Integrated Water Resource Management
Studies in Rural Human Settlements

A THESIS
SUBMITTED IN FULFILLMENT OF THE
REQUIREMENTS FOR AWARD OF THE DEGREE OF

DOCTOR OF PHILOSOPHY
in

Environmental Science and Engineering

By

Puneet Pal Singh Cheema
(Registration No. 90714501)

School of Energy and Environment
Thapar University
Patiala — 147004, Punjab, India

April 2016



CERTIFICATE

L hereby certify that the work being presented in the thesis entitled ‘Integrated Water
Resource Management Studies in Rural Human Settlements’ submitted to the School of
Energy and Environment, Thapar University, Patiala for award of the degree of Doctor of
Philosophy, is an authentic record of my own research work carried out under the guidance and
supervision of Dr. Akepati Sivarami Reddy.

The matter presented in this thesis’ has not been submitted, in part or full, for the award of any
other degree/diploma at this or any other university/institute. All the ideas and references have

Seen duly acknowledged.

Date: 02 6" 0(‘('920\é (Punﬁ%heema)

This is to certify that the above statement made by the candidate is correct and/ e to the best of

epati Sivarami Re(;y)’»/

Professor

my knowledge.

School of Energy and Environment

Thapar University, Patiala-147004



This thesis is dedicated to my parents.

For their love, endless support and encouragement



Acknowledgements

Pursuing a Ph.D project is a both painful and esipbsy experience. It's just like climbing a high
peak, step by step, accompanied with hardshipstrations, encouragement and trust, and with
so many people’s kind help. When | found myselfha top enjoying the beautiful scenery, |
realized that it was, in fact, teamwork that gottimere. Though it will not be enough to express
my gratitude in words to all those people who helpge, | would still like to give my many,
many thanks to all these people.

First of all, | would like to extend my sincere tha to my honorific supervisor, Dr. Akepati S.
Reddy, for his valuable guidance, scholarly inpat&l consistent encouragement | received
throughout the research work. This feat was possiiol achieve only because of the
unconditional support provided by him. A personhwgin amicable and positive disposition, he
always made himself available to clarify my doutkéspite his busy schedules and | consider it
as a great opportunity to do my doctoral progranumeer his guidance and to learn from his
research expertise.

| gratefully acknowledge my committee members fogit advice, constructive criticism and
crucial contributions which enabled me to notioe Weaknesses of my dissertation and make the
necessary improvements according to their commepport of Dr. O. P. Pandey, Dean
(Research and Sponsored Projects) and Dr. N. TigkaBh, Head of Department (School of
Energy and Environment) was also very valuablerdutie course of the thesis work.

| express my gratitude towards Dr. Anita Rajor foer moral support and consistent
encouragement. | also acknowledge the support alpdextended by the other faculty members

at various stages of this work.



Special thanks are due to Dr. J. N. Jha (HOD, Dep€ivil Engg., GNDEC, Ludhiana), for his
motivational help and encouragement throughoutwldek, which made me feel confident and
motivated to overcome every difficulty | encountkre

I would like to gratefully acknowledge the enormduslp and support | received from my
colleagues Rupinder Singh, Sukhpreet Kaur and iRcetKaur in preparing the survey sheets
and in compiling the whole work. | would like topgess my appreciation for my course mates
Siddharth Sharma and Amarpreet Singh for guidamck sapport that have added enormous
value to the quality of the study. | also take thportunity to express my gratitude towards Dr.
Manpreet Singh Bhatti for his moral support, valeatuggestions and cooperation throughout
my research work. | am also grateful to Dr. Parram@ingh for his advice and moral support in
the completion of this work.

This work would not have become reality without sgpport and cooperation of Harjit Pal
Singh who arranged all the logistics for the samplwork. Contribution of my ex-students,
Arshjot Singh and Sukhdeep Singh deserves speaaltiom here. They helped me a lot in
preparing and carrying out repeated correctionthéxmaps and images. No written work is
complete until it is properly edited, here comee tontribution of a special person, Rahul
Aggarwal. | gratefully acknowledge the efforts jpythim in reading and editing complete thesis
multiple times.

No words are enough to describe the overwhelmingahsupport and inspiration of my parents
Mr. Kultar Singh and Mrs. Jatinder Kaur, who en@ged and helped me at every stage of my

personal and academic life and my sister Annuméetsupported me in all my pursuits.

Puneet Pal Singh Cheema



Abstract

Rural human settlements (villages) of India suffierm severe water supply and sanitation
problems. Village ponds, which used to perform mpartant role in the water supply and
wastewater management of the villages by natutedgting the wastewater and stormwater and
making it available for human use, are now hegudiiuted due to higher strength and increased
wastewater and stormwater inflows. Aim of this stuslas to develop an integrated water
resources management (IWRM) system for 10 villafresn three districts of Doaba region in
the state of Punjab, India. Focus of the study wadevelop a generic IWRM with the objective
of addressing the water supply and sanitation sstiéhe rural human settlements. Development
of such a system required the demarcation of pamchments and determination of wastewater
and stormwater quantities and characteristics.

Quantification and characterization of wastewalkews$ revealed that both strength and volume
(per capita day) of wastewater generated was migtiehthan the expected. Water use in cattle-
sheds and discharge of cattle-shed wastewaterhavidg dwelling level parallel water supply
source were apparently responsible for this. Waatiewquantification results were used in the
design of the village pond system, a vital componeh rural integrated water resources
management (IWRM) system. Stormwater runoff quenatifon was done for 90 percentile
rainfall events, and peak runoff flow rates weréedained for the rainfall events with 2- years
return period. Regression modeling of the chareegon results of wet weather flows against
the rainfall event size and the antecedent dry degs used to predict the wet weather flow
characteristics corresponding to different rainélént sizes and antecedent dry days. Predicted

wet weather flows and their characteristics wersus the design of the village pond system.

Vi



The village pond system, comparable to a sustanabktewater treatment plant was capable of
treating the wet weather and dry weather flowshef pond catchments and making them fit for
reuse as reclaimed water.

Outcome of this research work can provide a systamework for the application of IWRM
approach for water supply and sanitation sectorucdl human settlements. Rehabilitation of

village ponds (within the existing village ponds)ait the centre stage of this approach.
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Chapter-1
Introduction

1.1Background

Traditionally, most of the villages, at least inetlPunjab region, have village ponds as an
important source of water for rural human settletsieWastewater and stormwater generated in
the rural human settlements (villages) mostly fldbwough road side open drains into these
village ponds. The wastewater in the village porsdreated naturally over time and become
available for rural human settlements as an impbodaurce of water. Further, the village pond
water is lost over time through evapo-transpiraiad percolation and ground water recharging.
Presently, village ponds are heavily polluted fritva high organic content, solids, nutrients, and
pathogens received through the wastewater and wien of villages draining into it. The
village ponds are heavily infested with weeds, rigleflies and mosquitoes. So, village ponds
are no-more fit for use as a source of water.

Rural human settlements (villages) of India suffierm severe water supply and sanitation
problems. Water demands of the villages are now froet the government sponsored water
supply schemes of tube wells, submersible pumpseaptbitative use of the rapidly depleting
and scarce ground water resources. Tube wells, pantbs and submersible pumps are also
used at individual dwelling level for the supplyweéter.

Open defecation; discharge of black water andecatéhnure (dung and urine) into the village
drains; disappearance and/or non-existence of pdrpgage system; undersized and/or clogged
drains have been the serious sanitation problerosuatered in the villages of Punjab. While,
population pressures and developmental compulsicm$éeading to encroachments of, and even

extinction of village ponds, increasing imperviareas and enhanced drainage connectivity are



increasing the stormwater and the wastewater floavsthe village ponds. Flooding and
overflowing of the village ponds leads to contartima of cropland and spread of the pollution
in rural human settlements (villages). Village pgnohstead of being sources of water for the
villages, are now posing serious environmentaltaeadth risks.

Studies by Shivashankara et al. (2004) and Toat.€R011) have revealed that renovation of
village ponds have positive effects on the envirentnthe rural economy and the groundwater
regime. Further, if sufficiently treated, the vgapond water can be used for irrigation purposes.
This work for Ph.D. is an effort towards the deyetent of a sustainable water resources
management system for selected 10 villages (humttlerments) from three districts (Jalandhar,
Kapurthala and Nawanshahar) of Doaba region irstage of Punjab, India. Focus of the study
was to consider the village ponds at the centerthef sustainable rural water resources
management system. The study has taken into coasae the various problems, issues and
concerns related to the rural water supply andiaidon. Efforts have also been made to ensure
that the developed integrated water resource mamage system is technologically and

economically feasible, water conserving, and stcadceptable.

1.2 Objectives and scope of the work
Objectives of the work for Ph.D. are explicitlytetd as following:
» To analyze the village pond catchments for undedstey the water supply and sanitation
situation, and the status of village ponds.
» To develop integrated water resource managementf@aural human settlements.
» To work on the systems and techniques integrah¢ortiral integrated water resource

management.



The above objectives of the study have been aathidweugh working on the following work
elements:

1. Survey of the rural human settlements (villages) @marcation of the pond catchments.

2. Analysis of village ponds and characterizationhafit catchments.

3. Quantification and characterization of wastewafteahe villages.

4. Quantification and characterization of stormwatethe villages.

5. Development of village level integrated water resea management (IWRM) system.

6. Conceptualization of a village pond system.

7. Design of the village pond system.
This study was conducted in ten villages from tlwala region of Punjab. The selected villages
were having population between 500 to 3000 anduatler the jurisdiction of three districts
(Jalandhar, Kapurthala and Nawanshahar) of Pujilthe selected villages fall within the
same agro-climatic zone and covered by 5 rain gatai®ns of the state (Jalandhar, Kapurthala,
Nawanshahar, Nakodar and Phagwara). Within thdsges the thesis work was limited to ten
village ponds (one pond per village) and to theimdrcated catchments.
Most of the thesis work was carried out between N899 and February 2014. This work
considered the 15 years (1998 to 2013) daily rHimfata. A multitude of secondary data
sources, including the survey sheets developedhey Department of Water Supply and
Sanitation, Government of Punjab were used ingtudy. Quantification and characterization of
the residential wastewater was done on the badfseoivastewater being received by the village
ponds at their inlets. Instead of the charactadmadf stormwaters, characterization of the wet

weather flows from the village pond catchments wasied out. While village pond systems



were designed for all the ten villages, the greyewa stormwater drainage system was designed

for only one village (Samrai village).

1.3 Outline of the thesis

This thesis includes five chapters, including amoiduction chapter and a conclusions chapter,
five appendices and bibliography and references.

Chapter 1 is introduction. It includes a brief dgstton of background for the proposed research,
objectives and scope of the research and outlihéssothesis contents.

Chapter 2 is a literature review chapter. It inelsid comprehensive and up-to-date review of the
published research in the areas relevant to temsareh work. It provides a critical review of past
research relevant to the current research work. d3pects covered in the literature review
include Rural water supply and sanitation, Ecolafyganitation (Eco-San), Integrated Water
Resources Management in the rural water supplysamitation context, Characterization and
guantification of rural residential wastewater astbrmwater, Village ponds, Wastewater
treatment technologies, and groundwater rechargps @ research were also identified in this
chapter.

Approach followed and methodology is presented laler 3. The approach and methods are
described work-element wise in this chapter.

Chapter 4 includes the results and discussion. &teistics of the village ponds and their
catchments, water supply and sanitation situatignantification and characterization of
residential wastewater and stormwater, IWRM anthgd pond systems, design details of grey
water-storm water drainage system, and designlsi@taihe village pond systems are presented

in this chapter.



Chapter 5 is conclusions chapter. Conclusions dritam this research and scope for future
research are presented here. Short-coming of tbeameh and contributions to the current
knowledge are also presented in this chapter.

All the references cited in the thesis are liseet the following appendices are included at the
end:

1. Appendix A-Data collection form for physical say of the rural settlements

2. Appendix B-Wastewater flow characterization Hessaf rural settlements

3. Appendix C-Development of IDF curves

4. Appendix D-Wet weather flow characterizationutesof rural settlements

5. Appendix E-Box plots of rainfall data from ragauge stations



Chapter-2
Review of Literature

For the work proposed in the present study, thevesit literature review was carried out from
the various sources like research publications fpear reviewed journals, technical reports,
working papers of the projects sponsored by varmatgonal and international government and
non-governmental agencies, papers published ipritmeedings of international conferences and
technical manuals published by national and intesnal agencies, like, Central Public Health
and Environmental Engineering Organization (CPHEEQGEentral Ground Water Board
(CGWB), United States Environmental Protection Age(lUSEPA), Global Water Partnership
(GWP), Natural Resources Conservation Service (NRT&as Department of Transportation
(TDoT) etc. Web based sources were also reviewedry out the literature survey.
Review of literature was carried out on the follog/iaspects of rural water management:

* Rural water supply, sanitation and ecological sdioih (eco-san)

* Village ponds

* Integrated water resources management (IWRM) at lewel

* Wastewater and stormwater quantification and charaation

* Wastewater and stormwater management in rural areas

» Groundwater recharge systems



2.1 Rural water supply, sanitation and ecologicalasitation (eco-san)

2.1.1 Rural water supply and sanitation

Household water supply and sanitation conditiongha villages continue to be inadequate, in
spite of the longstanding efforts at the governnam community’s level. Adequate sanitation
and water supply are development priorities, yetambition of international policy on drinking
water and sanitation is not the@lobally, eight out of ten people suffer from ofimproved
sanitation facilities, and six out of seven peap#éecate in the open in rural areas (Bartram and
Cairncross, 2010). At world level, under millennidavelopment goals (MDG), the access to
improved water supply and sanitation facilitiesnfird990 to 2015 in rural areas has increased
from 62 to 84% and 35 to 51%, respectively. In &mdcontext, the increase in the access to
improved water supply and sanitation facilitiesrumal areas during this period was 64 to 93%
and 6 to 28%, respectively (WHO, 2015). Open ddfecan rural areas of India has decreased
from 91 to 61% from 1990 to 2015 (WHO, 2015). Transition from open defecation to the use
of an improvised latrine is a step forward, butuidikely to offer health benefits unless it
provides an adequate barrier between the userthaindcexcreta and is well maintained (Bartram
and Cairncross, 2010).

Churchill et al. (1987) found that, even ignorirge teffect on health, the value of time saved
from water collection alone was sufficient to jisthe investments in rural water supply in most
of the scenarios. A WHO report suggested that ithe tost in collecting water and seeking
somewhere to defecate could be valued at US$6®rbikhnnually (Hutton et al., 2007).
Keshavarzi et al. (2006) reported that water comgion pattern was negatively related with the
education level of household head in rural aredSao$ province of Iran. (Kulinkina et al., 2016)

assessed the temporal and spatial variations isucoption of water from standpipes of four



public water systems in Ghana. Temporal accedsilsiiowed negative correlation with rainfall
indicating that rainwater was preferred over stgpelpwhen available. Consumer demand in the
studied areas was appeared to be influenced moweat®yr quantity, accessibility and perceived
water quality instead of microbiological water dtyalor price. Authors suggested that
consumption from existing public water supplies iddobe analyzed in combination with
qualitative approaches for more efficient plannifigommunity based water supplies.

Health problems, especially in rural areas arenoftdated with sanitation conditions of the
surroundings. Any form of sanitation system in depeng countries should have the main
objective of controlling pathogenic materials whicdin be achieved by employing the on-site
treatment options, like, waste stabilisation pordsistructed wetlands etc. Apart from acting as
a barrier to the spread of pathogenic organisns,oti-site sanitation options has an added
advantage of dispersing rather than concentrahegwtastes, an important consideration if the
sanitation facilities are not well maintained (DFI®98). Fung et al. (2013) demonstrated that
water sanitation and hygiene interventions suclhmgsoved latrines, piped water supply, and
point-of-use chlorination could avert 57,949-78,56lera cases in Haiti in two decades.
Sanitary risk of locating the drinking water soufband pump) close to household toilets and
accumulation of animal excreta near the drinkingewaource is the major risk in a rural setting.
Gopal et al. (2009) examined the water and saoitaftcilities of a village in southern India
using geographic information system (GIS) tools. almis using direct observations
supplemented by GIS maps revealed that poor plgnmadequate engineering design and lack
of policing of the water distribution system wasusiag contamination of drinking water from

sewage at multiple sites.



Mara and Alabaster (2008) proposed that water suppt sanitation provision in villages
should be to groups of households, not to indiMidwauseholds. Groups of households would
form water and sanitation cooperatives. They recendad the provisions of standpipe and
yard-tap cooperatives served by the community mashagnitation blocks and on-site sanitation
systems for a group of households. Akosa et aBFltneasured single efficiency score for 10
water supply and sanitation projects in Ghana #maved that, out of 10 projects, the hand-dug
wells and the pit latrines were most efficient ural areas whereas in large cities, capital and
management intensive water supply and sanitatiofegis gave equal efficiency. Communal
water supply and wastewater systems would be titebdei method for providing water for rural
households and wastewater treatment for the wastevggenerated from rural communities
(Danielson and Dawood, 2001). Goel and Sharma (20&4eloped a low-cost model for the
clean water supply and sanitation system for tiha poor people using hybrid renewable energy
system.

Sustainability of rural water supply and sanitat&ystems are important to achieve the desired
results for designed life of the system. Nolascd Khgone (2007) showed that the success of
rural water supply and sanitation systems were ri#g@ on hygiene habits in the household,
community management system, reliability of watersources, proper selection and
implementation of technical solutions, and usestattion level.

Poor technology choice is the most common reasofailore of the water supply and sanitation
projects in rural areas. For increased succeskehstfders should be sensitized about the
sustainability criteria associated with the watepy and sanitation projects (Barnes et al.,

2014). Montgomery and Elimelech (2007) identifiadee components .i.e. community demand,



local financing and cost recovery and dynamic dp@araand maintenance which are essential for
the sustainability of any water supply and saratagystem.
Integration of water supply, sanitation and watedstievelopment has also been proposed by the
researchers as a possible solution to the drinkiater and sanitation problems. Kakade et al.
(2003) conducted a study on seven different agroatic rural watersheds in India highlighting
the effects of watershed development models orkitignwater and sanitation systems. It was
suggested that sustainable water management shbeldan integral part of any
watershed/catchment development plan.
2.1.2 Ecological sanitation (eco-san)
Ecological sanitation (eco-san) is based on thuaddmental principles (Winblad, 2004):

» preventing pollution rather than controlling itexfpolluting

* sanitising the urine and the faeces

» using the resultant safe products in agriculture
In rural areas, eco-san is targeted to strengthensanitation sector by grouping the rural
agriculture and rural development. Rural eco-samggams are much more focused around the
household, and thus within a rural community, hbos#s have the choice to select different
eco-san systems for themselves as per their pnefese
Eco-san is a sustainable, closed-loop system tlestes the loop between sanitation and
agriculture. Closing of the local nutrient and watgcles is the underlying aim of eco-san so that
to contribute towards a sustainable developmenmadiuexcreta are considered as a resource
which is normally processed on-site and treateesiodf under eco-san. Nutrients present in the
excreta are then recycled by using in agricultreeco-san systems treatment of human excreta

is based on the cycles of nature (LangergraberNmnellegger, 2005; UNICEF, 2011). Eco-
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sanitation systems are now adopted in several geanh which separation of black water from
grey water is an essential aspect. Separated hlatde with low dilution can be converted into
safe manure that will replace synthetic produaigfthe fields and also prevent the spread out of
pathogens and other pollutants to natural watereso@&eparate collection and management of
grey water and black water is the salient featfir@ng eco-san system (Otterpohl, 2002; Chen et
al., 2010; Anand and Apul, 2014). Wendland and 6ideg (2003) studied the source
separation of black water, grey water and stormwatea densely populated rural area in
Germany. For the treatment of grey water and st@teryswales and constructed wetlands were
used, whereas, black water together with organstevaas treated anaerobically thus producing
biogas. It was observed that the operating costBeoéco-san system were much lesser than the
conventional sanitation systems. The flushing syste eco-san system required only about 0.7
liters water per flush which reduced the daily meater consumption from 129 liters to 77
liters per person.

Anand and Apul (2014) categorized the differenes/pf composting toilets into self containing
type, waterless or with water, and single or midtighambers. Authors identified the important
factors affecting the composting process as tenyrerg40-65°C), moisture content (50-60%),
C:N ratio (25-25%) and pH (5.5-8.0). Public peroaptregulations, and lack of knowledge and
experience in composting toilet design were desdridis the main barriers in the widespread use
of composting toilets. Benetto et al. (2009) perfed the comparative life cycle assessment of
an eco-san system and a conventional system. ltolssrved that contribution to ecosystem
quality damage can be reduced by 60% by eco-sdaersy&co-san appeared to be the potential
alternative to small scale wastewater treatmentreds at higher scales conventional systems

were found to be better performing than eco-satesys
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Meinzinger et al. (2009) studied the urine-sepagafacilities in Ethiopia and showed that the
system was accepted by the users. Urine-separtailgies provided two advantages to the
users .i.e. savings of water in toilet flushing aaduced cost of wastewater treatment in septic
tank. The separated urine was used as fertilizechwresulted in the improved crop growth.
Heinonen-Tanski et al. (2010) reviewed that byahisig urine-separating toilets, the volume of
wastewater generated from the households couldetieced and urine could be used as a
fertilizer for the growth of vegetables and ceredlsere might be some uncertainty over the
yields of urine fed crops and mineral fertilizedgs but urine fed crops always produced higher
yields than non-fertilized crops.

Human attitude and perceptions and cultural prafere about eco-sanitation has proved to be a
major barrier in the universal acceptance of ecossastems. Nawab et al. (2006) underscored
the importance of cultural preferences in the plagrand design of eco-sanitation systems.
Their study in a village of Pakistan indicated tgaten the alternative between the eco-san and
conventional systems, the communities would préferconventional system consisting of flush
toilets. Eco-san systems, however, are cheaper @mdronmentally sustainable than
conventional systems, but the human perceptiorsed@ating the prestige with the flush toilets
creates hindrance in the universal acceptabilityeob-san systems. Mariwah and Drangert
(2011) conducted a study among an agricultural conity in Ghana to understand the
perception of people towards the use of human &@@® manure. It was observed that people
were not willing to use the sanitized human excestananure in their own farms and were not
willing to consume excreta fertilized crops. Authaecommended that a consensus build-up
exercise was required in the communities for thecessful implementation and operation of

eco-san systems. Lamichhane and Babcock (2013uctedtlan online survey to determine the
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public acceptance of urine diverting toilets (UDi )Hawaii. Results of the survey indicated that
60% of the respondents were willing to pay mored®T and with a public awareness program
most of the people would accept UDT. Full potentiéleco-san can only be realized by
developing the cost effective eco-san technologisgrovement in infrastructure, raising

awareness and breaking down the cultural barriéss @nd Cambridge, 2012).

2.2 Village ponds

Village ponds traditionally played the role of avesting structure by collecting and storing the
stormwater and grey water from the pond catchmeghich was then used by the inhabitants
after being naturally treated in the pond. Pregemthtreated wastewater, polluted stormwater
runoff from dumps and cattle sheds is being diggddhinto the ponds. The ponds have become
the source of disease vector, posing serious hbalthrd and creating poor living environment.
Besides being an important source of water, pondstain ecological balance as a natural
drainage, contribute towards groundwater rechangeaae home to local flora and fauna (Singh
and Singh, 2007). Panda et al. (2006) reporteduipgitadation of community water sources (like
ponds and wells) have led to improvements in thaityuof water and also reduced the time
spent in fetching water. Ponds being community tassgjuired a community-based long term
approach for their development especially whentsteom efforts did not yield desired results.
Seenivasan and Kumar (2004) worked on the developofetraditional pond structures called
‘Oorani’ in the villages of Tamilnadu, India. Reing the traditional pond water collection and
storage systems resulted in the availability ofewdor livestock and irrigation purposes and
restored village-based water management systerosllaporating with the local people. Kakade
et al. (2003) proposed a model for interlinkingpohds feeding one another in the drought prone

area of Karnataka, India. One pond was dug foryetweo hectares of land and excess water was
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fed to another pond through a trench. Flow of exogater under gravity was facilitated by
locating the ponds along contour lines. Successfiplementation and running of this model
resulted in the groundwater table increase by & in the area.

Wastewater generated from pond catchments anddgfenation along the ponds, especially, in
the rural areas of low and middle income countiées the major pollution sources that
contribute pathogens to the pond water. Knappetl.ef2011) analyzed forty three ponds in
Bangladesh and established the correlation betwempopulation, latrine density and quality
and concentrations of pathogens and fecal badtegp@nd water. Bacteroidales measurements
showed that humans were the major source of fewrghmination in 79% of the ponds. Fecal
indicator bacteria were highest (up to® MPN/100mL) in the ponds that directly received
latrine effluent. Concentrations of fecal indicatoacteria were found to be correlated with
population within a distance of 30—70 m and withakoatrines within 50—-70 m. Authors
observed that unsanitary latrines (visible effluenbpen pits) within the pond catchment were
also significantly correlated to fecal bacteria @amtrations. Unsanitary latrines were the major
contributor of fecal contamination in pond watedao a lesser extent, sanitary latrines and
cattle also increased the fecal bacterial contatmoiman the pond water.

Chawla et al. (2001) determined the quality of pead water in rural areas of Ludhiana, India.
Authors found that pond water was suitable fogation as it was rich in nutrients and was also
found to be suitable for pisciculture. It was fouhdt renovation of village ponds was required
in some of the surveyed villages which would pesiiy affect the environment, the rural
economy and the declining groundwater table.

Availability of the resources and capacity of treople to sustain the system play an important

role in deciding and selecting the appropriate nettgies and options available for restoration
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of the village ponds. Ansal et al. (2010) propotet duckweed based bio-remediation of the
village ponds followed by aquaculture is an ecatatly and economically feasible approach for
the development of ponds. In this approach nutrigett pond water can be used for the
production of high quality fish protein alongwithet purification of pond water. Pond water can
be used for aquaculture thus generating employnsem boosting the rural economy.
Rejuvenation of village ponds through waste stafiiion ponds (WSP) have been attempted in
Punjab. Per capita cost of treatment through WSEIding sewerage system cost) was about
Rs. 400 ($ 5.8) which was quite reasonable as ittegg® ponds and low lying areas were used
for the construction of WSP. However, periodicalimenance checks like removal of floating
scum and duckweed from the surface of pond and valhaf screenings and grit would be
essential for the operation of ponds at maximuncieficy (MDWS, 2012).

Arya and Yadav (2006) evaluated the benefits afogept on ‘rainwater management in a micro-
watershed’ implemented in a village in Himachaldesh state, India. Authors concluded that
diverting the runoff from agricultural fields to jugenated village pond had improved the
availability of water for irrigation purposes thbyeincreasing the net agriculture income of the

inhabitants by three times in six years of impletagon of the project.

2.3 Integrated water resources management (IWRM) dbcal level

According to Global Water Partnership (2000), “IWRiSI a process which promotes the
coordinated development and management of wated #nd related resources, in order to
maximize the resultant economic and social welfame an equitable manner without
compromising the sustainability of vital ecosysténmsand has profound effect on the water
guality, therefore land management has been indlbglesome organizations in the classification

of IWRM (Davis, 2007). IWRM adopts a holistic appoh and is strongly associated with
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sustainable development goals. Here, framework WRM is limited to water resources
management .i.e. water quantity and quality anatedlwork in the water management has been
reported. IWRM adopts coordinated management ofewdemand and its supply which
necessitates the integration under two differetegmies .i.e. natural system and human system
(Global Water Partnership, 2000). Integration stiobke both within and between these
categories. Human aspect of water usage and wdsteg@neration .i.e. integration between
water and wastewater management has been dischesedor achieving the goals of water
resources management.

Moriarty et al. (2004) presented that the applaanf IWRM is important in water supply and
sanitation (WATSAN) sector. Where water is scarcenoreasing competition among various
water users (.i.e. WATSAN, agriculture, industrg.ptreate a situation of conflict among water
users, IWRM offers an integrated approach for menmaghe multiple uses of water without
creating a situation of conflict. Moreover, IWRMrc@rovide a framework to consider and
manage the impacts of inadequate sanitation antewater management on other water users
..e. agriculture, industry etc.

IWRM principles include all sources of water in miéng while addressing the water quantity,
quality and ecosystem needs. Incorporation of pies of equity, efficiency and public
participation in water planning are important tchiage the objectives of IWRM (USACE,
2010).

Bouwer (2000) argued that the goal of any integratater management should be the public
health, sustainability and environmental protectiblunicipal wastewater can be an important
water resource for irrigation but its use must égufated to prevent undesirable health effects

and contamination of groundwater. Groundwater walkgls in excess of groundwater recharge
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has resulted in the aquifer depletion and comprednits long-term sustainability as source of
water. Foster and Ait-Kadi (2012) stated that tonpote groundwater resource sustainability,
application of IWRM to the groundwater resourcesraguired. In the light of large scale
abstractions and low recharge of aquifers, groutelwaanagement plans have been developed.
According to Garduno et al. (2006), groundwater ag@ment and protection should be
addressed within the spatial framework of grounéwainstead of the conventional way of
defining groundwater management in the framewonkveir basins.

Butterworth et al. (2010) presented a more realgggproach for the implementation of IWRM.
This approach is focused on the local levels imstd#abasin or national level. Termed as ‘light’
approach for IWRM application, this concept taket® iaccount the local realities and accepts
that partial integration may sometimes fulfill tbijectives of IWRM plan. Local water planning
should be given due importance in the rural areamdke the villages self dependent in water
needs. Continuous interaction between IWRM planaeis local people should take place for
the success of water management programs (Natiagtr Mission, 2010). Ako et al. (2010)
evaluated the implementation of IWRM in Camerood aoncluded that participation of local
people, extending the scope of IWRM to include gréed Natural Resource Management
(INRM) and considering water as economic and aasggbod would enhance the functional
performance of IWRM. Dungumaro and Madulu (2003sadibed that a successful water
resources management is dependent on the expantis&nowledge of the local communities
who are the key stakeholders in water conservation.

It is important to implement IWRM at local levels find a solution to the water related

problems which directly affect the communities. d®ial implementation of the theoretically
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agreed upon procedures of IWRM is required to ensustainable water resources management

at the local level (Biswas, 2008).

2.4 Wastewater and stormwater quantification and chracterization

2.4.1 Wastewater quantification and characterizatia

Wastewater quantification and characterization fortme backbone of any exercise directed
towards the management of wastewater. Quantitidscharacteristics of wastewater vary in
rural and urban areas and depend on the amounatef wsage and on the habits of the people.
Wastewater can be distributed into two componemtshlack water and grey water.

Reymond et al. (2014) estimated black water flamnfithe villages in Egypt where villages have
on-site sanitation system as well as sewer netiwodollect and convey the wastewater to some
disposal point. The amount of black water was estih based on the excreta volumgc(a),

the quantity of water for cleaningag ciea) and the amount of water for flushing (%)

Oow= excretat Ganalclean™ Chush

The amount of grey water from the bathrooms wasnastd to be around 30% of the total grey
water flow (Henze, 1997; MetCalf & Eddy, 2003; Mbend Diener, 2006). Almeida et al.
(1999) estimated individual household hydrographd @ollutographs, based on household
appliance use surveys and found that in terms dinves, water closets and kitchen sinks
contributed most towards wastewater production.

Butler et al. (1995) developed the pollutographsBOD, ortho-phosphate, ammonia and nitrate
to determine the contribution of water closets (W&)d washing machines in domestic
wastewater flows. The WC was a major contributoaliofour pollutants and in particular to
ammonia. The washing machine was found to be afis@gnt contributor to ortho-phosphate and

nitrates and the wash-basin to ortho-phosphate.
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2.4.2 Stormwater quantification and characterizatio
Quantification of stormwater is required for sizimg the stormwater treatment schemes.
Generation of runoff is dependent on rainfall chtedastics such as intensity, duration and
frequency of occurrence as well as on watershethctaistics such as soil type, watershed area
and land cover type. Time of concentration alsygka significant role in estimation of runoff.
Stormwater management requires the determinatidoilofving types of stormwater flows:

* Peak stormwater runoff flow rate

* Volume of stormwater runoff from a rainfall event

* Time varying flow (hydrograph method)
Various hydrologic analysis methods can be usedHerquantification of stormwater runoff
during a rainfall event. Each method demands datéhé form of catchment and rainfall
parameters Designers may use conceptual or enipimeghods to determine the peak
stormwater flow rates (Hydraulic Design Manual, 201
Rational, modified rational methods and hydrograpéthods have been the most commonly
used conceptual methods for peak runoff rate détation. Rational method is recommended
for estimating peak flows for small and highly-imnpieus drainage areas (lowa Stormwater
Management Manual, 2009). Peak discharges in siratiage areas having no significant flood
storage of up to 200 acres can be estimated uatranal method. Use of rational and modified
rational method requires the computation of timeafcentration § which is the time required
for the whole catchment area to contribute to rbredtf the point of interest. Time of
concentration determines the appropriate rainfakrisity for use in rational method equation
(Hydraulic Design Manual, 2011). Two commonly usedthods for computation of;'tare

National Resource Conservation Service (NRCS) wglonethod and Kerby-Kirpich method.
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NRCS method is applicable for small catchments ¢Hylic Design Manual, 2011) where
majority of flow is overland flow. This method asses that overland time of concentration is
the sum of travel times along flow segments of sHew, shallow concentrated flow, and open
channel flow (NRCS, 2008). Kerby-Kirpich method qmrtes the time of concentration by
considering overland flow as well as channel flavd & applicable to the catchments ranging
from 0.25 square miles t0150 square milegdraulic Design Manual, 2011).

Rational and modified rational method use runo#ftioient (C) for determining the amount of
rainfall that will appear as runoff. The runoff éb@ent represents the integrated effects of
infiltration, evaporation, retention, flow routingnd interception; all of which affect the time
distribution and peak rate of runoff (lowa StormgraManagement Manual, 2009). More
impervious surfaces tend to have more runoff coeffits. A summary of the values of runoff
coefficients developed by different research wankdia for different soil conditions are given
in Table 2.1.

Chena et al. (2007) used rational method for esthgahe maximum discharge of a landslide-
induced debris flow. Peak debris velocity rangeninr2.4 to 4.7 m/s and the peak debris
discharge was between 6.7 and 357smAn increase in the peak flow at the upper partvas
observed and then peak flow decreased gradualtiieatower portion. This proved that the
erosion occurred in upper channel while the lowmannel experienced deposition. Rational
method was also used by Akan (2002) for estimatiegsize of infiltration basins and trenches
to control stormwater runoff. Runoff rate were cartgal by using rational method and runoff

hydrograph method was assumed to be trapezoidalape.
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Table 2.1: Values of Runoff Coefficient (C) for diferent soil conditions in India

Type of Slope range (%) Runoff coefficient (C)
vegetation Sandy loam Loam/Loam Stiff clay soil
clay soil

Woodland andg 0-5 0.1 0.3 0.4

Forests 5-10 0.25 0.35 0.5
10-30 0.3 0.5 0.6

Grass land 0-5 0.1 0.3 0.4
5-10 0.16 0.36 0.55
10-30 0.22 0.42 0.6

Agricultural land 0-5 0.3 0.5 0.6
5-10 0.4 0.6 0.7
10-30 0.52 0.72 0.82

Source: CGWB (2007)

United States Soil Conservation Service Curve Nunjp&-SCS-CN) method, now known as
NRCS method (NRCS, 2000) has widespread applicatiaie determination of stormwater
volumes. US-SCS-CN method can be used for stormwaikime determination in small
catchments (lowa Stormwater Management Manual, R08Qrface imperviousness in this
method is represented by curve number (CN). Iteargetween 0 to 100, where O represents full
retention and 100 represents zero retention (inpeasvsurface). Curve number is influenced by
hydrologic soil group (A, B, C and D) of the catabmh land use pattern, treatment and
antecedent moisture condition (NRCS, 1986).

Mishra and Singh (2013) have advocated the useNoin@thod for Indian conditions on the
basis of the similarity in the soil types observedthe Indian sub-continent. Prakasa Rao et al.
(2011) used runoff curve number method to estirttadestormwater runoff from Krishna river

basin in India. Flood estimation using NRCS methab estimated at 989.74 million cubic
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meters during rainfall of 11 days. Mishra and Sirfg@04) introduced a more versatile model
based on the modified SCS-CN method. The newlyodhiced model was applied to the
Hemavati watershed in India and was observed tll watisfactory results in both calibration
and validation. The model satisfactorily estimatezhthly and annual runoff volumes.

Pradhan et al. (2010) modified existing SCS-CN blatrical model by using Hybrid Classifier
and soil map given by National Atlas and Thematepling Organization (NATMO) as input to
soil conservation system (SCS) model for rainfafiaff estimation in order to study land cover
type. Original model that considers parameters bkgpe, catchment size, vegetation and
drainage length was not used in this study. Miltrolet al. (2009) used NRCS runoff curve
number method to determine the runoff from theloatent in its natural, forested state and in its
current state of cultivated crop land and pasture.

Apart from these methods, many other models hage #&ken used by researchers for
guantification of stormwater runoff.

Lowe et al. (2003) used EPA's BASINS (Better Assesd Science Integrating Point and
Nonpoint Sources) software to create a HSPF wagdrshodel in lower Westchester County,
New York. Flow data of 20 years was used to sucekg<alibrate and verify the model. Land
use, river reach and topographic data supplied BAISINS were compared to local data and
some discrepancies were found with the reach data.

Ghnanapala (2006) assessed the possible impacbahigation upon the magnitude of flood
peaks using the Basic Model HEC-I in two urban lwatents in Colombo, Sri Lanka. Land cover
of the watersheds showed that in the urbanizedsdheapervious extent was approximately 62%
while in the less urbanized areas the previousnéxtas about 76%. Average curve numbers for

the urbanized areas were found to be 95 and 7idnfoervious and pervious areas, respectively.
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Satisfactory peak discharge matching was produgedHBC rainfall-runoff model for both
catchments and hence could be used for drainageoement improvement projects in urban
areas.

Depending on the land use, human activities andemadét used in the catchment area,
stormwater pollutant loads vary significantly. Swovater exhibits very different quality
characteristics from domestic wastewater. Stormmiateecognized as the important source of
inorganic materials, whereas domestic wastewateinlyn@omprises of organic loads and
nutrients (Gasperi et al., 2010; Hvitved-Jacobseal.¢ 2010). Generation of solids, nutrients,
organic matter, and heavy metals from the catchnsentace is mainly influenced by the
anthropogenic and transportation activities (Huaetg al., 2010; Mahbub et al., 2011;
Gunawardana et al., 2012; Kayhanian et al., 20h?&wCet al., 2013).

In urban areas, a number of attempts have beentakde to establish the relationship between
land-use types and runoff pollution characteristiggrious catchment land use included
residential, commercial, industrial, highway, bedgtreet etc. (Sansalone et al., 2005; Kim et
al., 2007; Kayhanian et al., 2007; Davis and Bir2D10; Lee et al., 2011). Some studies have
also highlighted the stormwater runoff from rurgghiways as a significant contributor to water
quality degradation (Legret et al., 1999; Gan et 2008). Mallin et al. (2009) in their work
concluded that impervious nature of rural humartlesaents results in the generation of
considerable quantities of stormwater runoff dudiage rainfall events that can be laden with
high quantities of pollutants.

There is paucity of the stormwater characterizalitgnature in the rural areas, therefore review
of literature was carried out from the studies donemall areas or urban areas. Huang et al.

(2007) analyzed water quality parameters, sucpHlsturbidity, TSS, COD, TN, Zn, Pb, and Cu
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in the surface runoff from a 0.14 kroatchment in China. TN and COD were observed tthée
major pollutants with mean concentrations of 8.5Umgnd 201.4 mg/L, respectively. These
concentrations were four times higher than the <l¥s surface water quality standards
developed by SEPA, China. Brodie and Porter (2@08gpucted their study in small catchments
of 50 to 450 rh area comprising of both impervious and perviousasr Event mean
concentrations of non-coarse patrticles (size leas 500um) were determined by taking flow-
weighted samples. Authors found that stormwatemfiapervious surfaces like bituminous
roads contained highest non-coarse particle loadrf@ll to moderate rainfall events (< 20 mm).
From pervious surfaces no runoff was generatedhiese storm events. Stormwater pollutants
occurrence depend on the location and charact=risfithe catchment area. There is a varying
level of understanding among the researchers dheuccurrence of these pollutants. However,
for some parameters like total suspended solidgmc material, nutrients and heavy metals,
considerable amount of data is available (Gobel.e2007; Kayhanian et al., 2003; Ingvertsen
etal., 2011)

Concentration and loads of pollutants in the stoatewvary significantly with the characteristics
of rainfall events and the duration between twofedl events .i.e. antecedent dry period.
Therefore, attempts have been made to develop dlaionships between rainfall event
parameters and stormwater runoff characteristics usyng regression, stochastic and
deterministic simulations (Irish et al., 1998; Kayin et al., 2007).

Regression analysis was used by many researchgeedict and characterize rainfall event
characteristics and stormwater quality charactesisand to show the relationship between these
two variables (Han et al., 2006; Ha and Stenstrd@®8; Maniquiz et al., 2010; Chow et al.,

2013; Arora and Reddy, 2014). Hamilton and Luffnj2009) employed regression modeling for
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the prediction of the concentration of E.Coli byngsprecipitation, discharge, and turbidity as
predictors and achieved relative success<{R.565). Sufficient number of storms is an esaént
requirement in the development of a reliable regijoesmodel and to overcome the over-fitting

problem (Madarang and Kang, 2014).

2.5 Wastewater and stormwater management in rural @eas

2.5.1 Wastewater management

Wastewater management in rural areas has always &#eew priority area in developing
countries due to the associated low economic efimy (Yoon, 2007). Studies have been done
on the application of conventional as well as ratwastewater treatment systems in the rural
settings. Liang et al. (2010) investigated the quenance of a drop aeration bio-film process in
the removal of TSS, COD, NAN , TN, and TP from the rural wastewaters in Chifihe
removal efficiencies of TSS, COD and NHN were 90%, 80%, and 90%, respectively.
However, removal rate of TP was not satisfactony. rural areas, intensive treatment
technologies can be combined with semi-intensivetesys to get the desired treatment
efficiencies. Sabbah et al. (2004) proposed thaetiuent of UASB can be fed into constructed
wetland system in a rural setting to sufficientiguce the organic matter and suspended solids
load from the wastewater originating from rural emeof Palestine. Elmitwalli et al. (2003)
combined UASB with septic tank for decentralizedsteavater treatment in rural areas of Egypt.
They also proposed a separate accumulation systecod dung. UASB-septic tank system was
able to remove 65% COD from the incoming wastewatet produced 14 litres methane per
person per day. The treated wastewater found tovwen total suspended solids and fit to be

used for irrigation purpose.
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Application of natural treatment systems employmagural processes are always preferred for
predominantly rural areas because of two majororesad.e. availability of land and scarcity of
resources like electricity and trained manpowernsbuicted wetlands and waste stabilisation
ponds have been widely used and improvised foremader treatment in rural as well as semi-
urban areas (Giraldo and Garzon, 2002; Al-Saed.,e2@10; Gude et al., 2013; Klem#&& and
Bulc, 2015; Almasi et al., 2015).

Constructed wetlands are considered as complermgsin which pollutants are separated and
transformed by a multitude of mechanisms like ptalsichemical and biological. External
factors and characteristics of the wetlands nogrgilitate the principal mechanisms and their
order of reaction. The external factors of the @nare quantity and quality of wastewater and
system hydrological cycle (EPA, 2000). Dong et @012) carried out the evaluation of
wastewater treatment systems in rural areas iremasthina and concluded that for sparsely
populated villages having sufficient lands, condted wetlands were more reliable and suitable
than activated sludge and stabilization ponds. Cocted wetlands are considered to be a better
option for wastewater treatment in the small resiidé areas where sewers have not yet been
provided (Verhoeven and Meuleman, 1999)

Wurochekke et al. (2014) measured the effectivenésise constructed wetland system for grey
water treatment provided at a village in Malaysiawas found that wetland system removed
82% BOD?°, 85% COD, 55% TSS and 45% Turbidity from the iafiigrey water. Construed
wetlands can be categorized on the basis of thetflpe, vegetation type and hydrology and for
attaining improved treatment efficiency can be corad into hybrid wetlands (Vymazal, 2010).
Wang et al. (2012) conducted a comparison anabyssubsurface constructed wetlands and

surface flow wetlands. It was observed that subserfflow wetlands efficiently removed
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organic loads and in COD removal, horizontal flowthands were more efficient than vertical
flow wetlands. Free water surface (FWS) wetlandseaféiciently remove organic loads through
microbial degradation, suspended solids by filratthrough vegetation and nitrogen through
nitrification followed by de-nitrification (Kadleand Wallace, 2008). Table 2.2 gives the basic
sizing criteria of free water surface wetland f®Bs*°, TSS and TKN removal.

Table 2.2: Sizing criteria of FWS wetland

Parameter | Effluent quality | Loading rate

BODs 30 mg/L 6 g/m.d
25 mg/L 3 g/m.d
20 mg/L 4.5 g/md

TSS 30 mg/L 7 g/fd
30 mg/L 5 g/m.d
25 mg/L 3.5 g/md
20 mg/L 3 g/m.d

TKN 10 mg/L 1.5 g/rid

Source: (Wallace and Knight, 2006) and EPA, (2000)

Due to the removal of organic material in anoxieobic conditions in horizontal flow
subsurface wetlands (Vymazal and Krdpfelova, 200tse wetlands have found application in
the treatment of high strength industrial wastevga{®antovi et al., 2003; Revitt et al., 2004;
Drizo et al., 2006; Calheiros et al., 2007; Serranal., 2011; Yadav et al., 2012).

In stormwater runoff treatment, constructed wettarare considered as one of the Best
Management Practices (BMPs). Alongwith the pollutamoval, mitigation of peak rates and
reduction of runoff volume also takes place in ¢arded wetlands. Surface flow wetlands are
commonly employed for the treatment of stormwatioff but subsurface wetlands may also be
used (Pennsylvania Stormwater Best Managementi€adlanual, 2006). Subsurface wetlands

result in more efficiency in removal of suspendedlids load and organic content of
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stormwaters. But, subsurface wetlands are assdciatth low treatment capacities, hence,
limiting their use for low stormwater flows. On tlbasis of nutrients reduction, two levels of
constructed wetland design are given. In level digite TP and TN event mean concentration is
to be reduced by 50 and 25%, respectively, whereésvel 2 design the targeted removal of
these two nutrients is 75 and 55%, respectivelygidia DEQ Stormwater Design Specification,
2011). Table 2.3 gives the stormwater wetland daesigeria for maximizing nutrient reduction.
Choi et al. (2015) studied the urban stormwateoffumeatment in a hybrid constructed wetland
comprising of a settling tank, FWS wetland, andizental sub surface flow wetland. It was
found that hybrid wetland was able to reduce thecentrations of TSS, COD, TN, TP, Zn, and
Fe by almost 68-95%.

Table 2.3: Constructed wetland design criteria ontte basis of nutrient reduction

Level 1 Design Level 2 Design

Mean wetland depth is motiean 1 foot Mean wetland depth is I&isan 1 foot

The surface area of the wetland is s 3% | The surface area of the wetland is nmibran
of the contributing drainage area (CDA). 3% of the CDA.

Length/Width ratio oFFlow path = 2:1 or more Length/Width ratio oFlow path = 3:1 or more

Length of shortest flow path/overall length =| Length of shortest flow path/overall length =

0.5 or more 3 0.8 or more 4

Emergent wetland design Mixed wetland design

Single cell (with a forebay) Multiple cells or a hmcell pond/wetland
combination

Source:Virginia DEQ Stormwater Design Specification, (2p11

Removal efficiency of the wetlands is dependenthenplant species. (Yu et al., 2012) measured
nutrients removal efficiency of seven plant spedresonstructed wetland systems in China.
Plant’s biomass production and nutrient contenvastewater was taken as criteria to measure

nutrient removal efficiency. It was observed thiatlidferent HRTs, except Iris pseudacorus all
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other six species produced more biomass above drétirewnil et al. (2014) conducted a study
to select the most appropriate plant species frdieet selected plants .i.e. Typha
angustifolia, Cyperus corymbosus, and Canna infdica vertical flow wetland in Thailand. On
the basis of the wastewater treatment efficiendyes®ed by growing the selected plant species
in the constructed wetlands, Typha was observedh@ve highest efficiency and thus the most
preferred species for wastewater treatment.

Since long, waste stabilization ponds (WSP) hawnheed as wastewater treatment option for
the municipal wastewaters. Due to the low initiagttcand maintenance, high efficiency and high
sustainability of WSPs, these are considered tthéenost appropriate for developing countries
(Waste Stabilization Ponds, 2004). Usually, anaerpbnds and facultative ponds are employed
for organic matter removal whereas maturation p@rdaused for pathogen removal. Maturation
ponds are needed when treated wastewater is to theeetiteria for unrestricted irrigation of
crops. Study conducted in Iran (Naddafi et al.,3)Q@vealed that growth in crops irrigated by
treated WSP effluent were 60% more than the crnommated by water. Nutrients present in the
treated effluent were equal to the application ®Bft@ne manure on land. (Mara and Pearson,
1998) concluded that it was possible to achieveoup0% BOR?® removal at 26C and 70%
BODs> removal at 25C in anaerobic stabilization ponds. Anaerobic deatian of the settled
solids was found to be at peak with minimum sludgeumulation.

Kotsovinos et al. (2004) studied the waste staddibn pond systems in Greece and concluded
that if designed and maintained properly, WSPsdta a feasible solution for the small and
rural communities. Even in the case of no mainteeathese systems were found to be operating
moderately. Studies have been conducted on thedhgystems using WSP with some low cost

treatment option like sand filter, rock filter oastewater storage for removal of algal cells and

29



pathogens from WSP effluent. (Mara and Pearson9)1pBoposed a hybrid system of waste
stabilization pond and wastewater storage andneyatreservoir (WSTR). The wastewater after
treatment in an anaerobic pond and facultative Eystem would collect in WSTR during non-
irrigation period. The water from WSTR was foundh® microbiologically and used for un-
restricted irrigation. Al-Saed et al. (2010) conigacthe study on a hybrid system of algae pond
and rock filter and compared its wastewater treatnedficiency with algae ponds. Results
revealed that hybrid system was more efficienhim iremoval of TSS, COD and fecal coliforms
(84%, 84% and 4 log) than the conventional algasedapond (81%, 81% and 3 log).
Ammonium and phosphorus removal rates in hybridesysvere 68.8 and 50.0%, respectively,
whereas, algae pond resulted in 57.9 and 41.5% ammo and phosphorus removal,
respectively. Al-Hashimi and Hussain (2013) usellyhrid system consisting of a facultative
pond, aerobic pond and a sand filter for the waatemtreatment in a rural area of Irag. The
addition of sand filter resulted in the increasethoval of TSS, BOE° and COD from the
aerobic pond effluent.

Mburu et al. (2013) compared a WSP and a pilotesbakizontal subsurface flow constructed
wetland (HSSF-CW) on the basis of performance, leglirement and initial and operating
costs in Kenya. WSP showed better removal effigemndor TP and ammonium, while the
removal of organic matter and suspended solids fa@sd to be similar in both the systems.
WSP however required three times more area tharFHS8 to treat the equivalent amounts of
wastewater. De Oliveira et al. (2011) studied ttect of baffling on the treatment efficiency of
four 2.3 m deep primary facultative ponds in Brakhiey concluded that longitudinal baffling of

the ponds did not increase the efficiency of trecpss significantly but increased the cost of the

30



system. However, TSS and chlorophyll-a exhibitegddoconcentrations for all combination of
baffles.

Effluent from waste stabilization ponds needs htig for the removal of algal cells and to
improve the microbiological quality for irrigationse. Khazaei et al. (2015) performed the
treatment of aerated lagoon effluent in a horizorttaghing filter (HRF). Filter was run at three
filtration rates .i.e. 0.5, 1 and 1.5 m/h. Remoefiiiciencies of TKN, TP, COD, and TSS at the
lowest filtration rate were observed as 50, 54,&8] 68%, respectively. Removal efficiencies

decreased with increase in the filtration ratessdaechers reported that HRF was able to retain

nitrogen, phosphorous, and COD at the rate of 24081, and 435.4/m°d, respectively.

Hamdan and Mara (2014) conducted a study using thlasace slag as filter material in aerated
rock filter for the removal of nutrients from théleent of primary facultative pond effluent in
Bradford, UK. Results indicated that the aeratezk fdter system was able to lower down the
ammonium-N and phosphorus concentrations belowpémmissible limits. Vertical flow filter
removed the ammonium-N in higher proportion tharrizomtal flow filter (<1 mg/L).
Comparison between the performance of horizontdlamtical roughing filter (VRF) has been
attempted by some researchers. According to Nkw®@0a0), HRF due its simple layout and
unlimited length gives much better performance tM&F in TSS removal during the pre-
treatment of wastewater. Mahvi and NuriJ (2001)dcated their study on highly turbid raw
water in Iran and found that HRF was more efficidran VRF in removing parasite eggs and
turbidity.

Design of roughing filters requires the informati@m turbidity levels, suspended solids
concentration and fecal coliform load in the incogiiwastewater. Information on peak

concentration period and solid settling charadiessshould also be taken into account
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(Wegelin, 1996). Lee and Jayalath (1998) perforpitat scale, as well as field scale studies on
the two horizontal roughing filters for pre-treatmef raw water. Results indicated that at pilot
scale, significant reduction in algae (80-87%) tedaen place alongwith the removal of turbidity
and colour (50-60%). From field experiments, it wasicluded that length of the filter did not
considerably affect the removal efficiencies ofaggcolour and turbidity.

Often wastewater requires a low pathogen levelshagld organic matter removal if these are
meant to be used for irrigation purpose or grounidweecharge. In rural areas or semi-urban
areas, sand filters have found extensive usagthi®mpurpose. Depth of the sand filter, type of
sand and distribution of sand, quality of influrgter, desired effluent quality, filtration ratedan
dosing system are the factors which govern thdnresat efficiency of the filters (Anderson et
al., 1985; AWWA, 2002; Torrens et al., 2009). lovgl sand filtration, the rate of filtration
normally ranges between 0.1-0.4/mé/h, whereas in the rapid sand filters filtratioteraan be
on the higher side between 5-18/mf/h (Huisman et al., 1974). Hamoda et al. (2004)uatad
the performance of three activated sludge basedewater treatment plants in Kuwait. The
effluent quality was highly variable due to nitcdition and de-nitrification during different
seasons. However, after tertiary filtration in ttoem of sand filtration, the effluent quality
improved significantly as shown by elevated rems\afl VSS, BOR® and COD. Apart from
increased effluent quality, tertiary sand filtrati@lso resulted in the stability of the effluent
quality.

Assayed et al. (2014) presented a new conceptnaf fil&ration and designed a lab-scale drawer
compacted sand filter for the treatment of greyenathe sand filter was operated for 330 days
by varying the hydraulic loading rate from 72 t®14m?.d and organic loading rate from 23 to

30 g BOR*Ym%d. Experimental outcomes demonstrated that orgaaiter and TSS removal
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rate was more than 90% at all loading rates. Vijaghavan et al. (2014) performed their study
on the removal of suspended and dissolved pollsifaai eutrophic ponds. Filters were loaded
with activated carbon, sargassum and zeolite toitmothe removal efficiencies. It was found
that algal biomass removal and a decrease in pHmessured in all the studied filters during
the operation. Sargussam loaded filter exceededetieval efficiency of heavy metals among
all the filters. Ama et al. (2015) conducted theatability studies of domestic wastewater on a
sand filter having three compartments and made fympolyvinyl chloride. Each compartment
was further divided into two columns, a filter aadettling column. Filter columns were filled
with granite. Authors concluded that medium graze svas inversely related with the treatment
efficiency. On increasing the hydraulic load frord L/n.h to 15 L/ni.h decreased the TSS and
COD removal from 83% to 77% and 89.5% to 49%, retspaly.

Nassar and Hajjaj (2013) determined the relatigngl@tween the depth of the sand filter with
the removal rate of suspended solids and fecdocolifrom the stormwater in Gaza, Palestine.
They concluded that around 80% removal of fecaif@wohs occurred at 150 cm depth of the
filter and suspended solids concentration was fdarz less than 20 mg/L at 75 cm depth.
2.5.2 Stormwater management

Developmental activities like construction of resitial areas, roads etc. result in the increased
imperviousness of rural settlements and modificatdd natural drainage systems. Increase in
surface imperviousness translates into increasédnes of stormwater runoff during rainfall
events and modifications in the land use practa@@s result in the drainage problems in rural
areas (Protection, 1999). Development in agricaltpractices also leads to change in land use
and management practices in rural areas thus batitry to the increased flooding in small

sized rural catchments (O’Connell et al., 2005)teRaf rural stormwater runoff within the
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catchment influence the flood risk (Parrott et 2009) and land use solutions like wetlands have
the potential to mitigate the flood risk in ruraéas (Defra, 2005)

Hooda et al. (2000)lustrated that increased runoff in rural areasibmed with the agricultural
chemicals, pesticides and microbiological pollutiocreases the risk of surface and groundwater
quality degradation. Mcintyre and Marshall (2010 dweled the spatial variations of runoff in a
rural area in UK and concluded that runoff ratesen@gher in improved grasslands rather than
in natural grasslands. Presence of lakes had sirdhgence on the spatial runoff variation
whereas catchment area was weakly affecting thigaspanoff variability.

Nicholson et al. (2012) stated that by devotingd2sgrcent of land to runoff mitigation features,
the risk of flooding can be reduced drastically.@gcing the mitigation structures in the corners
of fields to capture runoff and sediment, providiegnporary storage of flood water and by
increasing the flow pathway, stormwater runoff barregulated.

Very few attempts have been made in the treatmentiral stormwater, however, significant
amount of research have been conducted for urbah raghway stormwater treatment.
Treatment systems employed for urban stormwateoffumere studied to develop a suitable
system for rural areas taking into account theattaristics of stormwater runoff generated from
rural settlements. Davis et al. (2001) proposedaardiention facility including porous soil,
hardwood mulch, and different plant species formsteater of a small developed area. High
reduction in the concentrations of metals were ofesk (>90%), whereas, reductions in TKN,
ammonium, and phosphorus levels were found to bdenate (60 to 80%). Authors highlighted
the significance of the mulch layer in the remowélmetals. Birch et al. (2005) assessed
contaminant removal efficiency of a Stormwater Itrdtion Basin (SIB), installed in eastern

Sydney (Australia). The removal of total suspensi@dis (TSS), nutrients, trace metals (Cd, Cr,

34



Cu, Fe, Mn, Ni, Pb, Zn), organochlorine pesticides fecal coliforms (FC) was assessed from
stormwater. Weighted average concentration of Tis$he stormwater was reduced by an
average of 50%, and WAC of Cu, Pb and Zn were rediby an average of 68%, 93% and 52%,

respectively.

2.6 Groundwater recharge systems

In most of the arid and semi-arid areas, peoplecarapletely dependent upon groundwater
resources for domestic and agricultural purpose® @ unplanned groundwater abstraction and
over pumping of wells with no or little replenishmeof aquifers with rainwater, the
groundwater table had started declining (Ghaly,120Moreover, flooding of stormwater and
public health hazards associated with it are thpmsasues in developing countries, especially
the regions which are suffering from water scar@fiocat et al., 2007).

Thus, artificial recharging techniques come ints&nce and the augmentation of ground water
resources by treated stormwater is one of the eftesttive techniques to recharge groundwater.
Artificial recharge to groundwater is the plannédiman activity of augmenting the ground
water reservoir by modifying the natural movemehtsorface water utilizing suitable civil
construction techniques, resulting in a correspogdncrease in the amount of groundwater
available for abstraction. The basic idea of aifafirecharge is to restore groundwater resources
but it has been used for many other purposes asepgation and storage of excess surface
runoff, groundwater quality improvement by dilutjarontrol of salt water intrusion and storage
of water to reduce pumping and piping costs (Asaf85).

Artificial ground water recharge by treated wast®waalthough seems to be a promising
solution but it could be associated with techndallenges along with health and environment

risks. Etteieb et al. (2014) conducted a studys®ess the environmental risk of groundwater

35



quality and treated waste water reuse for Korbajsia. Study revealed higher concentration of

electrical conductivity, chloride concentration argbdium adsorption ratio (SAR) in

groundwater as well as in treated wastewater. Téevih metal concentrations were under

permissible limits but groundwater was contaminabsd pesticides. Takashi et al. (2004)

considered health and regulatory considerationsgrmiundwater recharge with reclaimed

municipal wastewater. It was proposed in Califom@gulations that disinfection of non-potable
reuse of water is to be done where a high degremilaiic exposure is expected. These studies
could act as a caution ascertaining us that fae satise of aquifer recharge, the environmental
risk monitoring of treated waste water is essential

Artificial ground water recharge is one of the aptim solutions to manage stormwater and to

achieve this different methods have been devel@gpedadopted in various parts of the world

(Todd and Mays, 2005; Huisman and Olsthoorn, 19&#no, 1985). Direct method, indirect

method and combination of both methods can beethout for artificial recharging (CGWB,

2007).

1. In direct surface technique method (surface spnggldasins), water from surface sources is
made to percolate and recharge ground water, whdarealirect sub-surface technique
method, water store in-situ above the aquifer aleasade to percolate and recharge ground
water.

2. In indirect methods (dug wells and borehole weBsiyface water is injected to groundwater
by locating abstraction wells near influent streamtgch is induced as a result of human

activity.
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3. In combined methods (percolation tanks with pitfghavater from deeper aquifers where
shallow or superficial formations are highly impeable or clayey is transferred with certain
modification.

The advantage of the direct-surface techniquesri¢gise ability to replenish underground water

supplies in the locality of metropolitan and aglictal areas, where the groundwater condition is

severe; and there is an added benefit from therifij effect of soils and the transmission of
water through the aquifer (Bouwer, 1978; Asano, 5)98anual on artificial recharge of

groundwater (CGWB, 2007) comprises various aspettsrtificial groundwater recharge

including planning of artificial recharge projectartificial recharge techniques and their
structural design, monitoring of augmented wateele and water quality, economic evaluation
of recharge projects and issues related to operaitd maintenance of artificial recharge
structures.

The Central Ground Water Board had identified nundé¢echniques which can be worked out

for augmenting the groundwater aquifer. But thed@n of technique and its structural design

should be carefully considered to ensure that ittee f recharge facility should be sufficient to
meet abstraction demands as well as contain adeqaatount of storm water runoff

(Muralidharan and Athavale, 1998). It was examitieat artificial recharging also helped in

reducing the salinity in groundwatégPatel et al., 2011). Infiltration of rain water Isest

technique for areas with low rainfall and high rafedrought, that can be accomplished by
developing an integrated series of techniques whialy include inhibiting the gullies of minor

streams, constructing percolation tanks, placimgfponds in the foot hills, contour binding and
trenches on slopes and installing check dams om#ie stream wherever possible (Kumar et al.

2007). Surface dike is suitable structure for coutike India as it is safe from floods, do not
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require broad areas of land for implementationstleaisceptible to silting, needs no overflow
devices and hence, have minimal ecological rantifioafollowing their construction. In
addition to this, evaporation losses are also munmras the entire structure is underground
(Muralitharan and Athavale, 1998).

Vadose zone wells or dry wells are normally borgd permeable formations in the vadose zone
that can allow the runoff water at sufficient rat€sy wells are much cheaper than recharge
wells, where groundwater is deep (100-300 m or maed hence it is beneficial to use dry
wells for groundwater recharge instead of aquifetlsv(Bouwer, 2002). Floodwater spreading
system is also an effective low cost recharge tecienin dry areas as well as areas with

moderate rainfalls (Hashemi et al., 2015).

2.7 Gaps in previous studies

Fragmented approach has been followed for tackliegvater supply and sanitation problems in
India, especially in rural areas. Water supply aaditation have been dealt with separately,
quite often by altogether different agencies. Tdyiproach has resulted in the neglect of the
originally all important village ponds to the extehat they have either become extinct or if
present they serve no water resource managemeageur

Some attempts have been made for the restoratithreofillage ponds but efforts have not been
directed towards the integration of village pondthwithe water supply and sanitation
requirements in rural areas. Implementation of neétgy intensive options has lead to the
failure of most of such pond rehabilitation iniives.

To find a solution for the water supply and saiotatproblems in villages, it is imperative to
adopt the IWRM approach that will integrate watapgy and sanitation sector in the rural

areas. Review of literature revealed that prinaipé IWRM have mostly been applied to the
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larger catchments such as river basins and urbaersteeds. Very few applications of IWRM
have been reported in the predominantly ruralregsti

Application of IWRM requires quantification, chatexdzation, treatment and safe disposal of
wastewater and stormwater being generated from awems. Although, some work has been
reported on wastewater quantification and charaetgon from rural areas, but stormwater
characterization and quantification has been amgether neglected area.

Wastewater treatment has been undertaken in sorakangas in Punjab, but sustainability of
such treatment systems is always in question. Stater treatment has never been included in
the scope of rural wastewater treatment and displasaigh groundwater recharge.

Keeping in view the above mentioned issues, dewvedop of an integrated water resource
management system for rural human settlements entphasis on village ponds has been

attempted under research for this Ph.D work.
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Chapter-3
Methodology

Objectives of the study have been achieved threvgking on the following work elements:
1. Survey of the rural human settlements (villages) @marcation of the pond catchments
2. Analysis of village ponds and characterizationhafit catchments.
3. Quantification and characterization of wastewafteahe villages.
4. Quantification and characterization of stormwatiethe villages.
5. Development of village level integrated water resea management (IWRM) system.
6. Conceptualization of a village pond system.

7. Design of the village pond system.

3.1 Survey of the rural human settlements (villaggsand demarcation of the

pond catchments

This study was aimed at developing integrated wedsources management system for rural
human settlements wherein the village ponds plgyivatal role. Demarcation of the area
contributing water (wastewater and stormwaterhtogond and thus serving as the catchment of
the pond was performed with the help of a GPS sy¢&armin- eTrex vista). Starting from the
inlet point of the pond, drainage system of thedpasas traced and catchment boundaries were
worked out. The demarcated area was then superedpos the Google earth images of the
selected villages to obtain the catchment basin ohdipe village ponds.

Detailed physical survey of the demarcated catchsneas then carried out with the help of a
survey schedule (given in appendix—A), to collebe tinformation about the catchment

population, cattle population, land use patterngstieg water demand and supply systems,
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sanitation facilities, wastewater generation paterand wastewater treatment and disposal
systems. A secondary data source, detailed sunagysof the concerned rural settlements
procured from the Department of Water Supply anait8&on, Government of Punjab, was also
used. These maps provided information on elevatiominage patterns, and land use patterns.
The physical survey also served the purpose ofrgtaerification of the elevation and drainage

details obtained from the survey maps.

3.2 Analysis of village ponds and characterizatioof their catchments

As a part of the physical survey, pond specifioinfation, like, depth, overflow patterns,
sources of water and pollution, pond water useepadt historical and present status of the pond,
etc. was collected. Local people were interviewed the historical information, such as,
overflow patterns of the ponds, development pressand encroachments of the ponds.
Characterization of pond catchments was facilitatednly by physical survey. Secondary data
sources, such as, survey maps and aerial photag(apailable from the Google Earth package)
were also used for the catchment characterizafidve. catchment characterization included,
obtaining information on, land cover-land use (LQLEboil type, impervious surfaces, drainage

system, hydraulic path length, channel slope, etc.

3.3 Quantification and characterization of wastewatr of the villages

V-notches installed in the village pond inlets wased for the quantification of the wastewater
discharged by the pond catchments. Hourly flow mesments were made on dry days (days of
no rainfall events) over 24 hour period for 7 daysing April to June, 2013 for all the 10

demarcated catchments. The following equation (Heks] 2010) was used for calculating the

flow rates from the measured flow depths over theotth:
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Q= (12’5 xC, x(2g)"2 x tan(%)x H%j x 3600 (3.1)

Where,
Q is hourly wastewater flow rate {fr)

Cq is weir coefficient (G=0.58 determined from onsite flow rate measurement)
8 is V-notch angle (degrees)

H is height of water level above weir crest (m)

v el
LNibg s SN

Figure 3.1: V-notch installed at Masitan village
From the measured flows, peak factors were detewinfar each of the 10 catchments by the

following equation:

(3.2)

Where,
PF is peak factor
Qs is peak hourly wastewater flow rate*(hr)

Quweis average hourly wastewater flow rate/m)
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Because of the existence of independent dwellingl levater supply systems, parallel to the
piped water supply, no attempt was made to asbessastewater generation from the water
supply data through using return factor.

For the wastewater characterization, hourly wastemsamples were collected at the inlet of the
village ponds and composited over 24 hours pefité@. sampling was done for six days for each
of the 10 catchments between January - October?2.20e collected composite wastewater
samples were analyzed for the parameters giverabte-8.1. Catchment characteristics and
review of literature have been the basis for tHecten of the parameters. The sampling and
analysis techniques employed in the wastewatelactenization are indicated in table 3.1.

Table 3.1: Analytical techniques for testing of waewater and stormwater parameters

Parameter Method References
BODs™ Respirometric Method APHA (2012): (5210: D)
COD Closed reflux colorimetric methogd APHA (2015220: D)
TSS Drying at 103-10%C APHA (2012): (2540: D)
TDS Drying at 180C APHA (2012): (2540: C)
Ammonical nitrogen Preliminary distillation step, | APHA (2012): (4500-NH3: B,
titrimetric method E)
Organic nitrogen Macro Kjeldahl method APHA (201@)550- org: B)
Nitrates Ultraviolet spectrophotometric | APHA (2012): (4500- N@ B)
method
Total phosphorous Stannous chloride method APHAZ2(04500-P: B, D)
Coliforms Membrane Filtration Hach method no. 10029
(USEPA approved)
Heavy Metals Inductively Coupled Plasma APHA (2012): (3120: B)
method
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3.4 Quantification and characterization of stormwaer runoff of the villages

3.4.1 Quantification of stormwater runoff

Runoff volumes from any rainfall event and peakaffifior a rainfall event with 2 years return
period were estimated for each of the pond catctsnémited States Soil Conservation Service
Runoff Curve Number (US-SCS-CN) method (NRCS, 20083% used for the runoff volumes
assessment, and rational method (Hydraulic Designudl, 2011) was employed for the peak
runoff assessments. Daily rainfall data for fiftgears (from January, 1998 to December, 2013),
for the five close by rain gauge stations (Kapuah&awanshahar, Nakodar, Jalandhar and
Phagwara stations), was obtained from India Metegrcal Department (IMD) and used in the
study. Further, pond catchments characteristicaiodd from the study under the work element-
2 were used in the assessments.

3.4.1.1 Runoff volume assessment by US-SCS-CN metho

Each of the village pond catchments was divided anfinite number of sub-areas on the basis of
the land cover and land use (LCLU), and Curve Nusig€N) for each of the sub-areas were
obtained through using Table 2-2a to Table 2-2¢kmgin TR-55 manual (NRCS, 1986). Each of
the sub-areas was assigned with a hydrologicasifilzetion code, and CN was determined for
AMC-II condition (Antecedent Moisture Condition -dpplicable to normal soil). Weighted CN,
for each of the village pond catchments, was thstimated by the following equation
(Subramanya, 2012):

Zn:Ai xCN,;

WeightedCN ="
J TotalArea (3-3)

Where,

n is number of sub-areas
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A is area of the' sub-area of the catchment
CN is curve number of thd'isub-area of the catchment

With the help of the following formula, from the igated CN, potential maximum retention of

rainfall (S) was obtained for the pond catchments:

25400
S=———-254 3.4
CN (34)

From the potential maximum retention (S), initiakaaction (i) was estimated by the following

equation (Subramanya, 2012):
|, =AX%XS (3.5)

Where,
A is some fraction of S assumed as initial abswactiaken as 0.2 for small size
catchments)
Rainfall events that yield no runoff were identifiéor each of the ten catchments by the

following equation:

P =1 =02xS (3.6)

min a

Where,
Pmin is rainfall event that yield no runoff
From the rainfall data, all the rainfall events #ierahan the Ri, were neglected (or eliminated),

and then different percentile rainfall events weomgked out for each of the pond catchments.
Runoff depth or effective rainfall was estimated @ifferent size rainfall events by using the

following equation (NRCS 2000):

(3.7)
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Where,
Q is runoff depth / effective rainfall (mm)
P is 24 hour rainfall depth (mm)
la is initial abstraction

S is potential maximum retention of rainfall (mm)
Equation 3.7 is valid for the condition ‘B>l

Runoff volume from a rainfall event (3,R) was then determined by the following equation:
V =QxA (3.8)

Where,
V is the runoff volume (1}
Q is the daily runoff depth (m)
A is area of the pond catchmentjm
In the current study, runoff volumes correspondimd O, 35, 50, 65, and 90 percentile rainfall

events were determined for all the pond catchments.

3.4.1.2 Peak runoff assessment by Rational method

Peak runoff for 2 years return period was estimaisthg the following Rational method
formula:

_CxI . xA

Q@ 36(C

(3.9)

Where,
Qr is the peak stormwater runoff rate*(s) for some return period of T years
C is the runoff coefficient for the contributicgtchment area
It is the average rainfall intensity (mm/hr) for soreturn period of T years

A is the contributing catchment area (hectares)

46



Rainfall Intensity for each of the village catchrteewas obtained from the Intensity-Duration-
Frequency (IDF) curves developed for the regiormeliof concentration for each of the
catchments was estimated and used in the IDF ctovesading the rainfall intensity.

3.4.1.2.1 Development of IDF curves

Gumbel's method (Chow et al., 1988) was employeddfveloping the IDF curves. From the
daily rainfall data extreme daily rainfall events feach of the 15 years (1998 to 2013) were
identified. From these rainfall events, using tldofving India Meteorological Department
(IMD) empirical reduction formula (Chowdhury et,&007), data on short duration rainfalls (10

min, 15 min, 30 min, 1hr, and 2hr duration rairdalivas generated:
P =P, x(t/24)" (3.10)

Where,
R is rainfall of ‘" hours duration (mm)
P4 is daily rainfall (mm)

t is a shorter duration (hr)
Averages of the short duration rainfalls)(®ere then estimated and used in the following

equation for the determination of rainfall deptimgjrfor different return periods (Wilson, 1990):

P. =P, +K; xS (3.12)

ave

Where,
Pris rainfall depth (mm) for a return period of T &ys)
Paveis average of annual extreme short rainfall diatin)
S is standard deviation of annual extreme rdidtth (mm)
Kt is the Gumbel’s frequency factor

The Gumbel’s frequency factor {Kwas computed by the following equation:

K, = —ﬁ{o.5772+ In{ln(iﬂ} (3.12)

Tt
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Where, T is return period (years)
Average rainfall intensities ()} for different short duration rainfalls and forffdrent return

periods were then obtained by the following equatio
I T = T (313)

IDF curves were then developed by plotting rainfialensity (mm/hr) against rainfall duration
(minutes). The IDF curve relationship between mlnintensity (), rainfall duration (t) and
return period (T) was then generalized in the foomthe following power-law relation

(Koutsoyiannis et al., 1998; AlHassoun, 2011):

_cT"
==

(3.14)

In the equation 3.14, constants C, m, and n arerEapparameters, and their values depend on
the location, shape, and scale of the catchmeiat @f@dsen et al., 2002; Aronica and Freni,
2005).

3.4.1.2.2 Time of concentration

Time of concentration ¢.) is the time required for a drop of water falling the most remote
point of a catchment to reach the outlet or pointallection. The time of concentration values

for the pond catchments in question were obtaineithé following equation:

t =t

+
csht

ch (3.15)

Where,
tcis time of concentration (minutes)
tsnis sheet flow time (overland flow) (minutes)

teh Is channel flow time (minutes)
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Sheet flow time @) was determined by the following equation of Na#b Resources

Conservation Service (NRCS) method (NRCS, 2000):

| 0007x(nxL,, )%
tSh - (P )0.5 X 80.4 x 60
2 sh

(3.16)

Where,
tshis sheet flow time (min)
n is overland flow roughness coefficient
Lsnis sheet flow length (meters)
P, is 2-year, 24 hour rainfall depth (mm)
Sinis sheet flow slope

Similarly, the channel flow time4) was obtained by the following equation:

L
-y (3.17)

tch

Where,

teh is channel flow time (min)
L is channel flow length (meters)

V is velocity of flow (m/s)

3.4.1.2.3 Runoff coefficient

Runoff coefficient (C) for 2 years return period was computed by tHeweng equation:

CompositeC = Pg (3.18)

2

Where,

Q is runoff depth (mm) corresponding to(€stimated by using equation 3.7)
P, is 2-year, 24-h rainfall depth (mm)
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3.4.2 Characterization of stormwater runoff
The same drainage system is used for the drainalgetio the storm water and the wastewater.
And, hence, no stormwater could be directly samm@ad analysed for the characterization
purposes. Combined flows of stormwater and wastawaere thus sampled and analysed and
wet weather flows were in fact characterized.
Since the rainfall events are random and theirss&e highly variable, and since the stormwater
characteristics heavily depend on the antecedgnddys (dry spell between two successive
rainfall events), characterization of the wet weatHows have proved not to be a straight
forward job of sampling and analysis.
Characterization of the wet weather flows of rdirdaents thus involved the following steps:
1. Sampling and analysis of wet weather flows forc¢haracterization of wet weather flows
of a few independent rainfall events.
2. Regression modelling of the characteristics of weather flows against the rainfall
event size and the antecedent dry days.
3. Predicting the characteristics of wet weather fl@sulting from a rainfall event of any
size with any number of antecedent dry days wighhikblp of the regression models.
3.4.2.1 Sampling and analysis of wet weather flows
For the characterization of the wet weather flowilage pond inlets were sampled during
twelve rainfall events between April, 2011 and $egier, 2014 in case of 5 villages, namely,
Palli Jhiki, Kultham, Pippa Rangi, Nijjran and Msi. In case of the other 5 villages (Tayabpur,
Sodhian, Majari, Mandiala and Samrai), 15 rainfalents were sampled and analyzed. The
samples were collected at regular intervals (frbm inlets of the ponds) from the start of the

rainfall event and till it subsided. Specificallyne sample was collected every 5 min within 30
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min after the runoff started, every 10 min duringeaiod of 30 to 60 min, and thereafter every
30 min till the end of the rainfall. Then the saegpivere composited and analyzed for the same
parameters by the same methods as were being &alfov the wastewater samples.
Rainfall event sizes (in mm) and antecedent drysd@DD) were obtained and recorded for
each of the rainfall events being sampled and aedly
3.4.2.2 Regression modeling
Using the wet-weather flow characterization datailtiple linear regression models of the
following generic structure were developed on MatilVersion 17 software:

P=a+b(ADD) +c (R (3.19)

Where,
P is wet weather flow characterization parametke @ODs?°, COD, FC, etc.)
‘a’, ‘b’ and ‘c’ are the regression model paramster
ADD is antecedent dry days (days)

Rp is depth of the rainfall event (mm)
The multiple linear regression models were develdpe all the characterization parameters and
for each of the ten village pond catchments.
Coefficient of determination @R values was computed for the developed modelsrderoto
understand the goodness of fit of the models. Hyg®$s testing was then conducted on the
developed multiple linear regression models, ptioraccepting the models for prediction
purposes. Chi squarg’| valueswere obtained by using the following equation anthpared
with the chi square distribution table fer= 0.05 significant level at n-1 degrees of freedom

accepting the null-hypothesis:

X* = Zl)@ (3.20)
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Where,
+v%is chi-square test value

O is an observed frequency or concentration of parfiuobtained via analysis
E; is an expected frequency, predicted through regme€quations
n is the number of storm events sampled

The developed multiple regression models were thaldated for their ability to make
predictions.

3.4.2.3 Prediction of the characteristics of the waeveather flows

The multiple linear regression models developedewesed for predicting the characteristics of
the wet-weather flows, provided the models werenébacceptable through hypothesis testing.
The characterization parameters were predicted gietcentile, mean and 90 percentile values
of rainfall depth (B) and Antecedent Dry Days (ADD). Parameter valumsesponding to 10
percentile rainfall depth (i and 90 percentile antecedent dry days (ADD) veemesidered as
the worst condition and the parameter value coomdipg to 10 percentile ADD and 90
percentile rainfall depth as the best conditioner@age parameter values were obtained for mean
ADD and mean R

In cases where the models were not acceptableparameter values have been taken as not
dependent on the rainfall event size and on thecadent dry days, and their values are
randomly varying. For all such parameters, meame&d0entile and 10 percentile values from the

characterization results were used to describedn@meter.
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3.5 Development of village level integrated water esources management

(IWRM) system

Water management even at the rural human settlenerdl has been believed as not successful
if it is setup as a stand-alone system. This be&lig$ the driving force for the integrated water
resource management (IWRM) approach.

IWRM has been taken as a process promoting codetindevelopment and management of
water and other resources of the rural human segtiés, for maximizing environmental health
and socio-economic benefits in an equitable mamngrout compromising on sustainability. It
has been used as an approach to solve water sapglganitation related problems. However,
the holistic and integrated approach to water memamt was preserved. The IWRM addressed
the issues and questions indicated below:

1. Protection and development of groundwater sourcesehsuring secured supply of
sufficient water of adequate quality (in the fadeconflict, scarcity, pollution of the
water resource) without compromising on the watgp$y to the competing agricultural
and ecological use.

2. Minimizing the impacts of groundwater abstractiow @f pollution from the wastewater
and stormwater on the groundwater and surface syaber the health, environment and
land resources, and on the agriculture and aniosiddndry activities.

3. Putting in place the processes that lead to swikrsolutions to the water supply and
sanitation problems that resolve the local watenflmis (specially related to water
access), minimize the infrastructure requirementsraduce costs.

A generic IWRM (just a system framework and apgileao all the ten pond catchments) was

developed and it did not get into detailed plannfog a case-by-case implementation. No
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stakeholders were involved in the development, @&ndlid not look into the resource
requirements and the technological capabilities ifoplementation. Further, no efforts were

made to assign economic value to the water beingaged.

3.6 Conceptualization of a village pond system

Village ponds traditionally performed the job oflleation and storage of the storm water and the
grey water generated in the pond catchments. Hgldfrthe water in the ponds over extended
periods resulted in the natural treatment of wated water quality improvement. The pond
water was put to both in-stream uses and off-streses. Further, the pond waters were disposed
off through evapo-transpiration and through peromtefor groundwater recharging.
Increased population and per capita water consoemphilack water discharge into the village
drains, increased imperviousness, altered landranet land use, and altered cattle management
practices (especially manure management) haveasedeboth volumes and pollution strengths
of both dry weather and wet weather flows. The paater has become unfit for any of the in-
stream and off-streams uses, and in many casepotis were reported overflowing during
rains. Further, pond water disposal through growater recharging is not occurring properly
due to muck accumulation and pond floor becomitegfikely impervious.
A village pond system was conceptualized with thgective of a functional transition of the
existing village pond systems towards the tradélorllage ponds. The conceptualized village
pond system is having the following functional caments:

« Stormwater and wastewater treatment

» Treated water storage to facilitate the pond waser

» Disposal of excess pond water through ground watdrarging

* Making the pond system aesthetically acceptablesasthinable
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3.7 Design of the village pond system

3.7.1 Drainage system of the village pond catchment

The drainage system was supposed to carry botrstrenwater and the grey water of the
catchments to the village pond. The drains werargd to have the cross section as shown in
the figure 3.2. These drains were sized to carpkpeet weather flows (peak runoffs, expected
from the design storm events of 2 year return penus peak wastewater flows). These drains
will be carrying the peak dry weather flows at ab®elf cleansing velocity>0.5 m/sec.) and
peak wet weather flows at below the drain scounaig} (<2.5 m/sec.). The drainage system was

designed for only one of the ten pond catchments.

E

ree Board

2*D

Figure 3.2: Cross section of the composite drain
3.7.2 Village pond system
The village pond system included the following caments:
1. Catch basin

2. Free water surface constructed wetland system

w

Facultative pond

»

Up-flow multi-grade roughing filter
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5. Treated water reservoir

6. Slow sand filter

7. Groundwater recharge well
The village pond system has been accommodated &s fpossible within the existing village
pond or in other words the existing village pondswaodified into the conceptualized village

pond system. Schematic process diagram of thegeilend system is shown in figure 3.3.

Village stormwater-greywater

Rare water overflow

Recharge Well
g)
) Slow sand filter

Filtered water reservoir

Facultative pond

Constructed
Wetland strip

Roughing filter

Village Pond System

Figure 3.3: Schematic process diagram of the villagpond system
3.7.2.1 Catch basin
Catch basin is meant to remove the grit and thetifig materials from the incoming grey water
and stormwater flows. The catch basin is suppoeeblet occasionally cleaned (pre-monsoon
cleaning). This basin was designed for peak wethegdlows to remove 1 mm size grit having
specific gravity of 2.65 with 100% efficiency, artchas storage space for the removed grit and

floating material. Outlet of the basin was desigt®dvoid draining out of the floating material

and the settlable grit.
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3.7.2.2 Free water surface constructed wetland sysh

Most of the suspended solids of the incoming wedtiver and dry weather flows are supposed to
be removed in this constructed wetland system. Blgem with high aspect ratio will be
provided in the form of strip along the perimetéthee village pond on the up-stream side. The
wetland system included 3 cells connected in senmes emergent aquatic macrophytes will be
planted in order to create quiescent conditionsTiB6 settling. This system was designed to
remove organic particles of size 0.2 mm and spegifavity of 1.05 with 100% efficiency. The
wetland system may require occasional (once inva years) harvesting of the macrophyte
biomass.

Catch basin and the constructed wetland system wesgned by determining the particle

settling velocity using the following equation (NI=tf & Eddy, 2003):

4x Pp —Pw
v, :\/%c‘fl [ pp deP (3.21)
d w
Where,

Vp is particle settling velocity (m/s)

Pp is density of organic particles (kgimn
Ow is density of water (kg/f

d, is average diameter of particle (m)

Cqy is coefficient of drag

3.7.2.3 Facultative pond

The facultative pond is supposed to take care ef BOD:*° loaded to pond and algal
photosynthesis and surface re-aeration are supgdossdpply the oxygen needed for the bio-
oxidation removal of the BOf. Coincidental removal of pathogens and nutrieespecially

nitrogen, is supposed to occur in the facultatived
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The existing village pond will be used as a seconfcultative pond. The pond was designed
to handle the wet weather flow resulting from tieep@rcentile rainfall event. Surface area of the
pond required was estimated on the basis of surdaganic loading rate determined by the

following equation (Mara, 1987):
A, =350(1.107-0.002x T )™*° (3.22)

Where,
As is BOD? loading (kg/ha.day)

To Is average ambient air temperature of the wettesith of the year°C)
If available pond area was more than the requimdiarea then the existing pond was taken as
the design pond area, otherwise the existing paredv8as recommended for expansion to the
desired pond area. The pond depth was not altereglided the depth was >1.0 m. The pond
was provided with a fluctuating volume to hold thesign wet weather flow (from 90 percentile

rainfall event) for one day.

3.7.2.4 Up-flow Multi-grade Roughing filter

Facultative pond water will be very turbid and haeéatively high TSS levels of around 100
mg/L (algal cells of the pond will be the major tlbutor). For facilitating reuse of this water as
reclaimed water, the facultative pond output watdiltered in an up-flow multi-grade roughing
filter. The upflow roughing filter, since has enbugemoved solids storage capacity, does not
require regular backwashing.

The upflow roughing filter was designed to handie tesign wet weather flow over 72 hour
period. Its design filtration rate was2 n/m’hr. The filter was provided in the dividing wall o
the facultative pond and the treated water storagervoir as a 2.0 m wide strip. The filter will

be covered from the top for shading from the sghtli
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For better performance and for avoiding dry rue, thughing filter was positioned hydraulically
in such a way that the filter bed will always remaubmerged in water. Inlets of the filter were
designed in such a way that only sub-surface watethe facultative pond will be filtered
(washout of algal cells is avoided). Outlets of fitter were provided at such a level that the
filter will operate only when the water level iretfacultative pond crosses a set limit.

3.7.2.5 Treated water reservoir

Treated water storage reservoir is provided for dtueage of filtered water from the up-flow
multi-grade roughing filter and makes available weder for reuse as reclaimed water. Storage
capacity of this reservoir was designed for 8 hawerage dry weather flow. Filtered water from
this reservoir was designed to flow into the growvater recharge well through the slow sand
filter when the water level in the reservoir crasaeset value. Further, the reservoir was provided
with an overflow drain for emergency disposal & fiitered water.

3.7.2.6 Slow sand filter

Slow Sand Filter (SSF) is meant for the removaltwbidity/TSS and for the reduction of
coliform count from the water being disposed offotigh ground water recharging. In order to
prevent entry of untreated or not filtered watdpithe recharge well, SSF was provided as an
annular ring to the recharge well. The filter wasigned for 0.5 n¥/m?/hr filtration rate.

For better performance and for avoiding dry rue, #88F was positioned hydraulically below the
filtered water reservoir. Inlets of the SSF werasigieed in such a way that only sub-surface
water of the filtered water reservoir will be fileal (washout of the algal cells is avoided). Outlet
of the SSF was designed in such a way that thev8iSéperate only when the water level in the
filtered water reservoir crosses a set limit, amel filter bed remains submerged in water all the

time.
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Carman-Kozeny equation (MetCalf and Eddy, 2003)egiwbelow was used for headloss
calculations in both the roughing filter and slcand filter:

_fx(l-a)xLxv?

h 3
exa xdxg

(3.23)

Where,
h is headloss (m)
fis friction factor
a is porosity of the filter bed
L is depth of filter bed (m)
Vs IS approach filtration velocity (m/s)

¢ is particle shape factor

d is grain size diameter (m)

g is acceleration due to gravity (9.81 /s
3.7.2.7 Groundwater recharge system
Vadose zone wells are suggested for the groundrwatdarging into the surface aquifers.
Recharge pipe, perforated within the aquifer zovik be discharging the water into the aquifer.
Hydraulic conductivity of the aquifer sand and wdtead available were used as the basis for
sizing the recharge pipe. The recharge well wasdsia handle the wet weather flow (resulting
from the 90 percentile rainfall event) from the daatchments in 72 hour period.
The perforated pipe portion of the recharge wel ¥illed with hard non-carbonate stone ballast
for energy dissipation of the incoming water. Ptaeat of the recharge well within the pond
system, and design of the recharge well were suahanly the output water of the slow sand
filter (and no other water) can enter the rechavg#h. Water would be recharged into the first
pervious layer, provided it is having sufficienbistge capacity. The recharge well together with

the SSF will be capped for shading from the sulntlig
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Chapter-4
Results and Discussion

Results obtained from working on the work elememésitioned under methodology chapter are

presented and discussed in this chapter.

4.1 Rural human settlements, water management andllage ponds

4.1.1 Rural human settlements

To achieve the objectives of this study, ten rimaian settlements (villages) hereafter referred
as rural settlements, were selected in three clistii.e. Jalandhar, Kapurthala and Nawanshahar
of Doaba region of Punjab state (Figure 4.1). Th&its of the selected rural settlements are
shown in table 4.1.

The study region lies in the sub-tropical belt #imel climate is determined by hot conditions in
summer and cold conditions in winter. The mean mimh and maximum temperatures vary
between 5.2C in January to 41°C in June in the study area. The annual averagéatain the
region ranges from 650 to 900 mm, of which 75%fediroccurs during the monsoon months,
from July to September. Groundwater table in thecsed rural settlements varied from 20 to 27
m below ground level (bgl) during pre monsoon pésiand 18 to 25 m bgl during post monsoon

periods.
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KAPURTHALA

PUNJAB
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TAYABPUR
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MARDIALA . KULTHAM SODHIAN

SAMRA

Figure 4.1: Map showing the location of selected ral human settlements

62




Table 4.1: Details of the selected rural settlemest

Rural Area, | Population | Number of Nearest Water
settlement (m?) ponds meteorological supply
station system*
Tayabpur 35951 662 01 Kapurthala SP, HP
Sodhian 80002 940 01 Nawanshahar PWS, SP, HP
Majari 97830 1780 01 Nawanshahar PWS, SP,|HP
Palli Jhiki 125644 2055 01 Nawanshahay SP, HP
Mandiala | 119087 2045 01 Nakodar PWS, SP, HP
Kultham 88661 2182 02 Nawanshahar PWS, SP,HP
Pippa Rangi | 65492 1506 01 Phagwara PWS, SP, HP
Nijjran 82028 1410 02 Jalandhar SP, HP
Samrai 247562 2935 02 Phagwara PWS, SP, HP
Masitan 81985 1287 01 Kapurthala PWS, SP, HP

* PWS- Piped water supply, SP- Submersible punopgbhold level), HP- Motorised hand pump
(household level)

4.1.2 Water management in the selected rural setti@nts

4.1.2.1 Water supply systems

Groundwater is the source of water in the studigdlrsettlements. Water consumption in the
studied rural settlements includes human consumptind non-consumptive purposes; cattle and
other domesticated animal consumption; religiouslucational and other institutional
consumption; and irrigational use in kitchen gasderhe fraction of water used for the human
non-consumptive purposes was found to be relatiesly as compared to urban settlements. But,
on the other side, large amounts of water was fowntle used in cattle consumption like
drinking and bathing of cattle, cleaning of catdheds etc. Physical survey of the rural
settlements revealed that around 70-75% of thdecatthing takes place within the rural

settlements. A brief description of the water syppistems in the study areas is given below:
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1. Tayabpur: Tayabpur is a small village in Kapurthala distri€his village is not having a
piped water supply network and people depend oivithebl submersible pumps and motorized
hand pumps for their water demands.

2. Sodhian: Sodhianvillage is located in Nawanshahar district on thghtvay connecting
Nawanshahar with Phillaur. Piped water supply se&henpresent in this village. Dwelling level
hand pumps and submersible pumps are also uséz bggidents to fulfill their water demands.
3. Majari: This village is located in Nawanshahar districingl the state highway connecting
Nawanshahar with Phagwara. Majari is a mid-sizdige with water being supplied through
piped water supply. Motorized hand pumps and susitrierpumps are also used in this village.
4. Palli Jhiki: Palli Jhiki village in Nawanshahar district isusited on major district road
connecting Banga with Garhshankar. This villageashaving a piped water supply. People use
motorized hand pumps and submersible pumps for Weter needs. Almost all the houses have
motorized hand pumps installed in their premises.

5. Mandiala: Mandiala village is located in Nakodar block ofadahar district. Residents
depend on piped water supply as well as on motbriend pumps and submersible pumps to
fulfill their water needs.

6. Kultham: Village Kultham is situated in Nawanshahar distacound 2 kms away from
Phagwara-Nawanshahar highway. In this rural settfégmgovernment sponsored water supply
network is available. Around one third of the hausdso have the provision of submersible
pumps.

7. Pippa Rangi: Pippa Rangi village is situated in Phagwara bloicKapurthala district. In this

village, people depend on piped water supply feirtivater demands. Very few houses have
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submersible pumps installed in their premises amdorized hand pumps are available in
majority of the houses.

8. Nijjran: Nijjran village is situated on Jalandhar-Kala Saag road in Jalandhar district. This
village is not having a piped water supply. Peogépend on motorized hand pumps and
submersible pumps to fulfill their water needs. Bebsible pumps are installed in almost half of
the houses in this village.

9. Samrai: This rural settlement is largest of all the seddctural settlements and located in
Rurka Kalan block in Jalandhar district. Water riligttion network is present in this settlement.
People also use hand pumps and submersible purfydéltaheir water demands.

10. Masitan: Masitan village is located in Sultanpur Lodhi blookKapurthala district. Water
supply scheme is present in this rural settlem@ntarge number of houses also have the
provision of submersible pumps.

4.1.2.2 Wastewater and stormwater management and village ponds

In the selected rural settlements, wastewater géseblis discharged into roadside open drains
which carry the wastewater to one or more disppeaits (usually village ponds, natural drain
or any low lying area). Studied rural settlemerdasehno defined stormwater drainage system.
Usually, the road side gutters and drains carry@mey the stormwater to the disposal point.
Village ponds in the studied areas are found tordmeiving the untreated wastewater and
stormwater generated from the rural settlements¢ciwform the major water sources for the
ponds. During the non-rainfall periods, only sountevater for the ponds is raw wastewater and
continuous addition of untreated wastewater rentleespond water unfit for any use. Open

defecation and solid waste dumping are also obderear these ponds which further aggravated
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the pollution level of the pond water. Pond watéich used to be an important source of water
for cattle bathing and drinking has now been abaaddor this use due to heavy pollution.
Information of the current wastewater and stormwatanagement practices followed and pond
specific information collected from each of theallsettlements are given below:

1. Tayabpur: In Tayabpur village, only one pond is present Wwhiormally overflows during
monsoon season onto the adjacent areas. Wasteamatestormwater is collected and conveyed
by open drains to the pond.

2. Sodhian:This village has the largest pond of all the stddigral settlements which is located
outside the village and is surrounded by agricaltfields from two sides. During the physical
survey of the village, it was observed that dralimsnot overflow even during the heavy rainfall
events and pond also had sufficient capacity ta lleé incoming stormwater. Residents of this
village use pond water for irrigation purpose bgtatling temporary pumps during irrigation
season.

3. Majari: Majari village is divided in two areas. Wastewadad stormwater generated from the
larger area drains into a near by flowing natunaird whereas the smaller area serves as
catchment for the village pond. Solid waste is &smd to be dumped in the pond.

4. Palli Jhiki: Wastewater and stormwater of Palli Jhiki villaggeaf out of the village through
three outlets, one outlet falls into a natural mirainother into an open space near the entrance of
the village and the remaining outlet falls into thiéage pond.

5. Mandiala: Only one pond is present in Mandiala village, whieceives the major fraction of
wastewater and stormwater generated from the willag small fraction of wastewater and
stormwater generated in the village is conveyed toan made pond. Residents of this village

use water from both the ponds for irrigation pugos
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6. Kultham: Kultham village has two ponds which receive thesteaater and stormwater
generated from the human settlement through radel ggoen drains. The larger pond out of the
two ponds is heavily infested with water hyacintidds linked to a nearby drain, thus not
performing the role of water storage. The small@nchas the history of overflowing during
heavy rains.

7. Pippa Rangi: This village has only one pond which receives ewaster and stormwater
generated from around 60% of the village area. Géeerated water from rest of the area
accumulates in the open spaces along the railvmeydassing through this village. As pond is
surrounded by houses, so, pond water is not besed for irrigation purposes and overflowing
of the pond has been observed during rainfall seaso

8. Nijjran: This village has two ponds which receives the awater and stormwater flows in
almost equal proportions. The smaller of the twadsowhich is adjacent to a religious place,
overflows during the monsoon periods and water ftioisipond is used for irrigation purposes.
9. Samrai: Wastewater and stormwater generated from thig setlement gets distributed into
three parts, one part flows into a pond which ig@wnded by the human habitations, another
part flows into a second pond which is on the dutskf the village and a significant part of the
wastewater and stormwater flows into a near byithgmatural drain.

10. Masitan: Only one pond is present with in the boundaries of ltisian settlement. Pond is
surrounded by fields and human habitations. Pontkrwia not used for any purpose and it
overflows during the monsoon season. Severe overfibthe open drains also occurs during
monsoon season in this village.

Details of the ponds in each of the rural settleisare given in table 4.2.
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Table 4.2: Details of the ponds in the selected ral settlements

Rural settlement Pond area, (M) Average depth, (m)

Tayabpur 2812 4.6
Sodhian 5061 55
Majari 1252 4.6
Palli Jhiki 3894 5.2
Mandiala 3249 55
714 4.6

Kultham
9260 5.2
Pippa Rangi 815 3.9
1808 5.2

Nijjran

5700 5.2
3325 4.3

Samrai
2671 4.3
Masitan 2846 4.6

4.1.3 Village pond catchments

In the studied rural settlements, where more tha@ pond was present, only one pond was
selected for catchment demarcation. For each ofdlected ponds in the rural settlements, the
area contributing wastewater and stormwater topthvad .i.e. pond catchment was demarcated
using handheld GPS (Garmin- eTrex vista) and thpeisimposed on the Google earth images
of the studied villages. The pond catchments wése demarcated on the survey maps of the
selected rural settlements obtained from DepartroéiWater Supply and Sanitation, Govt. of
Punjab. Characterization of the demarcated catctamenas done by collecting information
through physical survey and by topographical mdpgbeselected rural settlements. The village

pond catchments, hereafter referred as catchmermtescribed in brief:
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1. Tayabpur village pond catchment:This catchment had the lowest percentage of impeasv
cover and highest percentage of grass cover ambnthea studied pond catchments. The
demarcated catchment area is shown in the aemabglaph in figure 4.2 and also in the survey
sheet in sheet-1. Land use pattern of the demarcatishment as percentage of total area is

shown in figure 4.3. The catchment characteristtesmentioned in table 4.3.

Figure 4.2: Tayabpur catchment
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Table 4.3: Characteristics of Tayabpur catchment

Pond Location Latitude 31°23'48.29”"N

Longitude 75°18'50.34"E
Catchment area (nf) 25177
Human population 540
Cattle population 141
(Human : cattle) ratio 3.83
Catchment soil type Alluvial
Number of households 88
Household water supply system SP,HP’
Percent of households having submersible pumps 51%
Percent of households having sanitation facilities 7%
Drainage facilities Open drains (constructed)
Hydraulic flow path length (m) 318
Channel slope 0.007

Impervious cover 65
Land use pattern (%) Grass cover 2>

Crop cover

Tree canopy 4

"SP- Submersible pumpHP- Hand pump

TAYABPUR
Total Catchment Area: 25177 rf

4% 4%

6%
2%

@ Fallow

® Grass cover

O Bricked streets

O Residential houses/Roof tops
W Metalled roads

@ Crop cover

0
e 15% B Tree canopy

Figure 4.3: Land use pattern of Tayabpur catchment
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Sheet 1: Survey sheet of Tayabpur catchment
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2. Sodhian village pond catchmentThis catchment had the large number of cattle aodral
85% area of the village formed the catchment ofpbed as shown in figure 4.4 and in survey
sheet-2. Figure 4.5 shows the land use patterheotatchment. The catchment characteristics

are mentioned in table 4.4.

Figure 4.4: Sodhian catchment

72



Table 4.4: Characteristics of Sodhian catchment

1)

Pond Location Latitude 31°05'38.87"N
Longitude 76°01'37.90"E
Catchment area (nf) 67720
Human population 905
Cattle population 203
(Human : cattle) ratio 4.46
Catchment soil type Sandy loam
Number of households 216
Household water supply system PWS, SP, HP~
Percent of households having submersible pumps 37%
Percent of households having sanitation facilities 84%
Drainage facilities Open drains (constructec
Hydraulic flow path length (m) 580
Channel slope 0.0011
Impervious cover 79
Grass cover 13

Land use pattern (%)
Crop cover

Tree canopy

"PWS- Piped water supplySP- Submersible pump,HP- Hand pump

SODHIAN
Total Catchment Area: 67720 rf
15%

6% 2%

13%

47%

17%

O Fallow

B Grass cover

O Bricked streets

O Residential houses/Roof tops
B Crop cover

O Tree canopy

Figure 4.5: Land use pattern of Sodhian catchment
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Sheet 2

VILLAGE: SODHIAN
DISTRICT: NAWANSHAHAR

SCALE:-1:1000
1 CM =10 Mt.
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Sheet 2: Survey sheet of Sodhian Catchment



3. Majari village pond catchment: Around 40% of the total area of this village senasdthe
catchment for the village pond as shown in figuahd in survey sheet-3. This catchment was
one of the smallest and most impervious of alldkected catchments. Land use pattern of the

catchment is shown in figure 4.7. The catchmentatttaristics are mentioned in table 4.5.

Figure 4.6: Majari catchment
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Table 4.5: Characteristics of Majari catchment

Pond Location Latitude 31°11°'20.40”N

Longitude 75°58'12"E
Catchment area (nf) 38277
Human population 783
Cattle population 95
(Human : cattle) ratio 8.24
Catchment soil type Sandy loam
Number of households 201
Household water supply system PWS, SP, HP~
Percent of households having submersible pumps 30%
Percent of households having sanitation facilities 82%
Drainage facilities Open drains (constructe(
Hydraulic flow path length (m) 448
Channel slope 0.0011

Impervious cover 90
Land use pattern (%) Grass cover

Crop cover 0

Tree canopy

"PWS- Piped water supplySP- Submersible pump,HP- Hand pump

MAJARI

Total Catchment Area: 38277 rf

2% 6%

4%

8%

11%

O Fallow
B Grass cover
O Bricked streets

O Residential houses/Roof tops
B Metalled roads
O Tree canopy

Figure 4.7: Land use pattern of Majari catchment

76




8 |
¥
sk
AH 8= 8 mW
=2 22 ~ g
ws Ty
TEREE
<z (52 8
Lﬂ 7] ///
W_m -
) 7/ ]
a o m: ‘ ,
Emﬁ%ﬁﬁ |
Wl/jlﬁlm\\\\\
o
—
3 !
© /] \
y |nnvﬁm®w\, i \
o

Sheet 3: Survey sheet of Majari catchment
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4. Palli Jhiki village pond catchment: This catchment had highest percentage of subnhiersib
pumps installed due to the non-availability of pipevater supply. Pond catchment area
constituted around 35% of the total area of thiagd. Demarcated catchment is shown in figure
4.8 and in survey sheet-4. Land use pattern oflémearcated catchment is shown in figure 4.9.

The catchment characteristics are tabulated i tlal.
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Table 4.6: Characteristics of Palli Jhiki catchment

Pond Location Latitude 31°11'24"N
Longitude 76°04'48"E
Catchment area (nf) 43578
Human population 815
Cattle population 72
(Human : cattle) ratio 11.32
Catchment soil type Sandy loam
Number of households 159
Household water supply system SP,HP’
Percent of households having submersible pumps 53%
Percent of households having sanitation facilities 81%
Drainage facilities Open drains (constructed
Hydraulic flow path length (m) 485
Channel slope 0.0016
Impervious cover 80
Land use pattern (%) Grass cover 10
Crop cover 2
Tree canopy 8

"SP- Submersible pumpHP- Hand pump

p—

PALLI JHIKI

Total Catchment Area: 43578 rf

8% 13%

55%

10%

7%

O Fallow

B Grass cover

O Bricked streets

O Residential houses/Roof tops
B Metalled roads

8 Crop cover

B Tree canopy

Figure 4.9: Land use pattern of Palli Jhiki catchmeat
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Sheet 4

VILLAGE: PALLI JHIKKI |
DISTRICT: NAWANSHAHAR

SCALE:-1:1000
1 CM =10 Mt.
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Sheet 4: Survey sheet of Palli Jhiki catchment
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5. Mandiala village pond catchment:This catchment had the high level of imperviousreess
constituted 65% of the total area of the villaggy@Fe 4.10 and survey sheet-5). Land use pattern
of the Mandiala catchment is shown in figure 4THe catchment characteristics are mentioned

in table 4.7.

Figure 4.10: Mandiala catchment
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Table 4.7: Characteristics of Mandiala catchment

Pond Location Latitude 31°33'1.44"N
Longitude 74°50'51.36"E
Catchment area (nf) 77057
Human population 1420
Cattle population 204
(Human : cattle) ratio 6.96
Catchment soil type Alluvial
Number of households 263
Household water supply system PWS, SP, HP~
Percent of households having submersible pumps 38%
Percent of households having sanitation facilities 85%

Drainage facilities

Open drains (constructed

Hydraulic flow path length (m) 822

Channel slope 0.009
Impervious cover 90
Grass cover 7

Land use pattern (%)

Crop cover

Tree canopy

"PWS- Piped water supplySP- Submersible pump HP- Hand pump

MANDIALA

Total Catchment Area: 77057 rf

4% 3% %
7%

11%

68%

O Fallow

B Grass cover

O Bricked streets

O Residential houses/Roof tops
B Metalled roads

O Tree canopy

Figure 4.11: Land use pattern of Mandiala catchment
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VILLAGE: MANDIALA
DISTRICT: JALANDHAR
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ROADS
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Sheet 5: Survey sheet of Mandiala catchment
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6. Kultham village pond catchment:The demarcated catchment constituted around 35%eof

total area of the village. The demarcated catchraezd is shown in figure 4.12 and in survey
sheet-6. This catchment had the highest percemtagep cover and metalled roads among all
the catchments as shown in land use pattern inefigul3. The catchment characteristics are

given in table 4.8.

Figure 4.12: Kultham catchment
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Table 4.8: Characteristics of Kultham catchment

Pond Location Latitude 31°11'33.07”"N

Longitude 75°51'01.76"E
Catchment area (nf) 31355
Human population 698
Cattle population 48
(Human : cattle) ratio 14.54
Catchment soil type Sandy loam
Number of households 149
Household water supply system PWS, SP, HP~
Percent of households having submersible pumps 35%
Percent of households having sanitation facilities 84%
Drainage facilities Open drains (constructec
Hydraulic flow path length (m) 600
Channel slope 0.0017

Impervious cover 78
Land use pattern (%) Grass cover o

Crop cover 9

Tree canopy 1

"PWS- Piped water supplySP- Submersible pumpHP- Hand pump

KULTHAM

Total Catchment Area: 31355 rf
9% 1% 11%

O Fallow
14% 12% B Grass cover
O Bricked streets

O Residential houses/Roof tops
11% B Metalled roads
@ Crop cover

B Tree canopy

42%

Figure 4.13: Land use pattern of Kultham catchment
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Sheet 6 | VILLAGE: KULTHAM
| DISTRICT: NAWANSHAHAR

SCALE:- 1:1000
1CM =10 Mt.
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Sheet 6: Survey sheet of Kultham catchment
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7. Pippa Rangi village pond catchmentThe demarcated catchment is shown in figure 4.4 an
in survey sheet-7. Only one pond served as antdoti@round 60% of the village area. Cattle
population in this catchment was the lowest amolhgha catchments. One of the highest
percentages of grass cover was observed in thehroant as shown in land use pattern in figure

4.15. Table 4.9 tabulates the catchment charattsris

Figure 4.14: Pippa Rangi catchment

87



Table 4.9: Characteristics of Pippa Rangi catchment

Pond Location Latitude 31°12'22.60"N

Longitude 75°47'19.01"E
Catchment area (nf) 40107
Human population 858
Cattle population 24
(Human : cattle) ratio 35.75
Catchment soil type Alluvial
Number of households 180
Household water supply system PWS, SP, HP~
Percent of households having submersible pumps 15%
Percent of households having sanitation facilities 91%
Drainage facilities Open drains (constructed
Hydraulic flow path length (m) 543
Channel slope 0.004

Impervious cover 78
Land use pattern (%) Grass cover e

Crop cover

Tree canopy 4

"PWS- Piped water supplySP- Submersible pump HP- Hand pump

N

PIPPA RANGI

Total Catchment Area: 40107 rf

4% 3%

7%

18%

59%

9%

O Fallow
B Grass cover
O Bricked streets

O Residential houses/Roof tops

B Metalled roads
O Tree canopy

Figure 4.15: Land use pattern of Pippa Rangi catchent
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Sheet 7: Survey sheet of Pippa Rangi catchment
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8. Nijjran village pond catchment: Around 55% of the area of the village drained ithi® pond
selected for the study (Figure 4.16 and surveytsBleeHighest percentage of area under tree
canopy was present in this catchment. Land userpatf the catchment area is shown in figure

4.17. The characteristics of this catchment arergin table 4.10.

Figure 4.16: Nijjran catchment
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Table 4.10: Characteristics of Nijjran catchment

Pond Location Latitude 31°15'57.6”"N

Longitude 75°28'39.36"E
Catchment area (nf) 45081
Human population 765
Cattle population 75
(Human : cattle) ratio 10.20
Catchment soil type Alluvial
Number of households 179
Household water supply system SP,HP"
Percent of households having submersible pumps 48%
Percent of households having sanitation facilities 78%
Drainage facilities Open drains (constructed
Hydraulic flow path length (m) 555
Channel slope 0.0155

Impervious cover 78
Land use pattern (%) Grass cover

Crop cover 4

Tree canopy 10

"SP- Submersible pumpHP- Hand pump

p—

5%

NIJJRAN

Total Catchment Area: 45081 rf

10% 14%

%

51%

1%

O Fallow

M Grass cover

O Bricked streets

O Residential houses/Roof tops
B Cemented roads

@ Metalled roads

B Crop cover

O Tree canopy

Figure 4.17: Land use pattern of Nijjran catchment
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Sheet 8: Survey sheet of Nijjran Catchment
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9. Samrai village pond catchment:This was the largest catchment village having réghe
percentage of impervious area among all the catotenédigh percentage of metalled and
cemented roads contributed to the high imperviossioé the catchment. Demarcated catchment
area is shown in figures 4.18 and in survey sheégfid use pattern as percentage of the total

area is shown in figure 4.19. The catchment charastics are mentioned in table 4.11.

Figure 4.18: Samrai catchment
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Table 4.11: Characteristics of Samrai catchment

Pond Location Latitude 31°10'43.30”N

Longitude 75°37'57.26"E
Catchment area (nf) 114765
Human population 1879
Cattle population 144
(Human : cattle) ratio 13.05
Catchment soil type Alluvial
Number of households 364
Household water supply system PWS, SP, HP~
Percent of households having submersible pumps 31%
Percent of households having sanitation facilities 82%
Drainage facilities Open drains (constructeg
Hydraulic flow path length (m) 895
Channel slope 0.0039

Impervious cover 92
Land use pattern (%) Grass cover

Crop cover 0

Tree canopy

"PWS- Piped water supplySP- Submersible pump,HP- Hand pump

N

SAMRAI

Total Area: 114765 i

2% 12%

12%

6% O Fallow

2% B Grass cover

O Bricked streets

O Residential houses/Roof tops
B Cemented roads

O Metalled roads

B Tree canopy

60%

Figure 4.19: Land use pattern of Samrai catchment
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Sheet 9: Survey sheet of Samrai catchment
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10. Masitan village pond catchment: Almost 85% area of Masitan village formed the
catchment area for the village pond. This catchmemeta was characterised by the high
imperviousness and large population of cattle. ddéeal photograph of the demarcated area of
catchment is shown in figure 4.20 and survey maghawvn in sheet-10. Land use pattern of the
catchment as percentage of the total area is givégure 4.21 and catchment characteristics are

mentioned in table 4.12.

Figure 4.20: Masitan catchment
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Table 4.12: Characteristics of Masitan catchment

Pond Location Latitude 31°17'3.48”"N
Longitude 75°12’45"E
Catchment area (nf) 69137
Human population 1153
Cattle population 231
(Human : cattle) ratio 4.99
Catchment soil type Alluvial
Number of households 198

Household water supply system

PWS', SP, HP~

Percent of households having submersible pumps 41%
Percent of households having sanitation facilities 84%
Drainage facilities Open drains (constructeg
Hydraulic flow path length (m) 727
Channel slope 0.002
Impervious cover 88
Land use pattern (%) Grass cover °
Crop cover 5
Tree canopy 1

"PWS- Piped water supplySP- Submersible pumpHP- Hand pump

o

506 1%4%

7% 6
o0 ‘

%

68%

3%

MASITAN

Total Catchment Area: 69137 rf

O Fallow
B Grass cover
O Bricked streets

O Residential houses/Roof tops

B Cemented roads
O Metalled roads
B Crop cover

O Tree canopy

Figure 4.21:Land use pattern of Masitan catchment
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4.2 Quantification and characterization of wastewagr of the villages

4.2.1 Wastewater flow rates

Wastewater generated from the studied rural catotsnecluded the wastewater generated from
two sources .i.e. from human water consumption @attle water consumption. Human water
consumption resulted in the contribution of greyl &tack water into the dry weather flows of
studied rural catchments, whereas cattle wateruropson resulted in the contribution of cattle
shed wastewater. Provision of village level watgyy system (piped water supply) along with
individual water supply systems (submersible puams$ motor operated hand pumps) increased
the water usage as well as the wastewater geneiatithe pond catchments. Therefore, instead
of determining the wastewater flow rates by assgmany return factor for the wastewater
generated from pond catchments, actual wastewimer rites at the outlet of the catchments
were determined by using a V-notch. Wastewater tification was carried out for seven days
from April to June, 2013. Hourly wastewater flowtas were determined using equation 3.1
(Chapter 3). Wastewater flow rates during the mghhperiods were assumed to be the same as
the lowest flow rates observed during the day tifkeerage hourly wastewater flow rates were
then estimated and peak factors (using equatignn@&g computed for the catchments.

Higher than expected volume (per capita day) oftevaater was observed to be generated from
studied catchments. Table 4.13 shows the resutteeafiastewater quantification studies.

4.2.2 Characterization of wastewater

Characterization of the wastewater was carriedfromt January, 2012 to October, 2012 for six
days in each catchment. Mean concentrations andaté deviations are presented in table 4.13
and detailed characterization results are giveapipendix B (B-1 to B-10). Wastewater quality

from rural catchments was found to be closely eelawvith human to cattle ratio in the
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catchments. High solids content, organic loads rartdents concentration (TKN and TP) were
observed in Tayabpur, Sodhian, Masitan and Mandiatahments. This could be due to low
human to cattle ratio in these catchments. Feddbono count was also observed to be high in
Tayabpur, Sodhian and Masitan. This again coulddle to large cattle population in these
catchments. High concentrations of nitrates weenked in the studied catchments particularly
in Majari, Mandiala, Kultham and Samrai catchmehtgh nitrates content poses a substantial
danger to the groundwater of the area as durinigration all the nitrogen and nitrates leaches to
groundwater alongwith the wastewater (Walker et1&l73).

Elemental analysis showed that concentration oh i(Be) was marginally higher in the
catchments of Tayabpur, Sodhian, Pippa Rangi, SaanthMasitan villages. Concentrations of
other heavy metals were found to be within the tBnof Indian standards for discharge of

environmental pollutants in surface water (EP Rul886).
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Table 4.13: Summary of wastewater flow quantificattn and characterization in studied catchments

Rural settlements | Tayabpur Sodhian Maijari Palli Jhiki | Mandiala | Kultham | Pippa Rangi Nijjran Samrai Masi tan
Average hourly 4.08 6.42 4.63 4.32 9.20 3.19 3.26 4.28 9.37 7.98
flow, m¥hr
Peak flow, m3/hr 12.47 19.35 16.23 14.45 28.35 10.03 10.03 14.2] 7729. 25.59
Peak factor 3.05 3.02 3.51 3.34 3.08 3.15 3.07 3.33 3.18 3.20
Per capita w/w 181 170 142 127 155 109 91 134 120 166
flow, L/capita/d
TSS, mg/L 765+ 279 760+ 286 612+ 233 441+ 80 650+ 229 527+ 206 488+ 189 517+ 200 559+ 216 757 221
BOD52C, mg/L 337+ 117 307+ 82 261+ 86 27& 72 295+ 84 299+ 58 278+ 72 212+ 47 259+ 82 323+ 82
COD, mg/L 795+ 226 765+ 187 667+ 184 664+ 177 687+ 157 654+ 91 597+ 112 487+ 152 650+ 164 741+ 163
TKN, mg/L 80.2G:t23.32 | 68.5316.58 | 58.9310.41 | 59.0#16.47 | 63.1611.04 | 47.8611.59 41.988.16 54.1%#8.36 | 54.2#10.86| 65.2311.72
NO3z N, mg/L 35.324.88 | 39.20:3.96 | 61.4#11.36| 51.985.94 | 59.8312.20 | 59.986.43 49.8@7.28 48.954.02 | 61.534.83 36.8@4.82
TP, mg/L 42.4327.79 | 41.9218.64 | 33.1813.96| 23.327.06 | 35.7317.80| 23.9210.53 20.268.16 25.3612.05| 30.7216.72| 39.4819.24
TC” 6.68:6.24 6.7%6.26 6.736.30 6.81%5.96 6.655.93 6.5@6.17 6.626.11 6.4%6.23 6.446.20 6.71%6.46
FC” 5.73t5.17 5.7%5.06 5.425.03 5.484.89 5.284.91 5.494.93 5.525.11 5.3@5.13 5.445.26 5.545.17
As, mg/L 0.004+0.003| 0.0120.008 | 0.01%0.004 | 0.0020.005| 0.0240.007 | 0.0030.002| 0.0040.002 0.0140.05 | 0.00%0.001| 0.0160.010
Cd, mg/L 0.012+0.008| 0.0020.004 | 0.0520.040| 0.180.059 | 0.178€0.092 | 0.0030.001| 0.0040.002 | 0.02@0.013| 0.0%0.016 | 0.0080.006
Cr, mg/L 0.30+0.08 0.430.20 0.4@0.30 0.6@0.31 1.060.33 0.6%0.77 0.8%0.91 1.7@0.79 0.4%0.12 0.4@0.06
Cu, mg/L 0.107+£0.086| 0.0520.029 | 0.5570.203 | 0.4460.211 | 0.9830.440 | 0.2040.372| 0.1090.105 | 0.7920.491| 0.1080.099| 0.1140.131
Fe, mg/L 2.94+0.77 3.280.79 1.080.50 1.130.47 1.450.47 1.960.43 3.261.58 1.920.60 3.521.01 3.9%0.92
Mn, mg/L 0.205+0.063| 0.2420.101| 0.0820.027 | 0.1160.063 | 0.3330.220 | 0.30€0.238| 0.20%0.124 | 0.21%0.078| 0.1340.049| 0.19Z0.036
Ni, mg/L 0.145+0.106| 0.1420.063| 0.0720.019 | 0.10%0.043 | 0.0980.058 | 0.0560.012| 0.0460.010 | 0.1930.096| 0.0540.013| 0.07Z0.032
Pb, mg/L 0.064+0.040| 0.0180.011| 0.0220.018 | 0.0220.013 | 0.02%0.027 | 0.08%0.105| 0.05%0.039 | 0.0140.006| 0.0520.044| 0.0820.063
Zn, mg/L 0.45+ 0.22 0.230.22 1.4%0.43 0.720.26 0.880.38 0.6%0.74 0.390.30 0.7%0.30 0.490.24 0.460.30

"Wastewater, Total coliforms and fecal coliforms expressed ig (base 10) values
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4.3 Quantification and characterization of stormwaer of the villages

4.3.1 Stormwater runoff volume and peak stormwateflow rates estimation

For the determination of stormwater runoff volumesch of the studied catchments was divided
into sub-areas on the basis of land cover anduaedAccording to Statistical abstract of Punjab,
soil type in Jalandhar and Kapurthala districtalliavial, whereas in Nawanshahar district, the
prominent soil type is sandy loam. Both of theséssare classified under hydrologic soil group
B. So, the hydrologic soil group ‘B’ was adoptedasssess the Curve Numbers (CN). Weighted
CN were then determined for all the catchmentsgigie equation 3.3.

In this study, stormwater runoff volumes correspogdto 10, 35, 50, 65 and 90 percentile
rainfall event sizes were determined for each efditchments. Two extreme rainfall event sizes
were also considered for stormwater runoff volunsseasment to highlight the difference
between the 90 percentile rainfall event and thgeme rainfall event stormwater runoff
generation. The required percentile rainfall eveizes were determined after excluding the
rainfall events that yielded no stormwater runefffation 3.6).

For estimating the stormwater runoff volumes geteerdrom the catchments, runoff depth or
effective rainfall corresponding to each percenténfall event size was determined using
equation 3.7. These effective rainfall values wased to compute the stormwater runoff
volumes generated in each of the catchments (@quai8)

IDF curves were developed for the meteorologicaliais for the determination of peak
stormwater runoff flow rates. Procedure adoptedtierdevelopment of IDF curves for each of
the meteorological stations is given in appendixG€neralized IDF relationship (equation 3.14)

formulated is shown in table 4.14.
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Table 4.14: Derived IDF equations for different meg¢orological stations

Meteorological Gumbel’s constant IDF equation

station C m n
Nawanshahar | 469.77 | 0.24| 0.667 +I=(469.77*T*)/t>*®
Kapurthala 305.96 | 0.26] 0.667 1+(305.96*T°%)/t°°%
Jalandhar 340.29 | 0.27| 0.667 +1=(340.29*T1%)/t°°%"
Phagwara 379.9 | 0.29| 0.667] tI=(379.9*T°%)/t*°®
Nakodar 34491 | 0.31] 0.667 1I=(344.91*13)/{%%

Stormwater flow quantification for each of the paradchments is discussed below:

1. Tayabpur catchment: Tayabpur catchment generated minimum runoff voluar@sng all
the catchments because of the smallest catchmemiad low effective rainfall values as shown
in figure 4.22. Weighted CN and average rainfapitieat different percentile rainfall event sizes
for Tayabpur catchment are shown in table 4.151eTdll6 provides the summary of the peak

runoff estimations for Tayabpur catchment.
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Table 4.15: Summary of stormwater runoff volume quatification in Tayabpur catchment

Land Use CN Area, Percentile rainfall event Average rainfall
(m?) sizes depth, (mm)
Fallow 86 1011 10 10.0
Grass cover 69 6294 35 15.0
Bricked streets 85 3779 50 20.0
Residential houses/roof 98 10980 65 27.0
tops
Cemented roads 98 - 90 60.0
Metalled roads 98 595 Extreme rainfall event 1 102.0
Crop cover 85 1511 Extreme rainfall event 2 137.0
Tree canopy 65 1007 | Minimum rainfall depth for 8.12
runoff generation (mm)
Total catchment area (M) 25177 90 percentile rainfall event 733
Weighted CN 86.22 runoff volume (m?®)
Tayabpur
2500 -
“c 2000 |
Py
E 1500
S
& 1000 -
2
Z 500-
0 * *> ' ‘ ‘ ‘ ‘
Eff. rainfall | 0.08 | 1 27| 59| 291 65 98
Percentle | 19 | 35 | 50 | 65| 90| Ext.1 Ex.
rainfall even
Effective rainfall (mm) and percentile values

Figure 4.22: Variation of runoff volume with effective rainfall in Tayabpur
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Table 4.16: Summary of stormwater flow rate estimatd for Tayabpur catchment

2 year 24-hr rainfall, P, (mm) 80
Effective rainfall, Q (mm) 45.93
Composite runoff coefficient, C 0.57

Time of concentration, t (min.) 10
Rainfall intensity, |+ (mm/hr) 78.93
Peak runoff rate, Q- (m’/s) 0.32

2. Sodhian catchment:In this catchment, largstormwatervolume increase was observed
between 90 percentile rainfall event size and &dteme rainfall event as shown in figure 4.23.
Weighted CN and average rainfall depth at diffeqeatcentile rainfall event size for Sodhian
catchment are shown in table 4.17. Table 4.18 fesvithe summary of the peak runoff
estimations.

Table 4.17: Summary of stormwater volume quantifiation in Sodhian catchment

Area, Average rainfall
Land Use CN (m? Rainfall percentile values depth, (mm)
Fallow 86 10064 10 7.6
Grass cover 69 8803 35 12.0
Bricked streets 85 11497 50 17.7
Residential houses/roof 98 31938 65 24.1
tops
Cemented roads 98 - 90 54.4
Metalled roads 98 - Extreme rainfall event 1 158.6
Crop cover 85 4063 Extreme rainfall event 2 203.0
Tree canopy 65 1354 | Minimum rainfall depth for 6.41
runoff generation (mm)
Total catchment area (nf) 67720 90 percentile rainfall event 1949
Weighted CN 88.80 runoff volume (m?)
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Figure 4.23: Variation of runoff volume with effective rainfall in Sodhian

Table 4.18: Summary of stormwater flow rate estimatd for Sodhian catchment

2 year 24-hr rainfall, P, (mm) 110
Effective rainfall, Q (mm) 79.12

Composite runoff coefficient, C 0.72
Time of concentration, t (min.) 12.89
Rainfall intensity, I+ (mm/hr) 100.91

Peak runoff rate, Q- (m°/s) 1.38

3. Majari catchment: Majari catchment was one of the most impervioualbthe catchments
resulting in the generation of high effective raihffor a given percentile of rainfall depth.
Weighted CN and average rainfall depth at diffepgarcentile event sizes for Majari catchment
are tabulated in table 4.19 and results of the paabkff estimations are given in table 4.20.

Figure 4.24 presents the variation of stormwataofiwolumes at different effective rainfalls.
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Table 4.19: Summary of stormwater volume quantificiion in Majari catchment

Area, Average rainfall
Land Use CN (m?) Rainfall percentile values depth, (mm)
Fallow 86 2384 10 4.8
Grass cover 69 3062 35 8.4
Bricked streets 85 4126 50 12.2
Residential houses/roof topg 98 26334 65 20.0
Cemented roads 98 -- 90 47.6
Metalled roads 98 1606 Extreme rainfall event 1 158.6
Crop cover 85 -- Extreme rainfall event 2 203.0
Tree canopy 65 765 | Minimum rainfall depth for 3.90
runoff generation (mm)
Total catchment area () 38277 90 percentile rainfall event 1157
Weighted CN 92.87 runoff volume (m®)
Majari
7000
€ 6000
2 5000
= 4000
> 3000
=
S 2000
& 1000-
Eff. rainfall | 004 | 0.84| 25| 73| 302 137/4 1813
Percentile ||
rainfall even | 10 35 | 50 65 9 | Ext.1 Ext.Z2
Effective rainfall (mm) and percentile values

Figure 4.24: Variation of runoff volume with effective rainfall in Majari
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Table 4.20: Summary of stormwater flow rate estimatd for Majari catchment

2 year 24-hr rainfall, P, (mm) 110
Effective rainfall, Q (mm) 89.63
Composite runoff coefficient, C 0.81
Time of concentration, t (min.) 10
Rainfall intensity, |+ (mm/hr) 119.52
Peak runoff rate, Q- (m’/s) 1.04

4. Palli Jhiki catchment: In this catchment, stormwater runoff volume incezhby more than
four times between $0percentile rainfall event size and first extrera@fall event size. The
runoff volumes variation with effective rainfalls presented in figure 4.25. Weighted CN and
average rainfall depth at different percentile f@irevent size are given in table 4.21 and results
of the peak stormwater runoff estimations are shmwable 4.22.

Table 4.21: Summary of stormwater volume quantificéion in Palli Jhiki catchment

Area, Average rainfall
Land Use CN (m?) Rainfall percentile values depth, (mm)
Fallow 86 5802 10 7.0
Grass cover 69 4456 35 11.2
Bricked streets 85 2984 50 16.3
Residential houses/roof topg 98 23802 65 23.0
Cemented roads 98 -- 90 54.0
Metalled roads 98 2176 Extreme rainfall event 1 158.6
Crop cover 85 872 Extreme rainfall event 2 203.0
Tree canopy 65 3486 | Minimum rainfall depth for 5.87
runoff generation (mm)
Total catchment area (nf) 43578 90 percentile rainfall event 1303
Weighted CN 89.65 runoff volume (m®)
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Figure 4.25: Variation of runoff volume with effective rainfall in Palli Jhiki

Table 4.22: Summary of stormwater flow rate estimatd for Palli Jhiki catchment

2 year 24-hr rainfall, P, (mm) 110
Effective rainfall, Q (mm) 81.25

Composite runoff coefficient, C 0.74
Time of concentration, t (min.) 10.78
Rainfall intensity, I+ (mm/hr) 113.68

Peak runoff rate, Q- (m°/s) 1.03

5. Mandiala catchment: Mandiala catchment was the second largest catchimeéetms of area
therefore large volumes of stormwater runoff wasegated from this catchment as presented in
figure 4.26. Weighted CN and average rainfall degdtldifferent percentile rainfall event sizes

are shown in table 4.23 and results of the pea&ffdilow rate estimation are given in table 4.24.
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Table 4.23: Summary of stormwater volume quantificiion in Mandiala catchment

Area, Average rainfall
Land Use CN (m?) Rainfall percentile values depth, (mm)
Fallow 86 5061 10 5.0
Grass cover 69 5398 35 9.4
Bricked streets 85 8270 50 14.0
Residential houses/roof topg 98 52729 65 18.0
Cemented roads 98 -- 90 45.0
Metalled roads 98 3287 Extreme rainfall event 1 136.0
Crop cover 85 -- Extreme rainfall event 2 237.0
Tree canopy 65 2312 | Minimum rainfall depth for 3.94
runoff generation (mm)
Total catchment area () 77057 90 percentile rainfall event 2137
Weighted CN 92.80 runoff volume (m®)
Mandiala
17500+
€ 15000
12500
= 10000-
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9 5000
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Effective rainfall (mm) and percentile values

Figure 4.26: Variation of runoff volume with effective rainfall in Mandiala
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Table 4.24: Summary of stormwater flow rate estimatd for Mandiala catchment

2 year 24-hr rainfall, P, (mm) 75
Effective rainfall, Q (mm) 55.62
Composite runoff coefficient, C 0.74
Time of concentration, t (min.) 18.27
Rainfall intensity, |+ (mm/hr) 61.63
Peak runoff rate, Q- (m’/s) 0.98

6. Kultham catchment: Large runoff volume variation was observed betw86npercentile
rainfall event and first extreme rainfall eventliis catchment. Figure 4.27 presents the variation
of runoff volumes with effective rainfall. Weighte@iN and average rainfall depth at different
percentile event sizes are shown in table 4.25aa#t runoff estimations are given in table 4.26.

Table 4.25: Summary of stormwater volume quantificéion in Kultham catchment

Area, Average rainfall
Land Use CN (m?) Rainfall percentile values depth, (mm)

Fallow 86 3349 10 6.9

Grass cover 69 3763 35 11.0
Bricked streets 85 3326 50 16.0
Residential houses/roof topg 98 13457 65 22.5
Cemented roads 98 -- 90 53.2
Metalled roads 98 4324 Extreme rainfall event 1 158.6
Crop cover 85 2822 Extreme rainfall event 2 203.0

Tree canopy 65 314 | Minimum rainfall depth for 5.42

runoff generation (mm)
Total catchment area (nf) 31355 90 percentile rainfall event 956
Weighted CN 90.36 runoff volume (m®)
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Figure 4.27: Variation of runoff volume with effective rainfall in Kultham

Table 4.26: Summary of stormwater flow rate estimatd for Kultham catchment

2 year 24-hr rainfall, P, (mm) 110
Effective rainfall, Q (mm) 83.06
Composite runoff coefficient, C 0.76
Time of concentration, t (min.) 13.34
Rainfall intensity, I+ (mm/hr) 98.63
Peak runoff rate, Q- (m°/s) 0.66

7. Pippa Rangi catchment:For Pippa Rangi catchmentariation of runoff volume with

effective rainfall is shown in figure 4.28 whichasfirs relatively high effective rainfall and more
runoff volume generation corresponding to 90 peiterrainfall event than the bigger
catchments like Palli Jhiki and Nijjran. WeightedN Gnd average rainfall depth at different

percentile rainfall events are tabulated in tabB¥ 4&nd results of the peak runoff estimations are

given in table 4.28.
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Table 4.27: Summary of stormwater volume quantificiion in Pippa Rangi catchment

Area, Average rainfall
Land Use CN (m?) Rainfall percentile values depth, (mm)
Fallow 86 1250 10 7.0
Grass cover 69 7219 35 13.0
Bricked streets 85 3645 50 18.0
Residential houses/roof topg 98 23765 65 26.0
Cemented roads 98 -- 90 65.0
Metalled roads 98 2625 Extreme rainfall event 1 126.0
Crop cover 85 -- Extreme rainfall event 2 203.0
Tree canopy 65 1604 | Minimum rainfall depth for 5.70
runoff generation (mm)
Total catchment area () 40107 90 percentile rainfall event 1606
Weighted CN 89.91 runoff volume (m®)
Pippa Rangi
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Figure 4.28: Variation of runoff volume with effective rainfall in Pippa Rangi
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Table 4.28: Summary of stormwater flow rate estimatd for Pippa Rangi catchment

2 year 24-hr rainfall, P, (mm) 75
Effective rainfall, Q (mm) 49.09
Composite runoff coefficient, C 0.65
Time of concentration, t (min.) 12.07
Rainfall intensity, |+ (mm/hr) 88.27
Peak runoff rate, Q- (m’/s) 0.64

8. Nijjran catchment: Runoff volume variation with effective rainfall gesented in figure 4.29
and summary of runoff volume quantification andkpraoff estimations are given in table 4.29
and 4.30, respectively.

Table 4.29: Summary of stormwater volume quantificéion in Nijjran catchment

Area, Average rainfall
Land Use CN (m? Rainfall percentile values depth, (mm)
Fallow 86 6242 10 7.9
Grass cover 69 3624 35 13.0
Bricked streets 85 667 50 18.0
Residential houses/roof topg 98 22508 65 25.0
Cemented roads 98 2474 90 51.0
Metalled roads 98 3255 Extreme rainfall event 1 130.0
Crop cover 85 1803 Extreme rainfall event 2 164.0
Tree canopy 65 4508 | Minimum rainfall depth for 5.65
runoff generation (mm)
Total catchment area (nf) 45081 90 percentile rainfall event 1260
Weighted CN 89.99 runoff volume (m®)
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Figure 4.29: Variation of runoff volume with effective rainfall in Nijjran

Table 4.30: Summary of stormwater flow rate estimatd for Nijjran catchment

2 year 24-hr rainfall, P, (mm) 75
Effective rainfall, Q (mm) 49.28
Composite runoff coefficient, C 0.66
Time of concentration, t (min.) 12.34
Rainfall intensity, I+ (mm/hr) 76.83
Peak runoff rate, Qv (m°/s) 0.64

9. Samrai catchment:Maximum runoff volumes and highest peak runofésawvere observed to

be generated from Samrai catchment due to thediapgand catchment area and high weighted
CN. Weighted CN and average rainfall depth at cgffé percentile rainfall event size are given
in table 4.31 and results of the peak runoff edimna are shown in table 4.32. Figure 4.30

shows the variation of runoff volume with effectiranfall.
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Table 4.31: Summary of stormwater volume quantificion in Samrai catchment

Area, Average rainfall
Land Use CN (m?) Rainfall percentile values depth, (mm)
Fallow 86 13311 10 4.7
Grass cover 69 7043 35 10.0
Bricked streets 85 2176 50 14.0
Residential houses/roof topg 98 70229 65 20.0
Cemented roads 98 6337 90 60.0
Metalled roads 98 13374 | Extreme rainfall event 1 126.0
Crop cover 85 -- Extreme rainfall event 2 203.0
Tree canopy 65 2295 | Minimum rainfall depth for 3.29
runoff generation (mm)
Total catchment area () 114765 90 percentile rainfall event 5046
Weighted CN 93.92 runoff volume (m®)
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Figure 4.30: Variation of runoff volume with effective rainfall in Samrai
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Table 4.32: Summary of stormwater flow rate estimatd for Samrai catchment

2 year 24-hr rainfall, P, (mm) 75
Effective rainfall, Q (mm) 58.34
Composite runoff coefficient, C 0.78
Time of concentration, t (min.) 19.89
Rainfall intensity, |+ (mm/hr) 63.27
Peak runoff rate, Q- (m’/s) 1.59

10. Masitan catchment: Masitan catchmenexhibited highest weighted CN among all the

catchments owing to its high imperviousness as shiomtable 4.33. Figure 4.31 presents the

stormwater volume variation with effective rainfaleak stormwater estimations are given in

table 4.34.

Table 4.33: Summary of stormwater volume quantificéion in Masitan catchment

Area, Average rainfall
Land Use CN (m?) Rainfall percentile values depth, (mm)

Fallow 86 2536 10 4.0

Grass cover 69 4148 35 9.0
Bricked streets 85 2187 50 13.0
Residential houses/roof topg 98 46837 65 20.0
Cemented roads 98 4270 90 50.0
Metalled roads 98 5012 Extreme rainfall event 1 102.0
Crop cover 85 3456 Extreme rainfall event 2 137.0

Tree canopy 65 691 | Minimum rainfall depth for 3.00

runoff generation (mm)
Total catchment area (nf) 69137 90 percentile rainfall event 2464
Weighted CN 94.43 runoff volume (m®)
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Figure 4.31: Variation of runoff volume with effective rainfall in Masitan

Table 4.34: Summary of stormwater flow rate estimatd for Masitan catchment

2 year 24-hr rainfall, P, (mm) 80
Effective rainfall, Q (mm) 64.46
Composite runoff coefficient, C 0.81
Time of concentration, t (min.) 16.16
Rainfall intensity, I+ (mm/hr) 57.31
Peak runoff rate, Qs (m°/s) 0.90

4.3.2 Characterization of stormwater runoff (wet wather flows)

During the characterization of the wet weather 8pa minimum gap of 4 days was maintained
between any two successive sampling events (Cal#2@00). Results of the characterization are
given in table 4.35. Raw data of stormwater charadtion studies is given in appendix D

(Tables D-1 to D-10).

On the basis of the characterization results, Wohg inferences can be drawn:

» Large variations in the pollutant concentrationsrevebserved between among the

catchments. This observation could be attributedht® complex interactions among the
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factors, like, drainage area, extent of developmésmd use pattern and amount and
distribution of impervious area.

« High standard deviations (std. dev.) were obsefeed’SS, BOR?, COD, TKN, TP, TC
and FC in Samrai, Mandiala, Masitan and Sodhiaohcaénts showing the large temporal
fluctuations in the wet weather flow pollutant centrations in large sized catchments. Large
size of the catchments might be responsible fortritmrting different concentrations of
pollutants at different times.

» As stormwater samples were taken from the draiadifg wet weather flows to the pond,
therefore in this study, high mean pollutant coti@ions of suspended solids and organic
constituents were observed in comparison to thenstater characterization results of some
other researchers who had monitored strictly staatawflows (Smullen et al. 1999, Arora
and Reddy, 2014).

The characterization results indicate that the westher flows from pond catchments was high

in solids content, organic loads and bacterial tama therefore cannot be used in irrigation and

groundwater recharge without subjecting to treat{iER Rules, 1986).
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Table 4.35: Summary of wet weather flow quality paameters

Parameters., | TDS | TSS|BODs* | COD | TKN | NOs-N | TP | TC FC Zn | Cu | Fe
mg/L | mg/L | mg/L | mg/L | mg/L| mg/L |mg/L| logto | logto | mg/L | mg/L | mg/L
base 10 base 10
Tayabpur
mear 38C | 184 10z 308 | 10.2( 5.6¢ 2.4 5.57 4.5] 0.0¢ | 0.0z | 1.52
std. Dev. 50 48 26 52 1.7i 0.91 0.6€ 5.0¢ 4.0¢ 0.0z | 0.01 | 0.3¢
Sodhian
mear 34¢ | 13:c 96 231 | 11.21 5.2i 2.4% 5.5¢ 4.7 0.1z | 0.0z | 0.9
std. Dev. 86 72 54 117 | 2.22 2.5 0.57% 5.1¢ 4.3z 0.0¢ | 0.01 | O.1¢
Majari
mear 41€ | 20¢€ 10z 30t | 10.9¢ 5.2t 1.4z 5.0 4.2¢ 0.07 | 0.0z | 1.4%
std. Dev. 76 53 27 59 1.7¢ 1.0z 0.7¢4 4.8¢ 4.2z 0.0¢ | 0.01 | 0.4C
Palli Jhiki
mear 36z | 21¢ 84 20€ | 7.3z 4.2¢ 1.32 5.52 4.3¢€ 0.07 | 0.0z | 1.2¢
std. Dev. 71 52 40 77 2.67 1.38 0.5¢ 5.1¢ 3.8¢ 0.0¢ | 0.01 | 0.2¢
Mandiala
mear 37z | 211 10¢€ 29C | 10.3¢ 5.9¢ 2.8t 5.6€ 4.8¢ 0.1¢ | 0.01 | 1.5¢
std. Dev. 81 11C 70 128 | 3.3 2.7¢ 1.4¢ 5.3¢ 4.3¢ 0.0¢ | 0.01 | 0.5¢
Kultham
mear 45E | 22z 95 23¢ | 9.6z 5.32 152 | 5.4¢ 4.41 | 0.1 | 0.0z | 0.8¢
std. Dev. 70 57 35 83 3.1t 2.9t 0.64 5.1 4.2z 0.0¢e | 0.01 | 0.3¢
Pippa Rangi
mear 43C | 21z 93 26€ | 7.9: 3.7¢€ 1.8¢ | 5.51 4.4¢ | 0.1C | 0.0z | 1.3¢
std. Dev. 74 66 39 76 1.7C 1.01 0.7t 5.12 4.0t 0.0¢ | 0.0z | 0.41
Nijjran
mear 358 | 147 67 19t | 8.8¢ 4.41 2.0¢ 5.7z 4.5 0.1z | 0.0z | 1.42
std. Dev. 74 55 42 87 | 1.82 1.37 0.81 | 5.41 4.2¢ | 0.0z | 0.01 | 0.2¢
Samrai
mear 35¢€ | 22t 11¢ 31t | 12.3¢ 6.4¢ 2.44 5.61 4.5 0.1t | 0.0z | 1.4Z
std. Dev. 91 134 80 13C | 3.7¢ 3.4¢ 1.37 5.4¢ 4.3 0.0t | 0.01 | 0.4«
Masitan
mear 421 | 23C 11¢€ 294 | 9.4t 6.4 2.41 5.7z 4.65 0.11 | 0.01 | 1.51
std. Dev. 82 | 10C 57 10z | 2.64 2.3C 1.02 | 5.3¢ 4.2¢ | 0.02 | 0.01 | 0.3¢
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4.3.3 Regression models

Since the rainfall events showed high spatial @mapbral variability, and since it is not feasible
to monitor all the effective rainfall events, thiemne, in the present study, the characterization
results of stormwater runoff and storm variablesADD and rainfall depth (i have been used
to develop predictive models for the assessmestasmwater quality parameters in the studied
catchments.

For Tayabpur, Sodhian, Majari, Mandiala and Sarcaathments, 10 rainfall events were used
for regression model development and 5 were usetthéovalidation of the developed regression
models. While for the remaining catchments (PdlikiJ Kultham, Pippa Rangi, Nijran and
Masitan), 8 storms were used for model developraadtvalidation was done against 4 rainfall
events.

Validation of the developed regression models wasedby applying the chi square test on
additional rainfall events and evaluating the gasdnof fit at the level of significance setat
0.05. The obtained chi square values were fourtzettess than the tabulated chi square values
(9.49 at df=4, 7.82 at df=3) for most of the casHse developed regression models (equation
3.19) for estimating the mean pollutant concerdretifor each of the catchments are discussed
below:

1. Tayabpur catchment: In Tayabpur catchment, measured pollutant loadB®Ds*°, TKN
and Fe demonstrated high variability with ADD anerage rainfall depth, which was evident
from high values of coefficients of determinatidR®f0.95). For other measured parameters,
moderate relationship was observed between depemdgameters and independent rainfall
variables (0.68<&0.95). Characteristics of storm events monitomednaentioned in table 4.36

and developed regression models are shown in 4aBfe
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Table 4.36:Characteristics of storm events monitored in Tayabpr catchment

Date of Storm event | Antecedent Dry Days Rainfall ggh (mm)
09 August, 2011 23 20
14 August, 2011 4 53

16 September, 2011 5 22

27 April, 2012 9 10
10 September, 2012 11 30
15 September, 2012 4 40
04 February, 2013 15 50

13 June, 2013 47 135

28 June, 2013 11 102

08 July, 2013 7 75

25 July, 2013 4 13.5

30 July, 2013 4 20

30 August, 2013 11 40

25 September, 2013 25 37

22 January, 2014 30 14.6
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Table 4.37:Regression models for mean pollutant concentrationfayabpur catchment

*

Parameter ADD Ry R” | Test of hypothesis
a b c
Null
X? Hypoth.

TDS 539.88| 5.49 212 | 091 5.30 Accept
TSS 56.49 | 2.93 0.54 091 7.76 Accept
BODs" | 128.50| 1.37 095 | 098 4.12 Accept
COoD 256.32| 3.79 -1.79 | 094 6.48 Accep’t
TKN 13.58 | 0.09 -0.076 | 0.95 5.75 Accept
NOs-N 5.87 0.22 -0.077 | 0.39  14.4( Reject
TP 3.55 0.16 -0.042 | 0.94 1.49 Accept
Zn 0.127 | 0.003| -0.001| 098 1.53 Accept
Cu 0.025 | 0.002| -0.0002| 0.89 0.9 Accept
Fe 210 | 0.033| -0.015| 0.98 1.16 Accept

Ry - Average rainfall depth
2. Sodhian catchment:In this catchment, except B@H and TP other measured parameters
showed moderate variability with independent vdeislas indicated by low?Ralues (B<0.95).
For NOs-N and Cu parameters, validation of the develomggtassion models failed therefore,
developed regression models were not significantnfiaking assessment of these pollutant
concentrations. Characteristics of storm eventsitm@d for Sodhian catchment are given in

table 4.38 and developed regression models arershmtable 4.39.
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Table 4.38:Characteristics of storm events monitored in Sodhia catchment

Date of Storm event | Antecedent Dry Days Rainfall dgh (mm)
25 June, 2011 7 45
05 August, 2011 4 44 .4

07 September, 2011 13 9
07 January, 2012 27 7
16 January, 2012 8 29
22 August, 2012 6 24.2

9 September, 2012 10 13.2

14 September, 2012 4 20.8
17 February, 2013 12 14.3
24 March, 2013 34 17.2

13 June, 2013 16 47.6
26 June, 2013 7 10.4
01 August, 2013 10 26.6
09 August, 2013 7 33.8
22 January, 2014 30 19.7
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Table 4.39:Regression models for mean pollutant concentrations Sodhian catchment

*

Parameter ADD Ry R” | Test of hypothesis
a b c
Null
X? Hypoth.

TDS 628.25] 15.85 6.28| 098 6.70 Accepf
TSS 27.72 | 3.30 0.056 | 0.85  7.42 Accep’t
BODs™ | 104.29| 1.56 -1.20 | 09% 1.63 Accep’t
COoD 246.51| 4.96 260 | 073 6.45 Accep’t
TKN 8.32 | 0.366| -0.005| 0.53 3.47 Accept
NOs-N 7.29 0.32 -0.098 | 0.67 14.6( Reject
TP 463 | 0.082| -0.054| 0.95 1.78 Accept
Zn 0.10 0.01 -0.003| 0.80 2.54 Accept
Cu 0.016 | 0.001| -0.0002] 0.85 1.43 Acceplt
Fe 1.46 0.001 -0.013 0.82 1.17 Accept

Ry - Average rainfall depth

3. Majari catchment: In this catchment, high Rvalues (B>0.95) were observed for measured
pollutant concentrations of BQE, COD, NQ-N and Fe as shown in table 4.41. Surprisingly,
two runoff quality parameters .i.e. TKN and TP ddilin validation due to extremely low? R
values (R<0.5). Characteristics of storm events monitoredMajari catchment are shown in

table 4.40 and developed regression models aréatabin table 4.41.
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Table 4.40:Characteristics of storm events monitored in Majaricatchment

Date of Storm event | Antecedent Dry Days Rainfall dgh (mm)
18 April, 2011 43 21
25 June, 2011 7 45

05 August, 2011 4 44.4
16 January, 2012 8 29
22 August, 2012 6 24.2

09 September, 2012 10 13.2

14 September, 2012 4 20.8

17 February, 2013 12 14.3
24 March, 2013 34 17.2
13 June, 2013 16 47.6
26 June, 2013 7 10.4
08 July, 2013 4 23.8
01 August, 2013 10 26.6
09 August, 2013 7 33.8
22 January, 2014 30 19.7
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Table 4.41:Regression models for mean pollutant concentrations Majari catchment

ADD Rq Test of hypothesis
Parameter a b c R?
Null
X? Hypoth.

TDS 291.24] 20.82 1.97 0.95  4.30 Accepf
TSS 29.37 | 19.24 0.70 091 4.80 Accept
BODs° | 57.11 | 1.78 074 | 096 2.94 Accept
CcOoD 147.06 | 6.43 -1.57 | 097 2.23 Accept
TKN 4.76 0.06 -0.08 | 0.41 19.64 Reject
NOs-N 325 | 0.584| -0.053| 098 1.24 Accept
TP 2.88 | 0.064| -0.052| 043 17.82 Reject
Zn 0.164 | 0.007| -0.003| 0.87 1.2 Accept
Cu 0.012 | 0.002| -0.0003 0.91  0.56 Accept
Fe 213 | 0.090| -0.026| 0.96 0.78 Accept

Ry - Average rainfall depth

4. Palli Jhiki catchment: Regression models of this catchment are charaetebhy moderate
variability of measured pollutant loads with indegent rainfall variables (0.684R0.95). Only
three parameters i.e. TSS, TP and Fe demonstrated.9R thus indicating that measured
pollutant parameters have strong relationship watinfall variables. Characteristics of storm
events monitored for Palli Jhiki catchment are smow table 4.42 and developed regression

models are given in table 4.43.

127



Table 4.42:Characteristics of storm events monitored in Palldhiki catchment

Date of Storm event

Antecedent Dry Days

Rainfall dgh (mm)

27 May, 2011 38 33
25 June, 2011 7 45
13 August, 2011 4 203
16 January, 2012 8 29
22 August, 2012 6 24.2
9 September, 2012 10 13.2
14 September, 2012 4 20.8
17 February, 2013 12 14.3
24 March, 2013 34 17.2
13 June, 2013 16 47.6
26 June, 2013 7 10.4
01 August, 2013 10 26.6

Table 4.43:Regression models for mean pollutant concentrations Palli Jhiki catchment

E3

Parameter ADD Ry R | Test of hypothesis
a b Cc
Null
X? Hypoth.

TDS 520.06 | 8.72 044 | 089 563 Accept
TSS 112.10| 2.87 0.59 0.94  3.80 Accept
BODs | 36.61 | 1.80 -0.11 | 0.80 2.78 Accept
COD 201 3.14 -223 | 0.86 455 Accept
TKN 725 | 0.121 -0.02 | 0.40 13.54 Reject
NOs-N 335 | 0.076| -0.002| 0.75 1.95 Accept
TP 3.15 0.12 -0.065| 0.90 0.86 Accept
Zn 0.073 | 0.001| -0.0002] 0.70 1.47 Accept
Cu 0.015 | 0.0004 -0.0001] 0.88  1.25 Accept
Fe 1.21 | 0.005| -0.002| 093 0.65 Accept

Ry - Average rainfall depth
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5. Mandiala catchment: Moderate relationships were observed between medguollutant
loads and ADD and rainfall depth for this catchmastdepicted by Rvalues (0.68<&0.9).
Characteristics of storm events monitored for Maladicatchment are given in table 4.44 and

developed regression models are presented in4atie

Table 4.44:Characteristics of storm events monitored in Mandi$a catchment

Date of Storm event | Antecedent Dry Days Rainfall dqgh (mm)
26 June, 2011 15 36
08 July, 2011 7 58
29 July, 2011 13 45

30 August, 2011 16 18
16 September, 2011 16 17
07 January, 2012 28 81
23 August, 2012 10 25
28 August, 2012 4 12
05 September, 2012 7 15
15 September, 2012 9 12
06 February, 2013 17 12
26 June, 2013 11 15
5 July, 2013 6 11.4

26 July, 2013 10 14

15 August, 2013 7 40
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Table 4.45:Regression models for mean pollutant concentrations Mandiala catchment

*

Parameter ADD Ry R” | Test of hypothesis
a b Cc
Null
X? Hypoth.

TDS 422.80| 15.73 -1.94 0.84 6.87 Accept
TSS 252.86| 4.09 -2.45 0.65 24.34 Reject
BODs" | 94.30 | 1.66 -092 | 060 7.88 Accept
COD 279.39 5.42 -2.58 0.72 7.25 Accept
TKN 13.17 0.45 -0.12 0.9% 2.66 Accept
NOs-N 7.09 0.51 -0.082 | 0.79 2.76 Accept
TP 211 0.44 -0.049 0.77 3.55 Accept
Zn 0.015 0.01 0.0002| 0.69 1.67 Accept
Cu 0.022 | 0.001| -0.0003 0.55  0.67 Accept
Fe 2.65 0.073 -0.028| 0.57 1.74 Accept

Ry - Average rainfall depth
6. Kultham catchment: High dependence of the measured end points O&,0KN and NQ-
N on the independent variables was observed in #ichment (R>0.95). For TP, the validation
of the developed regression model failed thus dgesl regression model was not significant for
the prediction of TP in this catchment. Charactessof storm events monitored for Kultham

catchment are tabulated in table 4.46 and develmggéssion models are given in table 4.47.
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Table 4.46:Characteristics of storm events monitored in Kultham catchment

Date of Storm event | Antecedent Dry Days Rainfall qgh (mm)
18 April, 2011 43 21
27 May, 2011 38 33
25 June, 2011 7 45

16 January, 2012 8 29
22 August, 2012 6 24.2
17 February, 2013 12 14.3
24 March, 2013 34 17.2
13 June, 2013 16 47.6
26 June, 2013 7 10.4
08 July, 2013 4 23.8
01 August, 2013 10 26.6
05 September, 2013 19 23.8

Table 4.47:Regression models for mean pollutant concentrations Kultham catchment

Parameter ADD Rq R | Test of hypothesis
a b c
Null
X? Hypoth.

TDS 367 15.27 -1.48 0.86 4.38 Accept
TSS 80.57 3.69 1.34 0.78 6.83 Accept
BODs" | 126.51| 1.66 -1.72 | 094  2.77 Accept
COD 418.05| 3.09 -5.78 0.9% 3.54 Accept
TKN 14.93 0.10 0.22 0.96 1.47 Accept
NOs-N 8.05 0.097 -0.093| 0.98 2.35 Accept
TP 4.85 0.26 -0.061 | 0.64 15.67 Reject
Zn 0.14 0.003 -0.002| 0.93 153 Accept
Cu 0.026 | 0.0003 -0.0004 0.85  0.66 Accept
Fe 0.873 0.01 -0.011| 094 0.82 Accept

Ry - Average rainfall depth
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7. Pippa Rangi catchment:In Pippa Rangi catchment high variability in B&® TP and Fe
was found to be covered by ADD and average raiufigith as B0.95 was observed for these
parameters in this catchment. Details of the stevents monitored are given in table 4.48 and
regression models are shown in table 4.49.

Table 4.48:Characteristics of storm events monitored in Pipp&Rangi catchment

Date of Storm event | Antecedent Dry Days Rainfall dqgh (mm)
17 June, 2011 4 98
05 August, 2011 5 58
09 September, 2011 7 15
16 September, 2011 5 60
24 September, 2011 7 31
14 July, 2012 73 28
01 August, 2012 10 62
11 August, 2012 9 19
28 June, 2013 11 36
24 August, 2013 6 25
22 January, 2014 30 16.2
15 February, 2014 21 13.5

132



Table 4.49:Regression models for mean pollutant concentrations Pippa Rangi

*

Parameter ADD Ry R” | Test of hypothesis
a b Cc
Null
X? Hypoth.

TDS 510.45| 9.73 -2.58 0.78  6.86 Accept
TSS 187.46 | 3.78 0.93 0.85 5.72 Accep’t
BODs | 167.33| 2.55 -1.37 | 09%  3.87 Accep’t
COD 421.17 1.91 -2.73 0.82 3.55 Accep’t
TKN 11.09 0.05 -0.062| 0.82  2.65 Accep’t
NOs-N 5.25 0.107 -0.033| 0.94  1.49 Accept
TP 3.76 0.02 -0.029 | 0.9% 0.3 Accept
Zn 0.19 0.001 -0.002 0.7% 1.78 Accept
Cu 0.02 0.001| -0.0001 0.88 0.87 Accep’t
Fe 1.63 0.088 -0.016 | 0.96 0.76 Accep’t

Ry - Average rainfall depth
8. Nijiran catchment: In this catchment, except B@J all other runoff quality parameters were
observed to have R0.95 thus indicating moderate dependence of medsend points on
independent rainfall variables. Table 4.50 presehts storm events monitored in Nijjran

catchment and developed regression models are givable 4.51.
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Table 4.50:Characteristics of storm events monitored in Nijjran catchment

Date of Storm event | Antecedent Dry Days Rainfall ggh (mm)
25 June, 2011 4 25.2
15 July, 2011 4 113

13 August, 2011 4 42
07 January, 2012 30 40
15 January, 2012 7 14
22 August, 2012 5 12
04 February, 2013 16 15
13 June, 2013 47 40
08 July, 2013 9 45
18 July, 2013 16
25 September, 2013 8 60
22 January, 2014 30 15.1

Table 4.51:Regression models for mean pollutant concentrations Nijjran catchment

Parameter ADD Rq R | Test of hypothesis
a b c
Null
X? Hypoth.

TDS 293.35| 23.54 -4.73 0.89 3.14 Accepf
TSS 130.98 | 4.33 -058 | 093 1.56 Accept
BODs" | 49.48 | 1.98 -0.28 | 0.96¢  1.87 Accept
COD 158.89 4.41 -0.49 0.90 3.22 Accept
TKN 11.57 0.01 -0.05 0.46 9.38 Reject
NOs-N 5.28 0.16 -0.02 0.83  2.65 Accept
TP 2.065 | 0.025 -0.006| 0.63 13.74 Reject
Zn 0.165 | 0.0002 -0.001| 0.62  1.93 Accept
Cu 0.019 | 0.002| -0.0003 0.83 0.5C Accept

Fe 1.56 0.016 -0.004| 0.77 1.32 Accept

Ry - Average rainfall depth
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9. Samrai catchment: In Samrai catchment, except B&D all other stormwater quality

parameters demonstrated lowf Ralues (R<0.8). Regression models were not found to be
significant in the assessment of loads of TDS aRdrilthis catchment. Characteristics of storm
events monitored for Samrai catchment are givembie 4.52 and developed regression models

are shown in table 4.53.

Table 4.52:Characteristics of storm events monitored in Samracatchment

Date of Storm event | Antecedent Dry Days Rainfall dgh (mm)
08 July, 2011 8 24
30 July, 2011 11 13

05 August, 2011 5 58

09 September, 2011 7 15

16 September, 2011 5 60
14 July, 2012 73 28
21 July, 2012 6 40

01 August, 2012 10 62
11 August, 2012 9 19

14 September, 2012 4 20
27 May, 2013 29 15
28 June, 2013 11 36
08 July, 2013 7 21

22 January, 2014 30 16.2
15 February, 2014 21 135
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Table 4.53:Regression models for mean pollutant concentrations Samrai catchment

Parameter ADD Rq R” | Test of hypothesis
a b Cc
Null
X? Hypoth.
TDS 251.14 | 35.59 -0.78 0.73 17.88 Reject
TSS 305.50 4.87 -1.73 0.78 6.88 Accept
BODs" | 99.48 | 1.73 -0.64 | 0.93 456 Accept
COD 245.42 6.88 -1.26 0.67 8.67 Accept
TKN 5.78 0.83 -0.07 0.66 1.40 Accept
NOs-N 8.45 0.654 -0.067| 0.56  4.69 Accept
TP 2.52 0.053 -0.048| 0.3% 16.87 Reject
Zn 0.042 | 0.011| -0.0001 0.6y  3.35 Accept
Cu 0.026 | 0.001| -0.0003 0.7f  0.4Z Accept
Fe 1.869 | 0.014 -0.015| 0.69

3.57 Accepf

Ry - Average rainfall depth

10. Masitan catchment:Except TSS, majority of other runoff quality pardaere demonstrated
moderate variability with independent rainfall \adies (0.68<R<0.95). For assessment of
COD, developed regression models were not foundéeosignificant as validation of the
developed models failed for this parameter. Charetics of storm events monitored for
Masitan catchment are shown in table 4.54. Developgression models are mentioned in table

4.55.
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Table 4.54:Characteristics of storm events monitored in Masita catchment

Date of Storm event | Antecedent Dry Days Rainfall qgh (mm)
09 August, 2011 23 20
14 August, 2011 4 53

16 September, 2011 5 22

13 July, 2012 17 87
10 September, 2012 11 30
15 September, 2012 4 40
04 February, 2013 15 50

08 July, 2013 75

25 July, 2013 4 13.5

30 August, 2013 11 40

25 September, 2013 25 37

22 January, 2014 30 14.6

Table 4.55:Regression models for mean pollutant concentrations Masitan catchment

Parameter ADD Rd R” | Test of hypothesis
a b Cc
Null
X? Hypoth.

TDS 570.19| 15.31 -3.93 0.88 3.93 Accept
TSS 179 8.51 -1.84 0.98 1.42 Accept
BODs® | 118.28| 4.58 -1.59 | 085 5.23 Accept
COD 322.88| 12.29 -3.96 0.68 32.38 Reject
TKN 8.99 0.27 -0.062 0.70 4,76 Accept
NOs-N 6.42 0.16 -0.058 0.68 0.95 Accept
TP 2.61 0.11 -0.03 0.94 0.68 Accepf
Zn 0.132 0.007 -0.002 0.78 0.84 Accept
Cu 0.020 | 0.0005 -0.0001 0.54 0.32 Accept
Fe 1.34 0.048 -0.004 0.64 0.73 Accept

Ry - Average rainfall depth
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Pollutant concentrations in the wet weather flowsravinfluenced positively by ADD and
negatively by rainfall depth. However, the TSS pagter, in six of the ten catchments was found
to be positively correlated with rainfall depth.was observed that in the smaller catchments
such as Tayabpur, Kultham and Majari, the measpatutant loads demonstrated strong
relationships with ADD and rainfall depth. Thisdsident from the high Rvalues. In contrast,
the larger pond catchments like Samrai, Mandiath Masitan demonstrated weak relationships
between measured pollutant parameters and raevalit parameters. This is evident from the
low R? values obtained. These observations showed thattolueomogeneity of smaller
catchments the mean pollutant concentrations @& peone to be influenced by the variables
other than ADD and rainfall depth.

For stormwater quality parameters mentioned inetabb6, the developed regression models
were found to be not fitting (models witt/€®.5 or the models for which null hypothesis test
failed were considered as not fitting). Valueshege parameters were found to be not dependent
on ADD and rainfall event depth. Regression modaxl$otal phosphorus and total kjeldhal

nitrogen demonstrated such behaviour more frequémh other parameters.
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Table 4.56: Not fitting regression models

Catchment | Parameter Characterization results R? Validation
10 50 920 X? Null
percentile | percentile | percentile Hypoth.

Tayabpur NOs-N 451 5.68 6.85 0.39 14.40  Reject
Sodhian NO3z-N 2.03 5.27 8.51 0.67 14.60 Reject
Majari TKN 8.71 10.99 13.26 0.41 19.64 Reject
TP 0.47 1.42 2.37 0.43 17.82 Reject
Palli Jhiki TKN 3.90 7.32 10.74 0.40 13.54 Reject
Mandiala TSS 70 211 352 0.65 24.34 Reject
Kultham TP 0.71 1.53 2.35 0.64 15.67 Reject
Nijjran TKN 6.51 8.84 11.16 0.46| 9.38 Reject
TP 1.04 2.08 3.12 0.63 13.74 Reject
Samrai TP 0.69 2.44 4.19 0.35 16.87 Reject
Masitan COD 162 294 426 0.68 32.38 Reject

4.3.4 Assessment of stormwater characteristics

The developed regression models were used forgbesament of the wet weather flow quality

characteristics. The assessments were done féoltbeing three scenarios:

1. Best scenario- 10% ADD and 90% rainfall depth

2. Average scenario- 50% ADD and 50% rainfall depth

3. Worst scenario- 90% ADD and 10% rainfall depth
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Table 4.57: Independent variables combinations foassessment of stormwater quality

Catchment Independent variables Best Average Worst
scenario scenario scenario
Tayabpur ADD (days) 4 8 22
Rainfall depth (mm) 60 20 10
Sodhian ADD (days) 4 9 27
Rainfall depth (mm) 54.4 17.7 7.6
Majari ADD (days) 4 9 27
Rainfall depth (mm) 47.6 12.2 4.8
Palli Jhiki ADD (days) 4 9 27
Rainfall depth (mm) 54 16.3 7
Mandiala ADD (days) 4 7 44
Rainfall depth (mm) 45 14 5
Kultham ADD (days) 4 9 27
Rainfall depth (mm) 53.2 16 6.9
Pippa Rangi ADD (days) 4 6 25
Rainfall depth (mm) 65 18 7
Nijjran ADD (days) 4 9 30
Rainfall depth (mm) 51 18 7.9
Samrai ADD (days) 4 6 25
Rainfall depth (mm) 60 14 4.7
Masitan ADD (days) 4 8 22
Rainfall depth (mm) 50 13 4

ADD and rainfall depth values for the above threensirios were determined by analyzing the
10 years meteorological data from the nearest mategpcal stations. ADD and rainfall data
used in the assessment of the stormwater chatatsris shown in the form of box plots in
appendix E. Table 4.58 presents the assessed vathevelow characteristics for all the ten

catchments studied.

140



Table 4.58: Predicted stormwater quality parameterof the catchments

Catchment— | Tayabpur Sodhian Majari Palli Jhiki | Mandiala | Kultha m Pippa Nijjran Samrai Masitan
Parameter Rangi
TSS, mg/L 91-126 44-117 14C-552 14&-194 70-352 135-189 22€-288 11¢-256 221-419 121-359
(101) (58) (211) (156) (211) (167) (263) (159) (310) (223)
BODs"™, mg/L 77-149 32-172 29-102 50-86 56-163 41-159 88-221 43-107 68-140 57-213
(120) (103) (64) (55) (93) (114) (158) (62) (1012) (134)
COD, mg/L 164-322 125-361 98-313 93-270 185-505 123-461 251-450 152-287 197412 162-426
(251) (245) (186) (193) (281) (353) (383) (190) (269) (294)
TKN, mg/L 9.38-14.80 | 7.06-17.82 | 8.71-13.26 | 3.90-10.74 | 9.58-32.54| 3.89-16.15 7.2€-11.91 | 6.51-11.16 | 4.9(-26.20 | 6.95-14.62
(12.78) (10.73) (10.99) (7.32) (14.66) (12.39) (20.27) (8.84) (9.78) (10.32)
NO 3 -N, mg/L 4.51-6.85 | 2.03-8.51 | 3.06-18.76| 3.545.38 | 5.44-29.21 | 3.49-10.03 3.747.79 4.9(-9.92 | 7.05-24.48 | 4.15-9.66
(5.68) (5.27) (7.86) (4.00) (9.52) (7.43) (5.37) (6.36) (11.44) (6.93)
TP, mg/l 1.67-6.65 | 2.02-6.43 | 0.47-2.37 | 0.12-5.93 | 1.65-21.05| 0.71-2.35 | 1.95-4.06 | 1.04-3.12 | 0.69-4.19 | 1.554.91
(3.99) (4.41) (1.42) (3.17) (4.47) (1.53) (3.35) (2.08) (2.44) (3.10)
Zn, mg/L 0.0¢-0.18 0.C-0.34 0.05-0.34 | 0.0¢-0.09 | 0.0€-0.45 | 0.0:-0.21 | 0.0640.20 | 0.12-0.16 | 0.0¢-0.32 0.0¢-0.28
(0.13) (0.14) (0.19) (0.08) (0.08) (0.14) (0.16) (0.15) (0.112) (0.16)
Cu, mg/L 0.021-0.07 | 0.00¢-0.04 | 0.0(5-0.06 | 0.011-0.02¢ | 0.012-0.06 | 0.00¢-0.03| 0.01%0.04 | 0.012-0.07 | 0.012-0.05 | 0.01+0.03
(0.037) (0.021) (0.026) (0.017) (0.024) (0.022) (0.024) (0.032) (0.027) (0.022)
Fe, mg/L 1.33-2.67| 0.751.38 1.25-4.43 | 1.12-1.33 1.665.72 | 0.3:-1.07 | 0.94-3.72 | 1.4z22.00 | 1.02%-2.15| 1.3:-2.38
(2.06) (1.24) (2.62) (1.22) (2.77) (0.78) (1.87) (1.63) (1.74) (1.67)

" 10 percentile and 90 percentile values from amalys
values in bold have R0.95

values in parentheses are average parameter values
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4.4 Integrated water resources management (IWRM) fothe village pond

catchments

The goal of the developed IWRM is tackling the watapply and sanitation problems (and

concerns/issues) of the village pond catchmentaniequitable manner, without compromising

on the issues and concerns of the groundwater fandrigation water, while protecting the

village environment.

The IWRM envisioned is a goal directed continualgass involving the following phases/steps:

1. Current situation assessment and identificatioproblems and prospects of water resources
management

2. Critical analysis of the identified problems anadgpects and finding opportunities, options
and solutions, and developing the IWRM framework

3. Evaluation of the opportunities, options and solugi, involving various stakeholders and
different levels of the village governance, andedlegment of detailed designs and plans for
implementation.

4. Implementation of the prepared designs and plarén@onitoring, measurement, assessment
and evaluation of the implemented designs and plans

The IWRM is in fact an iterative spiral process thfe above steps. The monitoring,

measurement, assessment and evaluation are sugpgaedide the necessary feedback for the

continuity of the spiral process of water resourmasagement.

The IWRM will be a coordinated action by the vikagommunity and the other stakeholders

(water supply and sanitation departments/boarddyligpuhealth department, environment

departments/ boards, stake holders of other watersectors, the village governance, NGOs,

etc.). The IWRM will require institutional supporiplicy and legislation support and also the
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resources (financial, technological and other) iimplementation. At the macro-level, the

government should have a vision and strategy ®i\t¥RM implementation.

On the basis of the current situation assessmenfolltowing problems were identified in the

area of water supply and sanitation:

The ground water table was declining and the graatel quality was deteriorating.

In all the villages studied groundwater sourcesenrpended on for meeting the rural water
demands.

The supplied water was neither monitored for quatddr it was treated prior to supply

Some of the villages were not having piped watepguschemes

Per capita water consumption was quite high, amdcttnsumption levels were inversely
related with the humans to cattle population raBarallel dwelling level water supply
provisions are also believed as contributing tlgdhér per capita water consumption.

The villages had road side open channels/drainshrcollection and conveyance of both
stormwater and domestic wastewater (both black maatd grey water, and wastewater and
cattle dung) into the village ponds.

The existing drains were apparently sized to cHreystorm water and domestic wastewater
generated.

Strength and flow rates of the wastewater fromrtiral human settlements are also on the
higher side. Cattle sheds (especially the cattlihibbg) and uncontrolled use of parallel
dwelling level water supply systems are believethascontributors.

Open defecation was still significant in the viksgstudied.

The village ponds were heavily polluted and theatev was not fit for any use.

Majority of the village ponds overflow during raisgason and spread land pollution.
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The IWRM is recommended to implement the followiagtions for the sustainable water
resources management:
* Minimize ground water extraction through adoptihg following

o Prohibit the use of parallel dwelling level waterpply systems and exclusively
depend on the centralized village level piped watgply system

o0 Implement water conservation measures specialthatindividual dwelling level,
such as, replacing the commonly used flush toilatts Eco-San toilets, shifting cattle
bathing activity to village pond, etc.

o0 Meter water consumption and charge the water coadufmo charges upto a fixed
minimum water consumption and then exponentiallgreasing charges for the
additional water consumption);

» Assured access and supply of water of adequatdityuand quality

o Treat the water for improving the biological watguality (disinfection!) and, if
needed, also for the TDS removal by cheap andaisatle water treatment
technologies that generate the minimum of secondasges

» Separate handling and management of the black veatdrthe cattle shed wastewater
(prohibiting discharge of these wastewaters in® dnainage system of the village pond
catchments)

0 Replace the existing flush toilets with ecologitaillets at the household level to
minimize black water generation

o Provide centralized toilet facilities (based onlegal sanitation approach) at the

community level to minimize black water generation
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o Provide septic tank or anaerobic baffled reactepak pit systems for the treatment
and disposal of black water
o Provide anaerobic co-digestion facilities for theatment and stabilization of cattle
manure, cattle-shed wastewater and residentiak water
» Design and construction of a combined grey watstorm water drainage system for the
village pond catchments
o0 This drainage system will include the drains treatythe dry weather flows at above
self-cleansing velocity and peak wet weather flln@kw the scour velocity
* Modify and/or restructure the existing village psnidto sustainable village pond systems
that serve the following purposes:
o Treatment of the received grey water and stormmwate
o Making available of the treated dry weather flows ifeuse as reclaimed water (for
crop land irrigation, cattle bathing, etc.)
o Groundwater recharging of the treated wet weatlusy &fter the necessary further
treatment.
As a part of the evaluation of the options and tgweent of detailed designs and plans (for
implementation), the IWRM included the following
o Design of the grey water — storm water drainagéesydor one of the ten village pond
catchments studied.
o Design of all the ten village pond systems
The IWRM developed in the present context is jusystem framework and it did not seriously
get into the & and 4" steps of the IWRM process. Designs and plans dpwent are limited

just to the grey water — storm water drainage systad to the village pond system. Village
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community and other stakeholders were however Inateyet been involved in the evaluation
and planning processes. Implementation, monitoriggpd evaluation of the [IWRM
implementation are however not attempted in thegrated water resources management system

development.

4.5 Conceptualized village pond system
The conceptualized village pond system is comparébla sustainable wastewater treatment
plant and having the following treatment units:

* Catch basin

» Constructed wetland system

* Facultative pond

» Up-flow roughing filter

» Treated water storage reservoir

» Slow sand filter

» Groundwater recharge well
The process and material flow diagram of the vélagnd system is shown in figure-4.32.
The system is a sustainable solar energy powerstdray The system is simple, easy to operate,
requires no conventional energy sources and no humrvention for its operation and
functioning. It is capable of treating the wet weatflows (and also the dry weather flows) of
the pond catchments and making them fit for reuseealaimed water. Further, the system
polishes the excess pond water to make it comeatibf disposal through groundwater
recharging. The conceptualized village pond sydtesi been accommodated as far as possible
within the existing village pond, or in other woydke existing village pond was modified into

the conceptualized village pond system.
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Grey water & stormwater

l

Catch Basin Sand, grit & floating
material
s , s
Harvestec ' | Constructed »| Facultative pond .| Roughing filter :
Biomass : Wetland
i A 4 E
Recharge well | Slow Sand | Filtered water | !
5 A Filter ) reservoir

Reclaimed water
for irrigation

Figure 4.32: Flow diagram of village pond system

4.6 Drainage system of the village pond catchments

In this study, grey water and stormwater collecBgatem was designed for largest of the studied
catchments .i.e. Samrai. The collection system @essgned by dividing the entire catchment
into smaller sub-catchments contributing the greyewand stormwater to the nearest stretch of
the composite drain. The dry weather flow ratesnftbe sub-catchments were determined from
the peak hourly wastewater flow rates of the catahingiven in table 4.13. The minimum peak
dry weather flow rate was assumed as 0.0015, rthe rate at which water is being discharged
by the flush toilets. Peak stormwater flow ratesnfrthe sub-catchments were computed by
finding out the time of concentration of the sulbebanents by distributing the stormwater flow
into sheet flow and channel flow components. Equati3.16 and 3.17 were used to determine

the time of concentration for these two flows. Ralinntensity was found out by using the IDF
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equation for Phagwara meteorological station (Samraovered by Phagwara meteorological
station) from table 4.14. Finally, stormwater rundibw rates originating from the sub-
catchments were determined by using equation 3@. ffiangular bottom of the drain was
designed for peak dry weather flows and the corapettion was designed to carry peak wet
weather flows. Free board of 0.1 m was also pralideavoid the overflow of the drains during
the unexpected high flows. The cross section ottmposite drain is shown in figure 4.33. The
computed dimensional details of drain network fam®ai catchment are given in table 4.59 and

drain network is shown in sheet-11.

t

ree Board

2*D

Figure 4.33: Cross section of the composite drain
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Sheet 11

S

DRAIN NETWORK

VILLAGE: SAMRAI

DISTRICT: JALANDHAR

SCALE:- 1:1500
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Sheet 11: Drain network of Samrai catchment
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Table 4.59: Dimensional details of the composite dm network for Samrai catchment

*

Drain no. DWF WWF~ D (cm) Slope Flow velocity | Flow velocity
(m3/s) (m/s) during WWF, | during DWF,
(m/s) (m/s)
1.1-1.2 0.0015 0.055 9.17 0.049 2.18 0.88
1.2-1.3 0.0015 0.103 11.75 0.046 2.50 0.86
1.4-1.5 0.0015 0.069 9.98 0.048 2.30 0.88
1.3-1.6 0.0015 0.202 16.40 0.030 2.50 0.73
2.1-2.2 0.0015 0.018 6.09 0.047 1.63 0.87
2.3-2.4 0.0015 0.012 5.27 0.046 1.46 0.86
25-26 0.0015 0.013 5.44 0.046 1.49 0.86
2.6-2.4 0.0015 0.036 7.82 0.048 1.95 0.88
2.4-2.2 0.0015 0.071 10.07 0.049 2.33 0.88
2.2-2.7 0.0015 0.100 11.52 0.047 2.50 0.87
2.7-2.8 0.0015 0.112 12.23 0.044 2.50 0.84
2.8-1.6 0.0015 0.130 13.16 0.040 2.50 0.81
2.9-2.10 0.0015 0.016 5.87 0.046 1.58 0.86
1.6-2.11 0.0015 0.368 22.16 0.020 2.50 0.63
2.11-2.12 0.0015 0.388 22.73 0.019 2.50 0.62
2.12-2.13 0.0015 0.383 22.60 0.019 2.50 0.62
2.1-3.1 0.0015 0.018 6.12 0.047 1.64 0.87
3.1-3.2 0.0015 0.040 8.12 0.048 2.00 0.88
3.3-34 0.0015 0.014 5.54 0.046 151 0.86
3.4-3.5 0.0015 0.024 6.73 0.048 1.76 0.87
3.6-3.7 0.0015 0.013 5.44 0.046 1.50 0.86
3.2-3.8 0.0015 0.089 10.96 0.049 2.47 0.88
3.8-3.9 0.0015 0.109 12.06 0.045 2.50 0.85
3.9-3.10 0.00167 0.137 13.53 0.038 1.72 0.82
3.10-3.11 0.0015 0.157 14.45 0.035 2.50 0.78
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Drain no. DWF WWF D" (cm) Slope Flow velocity | Flow velocity
(m®/s) (m/s) during WWF, | during DWF,
(m/s) (m/s)
4.1-4.2 0.0015 0.013 5.47 0.046 1.50 0.86
4.2-4.3 0.0015 0.029 7.24 0.048 1.84 0.87
4.3-4.4 0.0015 0.040 8.16 0.048 2.01 0.88
5.1-5.2 0.0015 0.022 6.53 0.048 1.72 0.87
5.2-3.6 0.0015 0.036 7.87 0.048 1.96 0.88
3.6-5.3 0.0015 0.047 8.65 0.049 2.10 0.88
5.3-54 0.0015 0.071 10.09 0.049 2.33 0.88
5.4-55 0.0015 0.094 11.20 0.049 2.50 0.88
5.2-6.1 0.0015 0.017 6.00 0.047 1.61 0.87
6.1-6.2 0.0015 0.033 7.62 0.048 1.92 0.88
6.2-6.3 0.0015 0.052 9.00 0.049 2.16 0.88
6.4-6.5 0.0015 0.023 6.64 0.048 1.74 0.87
6.5-6.6 0.0015 0.037 7.91 0.049 1.97 0.88
6.4-6.7 0.0015 0.019 6.21 0.047 1.66 0.87
6.7-6.8 0.0015 0.037 7.93 0.049 1.98 0.88
2.5-6.9 0.0015 0.049 8.77 0.049 2.12 0.88
6.9-6.10 0.0015 0.063 9.65 0.049 2.27 0.88
6.12-6.11 0.0015 0.020 6.35 0.047 1.68 0.87
6.10-6.13 0.0015 0.102 11.65 0.047 2.50 0.86
6.3-6.13 0.0015 0.101 11.59 0.047 2.50 0.87
6.13-6.14 0.0015 0.119 12.59 0.042 2.50 0.83
7.1-7.2 0.0015 0.008 4.64 0.044 1.31 0.85
7.2-7.3 0.0015 0.018 6.08 0.047 1.63 0.87
3.9-7.3 0.0015 0.019 6.20 0.047 1.65 0.87
7.3-74 0.0015 0.051 8.89 0.049 2.14 0.88
7.5-7.6 0.0015 0.008 4.55 0.044 1.29 0.84
7.6-7.4 0.0015 0.024 6.70 0.048 1.75 0.87
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Drain no. DWF WWF D" (cm) Slope Flow velocity | Flow velocity
(m®/s) (m/s) during WWF, | during DWF,
(m/s) (m/s)
7.4-7.7 0.0015 0.093 11.15 0.049 2.50 0.88
3.10-7.7 0.0015 0.007 4.38 0.043 1.25 0.84
7.8-7.7 0.0015 0.032 7.46 0.048 1.89 0.88
7.7-7.9 0.0015 0.154 14.35 0.035 2.50 0.78
7.10-7.11 0.0015 0.022 6.56 0.048 1.72 0.87
8.1-8.2 0.0015 0.032 7.55 0.048 1.90 0.87
8.3-84 0.0015 0.031 7.42 0.048 1.89 0.88
8.5-8.6 0.0015 0.038 8.00 0.048 1.99 0.88
8.7-8.8 0.0015 0.017 5.96 0.047 1.61 0.87
8.8-8.9 0.0015 0.042 8.28 0.048 2.03 0.88
8.6-8.9 0.0015 0.102 11.68 0.046 2.50 0.86
8.9-8.10 0.0015 0.131 13.20 0.039 2.50 0.81
8.10-8.11 0.0015 0.145 13.90 0.037 2.50 0.79
7.11-8.2 0.0015 0.069 9.98 0.049 2.32 0.88
8.2-9.1 0.0015 0.086 10.80 0.049 2.45 0.88
9.1-8.11 0.0015 0.139 13.64 0.038 2.50 0.80
8.11-9.2 0.0015 0.251 18.30 0.026 2.50 0.69
9.3-94 0.0015 0.049 8.77 0.049 2.12 0.88
9.4-9.5 0.0015 0.063 9.64 0.049 2.26 0.88
9.2-9.6 0.0015 0.341 21.31 0.021 2.50 0.64
9.6-9.7 0.0015 0.363 22.01 0.020 2.50 0.63
9.8-9.9 0.0015 0.071 10.09 0.049 2.33 0.88
9.7-9.10 0.0015 0.419 23.64 0.018 2.50 0.61
9.10-9.11 0.0015 0.449 24.47 0.017 2.50 0.60
9.11-9.12 0.0015 0.443 24.31 0.017 2.50 0.60
9.12-9.13 0.0015 0.493 25.65 0.016 2.50 0.58
9.13-9.14 0.00153 0.482 25.34 0.017 2.50 0.59
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Drain no. DWF WWF’ D" (cm) Slope Flow velocity | Flow velocity
(m®/s) (m/s) during WWF, | during DWF,
(m/s) (m/s)
9.14-9.15 0.00164 0.501 25.85 0.016 2.50 0.59
9.16-9.17 0.0015 0.033 7.56 0.048 1.91 0.88
9.17-9.18 0.0015 0.061 9.53 0.049 2.25 0.88
9.18-9.19 0.0015 0.099 11.48 0.048 2.50 0.87
9.11-10.1 0.0015 0.174 15.24 0.033 2.50 0.76
10.1-10.2 0.0015 0.259 18.58 0.025 2.50 0.68
10.2-10.3 0.0015 0.327 20.87 0.021 2.50 0.65
10.4-10.5 0.0015 0.025 6.83 0.048 1.78 0.87
10.6-10.7 0.0015 0.020 6.27 0.047 1.67 0.87
10.7-10.8 0.0015 0.046 8.54 0.049 2.08 0.88
10.9-10.10 0.0015 0.033 7.59 0.048 1.92 0.88
10.10-10.11 0.0015 0.058 9.35 0.049 2.22 0.88
7.1-3.11 0.0021 0.359 21.87 0.020 2.50 0.68
3.11-10.11 0.0026 0.460 24.77 0.017 2.50 0.68
10.11-5.5 0.0033 0.545 26.95 0.015 2.50 0.69
5.5-10.8 0.0035 0.565 27.45 0.015 2.50 0.70
10.8-10.5 0.0037 0.573 27.63 0.015 2.50 0.71
10.5-10.3 0.0057 0.946 35.51 0.011 2.50 0.69
10.3-11.1 0.0073 1.249 40.81 0.009 2.50 0.69
11.1-11.2 0.0073 1.255 40.91 0.009 2.50 0.69
11.2-9.15 0.0088 1.978 51.36 0.006 2.50 0.64

" DWF- Dry weather flow, WWF- Wet weather flow

4.7 Design of village pond system

, Depth of drain

The village pond systems were designed for handliveg 90 percentile wet weather flow

volumes from the pond catchments (lowa Stormwatand@ement Manual, 2009). For the
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design of the pond system, characteristics of thet weather flows were determined
corresponding to 10% ADD and 90% rainfall depthnsec® and presented in table-4.60.

Table-4.60: Assessed quantities and predicted chaneristics of the wet weather flows from the

catchments
90% Peak 2
TSS | BODy COD | TKN | NOs-N | Total-P TC FC
i Wet flow | Flow
Villages
5 Logto | Log to base
m°/d m/s mg/L | mg/L mg/L | mg/L mg/L mg/L
base 10 10
Tayabpur 831 0.323 91 77 164 9.38 451 1.67 5.34 4.21
Sodhian 2104 1.386 44 32 125 7.0 1.92 2.02 5.32 451
Majari 1267 1.044 140 29 98 8.70 3.06 0.49 3.9 Insigmifiga
Palli
o 1407 1.037 148 50 93 3.88 3.54 0.12 5.1¢ 4.13
Jhiki
Mandiala 2355 0.987 | 70.2 59 185 9.58 5.44 1.65 5.1y 4.64
Kultham 1033 0.663 135 41 123 3.89 3.49 0.76 5.138 3.67
Pippa
_ 1687 0.643 226 88 251 7.26 3.74 1.9% 5.2 4.24
Rangi
Nijjran 1360 0.644 119 43 152 6.5 4.9 1.04 5.31 4.11
Samrai 5263 1.598 221 68 197 4.9 7.05 0.7 4.7( 3.84
Masitan 2653 0.907 121 57 163 6.95 4.15 1.5% 5.36 4.29

Catch Basin: This will be the first treatment unit of pond trneent system through which the
wet weather flow passes. Water level in the cat@$irbwill always be maintained above the
intake of the outlet pipe for the effective separatof floating materials. Annual pre monsoon
cleaning of the basin is recommended to removedticamulated grit and floating material from
the basin. The computed dimensions of the catcimb&sr ten catchments are tabulated in table
4.61. Area of the inlet and outlet pipes has beduted in the area of the basingAwhile
determining the dimensions of the basin as thgsespiccupied substantial amount of area in the

basin.
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Table 4.61: Catch basin design details for the selied catchments

Catchment Peak wet | Total catch | Catch basin | Inlet & outlet Catch basin
weather flow, | basin area,| diameter, pipe diameter, HRT', Teo

(ms) (m?) (m) (m) (sec)
Tayabpur 0.323 1.22 1.25 0.45 1.95
Sodhian 1.386 5.25 2.59 0.94 1.95
Majari 1.044 3.96 2.24 0.82 1.95
Palli Jhiki 1.037 3.93 2.24 0.81 1.95
Mandiala 0.987 3.74 2.18 0.79 1.95
Kultham 0.663 2.51 1.79 0.65 1.95
Pippa Rangi 0.643 2.44 1.76 0.64 1.95
Nijjran 0.644 2.44 1.76 0.64 1.95
Samrai 1.598 6.05 2.78 1.01 1.95
Masitan 0.907 3.44 2.09 0.76 1.95

"HRT- Hydraulic Retention Time

Water depth in the catch basin is kept at 0.7 mramdmum water depth below the intake of
outlet pipe is maintained at 0.5 m. A minimum fiegard of 0.3 m is provided to handle the

unforeseen high flows during heavy storms. Theiseal view of the catch basin is given in

figure 4.34.

0.1m] |

Figure 4.34: Catch basin sectional view
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Free water surface constructed wetland systemGrey water and stormwater will be
distributed along the width of the wetland. By divig the length of the wetland into three cells
as shown in figure 4.35, it can be ensured thaeseparticles will not be re-suspended and will
not go out of the wetland thus reducing the efficieof the system. Capacity of the wetland is
decided by determining the depth required to hatttdevolume of wet weather flow generated
during the detention period of 15 minutes. Termisattling velocities of targeted organic
particles are computed (equation 3.21) and usédgeirestimation of surface area of the wetland.
Dimensional details of the wetland for each of taéchments are given in table 4.62. It is
believed that 35% of BOD loads of the incoming peak weather flows will be removed in the
constructed wetlands.

Table 4.62: Constructed wetland design details fahe selected catchments

Catchment Influent BOD to Effluent BOD Wetland surface | Wetland
CW, (mg/L) from CW, (mg/L) area, Aay (M%) Depth, (m)
Tayabpur 77 50 297 1.0
Sodhian 32 21 1275 1.0
Majari 29 19 961 1.0
Palli Jhiki 50 33 954 1.0
Mandiala 59 38 908 1.0
Kultham 41 27 610 1.0
Pippa Rangi 88 57 592 1.0
Nijjran 43 28 593 1.0
Samrai 68 43 1470 1.0
Masitan 57 37 834 1.0
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|  ) ' ) \ . Facultative
| Gravel - Pond

Figure 4.35: Constructed wetland sectional view

Facultative pond (FP): Area of the pond is determined for 65% of the incaBOD:* loads

due to the removal of 35% of influent B@in the constructed wetlands. B&bloading is

computed at 28 ambient temperature which has been taken asgevenmimum temperature

of the month of August (equation 3.22). Facultafpesd area can be provided in either of the

following ways:

1.

If available village pond area is sufficiently hegithan the calculated facultative pond area,
then the wetland is provided inside the pond arehrast of the entire pond area has been
used for facultative pond. This kind of arrangemisrgiven in the catchments of Tayabpur,

Sodhian and Palli Jhiki. In this condition, actB&Ds> loading of the pond is less than the

design BOD loading during peak wet weather flowes 350 kg/ha.d.

If available pond area is not sufficient to accordate wetland and facultative pond, then
the wetland is provided outside the pond area aedavailable pond area has been used
exclusively for the provision of facultative poréithere is requirement, then more area has
been included in the existing area of the pondsTind of arrangement is given in the

catchments of Mandiala, Kultham, Pippa Rangi, Sararal Masitan. Facultative pond

operates on the design BgDloading during peak flows under this condition.
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Facultative pond depth has been divided into thiferent levels .i.e minimum level, maximum
dry weather level and 90 percentile runoff volureeel. These levels are shown in figure 4.36.
90 percentile wet weather volume will be storedvabthe maximum dry weather level and a
freeboard of 1 m is provided over and above theimaoa capacity of the pond to store the flow
volumes in case of extremely large rainfall eventéch are however rare to occur. Soluble
effluent BOR? is estimated to be less than 20 mg/L in all thetmaents. Design details of the

facultative pond are shown in table 4.63.
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Table 4.63: Design details of facultative pond fostudied catchments

Catchment ad" Influent | FP area Add. Actual Max. dry Minimum HRT, 0 Effluent BOD:>* Bacterial
percentile | BODs® | provided, | Area BODs? weather | water level, (days) | BODs® Le| removal removal
wet to FP, A; (Mm% | required, loading, water level, (m) (mg/L) efficiency, rate, (%)
weather L; (m? (kg/ha.d) (m) (%)
flow, (m% | (mg/L)

Tayabpur 831 50 2515 0.0 172.3 3.3 2.3 11.3 10.1 80 98
Sodhian 2104 21 3785 0.0 194.1 3.9 2.7 7.7 3.6 82 98
Majari 1267 19 1252 0.0 270.2 2.6 2.3 2.8 4.0 78 95

Palli Jhiki 1407 33 2940 0.0 190.2 3.7 2.6 8.5 6.5 80 98

Mandiala 2355 38 3373 124.7 350.0 3.8 2.7 6.1 8.8 77 97
Kultham 1033 27 994 280.1 350.0 2.6 2.3 2.7 6.2 77 94
Pippa 1687 57 3251 2435.6 350.0 2.5 1.9 5.0 13.5 76 97
Rangi
Nijjran 1360 28 1808 0.00 276.4 3.3 2.6 4.7 6.1 78 97
Samrai 5263 43 7684 4360.0 350.0 2.6 2.1 3.9 10.5 76 96
Masitan 2653 37 4714 1867.3 350.0 3.1 2.3 5.8 8.1 78 97

" Minimum depth= 0.5 x avg. depth (determined thropbisical survey)
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Figure 4.36: Sectional view of treatment scheme

Up-flow multi grade roughing filter (RF): Roughing filter is designed to handle the 90
percentile wet weather flow over 72 hour periodadiltration rate of 2 m/h. The filter will
operate in upflow mode and will require no backwaghThe filter has been deigned in such a
way that it will remain submerged under water atla times to avoid air binding in the filter
bed. This is achieved by providing the inlet to theghing filter at minimum water level of
facultative pond and keeping the outlet of the fong filter above the top of the filter. The inlet
pipe is sized for the inlet velocity of 0.1 m/s ainthke of the inlet pipe is kept 0.5 m above
entrance of water into inlet pipe to minimize thatrg of algal cells from facultative pond
effluent into roughing filter. The water will bdtéred to the filtered water reservoir when water

level in the facultative pond crosses the maximuynvaeather water level. The arrangement of
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roughing filter in the treatment scheme is showrignre 4.36 (sectional view) and 4.37 (top

view).

|
|
| |

11 | Vadose Zone Recharge Well
T T T o ;

I e Roughing Filter

]~ T

HHHH|  Filtered Water Reservoir

| Slow Sand Filter

Figure 4.37: Top view of roughing filter, slow sandilter and water reservoir
The central feeding pipe in roughing filter is dg®d for a velocity0.2 m/s so that air bubbles
do not enter the filter alongwith the influent. Apgrate inlet is provided for 2 m length of the
filter for effective distribution of water from fattative pond to the filter. The depth of the filte
bed is kept at 1 m which is distributed in theeliéint sized gravel layers as shown in table 4.64:

Table 4.64: Description of gravel layers providedn the roughing filters

Filter Layer Gravel size (mm) Layer depth (mm)
Top 1.25-2.5 320
Second 2.5-5 100
Third 5-10 100
Fourth 10-20 160
Bottom 20-40 320
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The details of the designed roughing filter forleatthe catchment are given in table 4.65:

Table 4.65: Roughing filter, treated water reservaiand slow sand filter details

90 percentile Filtered
wet weather | Roughing Filter water Slow sand
flow rate, filter area, length, reservoir filter
Catchment (m%h) (m?) (m) area, (nf) | area, (nf)
Tayabpur 10.18 5 2.54 23 21
Sodhian 27.07 14 6.77 43 54
Majari 16.10 8 4.02 30 32
Palli Jhiki 18.10 9 4.54 52 36
Mandiala 29.68 15 7.42 58 60
Kultham 13.28 7 3.32 25 27
Pippa 22.30 11 5.58 31 44
Rangi
Nijjran 17.50 9 4.38 36 35
Samrai 70.10 35 17.52 70 140
Masitan 34.22 17 8.56 74 68

The cumulative clean water headloss through ther fihyers (equation 3.23) was 9.69 mm. For
the headloss determination, the porosity of grawels taken as 0.4 and particle shape factor as
0.71.

Treated water reservoir: Water from roughing filter will be stored in tredt water storage
reservoir for use in irrigation or cattle bathif®orage capacity of eight hours of average hourly
wastewater flow is provided for this reservoir. Tieguired areas of filtered water reservoir for
each of the catchment are shown in table 4.65.

Slow sand filter (SSF):Excess water of filtered water reservoir after shog a set limit will be

passed through SSF into the recharge well. Capatitiye slow sand filter is designed to filter
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90 percentile wet weather flow over 72 hour pebé filtration rate of 0.5 m/h. A bed of 1 m
thickness of fine sand of effective size 0.27 mrmd aniformity coefficient 4.0 is provided for the
filtration of water through SSF. Headloss throubh filter is computed using equation 3.23 in
which the values of porosity and particle shapeofacs taken as 0.3 (fine sand) and 0.75
(average sand), respectively. Maximum clean wagadioss through the sand bed is 0.94 m.
Therefore, a head of 0.94 m is provided in filteveater reservoir for flow to occur. SSF will
always be kept in submerged conditions by keepieginlet of dry well 200 mm higher than
SSF sand bed. The area details of SSF are shotablen4.65.

Groundwater recharge system:In the current study, medium sand stratum was @eethe
disposal of treated water through dry wells. Thisteam was available nearest at 5-6 meters
depth from the ground level in the studied catchisigDepartment of Irrigation, Govt. of
Punjab). From literature, the saturated hydrautieductivity of medium sand was taken as 1.8
m/h and is used for the determination of radiusvefl by equation 4.1 (Bouwer, 2002). The
required saturation depth (Y) was then computeddiyg equation 4.2 (Todd and Mays, 2005).
The total depth of the dry well required below grduevel was determined by adding three
depths .i.e. depth of soil layer used for dispadgalvater below ground level (6 meters in the
studied catchments), depth of water in well)(land saturation depth (Y). Design details of

vadose zone wells are shown in table 4.66.

0 = 21X K x L2,

““n(2xL, /r,)-1 (“4-1)
Y _ A InA,
a-(Ay 1) 20 1) (4.2)
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Where,

Q is recharge rate (its)
Kis hydraulic conductivity of soil material

fw is radius of the well (m)

Table 4.66: Vadose zone recharge well design detaibr catchments

Catchment Diameter of | Water depth Saturation Total depth Post

well, D, (m) | inwell, Ly, (m) | depth, Y (m) | reqd. below | monsoon
ground level, | spring level,

(m) (m)
Tayabpur 0.27 1.34 2.02 9.36 20.3
Sodhian 0.44 2.19 3.29 11.48 19.5
Majari 0.34 1.68 2.54 10.22 18.6
Palli Jhiki 0.36 1.79 2.69 10.48 22.3
Mandiala 0.46 2.29 3.45 11.74 22.8
Kultham 0.31 1.53 2.31 9.84 18.0
Pippa Rangi 0.4 1.99 2.99 10.98 254
Nijjran 0.35 1.76 2.65 10.41 20.5
Samrai 0.7 3.52 5.30 14.82 254
Masitan 0.49 2.46 3.71 12.17 22.5

From the table 4.66, it can be concluded that & dtudied catchments sufficient subsurface

hydraulic gradient was available thus preventinginting conditions underneath the dry well.

4.8 Village pond system drawings

Summarised design results of the village pond syste all the catchments are shown in table

4.67. The designed treatment and disposal uniiseo¥illage pond system for all the ten selected

catchments are shown in the drawings (to the sdas) figure 4.38 to figure 4.47. Two views

i.e. plan and elevation are presented in this work
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Table 4.67: Summarized design results for villagegnd system

Catchment Catch basin | Constructed | Facultative Roughing Treated water | Slow sand | Total additional
area, wetland area,| pond area, filter area, reservoir area, | filter area, | area required,
(m?) (m? (m? (m? (m?) (m? (m?)
Tayabpur 1.22 297 2515 5 23 21 51
Sodhian 5.25 1275 3785 14 43 54 117
Majari 3.96 961 1252 30 32 1035
Palli Jhiki 3.93 954 2940 9 52 36 102
Mandiala 3.74 908 3373 15 58 60 1170
Kultham 2.51 610 994 7 25 27 952
Pippa Rangi 2.44 592 3251 11 31 44 3116
Nijjran 2.44 593 1808 9 36 35 676
Samrai 6.05 1470 7684 35 70 140 6083
Masitan 3.44 834 4714 17 74 68 2865
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Area Details:- Tayabpur

Catch Basin 122 sqmir
Constructed Wetland 207.22 sq.mir
Facultative Pond 2514 75 sq.mtr

Roughing Filter 5 sq mir

Filtered Water Reservoir 2176 sqmitr

Slow Sand Filter 21 sq.mtr

Dia. of Vadose zone 0.27 mis
Recharge Well

Catch Basin

D Existing Pond

Vadose Zone Recharge Well
Constructed Wetland
E Facultative Pond

@ Roughing Filter
[EFH Filtered Water Reservair

Slow Sand Filter

Constructed inlet Hoedin

2 Filtered
Catch Wetland Pipe | | Pips \1V[e-:'e
B Vater
Ba;in FreeBoard=1m e
i

Roughing Filtered
Filter Water

Reservoir

7 90 percemtile stomrwater level 7 Maximon DryWeatterwaterlevel %7 Mminnum water level | il Tabie

Figure 4.38: Plan and elevation view of Tayabpur Viage pond system
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Inlet
Catch Constructed Pipe_,
Basin Wetland Free Board=1m
gl . S —

~ 90 percentile stormwater level ¥ Maximun Dry Weather water level ¥ Minimum water level

Area Details:- Sodhian

Catch Basin 525 sq.mir
Constructed Wetland 1275.37 sq.mir
Facultative Pond 3785.48 sq.mtr
Roughing Filter 14 sqmir
Filtered Water Reservair 39.04 sq.mir
Slow Sand Fitter 54 sq.mir
il i

O Catch Basin
Vadose Zone Recharge Well
] Constructed Wetland
E Facultative Pond
@ Roughing Filter
@ Filtered Water Reservoir

Slow Sand Filter

Feeding
[ Pipe

Filtered
Water
Reservoir

Groundwater Table

Figure 4.39: Plan and elevation view of Sodhian vdge pond system
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Area Details:- Majari

Catch Basin 3.96 sqg.mir
Constructed Wetland 592,60 sq.mir
Facultative Pond 1252.00 sq.mir
Roughing Filter 8 sg.mtr
Filtered Water Reservoir 2469 sq.mtr
Slow Sand Filter 32 sg.mitr
Dia. of Vadose Zone 0.34 mts
Recharge Well

Existing Pond

Catch Basin

Vadose Zone Recharge Well
Constructed Wetland

Facultative Pond

Roughing Filter

Filtered Water Reservoir
Slow Sand Filter

Tnlet Feeding
. Pipe )| |l— Pipe Filtered
Catd CWIVSWCth Free Board=1m bl
Balsm Wetland } Rt
. . — 1

Roughing
Filter

7 %0 percentile stormwater fevl 7 Masimun Dry Weather water level 7 Mnimum vater level
Groundwater Table

Figure 4.40: Plan and elevation view of Majari vilage pond system
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Area Details:- Palli Jhiki

Dia. of Vadose zone
Recharge Well

Catch Basin 383 sqmir
Constructed Wetland 954.23 sq.mir
Facultative Pond 2939.59 sqmir
Roughing Filter 9 sq.mir
Fitered Water Reservoir 46.81 sg.mir
Slow Sand Filter 36 sqmir
0.36 mis

Q Existing Pond

Q Catch Basin

Facultative Pond

Roughing Filter

Slow Sand Filter

Catch Constructad

FrezBoard=1m
!

Groundwater Table

N7 S0 percentle stormrates fevel Maxiszun Dry Weather vatsr tevel

Vadose Zone Recharge Well
Constructed Wetland

Filtered Water Reservoir

Figure 4.41: Plan and elevation view of Palli Jhikvillage pond system
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Area Details:- Mandiala

Catch Basin

344 sqmtr

Constructed Wetland

908.22 sq.mir

Facultative Pond

337352 sq.mir

Recharge Well

Roughing Filter 15 sg.mir
Filtered Water Resenvoir 49.07 sq.mir
Slow Sand Filter B0 sg.mir
Dia. of Vadose Zone 0.46 mis

Existing Pond
Catch Basin

Roughing Filter

Slow Sand Filter

Free Board=lm

w7 S0gescentile shormvwzer el Maximun Dry Weaberwaterlovel 7 Minimum wzer beve!

Groundwater Table

Facultative Pend

Vadose Zone Recharge Well

Constructed Wetland

Filtered Water Reservoir

Figure 4.42: Plan and elevation view of Mandiala Wiage pond system
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Area Details:- Kultham

Catch Basin 2.51 sq.mir

Constructed Wetland £10.08 sq.mir

Facultative Pond 994 17 sq.mir

OO

]
=
HH

Constructed
W%tl and

FreeBoard=1m

| Filtered

Roughifiz Filtered 3
Filter waer KL
Reservoir 3| i
%7 90 pereentile stormwater level %7 Mamimun Dry Weather water level 07 Minimum water level Y
| Groundwater Tahle

Roughing Filter 7 sq.mir
Filtlered Water Reservoir 17.01 sqmtr
Slow Sand Filter 27 sqmtr
Dia. of Yadose Zone 031 mts
Recharge Well

Existing Pond

Catch Basin

Vadose Zone Recharge Well
Constructed Wetland
Facultative Pond

Roughing Filter

Filtered Water Reservoir
Slow Sand Filter

Figure 4.43: Plan and elevation view of Kultham viage pond system
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Free Board=1m

Area Details:- Pippa Rangi
Catch Basin 2.44 sqmir
Constructed Wetland 591.68 sq.mir
Facultatve Fond 3250.66 sq.mir
Roughing Filter 11 sqmir
Filtered Water Reservoir 17.39 sgqmir
Slow Sand Fiter 44 sqmir
L a4 s
e ¥

Existing Pond

Catch Basin

Vadose Zone Recharge Well
Constructed Wetland
Facultative Pond

Roughing Filter

Filtered Water Reservair
Slow Sand Filter

Filtered
Feeding Water

7 20percenils smams erlevel

Mazinun Dry Weather waerlsvel %7 Miniowo waerlevel

Raservoir

] Groundwater Table

Figure 4.44: Plan and elevation view of Pippa Rangiillage pond system
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Area Details:- Nijjran

Q Catch Basin 244 sgmtr
Constructed Wetland 59280 sg.mir

Y, R b Facultative Pond 180777 sq.mtr

Roughing Filter 9 sg.mtr

Filtered Water Reservoir 2283 sqmtr

. " sy o £5 = = = i = 2 = = - - - e Slow Sand Filter 35 sgartr
4 . N bl Dia. of Vadose Zone
X‘_,_kﬁ_ I BV " Recharge Well S s
v, e » . _ _ r » = _ - - » = _ - Fnimmse N
V V¥ V| _ B B _ B _ _ ~ _ _ B _ _ o [ ) Existing Pond

O Catch Basin

W |- - = = = - & = N = - - = Vadose Zone Recharge Well
Constructed Wetland

E Facultative Pond

@ Roughing Filter

HEH Filtered Water Reservoir

Slow Sand Filter

|
|
|
|
|
|
|
|
Sl

Inlet Feeding
Catch Constructed Fipe| |<—Pipe Filtered
FreeBoard=1m Water
Reservoir

Roughing  Filtered
Filter Water
Reservoir

57 90 pereentilestormater leval 77 Maximun Dry Weather water level U7 Minimum water level
Groundwater Table

Figure 4.45: Plan and elevation view of Nijjran vilage pond system
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Area Details:- Samrai

Catch Basin 6.05 sgq.mir

Q Constructed Wetland 1470.45 sq.mtr

v Y v Facultative Pond 7686.64 sq.mtr
v e Roughing Filter 35 sqmir

Filtered Water Reservoir 49.97 sq.mir

Slow Sand Filter 140 sq.mir

Dia. of Vadose zone

Recharge Well Qi yms

& Existing Pond
O

Catch Basin
Vadose Zone Recharge Well
Constructed Wetland

Facultative Pond
Roughing Filter

Filtered Water Reservoir
Slow Sand Fitter

Inet Feeding Filtered
Catch ~ Constructed Pipe <L-"pipe Water
Basin Wetland Free Board=1m Reservoir
i a— seE
Roughing
Filter

¥ 90 percentile stormwater level ¥ Maximun Dry Weather water level ¥ Minimum water level Groundwater Table

Figure 4.46: Plan and elevation view of Samrai vidlge pond system
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Area Details:- Masitan
Catch Basin 344 sgmir
Constructed Wetland 83461 sqmir

Facultative Pond

4713.39 sq mtr

B Existing Pond

O Catch Basin

E Facultative Pond
@ Roughing Filter

Roughing Filter 17 sq.mir
Filtered Water Reservoir 4256 sg.mir
Slow Sand Filter 68 sqmir
Dia. of Vadase Zone 0,49 mis
Recharge Well

R & 4

Vadose Zone Recharge Well
Constructed Wetland

@ Filtered Water Reservoir

Slow Sand Filter

Filend

o Water
FreaBoard = 1 Resarvoir

Filtzrad
Water
Reesarvoic

T 90 pereamatls soems: 7 Mainn DryWosster waer st 7 Hsimuen Grovndwaer Tablz

Figure 4.47: Plan and elevation view of Masitan Vihge pond system
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Chapter-5
Conclusions

5.1 Conclusions

In the present study, an attempt has been madevielap IWRM (Integrated Water Resources
Management) at the village pond catchments leveltdokling the rural water supply and
sanitation problems in ten selected villages of i2ogegion, Punjab.

Household level private water supplies parallelthe piped village water supply, declining
groundwater tables and deteriorating groundwatelityycattle bathing with piped water, higher
strength and higher per capita wastewater, disehafall the wastewaters (grey water, black
water, cattle shed wastewater and even the caitig)dnto village drains, undersized village
drains specially to carry the storm water, operedation in the village pond premises, heavily
polluted and pest infested village ponds and oweifig village ponds have been the problems
identified with the ten villages studied.

Prohibiting the household level private water sigsplecological sanitation approach for water
conservation, discharging only grey water intoagk drains, segregation of black water and
cattle dung - cattle shed wastewater for sepanasgeohandling and management, design and
creation of grey water - storm water drainage systmodification/restructuring the existing
village ponds into village pond systems, and diaposthe treated pond effluents through reuse
as reclaimed water and through groundwater reah@rgvere suggested as solutions for

implementation through IWRM.
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Drainage system was designed for one of the vildgecarrying the dry weather flows at above
the self-cleansing velocity and wet weather flowdeow the drain scour velocity. The drains
were sized to carry the peak flows expected framirdall event with 2 years return period.

The village pond systems were conceptualized ttudeca catch basin, a constructed wetland
system, a facultative pond, an up-flow multi-gradeighing filter, a storage reservoir and a
ground water recharge well. Sustainability featofehe village ponds was preserved in these
systems. Further, these systems are passive (setprying negligible human intervention and
using no machinery and conventional energy inputs.

The village pond systems were designed for alli¢hevillages for the treatment and disposal of
the wet weather flows expected from a 90 percerdil&all event. The pond systems were sized
to retain the wet weather flows in the systemthi#y are slowly treated and disposed off. The
upflow multigrade roughing filters were designeddperate and filter only the daily excess
flows that too if consumed as reclaimed water @pdsed through ground water recharging.
Similarly, the slow sand filters were designed pem@te and filter the excess effluent that needs
disposal through groundwater recharging. The ingmrpositive features of these village pond
systems include, a) keeping both the roughingréltend the slow sand filters all the time
submerged in water, b) groundwater recharging & tme excess effluent, and c) prevented
access of untreated water to the groundwater rgehaell.

The designed village pond systems can be mostlgnacmdated within the existing village
ponds. Additional land requirements were workedaagiing between 0.01 acres to 1.5 acres for

the ten villages studied.
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Development of regression models, relating the eveater characteristics with the antecedent
dry days and the rainfall event size, and theirfas@redicting characteristics of the wet weather

flows from the village pond catchments, is one @y Wworks of the present study.

5.2 Future Research

The designed village pond system need implementatoleast in one of the 10 villages on
experimental basis for demonstration purposes fdespread use of the proposed IWRM to
tackle the rural water supply and sanitation prolsleSuch an experimental system can help
specially in reducing the sizes of the up-flow mghade roughing filters and the slow sand
filters.

Regression models developed in the present studyho characteristics assessment of wet
weather flows are village pond specific. Futuredss can concentrate on developing regression
models generic to the rural human settlementshierRunjab region. Further, regression models
for the storm water flows rather than for the wetther flows can be attempted.

The study was concentrated on the characterizafidime combined dry weather flows and used
them in the design of the village pond systemscé&tihe village pond systems will be handling
the village grey water — storm water, future stadian concentrate on the characterization of the
grey water flows.

An acceptable and rational method for the desiggrotindwater recharge wells is apparently
not available. Creation of an experimental grourtdwaecharge and carrying out pilot scale
studies on the well may prove quite useful in orttermodel the ground water recharging

processes, and to develop a method for the de$igmondwater recharge wells.
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Appendix-A

Data collection form for physical survey of the rual settlements

(A) General
1) Name of village & location................ccoeiiiiiiiininn.
2) BIOCK & DiStrCt. ... e
3) No.of housesinvillage............ccooeiiii i,
4) No. of houses in catchment..............ccooiiiiiiinn e
5) Human population invillage..............ccceviii i,
6) Human population in catchment................cooviieenn.
7) Cattle populationinvillage.............coviiiiiiiii i
8) Cattle population in catchment................cccco v,
9) SOl tYPE. .
(B) Water supply and sanitation at catchment level
1) Mode of water supply.......ccovviiiii i
2) No. of households having hand pumps...........c.cccevvvieiennes
3) No. of households having submersible pumps..................
4) No. of households having toilets................ccov i,
5) No. of households having septic tanks.............c.ccooiiiiiiinn .
6) No. of households having soak pitS..........cooviviii i iiiiineenns
7) Opendefecation..........coooii i
8) Drainage facilities in catchment.....................ciiinn.
9) Wastewater and stormwater outlet................c.cooiiiiini.
(C) Pond information
1) Number of poNnds....... ..o
2) Location of PONdS.......c.oviiiiii i
3) Condition of ponds
I) Water hyacinth/vegetation growth.....................
i) Solid waste dumping.........cccovcvieiiiviiiiinenn.
iii) Encroachment of pond area................ccccoveeees

4) PONA @rBa... ettt i ii e et e e e e



5) Pond depth

1) Maximumdepth............ooo

i) Minimumdepth...........oo

lii) Seasonal depth variation.................ccoooiiiiiien.
6) Overflow pattern...........oooe oo
7) Pond water usage pattern..........o.ooieiiiiii e

(D) Land cover and land use

1) Residential NOUSES........cooviiiiii i e
2) FalloW. ...
) I €] =TT o0 1V T P
4) Bricked StreetS. .. ..o
5) Metalled roads..........coveiiiini i
6) Cemented roads.......c.covviiiiiiiie e
4 B O (0] o o0 = PP
8) ANy Other.... ..o
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Appendix-B

Wastewater flow characterization results of Rural ®ttlements

Table B-1: Wastewater flow characterization resultof village Tayabpur

Date TSS BODs COD TKN NO; N | Total-P TC* FC* As Cd Cr Cu Fe Mn Ni Pb Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
18/02/12 860 326 802 110.10 39.50 78.50 6.713 5.54 0.0p5 90.00 0.248 0.058 2.587 0.158 0.077 0.058 0.343
11/03/12 1187 351 848 76.50 31.40 54.60 6.90 5.65 0.0p2 50.01 0.345 0.188 3.375 0.246 0.178 0.043 0.578
02/04/12 732 242 656 70.80 28.00 40.5 6.34 5.89 0.0p2 0.0120.287 0.095 3.525 0.184 0.18% 0.097 0.629
28/05/12 433 515 1092 82.30 37.00 10.60 6.69 5.2 0.0p4 40.02 0.185 0.024 1.600 0.112 0.03 0.025 0.162
09/07/12 888 186 439 98.50 40.80 60.6 6.15 5.68 0.0p8 0.0070.382 0.038 2914 0.267 0.07] 0.034 0.276
08/08/12 490 404 933 43.00 35.20 9.80 6.47 5.76 0.001 0.0020.378 0.236 3.653 0.261 0.324 0.126 0.723

* TC-Total coliform and FC-Fecal coliform (values ae in log (base 10) terms)

199



Table B-2: Wastewater flow characterization resultsof village Sodhian

Date TSS BODs COD TKN NOz N | Total-P T+ | Fo As Cd Cr Cu Fe Mn Ni Pb Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
18/02/12 932 238 775 69.50 39.00 68.3 6.4 5.68 0.00p7 0.0090.346 0.035 2.386 0.325 0.077 0.008 0.357
11/03/12 780 330 832 77.10 44.20 55.8 6.9 5.¥5 0.016 0.0110.418 0.068 3.264 0.236 0.142 0.028 0.085
02/04/12 1020 428 1010 64.70 35.10 25.3 6.82 5.87 0.009 080.0 0.585 0.028 3.174 0.157 0.18 0.019 0.058
28/05/12 532 354 858 67.30 40.80 48.4( 6.8 5.80 0.027 0.0140.745 0.081 4578 0.398 0.23( 0.010 0.046
09/07/12 990 290 645 91.45 42.00 20.7 6.8 5.83 0.0P9 0.0100.302 0.017 3.718 0.135 0.067 0.034 0.251
08/08/12 305 201 471 41.00 34.10 33.0 6.4 5.64 0.0p4 0.0020.210 0.084 2.645 0.209 0.15 0.007 0.597

* TC-Total coliform and FC-Fecal coliform (values ae in log (base 10) terms)
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Table B-3: Wastewater flow characterization resultof village Majari

Date TSS BODsg COD TKN NO;z; N | Total-P T FC As Cd Cr Cu Fe Mn Ni Pb Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
25/01/12 943 238 678 65.40 55.80 15.9( 6.3 5.10 0.008 0.0550.145 0.435 0.596 0.060 0.081 0.01 1.870
03/03/12 487 280 757 55.80 63.60 30.5(¢ 6.6 5.87 0.014 0.1340.230 0.287 0.458 0.075 0.04 0.01 0.950
25/03/12 790 416 912 44.40 70.10 22.7 6.7 5.46 0.01L2 0.0420.165 0.568 0.934 0.048 0.07 0.01 1.587
28/05/12 346 256 740 67.50 43.20 55.8 6.9 5.64 0.0D6 0.0670.321 0.530 1.723 0.092 0.08% 0.00 1.340
08/07/12 415 162 386 70.30 60.50 34.2( 6.7 5.28 0.0P9 0.0350.879 0.890 1.305 0.125 0.10¢ 0.02 0.878
03/10/12 690 214 532 50.20 75.60 40.0(¢ 6.9 5.52 0.01L7 0.0230.630 0.632 1.450 0.090 0.07 0.05 1.8%5

* TC-Total coliform and FC-Fecal coliform (values ae in log (base 10) terms)
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Table B-4: Wastewater flow characterization resultof village Palli Jhiki

Date TSS BODsg COD TKN NO;z; N | Total-P T FC As Cd Cr Cu Fe Mn Ni Pb Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
24/01/12 425 324 785 36.20 42.90 18.5( 6.9 5.85 0.0p4 0.0870.176 0.348 0.876 0.055 0.17¢ 0.00 0.940
29/02/12 386 371 843 53.40 52.40 24.7( 6.7 551 0.0p7 0.1660.245 0.260 0.678 0.097 0.054 0.01 0.776
25/03/12 321 310 800 68.10 51.70 17.8 6.8 5.63 0.0D6 0.0100.761 0.650 1.545 0.038 0.082 0.01 0.495
02/06/12 495 201 465 45.70 60.20 325 6.7 5.45 0.01L8 0.1150.820 0.190 1.852 0.164 0.079 0.04 0.320
03/08/12 540 258 660 76.20 55.70 15.8( 6.7 5.56 0.0P9 0.1580.921 0.530 0.730 0.140 0.122 0.02 0.950
06/09/12 480 190 435 74.80 48.50 30.6( 6.9 5.87 0.012 0.0650.677 0.700 1.105 0.200 0.09T 0.03 0.827

* TC-Total coliform and FC-Fecal coliform (values ae in log (base 10) terms)
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Table B-5: Wastewater flow characterization resultof village Mandiala

Date TSS BODsg COD TKN NO;z; N | Total-P T FC As Cd Cr Cu Fe Mn Ni Pb Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
30/01/12 832 388 850 71.00 52.80 49.4( 6.56 5.38 0.018 0.1430.843 0.877 1.965 0.174 0.09 0.00 0.760
01/03/12 988 292 735 61.23 80.50 53.5( 6.715 551 0.0B1 0.0781.550 1.765 1.440 0.576 0.081 0.00 0.982
25/03/12 370 351 825 74.05 45.20 38.6 6.92 5.28 0.0p6 0.0940.895 0.421 1.632 0.146 0.182 0.01 1.5%0
16/05/12 675 198 514 49.13 65.80 225 6.59 5.22 0.01L5 0.1871.120 0.825 0.927 0.434 0.134 0.02 0.432
08/07/12 543 353 725 51.17 55.75 43.6( 6.66 5.16 0.0R0 0.3350.576 0.962 1.883 0.097 0.011] 0.03 0.645
08/10/12 490 192 478 72.40 58.90 6.80 6.74 4.94 0.083 0.1850.986 1.050 0.862 0.573 0.073 0.07 0.885

* TC-Total coliform and FC-Fecal coliform (values ae in log (base 10) terms)
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Table B-6: Wastewater flow characterization resultf village Kultham

Date TSS BODsg COD TKN NO;z; N | Total-P T FC As Cd Cr Cu Fe Mn Ni Pb Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
07/02/12 449 323 706 63.10 51.20 35.5( 6.64 551 0.0p2 0.0040.568 0.038 1.463 0.216 0.04 0.04 0.347
29/02/12 587 267 548 51.58 56.20 30.2( 6.51 551 0.0p4 0.0030.325 0.127 2.245 0.327 0.05 0.03 0.45%3
25/03/12 828 210 603 46.13 68.50 25.6 6.39 5.83 0.0D4 0.0020.265 0.042 1.856 0.254 0.062 0.06 0.948
28/05/12 528 377 788 41.55 57.50 17.2 6.32 541 0.0p1 0.0020.204 0.021 1.724 0.101 0.037 0.03 0.120
08/07/12 575 290 582 55.13 60.50 28.7( 6.714 5.67 0.0p7 0.0030.126 0.034 2.671 0.144 0.073 0.02 0.120
29/07/12 195 330 700 29.67 66.00 6.30 6.16 5.46 0.002 0.0052.154 0.959 1.791 0.757 0.054 0.29 2.054

* TC-Total coliform and FC-Fecal coliform (values ae in log (base 10) terms)
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Table B-7: Wastewater flow characterization resultof village Pippa Rangi

Date TSS BODsg COD TKN NO;z; N | Total-P T FC As Cd Cr Cu Fe Mn Ni Pb Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
07/02/12 571 296 636 455 40.40 28.65 6.66 5.%9 0.002 0.0050.268 0.044 2.524 0.145 0.047 0.027 0.656
29/02/12 598 267 580 33.2 48.80 20.77 6.81 5.67 0.005 0.9040.897 0.185 3.476 0.188 0.03¢ 0.035 0.273
25/03/12 756 387 726 40.55 43.80 25.6 6.54 5.44 0.0p1 0.0031.258 0.085 3.955 0.289 0.05% 0.098 0.388
28/05/12 230 258 594 52.54 49.50 17.2 6.97 5.68 0.0D4 0.0060.172 0.023 1.841 0.093 0.032 0.017 0.197
08/07/12 365 165 394 47.86 57.80 23.4( 6.47 5.20 0.003 0.0020.153 0.031 1.785 0.086 0.06 0.026 0.071
29/07/12 410 298 650 32.2 58.50 5.60 6.51 5.39 0.007 0.002 .4812 0.284 5.955 0.403 0.046 0.104 0.833

* TC-Total coliform and FC-Fecal coliform (values ae in log (base 10) terms)
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Table B-8: Wastewater flow characterization resultf village Nijjran

Date TSS BODsg COD TKN NOz; N | Total-P TC* FC* As Cd Cr Cu Fe Mn Ni Pb Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mglL) (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
27/01/12 290 185 404 54.87 48.90 35.5 6.75 .62 0.015 0.0070.786 0.435 2.120 0.097| 0.07¢§ 0.00 0.547
25/03/12 480 225 597 44.50 53.50 25.6 6.11 .05 0.0p9 0.0121.870 0.256 0.983 0.175 0.187 0.01 0.661
24/05/12 320 190 331 56.10 45.80 17.2 6.43 51 0.018 0.0141.345 0.765 1.675 0.248 0.19215 0.01 0.505
08/07/12 815 298 740 66.47 50.70 28.7 6.28 .16 0.020 0.0190.980 1.680 2.765 0.312 0.278 0.02 1.324
13/08/12 545 164 438 44.95 52.00 6.30 6.24 .09 0.010 0.0432.540 0.784 1.780 0.196 0.321 0.01 0.700
25/09/12 654 210 412 58.10 42.80 38.84% 6.66 .95 0.011 0.0242.670 0.833 2.198 0.276 0.09% 0.00 0.85%3

* TC-Total coliform and FC-Fecal coliform (values ae in log (base 10) terms)
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Table B-9: Wastewater flow characterization resultsof village Samrai

Date TSS BODsg COD TKN NO;z; N | Total-P T FC As Cd Cr Cu Fe Mn Ni Pb Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
71212012 509 200 624 61.60 64.90 48.2( 6.715 5.62 0.0p2 0.0050.578 0.042 3.425 0.073 0.04¢ 0.041 0.328
29/02/12 590 182 498 48.40 55.70 39.5( 6.54 5.Y5 0.0p1 0.0030.465 0.176 3.896 0.132 0.053% 0.027 0.4%5
25/03/12 830 390 882 66.80 69.30 28.6 6.11 5.05 0.0p2 0.0040.348 0.074 2.745 0.168 0.057 0.095 0.676
28/05/12 731 330 825 55.38 58.90 14.3 6.43 5.51 0.0p1 0.0020.645 0.024 2.030 0.087 0.033 0.018 0.230
8/7/2012 484 216 545 57.43 60.70 45.7( 6.28 5.16 0.0p1 0.0020.329 0.056 4.184 0.143 0.07] 0.042 0.376
29/07/12 210 240 524 36.00 59.70 8.00 6.24 5.09 0.001 0.0430.448 0.279 4.835 0.202 0.064 0.130 0.874

* TC-Total coliform and FC-Fecal coliform (values ae in log (base 10) terms)
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Table B-10: Wastewater flow characterization resuls of village Masitan

Date TSS BODsg COD TKN NO;z; N | Total-P T FC As Cd Cr Cu Fe Mn Ni Pb Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
18/02/12 950 342 795 71.80 32.80 53.9( 6.99 5.65 0.0P9 0.0040.368 0.245 4.437 0.218 0.09% 0.154 0.7%6
11/03/12 543 445 978 70.10 41.00 50.7( 6.92 5.53 0.015 0.0150.458 0.048 3.876 0.185 0.06¢ 0.064 0.463
02/04/12 870 263 702 71.60 38.40 60.1 6.95 5.Y5 0.0R0 0.0090.326 0.027 2.324 0.159 0.051 0.035 0.218
28/05/12 1024 365 835 61.30 30.60 21.30 6.41 5.59 0.006 10.00 0.430 0.026 3.819 0.199 0.042 0.026 0.125
09/07/12 658 210 520 73.60 43.00 38.5( 6.24 5.19 0.012 0.0140.473 0.024 4.301 0.164 0.077 0.042 0.326
08/08/12 497 312 618 43.00 35.00 11.9( 6.57 5.85 0.0B4 0.0030.346 0.316 5.045 0.256 O.lST 0.168 0.867

* TC-Total coliform and FC-Fecal coliform (values ae in log (base 10) terms)
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Appendix C

Development of IDF curves

Development of IDF curves is discussed here. Sthawtion rainfalls from the extreme daily rainfall
events for fifteen years rainfall data (January98t®ecember, 2013) was generated using equation

3.10. Table C-1 presents the results of annuaémdrshort rainfall values for Nawanshahar rain gaug

station.
Table C-1: Annual extreme rainfall values for Nawarshahar rain gauge station
Year P (24hr) P (10min) P (15min) P (30min) P (1hr) P (2hr)
(mm) (mm) (mm) (mm) (mm) (mm)
1998 132 25.1¢ 28.8: 36.3- 45.7¢ 57.6¢
1999 11¢ 22.7( 25.9¢ 32.7¢ 41.2¢ 51.9¢
2000 81 15.4¢ 17.6¢ 22.2¢ 28.0¢ 35.3¢
2001 158.¢ 30.2¢ 34.64 43.6¢ 54.9¢ 69.27
2002 141 26.9( 30.7¢ 38.8( 48.8¢ 61.5¢
2003 69.2 13.2( 15.11 19.0¢ 23.9¢ 30.2¢
2004 54.¢ 10.3¢ 11.8¢ 14.9] 18.8¢ 23.7¢
2005 64 12.2] 13.9¢ 17.61 22.1¢ 27.9¢
2006 101 19.25 22.0¢ 27.7¢ 35.01] 44.1:
2007 59 11.2¢ 12.8¢ 16.2¢ 20.4¢ 25.7i
2008 120.¢ 22.9i 26.2¢ 33.1¢ 41.7¢ 52.5¢
2009 62 11.8¢ 13.5¢ 17.0¢ 21.4¢ 27.0¢
2010 94 17.9¢ 20.5¢ 25.8i 32.5¢ 41.0¢
2011 20z 38.7: 44.3: 55.8¢ 70.3¢ 88.67
2012 53.2 10.1¢ 11.62 14.6¢ 18.4« 23.2¢
2013 63.2 12.0¢ 13.8( 17.3¢ 21.91] 27.61

The value of Gumbel's frequency factorjkwas computed for six different return periodsngsi

equation 3.12. TheserKalues were used to determine the rainfall deptf) {6 selected return
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periods. R values were used to compute the average rainfaihsity () for different short durations
and return periods using equation 3.13. Table @e®vs the values of 7l for six different durations

(20min, 15 min, 30 min, 1hr, 2hr, and 24hr) and dor different return periods (2yr, 5yr, 10yr, 25yr
50yr, and 100yr) for Nawanshahar rainfall station.

Table C-2: Rainfall intensities for different return periods and rainfall durations

Rainfall Rainfall intensity, 1+ (mm/hr)
duration, t Return period, T (Years)

(min.) 2 5 10 25 50 100
1C 108.97 157.4: 189.4¢ 230.0( 260.0¢ 289.9(
15 83.1¢ 120.1: 144.6( 175.5: 198.4° 221.2¢
30 52.3¢ 75.6¢ 91.0¢ 110.57 125.0: 139.3]
60 33.0( 47.67 57.3¢ 69.6¢ 78.7¢ 87.8(
120 20.7¢ 30.0¢ 36.1¢ 43.8¢ 49.6: 55.31
144( 3.97 5.7 6.9(C 8.31 9.47 10.5¢

IDF curves were then developed using rainfall isig@s and rainfall duration (minutes) for diffeten
return periods. For remaining four meteorologi¢atiens, annual extreme rainfalls for 15 years 8:99

2013) and computed rainfall intensities are givelow:
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Jalandhar Rain gauge Station

Table C-3: Annual extreme rainfall values for Jalardhar meteorological station

Year P(24hr) P(10min) P(15min) P(30min) P(1hr) P(2hr)
(mm) (mm) (mm) (mm) (mm) (mm)
1998 13C 24.8( 28.3¢ 35.7 45.07 56.7¢
1999 59 11.2¢ 12.8¢ 16.2: 20.4¢ 25.7
2000 46 8.7¢ 10.0¢ 12.6¢ 15.9¢ 20.0¢
2001 88 16.7¢ 19.2% 2421 30.51 38.4¢
200z 60 11.4¢ 13.1C 16.51] 20.8( 26.21
2003 11€ 22.5] 25.71 32.4% 40.91 51.5¢
2004 39 7.44 8.52 10.7: 13.52 17.0¢
2005 164 31.2¢ 35.8- 45.1: 56.8¢ 71.65
2006 12C 22.8¢ 26.21 33.02 41.6( 52.41
2007 46 8.7¢ 10.0¢ 12.6¢ 15.9¢ 20.0¢
2008 - - - - - -
2009 44 8.3¢ 9.61 12.11 15.2¢ 19.22
2010 25 4.71 5.4¢ 6.8¢ 8.61 10.92
2011 11c 21.5¢ 24.6¢ 31.0¢ 39.15 49.3¢
201z 40 7.65 8.7¢4 11.01 13.8i 17.4;
2013 45 8.5¢ 9.8 12.3¢ 15.6( 19.6¢
Table C-4: Rainfall intensities for different return periods and rainfall durations

Rainfall Rainfall intensity, 1+ (mm/hr)
duration, t Return period, T (Years)
(min.) 2 5 10 25 50 100

10 78.7¢ 121.9( 150.4¢ 186.5¢ 213.3¢ 239.9:

15 60.1( 93.0z 114.8: 142.31 162.8( 183.0¢

30 37.8¢ 58.6( 72.3¢ 89.6¢ 102.5¢ 115.3¢

60 23.8¢ 36.9: 45.5] 56.5( 64.61 72.6¢

120 15.02 23.2¢ 28.71 35.5¢ 40.7( 45.7;

1440 2.81 4.44 5.4¢ 6.7¢ 1.7 8.7¢
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Kapurthala Meteorological Station

Table C-5: Annual extreme rainfall values for Kapurthala meteorological station

Year P(24hr) P(10min) P(15min) P(30min) P(1hr) P(2hr)
(mm) (mm) (mm) (mm) (mm) (mm)
1998 55 10.4¢ 12.0] 15.1¢ 19.07 24.0z
1999 54 10.3( 11.7¢ 14.8¢ 18.7: 23.5¢
2000 75 14.31 16.3¢ 20.6¢ 26.0( 32.7¢
2001 63 12.02 13.7¢ 17.3¢ 21.8¢ 27.52
2002 69 13.1¢ 15.0% 18.9¢ 23.9: 30.14
2003 85 16.2- 18.5¢ 23.3¢ 29.45 37.1¢
2004 23 4.3¢ 5.0z 6.3¢ 7.91 10.0¢
2005 80 15.2¢ 17.4; 22.0] 27.7¢ 34.9¢
2006 75 14.31] 16.3¢ 20.6¢ 26.0( 32.1¢
2007 27 5.1¢ 5.9C 7.4% 9.3¢ 11.7¢
2008 - - - - - -
2009 62 11.8¢ 13.5¢ 17.0¢ 21.4¢ 27.0¢
2010 15 2.8¢ 3.2¢ 412 5.2( 6.5¢
2011 56.6( 10.8( 12.3¢ 15.57 19.6- 24.7:
2012 137 26.1¢ 29.9¢ 37.7( 47.5( 59.8¢
2013 13t 25.7¢ 29.4¢ 37.1¢ 46.8( 58.97

Table C-6: Rainfall intensities for different return periods and rainfall durations

Rainfall Rainfall intensity, 1+ (mm/hr)
duration, t Return period, T (Years)
(min.) 2 5 10 25 50 100
10 70.8¢ 107.2% 131.3¢ 161.7¢ 184.3% 206.7¢
15 54.0¢ 81.8¢ 100.2¢ 123.4° 140.7( 157.8:
30 34.0¢ 51.5i 63.1¢ 77.7¢ 88.¢4 99.4]
60 21.47 32.4¢ 39.7¢ 49.0( 55.8¢ 62.6:
120 13.52 20.4¢ 25.0¢ 30.87 35.1¢ 39.4t
1440 2.5¢ 3.9C 4.7¢ 5.8¢ 6.71 7.5¢
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Nakodar Rain gauge Station

Table C-7: Annual extreme rainfall values for Nakodir meteorological station

Year P (24hr) P (10min) P (15min) P (30min) P (1hr) P (2hr)
(mm) (mm) (mm) (mm) (mm) (mm)
1998 66 12.5¢ 14.41 18.1¢ 22.8¢ 28.8:¢
1999 42 8.01 9.1% 11.5¢ 14.5¢ 18.3¢
2000 41 7.82 8.9t 11.2¢ 14.21 17.91
2001 58 11.0% 12.67 15.9¢ 20.11 25.3¢
2002 53.2 10.1¢ 11.62 14.6¢ 18.4¢ 2324
2003 93 17.7¢ 20.31 25.5¢ 32.2¢ 40.6:
2004 25 4.71i 5.4¢ 6.8¢ 8.61 10.9-
2005 93 17.7¢ 20.31 25.5¢ 32.2¢ 40.6:
2006 - - - - - -
2007 54 10.3( 11.7¢ 14.8¢ 18.7: 23.5¢
2008 45 8.5¢ 9.8¢ 12.3¢ 15.6( 19.6¢
2009 88 16.7¢ 19.2Z 24.2] 30.51 38.4¢
2010 107 20.4] 23.3i 29.4¢4 37.0¢ 46.7¢
2011 237 45.2: 51.7¢ 65.21 82.1¢ 103.5:
2012 81 15.4¢ 17.6¢ 22.2¢ 28.0¢ 35.3¢
2013 40 7.65 8.7¢ 11.01 13.8i 17.4;

Table C-8: Rainfall intensities for different return periods and rainfall durations

Rainfall Rainfall intensity, 1+ (mm/hr)
duration, t Return period, T (Years)
(min.) 2 5 10 25 50 100
10 131.0¢ 184.9, 220.6¢ 265.8: 299.2¢ 332.5:
15 99.9¢ 141.1¢ 168.4. 202.8¢ 228.4( 253.7¢
30 62.9¢ 88.9: 106.1( 127.7¢ 143.8¢ 159.8¢
60 39.6¢ 56.02 66.8¢ 80.5( 90.6¢ 100.71
120 25.0( 35.2¢ 42.1( 50.71 57.1( 63.4¢
1440 3.1¢ 5.1¢ 6.4¢ 8.1( 9.31 10.52
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Phagwara Rain gauge Station

Table C-9: Annual extreme rainfall values for Phagvara meteorological station

Year P (24hr) P (10min) P (15min) P (30min) P (1hr) P (2hr)
(mm) (mm) (mm) (mm) (mm) (mm)
1998 44 8.3¢ 9.61 12.11 15.2¢ 19.2%
1999 92 17.5¢ 20.0¢ 25.3] 31.8¢ 40.1¢
2000 35 6.6¢ 7.64 9.6¢ 12.1: 15.2¢
2001 20 3.82 4.31 5.5C 6.9¢ 8.7¢
2002 - - - - - -
2003 23 4.3¢ 5.0Z 6.3¢ 7.97 10.0¢
2004 41 7.82 8.9¢ 11.2¢ 14.21 17.91
2005 80 15.2¢ 17.4; 22.0] 27.7¢ 34.9¢
2006 27 5.1t 5.9C 7.45 9.3¢ 11.7¢
2007 17C 32.4: 37.1 46.7¢ 58.9¢ 74.2¢
2008 208 38.7¢ 44.3: 55.8¢ 70.3¢ 88.67
2009 12¢ 24.0¢ 27.52 34.61 43.6¢ 55.0¢
2010 73 13.9: 15.9¢ 20.0¢ 25.3] 31.8¢
2011 72 13.7¢ 15.72 19.81 24.9¢ 31.4¢
2012 62 11.8¢ 13.5¢ 17.0¢ 21.4¢ 27.0¢
2013 91 17.3¢ 19.87 25.0¢ 31.5¢ 39.7¢

Table C-10: Rainfall intensities for different return periods and rainfall durations

Rainfall Rainfall intensity, 1+ (mm/hr)
duration, t Return period, T (Years)
(min.) 2 5 10 25 50 100
10 79.27 134.0¢ 170.3¢ 216.2! 250.2¢ 284.0:
15 60.5( 102.3: 130.0: 165.0: 190.9¢ 216.7¢
30 38.11 64.4¢ 81.91] 103.9¢ 120.3: 136.5¢
60 24.01] 40.61 51.6( 65.4¢ 75.7¢ 86.02
120 15.17 25.5¢ 32.51 41.2¢ 47.7¢ 54.1¢
1440 2.8¢ 4.8¢ 6.2( 7.8i 9.11 10.3¢
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IDF curves developed for all the meteorological steons are shown in figures C-1 to C-5.

IDF curve for Nawanshahar

IDF curve for Jalandhar
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Appendix-D

Wet weather flow characterization results of RuralSettlements

Table D-1: Wet weather flow characterization resuls of village Tayabpur

[

o= o OO

S No TSS BODs | COD TKN NI(\?S Total-P T_otal F_ecal Cu Fe Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L) | Coliform* | Coliform* | (mg/L) | (mg/L) | (mg/L)
1 165 94 272 11.83 4.33 1.54 5.34 4.41 0.009 1.4151160
2 228 115 342 12.23 5.67 2.86 5.66 4.32 0.007  1.8860830
3 136 73 242 10.55 5.32 3.10 5.45 4.69 0.016 1.8670920
4 141 78 270 9.86 6.90 2.90 5.74 4.28 0.012 1.935 640.
5 182 118 355 7.41 6.45 1.64 5.62 4.46 0.03  0.925 270.
6 254 143 376 9.29 5.38 2.95 5.54 4.66 0.021 1.7340780
7 140 81 255 8.65 4.60 1.87 5.39 4.30 0.017 0.987 880.
8 211 90 260 8.21 4.97 3.00 5.44 4.37 0.024 1.885 720.
9 249 140 368 11.90 6.35 1.79 5.68 4.67 0.012 1.8 10
10 138 86 286 12.05 6.78 3.00 571 4.65 0.02 1.254 190.
11 141 75 245 7.61 4.39 1.59 5.39 4.28 0.015 1.024 860.
12 251 139 375 12.11 6.88 3.05 5.74 4.69 0.02 1.9341150
13 150 80 251 11.50 5.29 1.70 5.55 4.48 0.014 1.2260880
14 237 127 351 11.24 6.60 3.03 5.70 4.66 0.019 1.93209%0
15 144 91 290 8.60 5.32 2.97 5.41 4.29 0.016 1.422 89.

" Total coliform and Fecal coliform values are in Ig (base 10) terms
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Table D-2: Wet weather flow characterization resuls of village Sodhian

S No TSS BODs | COD TKN N83 Total-P T_otal F_ecal Cu Fe Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L) | Coliform* | Coliform* | (mg/L) | (mg/L) | (mg/L)
1 258 190 465 12.97 9.56 2.34 5.36 4.82 0.024 1.1650730
2 109 74 164 8.40 6.70 3.30 5.60 4.80 0.011 0.952 5201
3 68 45 148 8.80 4.80 1.86 5.81 4.87 0.000 0.762 50.10
4 93 80 210 13.98 2.48 1.80 5.57 4.37 0.014 0.826 3901
5 90 60 204 11.63 3.51 2.48 5.63 4.82 0.017 1.134 43011
6 178 128 195 11.49 4.55 2.78 5.47 4.90 0.021  0.98509%0
7 115 81 169 13.00 6.65 2.69 5.46 4.76 0.012 0.85008&0
8 79 50 148 9.14 2.65 1.92 5.64 4.86 0.016 1.088 80.10
9 75 66 178 8.90 3.10 1.91 5.37 4.30 0.0r2 1.147 70.42
10 251 186 433 13.78 8.74 3.25 5.78 4.88 0.024 0.y98139%0
11 70 a7 149 9.00 2.79 1.85 5.47 4.52 0.008 0.921 60.09
12 244 187 447 13.81 8.39 3.27 5.73 4.86 0.020 1.1621480
13 72 64 151 10.32 2.92 2.07 5.43 4.55 0.015 0.859 0201
14 187 132 261 13.62 7.59 2.92 5.77 4.90 0.016  1.1461340
15 85 48 150 8.58 2.94 1.98 5.43 4.89 0.019 0.765 90.09

" Total coliform and Fecal coliform values are in Ig (base 10) terms
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Table D-3: Wet weather flow characterization resuls of village Majari

S No TSS BODs | COD TKN N83 Total-P T_otal F_ecal Cu Fe Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L) | Coliform* | Coliform* | (mg/L) | (mg/L) | (mg/L)
1 176 88 270 10.55 5.28 0.85 4.15 3.30 0.008 1.1451020
2 287 140 334 8.27 3.87 0.93 4.88 3.81 0.032 1.9640270
3 145 61 228 12.53 5.76 0.75 4.90 3.89 0.012 0.8720340
4 172 101 292 10.96 4.48 1.50 5.18 4.45 0.014 1.4310860
5 243 100 305 13.31 6.82 2.65 5.39 4.68 0.028 1.y840780
6 215 120 400 10.33 5.27 1.86 4.95 3.98 0.030  1.5250970
7 160 67 254 8.93 4.35 1.28 4.38 3.34 0.011 1.130 57.
8 236 91 351 9.47 6.00 2.63 4.61 3.45 0.009 1.734 700.
9 278 114 377 12.54 6.50 0.90 5.23 4.49 0.020 1.9040430
10 151 138 242 12.97 412 0.80 5.31 4.56 0.022  0.9850600
11 148 89 258 8.37 4.00 2.23 5.29 3.66 0.017 0.875 59.
12 184 123 372 13.30 4.98 2.40 5.33 4.57 0.023  1.y890790
13 162 136 379 10.12 4.30 0.91 4.52 3.63 0.017  1.83180610
14 261 96 274 12.57 6.55 0.71 4.78 4.59 0.019 1.9580660
15 276 66 243 10.59 6.60 0.94 4.59 3.36 0.017 1.2970610

" Total coliform and Fecal coliform values are in Ig (base 10) terms
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Table D-4: Wet weather flow characterization resuls of village Palli Jhiki

NOs

S No TSS BODs | COD TKN N Total-P T_otal F_ecal Cu Fe Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L) | Coliform* | Coliform* | (mg/L) | (mg/L) | (mg/L)
1 165 25 115 3.95 4.30 0.86 5.18 4.39 0.016 1.187 0201
2 242 84 278 7.06 3.47 0.97 5.54 4.09 0.027 1.123 5400
3 201 78 166 9.25 4.19 2.35 5.72 4.51 0.012 1.365 670
4 235 102 300 11.73 6.50 1.65 5.43 4.34 0.031  0.8310320
5 128 46 118 6.70 3.38 1.86 5.08 4.09 0.008 1.249 1801
6 267 128 228 4.80 2.15 1.18 5.59 4.51 0.024 1.5400770
7 220 65 152 5.50 5.78 0.90 5.68 4.44 0.019 1.650 48,0
8 285 145 292 9.60 4.55 0.75 5.61 4.35 0.024  0.9500940
9 152 32 124 4.09 2.64 0.99 5.25 4.18 0.797 0.837 08L,0
10 237 98 259 7.14 3.66 1.08 5.67 4.45 1.245 2592 7515
11 189 73 158 6.34 4.41 1.01 5.28 4.30 0.195 1.179 810
12 283 137 287 11.63 6.40 2.26 5.70 4.49 0.302 1.6104360

" Total coliform and Fecal coliform values are in Ig (base 10) terms
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Table D-5: Wet weather flow characterization resuls of village Mandiala

S No TSS BODs | COD TKN N83 Total-P T_otal F_ecal Cu Fe Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L) | Coliform* | Coliform* | (mg/L) | (mg/L) | (mg/L)
1 230 130 325 15.95( 11.20 1.75 5.81 4.93 0.015 2.541.118
2 407 238 521 12.65 3.60 2.07 5.44 4.73 0.009 1.467.0820
3 204 76 201 8.53 3.75 0.85 5.62 4.87 0.020 1.388 5801
4 158 62 242 7.40 6.48 4.57 5.94 4.92 0.011 0.921 8301
5 75 48 175 7.87 5.45 3.87 5.32 4.55 0.04 1.556 4012
6 192 94 273 8.73 5.27 3.98 5.51 4.98 0.008 1.668 4701
7 90 53 185 7.50 4.28 1.58 5.40 4.57 0.009 0.958 70.09
8 111 58 209 13.25| 10.74 4.40 5.36 4.88 0.015 2.3401080
9 302 100 268 14.46 4.78 1.15 5.88 4.93 0.018 1.2451740
10 338 225 498 7.50 4.00 4.23 5.84 4.96 0.020 1.7Y801700
11 92 55 213 7.44 3.90 1.09 5.35 4.56 0.000 0.994 10.09
12 355 234 501 15.68 10.32 4.45 5.91 4.97 0.022 2415172
13 96 56 180 7.68 3.78 1.00 5.37 4.76 0.014 1.188 60.09
14 312 130 371 12.91 8.30 4.01 5.86 4.95 0.015 2.01817%0
15 197 61 192 8.21 3.62 3.71 5.53 491 0.014 1.300 3001

" Total coliform and Fecal coliform values are in Ig (base 10) terms
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Table D-6: Wet weather flow characterization resuls of village Kultham

S No TSS BODs | COD TKN N83 Total-P T_otal F_ecal Cu Fe Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L) | Coliform* | Coliform* | (mg/L) | (mg/L) | (mg/L)
1 310 170 401 14.89] 10.0( 1.15 5.49 4.32 0.037 1.10:237
2 148 55 180 5.05 4.20 1.50 5.33 4.07 0.016 0.765 820
3 157 82 218 7.35 6.55 2.14 5.06 4.35 0.021 0.520 9500
4 232 120 255 11.13 8.91 1.86 5.72 4.76 0.011  0.4480780
5 190 94 310 10.55 5.34 1.28 5.56 4.39 0.018 0.634159%0
6 207 78 201 6.70 2.35 2.63 5.37 4.15 0.035 0.894 6501
7 247 68 146 11.60 2.54 0.90 5.63 4.63 0.020 1.245148
8 285 94 191 9.65 2.68 0.80 5.38 4.06 0.026 1.430 1002
9 155 63 150 5.69 2.70 1.07 5.32 4.16 0.799 1.482 9000
10 241 133 364 10.45 3.28 1.67 5.52 4.30 1.248 2.3155331
11 192 60 157 8.32 5.31 1.03 5.42 4.14 0.197 0.959 0601
12 298 125 306 14.21 9.95 2.36 5.61 4.74 0.306  1.4882230

" Total coliform and Fecal coliform values are in Ig (base 10) terms
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Table D-7: Wet weather flow characterization resuls of village Pippa Rangi

S No TSS BODs | COD TKN N% Total-P T_otal F_ecal Cu Fe Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L) | Coliform* | Coliform* | (mg/L) | (mg/L) | (mg/L)
1 315 68 282 6.7 2.7 2.13 5.76 4.69 0.016 0.986 0.p87
2 275 159 415 10.95 5.37 3.35 5.22 4.40 0.022  1.8881840
3 180 70 253 7.4 4.85 2.38 5.33 4.51 0.003 1.721 50.11
4 215 85 295 8.25 2.58 1.25 5.51 4.58 0.006 0.924 760.0
5 165 140 300 8.02 4.26 1.48 5.42 4.13 0.019 1.3450990,
6 125 50 210 9.34 3.84 1.83 5.65 4.63 0.020 1.420 980.0
7 265 108 206 5.25 3.43 1.10 5.54 4.47 0.024 0.8670720,
8 164 63 168 7.55 3.05 1.35 5.44 4.38 0.018 1.654 560.0
9 131 53 180 5.62 2.6 1.29 5.36 4.34 0.795 0.919 51.02
10 230 115 289 7.62 4.71 1.52 5.55 4.65 1.242  1.4826011)
11 183 69 229.912 7.87 3.13 1.61 5.26 4.24 0.192 1.180 0.302
12 305 137 367 10.55 5.25 3.00 5.73 4.63 0.298 1.867.4680

" Total coliform and Fecal coliform values are in Ig (base 10) terms
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Table D-8: Wet weather flow characterization resuls of village Nijjran

S No TSS BODs | COD TKN N83 Total-P T_otal F_ecal Cu Fe Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L) | Coliform* | Coliform* | (mg/L) | (mg/L) | (mg/L)
1 101 39 125 10.00 4.59 1.87 5.66 4.76 0.015 1.1321410
2 242 52 173 9.54 5.34 2.46 5.76 4.81 0.029 1.760 3701
3 132 98 278 11.32 6.72 1.65 5.95 4.02 0.022  1.4390940
4 121 57 170 6.10 4.87 1.38 5.98 4.74 0.020 1.368 5901
5 83 27 144 8.75 4.52 2.54 5.44 4.57 0.006 1.822 5012
6 138 42 153 10.47 3.98 2.63 5.63 4.59 0.020 1.5461330
7 143 68 140 7.10 2.31 3.32 5.52 4.20 0.014 0.976 1701
8 218 155 375 7.40 2.95 0.80 5.56 4.42 0.010 1.2501670
9 92 33 131 6.15 4.21 1.15 5.44 4.19 0.794 1.852 50.09
10 159 a7 129 9.60 2.89 2.20 5.76 4.70 1.241  1.600 211.5
11 100 58 160 8.65 3.82 1.80 5.56 4.36 0.192 1.305 3802
12 231 130 352 11.24 6.69 3.29 5.96 4.81 0.298 1.8201620

" Total coliform and Fecal coliform values are in Ig (base 10) terms
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Table D-9: Wet weather flow characterization resuls of village Samrai

S No TSS BODs | COD TKN NOs; | Total-P T_otal F_ecal Cu Fe Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | Coliform* | Coliform* | (mg/L) | (mg/L) | (mg/L)
1 200 92 266 14.64 4.38 1.45 5.79 4.44 0.018 1.26513%0
2 495 276 576 9.45 13.25 2.07 5.61 4.53 0.028  1.8232360
3 160 75 260 11.40 5.24 0.55 5.07 4.12 0.014 1.3841530
4 140 65 230 12.35 5.40 3.42 5.93 4.92 0.009 0.6550860
5 194 88 280 7.84 3.70 2.72 5.13 4.56 0.025 1.764 6401
6 158 82 241 18.42 6.78 4.21 5.38 4.46 0.023 1.6551140
7 454 70 249 8.23 3.92 0.90 5.10 4.25 0.014 0.782 940.0
8 151 80 256 9.25 4.47 1.31 5.32 4.34 0.018 1.544 2901
9 145 257 542 17.48| 12.4] 4.04 5.84 4.51 0.022 1.80%180
10 148 67 245 14.45 4.98 3.75 5.86 4.89 0.016 1.6962120
11 144 72 231 8.30 3.87 1.10 5.21 4.14 0.010 0.707 3601
12 492 272 573 17.90] 12.8¢ 4.13 5.92 4.88 0.026 1.81m232
13 150 73 233 9.52 4.18 2.28 5.26 4.39 0.019 1.340 4401
14 196 85 310 15.95 7.40 3.95 5.82 4.74 0.024 1.77315%0
15 143 69 235 10.05 4.02 0.79 5.33 4.25 0.018 1.6471440

" Total coliform and Fecal coliform values are in Ig (base 10) terms
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Table D-10: Wet weather flow characterization resust of village Masitan

S No TSS BODs | COD TKN N83 Total-P T_otal F_ecal Cu Fe Zn
(mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L) | Coliform* | Coliform* | (mg/L) | (mg/L) | (mg/L)
1 146 56 165 6.70 5.76 2.32 5.75 4.64 0.021 1.673 2601
2 218 110 273 7.98 5.82 2.85 5.51 4.75 0.018 1.874159%0
3 162 90 245 8.50 4.14 1.67 5.92 4.80 0.014 1.424 12041
4 114 43 146 7.67 3.27 1.48 5.94 4.90 0.005 1.116 570
5 176 97 340 10.60 5.60 1.86 5.65 4.35 0.022 1.8281200
6 355 205 415 10.15 8.90 1.37 5.72 4.47 0.013 1.5730820
7 290 174 390 14.56 9.60 3.58 5.41 4.36 0.009  0.8530760
8 381 153 380 12. 38 8.45 4.15 5.54 4.64 0.014 1.727.137
9 123 49 151 8.75 3.39 1.38 5.42 4.39 0.793 1.099 3210
10 315 126 381 12.50 9.20 2.52 5.82 4.75 1.239 2.8966121
11 126 100 254 10.50 5.02 1.67 5.55 4.47 0.190 1.4213110
12 354 192 401 14.50 8.17 4.05 5.90 4.88 0.020 1.8634820

" Total coliform and Fecal coliform values are in Ig (base 10) terms
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Rainfall (mm) & ADD (days)

Rainfall {(mm) & ADD (days)

Appendix-E

Box plots of rainfall data from rain gauge stations
(a) Nawanshahar, (b) Kapurthala, (c) Jalandhar, (d)Phagwara,

(e) Nakodar
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