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Abstract

The sewage system is one of the prime amenities of the urban places. The dynamic
nature of citiesnot only have the major challenges but also create the urgent need for the
sustainable service of the sewage system. Basically, the proper planning has the base for to
achieve such sustainability in the same. In this, the geographical feature of the land has the
major consideration for such kind of strategy. Present study trying to evaluate the
geographical perspectives and challenges of the sewage system. For this, Northern part of the
Nanded city, the district headquarters of the Nanded, governing body of Maharashtra, India
have been selected as a study area. Study indicates that, the flat surface and black cotton soil
may responsible for the low sewer gradient and sewer deterioration respectively. In addition
to this, the southern part of the city has major sewage crises due to the high density and
number of the population and built-up, location at flood zone region, old core zone of the
city, narrow street etc.
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Introduction

The artificial network of sewer design to catch, convey, collect, treat and discharge
the generated sewage or wastewater and stormwater from source point to the final disposal
site (Butler and Parkinson,1997; Patil, and Kulkarni, 2012). Such sewage system plays a
vital role in city sanitation (Otaki et al., 2007). Now a day, the dynamic nature of the urban
centres become the major challenge for to maintain the proper system of city sewage (Llthi
et al., 2010).With this problem, the term sustainable urban sewage system arises to make a
balance between the issues and solution which is much closer to the environmental aspects,
human wellbeing and economical balance (Lundin et al., 1999; Balkema et al., 2002; Tucci,
2008; Poleto and Tassi, 2012).Such sustainable urban sewage system only can possible with
the nearly accurate, proper and appropriate planning of the same. Basically, such planning
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based on the present and future scenario of the city (Leopold,1968; Gupta and Nair, 2011).
In case of sewage system, the geographical profile of the city has mainly considered to attain
the specific goal of the urban sewage system. The features of landscape, characteristics of the
nature drainage system, geomorphological attributes, dynamic of the climate, population,
urban built-up, LULC etc geographical factors are very much important in the planning of
urban sewage system(Carruthers and Ulfarsson, 2003; Haile, 2009; Salvan et al., 2016;
Tavakol-Davani et al., 2016).

Thetopographical features of the land allow to understand the characteristics of the
slope, elevation and terrain of the surface. such detail topographical prolife of the city not
only helps to design the proper plan of the sewage system but also supports to understand the
vulnerable sites of the settlement related with the future crises of the same i.e., urban flooding
(Alho et al., 2009; Morgan et al., 2016; Salvan et al., 2016; Hong at al., 2017). While the
natural drainage system is the prime factor of the total planning of the urban drainage system
i.e., water supply and wastewater system. Thenatural drainagesystem has always utilized as
the ultimate discharge point of the city sewage systems. While such drainage pattern provides
the base map for stormwater system of the city. Whereas, the selection of sewer material and
constructional depth planned with the different geomorphological attributes i.e., type and
characteristics of soil, depth of bed rock and groundwater table etc. The type and amount of
wastewater discharger, geographical location, length and size of the sewer etc factors of
sewage system are primarily built on the kinds of geographical available and forecast data of
LULC, climate, population etc (Bertrand-Krajewski, et al., 1993; Ghosh and Maji, 2011).

Many times, the unique and heterogeneous features of theland geographybecome the
challenging task for the city sewage system i.e., it become quite difficult to maintain the
sewer gradient in the flat, steep or undulating topography (Chughtai, and Zayed, 2008),
settlement residing at flood zone region (Flood and Cahoon, 2011), unplanned growth of the
city (Graham et al., 2004), population growth (Asoka et al., 2012) , groundwater and river
pollution (Sonune and Ghate, 2004; Tredoux et al., 2004; Dan’azumi and Bichi, 2010;
Kuroda et al., 2012), public awareness (Ringo, 2016; Singh et al., 2017) etc. Based on this,
the present study trying to analyse the basicgeographical opportunities and challenges to the
engineering-based system of sewage. For this, Nanded city, the district headquarters of the
Nanded, governing body of Maharashtra, India have been selected as a study area. The
following objectives have design for acquiring the major aim of the study.

Objectives
« To understand the geographical set up of the study region.

» To find out the correlation between the geographical set-up and sewage planning.

« To assess the geographical challenges and opportunity of the sewage system.
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Study Area

The Nanded district is the governing body of state of Maharashtra, India. The city of
Nanded is the districts headquarter of the same. Geographically the Nanded city is divided
into two parts with respect to the Godavari River i.e., north and south.

For the present evaluation the northern part of the city is selected as a study region,
which is situated between 19° 8’ 25” N and 19° 12° 44” N latitude and 77° 17° 18” E and 77°
21’ 18” E longitude (Figure 1). Total Geographical Area (TGA) of the study region is 39.11
sg km which is about 55.67 per cent of the TGA of Nanded city.

Figure 1: Location of the Study Region
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Research Methodology and Techniques

The available secondary data and maps which is based on the NWMC reports,
toposheets, satellite and google earth image have utilized to understand the in-depth
geographical profile of the present study region. Addition to this the sewage system of the
city observed and analysed with the help of sewage system maps, field visit, survey and in-
depth discussion with engineers, workers and users. The correlation between the such
aphysical profile and the different aspects of the storm and sanitary sewer systems of the city
allows to evaluate the geographical assessment of the sewage system for the selected study
region.
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Result and Discussion
The geographical challenges of the sewage system have discussed as follows
1. Slope and Topography

The ideal sewer gradient gives adequate flow velocity (CPHEEO, 2013). Primarily,
such ultimate standard of sewer gradient designed and correlates with the available landscape
characteristics of the city. while during planning and construction of the conventional or
gravity sewage system, to maintain such ideal gradient of the sewer become challenging task
with the extremely higher or lower slope and undulating or flat topography. To overcome on
this different techniques and method invented i.e., Vacuum and pressurized sewage system
(Smith and Liu, 2017; Terryn et al., 2017)

In case of present study, the slope profile illustrated the average level topography of the
city i.e., 0.12° (figure 3). while, study region having 305 to 320 m highest elevation at the
middle northern part, which become narrow towards the eastern direction (figure 2). From
this highest part of the city, elevation decreasing towards the rivers.
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Figure 2: Elevation Map
(Source: Proposed Ph.D. work by Vidhyatai Patil, SRTM University)
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As an average city having the plain and or flat topography with the characteristics of the
low slope surface. Based on the analysis and experience of the previous studies, the present
study region may have the adequate sewage flow related challenges during the before and
after construction of the city sewage system.

2. Natural Drainage System

It has the close correlation among the available natural drainage and the planning and
construction of the city sewage system (Butler and Parkinson,1997). As shown in figure 4,
the present study region situated under the vicinity of Godavari River and its tributaries. The
study area divided in to five catchment areas of the sub-streams of the Godavari and Asna
Rivers. Specially, total planning of the storm water system of the city has designed with
reference to such geographical natural drainage profile of the region. In the present study,
such correlation has found between the natural drainage and artificial network of the sewers
(NWCMC, DPR, 2009). Particularly, such natural drainage profile helps to provide the
accurate direction of the sewer flow and the site for STP location.

Figure 3: Slope Map
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Figure 4: Natural Drainage System
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3. Geology

The geological characteristics of the region i.e., depth of bed rock and ground water
level are become extremally important while the planning and construction of the
underground sewer systems. Figure 5 shows the geological profile of the study region,
indicates the depth of bed rock has increased from the northeast part pf the city toward the
rivers. Whereas, the pre- and post-monsoon water level observed between 10 to 15 and 4 to
10 m respectively (source: Nanded Microzoning Study by SRTMU, Nanded; NGRI,
Hyderabad, 1IT Hyderabad and Scicence Collage Nanded, 2010-2013, Unpublished Report).
The depth of bed rock close to the crises related with excavation and construction cost while
the ground water level subjected with the infiltration issues of the sewer.

4. Soil

Like the geological factors, the characteristics soil i.e., type and depth both are
important for the assessment of structural crisis of the sewer (Kley and Caradot, 2013). The
present study region covered with black cotton soil. The soil depth increased towards the
rivers, where the southwestern part of the city has found the highestdepth i.e., 25 to above 30
m. Basically the characteristics of such black cotton soil is become the challenge task for the
construction and before age deterioration issues of the sewer (Mutua and Agwata, 2017).
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Figure 5: Soil Depth Map
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5. Climate

The average temperature and rainfall graph of the region has directly and indirectly
correlate with the hydraulics of stormwater and sanitary sewer systems (NWCMC, DPR,
2009). In the present study region, from June to September about 93.08 per cent precipitation
received by the monsoon wind. While the lowest rainfall observed during December, January
and February months [https://en.climate-data.org; 2) IMD, Pune]. Such climatic data become
extremely important for the pre-planned sustainable design of the sewage hydraulics.

6. Urban Flood Zone Region

According to the flood zone map, the per-urban settlement has situated vicinity of the
Godavari River, which is known as the old core zone of the city (figure 7). With this respect,
the city has expanded around same. With such kind of city growth, the majority of residential,
public and semi-public, educational areas have residing the effect of flood zone region (figure
7).

In the planning of urban flood risk management, the flood zone region is the most
vulnerable area of the sewage catchment. the southern part of the city, specially located along
the left bank of the Godavari River come under the effect of flood zone region (Figure 7). As
shown in figure 7 about 1.04 and 2.49 sq km region of the total geographical area of the study
region covered by the highest and lowest flood zone.
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Figure 6: Flood Zone Map
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7. Urban Sprawl

Similar to the other geographical factors, the unplanned growth of the built-up and the
present and will be enlarged restricted municipal corporation boundaries are the vital
consideration of the long-term sewage system planning (Roux, et al., 2011). Figure 7 and 8
showing the past year changes and expansion of the urban sprawl and municipal corporation
bounders of the study region. Due to the natural frontiers of Godavari and Asna Rivers, city
has expanded towards the west and northwest direction (figure 7). Such geographical profile
of the city helps to figure out the potential number and location of the new connections and
possible linking to the old sewer.
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Figure 7: Built-up Expansion
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8. Morphology of urban Built-up and population

The in-depth distribution and density analysis of the urban built-up and population allows
to find out the exact sites where have the heavy load or burden of the wastewater on the
available network of the sewer (Roux, et al., 2011). The present study region, the south-
eastern part of the city had found the higher density of buildings and population, along with
some patches of also been observed towards the central and eastern part of the city (Figure 9
and 10). Basically, the south-eastern part of the study region has the old core zone of the
city. Due to this region have narrow road network and relatively older sewer lines
construction.

Figure 9: Built-up Density
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Figure 10: Ward-wise Population Density of the Study Area
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Conclusion

The study shows that the geographical profile of the city is the basic consideration of
sewage planning, construction, maintenance, cleaning and upgradation. Many times, the
unique and heterogeneous geographical characteristics of the urban land become the
challenges for the sustainable city sewage system. The in-depth geographical assessment of
the study region indicates that,the extremely flat surface and coverage of black cotton soil
may create the direct and indirect effects on the physical structure of the sewer i.e., low sewer
gradient, deterioration etc. Specially, the southern part of the study region, which is the old
core zone of the city observed as a vulnerable region regarding the sewage crises i.e., the
higher density of population and built-up creating the overload on the system, effect of flood
zone region, higher depth of soil, old sewer line, complicated network of the street etc.

© Associated Asia Research Foundation (AARF)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 166




References

1.

10.

11.

12.

13.

14.

15.

16.

Alho, P., Hyyppé4, H., &Hyypp4, J. (2009). Consequence of DTM precision for flood
hazard mapping: A case study in SW Finland. Nordic journal of surveying and real
estate research, 6(1).

Asoka, G. W., Thuo, A. D., &Bunyasi, M. M. (2013). Effects of population growth on
urban infrastructure and services: A case of Eastleigh neighborhood Nairobi,
Kenya. Journal of Anthropology & Archaeology, 1(1), 41-56.

Balkema, A. J., Preisig, H. A., Otterpohl, R., & Lambert, F. J. (2002). Indicators for
the sustainability assessment of wastewater treatment systems. Urban water, 4(2),
153-161.

Bertrand-Krajewski, J. L., Briat, P., & Scrivener, O. (1993). Sewer sediment
production and transport modelling: a literature review. Journal of hydraulic
research, 31(4), 435-460.

Butler, D., & Parkinson, J. (1997). Towards sustainable urban drainage. Water science
and technology, 35(9), 53-63.

Carruthers, J. I., &UIfarsson, G. F. (2003). Urban sprawl and the cost of public
services. Environment and Planning B: Planning and Design, 30(4), 503-522.
Chughtai, F., & Zayed, T. (2008). Infrastructure condition prediction models for
sustainable sewer pipelines. Journal of Performance of Constructed Facilities, 22(5),
333-341.

Dan’azumi, S., &Bichi, M. H. (2010). Industrial pollution and implication on source
of water supply in Kano, Nigeria. International Journal of Engineering &
Technology, 10(1), 101-109.

Detailed Project Report on Surface / Storm Water Disposal and Management Project
(2009). By the Nanded Waghala City Municipal Corporation (NWCMC, Nanded).
Flood, J. F., & Cahoon, L. B. (2011). Risks to coastal wastewater collection systems
from sea-level rise and climate change. Journal of Coastal Research, 27(4), 652-660.
Ghosh, S., and Maji, T. (2011). An Environmental Assessment of Urban Drainage ,
Sewage Solid Waste Management in Barddhaman Municipality , West Bengal.
International Journal of Environmental Sciences, 2(1), 92-104.

Graham, J., Gurian, P., Corella-Barud, V., &Avitia-Diaz, R. (2004). Peri-urbanization
and in-home environmental health risks: the side effects of planned and unplanned
growth. International Journal of Hygiene and Environmental Health, 207(5), 447-454.
Gupta, A. K., & Nair, S. S. (2011). Urban floods in Bangalore and Chennai: risk
management challenges and lessons for sustainable urban ecology. Current Science,
1638-1645.

Haile, M. G. (2009). GIS-Based Estimation of Sewer Properties from Urban Surface
Information. Partial Fulfillment for the Degree Thesis, Technical University of
Dresden, Germany.

Hong, Y., Bonhomme, C., Soheilian, B., &Chebbo, G. (2017). Effects of using
different sources of remote sensing and geographic information system data on urban
Stormwater 2D-1D modeling. Applied Sciences, 7(9), 904.

Kley, G., &Caradot, N. (2013). D1. 2. review of sewer deterioration models.
Dissemination approved by technical committee members: 1. Charron, JM Brossard,
Veolia Environnement Recherche & Innovation (VERI) V. Parez, Veolia Water,
Technical Direction C. Sardet, OEWA Wasser und Abwasser GmbH (OEWA) P.
Chudoba, Veolia Water Europe E. Eckert, J. Wachnewski, Berliner Wasserbetriebe
(BWB) C. Mesek, Stadtentwésserung Braunschweig (SE| BS) A. Hartmann,
Kompetenzzentrum Wasser Berlin gGmbH (KWB)

© Associated Asia Research Foundation (AARF)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 167



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kuroda, K., Murakami, M., Oguma, K., Muramatsu, Y., Takada, H., & Takizawa, S.
(2012). Assessment of groundwater pollution in Tokyo using PPCPs as sewage
markers. Environmental science & technology, 46(3), 1455-1464.

Leopold, L. B. (1968). Hydrology for urban land planning: A guidebook on the
hydrologic effects of urban land use (Vol. 554). US Department of the Interior,
Geological Survey.

Lundin, M., Molander, S., & Morrison, G. M. (1999). A set of indicators for the
assessment of temporal variations in the sustainability of sanitary systems. Water
Science and Technology, 39(5), 235-242.

Ldthi, C., McConville, J., &Kvarnstrom, E. (2010). Community-based approaches for
addressing the urban sanitation challenges. International Journal of Urban Sustainable
Development, 1(1-2), 49-63.

Manual of Sewerage and Sewage Treatment System, Part- A, Engineering, Third
Edition Revised and Updated (2013). Central Public Health and Environmental
Engineering Organisation (CPHEEO), Ministry of Urban Development New Delhi, in
collaboration with Japan International Cooperation Agency.

Morgan, A., Olivier, D., Nathalie, B., Claire-Marie, D., & Philippe, G. (2016). High-
resolution modelling with bi-dimensional shallow water equations based codes—high-
resolution topographic data use for flood hazard assessment over urban and industrial
environments. Procedia engineering, 154, 853-860.

Mutua, J., &Agwata, J. (2017). Challenges and Interventions in Sanitation
Management Approaches in  Mavoko Municipality. Journal of Resources
Development and Management, 32, 10-29.

Nanded Microzoning Study by SRTMU, Nanded; NGRI, Hyderabad, IIT Hyderabad
and Scicence Collage Nanded, 2010-2013, Unpublished Report.

Otaki, Y., Otaki, M., & Sakura, O. (2007). Water systems and urban sanitation: a
historical comparison of Tokyo and Singapore. Journal of water and health, 5(2), 259-
265

Patil, J. A., & Kulkarni, S. S. (2012). Design and mapping of underground sewerage
network in GIS, a case study of Islampur Town. Int J Sci Res, 3(8), 2319-7064.
Poleto, C., &Tassi, R. (2012). Sustainable urban drainage systems (pp. 55-72).
IntechOpen.

Ringo, J. (2016). Status of Sewage Disposal in Dodoma Municipality, Tanzania. Int.
J. Mar. Atmos. & Earth Sci, 4(1), 24-34.

Roux, P., Mur, 1., Risch, E., & Boutin, C. (2011, August). Urban planning of sewer
infrastructure: Impact of population density and land topography on environmental
performances of wastewater treatment systems. In Life Cycle Conference.

Salvan, L., Abily, M., Gourbesville, P., &Schoorens, J. (2016). Drainage system and
detailed urban topography: towards operational 1D-2D modelling for stormwater
management. Procedia Engineering, 154, 890-897.

Salvan, L., Abily, M., Gourbesville, P., &Schoorens, J. (2016). Drainage system and
detailed urban topography: towards operational 1D-2D modelling for stormwater
management. Procedia Engineering, 154, 890-897.

Singh, S. K., Chaudhary, K., Jain, H., &Chellani, N. (2017). Review on Sewerage
Systems, Conditions & Awareness Measures. World Wide Journal of
Multidisciplinary Research and Development, 3(11), 319-322.

Smith, K., & Liu, S. (2017). Energy for conventional water supply and wastewater
treatment in urban China: a review. Global Challenges, 1(5), 1600016.

Sonune, A., &Ghate, R. (2004). Developments in wastewater treatment
methods. Desalination, 167, 55-63.

© Associated Asia Research Foundation (AARF)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 168



35. Tavakol-Davani, H., Goharian, E., Hansen, C. H., Tavakol-Davani, H., Apul, D.,
&Burian, S. J. (2016). How does climate change affect combined sewer overflow in a
system Dbenefiting from rainwater harvesting systems?. Sustainable cities and
society, 27, 430-438.

36. Terryn, I. C. C., Cocarcea, A., & Lazar, G. (2017). Mitigation of hazardous air
pollutant emissions: vacuum vs. conventional sewer system. Environmental
Engineering and Management Journal, 16(4), 809-819.

37. Tredoux, G., Cave, L., &Engelbrecht, P. (2004). Groundwater pollution: Are we
monitoring appropriate parameters?. Water SA, 30(5), 114-119.

38. TuCCi, C. E. (2008). Urban waters. estudosavancados, 22(63), 97-112.

© Associated Asia Research Foundation (AARF)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 169



