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' ‘Project‘(.)bjectives

Knitghthead for protection of
instrument from vandalism

sk

Monitor flows at 12 challenging streamflow
monitoring sites

Improve the accuracy of moderate and high
flow discharge estimates at those sites

Virtually Increase the total number of stage
— discharge observations obtained at each
site. (96 per day)

Identify variances in the stage-discharge
relationship on falling and rising legs of a
hydrograph.

Reduce uncertainty in flow estimates.
Evaluate the effectiveness of utilising

Acoustic technologies to develop improved
discharge monitoring.

Develop a methodology and work
procedures to identify and eliminate error

sources
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Study Sites.

.

e | Twelve sites were initially selected for the study
— Latrobe R @ swing Bridge

— Latrobe R @ Kilmany south

— Thomson R @ Bundalaguah

— Mitchell R @ Rosehill

— Avon R @ Stratford

—  Snowy R @ Jarrahmond

— Macalister R @ Licola

— Macalister R D/S Lake Glenmaggie
— Goulburn R @ Murchison

— Goulburn R @ McCoys Bridge

— Murray R @ Euston

— Gellibrand R @ Burrupa

e | Each provided one or more of the following challenges;
— Access difficulties during high flows

— Subject to surge in an estuarine lake

— Subiject to variable back-up

— Downstream from a controlled storage/s

— Resource intensive manual stage—discharge observations required.
— Break-out point to a flood plain.

— Meeting Key Business Driver needs.

e | For further site detail see the accompanying background paper.
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ACOUSTIE™OPPLER VELOCITY METER

1)
2)

3)
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The topics discussed are;

Unsteady Flow Conditions,

The propagation of flow in space and time through a river for unsteady flows
condition and the challenges due to the limitation in conventional method;
namely recording stage, undertaking the discharge measurement, developing

rating table,
ADVM (Acoustic Doppler Velocity Meter) Trial,




Unstead§Flow - Hysteresis

dlscrete location; the flow is cIaSS|f|ed as unsteady
ah al’

af at
Hysteresis effect IEl‘gccurs where discharges for a given water level on
the rising limb of hydrograph differ from discharge for the same level
on the falling limb,
Its magnitude is significant at;
a) Sections affected by tide,
b) Where backwater effect occurs during a flood,
c) Where the flow conditions are controlled by a Lock or a Gate,

d) Where the flood plain impact on main stream is significantly variable -
magnitude of the impact before and after the peak varies 5|gn|f|cantly,

e) Where flow is regulated constantly,
Victoria
hiesst) Where water surge occurs
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Unsteady Flow-Hysteresis,
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River with a Flood,Plain & Unsteady Flow,

o

(h) Transverse slope during falling flood.

(d) Meandering main channel.

The interaction between the main channel and the flood plain or

nundated valley is one of the most important factors affecting flood
Dropagation.

The impact of a flood plain on wave celerity where the flood wave

Victoria

thess )gresses more slowly in an inundated valley. Victoria
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Loop Ratigg - Hysteresis
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relation for the Red River,
Alexandra, Louisiana
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1964. Source: D. L.
Fread, WATER
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VOL. 11, NO. 2
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ASSOCIATION APRIL
1975,




Loop Rating - Hysteresis
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Loop Rat_lgg - Hysteresis
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Loop Rating - Hysteresis
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AcoUiStic Doppler Velocity Meter

Theeffects of the trees on t.J';1e bank, of the junction on the
velocity recorded
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Indi@tt Discharge Calculation for

Uns_i?gady Flow,

Indirect Discharge Estimation Methods for Unsteady Flow;

a) Estimation methods based on stage measurements at a single section
Jones, Henderson, Di Silvio, Fread, Faye and Cherry, Fenton formula,

c) A dynamic rating curve approach to indirect discharge measurement;
based on water level collected from two sections on the reach

fe:] 'I.
‘Ehless
services The Place o be




Indirect Calculation Methods,

- - in I:h.

)e equations In these methods are derived from the 1-D shallow water
momentum equation by disregarding one or more terms;

b Q [
sz 1963 159 o
ox 25 oOx g ot K-

Slope +Convective acceleration+local acceleration= friction slope terms

In/these formulas, assumptions are made, and number of coefficients are
used, such as momentum coefficient, kinematic wave celerity,

which might be varying from the section to section, depending on
physical features of reach, slope and resistance coefficient,

St/ Venant Equation: 12

1dy u du_ 1 ou
= 1— -~
0= S,0x Sgox Sgot

a

hiess Kinematic wave - Victor 3
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Indirect Calculation Methods,

The ability of the different equations to estimate discharge depends on
the channel geometry, hydraulic parameters such as roughness and flood
ave characteristics;

Table 1. Characteristics of numerical experiments. In all the experimants, Manning’s roungheess has been set equal to 0.035m—13 5,

Cross sacfion geomemy Bedslope Timetopeak Peak discharge
(' 57

o5
Case 1 Fectangnlar, 50m width 1072 24h Q00
Case 2 Fectangnlar, 50m width sx10~ 24h Q00 = _
Case 3 Fectangular, 50m width =107 T2h Q0 15 "y
Case 4 Rectangnlar, 50m width %107 24h Q0 10 "'i
Case 3 Fectangnlar, 50m width 10— T1h Q0 -
Case 6§ Fectangnlar, 50m width 10—+ 24h Q0 5 E
Case 7 FRectangnlar, 200 m width 5x10~F 168h 10000 o
Case Rectangular, 400m width  2.5x10~F 1650 10000
Caze & Variable 10— 24h Q00 &
Case 10 Irregular 21078 24h Q00 & [x] =
Case 11 Irregular 10~ 24h Q00 15 !

<20

25

=30

=35
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Indirect Caleulation Methods,

.

Murray River

Water Surface
Profiles, from Lock

7 to Lock 6,
Source: J.S. Gerny P. J.
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Indif€et Calculation

o

Sy
&T p
u & }_D
Channel bed (=0) i:_ =
Chamnel bed (u=0) -
(a) Pattern I (4 <0) (b) Pattern I (5 >0)

Figure 2 Velocity distribution patterns in open channels.

the possible patterns of distribution described mn Fig. 2. Chiu
(1987, 1988, 1989) derived the following velocity distribution
equation:

Umax

M
= i In[1 + (™ — 1)&] (D)
i which u = velocity: Upmaxy = maximum velocity: M =
parameter; and & = dimensionless variable with which «
develops.

An efficient method
of discharge
estimation based on

probability concept
Source: CHAO-LIN CHIU,
Professor, Department of
Civil and Environmental
Engineering, University of
Pittsburgh, YEN-CHANG
CHEN Journal of Hydraulic
Research Vol. 41, No. 6
(2003), pp. 589-596

© 2003 International
Association of Hydraulic
Engineering and Research

Victoria
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Indirect Caleulation Methods,

.

20

Allegheny River at Natrona
USGS Data, 10/74-7/94
1 ¢=0.79 (M=4.53)

Note: Uy =Q/4.7,=74m, 6=23m
15| © tmax obtained at =, ¢=0.79

1 & Uy, Obtained at =z, —a, ¢=0.81

® lley ODtained at z, + 0. ¢=0.81 & The location of

ﬁobs (m/S)

Allegheny River at Natronal
USGS Data, 3/19/1980
—4.0 7 0=1430cms. G=421m
; —-60 40 -20 0 20 40 60 &0 100 120 140 160 180
U (01/S)

Distance from left pier (m)



Indiféct Calculation Methods,
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Maximum Measured Velocities (at 0.8 of depth) vs. Cross Sectional Mean Velocities Historic
Measurements at different stream gauging sites
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M ADVM Deployment

o

The strong relationship between point or line velocity and mean velocities in a cross
section is promising.

>[Installation for fit for purpose,

a)The cost effective - monostatic Doppler current meter; the same transducer is
used as both transmitter and receiver ,

b)Practical and simple and cost effective installation and housing, dismantling the

»Work procedures for QA

-
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WADVM - Error Sources

_‘.‘
LY ] I-.h-

calibrations have been applied.... The actual errors are rarely known;
however, upper bounds on the errors can be estimated.”

AS 3778.2.4—2001 ISO/TR 5168:1998 Australian Standard™ Measurement of water flow in open channels
Part 2.4: General—Estimation of uncertainty of a flow-rate measurement [ISO title: Measurement of fluid
flow—Evaluation of uncertainties] Pg : 6

Error Sources:
a) Systematic Error
b) Random Error

If so, what are these error sources for ADVM?

at measures should we take to eliminate these error sources (as
much as possible), when deploying and operating them and analysing
their data?

-
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Acoligtic Doppler Velocity Meter

. .

Q=A*YV,

Q Is discharge; A is section area; V is cross sectional mean velocity.
Velocity functions of gravitational (slope) and frictional (counteracting) forces,

Changes in area can be observed by surveying,

Changes (along the reach and along the reach over time) in hydraulic parameters
such as slope, friction need to be measured;
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SADVM - Error Sources

Field conditions vs. theoretical considerations;

v

GPEN CHANNELS AN TILETR RO ES
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%DVM Error Sources
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Index Rating

S:age_ Area Rati ng |ndex Vel oci ty Rati Nng
A = f(h) from survey Virean = T(Vinded

j2as

0.30 i I -

d Vialm:it:.r_. imisec

Measure

Line Velocity measured by ADVM, m/sec

° 0.00 L | | ,
(Ehless " | | .
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"™ADVM - Error Sources

Index Rating for a site

o CurrentMeter Gaugings & ADCP Gaugings 8 ADCP Gaugings Stationary
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ADVM - Error Soukrces

Index Rating for a site

0.350 /©
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R2 = 0.9905 /6{9/
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ADVM - Random Error Sources

sk
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from particles in the water.

a)The magnitude of the reflection is called signal strength, which varies with the

amount and type of suspended material (called scatterers) and the distance from
the transducers.

h)Each velocity sample recorded by the ADVM is the average of a number of pings.

c)ADWM pings once per second over the period of time specified by the averaging
interval.

d)The system records the standard error of velocity based on data from individual
nings.

e)Standard error is the standard deviation of the velocity measurement from each
ning, divided by the square root of the number of pings.

)Standard error is a direct, statistical measure of the accuracy of the mean velocity
data.

d)Measured standard error includes instrument-generated noise and real variations

. in velocity.
‘Ehless v paetond
services




.
ADVM — Random Error Sources

llh-

e averaging interval, sampling interval,

Choosing an averaging interval which is long enough to
liminate instrument noise and real variations in flow,

It is not recommended to use Averaging Interval settings of
less than 60 seconds,

840 seconds averaging interval was chosen in our project,
»60 seconds is used to transfer the data into logger,

» Diagnostic test embedded in the instrument is used to
evaluate the reliability of data.

o :
‘Ehless Victoria
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Acoustic Doppler Velocity Meter

- - in I:h.

The technology was developed for military purpose for vessels and
submarines,

It has been used for hydrographic purpose in USA since mid 80’s,
It is an emerging technology for Australia, introduced in the last 4 to 5 years,

Using them at very challenging sites, comparing the results with data
collected by different techniques and technologies,

Taking measures to eliminate the error sources, in deployment, usage and
data analysis, and developing stringent work procedures to reduce the
uncertainty in data collected by Acoustic Instruments,

These are the areas Acoustic Doppler provides reliable solutions .

= Victoria
hless The Place To iz
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Acoustic Doppler Velocity Meter

-
- .-

) Accurate flow is collected when flow is unsteady at
significantly lower costs. Conventional methods were very
expensive but are even more costly today and require many
teams of experienced hydrographers to undertake flood

easurements. Personnel safety is enhanced also,

2)The estimated flow for a high flow can now be quantified,
providing the data to the user with an improved confidence
interval; talking to the scientist in a scientific language,

) JAccess the real time flow data during a flood,

4)Salt and sediment load transportation is estimated with
igher accuracy; see Swing Bridge Study

. Victoria
hiess The Place To e
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Fu%e Actions & Conclusion

o

e | Continue to improve Acoustic Doppler Velocity Meter indexing at all sites

e | Implement salt wedge and suspended load monitoring at Latrobe R @ Swing Bridge
as an addendum to the primary study.

e | Commission a study into the statistical analysis of ADVM results and comparison of
data collected traditionally and that collected utilising the ADVM.

e | Asses the effectiveness of long-term operation of ADVM’s at each study site.
e | Identify additional sites requiring ADVM technology in Victoria
e | Optimise the application of ADVM technologies across Victoria

Conclusion

Initial studies indicate that Acoustic Technology offers an opportunity to enhance
discharge accuracy and reduce streamflow data uncertainty more effectively than
traditional processes.

Scientific analysis of the data derived from acoustic technologies will enable
hydrologists to make informed decisions about future deployment of them.

Employment of ADVM’s reduce resource commitments during times of high demand
(streamflow) and enhance operator safety.
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