SBM (G) Phase-II Guidelines for the treatment of 
greywater at the household level. 

Image 4: Magic Soak Pit

3.3.2. Feasibility

a. Geographic Requirement 

A magic pit is a combined and evolved version of the leach pit and the soak pit; hence all the parameters 
related to construc  on of a leach pit and soak pit are applicable to the magic pit. 
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ADVANTAGES LIMITATIONS

Low cost and easy to 
construct

The cleaning of the silta  on tank in a 
magic pit is diffi  cult compared to the 
cleaning of the earthen pot used in 
case of a soak pit

Compared to leach pits, magic pits 
handle lower volumes of greywater

Magic pits are not suitable for areas 
with a high water table

Can be built and repaired with 
locally available materials

O&M costs are low and can be 
borne by individual households

Chances of clogging of fi lter media 
are low because organics are 

trapped in the silta  on chamber

b. Appropriateness of the Technology 

3.3.3. Technical Details

a. Design, Specifi cation and Construction 

The tank placed in the middle should be able to carry the greywater generated for 2–3 days. An area of 
1.2 m x 1.2 m x 1.2 m is dug at a place suitable for a household of 5 people. The bo  om of the pit must 
be a minimum of 1 m above the high water table or bedrock. The graded fi lter media should be provided 
according to Table 7. The construc  on should be carried out as per the drawing provided in Annexure 3 
with the following specifi ca  ons and construc  on details:

Excava  on: A pit of 1.2 m x 1.2 m x 1.2 m is excavated at a suitable loca  on. The bo  om of the 
pit should be leveled properly.

Tank for Silta  on: A cement tank of 1 m height and 0.9 m diametre is placed in the pit for 
silta  on of solids like grit, organic solids, etc. from the incoming water. This tank has 4–8 holes 
of 50–75 mm each, along the circumference at a distance of 150 mm from the top. The tank is 
provided with a lid and a hole of 75 mm is provided in the lid for inser  on of the pipe.

Alterna  vely, a plas  c container of the same dimensions with a lid can also be used. A provision 
is to be made in the plas  c tank for holes in the sidewall and in the lid. The incoming greywater 
enters this tank, the heavier par  cles se  le at the bo  om of the tank and the supernatant 
liquid fl ows out from the holes provided along the circumference. The inlet pipe drains into the 
tank through the hole provided in the lid.
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Filter Media: The pit is fi lled with layers of aggregates as described in Table 7.

Table 7: Layers of Aggregates in a Magic Pit

Layer from bo  om Height (m) Filling material

First layer 0.15 Boulders 

Second layer 0.25 Aggregates of size 100–150 mm

Third layer 0.25 Aggregates of size 75–100 mm 

Fourth layer 0.25 Aggregates of size 50–75 mm

Fi  h (topmost layer) 0.3 Aggregates of size 20–30 mm

The cement tank is placed above the layer of boulders. A  er fi lling the pit with aggregates up to the 
ground level, it is covered with a soil layer of 0.15 m thickness.

Plumbing Arrangement: It is advisable to provide a nahani trap at the point where greywater 
is generated, like the drain of a sink, bathroom, etc. This precau  on helps to prevent the entry 
of unwanted materials like shampoo sachets, soap bo  le tops, etc. into the magic pit. An inlet 
pipe with a of diametre 63–75 mm is connected to the hole of the silta  on tank lid using an 
elbow.

Figure 13: Schema  c Diagram of a Magic Pit
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Figure 14: Magic Pit

Figures 13 and 14 show the overall arrangement of the magic pit and its cross-sec  on drawings.

b. Operational Details

Greywater is discharged into the silta  on tank. The solid par  cles in water se  le at the base of the tank 
as the water stagnates in the tank. The supernatant liquid drains out of the holes provided at the top 
of the silta  on tank. This water, however, s  ll contains a certain amount of organic solids. This water 
then passes through subsequent graded layers of gravels working as fi lter media. They provide a surface 
for the accumula  on of the solids. These impuri  es are acted upon by the bacteria present in the soil 
and are decomposed. The water fi nally percolates into the underlying ground surface and follows the 
natural drains and contributes to groundwater recharge.

c. Operation and Maintenance

All the opera  on and maintenance ac  vi  es towards the household-level magic pit are to be taken up 
by the household. O&M of the magic pit includes:

• Periodic cleaning of the silta  on tank – Usually, it takes 2–5 years depending on the silt it receives 
and the availability of fi xtures such as a nahani trap. Periodic cleaning may require removing the 
scum in case of thick oil and grease deposits. 

• Filter cleaning/replacement of fi lter material, par  cularly adjacent to the holes of the silta  on tank 
–  the frequency of cleaning required depends on the fl ow as well as the amount of solids discharged 
along with the greywater.
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3.3.4 Financial Details

a. Capital Cost

Cost for magic soak pit constructed for a household of fi ve members is provided in Table 8:

Table 8: List of Materials for Magic Pit

Sr. No. Descrip  on Quan  ty Rate (Rs.) Amount (Rs.)

1 Excava  on 1.73 165/m3 285

2 Boulders 0.22 874/m3  189

3 Aggregates of size 100–150 mm (excluding the 
volume for silta  on tank)

0.0425 809.2/m3  163

4 Aggregates of size 75–100 mm (excluding the 
volume for silta  on tank)

0.0425 809.2/m3  163

5 Aggregates of size 50–75 mm (excluding the volume 
for silta  on tank)

0.0425 809.2/m3  163

6 Aggregates of size 20–30 mm (excluding the volume 
for silta  on tank)

0.1145 809.2/m3  221

7 PVC pipe of 75 mm diametre 5 71/Rmt  355

8 Silta  on tank of plas  c 1 1,000/Pc  1,000

Total  2,539

All the rates are based on DSR 2019–20 (Pune, Maharashtra) and are subject to change according to  
states and local condi  ons. Locally available materials should be used wherever possible, but without 
compromising the effi  ciency of the system. It should also be considered that the requirement for fi lter 
media may vary depending on the quality of the material excavated. The cost incurred can be borne by 
the households themselves or through MGNREGS, the 15  FC GP funds, or in convergence with other 
schemes.

b. O&M Cost

The rou  ne maintenance ac  vi  es for a magic pit include cleaning of nahani traps every week or 
fortnight. The silt and other deposits need to be removed periodically, for which the cost is Rs. 500–1,000.
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Construc  on of Magic Pit under Mahatma Gandhi NREGS in Telangana

Individual and community-level magic soak pits are 
being constructed under Mahatma Gandhi NREGS 
in Telangana. The prime objec  ve of this ini  a  ve is 
collec  on of wastewater from kitchens and bathrooms 
in a hygienic manner, thereby preven  ng it from fl owing 
down the roads and open public places.

When the project was launched in 2015, the aim was to 
construct 3.5 lakh magic soak pits in the state.

CASE STUDY

By November 2016, 1.4 lakh soak pits had been 
constructed and Rs. 100 crores was the total 
proposed expenditure for the construc  on of the 
magic soak pits.

The construc  on of magic pits has been 
extensively implemented in Mi  apally Gram 
Panchayat in Siddipet Mandal, Siddipet District 
in Telangana. The villagers no longer have to 
worry about water stagna  on, which is the 
primary reason for villagers ge   ng affl  icted with 
water-borne diseases and epidemics. This ac  vity 
is also indirectly helping the groundwater recharge 
process, hence increasing water availability in the 
area.
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3.4 Kitchen Garden

3.4.1. Background
The development of a kitchen garden is a good op  on for greywater management at the household 
level where adequate space is available. It not only solves the issue of greywater management, but also 
reduces the demand for fresh water for growing vegetables. If planned scien  fi cally and strategically, a 
kitchen garden can be used to grow fresh fruits and vegetables and thus to help in providing nutri  on 
to the en  re family. However, this interven  on can be adopted only when it is assured that greywater 
used for irriga  on is not touched by any overfl ow from sep  c tanks.

Image 5: Kitchen Garden at the Household Level
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3.4.2. Feasibility

a. Geographical Requirement

Kitchen gardens or the use of greywater for irriga  on can be adopted in all regions with plants and the 
watering interval chosen to suit local weather condi  ons.

b. Appropriateness of the Technology 

ADVANTAGES LIMITATIONS

This is the most environment-
friendly way of handling greywater 

An alterna  ve arrangement is 
essen  al during rainy seasons 

Space requirement is higher than 
for any of the pits 

Grease and oil traps may be 
required

This is suitable for all terrains 
and soil types 

Suitable for high water table areas

The nutrients contained in 
the greywater also provide 

nourishment to the growing plants

Kitchen gardens demonstrate 
reuse, which is be  er u  liza  on 

of greywater

3.4.3 Technical Details

a. Design, Specifi cation and Construction 

A kitchen garden should be placed near the house to avoid the expenditure on pipes for carrying water. 
A few considera  ons like space availability, the quan  ty of greywater generated and the species of 
plants that can be grown need to be considered while designing a kitchen garden at the household or 
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community level. Local condi  ons and prac  ces should play important roles when the kitchen garden 
op  on for greywater management is adopted. A soak pit may be established along with a kitchen garden 
to divert any excess water, as well as to facilitate its disposal in the monsoon.

The household greywater must pass through nahani traps for the removal of impuri  es. An addi  onal 
provision of silt chamber may be provided to remove grit and suspended solids, oil and grease, 
par  cularly for greywater that is generated from kitchen water in which large oil produc  on happens.  
Oil and grease present in the greywater is deposited in the form of scum in the silta  on chamber. This 
kind of chamber should only be provided when the greywater has quite a lot of oil and grease. There 
should be a provision for a p-trap from the silt chamber to the kitchen garden. This method ensures clean 
water in the kitchen garden and eliminates the nuisance of odour and danger of mosquito breeding. 
The water should be made to travel through a fi lter strip covered with 300–450 mm of gravel before it 
reaches the kitchen garden. 

Figure 15: Kitchen Garden
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b. Operational Details 

Greywater is applied to plants directly as it fl ows or can be stored as per need. Plants of specifi c species 
that have the ability to absorb only water and nutrients are used for this purpose. The organic impuri  es 
in the incoming water are decomposed in the soil and act as manure and aid the growth of the plants.

The water requirement of plants varies according to the species, seasons, and the type of soil they 
grow in. All these factors should be given due importance while designing a kitchen garden. Plants like 
banana, papaya, drums  cks, etc. can be planted in a kitchen garden. The use of greywater should be 
avoided for leafy, tuberous and other underground vegetables.

c. Operation and Maintenance

• Seeds and saplings, manure, insec  cides, etc. should be arranged as per requirement. In addi  on, 
tools and equipment for gardening are also required.

• Deposited organic ma  er, inert materials, salts, etc. need to be removed at regular intervals so that 
pores do not get clogged and there is suffi  cient air circula  on near the root system of the plants.

• In the rainy season, greywater is not required for the kitchen garden. At that  me it should be 
diverted and treated in other systems such as a leach pit to avoid stagna  on of water and vector 
breeding. 

• Precau  ons should also be taken to avoid the use of strong detergents and chemicals, because they 
may remain as a residue on the plants grown. If such chemicals are used, the greywater must not be 
used to grow tubers (potato, onion, etc.).

3.4.4 Financial Details
The total cost required for the kitchen garden unit at the household level includes the cost of a storage 
tank (op  onal) and seeds or saplings to be used for cul  va  on. About 1.5–2 m2 area is required for 
greywater management through the kitchen garden. However, the area requirement and the volume of 
water it can accommodate depends on the soil, local weather condi  ons, and the plant species being 
used. Thus, the cumula  ve cost requirement for developing household-level units is Rs. 600 in addi  on 
to the cost of a soak pit, as detailed in Sec  on 3.1. 

The cost incurred can be borne by the households themselves or through MGNREGS, the 15  FC GP 
funds or in convergence with other schemes.

The O&M cost is low and will be the same as required for the maintenance of a soak pit.
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Backyard Nutri  onal Kitchen Gardening: A Success Story of Odisha10

“Sustainable livelihood improvement through integrated fresh water aquaculture, 
hor  culture and livestock development in Mayurbhanj, Keonjhar and Sambalpur districts 
of Orissa” through backyard kitchen gardening (bari) was a model proposed by the Central 
Hor  cultural Experiment Sta  on, Bhubaneswar.

Through this model, the farmers were encouraged to cul  vate diverse vegetables and fruits 
primarily for home consump  on. They were provided with ini  al cri  cal inputs and a pack of 
assorted seeds containing seasonal vegetables having a combina  on of leguminous plants, 
fruit, root, and leafy vegetables like okra, bi  er gourd, ridge gourd, cowpea, cluster bean, 
cucumber, pumpkin, bo  le gourd, snake gourd, palak/spinach, drums  ck, brinjal, chilli, 
tomato, etc.

They were also provided with fruit crops like papaya, banana, guava, mango, pineapple, etc. 
The model has been a success in several adopted villages. The collateral benefi t of this model 
has been the empowerment of farm women through increased par  cipa  on in cul  va  on 
prac  ces in baris and earnings from selling the excess produce in local markets.

Mrs. Tikina Dehury, wife of Shri Lokanath Dehury is a successful backyard kitchen gardener 
from Bhatunia village of Sadar cluster of Keonjhar district. She had studied only up to class VIII 
and did not have any prior knowledge of kitchen gardening. Through the model, she received 
a vegetable seed kit for bari development. She adopted the technology and obtained 900 kg 
of bari vegetable produce. Out of the produce, 650 kg was consumed by her family and 
250 kg was sold in the local haat, for which Mrs. Dehury earned a gross income of Rs. 11,500 
in a year. She is happy to have been able to enhance the nutri  onal status of her family and 
at the same  me to earn an addi  onal income from the sale of surplus produce.

CASE STUDY



48



49

CHAPTER 4

Greywater Management 
at Community Level
This chapter provides a detailed descrip  on of the technologies that can be adopted at the community 
level for eff ec  ve management of greywater. Community interven  ons for greywater are divided into 
two parts: 1) cluster-level technologies; 2) village-level technologies. The main diff erence between the 
two is the conveyance system, which is essen  al for village-level interven  ons. Further, it is advisable to 
adopt a village-level system only in situa  ons where 75 per cent or more of village households cannot 
be covered by household or cluster op  ons and thus it becomes a necessity to develop a conveyance 
system for disposal of greywater. The classifi ca  on is demonstrated in Figure 16.

Figure 16: Part I – Community-level Interven  ons

Cluster of households

Technologies:
1. WSP

2. Constructed wetland
3. Phytorid
4. DEWATS

5. SBT/Others

Technology: 
1. Community leach pit

Conveyance system:
1. Closed drain system

2. Small bore pipe 
systems

Village level

Community-level interven  ons
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PART I: CLUSTER-LEVEL INTERVENTIONS

4.1 Community Leach Pit

4.1.1 Background
A community leach pit is an extended version of a household leach pit where mul  ple houses can be 
connected to a single pit. This op  on is adopted in areas with space constraints or non-availability of 
permeable soil in the vicinity of the individual household. 

Areas where higher amounts of greywater are generated, such as schools, restaurants, community 
stand ponds, etc. should adopt the community leach pit based on the volume of greywater generated.

Image 6: Community Leach Pit5

4.1.2 Feasibility

a. Geographic Requirement

These criteria are similar to those for a household-level leach pit. Please refer to Sec  on 3.2 for details. 
The loca  on should be iden  fi ed in such a manner that op  mal lengths of pipe are fi  ed to connect 
households to the community leach pit, which should be 3 m away from the nearest house.

4.1.3 Technical Details

a. Design, Specifi cation and Construction

A community-level leach pit is a good op  on for greywater management in case there is no space 
available at the household level, but a group of 5–15 houses have some common space between them. 
Site selec  on for a community leach pit should be carried out a  er considering the ground slopes and 

In the case of a community leach pit, the bo  om level of the pit should be at least 2 m 
above the water table.
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calcula  ng the op  mal length of pipe required to connect the households to the leach pit. The bo  om 
of the pit must be a minimum of 2 m above the high-water table or bedrock. The necessary sizes of 
community-level leach pits catering to 5, 10, and 15 households are provided in Table 9. 

For ins  tu  onal areas, the size of leach pits required depends on the amount of greywater generated 
and may be calculated using Table 9. 

Table 9: Dimensions of a Community Leach Pit

No. of Households 5 10 15

Popula  on 25 50 75

Greywater generated (l/d) 893.75 1,787.5 2,681.25

Greywater generated (m3/d) 0.9 1.8 2.7

Required volume of leach pit (m3) 1.80 3.60 5.40

Eff ec  ve depth of leach pit (m) 1.7 1.8 1.8

Area required (m2) 1.1 2 3

Internal diametre of leach pit (m) 1.2 1.6 2

External diametre (including brick work) 1.66 2.06 2.46

Actual depth (eff ec  ve depth + freeboard) 2 2.1 2.1

Calcula  ons in Table 9 are based on the following considera  ons:

• There are 5 members per household.

• Water supply is 55 lpcd approximately.

• The rate of greywater genera  on is 65 per cent.

• The capacity of the leach pit should be twice the incoming daily volume.
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Though the size of silta  on chambers can be reduced based on the incoming fl ow, a minimum size 
of 1.25 m x 0.65 m x 0.65 m s  ll needs to be provided for ease of opera  on and maintenance. The 
construc  on should be carried out according to the drawing provided in Annexure 3; specifi ca  ons and 
construc  on details should be as provided below.

Excava  on: Excava  on should be carried out for the leach pit and silt chamber as per the 
selected size. 

Pit Lining: In the case of a community-level leach pit, the brick masonry lining should be of 
230 mm thickness and for construc  on 1:6 mortars should be used. The diametre of the 
community leach pit is large and hence, the top por  on should have corbelling to reduce the 
diametre of the opening at the top to about 1 m.

Silt Chamber: A silt chamber should be constructed near the pit to trap silt and remove oil 
and grease. Generally, the dimensions of the silt chamber are 1.25 m length, 0.65 m width, 
and 0.65 m depth and the construc  on is of brick masonry. The bo  om of the silt chamber is 
lined with plain cement concrete. A drainage pipe connected to all the houses is connected 
into this chamber. As the greywater fl ows, heavy par  cles in it (grit, silt, organic solids) se  le 
in this chamber and the water then fl ows into the connected leach pit. Freeboard of 300 mm 
must be maintained.

Plumbing Arrangements: All the households connec  ng to the community leach pit should 
have nahani trap installed at the point where the greywater is generated. A drainage line of 
diametre 75–110 mm needs to be installed for connec  ng the houses and the leach pit. 

Cover: Similar to household-level leach pits, these community pits are also covered with RCC 
covers, ferro-cement slabs, etc.

Figure 17: Schema  c Diagram of a Community Leach Pit

Brickwork
(230 mm)

PCC (1:3:6)

RCC Cover

Inlet Pipe

Slit 
Chamber

Brickwork 
with Plaster
(thickness 
15 mm, 1:4)

Brickwork with 
Plaster for 
Corbelling
(thickness 
15 mm, 1:4)

Cover
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b. Operational Details

A community leach pit is lined with honeycomb brick masonry following working principles similar to 
those applied to household leach pits. The silt chamber reduces the silt and traps the oil and grease in 
the greywater before it enters the leach pit. 

c. O&M of System 

• Each household should ensure the cleaning of nahani traps as per requirement and of any blockages 
in the pipe. Households connected to the leach pit are responsible for running the overall system 
including checking on leakages of pipes.

• The households connected to the community leach pit should make provisions to clean the silt 
chamber every 1 year or sil  ng accumulated to one-third of depth from the bo  om.

• Desludging of the leach pit should be done once every 5–6 years. There should be regular inspec  on 
of the leach pit to check for the accumula  on of solids in it. 

• Desludging ac  vity of the leach pit will require 1–1.5 man-days every 5–6 years. About 200–300m 
length of drains can be cleaned in one man-day. This ac  vity is the responsibility of the benefi ciary 
households as a group. 

• The solid material removed either from the silt chamber or the leach pit is usually of small quan  ty 
and can be composted or used as a soil condi  oner. In case the infl uent has a high silt content, the 
material removed from the silt chamber can be used for fi lling low-lying areas.

Figure 18: Community Leach Pit
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4.1.4 Financial Details 
The capital cost required for the construc  on of a community leach pit for fi ve households is given in 
Table 10.

Table 10: Capital Cost for Community Leach Pit for Five Households

Sr. No. Descrip  on Quan  ty Rate (Rs.) Amount (Rs.)

A Leach pit 

1
Excava  on
Depth 0–1.5 
Depth 1.5–2.05 

7.13
2.64

165/m3

206/m3

1,177
544

2

PCC (1:3:6)
Base ring
Top ring 
Total 

0.29
0.16
0.45

5,158/m3 2,322

3 Brickwork 1.97 4,903/m3 9,659

4
Plastering for corbelling 
Inner wall

0.88 679/m2 598

5 Pre-cast cover 1 849/Pc 849

B Silt Chamber 

1 Excava  on 1.99 165/m3 329

2 PCC 0.1 5,158/m3 516

3 Brickwork 0.23 4,903/m3 1,128

4

Plastering 
Inner wall
Outer wall 
Total 

2.33
1.80
4.13

679/m2 2,805

5 PVC TEE of 110 mm diametre 2 500/Pc 1,000

6 Pre-cast cover 1 849/Pc 849

7 PVC pipe of 110 mm diametre 5 135/Rmt 1,000

Total 22,776

All the rates are based on DSR 2019–20 (Pune, Maharashtra); they are subject to change according 
to states and local condi  ons. Locally available materials should be used wherever possible without 
compromising the effi  ciency of the system.

However, the labour cost for excava  on and construc  on work can be funded through MGNREGS, borne 
by the house owners themselves, or in convergence with other schemes.
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Construc  on of Community Leach pit in Mahendragarh District, Haryana6

Dongli village is located in Narnaul tehsil of Mahendragarh district in Haryana, India. It is 
situated 11 kms away from the district headquarters in Mahendragarh and has a popula  on 
of 1,680 with 224 households. The village has a 24-hour drinking water supply based on an 
RO system.

The village had a drainage system, which is connected to most of the households; however 
there were persistent issues of choking of drains due to irregular maintenance ac  vi  es. The 
spillage of greywater and water logging in low-lying areas, not only led to increased mosquito 

breeding, but also polluted the groundwater sources 
in areas in the vicinity. The problems associated with 
unsafe greywater management were aggravated over 
the years and aff ected the socioeconomic condi  ons 
of the families.

As a response to these deteriora  ng condi  ons, the 
local self-help group members took the ini  a  ve of 
addressing the problem. The build-up of community 
ownership led to the construc  on of community leach 
pits; tree planta  on was included at every social event. 

Further, adequate human resources have now been assigned by the GP for the opera  on and 
maintenance of the liquid waste management facili  es.

The GP has now ensured that all the drains are covered and connected to community-level 
leach pits. About 3–6 houses are connected to one leach pit. The authori  es also ensured 
that the greywater passes through a chamber that is fi lled with 3–5 inch boulders to provide 
par  al treatment.

The collec  ve eff ort of community of Dongli village toward effi  cient and safe greywater 
management and achievement of visible cleanliness and a healthy environment were 
appreciated by the government. In 2016, on the direc  on of Hon. Addi  onal Chief Secretary, 
Government of Haryana, Development and Panchayat Department, a team of government 
offi  cials visited Dongli village to document the best prac  ces of liquid waste management.

CASE STUDY

HH-level Chamber Community-level Chamber
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4.1.6 Additional Details
Leach pits need to be modifi ed for semi-permeable soils like black co  on and other such clayey soils. In 
such cases, modifi ca  on of the above design is necessary, as explained in detail below.

Modifi ed Leach Pit

To facilitate seepage of water in semi-permeable soil, a sand envelope or jacket is required to be made 
around the leach pit. Another modifi ca  on is in the size and number of cavi  es in the honeycomb 
brickwork – the size of the holes is reduced to 20–25 mm from 40–50 mm and the number of holes is 
increased accordingly. The sand jacket is of 300 mm thickness. The cross-sec  on of a modifi ed leach pit 
at the household level is given in Figures 19 and 20. 

Figure 19: Schema  c Diagram of a Modifi ed Leach Pit for Community

Brickwork
(230 mm)

Sand Envelope

PCC (1:3:6)

RCC Cover

Inlet Pipe

Slit 
Chamber

Brickwork 
with Plaster
(thickness 
15 mm, 1:4)

Brickwork with 
Plaster for 
Corbelling
(thickness 
15 mm, 1:4)

Cover

Figure 20: Modifi ed Leach Pit for Community
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Table 11: Increase in Cost due to Addi  onal Excava  on and Sand Envelope

Sr. No. Descrip  on Quan  ty Rate (Rs.) Amount (Rs.)

A Leach pit 

1
Excava  on
Depth 0-1.5 
Depth 1.5-2.05 

7.13
2.64

165/m3

206/m3

1,177
544

2

PCC (1:3:6)
Base ring
Top ring 
Total 

0.29
0.16
0.45

5,158/m3 2,322

3 Brickwork 1.97 4,903/m3 9,659

4

Plastering for corbelling 
Inner wall
Outer wall 
Total 

1.14
2.17
3.31

679/m2 2,248

5 Pre-cast cover 1 849/Pc 849

6 Sand Envelope 6.08 1,575/m3 9,576

B Silt Chamber 

1 Excava  on 1.99 165/m3 329

2 PCC 0.1 5,158/m3 516

3 Brickwork 0.23 4,903/m3 1,128

4
Plastering for corbelling 
Inner wall
 

0.88 679/m2 598

5 PVC TEE of 110 mm diametre 2 500/Pc 1,000

6 Pre-cast cover 1 849/Pc 849

7 PVC pipe of 110 mm diametre 5 135/Rmt 1,000

Total 32,352

All rates are based on DSR 2019–20 (Pune, Maharashtra), which are subject to change according to  
state and local condi  ons. Locally available materials should be used wherever possible, but without 
compromising the effi  ciency of the system. The rate of sand has been calculated as at source and 
transporta  on cost should be considered as actual.
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Part II: VILLAGE-LEVEL INTERVENTIONS

SBM Phase-II gives preference to the treatment of greywater close to where it is generated. The use of 
village-level technologies is advisable only when at least 75 per cent of the popula  on can be connected 
through a conveyance system, either by a small bore sewer system or covered drains or a combina  on 
of methods. However, based on requirement, these technologies can be adopted at the cluster level as 
well, providing the proper mechanism of their opera  on and maintenance. 

In village-level interven  ons, the required area and the degree of treatment vary with the incoming 
organic load. The organic load in greywater depends on the sources of genera  on, for example whether 
the supernatant from sep  c tanks is discharged as a cons  tuent of greywater or not, the length of 
conveyance and other local condi  ons.

Illustrative Design Calculations

To demonstrate and ease the implementa  on process, an illustra  ve design example is included along with 
other descrip  ons of technology, such as feasibility, technical details, fi nancial descrip  on and a case study. 

Population Forecast and Capacity Calculation

Table 12: Capacity of the Greywater Management System

Sr. No. Descrip  on Quan  ty

1 Present popula  on 5,000

2 Projected popula  on (18 per cent increase in 15 years) 5,900

3 Quan  ty of water supply per capita (JJM Guidelines) 55 litres/day

4 Per capita greywater genera  on (65 per cent of supplied water) 35.75 litres/day

Total daily greywater genera  on 2,10,925 litres/day
Say 211 kld

• It has been assumed that all households can be connected to a treatment facility with small bore 
sewer system (SBS) or covered drains. 

• The treatment technologies men  oned can eff ec  vely treat wastewater with biological oxygen 
demand (BOD) in the range of 150–200 mg/l.

• Once the treatment facility has been installed, periodic monitoring of inlet and outlet water samples 
are to be carried out at defi ned frequencies to understand and ensure the performance of the facility.

• The proposed frequency of tes  ng is monthly for the ini  al 3–6 months; therea  er samples need to 
be checked quarterly and necessary correc  ve ac  ons taken for shor  alls in the processes.

For proper func  oning of greywater management at village level, a robust system for 
solid waste management needs to be implemented. In the absence of SWM, clogging 
of the system aff ects the effi  ciency of greywater management as well. 
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4.2 Waste Stabilization Pond

4.2.1 Background
Waste stabiliza  on is a conven  onal technology in which a series of ponds is developed for the treatment 
of wastewater through natural microbial processes. Treated water can be reused for agriculture/
irriga  on. Normally three ponds are adopted viz. anaerobic, faculta  ve and aerobic. However, the 
number of ponds can be increased depending on the waste characteris  cs and concentra  on of waste. 
Under prevailing clima  c condi  ons, stabiliza  on ponds in India have shown an average reduc  on of 
waste ma  er ranging from 80 to 90 per cent of biochemical oxygen demand (BOD) at a loading rate of 
150 to 325 kg/ha/day.

4.2.2 Feasibility

a. Geographic Requirement

Site Iden  fi ca  on: The technology of waste stabiliza  on pond can be taken up in all types of 
terrain. Space requirement appropriate to the quan  ty and characteris  cs of greywater to be 
treated is the most important prerequisite. Availability of con  nuous space due to undula  ons 
could be the most challenging part in hilly areas making this technology unfi t for hilly areas. 
Areas with cold climate may not be suitable for this technology as eff ec  ve microbial processes 
may not take place for waste treatment.

The following points should also be considered while selec  ng a site for waste stabiliza  on 
ponds:

• The site should not be prone to fl ooding at any  me of the year.

• The site should be at least 100 m away from residen  al areas. 

• The site should be located near the disposal or reuse point.

• This technology may become cost-intensive in the areas with black co  on and clay soil as it 
may need a permanent lining to prevent the collapsing of the ponds.

Image 7: Waste Stabiliza  on Pond
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• In homogeneous soils, no well should be within a distance of 15 m from the pond and 
should preferably be at a distance of 50 m.

• It is not possible to indicate the safe distance between a waste stabiliza  on pond and a 
ground water source located in areas of fi ssured rock forma  on, limestone or gravel 
deposits. In such situa  ons, to avoid any health hazards or other undesirable condi  ons, a 
cri  cal evalua  on of ground water pollu  on should be made before selec  ng the site.33

Soil: Waste stabiliza  on ponds are preferred in rela  vely impervious soils to avoid percola  on. 
If excessive seepage loads (greater than 10 per cent) are an  cipated, the pond bed should be 
lined with 300 mm puddle clay, polythene shee  ng or any appropriate material. 

b. Appropriateness of the Technology

ADVANTAGES LIMITATIONS

Capital cost requirements are very 
low compared to other village-

level treatment technologies 

Skill requirement for opera  on of 
the plant is low 

The effl  uent from matura  on 
ponds can be suitable for irriga  on, 

pisciculture, etc. 

Can withstand hydraulic and 
organic shock loads

Requires large land area and suitable 
in warm clima  c condi  ons

Requires expert design and 
construc  on, inappropriate design 
can lead to unhygienic condi  ons 

Sludge requires proper removal 
and treatment

Odour can become a nuisance with 
the anaerobic systems

Unless properly maintained, it 
can become a breeding area for 
mosquitoes and other insects

Likelihood of groundwater 
contamina  on in porous and fractured 
strata if ponds are unlined
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4.2.3 Technical Details

a. Design, Specifi cation and Construction

Table 13: Allowable Organic Loading Rate for Faculta  ve Ponds33

La  tude (°N) Pond Loading of BOD (kg/ha/day)

36 150

32 175

28 200

24 225

20 250

16 275

12 300

8 325

The values are applicable to the areas at sea level where the sky is clear for nearly 75 per cent of the 
days in a year.34

Table 14: Depth and Reten  on Time for Stabiliza  on Ponds36

Pond details Recommend depth Recommended HRT – Hydraulic 
Reten  on Time (Days)

Anaerobic pond 2 to 3 ms 1–2 days

Faculta  ve pond 1.2 to 1.8 m 3–6 days

Aerobic Pond 1.2 to 1.8 m 3–5 days

The criteria specifi ed above are with respect to greywater without any faecal sludge (FS) contamina  on; 
in case of wastewater design, criteria as per the relevant BIS code should be followed. A waste 
stabiliza  on pond designed to cater to 211 kld fl ow is given in Table 15, the assumed BOD at inlet is 
150 mg/l. Dimensions, hydraulic reten  on  me (HRT), applied organic loading and other details for 
the design of all the ponds are given in Table 15. All the ponds are trapezoidal in shape with a slope of 
1.5:1 (H:V).

While planning for the WSP, appropriate considera  on should be given to protect 
the groundwater from seepage of ponds. As per local condi  ons, extra provision 
should be included with proper O&M.
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Table 15: Sizing of Ponds in the Treatment Plant for 211 kld

Anaerobic Faculta  ve Aerobic

Number of ponds 2 1 1

HRT (days) 2 6 3

Volume Required (m3) 422 1266 633

Bo  om length (m) 6 41 35

Top length (m) 15 47.3 40.1

Bo  om width (m) 5 17 14

Top width (m) 14 23.3 19.1

Total height (m) 3 2.1 1.7

Eff ec  ve height (m) 2.5 1.5 1

Free Board (m) 0.5 0.6 0.7

Organic loading (kg of BOD/m2.day) 1,318.75 317.86 90.43

The construc  on should be carried out as per the drawing provided in Annexure 3 using specifi ca  ons 
and construc  on details provided below. 

• Before construc  on, clearing of the site is required. Three ponds are to be constructed by undertaking 
the excava  on and necessary pitching of the soil.

• Freeboard of 0.5 m is provided for the ponds with an area up to 0.5 ha, and 1 m if the area exceeds 
1 ha.

• Recommended side slopes are: Outer walls – 2 to 2.5:1 (H:V).

• Inner walls have slopes of 1.5: 1 for pitched surfaces and 2 to 3:1 for unprotected surfaces.

• It is recommended that the inner walls be pitched to avoid erosion.

• Excavated material is to be maintained at the site for embankment purposes. The width of the 
embankment should be a minimum of 1.5 m so that inspec  on of the ponds can be carried out.

• The provision of inlet and outlet pipes is to be made for each pond. Pipes are used to carry water 
from one pond to another. Brick chambers are constructed to fi t these pipes in place.

• The inlet and outlet pipes stretch along one-third to one-fourth of the tank. One inlet and outlet 
should be provided per 0.5 ha are of the tank to ensure uniform distribu  on of wastewater. 
Depending on the availability, uPVC or cement pipes can be used for carry water from one tank to 
another.

• If the soil has more absorp  on capacity than is op  mal, plas  c liners can be laid in the ponds. 
This will help to prevent contamina  on of the soil and water sources through excess percola  on 
of water. Similarly, ferro cement/HDPE lining or brick lining will have to be taken up as per the soil 
condi  ons (e.g. black co  on soil).

• The provision of closed drain or small bore system is an important precondi  on for the development 
of stabiliza  on ponds.

• Depending on the characteris  cs of the greywater, installa  on of a se  lement/neutraliza  on 
chamber may be required before the discharge of greywater into the ponds.
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b.  Operational Details 

Stabiliza  on ponds allow storage of water for a designated  me and allow se  lement of the solids at the 
bo  om of the tank. Supernatants are taken forward through pipes connec  ng the remaining ponds and 
treatment of water takes place through natural processes. Se  led solids are digested by microorganisms 
in the natural system.

Typically, there are three tanks in a series. Each of these ponds is described in the sec  ons below.

Anaerobic Pond: Anaerobic ponds mainly contribute to the se  lement of solids and reduc  on 
of BOD and therefore are placed fi rst in the pond series. The decomposi  on and microbial 
ac  on in this pond takes place in the absence of oxygen (i.e., anaerobically). It is one of the 
deepest ponds and the reten  on  me for greywater in it is 1–2 days. The provision of the 
anaerobic pond can be omi  ed if the BOD of infl uent is less than 100 mg/l.13

Faculta  ve Pond: In this pond, the lower sec  on of the pond provides an anaerobic environment 
while the decomposi  on in the upper sec  on is an aerobic ac  vity. This pond is called the 
faculta  ve pond since it uses a combina  on of both aerobic and anaerobic environments. The 
reten  on  me proposed for these tanks is 3–6 days and its depth is less than anaerobic ponds.

Figure 21: Schema  c Diagram of the Cross-Sec  on of a Waste Stabiliza  on Pond

Figure 22: Waste Stabiliza  on Pond

OutletInlet Outlet Inlet Outlet Inlet
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Aerobic Pond/Matura  on Pond: This is a shallow pond where the microbial ac  on takes 
place in the presence of oxygen and sunlight. The primary func  on of a matura  on pond is to 
remove pathogens. These ponds are provided with a reten  on  me of 3–5 days and have a 
depth of up to 1 m.

The depths and reten  on  mes of each pond are important design considera  ons for the 
stabiliza  on ponds. The height/depth and reten  on  me to be maintained for every pond 
varies, depending on the concentra  on of waste. Table 14 presents the recommended depth 
and reten  on  me for each pond.

c. Operation and Maintenance

• Removal of silt at periodical intervals, usually every 10 years. Silt removed from these ponds can be 
used as a manure for agriculture and can be disposed of in the farms.

• The scum that builds on the pond surface should be removed periodically.

• Aqua  c pond plants should be removed as they may provide a breeding ground/habitat for 
mosquitoes and also prevent light from entering into the pond. 

• Cleaning of pipes to avoid the blockages is a crucial part of the day-to-day maintenance of the 
stabiliza  on tanks.

• Minor repairs of the tanks and pipelines, as and when required.

• Replacement of plas  c liner, if provided.

All these ac  vi  es are laborious tasks and require human resources. All such work can be carried out 
at the village level through local labor. GP should include these ac  vi  es in the Swachhata plan/village 
ac  on plan for rou  ne O&M.

4.2.4 Financial Details

a. Capital Cost

Table 16: Capital Cost Required for the Waste Stabiliza  on Pond of 211 kld Capacity

Sr. No. Descrip  on Quan  ty Rate (Rs.) Amount (Rs.)

A Screen Chamber 

1 Pre-cast chamber (1.2 x 1.2 x 0.9) 1 18,825/Pc 18,825

2 Bar screen (1 x 0.5 m) 1 15,000/Pc 15,000

3 Cost of screen chamber 33,825

B Waste Stabiliza  on Ponds

1
Excava  on
0–1.5 m
1.5–3 m

4,062
2,074.44

165/m3

206/m3

6,70,230
4,27,335
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Sr. No. Descrip  on Quan  ty Rate (Rs.) Amount (Rs.)

2 Embankment 4,022.93 57/m3 2,29,308

3 Stone Pitching (230 mm thick) 785.26 317/m2 2,48,928

4 TEE at outlet of each pond (110 mm dia) 9 500/Pc 4,500

5 Elbow at inlet of each pond (110 mm dia) 9 500/Pc 4,500

6 Bell mouth opening at inlet of each pond 9 200/Pc 1,800

7 HDPE pipe of 110 mm diametre 150 251/Rmt 37,650

8 Cost of WSP  16,24,251

Total Cost  16,58,076

All the rates are based on DSR 2019–20 (Pune, Maharashtra), which may change according to states and 
local condi  ons. Locally available materials should be used wherever possible, but without compromising 
the effi  ciency of the system.

The per capita fund alloca  on for a village with a popula  on greater than 5,000 is Rs. 660 as per SBM 
(G) Phase-II Guidelines. The fund requirement for the above-men  oned waste stabiliza  on pond is Rs. 
239 per capita, which is within the specifi ed cost norm.

b. Operational Cost

The O&M cost for waste stabiliza  on ponds includes desludging of the se  led material from the ponds. 
This can be done through pumping or manually.

Table 17: O&M Cost for WSP 

Sr. No. Descrip  on Quan  ty Rate (Rs.) Amount (Rs.)

1 Operator at WSP NA 8000/month 8,000

2 Desludging of the se  led organic material Lumpsum 1600-2000/month* 1,650

Total 9,650

*Required one  me, depending on sedimenta  on in the current design, considering 10 years as desludging period.

All the rates are on the basis of DSR 2019–20 (Pune, Maharashtra); they may be diff erent according to 
states and local condi  ons.

The O&M cost per household per month will be around Rs. 8–10 per month (i.e., around Rs. 100–120/
year) assuming there are 5 members per household.
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Greywater Management in Haryana through WSP36

Sirsi village is located in block Nissing in Karnal district. There are about 360 households in 
the village which has a popula  on of 2,400. The village faced a problem due to accumula  on 
of water in low-lying areas, which further caused the nuisance of odour and mosquito 
breeding. The overall scene in Sirsi was unhygienic and fi lthy. 

The village adopted a waste stabiliza  on pond system for a greywater management op  on. 
The project cost was around Rs. 30 lakhs. This not only solved issues related to greywater 
disposal, but the GP acquired a source of revenue. It began to earn Rs. 0.50 lakh per annum, 
by leasing out the pond for fi shing.

The fi lthy site has now been converted into a picnic spot where the villagers can enjoy their 
free  me. 

CASE STUDY

Work in progress for WSP 
in Sirsi village37

Waste stabiliza  on pond in Sirsi36

4.2.6 Additional Information 
Three-pond systems have limita  ons in terms of opera  on and maintenance par  cularly in areas of 
high rainfall, cold climate, and where there are higher levels of suspended solids in the greywater. A 
fi ve-pond system can be adopted in such a situa  on. 

Five-Pond System

The fi ve-pond system includes two addi  onal ponds, i.e., anaerobic and matura  on pond. The provision 
of an alternate anaerobic pond facilitates ease of desludging /de-sil  ng. It should be noted that the 
desludging/de-sil  ng should be considered necessary a  er 10 years. In case the matura  on pond’s 
depth exceeds 1 m, it is recommended that one more pond restricted to 0.8–1 m depth, be used. This 
alternate matura  on pond can be any exis  ng village pond/lake. A provision of bypassing the excess 
storm water for this pond can be made through a weir arrangement at the site of the intercep  ng 
chamber. Also, the excess treated effl  uent from the matura  on pond can be stored in this pond. Eff ec  ve 
plumbing arrangements should be undertaken to ensure that only treated effl  uent or storm water 
enters the village pond. Under no circumstances should the untreated greywater enter the village pond.
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Figure 23: Flow Chart of the Five-Pond System
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4.3.2 Feasibility

a. Geographic Requirement

• The site should not be prone to fl ooding at any  me of the year.

• The site should be located near the disposal or reuse point.

• The wetland should be accessible from all sides for O&M purposes.

4.3 Constructed Wetlands

4.3.1 Background
Constructed wetlands are man-made systems in which wastewater treatment is achieved through 
natural processes involving soil, vegeta  on, and microbial communi  es. They resemble the natural 
wetlands in treatment. With reference to fl ow pa  ern, constructed wetlands can be classifi ed into free 
water surface, horizontal fl ow, and ver  cal fl ow constructed wetlands. 

Image 8: Constructed Wetlands
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ADVANTAGES LIMITATIONS

These systems are able to tolerate 
fl uctua  ons in hydraulic and 

organic load

Requires expert design and 
supervision during execu  on

Requires appropriate fi lter media 
with grain size and quality 

If blocked or overloaded, it can cause 
greywater to rise above the surface, 
which may result in problems with 
mosquitoes and other insects

High possibility of resource recovery

No mosquitoes and odour nuisance

Self-suffi  ciency, ecological balance 
and economic viability is greater 

Vegeta  on can be used as ca  le 
feeder and by local ar  sans to 

make products

4.3.3 Technical Details

a. Design, Specifi cation and Construction 

The removal effi  ciency of the wetland is a func  on of the surface area (length mul  plied by width), 
while the cross-sec  onal area (width mul  plied by depth) determines the maximum possible fl ow. 
The design and specifi ca  ons of horizontal CW is available in the decentralized wastewater treatment 
whereas this sec  on provides details of the ver  cal constructed wetland. The criteria for designing the 
ver  cal constructed wetland are as follows:35

• Pre-treatment of greywater will be required for organic loads above 100 mg BOD/l. 

• Se  ler/sedimenta  on tank to remove the suspended solids are required in all cases. 

• The maximum organic loading rate on the cross-sec  onal area should be below 80 gm COD/m2/d for 
the coarse sand and 20 g COD/m2/d for fi ne sand.

b. Appropriateness of the Technology 
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• Graded media should be provided as per drawing and should be checked for disintegra  on.

• There should be provisions for uniform distribu  on of greywater to the surface. 

Based on the characteris  cs of the greywater, the following pre-treatment and vegeta  on op  ons 
should be considered in the design:

Grease Trap Chamber: Oil and grease in the incoming water needs to be removed before its 
applica  on over other treatment units. To remove grease in the form of scum that fl oats over 
the wastewater as it se  les into a chamber, a grease trap chamber is required.

Screen Chamber: A ver  cal bar screen is usually provided in a chamber to restrict the entry 
into the subsequent treatment units of unwanted materials, such as plas  cs and dry leaves.

Grit Chamber: As the incoming water rests on a chamber, the heavy inorganic par  cles are 
separated from the liquid and se  le at the bo  om of the chamber. The supernatant liquid then 
fl ows into the subsequent treatment unit. Grease and grit removal can at  mes be provided 
through one chamber.

Sedimenta  on Tank: It is important to allow se  lement of infl uents through some primary 
treatment. This helps to prevent clogging of fi lter beds and ensure effi  cient treatment. 

Liner: The wetland unit is provided with a non-permeable liner to avoid leaching of effl  uents.

Vegeta  on: Any na  ve plant with deep, wide roots that can grow in a wet, nutrient-rich 
environment is appropriate. Phragmites, australis (reed) is a common choice because it forms 
horizontal rhizomes that penetrate the en  re fi lter depth of the fi lter bed.

A fl ow diagram of treatment adop  ng se  ler and VFCW is given in Figure 24. Instead of a single 
unit of big capacity, smaller units in parallel are preferable. If small VFCW units are adopted, 
O&M ac  vi  es can be planned without disturbing the whole process. 

Figure 24: Site Layout for a Constructed Wetland
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Drawings of se  ler and ver  cal fl ow constructed wetland land are given in Figure 25. The infl uent is 
discharged into a screen chamber and the removal of large solids like plas  cs, paper, soap covers, etc. 
takes place at this stage. Grit chambers are recommended in areas where a high amount of grit is 
expected in the infl uent. The BOD and COD at the inlet are assumed to be 150 and 270 mg/l. Some 
primary treatment needs to be provided to the incoming wastewater prior to its applica  on to the 
constructed wetland. Through the provision of primary treatment, the consistency and applica  on rate 
to the constructed wetland can be maintained. 

Here, a se  ler is provided prior to ver  cal fl ow constructed wetland. About 15–20 per cent of BOD 
reduc  on takes place in the se  ler.

The following parameters are considered for designing of the se  ler:

• Two se  lers are provided in parallel. Therefore, infl ow per se  ler = 106 m3/day.

• Reten  on  me of the se  ler is assumed to be 2 hours.

• Frequency of desludging is 18–21 months.

The effl  uent from the se  lers is applied to ver  cal fl ow constructed wetlands. The maximum surface 
area loading rate for the ver  cal fl ow constructed wetland is 80 g of COD/m2 day.

Three basins of constructed wetlands are provided each of dimensions 20.5 m × 10 m. The sec  on of a 
typical ver  cal flow constructed wetland is given in the sec  on below. The sec  on and plan of the se  ler 
designed with above-men  oned considera  on is given in Figure 25. 

The inlet pipe is placed centrally and the inlet nozzles are provided at a distance of about 5 m each. This 
arrangement ensures uniform applica  on of the infl uent over the surface of the basin. 

A perforated pipe is placed at the bo  om of the basin to maintain aerobic condi  ons. The outlet is 
drawn at the level of inlet to ensure suffi  cient reten  on  me for the infl uent in the basin. 

Figure 25: Schema  c Diagram of a Constructed Wetland
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The construc  on should be carried out as per the drawing provided in Annexure 3 using specifi ca  ons 
and construc  on details provided below. 

• To start with the installa  on, necessary site prepara  ons have to be taken up.

• Excava  on needs to be done and excavated material should be stored for the necessary fi lling 
requirement as per site condi  ons.

• Construc  on of inlet and outlet structures along with the plumbing of the inlet and outlet.

• Filling of the basin with appropriate washed civil aggregates. 

• In case of ver  cal fl ow constructed wetlands, the distance between the inlets should be around 5m 
to ensure uniform distribu  on over the fi lter media. 

• Outlet structures should provide control fl ooding of 15 cm to foster the desirable plant growth. 

b. Operational Details 

The constructed wetland is a large gravel-fi lled structure that is planted with wetland vegeta  on. As 
wastewater fl ows through constructed wetlands, solids are trapped within fi ltering materials consis  ng 
of graded gravel and then get digested by the microorganisms. The fi lter media acts as:

• A fi lter for removing solids;

• A fi xed surface upon which bacteria can a  ach; and

• A base for the vegeta  on cul  va  on.

Although faculta  ve and anaerobic bacteria degrade most organics, the vegeta  on transfers a small 
amount of oxygen to the root zone so that aerobic bacteria can colonize the area and degrade organics 
as well. The plant roots play an important role in maintaining the permeability in the fi lter layer. The 
constructed wetland suits the design of up to 100 BOD with a pre-requisite of sedimenta  on. In case of 
higher BOD, please refer to the sec  on on the decentralized wastewater system. 

c. Operation and Maintenance

• During the fi rst year, weeds should be removed un  l a mature cover of wetland vegeta  on has been 
established. 

• Sludging of the se  ler/sedimenta  on tank has to be carried out at regular intervals. 

• Cu   ng the vegeta  on cover in the wetland, weeding and removing plants, and compos  ng is also 
to be carried out.

• Cleaning and maintaining inlet and outlet structures, valves and monitoring devices.

• Checking the water depth control structures to maintain subsurface fl ows.

• Inspec  ng embankments and structures for damage and repairing them as required. 

• Inspec  ons for fl ow regula  on and organic loadings to prevent clogging and necessary correc  ve 
ac  ons as and when required. The fi lter media should be cleaned periodically based on performance. 
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4.3.4 Financial Details

a. Capital Cost

Table 18: Capital Cost Required for the Above-Men  oned Treatment System of 211 kld Capacity

Sr. No. Descrip  on Quan  ty Rate (Rs.) Amount (Rs.)

A Screen Chamber 

1 Pre-cast chamber (1.2 x 1.2 x 0.9) 1 18,825/Pc 18,825

2 Bar screen (1 x 0.5 m) 1 15,000/Pc 15,000

Cost of screen chamber 33,825

B Se  ler 

1 Excava  on
0–1.5 m
1.5–3 m

48.06
48.06

165/m3

206/m3

7,930
9,901

2 PCC (1:3:6) 4.12 5,158/m3 21,251

3 RCC ra   7.29 6,453/m3 47,043

4 RCC top slab excluding cover 3.23 5,630/m3 19,593

5 Reinforcement @80 kg/m3 0.842 63,216/m3 53,203

6 Brickwork 
Long wall 
Short wall
Wall with cavity 
Total 

9.39
4.21
1.52

15.12

4,903/m3 74,134

6 Plastering 
Long wall
Short wall
Wall with cavity 
Total 

81.62
36.6

15.76
133.98

679/m2 90,973

7 Removable cover 2 846/Pc 1,692

8 TEE at inlet and outlet (160 mm) 2 600/Pc 1,200

9 Inlet and outlet pipe 10 559/Rmt 5,590

Cost of one se  ler 3,32,510

Cost of two se  lers 6,65,020
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Sr. No. Descrip  on Quan  ty Rate (Rs.) Amount (Rs.)

C VFCW

1 Excava  on (0–1.5 m) 223.5 165/m3 36,878

2 PCC (1:3:6) 35.77 5,158/m3 1,84,502

3 RCC ra   46.44 5,630/m3 2,61,458

4 Reinforcement @80 kg/m3 3.72 63,216/m3 2,35,164

5 Brickwork 
Long wall 
Short wall

4.58
2.19

4,903/m3 33,194

6 Plastering 
Long wall
Short wall

19.92
9.5

679/m2 39,953

7 Sand as fi lter media 102.5 1,050/m3 1,07,625

8 Gravel as fi lter media 61.5 809.22/m3 49,768

9 Inlet pipe (160 mm HDPE) 20 559/Rmt 11,180

10 Air pipe (perforate pipe of 160 mm dia) 21 1,044/Rmt 21,924

11 Outlet pipe (110 mm, HDPE) 10 251/Rmt 2,510

12 Reducer (160 mm to 110 mm) 1 600/Pc 600

Cost of one basin  9,84,756

Cost of three basins 29,54,268

Total 36,38,113

All the rates are based on DSR 2019–20 (Pune, Maharashtra) and are subject to change according to  
states and local condi  ons. Locally available materials should be used wherever possible, but without 
compromising the effi  ciency of the system.

The per capita fund alloca  on for a village with a popula  on greater than 5,000 is Rs. 660 under 
SBM (G) Phase-II Guidelines. The fund requirement for the above-men  oned constructed wetland 
system is Rs. 573/capita, which comes within the specifi ed cost norms.
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b. Operational Cost

The O&M cost includes desludging of the se  led material, cu   ng of vegeta  on from the wetland and 
cleaning of inlets and outlets. There should be periodic cleaning of fi lter media based on design. 

Table 19: O&M Cost for CW

Sr. No. Descrip  on Quan  ty Rate (Rs.) Amount (Rs.)

1 Operator at CW NA 8,000/month 8,000

2 Desludging of the se  led organic material 
(cleaning of fi lter media, cu   ng of vegeta  on, 
replanta  on, etc.) 

Lump 
sump 

3,000–4,000/
month

3,500

Total 11,500

All the rates are based on DSR 2019–20 (Pune, Maharashtra) and are subject to change according to 
states and local condi  ons.

The O&M cost per household per month will be around Rs. 8.5/month, i.e., around Rs. 105/year 
assuming there are 5 members per household.
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Greywater Management in Chha   sgarh through Constructed Wetland

Patora Gram Panchayat of Durg in Chha   sgarh had an adequate supply of water through a 
piped water supply system and 11 hand pumps. All the greywater generated in the village 
was collected and conveyed to a village pond through drains. However, previously there was 
no treatment facility at the tail end of the drains and hence, the discharge of untreated 
greywater into the pond contaminated its water. Over a period of  me the quality of pond 
water deteriorated to such an extent that it became unfi t for irriga  on as well. 

This became a grave problem and drew a  en  on of the GP authori  es. A gravel fi lter was 
installed at the entry point of the pond using GP funds. The fi lter was planted with Canna 
indica, which removed nutrients and fi ltered the water prior to its entry into the pond. The 
cost for installa  on of the fi lter was Rs. 70,000. 

The villagers doubted the capacity of the fi lter to treat water especially during rainy seasons, 
since the drains discharged a high volume of water which contained greywater as well as 
storm water. However, the gravel fi lter proved to be effi  cient in trea  ng even the high volumes 
of water during the monsoons. As a result of the func  oning of this effi  cient treatment unit, 
the overall quality of the village pond water has been improved and it can now be used for 
various non-potable purposes. 

CASE STUDY
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4.4 Phytorid

4.4.1 Background
Phytorid is a subsurface mixed fl ow constructed wetland system (SSFCW) developed and patented 
by the Na  onal Environmental Engineering Research Ins  tute (NEERI), Nagpur. Its effi  cacy has been 
demonstrated in the fi eld through more than 10 years of con  nuous opera  on as a stand-alone sewage 
treatment system. The phytorid system is based on natural treatment methods which have dis  nct 
advantages over conven  onal treatment plants. The technology is recommended for decentralized 
plants with varying capaci  es from 50 m3/day to 8–10 mld (megalitre per day).

Image 9: Phytorid Plant 

4.4.2 Feasibility

a. Geographical Requirement

Site Iden  fi ca  on:

• The technology is not terrain-specifi c and can be adopted in any terrain.

• The space requirement is 120 m2 for 100 kld.

• The site should not be prone to fl ooding at any  me of the year.

• The site should be at least 500 m away from residen  al areas.

• The site should be located near the disposal or reuse point.
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b. Appropriateness of the Technology

4.4.3 Technical Details

a. Design, Specifi cation and Construction 

• The design has to be site-specifi c and ve  ed by CSIR-NEERI.

• The implementa  on of phytorid technology-based treatment plants can be carried out through 
authorized licensees only.

• Civil work of all tanks should be constructed in RCC and must be leak-proof.

• Structural design has to be according to soil condi  ons on the site.

• Design, par  cularly aspect ra  os of phytorid tanks, have a strong infl uence on the performance of 
the plant.

• Gravel fi lling has to be done in such a way that the top water level in the phytorid system is below 
the highest level of the gravel.

ADVANTAGES LIMITATIONS

Requires less space as 
compared to WSP

Execu  on of this technology needs 
to be taken up in consulta  on with 
licensed suppliers of this technology

No industrial wastewater can be 
accepted in the feed

Reten  on  me for phytorid is one day, 
as compared to 10–18 days for WSP

Scalable from individual 
household to community to 

village/township level

No danger of mosquitoes or odour 
nuisance as compared to some 

other surface fl ow technologies
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Figures 26 and 27 show the sec  on of various components used in phytorid technology.

Figure 26: Schema  c Diagram of a Phytorid Bed

b. Operational Details 

Intake Well: An intake well is used to feed the sewage/wastewater as generally the invert level 
as well as drains are below ground level.

Screen Chamber: The func  on of the bar screen is to block fl oa  ng materials above a certain 
size, such as dry leaves, plas  c wares and sanitary napkins, and prevent them from entering the 
se  ling tank. If these items are allowed to enter the se  ling tank they may clog and damage 
the process and also hamper the fl ow. The screening is done by placing a ver  cal bar screen, 
which is placed across the sewage fl ow. The gaps between the bars may vary between 10 and 
25 mm. This unit requires periodic/regular manual cleaning or removal of the accumulated 
fl oa  ng materials.

Figure 27: Phytorid Bed

Se  ler Tank

Pump
Treated Water 
Storage

Phytorid Bed
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Se  ler Tank: The sewage from the bar screen chamber is fed by gravity to the se  ling tanks. 
Its main func  on is to act as a buff er. The solid then gets se  led in this tank and is con  nuously 
digested, thereby reducing the frequency with which tanks have to be cleaned. This tank is 
a covered one with manholes and baffl  es arrangement. Wastewater is directly fed to the 
phytorid bed.

Phytorid Bed: The phytorid bed is the heart of the treatment system. The bulk of the treatment 
happens here, with microbes/bacteria employed for the process and the nutrients, like nitrates 
and phosphates, uptake by the plants. The gravel acts as a media for the microbe growth. Since 
the treatment process is passive, there is almost no scum forma  on taking place in this sec  on.

c. Operation and Maintenance

Table 20: List of Opera  on Ac  vi  es and Frequency

Sr. No. Ac  vity Frequency

1 Replanta  on (par  al if needed) A  er 3 and 12 months

2 Cleaning of screening chamber (this could be every week, in 
caseload of fl oa  ng ma  er is high)

Once every month

3 Harves  ng of overgrown plants and roots Quarterly

4 Hydraulics/water level checks Quarterly

5 Cleaning of solids in Phytorid chambers If required

6 Cleaning of se  ling chamber Once in two years

7 Gravel checks and reshuffl  e Quarterly

8 Pump maintenance (if pump is installed) Quarterly

9 Bio-media augmenta  on (10 per cent of the fi rst  me addi  on) Once in year or two

10 Chemical dosing
(sodium hypochlorite) [this could be depending on refi ll 
percentage]

Every week

4.4.4 Financial Details
This technology was developed by NEERI and has been implemented at various loca  ons. It is found 
suitable for when greywater management is required in conducive situa  ons. The per kld cost for capital 
is Rs. 51,961 and annual O&M cost is Rs. 3,528 per annum, as per informa  on received from NEERI for a 
par  cular design. However, NEERI can be contacted for designing as per local condi  ons/requirements.
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Phytorid Plant constructed at Bhilai

At Bhilai, a Phytorid plant of 250 kld was constructed in 2017. The system was connected by 
drains. The system was designed to handle a hydraulic load and organic load of 0.8 m3/d/m2 
and 3.4 g BOD5/m2/h respec  vely. 

The parameters of the treated water collected at the outlet had BOD less than 30 mg/l, 
TSS less than 50 mg/l and other parameters were well within the discharge norms as per 
standards. The treated water is used for washing vehicles and for irriga  on.

Phytorid Plant constructed at Dhorka, Haryana

The plant, fed by drain water, having a capacity of 75 kld, was constructed in 2019. It was 
designed for hydraulic loading of 0.8 m3/d/m2 and organic loading of 3.4 g of BOD5/m2/h. 
The parameters of the treated water collected at the outlet were as per discharge norms 
(BOD <30 mg/l, TSS<50 mg/l, etc.). The treated water is discharged  into a drain connected 
to a waterbody.

CASE STUDY
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4.5 Decentralized Wastewater Treatment System

4.5.1 Background
A decentralized wastewater treatment system is a robust nature-based technology that uses a 
combina  on of diff erent treatment modules and is used to achieve the desired level of treatment. 
To treat the wastewater, natural bacteria and plants are used and gravity is also taken into account 
during the planning process. The decentralized system should be used in cases of high organic loading, 
par  cularly when trea  ng the waste from small bore sewer systems or wastewater mixed with the 
supernatant from sep  c tanks. 

It is also very easy to integrate aesthe  cally into built environments and is adaptable to a variety of 
organic wastewater characteris  cs. This wastewater treatment system includes primary, secondary and 
ter  ary treatment processes. What combina  ons would work best in a given situa  on can be decided 
depending on the required treatment effi  ciency, costs, land availability, etc. Thus, the technology is 
eff ec  ve, effi  cient and aff ordable as a wastewater treatment solu  on for a small and medium-sized 
enterprise. The capacity of the system may vary from 1 to 1,000 kld.

4.5.2 Feasibility
This technology basically consists of various units in a series. The selec  on of units, their reten  on  me 
and sizes as well as the construc  on methodology can be customized as per local condi  ons, as well as 
the quality and quan  ty of infl uents. This technology is suitable for trea  ng domes  c wastewater only 
and is not advised for trea  ng industrial wastewater.

Loca  on:

• The technology is not terrain-specifi c and can be adopted anywhere.

• The site should not be prone to fl ooding at any  me of the year.

• The site should be located near the disposal or reuse point.

Image 10: Decentralized Wastewater Treatment System
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a. Appropriateness of the Technology

ADVANTAGES LIMITATIONS

Modular design of all 
components Construc  on cost is high 

Construc  on involves hydraulic 
sophis  ca  on 

Blockages or overloading can cause 
greywater to rise above the surface, 
which may result in problems with 
mosquitoes and other insects

High quality fi lter media with 
appropriate grain size are required

Tolerant towards infl ow fl uctua  ons 
and adaptable to a variety of organic 

wastewater characteris  cs

Reliable and long-las  ng 
construc  on design

4.5.3 Technical Details

a. Design, Specifi cation and Construction 

The capacity of the DEWATS system may vary from 1 to 1,000 kld. The total area of land required to install 
diff erent units of DEWATS can be calculated on the basis of the total volume of greywater expected. The 
fi nal calcula  ons are infl uenced by the nature of the wastewater and the depth of the unit tanks. 

Typical Components of the DEWATS System are:

Se  ler: This is a two-chambered sedimenta  on tank that retains contaminants using fl oata  on 
and sedimenta  on processes, which happen over specifi c  me frames.

Anaerobic Baffl  ed Reactor (ABR): In this part of the process anaerobic degrada  on of suspended 
and dissolved solids occurs through the mixing of fresh wastewater with an ac  ve sludge 
blanket. The reactor is an RCC/masonry tank with a number of compartments separated by 
baffl  es. Wastewater enters the chamber from an elevated pipeline. As the height of the water 
column increases, water fl ows to the next compartment. Thus water travels through a series 
of chambers with a certain up-fl ow velocity that helps the organic content in the wastewater 
to se  le at the bo  om of each chamber while the wastewater moves forward for further 
treatment. It should be noted that greywater is low in solid content and so the provision of ABR 
should be adopted only where there is a high organic load. 
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Anaerobic Filter: This is a fi lter bed that ensures fi xed diges  on of suspended solids. It consists 
of an RCC/masonry chamber with a perforated slab where fi lter media are placed above it 
and se  led wastewater is allowed to pass through the fi lter material. Filter media (cinder, 
corrugated pipes, gravel) which have a rela  vely large surface area are used. The microbial 
slime layer is allowed to grow on the surface of these fi lter media, which further treat the 
wastewater and remove the organic content in the wastewater.

Planted Gravel Filter: This is a ter  ary treatment unit, which helps in removing the odour and 
discoloura  on in the wastewater. In this treatment module, plants and gravel media capable of 
uptaking and trea  ng organic ma  er and nutrients are used. The nutrients in the infl uent are 
consumed by the plants in the fi lter bed while the organics are decomposed primarily under 
anaerobic condi  ons. Plant roots allow the transport of oxygen from the air to a certain level 
crea  ng limited aerobic condi  ons near the root zone. 

Polishing Ponds: Followed by the planted gravel fi lter, a polishing pond is provided, which is 
an open shallow water body. Treated water is allowed to stay in this pond with designated 
reten  on  mes. The main purpose of this pond is oxygen enrichment and elimina  on of 
pathogen germs through natural solar radia  on.

Figure 28: Schema  c Diagram of a DEWATS System
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Figure 29: Plan of a DEWATS System

Figure 30: DEWATS System
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Figure 31: Flow Diagram for DEWATS
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b. Operational Details

As men  oned above a combina  on of appropriate treatment modules are to be selected for the 
treatment of wastewater. Each component has a diff erent purpose within the treatment mechanism. 
A  er removal of inorganics such as plas  cs and other fl oa  ng material, wastewater fl ows through the 
se  ler where the sedimenta  on of suspended par  cles takes place. Based on the requirement, this will 
further fl ow to either ABR or AF where anaerobic diges  on takes place. A  er this stage, the wastewater 
is further treated in a horizontal constructed wetland.

c. Operation and Maintenance

• Checking wastewater fl ow in the conveyance and the treatment system

• Deweeding and harves  ng of plants in the PGF

• Regular cleaning of screens and V notches of repar   on chambers (if provided)

• Removal of sludge in se  lers and anaerobic baffl  e reactors based on the de-sludging interval planned

• Cleaning of fi lter media in the in-fi lter chambers of anaerobic fi lters and planted gravel fi lters, once 
in 3–5 years

• Re-planta  on in the planted gravel fi lter

• Desludging of the se  ler and baffl  e reactor every 2–3 years in order to meet the effl  uent standards
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4.5.4 Financial Details

a. Capital Cost

As a thumb rule it is observed that the cost of a treatment plant adop  ng DEWATS is Rs. 25000–3000/KL. 

Table 21: Capital Cost of a Greywater Treatment Plant of 211 kld Capacity

Sr. No. Descrip  on Quan  ty Rate (Rs.) Amount (Rs.) 

A Screen Chamber 

1 Pre-cast chamber (1.2 x 1.2 x 0.9) 1 18,825/Pc 18,825

2 Bar screen (1 x 0.5 m) 1 15,000/Pc 15,000

Cost of screen chamber Rs. 33,825

B Se  ler 

1 Excava  on
0 to 1.5 m
1.5 to 3

48.06
48.06

165/m3

206/m
7,930
9,901

2 PCC (1:3:6) 4.12 5,158/m3 21,251

3 RCC ra   (Min. M25) 7.29 6,453/m3 47,043

4 RCC top slab excluding cover (1:2:4) 3.23 5,630/m3 19,593

5 Reinforcement @80 kg/m3 0.842 63,216/m3 53,203

6 Brickwork 
Long wall 
Short wall
Wall with cavity 
Total 

9.39
4.21
1.52

15.12

4,903/m3 74,134

6 Plastering 
Long wall
Short wall
Wall with cavity 
Total 

81.62
36.6

15.76
133.98

679/m2 90,973

7 Removable cover 2 846/Pc 1,692

8 TEE at inlet and outlet (160 mm) 2 600/Pc 1,200

9 Inlet and outlet pipe 10 559/Rmt 5,590

Cost of one se  ler  3,32,510

Cost of two se  lers  6,65,020

C ABR-AF

1 Excava  on
0 to 1.5 m
1.5 to 3

121.48
111.76

165/m3

206/m3

20,045
23,023
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Sr. No. Descrip  on Quan  ty Rate (Rs.) Amount (Rs.) 

2 PCC (1:3:6) 11.35 5158/m3 58,544

3 RCC ra   (Min. M25) 10.58 6453/m3 68,273

4 RCC for top slab (excluding covers) (1:2:4) 8.85 5630/m3 55,343

5 Reinforcement @80 kg/m3 1.554 63216/m3 98,263

6 Brickwork 
Long wall 
Short wall
Baffl  e walls
Total 

11.95
8.83

18.88
39.66

4903/m3 1,94,453

7 Plastering 
Long wall
Short wall
Baffl  e wall 
Total 

103.86
76.73

343.23
523.82

679/m2 3,55,674

8 Removable cover 12 846/Pc 10,152

9 TEE at inlet and outlet (160 mm) 14 600/Pc 8,400

10 Pipes for internal fl ow 27 559/Rmt 15,093

11 Filter media support 37.68 2500/m2 94,200

12 Filter media 5.6 809.22/m3 4,532

Cost of one unit 10,33,857

Cost of two units  20,67,714

D HPGF

1 Excava  on
0–1.5m 249.29 165/m3

41,133

2 PCC (1:3:6) 37.01 5158/m3 1,90,898

3 Ra   RCC (1:2:4) 45.15 5630/m3 2,54,195

4 Reinforcement @80 kg/m3 3.612 63216/m3 2,28,337

5 Brickwork 
Long wall 
Short wall
Par   on walls
Total 

5.11
5.34
3.72

14.17

4903/m3 69,476

6 Plastering 
Long wall
Short wall
Par   on wall 
Total 

44.37
46.38

67.5
158.25

679/m2 1,07,452
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Sr. No. Descrip  on Quan  ty Rate (Rs.) Amount (Rs.) 

7 Filter media 
Gravel at inlet and outlet zones 
Sand 

13.2
126.6

809.22/m3

1050/m3

10,682
1,32,573

8 Inlet and outlet pipe 10 559/Rmt 5,590

Cost of HPFG 10,34,746

Cost of two units 20,69,492

Polishing Pond 

E Excava  on
0 to 1.5 m 496.13 165/m3

81,862

1 Embankment 128.44 57/m3 7,322

2 TEE at inlet and outlet (160 mm) 2 600/Pc 1,200

Inlet and outlet pipe 10 559/Rmt 5,590

Cost of polishing pond 95,974

Cost of two polishing ponds 1,91,948

Total Cost of DEWATS 50,27,999/-

All the rates are based on DSR 2019–20 (Pune, Maharashtra). They are subject to change according to 
states and local condi  ons. Locally available materials should be used wherever possible, but without 
compromising the effi  ciency of the system.

The per capita fund alloca  on for a village with popula  on greater than 5,000 is Rs. 660 as per SBM (G) 
Phase-II Guidelines. The fund requirement for the above-men  oned treatment plant is Rs. 874/capita. 
The DEWATS system is generally expensive as compared to other greywater treatment interven  ons. 
However, since all the units used in the system are man-made, factors such as ground strata and natural 
phenomena like rainfall do not signifi cantly aff ect its feasibility. The system can be used in any terrain 
and clima  c condi  ons with suitable modifi ca  ons in construc  on and loading rates. 

b. O&M Cost

O&M ac  vi  es involved in DEWATS treatment are as below:

• Raking of screens

• Desludging of se  ler, ABR-AF and polishing pond 

• Cleaning/replacing of media in AF and HPGF

• Harves  ng of plants and their replanta  on in HPGF 

In addi  on to this, O&M of electromechanical devices and their power consump  on, if any, needs to be 
considered. 
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DEWATS as the Solu  on for Greywater Management in Mentapally17

Based on the technology of constructed wetlands, a plant for decentralized wastewater 
treatment has been developed by the Mentapally Gram Panchayat in Wanaparthy District 
of Telangana State. As per the 2011 census, village Mentapally had a popula  on of 1201 
distributed over 267 households.

The execu  on of this greywater management interven  on has been taken up by the district 
administra  on under MGNREGA and CSR funding by Rural Electrifi ca  on Corpora  on Limited 
(RECL). The constructed wetlands present a feasible solu  on to the wastewater menace for 
small rural communi  es with limited resources and power supply. This technology can be 
more effi  ciently used with the facility of constructed cement drains wherein par  al treatment 
can be ensured within the drainage lines and at a later stage the wastewater can be supplied 
to the wetlands to obtain clear water fl ows, further reuse, and recycling.

Currently, the maintenance of this plant as well as of drainage lines is the responsibility 
of the Gram Panchayat. Interna  onal Crops Research Ins  tute for the Semi-Arid Tropics 
(ICRISAT) has proposed the development of 12 more such treatment units in the districts of 
Rangareddy, Mahbubnagar, Wanaparthy and Sangareddy in Telangana.

CASE STUDY

Stage 1: Equaliza  on chamber 
(sedimenta  on)

Stage 3: Constructed wetlands Stage 4: Polishing pond

Stage 2: Aerobic baffl  ed reactor
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4.6 Soil Biotechnology (SBT) for Sewage 
Treatment/Effl uent Treatment 

4.6.1 Background
This technology has been developed by IIT, Mumbai. SBT engages three fundamental processes of nature 
– photosynthesis, respira  on and mineral weathering. This is achieved due to soil microorganisms called 
as geophagus earthworm that regulate the process.

Primary and secondary treatments are achieved in the SBT. The organic and inorganic ma  er in 
wastewater is consumed and converted into useful by-products, which simultaneously produces water 
of desirable quality. SBT thus removes BOD, COD, ammonia, nitrogen, nitrate nitrogen, suspended solids 
bacteria, colour and odour. The SBT is ideal for trea  ng wastewater less than 5 mld. 

Image 11: Applica  on of Soil Biotechnology

SBT is an effi  cient process of synthesis to completely u  lize solids and liquids. It is economical in capital 
and recurring costs. It has a simple-looking construc  on, free from conven  onal electromechanical 
systems, which are prone to breakdowns. It effi  ciently integrates the physical, chemical and biological 
processes into a single aerobic system based on natural biophysical and biochemical principles. A 
specifi ed addi  ve is added in a predefi ned propor  on. SBT is a synthesis process which harnesses the 
energy, carbon and other elements of the waste and converts them to precious “bio-energy” products 
like vegeta  on, energy-rich soil, complete bio-fer  lizer and water. It off ers a bacterial removal of 
approximately 99.99 per cent, thus ensuring a healthier environment in a sustained manner without 
any side eff ects.

Salient features of SBT:

• Results in rejuvena  on/crea  on of soil

• Can be u  lized for all sorts of organic and inorganic molecules present in the effl  uents



92

• Does not require electricity and chemicals (electricity requirement only for pumping)

• Generates bio-energy

• Requires li  le space as requirement per person (100 litre per day) is 0.021 m2

• Natural process-based wastewater treatment

• Does not involve mechanical aera  on, yet enough oxygen produced in the bioreactor

• Does not generate sludge, smell or odour

• Process can be run on both batch or con  nuous modes

• Overall  me opera  on (we   ng cycle) is 6–7 hours

• Capable of handling shock load of 50 per cent over or under design load for a few days automa  cally

• Land area requirement ranges from 1,500 to 2,500 sqm per mld

• Minimal energy consump  on (40–50 kWh per mld to pump the wastewater for distribu  on over 
reactor bed)

• O&M cost of SBT plant is Rs. 2–4 per kld per annum (Rs. 4,000 per mld per annum)

• Does not require skilled labour for O&M

The technology combines sedimenta  on, infi ltra  on and biodegrada  on process. It works with 
formulated geological environment wherein fundamental reac  ons of nature, namely respira  on, 
photosynthesis and chemical mineral weathering are responsible for bioconversion of sewage. Suitable 
mineral cons  tu  on, culture containing na  ve microfl ora, geophagus worms and bioindicator plants are 
the key components of the media. Bioconversion takes place by bacterial processing of organics and 
oxidizable inorganics via natural oxygen supply wherein mineral weathering reac  on serves to regulate 
pH, while green plants serve as bioindicators. The high toxic poten  al and the neutral pH together with 
ecology of the environment lead to signifi cant reduc  on in the organic ma  er, nutrients and pathogens 
from wastewater.

SBT can be designed to treat any type of wastewater provided the wastewater is not saline (i.e., having 
total dissolved solids (TDS) = 1,000 mg/l typically) and as long as the water is not toxic to microorganisms. 
SBT process requires temperature of 20–45 degree Celsius (in low /very low temperature, a greenhouse 
infrastructure appropriate for the local condi  ons can house the SBT plant). The process can also work 
at high ambient temperatures.

• The SBT plant requires minimal O&M periodically that includes cleaning of pipes and scraping of 
the top surface to remove the se  led suspended par  cles. The microbial culture is tested and 
recommended to be changed every 8–10 years. The system does not require highly skilled labour.

• Easy opera  on is the main feature of SBT. To ensure smooth func  oning of the system, the availability 
of adequate water in the raw water tank needs to be checked. The system will automa  cally shut off  
if the level of water falls below a minimum safety threshold in the raw water tank.
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Figure 33: Schema  c Diagram of Soil Biotechnology

Image 13: An ABR a  er Comple  on
Image 12: A Duckweed Pond System with 
Bamboo Barriers

There are several technologies available for rural greywater management all over the world. A survey 
has shown that in India a wide diversity of diff erent decentralized wastewater treatment technologies 
is already available. A few of these technologies are duckweed pond system, UASB, package contact 
aera  on systems, extended aera  on system and sequencing batch reactor systems, among others. The 
details of the above-men  oned technologies can be found in h  ps://www.mdws.gov.in/sites/default/
fi les/Solid_and_Liquid_Waste_%28E%29.pdf.
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CHAPTER 5

Conveyance 
Mechanism for 
Greywater Management
A conveyance system in simple words is the drainage line that connects the source to the treatment 
unit. A small bore sewer system and covered drains are recommended in SBM (G) Phase-II guidelines 
as a conveyance system for carrying greywater to the treatment facility at village level in regions that 
receive high rainfall, or areas in which household-level or cluster-level interven  ons are not feasible. 

Where the conveyance of greywater is dependent on covered storm water drains, however, it is essen  al 
to understand the challenges that are intrinsic to this treatment system. Where the storm water drains 
and greywater are managed through the same covered drain, the result is a higher hydraulic loading 
rate and thus pressure on the treatment facility. In the circumstances, it is advisable to create a series of 
bypass interceptors to take out the extra fl ow into nearby village ponds or rivers/streams.

In a small bore sewer system, the provision of interceptors is not necessary as storm water has a diff erent 
conveyance system. The small bore sewer systems are very desirable in high rainfall areas. Rain being 
the largest source of fresh water, eff orts need to be put in to conserve, store and reuse it.

It is advisable to construct separate conveyance systems for greywater and storm water or to use 
rainwater harves  ng to reduce the fl ow and impact on the conveyance and treatment system constructed 
for greywater. Eff orts are being made to ensure availability of water locally by promo  ng rainwater 
harves  ng and ar  fi cial recharge at household level through JJM. In convergence with JJM, it is essen  al 
to promote rainwater harves  ng for domes  c use and recharge at household level and at diff erent 
ins  tu  ons and public buildings, as well as spaces for be  er management of water at se  lement levels.

It would not only reduce the demand for fresh water, but would also reduce the addi  onal load of 
storm/rainwater on the greywater management system. Rainwater needs a lower degree of treatment 
and in a majority of the cases, it requires only fi ltra  on and sedimenta  on units. Also, it is suggested 
that a similar harves  ng model be promoted for rainwater in other areas, par  cularly public spaces such 
as roads.
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5.1 Closed Drains

5.1.1 Background
Closed drains can be used for carrying greywater to the treatment facility. As per SBM (G) Phase-II 
Guidelines exis  ng open drains within villages can be covered and used for this purpose.

Image 14: Closed Drains

5.1.2 Feasibility
Covered drains for greywater should be adopted in the areas where the treatment at household and 
cluster level is not possible, either due to space constraints or a permanently high water table. The 
drains should lead the greywater to the treatment facility. 

a. Appropriateness of the Technology 

ADVANTAGES LIMITATIONS

Cheaper as compared to 
small bore pipe system

Lower chances of choking as 
compared to open drains

In the absence of an effi  cient solid 
waste management system, the 
possibility of choking of drains is high 

Requires adequate gradient to 
avoiding silta  on

High and frequent O & M

Diffi  culty in disposal par  cularly in 
high rainfall areas
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5.1.3 Technical Details

a. Design, Specifi cation and Construction 

The fl ow of greywater from household to treatment plant through closed drains includes household 
connec  ons, drains with removable covers at regular intervals, intercep  ng chamber at the tail end of 
the treatment unit and the treatment unit itself. 

Conven  onally, rectangular sec  ons were used for closed and open drains, but these sec  ons have 
problems related to silta  on at the base. Hence, it is recommended that drains should have trapezoidal 
sec  ons with half rounds at the bo  om. A typical cross-sec  on is given in Figure 33 and 34. Side slopes 
of the trapezoidal sec  on help converge the fl ow at base and the half round at the base helps to achieve 
higher velocity and reduce the possibility of sil  ng in the drains. In case of closed drains, covers are 
provided over the drains to restrict entry of solid waste, rodents and rainwater into them.

However, the drains are constructed in villages using the developed local exper  se suitable to local 
condi  ons. It is advisable to follow the prac  ces with cau  on and proper planning has to be done to 
ensure that all collected water reaches treatment systems, planned or established.

Figure 33: Schema  c Diagram of a Trapezoidal 
Closed Drain with Half Round Bo  om

Figure 34: Schema  c Diagram of a Trapezoidal 
Closed Drain
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Figure 35: Trapezoidal Drains 

Figure 36: Schema  c Diagram of a Closed 
Drain with Arrangement to Divert Excess 
Flow During Storm Events

Management of Stormwater

Covered drains may also carry storm water. In such cases, however, the provision of silt and grit 
removal chambers is mandatory prior to the entry of infl uent into the treatment units. Entry of 
excess silt into the treatment units hampers the effi  ciency of treatment due to clogging of fi lter 
media. In places with extremely high rainfall, it would be preferable to use separate drains. A 
pipe system for greywater may be adopted depending on the amount of greywater generated.

A weir arrangement is generally provided at the end of the channel or at regular intervals for 
diver  ng storm water. This ensures the fl ow of concentrated wastewater to the treatment unit 
during dry weather. In this system, when there is an excess of rainwater, it can be diverted 
to nearby water bodies directly during storm events. A plan for this arrangement is given in 
Figures 36 and 37.

Figure 37: Plan of Arrangement to Divert 
Excess Water During Storm Events
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The depth of the “Y” sec  on diverted from the main closed drain sec  on is less than that of the main 
drain. Inserted inside it is a weir with a height lower than that of the baffl  e at the main drain. When the 
water depth in the closed drain is suffi  cient to topple over the weir, the excess water drains into the 
diverted sec  on and can be directly connected to a nearby water body. 

In the instances where the water depth is greater than the baffl  e height, but less than the weir top, the 
water in the drain will be slowly discharged to the treatment unit. This way it is ensured that greywater 
enters the water bodies directly only a  er suffi  cient dilu  on through the storm drain. 

The design of the weir and baffl  e wall is based on calcula  ons about dry weather fl ows as well as the 
rainfall intensi  es in the respec  ve area. Also, it must be noted that the size of the drains should be 
suffi  cient to accommodate storm water.

Unlike the case of small bore systems, cleanouts are not installed in these systems. Removable covers are 
provided over the drains at regular intervals, especially near curves, to facilitate inspec  on and cleaning 
of the drains. Also, for these drains to func  on properly, a con  nuous gradient must be maintained as 
there is no break in hydraulics in the en  re length. Provisions for frequent cleaning of the drains should 
be made in the design and planning stage itself. 

The slope and size of drains depend on the incoming fl ows and terrain. Therefore, the design of drains 
should be such that self-cleaning velocity is achieved at least during the peak fl ow hours and the silt is 
automa  cally cleaned to a certain extent every day.

The steps for installing closed trapezoidal drains are as follows:

• Carry out a survey of the area of interest to decide the layout/alignment of the drains and decide 
the slope.

• The alignment and depth of the drains should be so planned that the maximum number of houses 
may be connected to the drains through gravity.

• In case most of the lengths have fi xed covers, the loca  ons of removable covers should be planned 
considering the loca  on of lowers slopes and changes in the direc  on of the fl ow. The accumula  on 
of silt in these loca  ons is higher.

• Excava  on and construc  on should be carried out as per the drawings to achieve the required 
slope. These ac  vi  es are cri  cal func  ons in the execu  on of any drainage system as they directly 
govern its effi  ciency.

• The drains can be cast in-situ or pre-cast. In case of in-situ cas  ng of drains, concrete of strength 
not less than M20 and thickness of 100 mm should be used. A nominal reinforcement should be 
carried out to ensure that the drain acquires a skeletal structure, and also to help prevent cracks in 
the concrete due to temperature stress. 

Reinsta  ng of the road/roadside a  er laying and inspec  on of drains should be done.

5.1.4 Execution

5.1.5 Operation and Maintenance
• Ensuring that no wastewater enters the drains without passing through intercep  ng chambers

• Regular cleaning of drains especially pre- and post-monsoon
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• Checking for any leakages in drains/channels and repairing them as required

• Replacing or mending of covers

The work should be planned in a way that some length of drains is cleaned every day and the rate of 
cleaning is assumed to be 200–300 m length of drains per day by one person.

5.1.6 Financial Details

a. Capital cost 

The exis  ng drains will be covered using the locally developed methods and the capital cost should be 
as per local norms adopted for construc  ng the exis  ng drains. 

b. O&M Cost

Apart from the material cost required for replacement of drains and covers, there would be a regular 
requirement of labour for de-silta  on of the sewers. This requirement and the es  mated costs are given 
in Table 22.

Table 22: O&M Cost for Closed Drains

Sr. No Descrip  on Quan  ty Rate (Rs.) Amount (Rs.)

1 Labour for cleaning of drains 4 man-days/km 7,000-8,000/month 
per person

7,000

2 Transport of silt to solid waste 
management site

Lump sum 1,000/month 1,000

Total 8,000/-

There is no provision for construc  on of drains or conveyance lines through SBM (G) Phase-II funds. 
However, funds available under 15  FC GP funds or MGNREGS may be used for this purpose.
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5.2 Small Bore Pipe System

5.2.1 Background
A small bore pipe system is one of the drainage systems that can be adopted for the conveyance of 
wastewater (greywater + sep  c tank effl  uent) from the source to the treatment unit. This system consists 
of closed pipes of small diametre, intercep  ng chambers and clean outs, connec  ng households with 
the treatment unit. Since the small bore pipes system collects only se  led wastewater, it needs reduced 
water requirements and reduced veloci  es of fl ow resul  ng in shallow depth. 

The small bore pipe system is very desirable in areas with high rainfall, low permeability and a large 
number of sep  c tanks without soak pits. The technical and fi nancial prerequisite for adop  ng the 
system is that at least 75 per cent of the popula  on is dependent on sep  c tanks and that soak pits are 
unable to dispose of the water in the ground or there are high chances of water pollu  on. The system 
needs to be specially taken up in places that have a permanent ground water table higher than 3 m. The 
small bore system requires the integra  on of two service chains, i.e., FSM and greywater management. 

Image 15: Small Bore Pipe System

Figure 38: Schema  c for Flow of Wastewater
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5.2.2 Feasibility

a. Geographical Requirement

A small bore system is a wastewater conveyance system in which solids are se  led at the household 
level and liquid fl ows to a treatment facility through a shallow pipe system. The alignment, depth and 
bedding provided for the pipe carrying wastewater needs to be checked as per the local condi  ons. The 
system is adopted in areas where household-level interven  ons in respect of greywater management 
are not feasible due to reasons like space constraints /rocky terrain/high water table.

b. Appropriateness of the Technology

ADVANTAGES LIMITATIONS

Cheaper as compared to tradi  onal 
conveyance systems 

Costlier compared to treatment at 
household level

Small bore pipe system cannot tolerate 
gross solids because of its smaller 
diametre. Therefore, there is a need for 
installa  on of intercep  ng chamber/
sep  c tanks for separa  on of solids. 

Clean outs /access holes provided at 
regular intervals need to be cleaned 
of any deposits for the be  er 
func  oning of the system

Most appropriate for areas where the 
soil cannot (or can no longer) absorb 

the effl  uent, or where the popula  on 
is too dense and there is no room for 

household-level treatment

Lower chances of choking as 
compared to open and closed drains

Requires less hydraulic gradient and 
velocity to transport the wastewater 

through the lines than is necessary with 
conven  onal conveyance systems 
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5.2.3 Technical Details

a. Design, Specifi cation and Construction 

House Connec  ons: Greywater generated at household level should pass through a nahani trap 
and intercep  ng chamber before connec  ng with the conveyance line. A house connec  on 
pipe is typically made of uPVC and has a diametre of 75–110 mm. The length required depends 
on the distance between the point of genera  on of greywater and the conveyance line.

In cases where the blackwater needs to be accommodated into the conveyance system, it is 
mandatory that sep  c tanks are installed and only the supernatant fl uid enters the conveyance 
system. In places where there is no sep  c tank, an interceptor can be constructed as per the 
drawing available in Annexure 3. 

Entry of solids like soap covers, shampoo covers and plas  cs, etc. hinder the fl ow of fl uids 
in the conveyance line, resul  ng in choking. Therefore, under no condi  on, should direct 
connec  on of blackwater/greywater with the conveyance network be allowed.

A typical sec  on of an intercep  ng chamber to be installed at household level is given in 
Figures 39 and 40. The size of the intercep  ng chamber depends on the number of users, 
water supply rate and desludging/de-sil  ng frequency. 

Removable 
Inspec  on 
Covers

Scum

Outlet Pipe

Inlet 
Pipe

Brickwork

Clear Space

Sludge
Bedding

Backfi ll

Road

Pipe

Figure 40: Schema  c Diagram of an 
Intercep  ng Chamber at Household Level

Figure 39: Schema  c Diagram of 
a Trench for Laying of Conveyance 
Network
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Figure 41: Trench for Laying of Conveyance Network

Inspec  on chambers or manholes can be used for the connec  on of household drains to the main 
conveyance line. 

Conveyance Network: These are uPVC/HDPE pipes of small diametre (not less than 100 mm) 
laid underground to collect and transport wastewater from households to the treatment unit. 
These are laid in trenches with soil bedding at the base and material backfi lled at the top. The 
depth and slope of the conveyance line should be so designed that the households can easily 
discharge into the conveyance network. The trenches with bedding and backfi lled material are 
required to distribute the external loads evenly around the pipe, so that the pipes are protected 
from burs  ng due to external loading. A typical sec  on of a trench is provided in Figure 41.

Cleanouts and Access Holes: Cleanouts and access holes provide access to the pipes for 
inspec  on and maintenance. In most circumstances, cleanouts are preferable to access holes 
because they cost less and can be more  ghtly sealed to eliminate infi ltra  on and grit which 
commonly enter through the lids and walls of access holes. Access holes are preferred over 
cleanouts in case of changes in: 

• Gradient 

• Direc  on 

• Diametre 
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Depth of 
Manhole

Flow

Depth of Pipe

Removable Cap

Removable Cap

Figure 42: Schema  c Diagram of a 
Cleanouts to be Provided at Humps

Figure 43: Schema  c Diagram of a 
Rectangular Manhole

Alterna  vely, intercep  ng tanks of suitable dimensions (0.9 x 0.9 m or 1.2 x 1.2 m) can be used instead 
of cleanouts and access holes. The provision of intercep  ng tanks provides a break in hydraulics at each 
tank keeping the overall depth of the network low. It also provides entry to the network for fl ushing/
other O&M ac  vi  es and the solids in the wastewater get a chance to se  le prior to entry in the 
treatment unit, enhancing the performance of the treatment units.

Figure 44: Layout of a Small Bore Pipe System
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A typical sec  on of a rectangular access hole is given in Figure 43.
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The construc  on of the overall system should take into considera  on the following: 

• Survey of the area of interest to decide the layout/alignment of the small bore system. A plan should 
be prepared for each sec  on, including details such as slope, diametre, depth, etc. 

• The exis  ng sep  c tanks should be mapped and they should be made an integral part of the system. 
Based on requirement, they should be retrofi  ed. 

• The alignment and depth of the drains should be so planned that the maximum possible number 
of houses can get connected to the drains through gravity. The provision of pumping should be 
avoided.

• Loca  on of cleanout should be 30–60 m depending on the requirement, whereas the intercep  ng 
chambers should be provided at regular intervals, par  cularly in case of changes in the gradient of 
the slope, diametre of the pipe or direc  on of the drains. These loca  ons should be fi nalized during 
the  me the system is being planned.

• Excava  on and pipe laying should be done as per the drawings to achieve the required slope. 

• Installa  on of cleanout and intercep  ng chambers should be as per the drawings to ensure regular 
clean outs in the system.

• A  er the laying and inspec  on of pipes, the road/roadside should be reinstated.

b. Working 

Small bore pipes are designed to receive only the liquid por  on of household wastewater (greywater+ 
sep  c tank effl  uent). The system is used for off -site treatment and disposal where the household-
level interceptor/sep  c tanks have a provision to trap the solids from the wastewater and allow the 
supernatant/effl  uent to fl ow to the conveyance line. The conveyance line leads the supernatant to the 
nearby treatment facility. Cleanouts and interceptors are provided at regular intervals for inspec  on 
and maintenance. The solids accumulated in the interceptor/sep  c tank are cleaned with the help of 
mechanized emptying/vacuum trucks. 

c. Operation and Maintenance

O&M of pipe drains and cleanouts is the responsibility of the Gram Panchayats. The sep  c tank/
intercep  ng chambers at the household level are to be cleaned by the households themselves by 
emptying the mechanical desludging services. The opera  on and maintenance of drainage lines includes:

• Regular cleaning of conveyance lines especially pre- and post-monsoon

• Checking for any leakages in pipes as well as manholes and chambers

• Replacing or mending of cleanout covers

• Regular cleaning of interceptors 

The work should so be planned that some length of pipe and a few chambers are cleaned every day. The 
rate of cleaning: is assumed that a 200–300 m length of conveyance lines along with chambers can be 
cleaned per day by one person.
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5.2.4 Financial Details

a. Capital Cost

A list of materials and items required for a small bore system of 180 mm HDPE pipe to be laid over a 
length of 1 km are given in Table 23.

Table 23: Capital Cost Required for Small Bore System

Sr. No Descrip  on Quan  ty Rate (Rs.) Amount (Rs.)

1 Excava  on of trench (0.8 m x 1 m 
deep)

800 165/cum 1,32,000

2 Pipe: 180 mm HDPE class 4 1000 704/Rmt 7,04,000

3 Pipe laying 1000 105/Rmt 1,05,000

4 Backfi lling 800 73/Cum 58,400

5 Manhole or chambers 20 15,044/Pc 3,00,880

6 Cleanout (as required ) 20 2,000/Pc 40,000

Total 13,40,280/-

All the rates are based on DSR 2019–20 (Pune, Maharashtra) and are subject to change according to 
states and local condi  ons.

b. O&M Cost

Apart from the material cost required for replacement of drains and chamber covers, there is a regular 
requirement of labour for de-silta  on of the conveyance system. This requirement and the es  mated 
costs are given in Table 24.

Table 24: O&M Cost Required for Small Bore Pipe System

Sr. No Descrip  on Quan  ty Rate (MJP DSR 
2019–20) (Rs.)

Amount (Rs.)

1 Labour for cleaning of drains 5 man-days /km 7,000–8,000/month
per person

Rs. 8,000

2 Transport of silt to solid waste 
management site

Lumpsum 5,000/month Rs. 5,000

Total 13,000/-

There is no provision for construc  on of drains or conveyance lines through SBM (G) II funds. However, 
funds available under 15  FC GP funds or MGNREGS may be used for this purpose.
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Small Bore Conveyance System in Tarhala30

A pilot for a small bore sewer system was tried by a few households in Tarhala village, 
Mangrulpir Taluka in Washim district in the year 1993. Ini  ally, about 15 households laid a 
100 mm PVC pipe over a distance of 155 m to solve the problem of water logging and hence 
the problem of commu  ng through the roads.

This solved the issue to a great extent and the area earlier known to be fi lthy became one of 
the neatest areas in the village.

This ac  vity was then taken up in diff erent parts of the village and the funds were arranged 
by the Gram Panchayat. The details of the coverage of the underground drainage lines in the 
village and the funds required are given in Table 25.

Table 25: Coverage of Underground Drainage Lines in Tarhala

Year No. of HH 
connected

Diametre of 
pipe used (mm)

Length (m) Funds (Rs.) Scheme

1993 15 100 155 13,500 Community Contribu  on

1995 10 75 80 10,000 Jawahar Rozgar Yojana

2001 30 75 185 22,000 Gramsamriddhi Yojana

2002 55 75 370 35,000 Gramsamriddhi Yojana

Total 110 790 80,500

CASE STUDY
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Potential Reuse
Water has always played an important role in our life and culture. Around 71 per cent of the Earth’s surface 
is covered with water, of which only 3 per cent consists of fresh water and India has around 4 per cent of 
these resources. With increased popula  on growth and development, there is a need to look cri  cally 
at alterna  ve approaches for ensuring water availability. One such way is greywater management, which 
reduces the demand for fresh water because it facilitates the reuse of greywater and helps to save fresh 
water sources from liquid waste pollu  on.

For centuries, water fl owing out from bathroom and kitchen drains has been used directly for irriga  on (such 
as for growing coconuts, banana, colocasia, etc.). But with the growth of the popula  on and contamina  on 
(due to the increase in the use of chemical-laden products in our rou  ne household and community-level 
ac  vi  es), the treatment of greywater before its reuse has become necessary.

CHAPTER6

Source: Iqbal Sascha, 1999

Image 16: Harves  ng of Duckweed with a Net Image 17: Freshly Harvested Duckweed
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In our country, on-site or community greywater recycling, which is a mul  -stage method of chemical, 
physical and biological treatment processes, is a rela  vely new prac  ce. Treated greywater can be used for 
irriga  on, non-potable domes  c use (such as, fl ushing toilets, vehicle washing, gardening, etc.), cleaning of 
community spaces, pisciculture and groundwater recharge, in addi  on to other uses. This prac  ce not only 
helps in keeping the surface water bodies clean, but also aids in decreasing the demand for fresh water. It 
also aids in recharging the already constrained natural water resources and saves them from liquid waste 
pollu  on through unmonitored disposal and leaching.

Source: Iqbal Sascha, 1999

Image 18: Pond with Fish Feeding Sta  ons

Source: PRISM
* The vigorously jumping fi sh indicate healthy fi sh and good pond water quality

Image 19: Harves  ng of Various Carp Species Fed Exclusively on Duckweed*
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Greywater Reuse in Maharashtra 

Karanjwan village of Dindori block in Nashik has a well-designed small bore sewer system 
for conveyance of greywater. There are about 5,256 residents in the village and the 
greywater generated is nearly one lakh litres per day. The greywater is treated through a 
waste stabiliza  on pond, which stretches over an area of 0.5 acre. This treated greywater 
is used for irriga  on in the GP-owned area of about 5 acres. There are about 1,100 trees 
there, including tamarind, mango, guava and black plum. This planta  on was created about 
5–6 years ago; however, due to the absence of water for irriga  on, the yield from the plants 
was not quan  fi able. The issue of water availability for plants was solved about 3 years ago 
through the treatment of greywater and using it for irriga  on. A posi  ve impact has been 
observed in terms of the yield from the plants. In 2020 about 2.5 quintals of tamarind was 
harvested and the GP plans to sell the lot. The es  mated revenue from the sale of tamarind 
is around Rs. 4 lakh. 

In Bajar Bhogaon in Panhala block of Kolhapur district a three-pond WSP system for greywater 
treatment was constructed in 2018. About 25 kld of treated greywater became available for 
reuse. Currently this water is li  ed by three to fi ve farmers from the matura  on pond and 
used for irriga  on. The GP is planning to connect farms farther away through pipelines and to 
install pumps at the treatment site to convey the treated greywater. Sugarcane is cul  vated 
on a large scale in this area. The GP believes that assured availability of water for irriga  on 
can boost the crop yield of sugarcane.

CASE STUDY
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Greywater reuse at Patoda Grampanchayat, Aurangabad, Maharashtra 

• Patoda village developed a greywater management system for 602 families cos  ng 
approximately Rs. 20 lakh in 2014. 

• The wastewater gets treated by natural processes, passing through six basins constructed 
in a series with sand and gravel inside. The basins lead to a stabiliza  on pond.

• The treated greywater is used for irriga  ng agricultural fi elds near the stabiliza  on pond. 

CASE STUDY
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Annexure A: Soil Classifi cation and Permeability
Diff erent types of soils with diff erent properies are found in diff erent parts of the country. The Indian 
Council of Agricultural Research (ICAR) has classifi ed soils into eight main categories. It is important 
to understand the broader criteria and suitability of these soils par  cularly for the household-level 
greywater management op  ons. 

Classifi ca  on of Soils in India - Types 
of Soils in India

In India, ICAR has classifi ed soils into 
8 categories. 

1. Alluvial soil

2. Red soil

3. Black or regur soil

4. Desert soil

5. Laterite soil

6. Mountainous soil

7. Peaty and marshy soil 

8. Saline and alkaline soil

In addi  on, several sub-types of 
soils have been iden  fi ed in India, 
viz., Karewa soil, Sub-Montane Soil, 
Snowfi eld, Grey/Brown Soil, etc. 
Also, there are mixed soils, that have 
diff erent propor  ons of the main 
soils possessing varia  on in their 
water reten  on and absorbability. 

Figure A.1: Soils of India
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Source: Indian Council of Agricultural Research

Soil Permeability 
Soil permeability is the property of the soil to transmit water and is one of the most important quali  es 
to consider for disposing the greywater into the ground. The more permeable the soil, the greater the 
seepage and faster the disposal. 
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Factors aff ec  ng soil permeability and design of 
structures at ground level

Soils are generally made up of layers and soil quality 
o  en varies widely from one layer to another. 
Before the construc  on of pits, it is important to 
determine the rela  ve posi  on of the permeable 
and impermeable layers. To prevent the failure of 
a greywater management system, the design of 
any recharge pit, soak pit, leach pit, magic pit or 
any others should be planned in such a way that 
there is no possibility of having an impermeable 
layer at the bo  om or sides. 

Many other factors aff ect soil permeability. 
Some  mes they are extremely localized, such as cracks and holes, and it is diffi  cult to calculate 
representa  ve values of permeability from actual measurements. Observa  ons of soil texture, structure, 
consistency, colour/mo  ling, layering, visible pores and depth to impermeable layers such as bedrock 
and clay pan form the basis for deciding if permeability measurements are likely to be representa  ve. 
For individual structures at diff erent loca  ons, to fi nalize the design specifi ca  ons necessary advice 
from the local Geological Department or Central Ground Water Board may be obtained. 

(Reference: h  p://www.fao.org/tempref/fi /cdrom/fao_training/fao_training/general/x6706e/
x6706e09.htm)

Determina  on of permeability: 

1. Permeability or percola  on rate can be understood from the exis  ng soak pit and leach pit 
constructed within the village in proximity to the site. This should be es  mated based on the 
quan  ty of greywater generated and  me require to dispose the water into ground. 

2. In case, there are no soak pits or leach pits available to understand the permeability, it is 
recommended to iden  fy the soil absorp  on capacity as given below. 

Determination of the Soil Absorption Capacity as per IS: 2470 
(Part 2)

A-l. Percolation Test

A-1.1 Percola  on test should be conducted as described in A-I.2 to A-l.6 to determine the permeability 
of the soil at any depth at which it is intended to dispose of the effl  uent.

A-1.2 A square or a circular hole with side width or diametre respec  vely 100–300 mm on the ver  cal 
sides shall be dug or bored to the depth of the proposed absorp  on trench. The bo  om and sides of the 
holes shall be carefully scratched in order to remove any smeared soil surface and to provide a natural 
soil interface into which water may percolate. All the loose material shall be removed from the hole 
and coarse sand or fi ne gravel shall be added for a depth of about 50 mm, to protect the bo  om from 
scouring and sedimenta  on.
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A-1.3 Water shall then be poured up to a minimum depth of 300 mm over the gravel. In order to ensure 
that the soil is given ample opportunity to swell and to approach the condi  on it will be in, during the 
we  est season of the year, the percola  on shall be determined 24 hours a  er the water is added. If 
the water remains in the test hole a  er the overnight swelling period, the depth shall be adjusted to 
150 mm over the gravel. Then from a fi xed reference point, the drop in water level shall be noted over 
a 30 minute period. This drop shall be used to calculate the percola  on rate. 

A-1.4 If no water remains in the hole, water shall be added to bring the depth of the water in the hole 
 ll it is 150 mm over the gravel. From a fi xed reference point, the drop in water level shall be measured 

at 30 minutes intervals for 4 hours, refi lling 150 mm over the gravel as necessary. The drop that occurs 
during the fi nal 30 minutes period shall be used to calculate the percola  on rate. The drops during prior 
periods provide informa  on for possible modifi ca  on of the procedure to suit local circumstances. 

A-l.5 In sandy soils or other porous soils in which the fi rst 150 mm of water seeps away in less than 
30 minutes a  er the overnight swelling period, the  me interval between measurement shall be taken 
as 10 minutes and the test run for one hour. The drop that occurs during the fi nal 10 minutes shall be 
used to calculate the percola  on rate. 

A-l.6 Percola  on rate: Based on the fi nal drop, the percola  on rate, that is, the  me in minutes required 
for water to fall 25 mm, shall be calculated. 

Table A.1: Allowable Rate of Effl  uent Applica  ons to Soil Absorp  on System (Clause 5.1, IS : 2470 
(Part 2)

Permeability Percola  on Rate (min) Maximum Rate of Effl  uent 
Applica  on (l/sqm/day)

Permeable

1 or less 204

2 143

3 118

Semi-permeable 4 102

5 90

10 65

Not suitable More than 10 52

Note 1: The absorp  on area for a dispersion trench is the trench bo  om area.

Note 2: The absorp  on area for seepage pits is the eff ec  ve side wall area, eff ec  ve depth being 
measured from 150 mm below invert level of inlet pipe to the bo  om of the pit (see Figure 2).

Note 2: If the percola  on rate exceeds 30 minutes, the soil is not suitable for soakaways. If the percola  on 
rate exceeds 60 minutes, the soil is not suitable for any soil absorp  on system.

(Reference: 2470 (Part 2) l 1985; Indian Standard Code of Prac  ce for Installa  on of Sep  c Tanks – Part 
2 – Secondary Treatment and Disposal of Sep  c Tank Effl  uent (Second Revision)
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Annexure B: Precipitation in India
Precipita  on in India is irregular over the course of a year, but there is a well-defi ned rainy season in 
most parts of the country, star  ng some  me in June and ending in September. According to the Koppen 
climate classifi ca  on, India has seven diff erent clima  c regions.

The average rainfall in India is 118 cm according to annual data from the Meteorological Department. 
Table A.2 provides the distribu  on of rainfall in India.

Table A.2: Distribu  on of Rainfall in India

Distribu  on of rainfall Annual rainfall States and regions

Extreme precipita  on Average of 400 cm North-eastern regions and the windward side of the 
Western Ghats. Areas like Assam, Meghalaya, Arunachal 
Pradesh and hilly tracts of the Western Ghats are host 
to tropical rainforests. The highest amount of rainfall in 
India and the world is recorded at Mawsynram village of 
Meghalaya.

Heavy precipita  on 200–300 cm North-eastern regions, states such as West Bengal, Tripura, 
Nagaland, Manipur, Orissa and Bihar are included in this 
zone. Most of the areas in the sub-Himalayan belt also fall 
under this zone.

Moderate precipita  on 100–200 cm Parts of West Bengal, Bihar, Orissa, Madhya Pradesh, 
Andhra Pradesh, and leeward side of the Western Ghats.

Scanty precipita  on 50–100 cm Parts of Maharashtra, Gujarat, Karnataka, Tamil Nadu, 
Andhra Pradesh, Madhya Pradesh, Punjab, Haryana and 
Western U  ar Pradesh.

Desert and semi-desert Below 50 cm The states of Rajasthan, Gujarat and adjacent areas are 
classifi ed as desert or semi-desert, based on the amount 
of rainfall they receive. Some parts of Jammu & Kashmir 
such as the Ladakh plateau are also included in this zone 
as cold deserts. The lowest level of rainfall in India has 
been recorded in Ruyli village, Rajasthan.

The rainfall distribu  on in India is impacted by the Thar desert and the Himalayas. Temperature and 
pressure changes over the Indian Ocean, the Arabian Sea, the Bay of Bengal and the southern part of 
the Pacifi c Ocean also play a signifi cant role in the monsoon rains over the country.

NOTE: Climate change also adds to the adversity and unpredictability of rainfall events at local/
microlevel, making it vital to plan and design sustainable greywater management systems. The system 
chosen needs to be resilient as per local weather condi  ons so that it may be managed locally within 
the site constraints. 
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Annexure C: Technical Details
Figure A.2: Household-level Interven  on – Soak Pit
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Figure A.3: Household-level Interven  on – Leach Pit
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Figure A.4: Household-level Interven  on – Modifi ed Leach Pit
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Figure A.5: Household-level Interven  on – Magic Pit
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Figure A.6: Community-level Interven  on – Community Leach Pit 
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Figure A.7: Community-level Interven  on – Modifi ed Leach Pit 
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Figure A.8: Layout of Waste Stabiliza  on Pond

Figure A.9: Sec  on of Anaerobic Pond
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Figure A.10: Sec  on of Faculta  ve Pond

Figure A.11: Sec  on of Aerobic Pond

Figure A.12: Sec  on of Ver  cal Flow Constructed Wetland
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Figure A.13: Sec  on and Plan Se  ler for DEWATS

Figure A.14: Sec  on of ABR-AF in DEWATS
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Figure A.15: Plan of ABR-AF in DEWATS
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Figure A.16: Sec  on and Plan for HPGF in DEWATS
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Figure A.18: Household-level Intercep  ng Chamber

Figure A.17: Sec  on of Polishing Pond in DEWATS
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Figure A.19: Trench Sec  on in Small Bore Pipe System
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Figure A.20: Sec  on of Manhole
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Figure A.21: Typical Clean-out Sec  on
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Figure A.22: Sec  on of Trapezoidal Closed Drain With Half Round Bo  om

Figure A.23: Sec  on of Trapezoidal Closed Drain
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Annexure D: Description and Rates of the Civil Works 

Sr. No Descrip  on Unit Rate  (Rs.) Reference 

A Excava  on 

A1 Li   up to 1.50 m 

Excava  on for a founda  on in hard murum 
including removing the excavated material up 
to a distance of 50 metres beyond the building 
area and stacking and spreading as directed, 
dewatering, preparing the bed for the founda  on 
and necessary back fi lling, ramming, watering 
including shoring and stru   ng, etc. complete.

Cubic 
metre

165 PMC DSR, Bhavan 
Department, 
Miscellaneous Item, 
15692 3 A-21.06, P. 4

A2 Li   from 1.5 to 3.0 m

Excava  on for a founda  on in hard murum 
including removing the excavated material up to 
a distance of 50 m beyond the building area and 
stacking and spreading as directed, dewatering, 
preparing the bed for the founda  on and 
necessary back fi lling, ramming, watering including 
shoring and stru   ng, etc. complete.

Cubic 
metre

206 PMC DSR, Bhavan 
Department, 
Miscellaneous Item, 
15692 3 A-21.08, 
Pg. 4

B Embankment: 

Watering and compac  ng of embankment formed 
of materials obtained from the road cu   ng 
within a lead of 50 m, not less than 97 per cent of 
standard proctor density a  er laying them in layers 
of 20 cm. to 30 cm. with power roller.

Cubic 
metre

57 Govt. of 
Maharashtra, Public 
Works Department, 
State Schedule of 
Rates, Item no.2.24, 
Pg. 28

C Stone Pitching 

Providing dry rubble stone pitching 23 cm thick, 
including all material, quarry spalls, labour, etc. 
complete.

Square 
metre 

317 Govt. of Maharashtra, 
Public Works 
Department, State 
Schedule of Rates, 
Item no.2.34, Pg. 29

D Pipes 

D1 PVC Pipes

Providing and supplying in standard lengths ISI 
mark rigid un-plas  cized PVC pipes suitable for 
potable water with solvent cement joints including 
cost of couplers, as per IS specifi ca  on no. 4985 
/1988 excluding GST levied by GOI and GOM in all 
respects, including transporta  on, freight charges, 
inspec  on charges, loading, unloading, conveyance 
to the departmental stores and stacking the same 
in closed shed duly protected from direct sunlight 
and rain, including cost of join  ng material, i.e., 
solvent cement, etc. complete (self-fi t type to be 
jointed with cement solvent).

Working pressure 4 kg./sq.cm

• 75 mm

• 110 mm

Rmt 

71

135

MAHARASHTRA 
JEEVAN 
PRADHIKARAN

Pune Region, 
Schedule of Rates for 
2019–2020

Sec  on I (II) P.V.C 
pipes, P. 95 
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Sr. No Descrip  on Unit Rate  (Rs.) Reference 

D2 HDPE Pipes

Providing and supplying in standard lengths 
polyethylene pipes, conforming to IS 4984 /14151 
/12786 /13488 with necessary join  ng material 
like mechanical connector, i.e., thread /insert joint 
/quick release coupler joint /compression fi   ng 
joint or fl anged joint excluding coupler/specials, 
including transporta  on and freight charges, 
inspec  on charges, loading /unloading charges, 
conveyance to the departmental stores and 
stacking the same in closed shade duly protec  ng 
from direct sunlight and rain, excluding GST levied 
by GI & GOM in all respects, etc. complete.

PE-100 a) 6 kg/sq. cm

• 110 mm

• 160 mm

• 180 mm

Lowering, laying and join  ng H. D. P. E pipes

Lowering, laying and join  ng H. D. P. E pipes 
in proper posi  on including all specials by 
compression fi   ng/electrofusion and bu   
fusion join  ng procedure as per relevant IS Code 
complete with all materials for join  ng procedure 
like electrofusion machine, electric heater/bu   
fusion welding machine with hydraulic jack, top 
loading clamp, etc. and all labour as directed by 
engineer-in-charge as per IS-7634 Part II

• 110 mm

• 160 mm

• 180 mm

Rmt 

251

559

704

64

105

105

MAHARASHTRA 
JEEVAN 
PRADHIKARAN Pune 
Region, Schedule of 
Rates for 2019–2020 
Sec  on I (IX) H.D.P.E 
pipes, P. 153 

MAHARASHTRA 
JEEVAN 
PRADHIKARAN
Pune Region, 
Schedule of Rates for 
2019–2020
Sec  on I (IX) H.D.P.E 
pipes, P. 155

E Concre  ng 

E1 PCC- M10

Providing and laying cast in situ/ready mix cement 
concrete in M-10 of trap/granite/quartzite/gneiss 
metal for founda  on and bedding including bailing 
out water, formwork, laying/pumping, compac  ng, 
roughening them if special fi nish is to be provided, 
fi nishing if required and curing complete, with fully 
automa  c microprocessor-based PLC with SCADA 
enabled reversible drum type mixer/concrete 
batch mix plant (pan mixer), etc. complete.

With natural sand/V.S.I. quality ar  fi cial sand.

Cubic 
metre

5,158 PMC DSR, Bhavan 
Department, 
Miscellaneous Item, 
15702 2 D-24.01, 
P. 37
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Sr. No Descrip  on Unit Rate  (Rs.) Reference 

E2 PCC- M15

Providing and laying cast in situ/ready mix cement 
concrete in M15 of trap/granite/quartzite/gneiss 
metal for steps including steel centering, plywood/
steel formwork, laying/pumping, compac  ng, 
roughening them if special fi nish is to be provided, 
fi nishing uneven and honeycombed surface and 
curing, etc. complete. The cement mortar 1:3 
plaster is considered for rendering uneven and 
honeycombed surface, only. Newly laid concrete 
shall be covered by gunny bags, plas  c, tarpaulin, 
etc. (wooden centering will not be allowed), 
with fully automa  c microprocessor-based 
PLC with SCADA enabled reversible drum type 
mixer/concrete batch mix plant (pan mixer), etc. 
complete. With natural sand/V.S.I. quality ar  fi cial 
sand.

Cubic 
metre

5,630 PMC DSR, Bhavan 
Department, 
Miscellaneous Item, 
15702 3 D-24.04, 
P. 37

E3 PCC- M20

Providing and laying cast in situ/ready mix cement 
concrete in M20 of trap/granite/quartzite/gneiss 
metal for steps including steel centering, plywood/
steel formwork, laying/pumping, compac  ng, 
roughening them if special fi nish is to be provided, 
fi nishing uneven and honeycombed surface and 
curing, etc. complete. The cement mortar 1:3 
plaster is considered for rendering uneven and 
honeycombed surface, only. Newly laid concrete 
shall be covered by gunny bags, plas  c, tarpaulin, 
etc. (wooden centring will not be allowed), with 
fully automa  c microprocessor based PLC with 
SCADA enabled reversible drum type mixer/
concrete batch mix plant (pan mixer), etc. 
complete. With natural sand/V.S.I. quality ar  fi cial 
sand.

Cubic 
metre

5,901 PMC DSR, Bhavan 
Department, 
Miscellaneous Item, 
157024 D-24.06, 
P. 37

E4 RCC-M25

Providing and laying cast in situ/ready mix cement 
concrete M-25 of trap /granite /quartzite/gneiss 
metal for R.C.C. work in founda  ons like ra  , 
strip founda  ons, grillage and foo  ngs of R.C.C. 
columns and steel stanchions, etc. including 
bailing out water, formwork, cover blocks, laying/
pumping, compac  on and curing roughening the 
surface if special fi nish is to be provided (excluding 
reinforcement and structural steel), etc. complete, 
with fully automa  c microprocessor-based 
PLC with SCADA enabled reversible drum type 
mixer/concrete batch mix plant (pan mixer), etc. 
complete. With natural sand/V.S.I. quality ar  fi cial 
sand.

Cubic 
metre

6,453 PMC DSR, Bhavan 
Department, 
Miscellaneous Item, 
157032
E-25.13, P. 48
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Sr. No Descrip  on Unit Rate  (Rs.) Reference 

E5 Reinforcement 

Providing and fi xing in posi  on steel bar 
reinforcements of various diametres for RCC piles, 
caps, foo  ngs, founda  ons, slabs, beams, columns, 
canopies, staircases, newels, chajjas, lintels, 
pardies, copings, fi ns, arches, etc. as per detailed 
designs, drawings and schedules; including cu   ng, 
bending, hooking the bars, binding with wires 
or tack welding and suppor  ng as required, etc. 
complete (including cost of binding wire). (Bd-F-
17/306)

ToR Steel 

MT 63,216

MAHARASHTRA 
JEEVAN 
PRADHIKARAN

Pune Region, 
Schedule of Rates for 
2019–2020

Sec  on G, Plain, 
Reinforced and Ready 
Mix Concrete, P. 64

F Filter Media

Cubic 
metre

1,575

1,050

809.22

MAHARASHTRA 
JEEVAN 
PRADHIKARAN

Pune Region, 
Schedule of Rates for 
2019–2020

Sec  on A, Materials, 
pp. 17–18

F1 Supply of fi lter media at the source 
(Transporta  on cost at actual) 

• Sand

• Coarse sand 

• Gravel

Cubic 
metre

1,575

1,050

809.22

MAHARASHTRA 
JEEVAN 
PRADHIKARAN

Pune Region, 
Schedule of Rates for 
2019–2020

Sec  on A, Materials, 
pp. 17–18

F2 Boulders

Providing and fi lling around the well boulders fi lling 
of selected variety and size of boulders including 
cost of all materials, labour, transporta  on, etc. 
complete with all leads and li  s.

Cubic 
metre

874 MAHARASHTRA 
JEEVAN 
PRADHIKARAN
Pune Region, 
Schedule of Rates for 
2019–2020 Sec  on 
M, well sinking and 
river infi ltra  on 
works, p. 304

G Pre-cast Covers 

Supply of RCC or fi bre reinforced manhole covers 
of acceptable quality with cover code stamping

• RCC cover of diametre 53.54 cm and weight 
175 kg

• RCC cover of diametre 56 cm and weight 225 kg 

• Rectangular RCC cover of 0.9 m x 0.6 m and 
weight 155 kg 

Per piece 

849

970

846

PMC DSR, Drainage 
Department, Chapter 
2 – RCC pipes, 
semi-circular pipes, 
manhole, manhole 
covers, frames, etc., 
154341,154342 and 
154343, p. 9
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Sr. No Descrip  on Unit Rate  (Rs.) Reference 

H Plastering 

Providing sand faced plaster externally in cement 
mortar using approved screened sand, in all 
posi  ons including base coat of 15 mm thickness in 
cement mortar 1:4 using waterproofi ng compound 
at 1 kg per cement bag curing the same for not less 
than 2 days and keeping the surface of the base 
coat rough to receive the sand faced treatment 6 
to 8 mm thickness in cement mortar 1:4 fi nishing 
the surface by taking out grains and curing for 14 
days scaff olding, etc. complete.

Square 
metre 

Govt. of 
Maharashtra, Public 
Works Department, 
State Schedule of 
Rates, Item no.32.12, 
p. 269

I Brickwork

Providing second class Burnt Brick masonry with 
conven  onal/I.S. type bricks in cement mortar 1:6 
in founda  ons and plinth of inner walls/in plinth 
external walls including bailing out water manually, 
striking joints on unexposed faces, raking out joints 
on exposed faces and watering, etc. complete.

Cubic 
metre

4,903

PMC DSR, Bhavan 
Department, 
Miscellaneous Item, 
162691, Z- 53.33, 
p. 212

J Pre-cast Chambers 

Providing and construc  ng BB masonry valve 
chamber with 15 cm thickness 1:3:6 propor  on 
PCC bedding, excluding excava  on, BB masonry 
in CM 1:5 propor  on pre-cast S.F.R.C. frame and 
cover, etc., complete as directed by engineer-in-
charge.

• 1.2 x 1.2 M internal size and depth up to 1.2 M 
with S.F.R.C. frame and cover of size 540 mm 
dia. fi xed in RCC slab

 

Per piece 

18,825

MAHARASHTRA 
JEEVAN 
PRADHIKARAN

Pune Region, 
SCHEDULE OF RATES 
for 2019–2020

Sec  on l- Chambers, 
Manholes, Drainage 
Drops, p. 295

K Bar Screen 

Supply of bar screen with following specifi ca  ons 

• Length: 1 m with handle

• Width: 450 mm

• SS fl at size: 25 mm x 3 mm thick

• Opening: 10 mm

• SS angle frame: 25 mm x 25 mm x 3 mm thick

Per piece 15,000 Market rate 
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Acronyms
BOD Biochemical Oxygen Demand

CGWB Central Ground Water Board

COD Chemical Oxygen Demand

CPCB Central Pollu  on Control Board

CPHEEO Central Public Health and 
Environmental Engineering 
Organisa  on

CSR Corporate Social Responsibility

DEWATS Decentralized Wastewater 
Treatment System

DM District Magistrate

DPR Detailed Project Report

DSBM(G) District Swachh Bharat Mission 
(Grameen)

DTMU District Training Management 
Unit

DWSM/DWSC District Water and Sanita  on 
Mission/Commi  ee

FC Finance Commission

GP Gram Panchayat

GR Government Resolu  on

GWM Greywater Management

HH Household

HRD Human Resource Development

HRT Hydraulic Reten  on Time

IEC Informa  on Educa  on 
Communica  on

IPC Inter-personal Communica  on

JJM Jal Jeevan Mission

LPCD Litres Per Capita per Day

LWM Liquid Waste Management

M&E Monitoring and Evalua  on

MGNREGS Mahatma Gandhi Na  onal 
Rural Employment Guarantee 
Scheme

MIS Management Informa  on 
System

MoHUA Ministry of Housing and Urban 
Aff airs

O&M Opera  on and Maintenance

ODF Open Defeca  on Free

PHED Public Health Engineering 
Department

PRI Panchaya   Raj Ins  tu  ons

SBCC Social Behaviour Change 
Communica  on

SBM (G) Swachh Bharat Mission 
(Grameen)

SHG Self-Help Group

SLWM Solid and Liquid Waste 
Management

SOP Standard Opera  ng Procedure

STP Sewage Treatment Plant

TDS Total Dissolved Solids

T-N Total Nitrogen

T-P Total Phosphorus

TSS Total Suspended Solids

VAP Village Ac  on Plan

VO Village Organiza  ons

VWSC Village Water and Sanita  on 
Commi  ee

WSP Waste Stabiliza  on Pond
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