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Abstract
The South African civil engineering fraternity has grown to accept 24 m as the design criterion for minimum residual pressure in water distribution systems. However, the theoretical peak demand in many systems has increased beyond the point
where minimum residual pressure exceeds 24 m – at least according to hydraulic models. Additions of customers to existing
supply systems have led to increased peak flows with time, often without infrastructure upgrades to internal reticulation.
Increased flows imply reduced pressures. This is not necessarily a concern: peak flow conditions rarely occur in a supply
system and also, customer complaints often act as a first sign of ‘low pressures’. No complaints imply ‘no low pressures’. The
researchers analysed hydraulic models for 14 different towns in 5 municipal areas of South Africa, including 2 large metros,
to identify the minimum residual pressures currently expected. The results include almost 55 000 model nodes and show
that about 20% of the nodes in the distribution systems analysed have pressures of below 24 m, while pressures of below
14 m are not uncommon. Whether this relatively common occurrence of low pressures under modelled peak demand is found
in practice is not known at this stage. A new guideline for minimum residual pressure based on previous criteria and results
from this study is presented, noting that a physical lower limit of about 10 m water pressure is specified in home appliance
specifications.
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List of abbreviations and acronyms
AADD		
AFU		
DDA		
H 			
HDA		
IPF 		
MPH 		
PDF 		
PHF		
PWF 		
WDS		
NWCA		

-

average annual daily demand
automatic flushing urinal
demand driven analysis
residual pressure head (measured in m water)
head-dependent analysis
instantaneous peak factor
minimum pressure head
peak day factor
peak hour factor
peak week factor
water distribution system
National Water Consumption Archive

Introduction
Motivation
The reasoning behind the stipulation of a minimum pressure
requirement during water distribution system (WDS) design is
customer satisfaction. A ‘too low’ pressure head would not be
acceptable and could result in numerous customer complaints.
In addition it could lead to operation and maintenance problems,
with cost implications if equipment is damaged (e.g. pipe collapse due to negative pressure).
This paper was originally presented at the 2008 Water Institute of
Southern Africa (WISA) Biennial Conference, Sun City, South Africa,
18-22 May 2008.
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The pressure in a WDS is at a minimum when the flows and
subsequent head losses in the pipes are at a maximum – a state
termed ‘peak demand’. On the other hand, the pressure is a maximum when the flow is at a minimum – normally at night-time
while most consumers are asleep and industries are shut down.
Despite pressure management initiatives and subsequently
reduced leaks (McKenzie and Bhagwan, 1999) being valuable
and effective, the minimum residual pressure in reticulation systems during peak demand conditions is used as a design criterion to size infrastructure. The significance of this criterion is
often neglected locally in South Africa. The minimum pressure
criterion is a significant driver of infrastructure cost and is the
focus of this study.
Minimum residual pressure as design criterion
The residual pressure head (H), measured in metres, is used in
this text to denote ‘water pressure’. For the purpose of this text
the minimum value of H under peak demand conditions is simply termed the ‘minimum pressure head’ (MPH). The minimum
value of H occurs under peak demand conditions. The resulting peak-hour flow is used commonly in South African WDS
design.
The MPH could be described as the lowest pressure at the
most critical demand node in a WDS under maximum demand.
These critical low-pressure nodes are normally the ones at relatively high elevations and relatively far from the supply points.
During hydraulic modelling of water networks such critical
‘low-pressure’ nodes are identified and are then used by analysts
as baseline values to ensure that minimum criteria for H are met
throughout the entire network. Of course, high-pressure nodes
are also viewed as critical nodes during system analyses, but
these do not form the focus of this study.
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