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Engineering Fundamentals

Stormwater

Inlet Design
Introduction



Local Standards and
Guidelines

Queensland Urban Drainage
Manual (QUDM):

 Widely adopted throughout
Queensland

e QUDM'’s Flow Limits and Storm
Frequency vs Development
Category will differ from other
States and Territories

Get in touch if you need help!
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Government

Source: Institute of Public Works Engineering
Australasia, Queensland 2017
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Urban Environment
 Densely populated

e Spatially constrained
* Lots of vehicle movement

* Lots of pedestrian activities

Must control flooding:

* Frequent, infrequent, rare events
* Convenience
» Safety
* Protect property
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Longitudinal Drainage

Longitudinal drainage or pit and
pipe drainage

Combination of stormwater inlets
and interconnected pipes
Gravity system to free-drain

Majority of Australian systems
discharge into creeks, rivers or the
ocean
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Longitudinal Drainage

Needed to reduce flooding

Transfers overland flow into
underground piped network

Strategically placed infrastructure

e Based on calculations and flood
estimation

* Provide convenience
* Provide safety

* Reduce risk to community

» Capture water for re-use
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Stormwater Inlets

Two classifications:

e Saginlet

* On-gradeinlet

Many names:

* Inlets, pits, gully pits

* Field inlets, drop inlets

* Kerb openings, side entry pits
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Storm Frequency

Minor

 Underground flow

* Longitudinal drainage system
Major

* Overland flow

* Road reserve or drainage
channel
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Typical Storm Frequency - Minor Storm

Development category ARI (yrs) AEP
Central business and commercial 10 10%
Industrial 2 39%
Urban residential high density 10 10%
Urban residential low density 2 39%
Rural residential 2 39%
Open space 1 63%
Major Kerb and channel flow 10 10%
road Cross drainage (culverts) 50 2%
Minor Kerb and channel flow Dev. Cat. | Dev. Cat.
road Cross drainage (culverts) 10 10%
Typical Storm Frequency - Major Storm

Development category ARI (yrs) AEP
Set floor levels in hospl.tals, ernej-rgency 500 0.2%
services, flood evacuation buildings
Set floor levels in emergency shelters,
libraries, aged care housing, critical utility 200 0.5%
infrastructure
Set floor levels in residential buildings, 100 1%

overland flow paths




Kerb Inlet

 Kerb inlet (side entry pit)
* Gratedinlet
 Combination inlet (gully pit)
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Kerb Inlet

 Kerb opening
* Lintel

* Trough

* Grate

* Chamber

e Kerb transitions
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Field Inlet (Drop Inlet)

* Flush-mounted grate
e Elevated grate

* Dome screen
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Yep, you need to
maintain these things...

And quickly — before
the next storm hits!




Field Inlet

* QGrate
e Apron (optional)

e Chamber
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Flow Limits

Before calculating how much runoff
our inlet will capture rate, we must:

e Assess the approaching flow
heading towards the inlet

* Ensure safe flow width
* Ensure safe flow depth

* Ensure safe depth*velocity
product
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Flow Limits

Vehicle consideration
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Flow Limits 2

Pedestrian consideration 7

2
Melinda Lee-Baj)
0415 520 748
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Flow Limits — Minor Storm

Table 7.4.2 - Flow width limits for 'longitudinal’ flow during MINOR STORM
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Site condition

Major road

Minor road

Normal situation

Parking lane width (usually 2.5m) or
breakdown lane width

(i) Full pavement width with zero
depth at crown

(ii) Where one way crossfall exists
(i.e. no crown), flow width is limited
to the high side of road pavement,
but not above top of kerb on low
side

Where parking lane may become an

acceleration, deceleration or turn 1.0m Not applicable

lane

Where road falls towards median .
1.0m Not applicable

Pedestrian crossings or bus stops
0.45m 0.45m

At intersection kerb returns

including entrances to shoppin

( . HEE 1.0m 1.0m

centres and other major
developments)

Vehicular safety

Flow depth and depth*velocity limits as per the Major Storm requirements

(Table 7.4.4)




Flow Limits — Minor Storm
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Table 7.4.3 — Flow limits for 'transverse' flow during MINOR STORM

Site condition

Flow depth and width limits

Still water at road sag

Maximum flow depth, dg < 300mm

Vehicle safety: Transverse flow limits
(no risk to life) e.g. road intersection

Maximum flow depth, d, < 300mm

Depth*velocity product, dg.V,ye < 0.3m?/s

Vehicle safety: Transverse flow limits
(risk to life) e.g. causeway

Maximum flow depth, d; < 200mm

Depth*velocity product, dg.V,e < 0.3m°/s




Flow Limits — Major Storm

Table 7.4.4 - Flow limits for 'longitudinal’' flow during MAJOR STORM

Site condition Flow depth and width limits
Where floor levels of adjacent buildings are above road level Total flow is contained within road reserve. Minimum
freeboard of 300 mm to floor level of adjacent
buildings.

Where floor levels of existing adjacent buildings are below, or less [Maximum flow depth of 50 mm above top of kerb
than 300 mm above, the top of kerb; and there is at least 100 mm
fall on footpath towards the kerb

Where floor levels of existing adjacent buildings are below, or less |Maximum flow depth at top of kerb
than 300 mm above, the top of kerb; and there is less than 100 mm
fall on footpath towards the kerb

Vehicle safety: Flow conditions at kerb for flow along a road (no Maximum flow depth, d; < 250mm

risk to life) Depth*velocity product, dy.V,ye < 0.6m’/s
Vehicle safety: Flow conditions at kerb for flow along kerb Maximum flow depth, d; < 250mm
(potential risk to life) Depth*velocity product, d.Va,ye < 0.4m*/s
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Flow Limits — Major Storm
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Table 7.4.5 — Flow limits for 'transverse' flow during MAJOR STORM

Site condition

Flow depth and width limits

Still water at road sag

Maximum flow depth, d, < 300mm

Vehicle safety: Transverse flow limits
(no risk to life) e.g. road intersection

Maximum flow depth, d, < 300mm
Depth*velocity product, dg.V,ye < 0.45m°/s

Vehicle safety: Transverse flow limits
(risk to life) e.g. causeway

Maximum flow depth, d, < 200mm

Depth*velocity product, dg.V, e < 0.3m°/s




Flow Limits

Half Road Capacity
|zzard’s Equation

* One method

* Based on Manning’s equation
for triangular section w (spread)
* Estimates half-road capacity S e \

 Used for approach flow, Q, ' 7o crown if reached

VA VA

g Ny
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Half-Road Flow Capacity - lzzard's Equation
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0.075
0106
0.130
0.150
0.168
0134
0159
0213
0.225
0.238
0.249
0.260
0.271
0281
0.291
0301
0.210
0.319
0328
0336

0.102
0.144
0.176
0.204
0.228

0.133
0.188
0.230
0.265
0.297
0.325
0351
0375
0,398
0.419
0440
0455
0478
0496
0514
0530
0547
0563
0578
0593

0.167
0236
0.290
0.334
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Half-Road Flow Capacity - lzzard's Equation

w [1 predd]

p—T LR - Y

Iy cravmm il reached

i Figuna 7.4.2 = Half road fow
Flonws Correction Factor

Width of kerb (invert to lip) Width of half road {invert to crown) W giread L Max. allowable d*V product d*v
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d
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You get this design
spreadsheet when you
enrol in our online course!
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Flow Terminology
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Understanding Your

Catchments

Need to understand topography:
* Obtain contours

* Survey

e Site visit

Then we understand where:

u JQI@

* Road falls (%) = on-grade pits
 Road has a low point = sag pits

* Lots grade to / from road
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Understanding Your
Catchments

* Lots grade to or away from roads
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Understanding Your
Catchments

 Road crests push water in
opposite directions
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Understanding Your
Catchments

* Two-way crossfall = water runs
along kerb on both sides of road

* Kerb returns direct flow around
intersections
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Understanding Your

Catchments
 Kerb returns direct flow around
intersections

ey @ _ | | B Road grade

Source: Google 2024
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Flow Terminology

Qc Catchment flow

* Flow approaching inlet

e Consists of only the catchment
for the inlet pit

 Rational Method to calculate
peak discharge, Q
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Flow Terminology
Qi Inflow

e Total flow inlet captures and
conveys underground through
the stormwater piped network

* Inlet capture charts are needed
to calculate inflow
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Flow Terminology Bypass flow

pe

Q,

Qb Bypass flow

 Remaining flow that is not
captured by inlet

e Bypass flow = Approach flow
minus captured flow

Qp = Qg — Q;
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Flow Terminology
Approach flow Q, = Catchment flow Q

Qa Approach flow + Upstrea Ybyp.ass flow Qb

L -

If inlet is at top of catchment IEs A & % i
| ment flow Q_ [ MFS8 Catchment flow Q_ |

Approach flow = Catchment flow

(no upstream bypass flow)

If inlet has upstream catchment

— Jm Inflow Q
S Captured by inlet

Approach flow = Catchment flow +
Upstream bypass flow
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Inlet Capture

« Mathematical equations can
estimate how much stormwater
an inlet can capture

e Laboratory testing can prove
with results

* Hydraulic capture charts created
from equations or test results

* Allows engineers and designers
to predict behaviour of
stormwater inlets

Source: University of South Australia 2024
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Sag Condition
Hydraulic performance based on:

* Ponding depth above inlet
opening

CIVILMART

* Physical dimensions of inlet
* Kerb opening
* Grate opening
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Sag Condition

Once approach flow has been
calculated:

Select trial inlet type

Identify chart curve representing
inlet type

Read from ‘capture flow’
intersecting with curve

Read down to ‘depth at invert of
channel’

Check if depth is acceptable
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Sag Condition
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On-grade Condition
Hydraulic performance based on:

* Physical dimensions of inlet
* Kerb opening
* (Grate opening

* Road longitudinal grade

 Road crossfall
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On-grade Condition

Hydraulic performance based on:

Physical dimensions of inlet
* Kerb opening
* (Grate opening

Road longitudinal grade

 Road crossfall
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Here are common problems we encounter in the industry:
* Custom inlet charts

* Various inlet configurations

e Different States & Territories, Councils

* Field inlets on-grade (not in sag)

* Blockage factors

* Sensitivity analysis (what-if scenarios)

e Severe storm impact statement

If these sound familiar but you’re not 100% confident,
get in touch and we can teach you.
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Want to learn more?

W% info@quiltyenghub.com
We can help with: e

e Free consultations m linkedin.com/in/seanquiltycpeng
* Online self-paced learning @] quiltyenghub.com
e Coaching

* Face-to-face workshops
* |n-house training delivery

Quilty Hub Pty Ltd trading as Quilty Engineering Hub
ACN 673 384 944 | ABN 24 673 384 944
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