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SUSTAINABLE URBAN INFRASTRUCTURAL DEVELOPMENT FOR S MART CITY
IN GUWAHATI, INDIA

The Smart City Mission of Guwabhati plains to leveraity’s unique locational advantages to estalitisllominance and
serve as the hub for the entire North-Eastern regial become a world-class destination in ternmewism, business, trade, educa-
tion and health. To achieve this, the mission plangse the city’s rich cultural heritage and naltlreauty as the key anchors not
only for attracting tourists, but also to help certvthe city’s present infrastructure challengde wpportunities. The main objective
of the study is to analyse the presence of basiaruinfrastructural facilities necessary for sustble smart city.The stratified ran-
dom sampling of houses in each 31 wards of theystwela was conducted using the questionnaires oheffi® findings includes
that public transport has increased approximatetynf10 to 30 per cent. Under Jawaharlal Nehru UrBamewal Mission
(JNNURM) Phase-1 funding 200 buses have been adjuirereasing city’s bus fleet to nearly 2500. Wasalle markets, Inter State
Bus Terminus (ISBT) have been shifted to outskirtseacongest the city. At present 40 percent hapedpivater supply for 1 hour a
day. City engages NGO's for door to door solid wasitiéection, which is transported by GPS enablducles. CCTV Cameras are
getting installed at 18 identified locations. GMQuggrading street lighting infrastructure i.e. LBBd Solar lights. 2.59 lakhs hous-
es and construction of metro was proposed in Gutiviester Plan 2025. Bio-Metric attendance machimeagperational in almost
all government offices. Water pump are used tol¢aitle flash flood.

Keywords infrastructure, development, smart city, transgtoon, flood, water supply, Guwahati.

Miinz I'spa Bacymamapi, Cybxaw Anano. CTAJTHH PO3BHTOK MICBKOI IH®PACTPYKTYPH JJJIA CMAPT-CITI
B I'VBAXATI, IH]TIA

Micist cmapT-citi Ha piBHUHI [ 'yBaxaTi BUKOPHCTOBYE YHIKAJIbHI JIOKaJIbHI IIEpeBary MicTa, 100 BCTAHOBUTH CBOE ITAHYBAHHS
Ta CIY>KUTH LEHTPOM BCHOTO MIBHIYHO-CXiJHOTO PEriOHy 1 CTaTH MiCIIEM CBITOBOTO KJIacy 3 TOUYKH 30py TypH3My, Oi3Hecy, TOpriBii,
OCBITH i OXOpPOHH 370pOB'si. [Iisl OCSITHEHHS [[bOTO MICis [UIaHy€e BUKOPHCTOBYBATH OaraTy KyJIbTypHY CHAIUIMHY | IPHPOAHY Kpa-
Cy MicTa SIK KJIFOYOBi OCHOBH HE TIIBKH JUIsl 3aJIydeHHs TYPUCTIB, a i JJIs EpeTBOPEHHS CydacHUX IpobieM iHpacTpyKTypu Micta
B MOXJIMBOCTI. OCHOBHOIO METOIO IOCII/DKEHHSI € aHaji3 HasBHOCTI OCHOBHHX MICHKHX iH(PPACTPYKTYpPHHX 00'€KTiB, HEOOXiTHHX
IUTSL CTAJIOTO PO3BUTKY cMapT-citi. CTpaTrdikoBany BUMaaAKOBY BUOIpKy OyauHKiB y 31 BiainieHHi 1OCIiIKYBaHOTO paifoHy IpOBO-
UM METOJIOM aHKeT. Pe3ynpTaTi MOCHiIKEHHs CBi4aTh, IO TPOMAJACHKUIl TpaHcmopT 30umbmiuBes npubmmsuo 3 10% no 30%.
Mono ¢inancyBanns Mmicii Micbkoro BimHoBieHHs [xaBaxapnana Hepy, da3za-1, 6ymo nmpunbano 200 aBToOyciB, mo 30116110
KiJBKICTh aBTOOYCIB MicTa 1o Maibke 2500.0nToBI pHHKH, MDKHAPOAHHH aBTOOYCHUH TepMiHal Oyin IepeHeceHi Ha OKOJIHL, 00
po3BaHTaXUTH MicTo. B nanmii wac 40%micTa Mae BogonpoBinHy Boxy rmo 1 roauni Ha neHb. MicTo npuBabmoe HEYPSIOBI OpraHi-
3amii 11t 300py TBEpAUX BIAXOMIB <«BilI JBEpel O ABEpei», siKi mepeBo3sAThes 3a nonoMorolo GPStpancnopranx 3aco6is. GMC
MOJIepHi3ye iHPPACTPYKTYpy BYJIHYHOTO OCBITIICHHS, TOOTO CBITJIOJIO/AHE i COHsTuHE OcBiTieHHs. Y ['eHepaibHOMY rutani ['yBaxari
1o 2025poky Gyso 3anpornoHoBaHo OyaiBHULTBO 2,59THCsY OyAMHKIB i METPO, a Tako)k Oarato iHIIMX HOBOBBEICHb.

Kniouogi cnosa: indpactpykrypa, po3BUTOK, CMapT-CiTi, IEpeBE3CHHs, MOBiHb, BOAONOCTa4aHHs, [ 'yBaxari.

Muunz I'spa Bacymamapu, Cy6xaw Anand. YCTOHYUBOE PA3BHTHE I'OPOJCKOYH HH®PACTPYKTYPHBI JVIA
CMAPT-CHTH B I'YBAXATH, HH/THA

Muccust cMapT-CHTH Ha paBHHHE ['yBaxaTH UCIONB3yeT YHUKAIBHEIE JIOKAIbHBIE IPEHMYIECTBA FOPOJia, YTOOBI yCTAaHOBHUTh
CBOE T'OCTIOZICTBO U CIIY)KUTB IIEHTPOM BCETO CEBEPO-BOCTOYHOTO PETHOHA M CTaTh MECTOM MUPOBOTO KJlacca C TOUKH 3PEHHS Typu3-
Ma, Ou3Heca, TOpProBiM, 00pa3oBaHUs U 34paBOOXpaHeHHs. [ JOCTIKEHUS STOT0 MUCCHUS IUIAHUPYET UCIOJIb30BaTh 00raToe KyJb-
TYpHOE Hacjeue ¥ MPUPOAHYIO KPAacoTy roposia KaK KIIIOUeBbIe ONOPBI HE TOJIBKO JUIS MPUBJICUYEHUS TYpPUCTOB, HO U JUIs Ipeodpa-
30BaHUS COBPEMEHHBIX MPOoOIeM MH(PACTPYKTypbl Topojia B BO3MOKHOCTUH. OCHOBHOW LIEJIbIO UCCIICIO0BAHUS SABJISACTCS aHAIN3 Ha-
JIMYUSL OCHOBHBIX TOPOACKUX MH(PACTPYKTYPHBIX 0OBEKTOB, HEOOXOAUMBIX JUIsl YCTOHYMBOTO pa3sBUTHS cMapT-cuTH. CTpaTnduim-
POBaHHYIO CIIyJaifHyI0 BBIOOPKY JOMOB B 31 oTIeneHun ucciexyeMoro paifoHa MpoBOMMIM METOIOM aHKeT. Pe3ynbTaTsl uccieno-
BaHHUS CBUACTEIBCTBYIOT O TOM, YTO OOIIECTBEHHBIH TpaHCHOpT yBenuauics npuMepHo ¢ 10% xo 30%. [To ¢punancupoBaHUIO MHC-
CHH TOpOJICKOr0 BoccTaHoBieHHs [IkaBaxapnana Hepy, ¢asa-1, 6sut0 nprobpereno 200 aBToOycOB, U4TO yBEIMUYHIO KOJIMYECTBO
aBTOOycOB roposa k nouru 2500.0nToBEIE PHIHKH, MEXKTyHAPOIHBIN aBTOOYCHBIH TepMHUHA OBLIN IIEPEHECEHB! Ha OKPAHHBI, YTOOBI
pasrpys3utb ropoj. B Hacrosiee Bpems 40%ropoa uMeeT BOJOIPOBOAHYIO Boy 10 1 yacy B eHb.

© Basumatary M.G., Anand S., 2018
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T'opox npuBieKaeT HENPAaBUTEIbCTBEHHbIE OPTaHM3aLMK JUIsl cOOpa TBEPJIBbIX OTXOIOB «OT ABEPH K JIBEpU», KOTOPHIE Nepe-
Bo3sTcsl ¢ momotupio GPStpancnoprasix cpencts. GMC monepunsupyer HHGPACTPYKTYpY YIHYHOTO OCBELICHHS, TO €CTh CBETO-
JIMOHOE U coHeyHoe ocsernenne. B ['enepansnom mmane ['yBaxaru mo 2025rona 6puI0 MpeioxKeHO CTPOUTENLCTBO 2,59 ThICSY

JAOMOB U METPO, a TAKIKC MHOTHUEC IPYTrU€ HOBOBBCACHUA.

Knrouesvie cnosa: nHGpacTpyKTypa, pa3BUTHE, CMapT-CUTH, TIEPEBO3Ka, HABOJHEHHE, BOJOCHA0KeHHE, | yBaxaTH.

1. Introduction. Today, rapid urban growth is a

to derive the growth in economic sector and to dprin

worldwide phenomenon and the developing countriesgrowth and development in the life of citizens. Blev
experiences an unprecedented growth in their citiesopments in the local region are undertaken by adgpt

(Tungnung and Anand, 2016). The population growth,

urbanization and environmental challenges espgdciiall
urban cities of India are pushing urban infrasuites to

technology and encouraging the city that offer ¢bee
infrastructure. There is expectation that the soatde
environment and decent quality of life will be @itd

sustain the resources and balance the supply demandith the introduction of the Smart city missionlimdia.

(Sen et al., 2016)rhe infrastructure in the smart city is
the prior and major works establishment for intridg
outline of smart city framework and infrastructuie@®
considered as a central piece of the Smart Citytecid
nology is the enabler that makes it possible (Moanzo
2015).

Infrastructure in the smart city include those anfr
structures which can access to better public ti@tap
tion, reduced traffic congestion, safer living, etgf

The Mission wants to create a replicable model twhic
will act a light house to other aspiring cities (4itry of
Housing and Urban Affairs, 2017). The present Gov-
ernment of India has decided to select the 10@<cibif
the country to develop into smart city. There vk
competition among Indian cities to develop in theag
city based on its level of development, revenueegen
tion and problems. The final decision for selectigil

be taken by the central governme®nart city mission is

against natural disaster, water and waste manadgemerthe great step towards building the world classaseble

and easy access to all other basic infrastructack ea
governance.

cities. India has numerous cities that are suffefiom the
basic necessities such as shortage of water, pawpgtly,

The concept and definition of the smart city varies sanitation and housing (Basumatary and Anand, 2016)

from city to city and country to country. It is fireed
according to its level of development, attituddtsfresi-
dents and their aspiration to change, availabiityeve-
nues, resources and problems. In the last two éscad
the concept of “smart city” has become more andemor
popular in scientific literature and internationualicies
(Albino et al., 2015). The California Institute f&mart
Communities was among the first to focus on how-com

With the application of the Information Communicati
System (ICT) the mission aims to meet the requirgme
of efficient service in the urban areas. In conlagys its
success will be analysed by its ability to lesdem gap
between rich and poor class in sociefhe smart cities
mission along with the convergence with Atal Missio
for Rejuvenation and Urban Transformation (AMRUT),
Housing for All and various other missions and scag

munities could become smart and how a city could beare expected to bring many benefits in the society.

designed to implement information technologies {Ala
wadhi et al., 2012).It boosts the performance ef shr-
vice in city by dropping rate of consumption arsl eix-
penses. The various application of smart technology
the city are in the sector of transportation, tetaivices,
energy management, water supply, retail, disastar-m

As Guwabhati is the biggest city of north east India
and it is the hub and important centre of traden-co
merce, education, medicine and tourism due tatrigtes
gic location, it is quite evident that populatiofitioe city
would continue to grow rapidly in the futu(€ity De-
velopment Plan, Guwahati, 200Bhe Guwahati city is

agement and many more. For contouring the real timefacing difficulty to match with the pace of escalgt

challenges and with the goal to bring positive gfgenin
the management of urban services smart solutiohi-app
cation is important. Infrastructure has several megs
depends on the term of context used in (Hadir amdizR
2009).

In Indian perspective, concept of Smart City isyver
new. Mission of the smart city has been launchethby
present Government of India on"23une 2015 (Roy,
2016). According to the Ministry of Housing and Erb
Affairs, Government of India, the definition of tkenart
city is such that smart city contains a picturevh list
of infrastructure and services that describes hisey
level of aspiration. To provide for the aspiratiossd
needs of the citizens, urban planners ideally airdea
veloping the entire urban eco-system, which is eepr
sented by the four pillars of comprehensive develop
ment-institutional, physical, social and economiéra-
structure. This can be a long term goal and citias

growing demands of the city services and its faedi It
suffers from flash flood, traffic congestion, shalitin
infrastructure, overcrowding, mushrooming of sluack

of drinking water and sanitation. Therefore, fog firop-

er planning and management, the application ofrinfo
tion Communication Technology becomes very signifi-
cant and crucial. The ICT and intelligent systerohsas
internet of things will boost the city serviceswil effi-
ciently manage the infrastructures of the cities fo
smooth communication and information delivery. The
traffic jamming and flash flood are the two majooip-
lems in the city. Each monsoon, with slight raihfal
roads get floods with water, this cause great dantag
properties and lives. The problem of traffic coniges
needs to be tackled with the application of ICTraffic
department and encouraging the people to traveutr
public transportation to avoid traffic jam. Thisoptem
can be solved by the introduction of the smartaistfruc-

work towards developing such comprehensive infra- ture in the city.

structure incrementally, adding on layers of “smart

2. Review of Literature. Chandrasekhar and Ven-

ness”.The main aims and objectives of the Mission are katesh, (2014), proposed the comprehensive idefa-on
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tures cape of where to begin the preparation foarm
cities. To begin with, making a city smart wouldju&e

it to develop people centric technological applmas.
The concept of harnessing the power of ICT for teve
opment and in particular for improving transpareaogd
governance is not new in India and this idea pesitte
idea of building smart cities.

Asensio et al., (2015), described that in the,city
there are several substances, many of them unsgen b
important; this is the case of signals. Signalscamsid-
ered matter with reduced technological attentian, ib
their paper they proved that making them smartiand
tegrating in the 10T (Internet of Thing) might beedated
contribution to the Smart City.

tres. 2) Collaborative Response Efforts: It is afra-
structural response that allows organisations ke -
tion in one system based on data coming from anothe
for example, if a system indicates that vehiclstaden, it
should automatically marshal nearby cameras toucapt
video of the driver. Data Integrity will mean thatd is
encrypted to manage data sharing over unsecures. lin
Smart Cities are not merely concerning about piagid
ease, but also minimizing the impact of likely sita-
phe.

Sridhar, (2015), emphasis on the use of ICT equip-
ment such as GIS position and coordinates of bimts a
dumping sites, GPS enabled vehicles, automaticyerod
tion of status (bins picked/ bins unpicked) of eotlon,

Chandrasekhar, (2015), believes that India have toproviding an online monitoring mechanism; optimigin

influence technology in favour of the digital Gonance

in Smart Cities in India. He draws the attentiowdods

the digital governance for efficient developmenarial
involvement where there can be digital, is what$eto
inefficiencies, underutilization and leakages. Téeh-
nology can be leveraged to govern our cities foreno
successfully and make them in fact world class. The
government wish to make an integrated information i
frastructure that will develop, integrate and erdgathe
utility services to have a broader outreach.

Bhasin, (2015), focuses on security alarm above the

forthcoming smart cities in India. Some of the maech
nisms and interventions allowed for a safety arwlised
city according to him include 1) Tele-Surveillandehe
system maintains their availability round the clagid in
times of an emergency, it can then be relied arbtains
directions and instructions from operational cointen-

the direct passageway from the collection pointhe
dumping yard; optimizing the number of collection
points and transport of garbage, and so forth. 8laee
several advantages in such an automated systesoria
instance; cities can install CCTV cameras in dumpin
sites to monitor the activities of waste workersl &o-
pervisors. However, it is best to keep in mind G is
only a tool, not a replacement, for addressing shie-
stantive problems associated with sanitation ardd so
waste.

3. Study Area.Guwahati the major city of Assam
is located in north east India, at 26°1forth latitudes
and 92°49 east longitudes (Figure 1). It is horse shoe
shape and is located in between the south bankiseof
mighty river Brahmaputra and Shillong Plateau ie th
south (Deka, 2000).
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Fig. 1. Locationof

the Study Area

Source: Prepared by Authors based on Assam Rerantng Application Centre (2017)
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The city is in the Assam Brahmaputra valley and it
surrounded by hills on either side of the river dade
portion of the areas covered by the water bodide T
land-use pattern that has evolved in Guwahati seres
tially multi-functional in character (Borah and Bha
gabati, 2015). The city is governed by Municipak@n
ration which comes under Guwahati Metropolitan Re-
gion. Guwabhati being the major city of the nortlstea
India has developed road, rail and air connectiwitth
the rest of the country. Guwahati is the businedsdnd
largest city of Assam and the North-East (Mahadetia
al., 2014).

Guwahati is at the junction of National Highway-
31, National Highway-37 and National Highway-40eTh
National Highway-31 connects Guwahati with the st
the country in the west, while other National andt&

states of Tripura, Meghalaya, Mizoram, Manipur, Na-
galand and Arunachal Pradesh. A broad-gauge railway
line connects thestudy area with major parts ofiaind
Another railway line connects Guwahati to Dibrugarh
Tinsukia and to other places of north-eastern sta@ei-
wahati airport is the largest and the busiest airpothis
region, which connects Guwahati to major citieshia
country as well as to other major cities in Assaml a
north-eastern region. Guwahati airport is conveiied

an international airport. This route has been aityu
closed after partition of the country (Gogoi, 2013)

The study is confined to the Guwahati Municipal
Corporation of the Guwahati City which covers tbtat
area of 176 sq km. The city has the 229717 number o
household and total number of population is 957351.
Ward wise name and its area and availability ofnope

Highways connect Guwahati city with north-eastern space are given in Table 1.

Table 1

Ward wise information of areas, household, poputatiand availability of the open space

Ward Area . Population | Available Open
No. Ward Name (in Sq Km) Household Population Dznsity Space (Sq. me)
1 | Guwahat 14.98 7269 33305 2223 0.115
University
2 Pandu Port 1.69 4981 21277 12590 0.014
3 North Jalukbari 1.41 5693 23257 16494 0.010
4 KamakhyaMandir 3.64 4647 20366 5595 0.011
5 Maligaon 3.38 6908 30076 8898 0.054
6 Ganeshpara 25.97 11308 49021 1888 0.100
7 Pub Boragaon 13.03 9693 42772 3283 No Open Space
8 Machkhowa 1.14 4663 22388 19639 0.015
9 Chatribari 0.91 3220 16816 18479 0.049
10 | Guwahat 2.19 4891 21443 9791 0.059
Railway Station
11 Uzan Bazar 2.06 5329 22100 10728 0.006
12 Navagraha 3.08 6124 24443 7936 0.010
13 Nehru Stadium 2.05 6195 25540 12459 0.033
14 | GRPF Battalion 1.22 5100 22340 18311 0.003
Outpost
15 Fatasil 1.28 6498 28419 22202 0.012
16 Lokhra 2.50 9009 37806 15122 0.035
17 Kabhilipara 4.49 7598 32006 7128 0.017
18 Rupnagar 2.93 7722 31138 10627 0.008
19 GMC Hospital 3.53 6588 27125 7684 0.023
20 Japorogog 3.46 8075 31722 9168 0.004
21 Geetanagar 3.36 8307 33057 9838 0.059
22 Noonmati 13.25 9264 38081 2874 0.042
23 Bamunimaidan 2.15 5340 21462 9982 0.016
24 Narengi 8.15 8380 35524 4359 0.032
25 Hengrabari 8.89 9821 38724 4356 0.009
26 Dispur 6.72 12447 48085 7156 0.046
27 Sonaighuli 9.89 7566 31238 3159 0.108
28 Basistha Mandir 5.30 10079 39350 7425 0.050
29 Hatigaon 5.42 9012 35894 6623 0.005
30 Beltola 6.28 8090 33460 5328 0.112
31 Khanapara 11.70 9899 39116 3343 0.042
Total 176.05 229716 957351 - 1.099

Source: ASDMA, 2016
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4. Database and MethodologyThe main objec-  ful points in field for verification/correcting ingg in-
tive of the article is to analyse the availabilayd pro- terpreted spectral signatures of thematic dettaleng
pose infrastructure for the smart city mission iawa- field photographs and collecting GPS derived meas-
hati. Both primary and secondary data source isl use urements in field. The grounds data collectionsase
for the study. Primary data which is generated dor includes non-spatial or attribute or attribute mimi@tion
specific purpose is collected using satellite mapd essential for integration with spatial data usin& G
ground truth data using GPS and field survey. Secon 5. Result and Findings
dary data is collected from the Guwahati Municipal 5.1. Water Facilities of the City.It has been ob-
Development Authority (GMDA), Guwahati Municipal served from the field survey that most of the hanshe
Corporation (GMC), Guwahati Remote Sensing Centre plain region of the city has its own water sourge b
and Census Board. Satellite map are obtained frommeans of well or pump. The house in the hilly ragio
Google Earth. Unlike the other city plan, in which collect the water from the natural stream thougkyth
planning are done by local urban bodies, Smart City also are not devoid of well and pump.

Mission’s plan is done by the Special Purpose \ehic All the houses of the northern wards of the cityeha
(SPV) and Smart City Mission Limited company, in water supply facilities, few houses of Dispur anfheent
Guwabhati. wards of northern wards has partial water suppdly/taous-

Data collected from the fields is vital for quality es in the rest of the wards are devoid of GMC wsteply
assessment and evaluation of the spatial informatio facilities. It is found from the data of GMC, quesnaire
derived from satellite data. The sources for aéngir  method , observation and overlay technique thatsama
ground truth data under this study for thematic phag in the city obtain full, partial and no water slyppt all
activity included-visual observations of sample bibu  (Figure 2).

WARD WISE GMC WATER SUPPLY IN GUWAHATI CITY N

e
T \ -
-
.

Legend

Water Supply in Guwahati City i.\J 7 £ ;
Il Full Water Supply "f i rv’i
[ INo Water Supply e 9

[ Partial Water Supply 0 07515 3 45
| Kilometers

Fig. 2: Ward wise GMC water supply status in Guwaheity
Source: Prepared by Authors on the basis of datenfGuwahati Municipal Corporation and primary suyy016

The city gets the sufficient water during the mon- from the problem of not only water scarcity butoals
soon season i.e. from May to August but the cigoal from the contaminated water and related water borne
faces scarcity of water during the winter and gpsSea- disease. At current scenario, only around 30 pet ce
son. The underground water table shrinks, watavah population of the city is getting the piped wateppgly
and tube dry up during January, February and March.and that too only for 1 hour a day (Primary Survey,
The common residents cannot drink the water of the2017). The quality of the underground water in ¢ity
great Brahmaputra River because it is highly coirtam is poor and contaminated due to the underground pip
nated and contains deadly germs. The water from theleakage and presence of metals such as iron, die@md
river can only be consumed after high level puaition. arsenic. City is still using the outdated serviaeilities

Since long time, the city has been suffering badly for the water supply. New infrastructure with smaue-
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ter is urgently required for efficient supply of tea
With the scarcity of water and water contaminapoob-
lem the residents are forced to buy the suppliekl tea-
ter at very high price. The poor suffers the mastause
they cannot afford to buy the water from the vehieink
and they become the prey of water borne germslgy re

City Development will provide the smart meteringdan
open source network of information to minimise tioast
and wastage of the precious portable water (Guwahat
Municipal Development Authority, 2016).

5.2. Solid Waste ManagementWaste disposal
problem is the main concern of hygiene in Indiaectly

ing on the contaminated ground water and open lake.22 diseases are caused due to improper managefent o

The poor drainage and sanitation condition worden t
fate of poor residents of the city by contaminatimi
water by deadly water borne disease causing bacad
virus. Addressing those problems Guwabhati Jal Bisard
established under the Guwahati Metropolitan Dewvelop
ment Authority.

The GMDA has undertaken the infrastructure work
for the facility to purify and provide the servioé sup-
plying the clean safe drinking piped water to reaid
24/7 at minimal cost. To ensure the safe and nadidi
ity of the piped water supply, smart city missioithvthe
smart information communication technologies in Pan

urban waste (Anand, 2010). Just few years backaine
bage waste could be seen scattered in the rodm @ity
for many days. It creates the suitable breedingmpidor
the insects, mosquito and flies which stinks theren-
ment, pollute the quality of the air, water andesur dis-
ease. Despite the bio-medical waste regulatiomdial
the biomedical waste finds its way into the muratip
solid waste to some extent in Guwahati. At predaete
is only one dumping site in the municipal areahef ¢ity.
This dumping site is located in the west Boragaatreme
south west of the city (Figure 3).

—
91°40°0"E
1

26°100"N
1

0051 2 3 4
e wemm Kilometers

DUMPING GROUNDS OF THE SOLID WASTE IN GUWAHATI

T
26°10'0"N

T
91°40°0"E

e

@ Active Disposal Site

@ Abandoned Disposal Site
River
"E

T
91°50'0'

Fig. 3. Disposal Site in the Guwahati Municipal Cporation Area
Source: Prepared by the Authors based on Primaryetl 2016

The current west Boragaon dumping site is in very vulture after consuming fish and water from thikela

pathetic condition. There is no proper disposatesys
the waste brought by the GMC vehicle is just |gfenly
in the dumping site. The whole dumping site haobec
heap and taken the shape of small hills. The whoda
stinks very badly. All the waste of the city stagifrom
the sanitation waste to the dangerous infectioustevis
thrown openly in this area. The waste is just bdown
from time to time to worsen the air pollution okthity.
The famous Deepor Bill is located just at closexpnity
to the dumping site. The waste from the dumping isit
polluting this lake which results into the deathrafe
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The strange part of this dumping site locationhit tin
dumping site itself the migrated people of theestatd
Bangladesh. The condition of life in this site msvery
dismal, the residents are deprived of electricityter,
fresh air, education and health. They are very [@oat
their main source of income comes from rag piclofhg
reusable waste material. The record of the prodoaif
daily amount of solid waste in the city varies adaog
to the various sources within the city. Accordirte t
primary field survey report the daily average waga-
erated from each household resident in the citydpgris
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3.2 kg.

The Ministry of Tourism, Government of India has
ranked the Guwahati city as the™2leanest city in
country. The story behind this great achievemer# ¢in
the competent administration, infrastructure anpliep-
tion of the ICT technologies. The Global Positignin
System enable vehicle has been used by the state g
ernment and NGO to collect the garbage. The cortyposi
ing plant of high composing capacity is under opera
and the city is heading towards zero landfill witre

the city for public and goods transportation. Untlex
area based development of the Brahmaputra rivek, ban
initiative has been taken to develop the bank aredh
introduce high speed motorised boat for recreation
tivities. The famous river island Umanada templéois
cated near the railway island and it is the belethe
city that the pilgrimage visit to the world famots-
makhya temple is incomplete without the visit of &hm
anda temple. There are no roadway facilities tachea
temple so the boat and ferry service play the ceugial

implementation of home composting and decentralizedrole. Daily commuters from the north Guwahati also

composting.
5.3. Public Transportation. Smart mobility is reli-

able means of transportation because the poorly- man

aged traditional mobility is quite slow and affedte
valuable time of individuals (Benevolo, et al., 8D1
Since the current decade the public transportatiche
city are increasing. 200 buses have been obtainddru
the Phase 1 funding of the Jawaharlal Nehru Urban R
newable Mission (JNNURM) scheme. JNNURM was a

massive city-modernisation scheme launched by the

Government of India under Ministry of Urban Develop
ment. At present, the city has around 2500 totskmis-
es. Master Plan of City waits the funding for thalding
infrastructure for the proposed metro rail seniicehe
city. It has been observed that location of the letsale
market, trade centre, Inter district and InterstBigs
Terminus inside the city region has been causiafjidr
congestion. So, to decongest the traffic jam inciheall
those mentioned has shifted from the core cityaredo
the outskirts of the city (Mission Smart Guwaha@15).

In the recent time, for the sustainable and las¢ mi
connectivity e-rickshaw is playing very crucial eoin
the city. The government has to create fast chgrgin
frastructure facilities to promote these vehicl&sch-
nologies are fast evolving in this segment, paldidy
batteries. The electric vehicle revolution has adse
started in India and it has the tremendous poteftdra
future growth too. There is the good demand foctele
rickshaw in the city as these have been able toepas
the only viable option for last mile connectivitit. is
poised to replace the pedal rickshaw in coming dags
last mile connectivity from bus stand or railwagtiin,
electric rickshaws can be very cost effective, ndup
tion, and solution for transportation. This smadhifity
will boost better connectivity. With the availabjli of
high speed internet connection, GPS enabled smaat m
bile and information communication technologies the
use of manual and auto rickshaw vehicle is beiptaoe
by the digital enhanced Ola and Uber cab servides.
like the auto the calculation of fare in smart @l Ub-
er service is accurate, it has GPS enabled faslito
pick up the person from his location and can edtrtize
traffic, speed, direction and stipulated time taate the
destination. The Guwahati city has undertaken te de
velop or strengthen their public transportationwaeks
to encourage their increased use and thereby retiece
use of private vehicles. Citizens will enjoy wideof-
paths with public seating at regular intervals aacy
mobility for the differently able.

Inter-city ferry and boat service are also actime i
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avail the waterways transportation facilities ttait the
office and visit to city.

Public transportation facilities in the city is nap
to the mark and satisfactory. The city lacks theragail
and fast means of transportation. Majority of thg lbus
are privately owned and they are profit orientedtheir
service is very slow. They hesitate to run from btop
unless they get the desired customer. So, citysbusce
is not much reliable.

5.4. Efficient Streetlight. The city spent huge
amount of capital in street light. The entire paftthe
city especially the interior of the city lacks tistreet
light facilities. The local roads and residentiahds re-
main darks after sunset. It is danger for the wortzen
pass through the dark street of the city as it basiger-
ous activities and acts as the hub of the localeodt is
important for the city to cover each and every eorof
the street with efficient low cost and lesser powen-
suming sustainable street light. This can be atthiby
harnessing the energy from the solar and replatting
high power consuming street light with the enerffir e
cient street lights.

5.5. Public Toilets.The number of the presence of
public toilets in the city is very less and for felms,
neglible toilets are there. The public toilets kreated
in very specific location. The condition of the leds
in the city is in very pathetic condition, very wnh
gienic and it stinks a lot. Open defecation carsben
along the railway tracks and some pockets of tlye ci
specially near the market place and bus stop and
dumping site. Many parts of the city still do navie
the public toilets. Public toilets present in soloea-
tion are on paid basis. Constructions of the putdie
lets are under process.

In response to the present scenario of sanitation
and hygiene in Guwabhati, critical locations haverbe
identified around the city to construct toilets foub-
lic convenience. These sites are all located angri
locations where there is a high necessity of teilétl
these toilets have been designed so as to acconmienoda
proper sanitary facilities especially for women and
differently abled (Table 2).

5.6. Disaster Management

5.6.1. Flood.The study reveals that approximately 70
per cent of the city is prone to flood and 29 pErtof the
area which is mostly consisting of hills and almaisstains
from the flood. Out of the total flood prone regi@5.8 per
cent is chronically flooded zone, 16.3 per cerdsasion-
ally flooded zone and 28.1 per cent is rarely fembdone
(Figure 4).
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Table 2
The Functional Public Toilets in the City Executeldy Guwahati Municipal Corporation in PPP mode

Location Seats Proposed Location
Fancy Bazar 20 Bhangagarh Flyover (Underneath)
Nepali Mandir 2 Basistha Temple
Khanapara 6 Mathgharia
Bhangagarh 4 DC Office Premises, Panbazar

Source: https://[gmc.assam.gov.in/portlet-innerpéakets, 2017
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Fig. 4. Floods Prone Area of the Guwabhati City
Source: Prepared by Authors based on Overlay arsl2616

5.6.1.1. Drainage System of the Ciffjhe drainage = beach which is located in the upstream and theerssxc
system in city depends heavily on the existing rstu water will be diverted through canal toward the k&m
drains. The conditions of these channels are nogy ve hya river beach which is located downstream
convincing as they are constantly covered with ggeb (Figure 5).
waste material and sewage. The water resource tedepar The Ecological Management Practices (EPM) can
ment had prepared a comprehensive plan for theimgea be implemented in the hilly urban area for coningll
and management of these drain channels, whichlare | sediment and water yield from the upper catchnun,
a lifeline of city for the purpose of draining owiater emphasis will also have to be given towards coliigl
currently. The city does not have planned drainage sediments and debris from entering into the dranag
tem to take care of sewage or waste water whibkiisg system by various traditional method. Pumping iit-su
generated, so the natural channels become alhiperi able locations is also required for increasingcedficy

tant. of the drainage network. The citizen of the citys e
During monsoon season, the river Bharamaputrahigh expectation from the ongoing smart city missio
flows over the danger level and low lying areasthsf Installation of water pumps at various high alemes to

city face problems of water logging and floods. The pump out the stagnant water and divert its directias
feeder drains to the main channels run overflowary already begun in some selected places of the W@itgder
because of siltation problem of drains, the cagyba- the pan city development Hydrological InformatioysS
pacity is also reduced significantly. It is beerided to tem (HIS) will get installed to give the early sajralert
check the reverse flow of water from the Brahmaputr of the flood.

river, sluice gate will be constructed near thetRaaar
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SLUICE GATE TO DIVERT WATER AND BLOCK BACK FLOW FROM RIVER A

Sluice Gate will divert
the water downstream
hrough artificial drain

N

== Proposed Diversion Drin

Fig. 5. Flood Mitigation Project on the Brahmaputr&iver Bank
Source: Prepared by the Authors based on MissioarS&uwahati, 2015

5.6.2. LandslideOut of the total area of India about
1 lakh sq km of an area in North east is vulnerable
landslide (Phukanet al., 2012). Sixty people havs |
their lives in last 8 years due to landslide in Gbeti
(Das et al., 2014). The landslide prone was andlyse
ing the data of geological, topographic featured tie
primary field survey. The area having dissectels laihd
falling under Sonapur geological formation zonenisre
prone to landslide in Guwahati region (All IndiasBster
Mitigation Institute, 2014). Almost all the hillsf dhe
city is prone to the landslide. The Kharguli andréveyi
hills in the north-eastern part, Japorigog hillghe east,
Narakasur hills of central, Nilachal hill in norémd Si-
lapahar hills of the western part is high landslmtene
area of the city. The area prone to rock fall wlase ana-
lysed using the union map of topography, land us® a
primary field survey. The north-eastern most pdrthe
Narengi hill is prone to rock fall as the slopesisep and
vegetation cover is decreasing due to encroachirlis
region. Out of the total area of the city, it ha&sb found
that 33.3 per cent, 7.3 per cent and 59.4 perisqmbne
to landslide, rock fall and landslide free zoneisage-
spectively. The area is also prone to seismic iietsv
which led to instability of slope in the region.iSaic
activity and rainfall plays a major role in the aonce
of landslide in the region (Figure 6).

ests have very low vegetation cover which has exgbos
the upper surface to agent of erosion. The lan@iowit
scrubs is also vulnerable to rock fall landslidairfall is
one of the most important triggering factors whicve
resulted into occurrence of landslide in the regibhe
problem of landslide in the city can be preventad b
checking the encroachment of the forest areastgilan

of trees and embankment infrastructure in the léohels
prone area.

5.7. Infrastructures through E-Governance.The
implementation of Smart City Mission in Guwahati is
incomplete without the functioning of the E- Govern
ance. E- Governance is a single platform from where
citizens can access all and any details and algotihem
get all services done. The e- governance willdbtlie
common cloud platform where the data can be shared
among the citizen and between citizen and govertimen
In smart city the citizen will have benefits of #ile fa-
cilities of the services. The city will have the gnificent
infrastructure for regular water supply, electsiciand
mobility. The citizen will have the high speed time
bound cheap efficient public transportation. Thg wiill
encourage every section of the society. There bl
smart meter for the water and electricity supplydio-
logical information system will be installed in thiy to
give the prior alarm of the flood. The city wiletsafe

The Guwahati city has large number of dissected and there will be high speed internet service & dhy.

hills across the city. These hills are highly evesin
nature, which has resulted into occurrence of lkahelsn
the region. The slopes of these hills are moddratere
highly vulnerable due to low vegetation cover. Toe
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Customer can do the online shopping and transaction
The city will mostly depend on the renewable sowte
energy.
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Fig. 6. Landslides Prone Area in the Guwahati City
Source: Prepared by Authors based on Overlay Aigl2816

This will bring transparency and efficient in the
government services. Integrated fare cards, snuam- c
bined city governance, ‘one city one website’, Miagp
in GIS and free Wi-Fi hotspots have been considesed
some of smart solutions to smart cifjhe major field

ised underground parking facilities

5.7.3. Reduced Traffic Congestiofthe monitoring
of the traffic in the city will be done by high ation
CCTV camera. GPS enabled vehicle will give the live
time data of traffic in the road. There will be egb

where the E-Governance is being implemented atlsmalover bridge and tunnel in the city. There will leparate

scale in the city are:

5.7.1. Access to Better Public Transporfhe
Smart Cities will incorporate the fast GPS enalpeblic
transpiration in the city. The service of the paltans-
port system will be reliable and time bound so titnet
citizen can fully depend on it. In this was it wélhcour-
age public to use the public transportation senand
when the citizen will not drive their private vekacit
will decrease the intensity of the vehicle in roadsl
thus traffic congestion can be prevented. The biig
stop will be built is such a way that it will hatlee solar
rooftop, smart toilet, digital board to display thes tim-
ing and street light and wifi hotspot. Last milennec-
tivity of the city will be boosted by the e-vehicdad e-
rickshaw.

5.7.2. Availability of Adequate ParkingThe loca-
tion of the public parking can be identified thrbuthe
smart mobile and internet services. The driver gét
the notification of the availability of the spacer fthe
parking of vehicle nearby his /her location andoade
ingly can booked the parking slot online. Onlineypa
ment facilities are also available. To make thanopin
use of the available space there will be smart cderp
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lane for different vehicle. There will be separktee for
bus, car, pedestrian and bicycle. Along the majads
there will be separate bus bay. There will be smpar
lane for different vehicle speeding in differenéeeq.

5.7.4. Safer Living Providing safe environment to
its citizen is one of the top priorities of the smeaity
mission. It should provide safety to every sectdrihe
society. There will be smart efficient street lightevery
street of the city. The high resolution camera Jod
installed in every corner of the city to monitoe thctivi-
ties of the citizen. The cab service to provide shéety
to passenger will have the alarm installed in iheT
emergency number to police, fire bracket and médica
will stay active all the time. The citizen the ladthe
first information report in police station online.

5.7.5. Safety Against Natural Disaster§he smart
city will have the capacity to mitigate the disaséad
full fill its loss of material in very short periodf time.
With the application of its latest technology itéssen
the impact of disaster in the city. The citizenl\git the
prior information about the disaster. They will be
formed the probable timing of strike of the disasted
to take the precautionary measure. During the tdisas
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they will be shown shortest pathsca to escape €isas- larity will solve the traffic congestion problem.ebirly
ter site. 40 per cent of the vehicles are parked in the rsidd

6. Conclusion.The Ministry of Urban and Housing and this cause traffic congestion, so construatfomark-
Affairs, Government of India believe that for thigydo ing infrastructure is important. The faith of thev@hati
become smart, smart sustainable development dfithe  city is such that during monsoon there is flaslodi@and
infrastructure such as transportation, water mamagé landslide in the city and on the other hand durimgter

waste management, street light, disaster manageisient season there is the scarcity of the water. Thbleno of
important. Maintaining sustainability of the cityeny flood can be solved by the proper maintenance aihdr
important aspects of the smart city mission thatts/ age system, installation of motor pump and constrac
the paper stresses on the development of the Ribr of sluice gate. It has been found that majoritytoé
sent paper analyse the current problems and infiast households in the city have wells and tube welld an
ture facilities and suggest for proposed Guwahatrs during winter due to underground water depletioriewa
city. It has been observed that the major problem t dries up. This problem can be solved by the coostm
city, facing today is of traffic congestion, scéycof of infrastructure for regular water supply pipeliog the
portable drinking water, unhygienic environment and government. The e-governance will create the common
shortages of public toilets. There is loss of &ifed prop- single platform for the citizen and government $tiar-

erties in city, due to disasters like earthqualeesHf flood ing of data and information for better functioniagd
and landslide during monsoon season. To checkdfie t governance. In this way, it will maintain the tréarabil-
fic congestion important whole shale market, trade- ity of the government works. There is urgent ndeat t
tre has been shifted from the city centre to theslod, all stakeholders including civil society, community

numerous over bridges are constructed, city roads a based organisations, government work in coordinated
widens. Encouragement to use public means of ttansp manner for the integrated sustainable developmedt a
tation by developing and increasing its speed agd+  of Guwahati smart city.
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