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Today’s Presentation

Overview

Focus on pipe network modelling for 

modelling urban inundation

• 1st half on key theory – Bill Syme

• 2nd half on practical and quality control 

considerations – Chris Huxley

Qld Urban Drainage Manual (QUDM), 2016
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Theory



Theory

Overview

Topics

• Pipe flow regimes

• Energy losses

• Friction

• Junctions / Manholes

• Overland flow capture

• Surcharging

• Blockages

• Operational structures



Theory

Some Terminology

Velocities (V), for example

• Vi = Velocity in inflow pipe

• Vo = Velocity in outflow pipe

HGL (H)

• HGL (Hydraulic Grade Line)

• Water level (for full pipe, the level in a vertical tube 

inserted in top of pipe)

• Total Energy = H + V2/2g

Energy Loss Coefficient (K)

• The fraction of lost kinetic energy (V2/2g)
Figure 7.16.1 Qld Urban Drainage Manual (QUDM), 2016



Pipe Flow Regimes

Outlet Controlled

Figure 7.16.2 Qld Urban Drainage Manual (QUDM), 2016

Outlet Controlled Flow Occurs Where

• Downstream water level influences the flow rate

• Flow is subcritical or pressurised

• Inlet and outlet energy and friction losses apply

• Free outflow (critical flow) at outlet

• Inlet energy and friction losses apply



Pipe Flow Regimes

Inlet Controlled

Inlet Controlled Flow Occurs Where

• Inlet conditions control the flow rate

• Super-critical flow

• Sufficiently steep to transition into critical flow

• Orifice flow transitions into critical flow

Note

• Downstream conditions have no affect on flow rate

• Entrance and exit energy losses not applicable

Figure III-1 HEC Hydraulic Design Charts



Friction Energy Losses

Manning’s Equation

∆𝑯𝒇 = 𝑺𝒇𝑳

Manning’s equation
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• n is Manning’s coefficient; R = A/P

• Straightforward calculation when pipe flowing full

• R is fixed at  
𝐴
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• Pipe partially full – an open channel flow problem

(not so straightforward – indeterminate equation)

Figure 8-9. Outlet Control Headwater for Culvert with Free Surface

Figure 8-12. Headwater Due to Full Flow at Inlet and Free Surface at Outlet

Figure 8-10. Outlet Control, Fully Submerged Flow

http://onlinemanuals.txdot.gov/txdotmanuals/hyd/manual_notice.htm



Friction Energy Losses

Manning’s n Values

Plenty of guidance in literature

R Pitt, S Clark: Flow in Pipes, Manning’s Equation presentation
www.buildusingsteel.org



Kinetic Energy Losses

Manholes, Junctions, Bends, Obstructions

∆𝑯 = 𝑲
𝑽𝟐

𝟐𝒈

• Fraction (K) of kinetic energy loss 

Manholes most common
(and most hydraulically complex!)

B.D. Gajbhiye et al, Teaching turbulent flow through pipe fittings using computational fluid dynamics approach, Jan 2020

https://onlinelibrary.wiley.com/doi/10.1002/eng2.12093

https://onlinelibrary.wiley.com/doi/10.1002/eng2.12093


Kinetic Energy Losses

Manholes

Primary functions

• Access for construction or maintenance

• Accommodate pipe transitions/changes

• Receive flow from above ground inlets



Kinetic Energy Losses

Manholes

Manhole kinetic energy losses

• Expansion of inlet flows

• Expansion of flow downstream of outlet due to

• Formation of a vena-contracta in an outlet pipe

• Discharging into a receiving water body

Note: Above energy losses are relevant 

if a pipe is flowing in an outlet controlled 

flow regime



Figure 7.6.1 Qld Urban Drainage 

Manual (QUDM), 2016

Kinetic Energy Losses

Manholes

Additional kinetic energy losses

• Change in horizontal alignment

• Change in vertical alignment

• Other effects such as kerb inlet flows if 

a significant % of total flow



Kinetic Energy Losses

Manhole Inlet and Outlet Losses

Vi Vm Vvc Vo

Losses due to 

expansion of flow 

inside chamber

Losses due to expansion of flow 

downstream of outlet

Losses are dependent on:

• Shape of chamber

• Outlet entrance treatment



Energy Losses

Manholes – Modelling Approaches

Fix K 

• Derived from

• Desktop calculations

• Flume or field measurements

• If K varies with flow, not ideal for dynamic simulations

• Plenty of values in the literature

• Be careful as to which velocity K applies to

(Total K usually based on outlet velocity, Vo)

Vary K according to conditions

• Uses equations for different loss components

• Suits dynamic solutions – recalculate K each timestep

Table 7.16.7 Qld Urban Drainage Manual (QUDM), 2016



Energy Losses

Manholes – Fixed K Approach

Vi Vm Vvc Vo

All losses lumped 

together as one K 

value

Loss expressed as a fn(Vo)

∆𝑯 = 𝑲
𝑽𝒐
𝟐

𝟐𝒈



Assuming only inlet and outlet losses (pipes are aligned)

• Expansion loss (derived from first principles) = 
𝑉𝑢𝑠−𝑉𝑑𝑠
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Let’s base energy loss on Vo (2 m/s)

• ∆𝐻 = 𝐾
𝑉𝑜
2

2𝑔
= ∆𝐻𝑖 + ∆𝐻𝑜

• 𝐾 =
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• 𝑲 = 𝟐.4  (note, K ≠ 0.56 + 0.13)

Energy Losses

Manholes – Fixed K Desktop Example

4.0 m/s 1.0 m/s 3.1 m/s 2.0 m/s

20% total contraction 

at vena-contracta



Energy Losses

Manholes – Variable Energy Loss Approach

Vi Vm Vvc Vo

Losses individually 

computed and 

added together

∆𝑯𝒊= 𝑲𝒊

(𝑽𝒊 − 𝑽𝒎)
𝟐

𝟐𝒈
Ki typically = 1 (full V2/2g loss)

Equation derived from 

fluid mechanics first principles

Rely on experimental data
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but no exact solution

Vm



Additional Energy Losses

Manholes – Variable Energy Loss Approach

Unaligned pipe losses

• Angle of approach differs to outflow pipe(s)

• Handles multiple inflow pipes

• 𝐾𝜃 = σ𝑖 𝑓𝑖 𝑚𝑖𝑛
𝜃𝑖
2

902
, 4

• 𝑓𝑖 =
𝑄𝑖
σ 𝑄𝑜

(fraction of total flow) 

Change in pipe invert elevations

• 𝐾𝑧 = σ𝑖 𝑚𝑖𝑛 𝑚𝑎𝑥
𝑓𝑖 ℎ𝑜−ℎ𝑖 ℎ0+𝑦𝑜−ℎ𝑖−𝑦𝑖

𝑦𝑜𝑦𝑖
, 0 , 2

Vo

𝜽𝟏
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Minimising Energy Losses

Manholes

Maintain velocities through manhole

• Keeping chamber size to minimum

• Minimise turbulence/eddies

• Benching

Minimise vena-contracta effect in outlet pipe

• e.g. using Bellmouth entrance

Figure 7.6.2 Qld Urban Drainage Manual (QUDM), 2016

Figure 7.6.3 Qld Urban Drainage Manual (QUDM), 2016

Figure 7.16.4 Qld Urban Drainage Manual (QUDM), 2016

Direct flow to 

centre of outlet

Maximise 

vena-contracta width

(to reduce 

vena-contracta 

velocity)

Maximise



Above Ground Flow Capture

Inlets/Pits/Drains/Gully Traps

Captures road or overland flow into 

pipe network

• Many, many approaches!

• May also backflow or surcharge

(intentionally or unintentionally!)

Different terminologies, same 

function

• Pits

• Inlets / Kerb inlets

• Drains

• Gully traps



Above Ground Flow Capture

On-Grade Kerb Inlets

Drains water from road kerbing

• Flow higher flows, bypass flow occurs

(Steeper the road, greater the bypass flow)

• Use approach flow vs capture flow (Q-Q), or 

depth vs capture flow (y-Q) curves

• Derived from flume/field measurements or theory

• Can convert Q-Q to a y-Q curve using Manning’s 

equation

Critical to have accurate representation 

of above ground depth or approach 

flow



Above Ground Flow Capture

Sag Inlets

Drains ponded water

• Best modelled using depth-discharge relationship

• Derived from flume/field measurements or theory

• Assume no bypass flow

• High probability of debris impeding flow

Figures 7.5.4, 7.5.5, 7.5.6 

Qld Urban Drainage Manual (QUDM), 2016



Flow Surcharging

Inlet Backflow

Backflow occurs where pipe pressure (head) 

exceeds ground level

• Often cause of unintentional flooding

Causes

• Pipe design capacity exceeded

• Which maybe the intended design, for example

• Pipes designed for 1 in 10 AEP

• Roadways and overland flow paths > 1 in 10 AEP

• Blockage in the pipe network

• Backflow from receiving waters

• River in flood or elevated tidal levels

May need different y-Q curve to capture flow

• If ground flooded, backflow flow rate may be controlled 

by ground flood depth 



Flow Surcharging

Manhole Lid Popping

Manhole lid popping

• Usually unintended – pressure exceeds 

downward forces

• Suddenly causes backflow

• Modelling requires conditions around 

when lid will pop

https://www.youtube.com/watch?v=e9WuH0NcLE8https://www.youtube.com/watch?v=1Wtdhfzb-Yg

https://www.youtube.com/watch?v=e9WuH0NcLE8
https://www.youtube.com/watch?v=1Wtdhfzb-Yg


Blockages

Major problem, managed via

• Trash racks and gross pollutant traps

• Debris deflectors

• Maintenance programs

Table 7.5.1 Qld Urban Drainage Manual (QUDM), 2016

Toowoomba, 2011 (news.com.au)(After) 2007 Flood, Newcastle



Operational Structures

Example

• Backflow prevention devices

• Pumps

• Gates

Upcoming Webinar

April 13, 2022



Pipe Network Modelling for

Urban Inundation

Hands-on Modelling 

Quality Control 

Discussion / Demonstration


