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ABSTRACT

Introduction. Although cities are becoming increasingly developed in all spheres, there occur formidable multidimensional
challenges associated with urban development. One such challenge is the water security, as water in the urban areas is the hotspot in
regard to its consumption due to fast growing population on small geographical extent. Moreover, the development of urban water
system is unable to keep pace with the rapid growth of population in cities, leaving majority of the dwellers lacking access to water
supply system.

The purpose of article. This study intends to identify the problems associated with the urban water systems, its challenges in
effective supply of water and the resultant water insecurity at households. It examines the water infrastructures in the city since its
development in 1930 on a spatio-temporal context. The impact of prevailing water infrastructures on the status of households’ water
insecurity has also been assessed.

Research Methods. Google earth engine software was used to visualize the spatial spread of urban water networks in the city. A
kml file generated from the Google earth was converted to compatible layer in ArcGIS. Purposive sampling technique was adopted for
household survey in three different zones, based on distance from reservoirs, slope, reservoir capacity and number of household con-
nections from reservoirs. Selection of households from different zones under each scheme was done on the basis of consumers of urban
water system and water security status. Water security status at households has been assessed through its components, quantity, quality,
reliability and accessibility.

Main findings. Water infrastructures have been inadequate since a very long time with just one third of the population having
access to the urban water systems. Households reported that enhancing the quantity and quality of water, which constitute vital aspects
of water security, requires resorting to diverse strategies, incurs considerable cost and compromises welfare. Moreover, there exists a
spatial variation in quantity and quality of water obtained from a shared scheme with increasing distance from service reservoirs/plants.
Further, along with poor reliability and accessibility from water supply schemes at households, disparities among different water supply
schemes have also been revealed.

Scientific novelty and practical value. The article analyzes for the first time the status of urban water security and associated
challenges in the city through primary data and information on water infrastructures. The practical value of the study is the possibility
of revealing the spatial variation in quantity and quality of water obtained at households despite a shared scheme or system that can be
conducted in other studies of developing countries. The results of the study are significant in the context of justifying measures to

strategize security of water at individual level.
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Introduction

Water supply system forms the backbone of sus-
tainable urban development. However, it is often
challenged with multifarious issues particularly in
developing countries [40, 5]. Basically, the failure in
water supply systems in large cities has been associ-
ated with fast growth of population, lack of adequate
investments in water infrastructures and declining
trend of water resources [12, 15]. These factors exert
immense pressure on the existing water infrastruc-
ture, if they are mostly obsolete and worn out [19].
Lack of investment in augmenting water supply sys-
tems has become a common problem in most of the
developing countries, as such it hinders the target of
achieving the SDG-6 of “water and sanitation for all”
under the umbrella of millennium development goals
[36, 41]. Many large cities of developing countries

are confronted with lack of universal coverage of mu-
nicipal water, inadequate water supply, poor water
quality, intermittent and unreliable water supply,
power cuts, water theft, low pressure in pipes, leak-
ages in distribution system, etc [18, 24]. These chal-
lenges are linked with the inefficient water infrastruc-
ture system. The obstacles that come on the way to-
wards assured water supply include lack of adequate
water source, suboptimal location for setting up of
water plant, obstruction in setting up of pipeline net-
work, poor management of the water supply system,
lack of adequate monitoring in the supply system,
poor quality of supply network materials, etc [22, 38].

Centralized water system and its governance
have been the focus areas of research in the recent
times particularly in the global south cities consider-
ing SDG-6 [3, 40]. Failures in urban water gover-
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nance push the city dwellers to increased intensity of
water insecurity, basically involving inadequate
quantity and quality of water. Ageing urban water
systems has considerably reduced its production due
to continuous wear and tear of the components, af-
fecting the consumersby gradual decrease in water
obtained at households over the years [19]. On the
other hand, inadequate information and insufficient
monitoring in the distribution system results in fre-
quent leakages of the pipes including disastrous
bursts in few cases [21]. Such deficiencies in the dis-
tribution system results in substandard water supply,
leading to decrease in quantity and deterioration in
quality of water, reaching the consumers [42]. A de-
veloped country like the United States was reported
with approximately 18 per cent of the outbreaks
caused from water quality failure due to contami-
nants entering into the distribution system through
leakages [8]. A progressive society in all aspects de-
pends on the reliable quality # and adequate quanti-
ties of water. Wastage of water through cracks, leak-
ages, faulty valves, illegal connections, thefts in the
distribution system was estimated to be more than 40
% in developing countries, leading to remarkable vol-
umes of water loss [42]. Water quantity, one of the
prime components of water security, tends to be in-
adequate with decreased pressure in pipes due to
flaws in the distribution system as evident in Delhi
[23]. Temporary and prolonged suspension of water
supply from a centralized water system has become a
common phenomenon in cities of developing coun-
tries [21]. Households strategize alternate source of
water along with municipal water systems due to re-
duced accessibility and reliability from the same [44].
It is therefore important to investigate and understand
the challenges encountered by the providers and con-
sumers to effectively address the issue of water inse-
curity, significantly hindering societal and well being
of the residents [6].

Urban water provision and governance consti-
tutes vital aspects of development, supposedly en-
sures water security to the populations. Guwahati
city, characterized by rapid urbanization during the
last few decades has posed a challenge on the urban
water system. Presently the city has populations of
more than a million as per estimation. The city is lo-
cated at the southern banks of Brahmaputra. At the
initial development of the city population were con-
centrated in the north central part of it, along the im-
mediate banks of Brahmaputra, indicating water
needs fulfilled by it. The earliest form of the city was
a small town with a geographical area of 2.68 sq. km,
consisting of only 8wards with 11,661 populations
during 1901 Census [7]. At that time the town was
confined to the north central part of the present Gu-
wahati. With the development of communication net-
works and establishment of provincial institutions

and divisional offices the town began to assume com-
mercial, educational and administrative importance
in attracting population from the neighboring districts
and other states of India. The growing population and
subsequent spatial expansion-contributed expansion
of municipal area to 7.68 sq. km in 1903 by including
three more wards to its earlier eight wards. Accord-
ingly the water plants got constructed in those areas
and its governance was also confined to the places of
important establishments. The town grew to double
in its geographical area by including three more
wards to its earlier 11wards, totaling to reach a total
area of 14.24 sq. km in 1961. In response to growing
population by inclusion of large areas into municipal
boundary the water infrastructures also got devel-
oped, although not in tandem as per demands. Again
in 1974, after converting the town into municipal cor-
poration the total jurisdiction of the city area rose to
216.79 sq. km with 34 wards. The shifting of the state
capital from Shillong (Meghalaya) to Dispur area of
Guwabhati (Assam) in 1972 had set the trend of rapid
growth of the city. Thus the inclusion of villages into
the city limit has indeed increased the demand for wa-
ter supply services. It may be noted that during the
process of growth, the city expansion of the town
took place towards south, east and west in a semi-cir-
cular way. In this way as per demands the water in-
frastructures also got constructed in the city since
1930; but multiple challenges stood on the way of
smooth operation of the water supply. Moreover, spa-
tial variation in quantity and quality of water at
households has been an alarming cause of concern in
the city since long. Inadequate fund has been identi-
fied as the prime obstacle to restore, renovate, man-
age and augment the municipal water systems. Such
challenges are faced by both the providers and con-
sumers of water supply, and in this way both parties
often get criticized on the ground that municipal wa-
ter authorities are often deemed irresponsible and
consumers are also frequently criticized as it is hard
to satisfy their demands. It may be noted that water
supply services in the city are able to cater only just
one-third of the population [16]. Therefore, under-
standing the challenges of both the parties is essential
to address the issue in a more sustainable manner.

Materials and Methods

This study has been based on primary and sec-
ondary data collected during 2022-2024. Primary
data was collected at household level with respect to
household size, frequency of households obtaining
water per week, average liters of water obtained,
hours of water supply, frequency of water supply per
day, time of water availability (morning or evening),
alternate sources of water to supplement shortages,
etc. The secondary data collected from different in-
stitutions in the context of the study area includes lo-
cation and number of water plants and its service
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reservoirs, capacity and production of water, ground
water information, etc. The primary survey was con-
ducted using a structured schedule-cum-question-
naire atin506 households through a purposive sam-
pling method covering different categories of water
supply systems. Data were collected from three dif-
ferent categories of households, such as households
near to reservoirs (Zone I), households located in
midpart of the distribution system (Zone II) and
households located at the extreme or tail end of the
distribution system (Zone III). The sampled schemes
were 25, which include different types such as old
and new schemes including DTWS. The sampled
schemes were chosen systematically based on their
types of schemes such as capacity, number of connec-
tions, locations of reservoirs, distance and elevation
to represent the consumers of urban water systems.
From each water supply schemes on an average ef21
households were selected from three different parts
of the distribution system (Zone I, II & III). This
method represents the total consumers of water sup-
ply system who experience inequalities in obtaining
water from such urban water systems. This method
was followed to understand inequalities of water ob-
tained at households away from the service reservoirs.

The collected data were processed and tabulated
using Excel software to compare and contrast among
different water supply schemes for different aspects
of water security. Google Earth was used to locate the
water plants and their service reservoirs. A kml point
data (keyhole markup language) as a file was con-
verted to vector file in the ArcGIS platform to visual-
ize the spread of different water supply systems in the
city. Water samples taken from the household taps
were analyzed in the laboratory, which were then
summarized and presented in tabular form for differ-
ent categories of households (Zone I, II & III) to see
variation in water quality with distance from service
reservoirs. The parameters include pH, total dis-
solved solids (TDS), total hardness, calcium, residual
chlorine, magnesium, iron, fluoride and turbidity
which were analyzed in Public Health Engineering
Department Division I, located at Bamunimaidam,
Guwahati, Government of Assam. A combination of
physical and chemical analysis was performed on the
samples using turbid meter, litmus paper and titration
method for determining concentration of turbidity,
pH, hardness and chlorine. The other parameters
were analyzed using conductivity or UV detection, ti-
tration method using EDTA (chelating agent) and
spectrophotometer for TDS, fluoride, magnesium
and iron respectively.

Study area

Guwahati city, located in the north-eastern part
of India is one of the largest and fastest growing cities
in the region. The city currently accommodates more
than a million populations (estimated based on 2001-

2011 growth rate) in 216.79 sg. km and it is bordered
by Brahmaputra in the north. Apart from the presence
of mighty river, large and small wetlands are dotted
sporadically including three small rivers (tributaries
of the Brahmaputra) in the city, suggesting ample wa-
ter resources for the dwellers. On the other hand,
ground water deposits found at shallower depths has
been a great resource for the dwellers considering the
spatial variation of municipal water networks.

The city draws water from two sources, the
Bramaputra and ground water within its municipal
boundary. Although other small rivers such as Bhar-
alu, Mora Bharalu, Khanajan, Basistha and Bondajan
flowing through the city are not being directly used
for water supply, but plays a significant role in re-
charging of ground water, by more than 65 % of the
city dwellers. Similarly wetlands either big (includ-
ing Deeporbeel, Ramsar site of India) or small in dif-
ferent parts of the city also elevates the ground water
level, beneficial for constructing deep tube well
schemes (DTWS) to supply water to households de-
prived from the Brahmaputra-based schemes. The
city has 135 water plants, but only 34% of the city
population has access to the urban water system.

Results and Discussion

Challenges among the Providers

Water infrastructures are essential investments
for a livable city, a pre-requisite for health, prosperity
and security of a nation. Reliable and secured water
infrastructures requires long-term economic inputs
that are planned, designed and constructed over time
considering current and future growth and develop-
ment of the city [10]. An urban water infrastructure
generally consists of three basic components: the
source of water supply, the processing or treatment of
the water (water treatment plant) and the distribution
of piped network to the users. Water infrastruc-
ture/services in Guwahati are numerous, which are
maintained by the municipal authorities and a few by
the local communities. A total of 135 water plants,
large and small are operating in different parts of the
city and while distributing to the consumers various
challenges occurs.

Obsolete water plants

Water plants in developing countries are charac-
terized by old, poor, and broken components, result-
ing in reduced production of water than its designed
capacity [46]. In fact, the water plants have outlived
its engineering life (functioning for more than 30
years) [19]. Similarly, in Guwahati the water plants
are unable to produce water as per its designed capac-
ity (Table 1). Except for the newly established water
plants (SWGWSP & SCGWSP) others are unable to
produce as per designed capacity due to malfunction-
ing of important components. Therefore, lack of ren-
ovating the vital components of water plants has of-
ten resulted in interrupted and reduced quantity of
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Fig. 1. Location of the study area
Table 1
Capacity and production status of water plants in Guwahati
Location of water Year of Designed Production of | Gap of production
treatment plants Commissioning Capacity (in MLD) | water (in MLD) (in MLD)
Panbazar 1963 45.00 25.00 20.00
. 1930
Satpukhuri (Renovated in 1984) 22.50 15.00 7.50
Kamakhya 1992 4.50 3.50 1.00
Lichubagan,
Hengerabari 1996 12.60 7.50 5.10
(GMDW& SB)
Sadilapur,
Jalukbari 2018 107.00 20.00 87.00
(SWGWSP)
Kharghuli,
Uzanbazar 2022 191.00 63.00 128.00
(SCGWSP)
DTWS- .
GMC-WWW Since 1983 1.50 1.16 0.34
DTWS- PHED-I Since 1957 14.19 8.63 5.56
DTWS- PHED- 11 Since 1960 8.97 4.67 4.3
Total 400.10 148.46 258.80

Source: Different water supply agencies in Guwahati Metropolitan Corporation, 2024

water supply, low production of water leaving many
households deprived of water supply network.
Pipeline cracks/ leakages/ bursts in the distri-
bution system
Leakages in the distribution network are a com-

mon phenomenon in Guwahati which have a signifi-
cant impact on the quantity and quality of water sup-
ply. Another compromising effect is the suspension
of water supply, when repairs are undertaken, other-
wise innumerable cracks and leakages are left unde-
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tected which considerably tends to decrease pressure
in pipes. On the other hand, such leakages are the
pathways for transmission of unwanted and contami-
nated elements into the pipelines, resulting in inade-
quate quality of supply water [13]. The faulty valves
lying along the drain is also frequently identified
upon receiving complaints of poor water quality. The
old water supply schemes are challenged with fre-
quent occurrence of either cracks or leakages; the
SWGWSP and SCGWSP however are associated
with bursting of pipeline network due to poor quality

Water Pipe Leakage At
Hatigaon Chariali

rFig. 2. P-ictures depictin;g‘pipeline leakages and bursts i Guwabhati

of materials. Bursting of pipes or valves can result in
a significant upward flow of water, consequently
damaging loss of human lives and property in differ-
ent parts of the city along with occurrence of flash
floods, traffic disruption, etc. In May 2023 a disas-
trous bursting incident from SCGWSP resulted in the
loss of two human lives and left around 30 people in-
jured including loss of property of at least 40 houses
[28]. Thereafter also multiple bursting occurred in
different parts of the city causing infrastructural and
property damage.

(Source: Internet and author, 2022-24)

Illegal water connection or water theft

There are many unauthorized connections from
water networks of municipal water supply system in
Guwabhati. This type of water theft frequently goes
undetected by water authorities and it has consequent
effect on pressure in pipes in the adjacent areas [28].
Water is stolen by installing water pumps or booster
to enhance pressure in pipes in an attempt to obtain
desirable quantity of water. Despite residents’ sus-
pects and complaints about installation of water
pumps for water theft leading due to unusual pressure
fluctuation in the pipes, the concerned water authori-
ties are unable to detect such malpractice in most
cases. Although water suppliers have the authority to
locate and remove water pumps, the residents hide so
effectively that detection remains challenging.

The water authorities have introduced grievance
cell to manage water theft complaints including im-
position of penalties on the people involved in such
theft. But, the number of thefts has not declined as
reported in various print and electronic media. It may

be mentioned here that water theft has been addressed
in many cities of developing countries by strict me-
tering system and proper field audit [25]. However, it
remains a matter of great challenge to overcome the
issue of water theft in Guwabhati city due to lack of
metering system and unskilled man power in record-
ing audit system.

Inadequate funds

Maintenance of the infrastructure necessitates
timely renovation and augmentation that demands
consistent flow of funds [5]. It is observed that a con-
siderable number of households in the south-central,
south-western and eastern parts of Guwahati city are
deprived of urban water networks due to huge cost
involved in setting up of water plants. However, in
other large cities of India majority of the populations
has access to the urban water supply system [33, 44].
Moreover, renovation activities are greatly affected
due to lack of requisite funds from the concerned au-
thorities. Even the leakages occurring in the distribu-
tion system are not concealed due to lack of funds
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until they go beyond control. Moreover, the outlived
water plants that require thorough renovation have
also not been considered, otherwise it could have pro-
duced water as per its designed capacity (Table 1).
The Brahmaputra carries high silt and it affects mate-
rials of water pumps during procurement of the silt-
laden raw water. In view of this, the water pumps get
damaged and defunct leading to temporary suspen-
sion of water supply. The shortage of required funds
has also delayed scheduled completion and full com-
missioning of SCGWSP & SWGWSP in the city. In
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fact, although there has been continuous efforts with
respect to these two projects to extend the supply net-
work in the proposed command areas, shortage of
funds stands on their way of completion and commis-
sioning. Power cuts is also an added problem in en-
suring uninterrupted pumping of raw water, which
could have been mitigated provided there is dedi-
cated power supply exclusively for pumping opera-
tions. Therefore, in totality lack of funds pose long-
term challenges, which the old schemes are facing at
present.
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Fig. 3. Public water supply network and distribution of DTWS

Natural calamities

Most of the water infrastructures in Indian cities
lack resilience to disasters due to their poor engineer-
ing design and management [9]. Occurrence of heavy
rains followed by landslides damages the vital com-
ponents, such as main pipeline through which water
is pumped to various reservoirs. Restoration work of
such damaged pipeline in the landslide hit area takes
a considerably longer time leading to suspension of
water supply for more than sixty days [37].

Declining water resources

The Deep Tube Well Schemes (DTWS) being
developed in the course of time indicates that such
small schemes are important in areas devoid of mega
public water supply systems. This has led to heavy

extraction of ground water to cater to the needs of
ever increasing demands consequent upon declining
ground water levels. The declining trend of ground
water resources results in uninterrupted supply of wa-
ter to households and even temporary suspension of
supply. Some of the DTWS, particularly in the east-
ern part of the city, get defunct over time due to low-
ering of water table and authorities takes the respon-
sibility to find another location of water source to re-
sume water supply. It however takes a considerable
time for resumption of water supply and no alternate
supply is available during such period of restoration.

In this way a variety of challenges emerges be-
fore the providers of urban water supply, viz. politi-
cal, natural, manmade, etc, towards aiming at ensur-
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ing water security for the dwellers of Guwabhati city.

Problems of Water Security among the Con-
sumers

Quantity of Water Supplied at households

In developing countries water quantity received
at households from the urban water system varies
across its different command or supplied areas [2,
44]. The water supply patterns in Guwahati vary
among different water supply schemes as testified by
consumers during field survey. Nature of water sup-
ply to households is intermittent as all the schemes
operating in the city are able to provide three or four
times only per week, except the SWGWSP and
SCGWSP. In the past (at least 10-15 years back) re-
spondents obtained water daily, but now water is sup-
plied to households thrice a day or sometimes twice

(during various crisis situation) due to increasing
household connections from water supply system. To
maintain equity for all households intermittent supply
strategy is adopted by providing water in phases at
different time period (morning and evening) of the
day with limited hours of supply. Sometimes due to
scarcity of water resources intermittent supply ser-
vice has become the norm [20]. However, in the pre-
sent study intermittency has been associated with in-
adequate infrastructures. Earlier the frequency of wa-
ter supply in a day was twice, but now for the last
many years it has reduced to just once and that too
with uncertain time of the day. As the water supply to
households is not regular, the city dwellers often have
to reschedule their activities or to wait for resumption
of water flow in taps.

Table 2
Daily water availability patterns at household level in Guwabhati city
Average Average range | Average Fre-
Number of | number of | of number of | hours of | quency of Time
Water supply . . .
sampled days water | liters in a sin- | water sup- water of water
schemes X . . e
households | received gle supply per ply (in supply in | availability
per week day minutes) a day
Panbazar 67 3 400- above 45-90 1 Morning &
3000 evening
Satpukhuri 84 3 300-3000 40-90 1 Mid-morning
& evening
Kamakhya 23 4 500-2500 30-50 1-2 Mid-morning
& evening
Lichubagan, Heng- .
erabari (ZRWSS) 19 4 800-4000 60-120 1 Me‘)vr:;?f &
(GMDW& SB) &
Sadilapur, Jalukbari Morning &
(SWGWSP) 25 7 1500 60-90 1-2 evening
Kharghuli, Uzanba- Morning &
zar (SCGWSP) 24 7 1500 60-80 1-2 evening
DTWS-GMC- Morning &
WWW 19 3 500-1500 40-50 1 evening
DTWS-PHED-I 178 3 200-1500 30-60 1o | Moming&
evening
DTWS-PHED-II 67 3 200-1500 40-60 1-2 Morning &
evening

Source: Primary Survey, 2022-23

The households obtaining volume of water from
a shared scheme varies in such a way that some
households receive more than 3000 liters in a single
supply, while some others with less than 500 liters.
Such a low quantity of water to some households is
found in the case of Panbazar and Satpukhuri water
supply schemes. The households close to the water
reservoir get adequate pressure in pipes and therefore
receive water more than the national standard (135
Ipcd). However, in the middle part and tail end part
of the distribution system water availability gradually
reduces due to poor pressure in the pipes. This phe-

nomenon is attributed to household connection more
than its designed capacity, water theft in the upper
part (zone I) by installing booster in taps, illegal con-
nection and unnoticed cracks and leakages in pipes.
Water availability at the households for the tail end
part goes down to 300-400 liters per day for a 4-5
family size, and also provided only thrice a week, de-
manding family members to use water conservatively
and compromise sanitation. Water is provided once
for a maximum of 90 minutes to the tail end part of
the distribution system, while the households close to
reservoir receives water more than 3000 liters in less

-383-



Cepisi «[eonoezisi. [eozpadgbisi. Exonoeisiy, 2024, sunyck 61

than 45 minutes. The remaining water in the pipes of
distribution system flows to the tail end with least
pressure which last for 90 minutes to those house-
holds. Similar is the case with respect to Kamakhya
water scheme and ZRWSS, where quantity of water
obtained at households varies significantly. The
DTWS also provides water in similar pattern. Some-
times it is provided twice a day. This practice howe-
ver allows recharging of ground water. Contrastingly,
the consumers of new water supply projects get

adequate volume of water daily. The SWGWSP and
SCGWSP provide water twice a day so that all house-
holds of these this projects get equal volume of water
unlike the old schemes in the city. Moreover, these
two projects are supplying water daily to ensure wa-
ter security. Therefore, it is evident that there exists a
marked disparity of water availability among the
households even drawing water from similar shared
schemes.

The prevalence of disparities in household water

Table 3
Disparity in water availability at households within a scheme in Guwabhati city
Zone I Zone 11 Zone IIT
Water supply No. of sam- Average No. of Average No. of Average
Schemes/Project pled house- wafer sampled wafer sampled wa?er
holds obtained households obtained households obtained
(in lpcd) (in Ipcd) (in Ipcd)
Panbazar 24 188 20 100 23 50
Satpukhuri 27 170 30 80 27 38
Kamakhya 7 157 7 125 9 63
Lichubagan, Heng-
erabari (ZRWSS) 7 182 6 110 6 80
(GMDW& SB)
Sadilapur, Jalukbari
(SWGWSP) 10 250 7 188 8 167
Kharghuli, Uzanbazar
(SCGWSP) 8 220 8 180 8 165
DTWS- GMC-WWW 6 120 7 95 6 45
DTWS- PHED-I 61 110 59 78 58 43
DTWS- PHED- II 23 125 21 100 23 65
Total 173 170 165 118 168 80

Source: Primary Survey, 2022-23.

availability, measured in liters per capita per day
(Ipcd) sourced from municipal supplies, is a notable
phenomenon observed not only in India but also in
other developing nations [38]. Guwahati city is fac-
ing uneven distribution of water supply with substan-
tial variation in per capita, supply hours and water
pressure. This inequality in water availability is a
function of slope and distance from the service reser-
voirs. The households located at higher elevation
than the reservoir receive relatively less volume of
water due to decreased pressure. However, mechani-
cal water pumping system can help address this issue,
a practice which is confined to only few locales due
to the cost implications. The households located at
higher elevation than the service reservoirs adopt this
technique to maintain adequate pressure in pipes.
The households categorized as Zone 1 generally
tend to have desired pressure in pipes and therefore
obtain adequate water. These households on an aver-
age obtain 170 Ipcd, which is above the national
standards (135 Ipcd) for maintaining proper health,
sanitation and hygiene (Table 3). Although water is

not provided daily, the households located in this
zone are able to suffice their daily water needs by col-
lecting and storing it for dry pipe days. The interme-
diate zone (Zone II) tends to have decreased pressure
in pipes with consequent decrease in volume of water
obtained by the households. This decreased pressure
is attributed to increased number of house service
connection in the initial part (Zone I) of the distribu-
tion system. The average water obtained in this inter-
mediate zone is 118 Ipcd. However, there is marked
disparity between the schemes, where the water ob-
tained is less than 100 Ipcd in the Satpukhuri and
DTWS (GMC and PHED-I) (Table 3). Moreover, the
households connected to the SWGWSP and
SCGWSP are able to obtain adequate water despite
increasing distance from service reservoirs due to
their efficient supply system. It has become a chal-
lenge for the households to cope with low volume of
water obtained in zone II. In contrary to Zone I, the
Zone III (tail end) part of the distribution system has
the least pressure in pipes due to greater number of
connections and leakages in the upper part. The
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households falling into this zone endure with the sup-
ply system as they obtain the lowest volume of water
with an average of 80 Ipcd. Hence, the distance from
the service reservoirs plays an important role in keep-
ing inequality of water quantity per capita and the chal-
lenges of inadequacy within an urban water system.

Quality of Supply Water at households

The health and wellbeing of an individual de-
pends upon the quality of water consumed. However,
lack of adequate supply of safe drinking water among
the people in most of the developing nations greatly
affects their welfare and development. [31]. But the
irony is that today more than 50% of the global city
dwellers do not have access to safe water [41]. In the
case of Guwahati city its distribution network is char-
acterized by ageing pipelines, corrosion and leaching
of pipe materials, intrusion of contaminants and un-
wanted solid particles through cracks and leakages,
formation of biofilm in the pipes, etc. All these issues

affect the water quality in varying spatio-temporal
terms [11, 35]. The water quality is also found to vary
within the distribution systems of three supply zones
(Table 4) from service reservoirs to the consumer taps.

The most common pollutants and problems de-
tected in the supply water of Guwahati city include
Total dissolved solids, Total hardness, Calcium, Re-
sidual chlorine, Magnesium, Iron, Fluoride and Tur-
bidity as well as bacterial contamination [16]. The pH
value, another crucial parameter in water chemistry,
was also analyzed to measure its alkalinity level. The
above mentioned issues in supply water are not visi-
ble to the naked eyes, excepting chlorine, iron and
turbidity, which can be distinguished by the consum-
ers. The ageing water networks are the pathways for
intrusion of unwanted contaminants (solid and liquid
particles) through cracks and leakages and formation
of biofilm due to intermittent nature of water supply
[4,35].

Table 4
Spatial variation in water quality at households within a distribution system
Water Supply Schemes/Project
Water R
Quality ) — § =
: | % |3
x |2 | = § - =
Sg| 2 | § - a2 | &
P a2 s _ S % = = Total
= « S S A A an s
5 = | ¥z | 22| 22 © A A
S S | 2 | 252|588 82| & | & | &
Zones 2 2 s | 2 =2 §0 = = =
E £ 5 | 25 % S| EQ | E - =
Mean Concentration (mg/L and NTU)
g | Chlorine | 75 97 | 6.8 5.4 24 | 26 34 | 35 | 39 | 5.02
N | Turbidity | 3.91 3.66 3.1 3.61 347 | 3.12 034 | 097 | 095 | 2.57
Iron 0.14 0.21 0.1 0.15 0.08 | 0.11 0.64 | 087 | 0.74 | 033
o Chlorine 0.31 0.54 | 0.26 0.37 038 | 0.29 054 | 046 | 0.27 0.49
E =| Turbidity | 4.87 3.74 | 2.98 2.58 411 | 4.16 0.74 | 0.81 | 0.84 | 2.76
Iron 0.1 0.1 0.07 0.07 0.05 | 0.08 0.59 | 047 | 064 | 0.24
o Chlorine 0.09 0.02 | 0.19 0.21 026 | 0.21 031 | 028 | 0.11 0.18
é = | Turbidity | 4.91 5.24 4.1 3.14 413 | 3.97 081 | 072 | 087 | 3.10
Iron 0.08 0.11 0.1 0.07 0.06 | 0.08 0.61 | 056 | 0.63 | 025

Source: Primary survey, 2022-23

Reliability of supply at households

Reliability of supply water is measured with re-
spect to its adequacy in quantity and quality. Unreli-
ability in water supply is mitigated through various
coping strategies adopted by the consumers [44].
Many of the households in the city have devised some
alternative ways to enhance water security besides
municipal water, which illustrate about the responses
to unreliability of water supply in Guwahati.

Extraction of ground water in Guwahati city has

exceeded the safe limit with more than 65% of the
populations derive water from it, as a common pool
resource [ 19]. Many residents go for digging of wells
as their first option and this strategy is being em-
ployed exclusively by majority of the households
across the city (Table 5). As there are numerous op-
tions, the city residents use more than one strategy,
some are adopted by larger number of households
and others are chosen by only a few depending on
their feasibility. Although zone I obtains adequate
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Table 5
Accommodating water supply unreliability at household level in Guwahati
Water Supply Schemes/Project
Coping -
. ~ S
Mechanisms § % 5 =
< 5 E § - n
Na ' = =
; -t% Z|/=_| ¢ | 8| E
. | % S | §8% | =7z | S5 5 | E | E
s = = s 82 2 s | = . 1 !
Zones 2 2 £ £ == | §0 = = =
= = Se2> | B2 S0
S 5 S 235 | 85| =% = = =
- n N~ T | - 2 =) a a
Households (in %)
Dug wells 3751 | 39.14 | 3.61 2136 | 1421 | 3124 | 3121 | 1131 | 32.14
Tube wells | 9.62 | 1452 | 0.00 1127 | 15.63 | 21.62 | 2152 | 1653 | 28.74
Communal | 55 | 500 | 0.00 2.31 0.00 | 1121 | 0.00 | 000 | 0.00
bore hole
_ | Bwingof T g00 | 124 | 954 | 1521 | 000 | 1421 | 1024 | 1521 | 3.64
5 water
2 .
g | Storingof 01 | 1362 | 1752 | 000 | 000 | 000 | 1412 | 852 | 6.74
water
Ramwater | 1515 | 135 | 21.19 19.87 0.00 | 1325 | 987 |17.21 | 1542
harvesting
Conserva-
tional be- 0.00 | 0.00 | 1587 12.31 0.00 | 8.87 | 1524 | 1236 | 27.21
havior of
water use
Dug wells 4631 | 5126 | 621 38.12 | 19.87 | 43.64 | 2663 | 1634 | 33.34
Tube wells | 11.62 | 21.63 | 3.51 21.23 863 | 1951 | 862 | 1854 | 16.92
Communal | o7 | ¢4 | (00 8.74 0.00 | 1026 | 0.00 | 000 | 2534
bore hole
Buyingof | 150 | 2163 | 830 2510 | 0.00 | 21.60 | 1231 | 18.67 | 18.54
— water
g Storingof | 3y 55 | 2758 | 3824 37.21 0.00 | 21.14 | 2654 | 3025 | 26.34
N waj[er
Rain water | 14 ¢ | 5587 | 3125 30.21 0.00 | 18.79 | 18.63 | 27.89 | 31.25
harvesting
Conserva-
tional be- 987 | 6.87 | 20.14 10.35 0.00 | 1032 | 2031 | 13.64 | 25.17
havior of
water use
Dug wells 6521 | 68.76 | 20.15 50.16 | 1024 | 45.64 | 35.16 | 40.12 | 37.25
Tube wells | 18.67 | 20.85 | 8.74 3024 | 1523 | 30.14 | 1426 | 2587 | 21.37
Communal |\ 27 | 5514 | 0.00 20.10 | 0.00 | 1896 | 0.00 | 0.00 | 3.54
bore hole
ngelfg of | 5062 | 30.14 | 534 35.45 0.00 | 2756 | 13.65 | 24.63 | 26.36
o | Storingof 1 45 sl 3708 | 5331 | 6878 | 1034 | 35.60 | 4125 | 6332 | 5825
IS water
ﬁam water | 4560 | 1558 | 23.34 38.25 0.00 | 35.63 | 4835 | 4636 | 3537
arvesting
Conserva-
tional be- 33.32 | 35.63 | 34.85 4125 | 1036 | 27.89 | 2528 | 23.68 | 29.68
havior of
water use
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water from municipal supply, dug-well is used to en-
joy liberal washing and cleaning by a large number
of households than other options. But, with increas-
ing distance from service reservoirs the dependence
on dug wells/tube wells increases due to decrease in
the quantity of water obtained from municipal supply
(Table 5). These sources supplement shortages to
some extent on daily basis. Storing of water and rain
water harvesting are also found to comparatively
higher in zone II. Small storages like drums, cans and
buckets are used to store municipal water for emer-
gency requirement or at the times of supply interrup-
tion. The use of strategies among the consumers in
zone 111 is found to be more than the other zones (Ta-
ble 5). Conservational attitude of water usage is also
much higher at the extreme parts of water supply net-
works. The households categorized in this zone prac-
tice storing of water as a precautionary measure for
dry pipe days. It needs to be mentioned here that the
households connected to the SWGWSP are equipped
with sufficient water provisions, and to supplement
shortages in the case of extreme events the shallow
depths of ground water in western part of the city suf-
fice the crisis.

The study reveals that more than 63% city
dwellers uses electronic water purifiers. Of these
households, 56% use chlorination (bleaching pow-
der) in their over head tanks to prevent bacterial con-
tamination and this is more prevalent in households
with increasing distance from the service reservoirs.
These households practice this method, because the
officials of water authorities have suggested them to
use it to prevent possible contamination. Another
20% of the households filters water through conven-
tional filtration systems, typically equipped with can-
dles. Around 14% of households purify water through
boiling in view of its health outcomes. More than 3%
of'the city households spend extra money on purchas-
ing packaged mineral water exclusively for drinking
purposes with a view to remain safe from water-
borne diseases. The packaged mineral water has so
far reported no adverse effects and hence some rich
people confidently consume this packaged water. It is
therefore clear that the city dwellers practice different
alternative ways to enhance water quality depending
on their capability, feasibility and practicability.

Accessibility of water supply

One of the key determinants of health outcomes

3%

Strategies opted for enhancing water quality

m Electronic water
purifiers

m Conventional filtration
systems

m Boiling of filtrated
water

u Purchasing of packaged
mineral drinking water

Fig. 4. Strategies devised by households to enhance water quality

is access to clean and adequate water among the city
dwellers in relation to socio-economic background.
However, there remains a challenge among the con-
sumers in achieving equitable access to water. Empir-
ical studies conducted in this respect reveal that eco-
nomic differentials are the root cause of such unequal
access to municipal water, apart from location of
households away from water supply systems [26, 29].
Although municipal water supply network is con-
fined into some parts of the city, all households
within the command area has do not have access to
it. In fact, a large proportion of low income house-
holds is deprived of required access to municipal

water. Contrastingly, although the high income
households can easily afford the cost of water supply,
the water supply networks still remains inaccessible
to those households. Such circumstances indicate that
affordability alone cannot necessarily be always cor-
related with accessibility.

The household survey further reveals that the so-
cio-economic factors like education, household size,
age and gender of the household head, income, etc
plays a significant role in procuring municipal water
connection [1, 26]. However, in Guwabhati city ac-
cessing water from the urban water supply systems is
primarily determined by wealth of the households.
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However, there are few households in the city which
despite low income have access to water supply. In
fact, such households took municipal water supply
connection long back during the periods of compara-
tively better incomes. It is further observed that the
higher income households with large family size or
large number of water users, such as tenants in rental

properties, avail water service connection with larger
diameters in attempt to ensure adequate volume of
water for all. Hence, variation in income level among
the city dwellers greatly influences the degree of ac-
cess and adequacy of water in different parts of Gu-
wabhati city.

Water accessibility, which is defined as the abi-

Table 6
Spatial variation in accessibility of water supply at households
Water supply Schemes/Project Households obtaining adequate water (in %)
Panbazar 41.80
Satpukhuri 32.14
Kamakhya 34.78
Lichubagan, Hengerabari (ZRWSS) (GMDW& SB) 42.10
Sadilapur, Jalukbari (SWGWSP) 100.00
Kharghuli, Uzanbazar (SCGWSP) 100.00
DTWS- GMC-WWW 31.57
DTWS- PHED-I 55.06
DTWS- PHED- 11 32.83
Total 48.62

Source: Primary Survey, 2022-23.

lity of households to ensure adequate quantity of wa-
ter at an affordable price, [1, 2] varies spatially at
household level across Guwahati city among differ-
ent water supply schemes. The household survey re-
veals that more than 50% are challenged with inade-
quacy of required water (Table 6). It is observed that
the newly established residential high rise complexes
in the western and north-eastern parts of the city are
benefited with adequate supply of water from
SWGWSP and SCGWSP respectively. But, the re-
maining water supply schemes in the city can hardly
provide sufficient water to 50% of the households un-
der their command. As the old and conventional wa-
ter supply schemes are functioning mostly below
their designed capacitys—to supply water to the con-
sumers exceeding the production capacity, the vol-
ume of water supply mostly remains insufficient to
the users leading. Hence, to ensure equitable access
to water, the supply schemes should be thoroughly
renovated and properly maintained by overcoming all
challenges arising from their infrastructural inade-
quacy.

Besides the above, an analysis of multiple di-
mensions of water security status in Guwahati city re-
veals that the municipal water supply system is still
inadequate for the city households particularly in
terms of quantity.

Conclusion

The foregoing analysis reveals that the urban
water system in Guwahatihas been struggling with
multiple deficiencies, resulting in low accessibility,
poor quality and compromised reliability of water
supply. The water production level is significantly

below their designed capacity due to ageing of water
plants and lack of proper management practices con-
tributing to only 34% of the city population having
access to urban water system. Additionally, leakage
in the distribution system has greatly affected the
quantity and quality of water obtained at households,
reducing reliability on urban water supply. Such a sit-
uation is indicative of the fact that the water supply
system is given least priority in the development
agenda of the city corporation. Considering the out-
lived urban water systems and slow development of
supply network in the recently commissioned water
supply projects, the city authority can propose a pol-
icy for decentralization of the water supply network
to cover more area and population. Such attempts can
address the sustainability of the system and ensure
water security among the city dwellers.

This study presents a detailed account on the
cause and effect of water insecurity with a view to
explore necessary coping strategies to overcome the
prevailing challenges of water deficiencies in the city
[21, 44]. The study based on household survey re-
veals the deficiency of the water supply system such
that 48% households in zone I do not meet the re-
quired minimum water supply standard of 135 Ipcd.
This has been largely attributed to lowering of water
table in the DTWS. This deficiency is even more
alarming in zone II and zone 111, where around 90%
households fall short of required standard of water
supply in the city.

It is, however, encouraging to find that the
SCGWSP and SWGWSP are in continuous effort to
expand the supply network in the areas deprived of
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urban water supply systems in Guwahati city. The
would certainly help increase household level water

Brahmaputra river water along with concerted
measures for rainwater harvesting, protection of sur-

supply connections and enhance access to urban wa-
ter for domestic use in the city. Moreover, the very
recent commissioning of more than 100 DTWS under
GMC-www can also increase the degree of access to
urban water supply in the city. However, there has
been great challenge on the part of the urban water
authorities concerned to keep track with continued
increase in the demand of water due to rapid city pop-
ulation growth along with the issues of industrializa-
tion and climate change. In view of such situation ef-
forts should be on to increase utilization of huge

face waterbodies and optimal use of groundwater in
the city. It is thus expected that such efforts along
with awareness campaign against wastage of water
and possible measures for waste water recycling
would go a long way in ensuring water security in
Guwabhati city.
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P03BHTOK MiCBKOi CHCTEMH BOJONOCTAaYaHHS HE BCTUTA€ 3a IIBUIAKHM 3POCTaHHSIM HACENCHHS B MicTax, 4epes3 L0
OUTBIIICTh MEMIKAHIIIB HE MAIOTh AOCTYIY A0 CHCTEMH BoAomocTadaHHs. Lle mociiKeHHs Mae Ha MeTi BUSBUTH IpO-
61eMu, OB’ A3aHi 3 MiICBKUMH CHCTEMaMH BOIOMOCTAadYaHHsI, TPoOIeMH 3 €(peKTHBHIUM BOIOTIOCTAYAHHSM i, SIK HACTIIJIOK,
BiJICYTHICTh BOZHOI O€3MEeKH B JOMOTOCIOAApCTBaX. BoHO po3rmsigae BogHy iHOPACTPYKTYpy B MICTi 3 MOMEHTY HOro
po3ButKy B 1930 pori B mpocTOpOBO-4acOBOMY KOHTEKCTi. Takok OyIto OmiHEeHO BIUIMB iCHYI0901 iHPpacTPyKTypH BOIO-
MOCTa4aHHs Ha CTaH BOAHOI Oe3reku qoMmorocmonapcTs. st Bizyamizarii IpocTOpoBOTO PO3MOAITY MiCEKHX BOIOIIPO-
BIZIHUX MEpexX y MicTi OyJ10 BUKOpUCTaHO nporpaMHe 3ade3nedenHs Google Earth Engine. st o6cTexxeHHs 1OMOTr0CIo-
JAPCTB Y TPHOX PI3HUX 30HAX OYJI0 MPUIHATO METONUKY IJICCIPIMOBAHOTO BiJOOPY HAa OCHOBI BiICTaHI Bi/l BOJIOCXOBHIIL,
HAXMIY, MICTKOCTI BOJOCXOBHIIA T4 KUTBKOCTI MiAKIIOUEHBb JOMOTOCIIONAPCTB A0 BOAOHM. Bubip momorocmomapcts 3
PI3HHUX 30H 32 KOXKHOKO CXEMOIO 3/I1CHIOBABCS HAa OCHOBI CIIOXKHMBAaYiB MIChKOT BOJOIPOBITHOT CHCTEMH Ta CTaHy BOI03a-
6esneuenocti. CTaH BOJHOI OE3MEKH TOMOTOCIIONAPCTB OLIHIOBABCS 32 ii CKIIQJOBUMH, KUTBKICTIO, SKICTIO, HAIHHICTIO
Ta noctymnHicTio. Bogna indpacTpykrypa Oymna HeageKBaTHOIO MPOTIATOM Ty’Ke TPHBAJIOTO Yacy, JIHIIE OfHA TPETHHA Ha-
CEJICHHS MaJia IOCTYTI IO MiCBKHX CHCTEM BOJONOCTaYaHHsL. JlOMOTOCIIOAAPCTBA ITOBIJOMHMIIH, IO i ABUIICHHS KITBKOCTI
Ta SIKOCTI BOIH, SAKi € )XUTTEBO BXJIMBUMH acIIeKTaMH BOIHO1 OE3I1EKH, BUMAarae 3aCTOCYBaHHS PI3HOMaHITHHX CTPATETii,
CIPUYHHSE 3HAYHI BUTPATH Ta CTABUTH MiJ 3arpo3y Ko0poOyT. KpiM Toro, icCHYI0Th IPOCTOPOBI Bapiallii B KUTBKOCTI Ta
SIKOCT1 BOJIH, OTPUMAHOI 32 CITUTBHOIO CXEMOIO 31 301IBIIICHHAM BiJICTaHi BiJ pe3epByapiB o0CIyroByBaHH:/3aBodiB. Kpim
TOTO, TIOPSAA 13 HU3BKOIO HAJIHHICTIO Ta JOCTYIHICTIO CXE€M BOJOIOCTAYaHHS JIOMOTOCIOAAPCTB, TAKOXK OyJIN BUSBICHI
BIZIMIHHOCTI MK PI3HHMH CXeMaMH BOJIOIIOCTa4aHHs. Y CTaTTi BIEpIIE aHANI3y€e€ThCs CTAaH MIChKOT BOJHOI Oe3NeKH Ta
OB’ sI3aHi 3 MM BUKJIMKY B MICTI 32 JIOTIOMOTOI0 NMEPBHUHHUX JaHUX Ta iH(opmauii npo BoaHy iHdpacTpykTypy. [Ipakru-
YHA I[[IHHICTh JOCIIKCHHS MOJIArae B MOKJIMBOCTI BUSIBIICHHSI TPOCTOPOBOI Bapiailii KTbKOCTI Ta SKOCTI BOJH, OTPHMa-
HOI B JIOMOTOCIIO/IAPCTBAX, HE3BAXKAIOUH Ha CIIJIbHY CXeMy ab0 CHCTEMY, SIKY MOYKHA ITPOBOJIMTH B IHIIUX JIOCIIKEHHSIX
KpaiH, 1110 PO3BUBAIOTHCS. Pe3ylbTaTn JOCIHIIKEHHS € 3HaUYyIMMHU B KOHTEKCTI OOIPYHTYBaHHsI 3aX0/(iB IIOA0 CTpareril
BOJHOI O€3MeKH Ha IHAMBITyaJbHOMY PiBHI.

Knrouoegi cnosa: I'veaxami, cxema 6000nocmayanHs, KilbKicms, AKicmy, 80003a0e3neyenicmb.
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