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IntroductionA sewerage system is a system that contains pipes of several lengths and diameters, whichare very important to convey the wastewater, including domestic, residential, industrialand commercial treatment services (Ansari et al., 2013). Sewerage system plays a criticalrole in that it supports public health and environmental protection. Normally, thewastewater flow in the sewerage system is directly related to human usage for all kind ofactivities. A sewerage system is composed of various sewer lines terminating at thejunction of a large sewer line. The large sewer line also terminates at the junction of a stilllarger sewer line. Finally, the main sewer line terminates at the outfall. Thus, a seweragesystem can be viewed as a set of sewer lines collecting discharges at their nodal points andemptying into another set of sewer lines. In this paper attention is focused on the optimal
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Abstract: Urban areas are characterized with dynamic change in terms of demography, land use,
living standards of inhabitants, increase in per capita water demand and consequently in the waste
water that is discharged from households and industries. The study designed hydraulic sewer
collection network system in some selected areas of Maiduguri, Borno State Nigeria using PVC pipes
with varying diameters ranging from 150mm - 600mm depending on the expected flow rates for the
areas. Population Forecast for 10 years design period was adopted and Geometric Progression
Population Forecasting Method was used for the prediction of the population growth pattern. The
study observed highest flows rate of 46.4, 36.64 and 80.14 litres per second at pipe P1, P4 and P9
respectively.  This is due to proximity of pipes from the wastewater source. However, lowest flow
rates of 0.50, 1.57 and 7.26 litres were recorded from pipes P13, P12 and P3 respectively. Because of
the distance from the source. Furthermore, lowest demands were also observed from junction J3 and
J4 with a demand of 10LPS
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design of a sewer line, which is a basic unit of a sewerage system. The problem consists ofminimization of a nonlinear cost function subjected to nonlinear constraints.In developing countries the sewage disposal is not given proper priority sotreatment and disposal of sewage is still area of major concern. Untreated sewage fromcities and towns is the biggest source of pollution of water bodies in third world countries(CPCB Highlights, 2001). In India there are 211 Sewage Treatment Plants (STPs) in 112 ofthe 414 Class I cities and 31 STPs in 22 of the Class II towns (CPCB Highlights, 2005).Besides, 27 STPs are in 26 other smaller towns. In all there are 267 STPs, Including 231operational and 38 are under construction. There remain 302 Class I cities and Class IItowns together generate an estimated 29129 ml/day sewage (Nadeem et al., 2008). Againstthis, installed sewage treatment capacity is only 6190 ml/day. There remains a gap of22939 ml/d between sewage generation and installed capacity. In percentage this gap is78.7%. Another 1742.6 ml/day capacity is under planning or construction stage. If this isalso added to existing capacity, even then there is gap of 21196 ml/day (equal to 72.2%) intotal sewage treatment capacity.Camp (1946) was the first to emphasize the need for hydraulic design of sewers,which was neglected in the technical literature at that time as well as by the sewage worksengineers. Since then a large number of research workers contributed to this subject. Theseapproaches employed heuristic methodologies, which can be adapted on a microcomputer(Liebman 1967; Cook and Lockwood 1977; Mays 1978; Lorine 1982: Dasher and Davis1986; Miles and Heaney 1988; Charalambous and Elimam 1990). Using dynamicprogramming, Argaman et al. (1973), Merritt and Bogan (1973), and Walsh and Brown(1973) affected the design. Using piecewise linearization, the problem was solved by linearprogramming by Dajani et al. (1972), Dajani and Hasit (1974), and Elimam et al. (1989). Onthe other hand, Jain (1987) and Tyagi (1989) used a sequential linear programmingmethod to find the sewer diameters. Gupta et al. (1976) used Powell’s method of conjugatedirections to search the optima of the cost function.All these approaches use the Manning equation or Hazen- Williams’s equation forresistance description. The Manning equation is applicable for a limited bandwidth, 0.004–0.04, of relative roughness (Christensen 1984). ASCE (1963) has disapproved the Manningequation and recommended the use of the Darcy-Weisbach equation for open-channelresistance. On the other hand, in a detailed study Liou (1998) strongly discouraged the useof the Hazen-Williams equation.Sewerage networks are an important part of the infrastructure of any society. Themain purpose of providing the sewer network is to carry away sanitary waste from amunicipal area in such a way that it does not cause any public health related problems. It isknown that urban sewerage system provide one of the basic infrastructure facilities totransport sanitary waste to sewage treatment plant. Sewerage network infrastructureconveys wastewater used by individuals, commercial and industrial establishments towastewater treatment facilities, ultimately to be returned to the natural environment.  Asewerage network is just a reverse action of water supply network. The cost of laying asewerage system is appreciably high compared to the water supply system. It involves alarge cost with need for daily maintenance, and the operational coast is one of the majorexpenditures (Katti et al, 2015).Sewer systems are important for a modern city, but are often overlooked because ofdifficulty of maintenance, monitoring, and rehabilitation caused by underground burial.
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However, sewages are apt to get cracks and defects due to corrosive wastewater inside andcomplex surroundings outside.Serious cracks and leaks may result in the inflow to sewer treatment plantsexceeding the design rate due to infiltration of rainfall or underground water. Also, theleakage of sewerage from failed pipes may cause a health hazard with the possiblecontamination of groundwater and soil. Negligence concerning these failures increasesmaintenance and rehabilitation costs significantly. In order to prevent worse failures andcontinue to provide designed functions, regular rehabilitation of sewages is necessary(Hernebring et al., 1998). Pipe rehabilitation can reduce either water infiltration into orleakage of sewage and increase the efficiency of treatment facilities and wastewater reuseopportunities (Wirahadikusumah et al., 1998; Bakir, 2001; Gupta et al., 2001). In additionto the construction of new municipal infrastructure, to appropriately allot limited budgeton rehabilitation of the present infrastructure is another important job (Abraham et al.,1998; Sægrov et al., 1999; Gokhale and Hastak, 2000; Gupta et al., 2001; Ariaratnam andMacLeod, 2002). Generally, sewage authorities adopt a simple rehabilitation strategy thatallots rehabilitation capital to “critical sewers”, which are those pipes where collapse repaircosts could be expected to be the highest (Fenner, 2000). In Taiwan, city governments usedto fix all failed pipes (both critical and non-critical pipes) to keep the sewage system ingood condition. However, when financial support runs into a limit, an optimization modelto find the best sewerage rehabilitation plans becomes a valuable tool. Many researchersindicate that both rehabilitation method and substitution material affect rehabilitation costand service life when sewage rehabilitation is executed (Ouellette and Schrock, 1981;Reyna, 1993; Gupta et al., 2001).
Decentralized sewage treatment system (DTS)DTS is the system in which instead of collecting whole sewer of town at one place andtreating it, it provides small treatment units on site at many places. DTS provides treatmentof waste water flows from 120 to 1200kl/d (kilo litre per day) or even more from domesticsources (CPHEEO, 1987). It is based on principal of anaerobic fermentation. The selectionof which has been determined by its reliability, longevity, easy control and leastmaintenance. Actually in DTS the partial treatment is given to the sewage water as it can beutilized in urban agriculture irrigation purpose with drip or sprinkle irrigation techniqueinstead of disposing it in to the streams (BORDA, 1998). So this small scale treatment plantcan give real benefits in terms of money without polishing sewage with advance treatmentlike Activated Sludge Process etc. In this system a balance between the advantages of largescale treatment in terms of Economics of scale and individual Responsibility for domesticwaste water treatment can be obtained by providing colony wise/sector wise treatmentsystem. Demonstration plants using onsite DTS should be promoted throughout thedeveloping nations for which not only Government Agencies and Non-GovernmentalOrganizations (NGOs) but also progressive builders and resident welfare association mayshow the way.
MethodologyPopulation Forecast for 10 years design period was adopted.Geometric progression population forecasting method (equation 3.1) was used due to thenature of rapid population growth pattern of the city.
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Table 3.1: Population forecasting

Zone(Maiduguri)
Population for designPresent Population Future population in10 years

Umarari 65,000 105879
Ngarannam 52,000 84,702
Total 190581EPANET Software was used to determine the following:• Pipe properties (roughness, diameter, length)• Nodal properties (demand, elevation)• Reservoirs, Tanks (location, elevation, operating levels, shape, volume)• Pumps (operational/efficiency profile, scheduling)• Patterns (diurnal demand profiles)The key outputs from a network simulation include the spatial and temporal variation of:• Nodal pressure/head• Pipe flow• Tank levels• Energy consumption (pumping)• Water quality (including age and chemical concentrations)
EPANET Hydraulic Pipe Layout and Analysis

P
t =

P
o

(1- ) t                                                                             (3.1)
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Figure 3.1: EPANET Runner Network Analysis

Designed Data for the sewer system

Table 3.2: Time Range expressed in Percentage Wastewater Generated
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WherePt=Expected PopulationP0 = Base years’ population (i.e. 2006 census figure)r =population annual growth rate which is estimated as 5% for urban area.t = number of year from base yearsThe projected population is shown in Table 3.1 as computed from equation 3.1

The pipes that have higher rate of flows reflect the proximity of these pipes to the pipesclosed to source of supply. It can be observed that the pipes having the highest flows areP1, P4 and P9, the pipes having flows of 46.41, 36.64 and 80.14 litres per secondrespectively.
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The demand was distributed to all junction depend on demand of each junction, for J3 andJ4 with the lowest demand of 10LPS each due their less demand from the nodes. Thehighest demand was given to junction 7 and 10 with flows of 45LPS and 45LPS eachrespectively.
ConclusionThe study design hydraulic sewer collection network system in some selected areas usingPVC pipes with varying diameters ranging from 150mm - 600mm depending on theexpected flow rates for the areas. Based on the design, the following conclusions weredrawn:i. The study observed highest flows rate of 46.41, 36.64 and 80.14 litres per second atpipe P1, P4 and P9 respectively.  This is due to proximity of pipes from thewastewater source.ii. Lowest flow rates of 0.50, 1.57 and 7.26 litres were recorded from pipes P13, P12and P3 respectively. Because of the distance from the source.iii. Lowest demands were also observed from junction J3 and J4 with a demand of10LPS.
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