Guidelines for

Constructed Wetland Systems
for Treatment of Sewage

in India

National Mission for Clean Ganga
Ministry of Jal Shakti,
Government of India

Department of Hydro and Renewable Energy
Indian Institute of Technology Roorkee




Guidelines for constructed wetland systems

for treatment of sewage in India

sponsor:

T

National Mission for Clean Ganga
Ministry of Jal Shakti, Government of India

By

Estd. 1847

Il —
/5 IIT ROORKEE

Department of Hydro and Renewable Energy
Indian Institute of Technology Roorkee
Roorkee, Uttarakhand — 247667

August 2023



Guidelines for constructed wetland systems for treatment of sewage in
India

sponsor: National Mission for Clean Ganga, Ministry of Jal Shakti, Government of

India

By: Department of Hydro and Renewable Energy, Indian Institute of Technology
Roorkee, Roorkee, Uttarakhand — 247667

Citation:

Prajapati, S. K., Kumar, A., Chand, N., Kumar, M., and Sharma, M.P. (2023). Guidelines for
constructed wetland systems for treatment of sewage in India. Dept. of Hydro and Renewable
Energy Indian Institute of Technology Roorkee, Aug 2023.



GO —
Giw o e
ofl D DN, A1yd STl GTE,

) faera v T wReer faurr
GOVERNMENT OF INDIA
MINISTRY OF JAL SHAKTI
DEPARTMENT OF WATER RESOURCES,
RIVER DEVELOPMENT & GANGA REJUVENATION

G Asok Kumar, 1As
SPECIAL SECRETARY & DIRECTOR GENERAL
NATIONAL MISSION FOR CLEAN GANGA

FOREWORD

National Mission for Clean Ganga (NMCG) is leading India’s efforts in sustainable and natural
based solutions for rejuvenation and conservation of river Ganga and its tributaries. Efforts are
underway to ensure all sewage is treated before joining the rivers. The “Guidelines for Constructed
Wetland Systems for Treatment of Sewage in India" developed by the Department of Hydro and
Renewable Energy (HRED), lIT Roorkee under the aegis of the NMCG are a significant milestone in
our collective efforts to address the pressing issue of sewage treatment and water resource
management in India.

These Guidelines shall be helpful in establishing nature-based, robust and sustainable
sewage management infrastructure by addressing the urgent problem of insufficient sewage
treatment capacity. Implementing these Guidelines is not just a regulatory measure, it signifies a
commitment to adopting nature-based techniques that will transform our approach to sewage
management. Using nature's power, these Guidelines aim to ensure comprehensive treatment and
interception of sewage before it enters our rivers and lakes.

Recognition of the complexities and challenges associated with sewage treatment, these
Guidelines advocate for a comprehensive, holistic and integrated perspective that considers the
technical aspects along with environmental, social and economic dimensions.

I am happy to learn that these Guidelines are the result of an exhaustive evaluation process
carried out by a coalition of prestigious organizations dedicated to environmental stewardship and
after incorporating the feedback from various central and state agencies, including National Mission
for Clean Ganga (NMCG) & National River Conservation Directorate (NRCD), Ministry of Jal Shakti,
Central Public Health and Environmental Engineering Organization (CPHEEOQ), Ministry of Housing
and Urban Affairs, Central Pollution Control Board (CPCB), State Pollution Control Boards (SPCBs),
IIT Bombay, Aligarh Muslim University, MNIT Jaipur, National Institute of Hydrology, Roorkee, and
State agencies dealing the subject of river and lake conservation in the country.

Together, with the implementation of these Guidelines and a collective commitment to
environmental stewardship, we can usher in a new era of pollution abatement, where Constructed
Wetlands can become integral components of our sustainable water management strategies.

| congratulate the Prof. Sanjeev K Prajapati and Prof. Arun Kumar along with team that has
put together these Guidelines and look forward to their faithful implementation. ﬁ
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1 INTRODUCTION

1.1  Background

Constructed wetlands (CWs) are artificially created man-made systems for wastewater
treatment by utilizing natural processes, involving filter media, vegetation, and microbial
communities. CWs are becoming increasingly popular for the treatment of wastewater. Several
configuration and operation conditions have been explored for treatment of various types of
wastewaters including sewage and industrial effluent. CWs provide an eco-friendly approach
for wastewater treatment and are easy to maintain. The wastewater gets treated by filtration,
adsorption, precipitation, ion exchange, plant uptake, and microbial degradation (both aerobic
and anaerobic). CWs have been noticed to require low capital and operational cost compared
to conventional treatment systems and are easy to maintain. Therefore, being eco-friendly and
affordable in nature these CWs have a strong potential for application in developing countries
like India.

To date, several programs have been undertaken for the treatment of wastewater using
CWs at the International and National level:

e In 1991, the Natural Resources Conservation Service (NRCS) (then the Soil
Conservation Service) developed technical guidelines for the design of CWs used to
treat wastewater from livestock facilities (USDA 1991). The design criteria in that
document were based on state-of-the-art information at that time.

e In 1997, the Environmental Protection Agency’s (EPA) Gulf of Mexico Program
(GMP) sponsored the publication of a literature review, database, and research
synthesis on animal waste CWSs throughout the United States and Canada (CH2M-Hill
and Payne Engineering 1997). The Livestock Wastewater Wetland database presents
information from more than 70 sites, including pilot and full-scale facilities.

e In 2019, the manual on CWs as an Alternative Technology for Sewage Management in
India provided a comprehensive idea about the wetlands, the type of wetlands, and
applications and challenges to the treatment of sewage, along with the plethora of new
technological developments. Subsequently, the manual depicts in details how
engineered wetlands can be constructed, with the intent to guide the design, the
construction, operation, and maintenance along with a limited number of case studies.

e Under the National Water Mission of the Ministry of Jal Shakti, Department of Water
Resources, RD and GR (strategy 1.4), two Programme (i) developing Inventory of
Wetland and (ii) National Plan for Conservation of Aquatic Eco-system (NPCA) has
been launched to create an inventory of wetlands including Ramsar Wetlands and to
identify 115 wetlands in 24 states and 2 UT for conservation and management
respectively.

Several configurations of CWs are available for the treatment of sewage based on the
water flow patterns, configuration, type, and composition. However, selection of a suitable CW
system depends on various parameters, such as characteristics of sewage, desired treatment
ranges, geographical and climatic conditions. Considering the sewage characteristics and
various geospatial conditions across the nation throughout the year, the present guidelines aim
to provide a holistic instruction, recommendations, and checkpoints to opt the CW technology
for sewage treatment with a greater transparency. Principally from construction to operation
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and maintenance of CWs, it will support effective development and efficient management of
CWs.

1.2 Purpose of Guidelines

The sewage treatment infrastructure cope with the increasing sewage generation. Due
to the wide gap between sewage generation and available treatment facilities, a high fraction
of untreated or partially treated sewage released into water bodies, causing water pollution, and
posing a threat to aquatic life and public health. The presence of untreated sewage in water
sources is also responsible for spreading waterborne diseases and detrimentally impacting the
overall ecosystem. Therefore, to address sewage problems, authorities need to invest in
expanding and upgrading existing STPs or developing new technologies to meet the growing
demands of sewage treatment. Subsequently as a nature-based technology CWs could be one
of the options to handle the sewage treatment in India. Under the flagship program of the
NMCG on effective abatement of pollution, conservation, and rejuvenation of National River
Ganga, several initiatives have been taken for proper treatment of sewage. Further, along with
the conventional STP, based on the biological treatment such as activated sludge process (ASP)
and sequential batch reactor (SBR) CW technology has been adopted for sewage treatment.

In India, the use of CWs for sewage treatment is limited due to several factors such as
(@) Lack of awareness and knowledge, (b) Social acceptance, (c) Regulation and policy
frameworks, and d) Unavailability of proper guidelines for selection, construction as well as
operation and maintenance of CW based STPs. Promoting the adoption of CWs for sewage
treatment in India demands collective actions to raise awareness, involve local communities,
create supportive policies, and offer detailed guidelines. By implementing these efforts, India
can effectively utilize CW technology for sustainable sewage treatment solutions. Hence, there
is a dire need for standardization of CW systems for efficient utilization of their potential in
sewage treatment under the ongoing efforts of NMCG.

The purpose of CWs guidelines is to provide guidance and information to engineers,
planners, designers, scientists, non-government organizations, local urban bodies, and
stakeholders on the planning, design, construction, operation, and maintenance of CWSs. The
guidelines aim to ensure that CWs are appropriately designed and implemented to effectively
treat wastewater, storm water, and other types of water while minimizing environmental impact
and maximizing cost-effectiveness.

The selection and design guidelines will help in designing and building new CWs
systems in India:

e Sustainable development and enhanced water quality through the design acceptance
process for sewage wastewater treatment in India

e It will provide cost-effective management via design, construction, operation, and
maintenance.

e It will provide the baseline for the selection of treatment facilities based on land
availability, wastewater type, and climatic condition.

e  Will ease up the selection process by having clarity and consistency in decision making.

The guidelines cover various aspects of CWs, including site selection, design
considerations, construction techniques, substrate and plant selection, operation and
maintenance, and performance monitoring. It provides a framework for designing and



implementing CWs that are tailored to specific needs and local conditions and meet regulatory
and environmental requirements.

India recognizes the importance of CWSs and their role and function in wastewater
treatment. Hence to emphasize the contaminant removal using nature-based methods CWs
design principles are outlined in this guide. Subsequently, it will assist the organizations in
delivering the best CWs designs. The presented guidelines will help in achieving the shared
objectives of sustainable development and improved water quality. Overall, it could maximize
the number of successful systems in Indian conditions.

CWs are significant in addressing India's water and wastewater management
challenges, conserving the environment, adapting to climate change, promoting sustainable
agriculture, improving rural sanitation, and engaging local communities. Since India faces
significant challenges in wastewater management due to rapid urbanization, industrial growth,
and inadequate sanitation infrastructure. CWs offer a sustainable and cost-effective solution
for treating wastewater.

CWs provide multiple environmental benefits. As they act as natural filters, help to
restore and protect water bodies such as rivers, lakes, and ponds from pollution. Wetlands
promote biodiversity by creating habitats for various plant and animal species, including
migratory birds. They also help in groundwater recharge and mitigate the impacts of flooding
and erosion. Additionally, in rural areas of India, where access to conventional sanitation
infrastructure is limited, CWs can provide decentralized and low-cost wastewater treatment
solutions. They can be used for treating household wastewater and improving sanitation
conditions, thereby reducing waterborne diseases and improving public health.

The ultimate purpose is to provide greater transparency for the construction of CWs
systems for sewage treatment in India. Principally from construction to operation and
maintenance of CWs, it will support effective and efficient management of CWs.

1.3  Constructed Wetland Technology

CWs are abasin, i.e., excavated and filled with commonly used substrate material: rock,
sand, pebbles, gravel, and soil. Apart from that, the CWs system also consists of vegetation
tolerant to saturated conditions. The design and operation of CWs are based on natural wetland
principles to treat wastewater from various anthropogenic sources like urban sewage water,
industrial effluents, agriculture, urban runoff water, and landfill leachates. These systems
involve complex chemical, physical, and biological steps to reduce the various pollutants from
wastewater. CWs wetlands are mainly two segments of surface flow and subsurface flow CWs
as classified in Figure 1. Different types of CWs have been used for the treatment of wastewater
as follows:



Constructed Wetlands

Subsurface flow
CWs

Surface flow CWs

Vertical flow CWs

Horizontal Flow
CWs

Hybrid

Vertical flow CWs +
Horizontal Flow CWs

Figure 1: General classification of Constructed wetlands

Subsurface flow constructed wetlands are basically of two types, namely vertical
flow and horizontal flow CWs (Figure 2 & 3). The systems are designed to keep the
water level below the top of the rock or gravel media, thus minimizing human and

ecological exposure.

Bed material

Inflow

Impermeable Layer — —

Water Level in the Bed

‘ﬂ

Outflow

v
Filtration material

e

Drz\iinage pipe

Figure 2: Basic design configuration of vertical flow constructed wetlands

Outflow

______ E==3
Discharge

‘Water Level

Figure 3: Basic design configuration of horizontal flow constructed wetlands

b) Surface flow constructed wetlands the configuration of surface flow CWs is designed
so that water flows above ground (Figure 4). The systems are designed to keep the water
level above the top of the rock or gravel media and require much more land area than
then subsurface flow CWs.
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Figure 4: Basic design configuration of free surface water constructed wetlands

C) Hybrid Constructed wetlands: These systems are combined to treat wastewater, for
example, HFCW followed by the VFCW (Figure 5).

Figure 5: Basic design configuration of hybrid constructed wetlands

d) Other Constructed Wetlands Designs:

Various designs of CWs exist, however, certain limitations and specific conditions can
render some designs impractical. For instance, Tidal flow CWs might not be feasible due to
minimal tidal fluctuations and potential adverse effect on environmental (Wang et al., 2018).
Similarly, Upflow vertical CWs, reliant on external energy, could face hindrance in India due
to frequent power outages or electricity scarcity, making their widespread use less viable.
Likewise, Free water surface CWs utilize shallow basins where wastewater flows over the
surface, necessitating a large land area. However, this design can lead to unpleasant odors,
potential waterborne diseases, and aesthetic concerns. Due to these challenges and limitations
associated with open water surface treatment, including hygiene issues and reduced treatment
efficiency, it is advisable to avoid using free water surface CWs for sewage wastewater
treatment. Instead, the focus in sewage treatment within India predominantly centers around
VFCWs, HFCWs, hybrid systems, and aerated CWSs. These options have undergone extensive
research and practical application due to their proven effectiveness, manageable maintenance,
and adaptability to diverse wastewater treatment scenarios. The survey conducted, for
preparation of these guidelines also confirmed this trend, as only VFCWSs, HFCWs, hybrid
systems, and aerated CWs were observed across all visited Indian sites. This underscores the
prevalence of these designs, which align with local constraints and offer optimal sewage
treatment solutions.

1.4 Constructed Wetlands Versus Conventional Technology

Comparing treatment technologies, CWs emerge as a cost-effective option when
compared with alternatives such as the Activated Sludge Process (ASP), Moving Bed Biofilm
Reactor (MBBR), Trickling Filter, and Sequential Batch Reactor (SBR). Though CWs may
require more land area, unlike ASP, MBBR, Trickling Filter, and SBR. However, this apparent



drawback is counterbalanced by the significantly by low operational and maintenance expenses
associated with CWs, amounting to a mere 1%-2% of the capital cost. For a comprehensive
comparison, considering an example: when contrasting a CWs system with an SBR
configuration, energy utilization and labor costs come into focus. The energy demand for a
CWs stands at 2,60,000 KW/year, a stark contrast to the 75,00,000 KW/year demanded by an
SBR. Similarly, labor costs are significantly reduced, with CWs requiring a mere 0.75 Full-
Time Equivalent (FTE)/year, whereas SBR necessitates 12 FTE/year. Even the environmental
implications, too, diverge between these two systems. Taking into account global warming
potential, the emission associated with a 1cubic meter of treated water from SBR design is
estimated at 3.7 kg CO»-eq. In contrast, a CWs contributes only 1.5 kg CO.-eq per cubic meter,
showcasing its low impact on global warming. Furthermore, examining their impact on ozone
depletion, SBR has been found impact about 3.3x10~" kg CFC — eq. Conversely, the influence
of CWSs on ozone depletion is notably lower, registering at 6.6x10°° kg CFC — eq. This
discrepancy underscores the more favorable environmental footprint of CWs (Parde et al.,
2021).

2 PLANNING AND SELECTION OF CWS FOR SEWAGE TREATMENT

The Construction of CWs based STP technology for new sites should be based on the
need for wastewater treatment for many people, institutes, small housing societies, villages,
etc. As a developing nation, India faces various issues related to water and sanitation.
Subsequently, the greatest challenge in the water and sanitation sector over a few decades will
be implementing low-cost sewage treatment. However, selection of CWs as a treatment facility,
for sewage wastewater, rigorous assessment of the treatment processes, such as preliminary
treatment (e.g., screening), primary sedimentation, septic tank, anaerobic baffled reactor, and
tertiary treatment methods (e.g., filtration, UV disinfection), to form a comprehensive and
efficient wastewater treatment system has to be done (Figure 6).
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Figure 6: Planning and selection of CWs for sewage treatment



2.1 Need and Selection

Constructed wetlands technology holds great promise for wastewater treatment in India
due to its suitability for addressing the country's pressing water pollution and scarcity
challenges. With rapidly growing urbanization and industrialization, India faces significant
issues related to inadequate sewage treatment and the discharge of untreated wastewater into
rivers and water bodies. This has led to severe contamination of water sources, posing risks to
both human health and the environment. Constructed wetlands offer an environmentally
friendly and cost-effective solution to this problem. By harnessing natural processes involving
wetland vegetation and microorganisms, these systems can effectively remove pollutants from
wastewater, including nutrients and organic matter. Additionally, constructed wetlands can be
tailored to local conditions and integrated with traditional treatment methods to provide a
sustainable approach to wastewater management. Given India’s diverse geography and water
pollution challenges, the adoption of constructed wetlands technology could play a crucial role
improving the overall 