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Abstract

Squatter and low-income settlements (slums) without basic sanitation infrastructure have expanded and
encroached on canals and rivers. Untreated human waste drains into and pollutes the watercourses.
The research, thus, aims to determine the appropriate design and operation of the system by utilizing a
pilot-scale experiment. To determine the highest pumping efficiency, different approaches of design
and operation were examined including pump types, sewer pipe length, collection alternatives, septic
tank system, and pumping height. The results showed higher flow rate in two-compartment tank (max.
136.02 I/min, 8-m. pipe lengths) compared to the single one (max. 117.37 I/min, 8-m. pipe lengths). In
terms of pump types, the centrifugal pump operated with overflowed wastewater demonstrated superior
efficiency with highest flow rate of 166.76 I/min (8-m. pipe lengths) compared to the submersible pump
that pumped soiled (black) wastewater (max. 136.02 I/min, 8-m. pipe lengths). As might be expected,
the study found that the pumping flow rate decreased with the increasing in pipe length. Basing on the
design approaches, the study tested four different STEP systems. The first two were the single-unit
system with single compartment and two compartment tanks; and submersible pump installed at the
beginning of pipe. The third system was single-unit systems with centrifugal pumps installed at the
beginning and the end of pipes. The last one was the cluster system with four tanks connected in
series and operated by centrifugal pump installed at the end of pipes. The study found that the cluster
system showed the highest flow 252.52 I/min (8-m. pipe lengths), meanwhile the single-unit system
with submersible pump installed at the beginning of pipe possessed the lowest flow (max.117.37 I/min,
8-m. pipe lengths). The analysis showed that wastewater flow rates are functions of pipe length and
can be modeled using linear regression (statistically significant and high RZ). The linear models can be
used to design the STEP system in the full-scale system within the studied criteria—pump types, pipe

lengths, and connecting alternative.

Keyword: Water treatment, STEP system, Pump, Flow rate
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Figure 3 Two types of sewage pumps used in

the study
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Figure 6 Effects of pumping distances on flow

rates for the different types sewage pumps
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Table 2 Linear Regression Models

dszinnnidaseuy LR R-square

Type 1 single unit,

single-compartment
Q =137.86 -3.686L | 0.9776

tank, submersible pump

(wastewater+sludge)

Type 2 single unit, two-
compartment tank,

centrifugal pump Q =159.36 -3.365L | 0.9818
installed in septic

tank(wastewater)
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compartment tank,
Q =171.33 -1.7725L| 0.8112

centrifugal pump at the

end of pipe (wastewater)

Type 4 Cluster unit,

centrifugal pump at the [Q =259.55 -2.0267L| 0.9569

end of pipe (wastewater)

Note: Q = Flow rate (I/min); L = Pipe length (m)
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