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Poll Question &] |

Doubling the velocity increases the
required rock weight by a factor of:
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1D Assumptions:

e \Water surface elevations are flat

across a cross section —
* Velocities are flat across a cross I <[] ;

Section Reach: |Gold Creek - _J River Stam-9'677 - | .l

: : l”\;” el . | Krey Price

* Energy gradient gradient levels A =

are flat across a cross section st \‘1 .=
* Velocities are depth-averaged J »’} i )
* Normal (perpendicular) depth = T — L —"

vertical depth

Horizontal length = slope length
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1D Assumptions:

* Water surface elevations are flat ;“" | I;j I —_——
. = 4
acCross a cross section =

* \VVelocities are flat across a cross
section

* Energy gradient gradient levels Krey Price

are flat across a cross section

* Velocities are depth-averaged

* Normal (perpendicular) depth = LA S T
vertical depth Qm.m \

v/ parem for 1-dimensional ER| '\
i sl modelins

Horizontal length = slope length
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* Water surface elevations are flat s 2 e V1|

aCross a cross section

" @ @

* Velocities are flat across a cross ]
section N

* Energy gradient gradient levels i )
are flat across a cross section E

| —
* Velocities are depth-averaged & /j
I p— i //-/": i

. Normal (perpendicular) depth = s
vertical depth | 77
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* Horizontal length = slope length =
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A
Guide to Bridge Technology Part 8 é—' : — T
Hydraulic Design of Waterway Structures ﬁi e s—-ué‘ {\___. , 7 e
»

]

Austroads

Part 5: Drainage — General
and Hydrology Considerations

Part 5B: Drainage — Open Channels, Krey P ri ce

Culverts and Floodways
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Australian national guidance for rock sizing

PP
'( l 3 Australian Rainfall and Runoff = 4 b
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Australian Rainfall & Runoff A Guide to Flood Estimation —

(OO — e
he Austrabian Ramfall and Runoff: A gwude to flood estimation (ARR) 15 licensed under the 3
Cxe;t:;e Commons Attnbution 4 0 International Licence, unless otherwise mdicated or _._‘_;‘{ -~
mark &

A G U | D E T O Please give attribution to: © Commonwealth of Australia (Geoscience Australia) 2019 i 4

FLOOD ESTIMATION '

Thin Py Mot Krey Price

The Commonwealth of Australia and the ARR's contnbuting authors (through Engineers
Australia) have taken steps to both identify thurd.party material and secure permissson for its
reproduction and reuse. However, please note that where these matenals are not licensed
under a Creative Comumons licence or similar terms of use, vou should obtam permission
from the relevant third.party 1o reuse their material beyond the ways you are legally

‘ permitted 1o use them under the fair dealing provisions of the Copynght Act 1968

If you have any questions about the copynght of the ARR, please contact
AIT admun g arr org au

¢/o 11 National Carcunt,

Barton, ACT

ISBN 978.1.925848.36.6

How 10 reference thas book

Ball J, Babister M, Nathan R, Weeks W, Weinunann E, Retallick M, Teston: I, (Edstors)
Austrabian Ramfall and Runoff: A Guude to Flood Estimation, € Commonwealth of Australia
(Geoscience Australia), 2019

How to reference Book 9: Runoff in Urban Areas

Coombes, P and Roso, S. (Editors), 2019 Runoff i Urban Areas, Book 9 in Australian
a SO Ramfall and Runoff - A Gude to Flood Estimation, Commonwealth of Australia, ©
v Commonwealth of Australia (Geoscience Australia), 2019
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Bridges and Floodways
Velocity Class of rock protection Section thickness, T
(m/s) (tonne) (m)
<2 None -
20-26 Facing 0.50
26-29 Light 0.75
29-39 Y 1.00
3945 Y2 1.25
45-5.1 1.0 1.60
5.1-5.7 20 2.00
5.7-6.4 40 2.50
>64 Special -

Culverts Natural C

Australian national guidance for rock sizing

nannels

= . 60,
TR =y conﬁa/ )}e{ c/n 2 /QMM/ u{ ig/ / / Stream bed type Velocity (m/s)
| EEERET sof £, _ (L AL LD
[~ = _;nwm L zpote i Silt less than 0.3
- L € 4.04mnmum
- 2 "“"”‘ L] W Fine less than 0.3
0 8 dg, = 500 mm Sand
- 5 30 L =4D (8D Coarse less than 0.3
%0 : e L =3D (6D) m}»m
- Ezow”ﬁ dgy = 200mm it 6 mm 0610 0.9
: " 3 L=30(4D) °5°=3°°"‘"'f-f Gravel 25 mm 13t01.5
| 10] Gw=t00ma | . . 100 mm 20103.0
Design parameters apply 10 the regions batween the ines
- o [C08 0 s £ ¥ £ - - 3 = S s 3 3P Soft 03t00.6
s ot ot 2 = I o e Clay Stiff 10t01.2
Y] ----.-.«-—« L s Single pipe diameter (mm) Hard 151020
Rocks 150 mm 25103.0
300 mm 3.51t04.0
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Australian national guidance for rock sizing

Channels

Equation (6.2.21) applies to uniform flow, but it can be generalised to include gradually
varying flow by replacing the slope, S by the friction slope, Sf. For gradually varying flow, the
bed shear stress is given by:

Australian Rainfall & Runoff

T, = pthS).- (6.2.25)
A G LTDE TO Th@ar stress is im@hen considering the flow velocities necessary for scour
FLOOD ESTIMATION
Spillways
The surfaces of an earthen embankment and overflow spillway must be protected against Krey P rl Ce

damage by scour. The degree of protection required is subject to the calculated flow velocity.

The following treatments are recommended as a guid@Governme@b

* V =2 m/s a dense well-knit turf cover using for example kikuyu;

» 2m/s <V <7 m/s a dense well-knit turf cover incorporating a turf reinforcement system,;
and

» V 27 m/s hard surfacing with concrete, riprap or similar.

Bridges Culverts

Riprap is one of the primary scour countermeasures to resist local scour forces at abutments  If outlet velocities exceed the acceptable limits, it may be necessary to check for potential
of typical bridges. Riprap is generally abundant, inexpensive and requires no special bed scour problems. Where the outlet flows have a Froude Number (Fr) less or equal to 1.7

equipment. However, proper design and placement is—essential. Guidelines for proper and outlet ve!ocit.ies less than 5.0 m/s, an extended concrete apron or rock pad (commonly
grading and placement methods are included in(QDTMR (2013); used) protection is recommended.

tions of scour repair and protection for existing bridges is included in  Design details are provided b{ Austroads (2013
)
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Australian national guidance for rock sizing

Austroads 2013 Rock Sizing

D5p=35%V* ® Maximum Allowable Average Channel Velocity =il \/elocity Range for Standard Rock Class
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* Check using at least 3 methods:

HWRS 2021 Recommendations

* Velocity

* Velocity & Depth by,

e Clarifications needed:

Application:
Channels vs. Structures

|||| llug

Shear

Gradation:

D,o, Dso, Dgg by total weight

Shear and Velocity Adjustments:
1D vs 2D vs 3D i

How to apply the USACE method

e

3000

—~ k\/2 =0
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50 f . 05 y 2.5
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1D Assumptions: Horizontal Variation

Isovels Zone of highest
velocity

Krey Price

\ Zone of lowest

velocity

Austroads 2013 and DTMR 2010
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0.00002V® sg . csc? (p - a)
(39R s ')3

Weight of critical stone
in pounds; two thirds of
stone should be heovier.

70° constant for broken
rock.

)

ific gravity of rock is sg, = 2.65; face slope of
a for class with two thirds heavier than minimum

Basic data and assumptions: velocity rati
revetment is 1.5:1; stones grade uniformly bet
required on face; T = 14 /W.,, plus 25% for Method B.

2 X 10~® V* gg,

B _.00002 V*2.65
(s — 1)¥sind (p — @)

165 5928 — ‘000057 ve

\Y city to which bank is exposed, ft/s
ktream velocity for impinging

on outside of bends in line with the

central thread), ft/s
M relocity for tangent (parallel)
velocIty; T17S

e 2/3vs4/3=
64x Weight!

A B

a =10, find W - 571b

llﬂ
/3

A
L

- 20, find W« 18T

\l

-
-~

—
~

« Velocity of woter in ft per

-4

o \“
sec

1D Assumptions: Horizontal Variation

N

v

0.00002V® sq, csc® (o —a)
(39, = 1)°

W = Weight of criticel stone
in pounds, two thirds of

stone should be heavier.
p = 70" constant for broken
rock
N
N
N
N
N
N
™~
N
\ »
N % A
\ -
g
- \ @
H s
o &

T ——— — —
— —— — — —

adjustments not.

in Austroads

DESIGN OF ROCK SLOPE PROTECTION
FOR STREAM BANK

1.25~

3
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Effect of bends

Rip Rap Sizing for 3H:1V or flatter side slope (SLA 1988)
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Effect of bends

Rip Rap Sizing for 3H:1V or flatter side slope (SLA 1988)
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1D and 2D Assumptions: Vertical Variation

S NNE

Horizontally varied, depth-averaged uelucitJ at each JD grid

v e Krey Price

E———

e e i

Cross-sectional velocity distribution
as a factor of average velocity
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1D and 2D Assumptions: Depth-averagead

CRITICAL FLOW VELOCITY
WITH FROUDE NUMBER OF 1.0

CREST

ENTRAPMENT ZONE BOIL AREA
ol — = - —
i THE HYDRAULIC AIR BUBBLES :
REDUCE BUOQOYANCY : :
REVERSE /- SUBCRITICAL FLOW VELOCITY Krey Price
SUPER CRITICAL g s ey i oy

FLOW VELOCITY

OVERFLOW JET WITH e
MAXIMUM VELOCITY AND FORCE \\\,_

o
-
e O \"1 lr‘" ” L'l

x.ft'
vt

GRAVEL AND STONES DEPOSITED
NATURALLY BY STREAM OVER TIME

Courtesy of Wright Water Engineers, Inc. and ASDSO.
Source: Wright, Kenneth R,, Kelly, Jonathan M., Houghtalen, Robert )., & Bonner, Mark R. "Emergency Rescues at Low-Head Dams." Paper presented at Dam Safety
1985, the 12th annusl conference of the Association of State Dam Safety Officials, Atlanta, GA, September 1555,

§%
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Vertical Variation

Cameron and McNamara, Report on Model
Investigation of Causeway Design for
Commonwealth Department of Works, Darwin
and Queensland Main Roads Department, 1966.

v

Q = 1.16 m/s (HEAD DROP = 0.36 m)

NOTE: The two velocities given at each section
reprasent the maximum and boundary
velocities at the section.

Formation width L=8.0m
Downstream batter 1in 2

Source: DTMR (2010).

Figure 4.2:

Source: Cameron and McNamara, 1966

2022 FLOODPLAIN MANAGEMENT AUSTRALIA NATIONAL CONFERENCE

Indicative velocities of flow over a typical floodway

Krey Price
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1D and 2D Assumptions: mild slope

\ U‘_xdaﬂ d)ad

yidaQg 1N

Horizontal Length

Krey Price

2022 FLOODPLAIN MANAGEMENT AUSTRALIA NATIONAL CONFERENCE @

OOWOOM A

RRRRRR



1D and 2D Assumptions: mild slope 167!
100 - ¢ L |

- N Krey Price
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1D and 2D Assumptions: mild slope

RS A o Krey Price
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1D and 2D Assumptions: mild slope
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3D Scour Modelling

Time=00s |/

Krey Price

Sediment net height change (m)

B
-20 -15 -10 -05 00 05 1.0

e
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3D Scour Modelling

J—

P

/

Time=0 i

Max Scour Depth (m)

oci ;
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o
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Net Height Change (m)
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——
3D Scour Modelling 1!
Time:0.0s Elevation Net Change (m) . k.. " » |
46 5 4 8 2 a4 0 1 ” fax
—_— e | _ ‘lr—;:g{\‘_ ‘\-“:_:u
g;‘"}xf
.—;:éd':__;.:

Krey Price

FLOW-3D

@
"......_.._2,"'” ' 2022 FLOODPLAIN MANAGEMENT AUSTRALIA NATIONAL CONFERENCE !2

V> TOOWOOMBA
= = Yapachh REGION




3D Energy Dissipation

Krey Price




3D Scour Modelling =™ «  FLoW®science 10!
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3D Weir flow vs orifice flow

‘ k,"g‘ .
Time = 82.5 - — e
Veiocity (Vs) | YR —
00 60 120
| —— o] :
30 90 .
Krey Price
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Rock cl Particle Angle of Critical  Critical shear] Particle Critical Critical shear 20 & B 10 100
ockclass diameter repose  shearstress velocity | diameter shear stress velocity i o
Class name d (in) d(deg) w(b/sH Ve(fs)  (mm) (Pa) (m/s) 460 60
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1.0 40
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Catchment Modelling Toolkit - RIPRAP r'l Pr'ap AJ :
| y .'.b

iGuidelines for the Design of
River Bank Stabllity and -—

Protection using RIP-RAP [

; G- .
riprap ) =T ~0

Krey Price

A spreadsheet program for the
design of rip-rap bank protection.

Rip-rap can be employed to

provide protection to actively
eroding or potentially eroding
banks in rivers and channels.

au/TooIs/RIPRAP

catchment r
MODELLINGTOOLKIT "b W//////
o by B CRC & heern Hyorohogy ‘/‘4/

The Catchment Modelling Toolkit is a suite of software designed to improve g

CATCHMINT HYDROLOOY

3dINS Jd3Isn

the standard and efficiency of catchment modelling. www.toolkit.net.au
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https://toolkit.ewater.org.au/Tools/RIPRAP
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Comparison of rock sizes based on Austroads velocity criteria vs shear stress at 1mm/Pa + 25%

& &
2022 FLOODPLAIN MANAGEMENT AUSTRALIA NATIONAL CONFERENCE @ !“.

Size -
reduction Krey Price

B V)
Ve
PR
S
WO
'l:'_u__; .'"{
RS
ALET
VS
7o
PEAN
ISCRYY
;w: PN
5
y
13
s
Poeay
AL
BN
y'.'..';-:'-"
AR
Shear

v TOOWOOMBA
. REGION



1.-o\r\
Vv

1300

1200

-—- v

1100

y (mm)

Recommended D«

B

Comparison of rock sizes based on average vs maximum velocity and shear stress

0.1% Slope 0.5% Slope 1% Slope 2% Slope

Average vs Localised Peak Hydraulics

|
i._'_‘f'f
4

Size increase

Krey Price

Size increase

Size increase

Size increase,

3 ¢
I ‘ .
73 i
s o
B2 ":"'v
q 1
X vy s
W, 3] e
| i f
z 33 I E&
k ' i
5 ,‘ 1 i
1 I3
-
X 1 i ? i
. i | | | i f
o Wl — | . 23] e . [ A 4 ,

Avg Vel Aveg Shear Peak Vel Peak Shr Avg Vel Avg Shear Peak Vel Peak Shr Avg Vel Avg Shear Peak Vel Peak Shr Avg Vel Avg Shear Peak Vel Peak Shr

1
4
of|
1
l
!
l
d
l
1
!

e 3 o e

1
f
I
I
l
[
b
4

B 2m Wide Channel 1m Deep W 4m Wide Channel 1.5m Deep B 6m Wide Channel 2m Deep

* From Price and Westwater, IMWA 2020

7

¥ TOOWOOMBA
REGION

2022 FLOODPLAIN MANAGEMENT AUSTRALIA NATIONAL CONFERENCE




Krey Price

-
-~ V=4 m/s

; D=1.6 m
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- D*V=6 m?/s
S=2%
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Publication No. FHWA-HIF-19-061 : '
October 2019 : TN

Two-Dimensional Hydraulic Modeling for = 40 tonne — s
Highways in the River Environment | 27 o
Reference Document — 150 tonne G |\ Y7 Ve
Krey Price

US. Department of Transportation
Federal Highway Administration

Figure 8.5. Riprap sizing contours based on 2D model depth and velocity results.
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Numerical sediment transport modelling e oo, -
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Australian Rainfall & Runoff

A GUIDE TO
FLOOD ESTIMATION
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Recommendations

* Check using at least 3 methods:

13.2 Sizing Riprap

The basis of designing a riprap revetment is sizing the rock. Methods presented
here are applicable to all bank hardening methods presented in succeeding
chapters. There are many methods available and this presentation is not all-
inclusive, however a sensitivity analyﬁ.la h 125 been prov ided on the presented
methods to aid in selecting an ap ng equation for the site. The
recommended approach 1s -n define the range
i values. Selection of the niprap sizZe =t o1 an average value from the
range, or it may be a high or low value depending on site specific characteristics
such as the geomorphic factors. There are spreadsheets and software available for
computing riprap size. but the designer should be familiar with the individual
riprap sizing methods to ensure they are applied correctly.

W.‘.':-:ﬁ'.-:;

RECLAMATION

Managing Water in the West

Bank Stabilization Design
Guidelines

Report No. SRH-2015-25

Albuquerque Area Office

Science and Technology

Policy and Administration (Manuals and Standards)
Yuma Area Office

Sy et

U.S. Department of the Interior
Bureau of Reclamation
Technical Service Center
Denver, Colorado

June 2015
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Applying 2D and 3D results to 1D methods

r
-
}',
i’

B |

e

- 3 &
4z a8 2022 FLOODPLAIN MANAGEMENT AUSTRALIA NATIONAL CONFERENCE gy ==

REGION




Extent of Protection

NAASRA, Bridge Waterways Hydrology and
Design, 1989.
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Poll Question

loodwaters moved this particle 2km downstream in
ess than 6 hours. Guess its weight:

Krey Price
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Poll Question &]

Floodwaters moved this particle 2km downstream in
less than 6 hours. Guess its weight:

Austroads 2013 rock sizing ' Krey Price
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Poll Question &]

Floodwaters moved this particle 2km downstream in
less than 6 hours. Guess its weight:

Austroads 2013 rock sizing Krey Price
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Frosion mechanisms

Levee crest

Qutboard

S

1a.Overtopping

1b. Overtopping/Jetting

Krey Price

2.Internal Erosion/Piping 3.Surface Erosion
4,Sliding

5.Wave Impacts 6. Structural Impacts o hs
7.Liquefaction

9.Tree damage

8.Piping of substratum 10. Slope failure

7
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Additional resources

13BN numbser for HWR & 2021 |2 573-1-325627-53-4

Advancing Australian Riprap Sizing Approaches
Erey Price
Burface Water Solution:
krev. price@surfacewatar biz
ABSTRACT

The placemers qf riprap i the most commonly implemented scour counfermagTure in
Ausrralia Nmiomeide puldance for riprap sioing & provided e dwtromls and dwstralian
Raifall aed Rungll (ARR) documentz. 4RR guidmice generally defers fo Qusensiond
Dgpartmeret of Transpoert aid Moin Roads (QDTMRE) publications thar, fn twew, dgfer fo
Auwstroadts puidance Jfor riprap sizing dustroads riprap siming procedurss fall back on
methods developed by the Usnited States Bureau af Reclamarion (LSBR), the ULS. Army Corps
qf Engincers (USACE), and the Federal Highwas Admimstration (FHWA) The cited
procedures senerally relate the recomenernded riprap size o flow velociny becauwse alternaive
parameters such @8 shear stress have historically been dyffculr fo vioudglice, compute, and
HIBIUFE.

Ausrroads mwd ARR gurdaice sumuals cite differesr methods for sicing riprap associored
with bridges, culverts, floodways, ensrgy dissiparion structures, and chamel lining
appiications,; [ fowe cases, the cited methods provide cosflicting puidance. Some af the
reforences thar sevve ar @ bhasiz for dwralion riprap sizing guidance Rave been ruperseded
by more recert publicarions thar should be incorporated inte fidure edittons of dustralian
Fuldance documents.

Both Austrogds and ARR mouals reconpnend computing shear stress to determing the
potential for mobilizing materigl, but no puidmice for aopling shear-based rock sizing
dezign criteria & prezevted Recent advamces in computarional methods ailow shear-based
aaiyses to be more readily developed for previowsly impractical applicarions, leading to the
potential mrroduction of standardized, shear-bared, Awsrralian riprap desizn appreaches.
The increasig prevalence af 1D md 3.0 flood modeiling relarmve to 1D modelling warrant: a
reappraizal of previowsly adopted Fiveap sioirg criteria thar have maditionally been based on
1D approaches. 10 mud 3D resuizs wed for riprap simimg ave suliject to the proper selection
qf grid siEes, compunmional methoeds, fwebwience cogfffcionts, od other modelling
parameters. A recommended interim approach for estimming stable design ripeap Size i
prezented using Hydraulic modeliing resulz for velocity, depeh, and shear stress.

BACKGROUND
The Use of Riprap in Anstralia

Felative to other :couwr coumtermeasures, the imstallation of riprap m Australia is a primary scour
protection option beczuse it is “abundant, inegpensive, and requires no special equipment™ (ARF
2019, Matiperwide guidance for the application of hydraulic medelling results to :cour profection
desizns is provided by Austroads and ARF. This paper provides a literature review of the sources that
serve 25 2 basis for Australian riprap sizing approaches and recommend: selected adjustrments to thass
approaches. Guidance provided by local jurizdictions is only mcheded in this review where referenced
in the national guidelines.

Velocity v3 Shear

Both Austroad: and ARR guidance docomests cite velocify-based criteria for sizimz riprap. In
smmplest terms, flow velocities are extracted from measurements or hydraolic models and comverted
directly imto 2 recommendesd stone size. In general, the welocity refers to a depth-averaged chammel
velocity, and the stone size refers to the median diameter (D) of an individual riprap stone based on
total weight of the rock clzases. Fipare 1 shows an exzmple of 2 riprap sizing chart based on tzbulated
values in Austroads (20132 and 2013k}

Ausrresds 7013 Rock Siring

4 tonne = &
14
2wmane &
1tonne = -
'
LI tonine -
114 boewa -
Light -
Facing » -
v Bl .

A jetimated) s M

Fizure 1. Riprap sizing chart (based on Anstroads 2013a, 2013b).

Velpcity-bazed riprap zizmg method: can generally be summarised by stating the required rock
diameter in terms of a coefficient “a” that iz multiplied by the velocity raized to an exponent b
Do, =2*V"  (Equation 1)
The coefficient “a" can vary with side slope, bend angle, demsity, anpularnity, safety factor, and other
elements. The exponent “b™ zensrally anges betwesn a value of 2 and 3 among the various availabls
methods. The applicable velocity ranges azsociated with standard Anstralian rock clazses are shown in
Fizure | azamst a relationship curve with a value of 35 for “2" and 2 for "b", where the median rock
size (measured in milimetres) is 35 times the square of the velocity (meazored in metres per sacond)
Figure 1 shows an altermative relationship where the velocity on the % axis is taken a: the bottom
velocity rather than a depth-zverazed velodity (Ausoads 20130). The maximam allowable averags
charme] velpcities from Figure | are shown in red for comparison. The effective “2” values range
from 20 to 35 for awerage chamnel velocities, and fom 40 to 70 for bottom velocities, with the
exponent “b" held constant at 2 for both curves.

Increasing the applied velocity ha: an exponential effact on the computed stone weight. Becanse the

Krey Price
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www.hydroschool.com/riprap/ WWWw.catchmentsandcreeks.com.au

Services v Course Locations v Registration v Articles v AboutUs v Contact v

. (atchments & (reeks

Home > Rock sizing resources -

Rock sizi ng resources # About Us Training Field Guides Fact Sheets Drawings B -

We recently hosted the Australian Water School's 100th webinar, “Rocking ItI” which covered using hydraulic modelling results for rock

. : Fact Sheets: Rock Sizing Krey Price

B T

Ea:kground to Rock Roughness Equation
NAges

Background to Rock Sizing Equations

Watch on (3 YouTube Ry
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http://www.catchmentsandcreeks.com.au/
http://www.surfacewater.biz/riprap/

* Doubling the velocity increases the
required rock weight by a factor of:

X ° 2 > < R , - Krey Price
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RIPRAP SIZE DETERMINATION

A suggested minimum size for riprap is given by the curve in

Figure 1l.  The curve indicutea, over most of its range, that doubling
theflwv-eluui eaving - makes necesgary to provide

; times hr.gar in numinal dimter or 16 times larger—is

“'lm or welght. Wrong by a factor of 4!
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Recommendations

* Check stability using at least three 1D
methods:

 Velocity Dso=a*V?

e Shear Dy =571 0 25

[ J 1 y | M
Velocity & Depth b, SszCVCtd[[YSYW K ed

e Clarifications needed:

* Application:
Channels vs. Structures

* Gradation:
D10, Dso, Dgg by total weight

* Shear and Velocity Adjustments:
1D vs 2D vs 3D

How to apply the USACE method

|||| llug
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IN  KILOGRAMS  SPECIFIC GRAVITY 26
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* Gradation:
D10, D5, Dgg by total weight

* Shear and Velocity Adjustments:
1D vs 2D vs 3D

How to apply the USACE method
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Estimating scour risks
from 1D, 2D, and 3D
flood model results

SurfaceK\r/\e/th:igilutions FMA National COnference - Krey Price
Toowoomba QLD
20 May 2022
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