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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Introduction

The term acoustic Doppler current profilers (ADCP) has been adopted as a generic term for a technology
that is manufactured by various companies worldwide. They are also called acoustic Doppler velocity
profilers (ADVPs) or acoustic Doppler profilers (ADPs).

To use this document effectively, it is essential that users are familiar with the terminology and
functions of their own ADCP equipment. Users should also be familiar with additional requirements.
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Hydrometry — Acoustic Doppler profiler — Method and
application for measurement of flow in open channels
from a moving boat

1 Scope

This|[document gives guidelines for the use of boat-mounted acoustic Doppler current profilers (ADCPs)
for determining flow in open channels. It describes a number of methods of deploying ADCPs to
detefmine flow. Although, in some cases, these measurements are intended to déterminge the stage-
discharge relationship of a gauging station, this document deals only with single deterjmination of
discharge.

ADCPs can be used to measure a variety of parameters, such as current pr,stream flow, water velocity
field$, and channel bathymetry. As a potential application, an idea”¢f bedload dischdrge can be
obtajned applying the bottom track velocity, while suspended sedintent flow can be obtairjed applying
the dcoustic backscatter and the sonar equation. This document is’generic in form and |contains no
operptional details specific to particular ADCP makes and models:

2 Normative references

The following documents are referred to in the text:in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 172, Hydrometry — Vocabulary and symbols

3 Terms and definitions
For the purposes of this docunient, the terms and definitions given in ISO 772 and the following apply.
ISO gnd IEC maintain terminological databases for use in standardization at the following gddresses:

— SO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropédia: available at http://www.electropedia.org/

31
transducerdepth
ADCP depth

draf
depth of the ADCP transducers below the water surface during deployment (3.6)

Note 1 to entry: The ADCP depth should be measured manually.

3.2

bin

depth cell

truncated cone-shaped volume of water at a known distance and orientation from the transducers

Note 1 to entry: The ADCP determines an estimated velocity for each cell using a centre-weighted averaging
scheme, which takes account of the water not only in the bin itself but also in the two adjacent bins.

© IS0 2021 - All rights reserved 1
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blanking distance

blank

distance travelled by the signal when the vibration of the transducer during transmission prevents the
transducer from receiving echoes or return signals

Note 1 to entry: This is the distance immediately below the ACDP transducers in which no measurement is taken.

Note 2 to entry: The distance should be the minimum possible. However, care should be taken not to make the
distance too short in order to avoid signal contamination by ringing or bias due to flow disturbance.

3.4

bottom tra
acoustic me|
reflected frq

Note 1 to ent}
because this
Satellite Syst

3.5

cking
thod used to measure boat speed and direction by computing the Doppler shift.of s
m the stream bed relative to the ADCP

y: With no moving bed, the discharge can be computed with bottom velocity and water velocity
s done in ADCP coordinates not earth coordinates. With moving bed, the use ofja Global Navig
bm (GNSS) or loop-corrected data using a calibrated compass is required.

real-time mode

mode in wh

Note 1 to ent
in this mode.

3.6

deploymen
ADCP initia
record datal

Note 1 to enf]
estuary.

3.7
deploymen
technique u

Note 1 to ent
controlled bd

3.8
ensemble
profile
single meas

Note 1 to ent
39

ping
entirety of t

Note 1 to entr

3.10

ch the ADCP relays information to the operating computer asit gathers it

F'y: The ADCP and computer are connected (physically or wireless) throughout the deployment

K

ry: A deployment typically includes several pairs of transects (3.11) or traverses across a riv

k method

sed to propel the ADCP across a watercourse

at.

irement of the water column

Fy+A column of bins (3.2) is equivalent to a vertical in conventional current meter gauging.

pund

r data
ation

(3.6)

lized and activated to collect data while #he ADCP is propelled across the secti¢n to

fer or

"y: One of three different/deployment methods is used: a manned boat; a tethered boat; or a refnote-

he sound generated by an ADCP transducer for a single measurement cycle

y: Sound pulses transmitted by the ADCP for a single measurement.

self-contained mode
autonomous mode

data retrieval mode in which the ADCP stores the information it gathers within its own memory and
then downloaded to a computer after deployment (3.6)

Note 1 to entry: This method is generally not used by majority of ADCP practitioners nor recommended by the
majority of hydrometric practitioners.

2
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3.11

transect

pass

one sweep across the watercourse during an ADCP deployment (3.6)

Note 1 to entry: In the self-contained mode (3.10), a deployment can consist of any number of transects.

4 Principles of the boat mounted ADCP method

4.1 General

The ADCP is a device for measuring current velocity and direction, throughout the watef column, in
an efficient and non-intrusive manner. It can produce an instantaneous velocity profile through the
water column while disturbing only the top few decimetres. ADCPs nominally werk asing|the Doppler
pringiple (see 4.2). An ADCP is usually a cylinder with a transducer head on the’end (see Figure 1). The
trangducer head is typically a ring of three or more acoustic transducers with their facg¢s angled to
the Horizontal and at specified angles to each other. Some ADCPs use phased-array transdyicers, which
contain many elements that can form multiple beams at various angles, depending on| transducer
design. A single phased array transducer can form the three or morehbeams needed for an ADCP.

1

NOALY
Key
1 forward
2 portorleft
3 dtarbeard or right
4  atorbackward
NOTE ADCP can work in any position or orientation; this figure is an indicative illustration.

Figure 1 — Example sketch illustrating typical ADCP with four transducers

The ADCP, which was originally developed for oceanographic work, has since been developed for use in
estuaries and rivers. An ADCP can be mounted on a boat, flotation collar, or raft, and propelled across
a river (see Figure 2). The ADCP collects velocity data, direction of flow, depth data, and boat speed,
direction, and position. With such information, discharge values are independent of the path; in other
words, the route taken does not need to be straight or perpendicular to the bank.

© IS0 2021 - All rights reserved 3
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Figure 2 — Sketch illustrating moving A;%(’)at ADCP deployment principles
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Figiire 3 — Reflection of sound — Waves by a moving particle results,in an apparent

Doppler’s principle relates the change in frequency to the relative velocities of the sourc
and the observer. In the case of most ADCPs, the transmitted-sound is reflected off partic
bubbles in the water column and reflected back to the transducer. It is assumed that the
move¢ at the same velocity as the water and, from this, theifrequency shift can be translated
magnitude and direction. The particulates in the river @re generally suspended sediments
low $S concentration results in no data because there}is no return signal, while a very high
the gignal, and also results in no data. Therefore; ADCP frequency shall be chosen accord
Fia. The more suspended sediment that are’in water, the lower the ADCP operating frequency

crite
shou
orlo

travglling in a representative magnitudeland direction.

4.3

4.3.1 General

Therg are three general types of ping configuration and processing algorithms used in AD(

Referen
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transmitted received signal Fp,
pulse Fo
target moving
towards AW
Ty
Fp <F,

moving away

O—

/N

Fp > F,

stationary or

g across

150 A

FD =Fo

the frequency of those sound waves

|d be. In addition to that, it should also be noted that excessive air bubbles can cause d
5s of, the returned signal. Furthermape, air bubbles naturally rise and therefore are lik]

Acoustic Doppler current profiler techniques

pulse incoherent/(including narrowband) — Doppler shift long pulse,

change in

e (reflector)
ulates or air
particulates
to a velocity
(SS). A very
SS disrupts
ing to these

istortion in,
ely not to be

Ps:

4.3.2 Pulse incoherent

An incoherent ADCP transmits a single, relatively long, pulse of sound and measures the Doppler shift,
which is used to calculate the velocity of the particles along the path of the acoustic beam. The velocity
measurements made using incoherent processing are very robust over a large velocity range, although
they have a relatively high short-term (single ping) uncertainty. To reduce the uncertainty, multiple
pulses are transmitted over a short time period; these are then averaged before reporting a velocity.
“Narrowband” is used in the industry to describe a pulse-to-pulse incoherent ADCP. In a narrowband
ADCP, only one pulse is transmitted into the water per beam per measurement (ping), and the resolution
of the Doppler shift shall take place during the duration of the received pulse. The narrowband acoustic
pulse is a simple monochromatic wave and can be processed quickly.
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4.3.3 Pulse-to-pulse coherent

Coherent ADCP systems are the most accurate of the three, although they have significant range
limitations. Coherent systems transmit one, relatively short pulse, record the return signal, and then
transmit a second short pulse when the return from the first pulse is no longer detectable. The ADCP
measures the phase difference between the two returns and uses this to calculate the Doppler shift.
Velocity measurements made using coherent processing are very precise (low short-term uncertainties),
but they have significant limitations. Coherent processing will work only in limited depth ranges and
with a significantly limited maximum velocity. If these limitations are exceeded, velocity data from a
coherent Doppler system are effectively meaningless.

4.3.4 Bropdband (Spread spectrum)

Like coherent systems, broadband ADCP systems transmit two pulses and look at the phase charge of the
return from successive pulses. However, with broadband systems, both acoustic pulses are ‘withip the
profiling rapge at the same time. The broadband acoustic pulse is complex; it has a code'superimposed
on the wavefform. The code is imposed on the wave form by reversing the phase and ¢réating a ps¢udo-
random codp within the wave form. This pseudo-random code allows a number ofindependent samples
to be collected from a single ping. Due to the complexity of the pulse, the processing is slower than in a
narrowband system; however, multiple independent samples are obtained from each ping.

The short-tgrm uncertainty of velocity measurements using broadbandprocessing is between that of
incoherent dnd coherent systems. Broadband systems are capable ofymeasuring over a wider velpcity
range than [coherent systems; although, if this range is exceeded;the velocity data will be rendered
meaningless. The accuracy and maximum velocity range of a broadband system is a function qf the
precise prodessing configuration used.

4.4 Measurement of velocity profile

4.4.1 General

ADCPs meagure velocity profiles relative tothe ADCP. In order to obtain an absolute velocity profile, a
combination of relative velocity and boat veloCity are necessary.

4.4.2 Measurement of relative velocity

The velocity is measured as a'centre-weighted average that spans the cells above and below as
described i1} 4.3 and the result.is reported at the depth of the cell centre. With these results and ysing
trigonometiic relations, a 3=dimensional water velocity is computed and assigned to a given depth cell
in the watef column. Altheugh this is analogous to a velocity profile obtained from a point velpcity
meter, the ¢ntire meastirable region of the water column is sampled by the ADCP. Acoustic pulse
requires to be stabilized, in order to obtain data. The blanking distance exits in order for acoustic pulse
to stabilize (see Figure 4).

4.4.3 Measurementof boatvetocity

4.4.3.1 Bottom tracking

The ADCP can use the Doppler principle to track their movements across a channel using a technique
called “bottom tracking”. Bottom-tracking measurements are similar to water-velocity measurements,
but separate pulses are used. Bottom-tracking pings are longer than water pings. These pings are also
used to measure the depth of water. The sound pulses are reflected from the stream bed and used to
calculate the velocity of the ADCP relative to the bed. ADCPs may also have an on-board compass and
can combine this data with bottom-tracking data to determine boat direction and speed assuming the
stream bed is stable.

In order to conduct the water and bottom tracking measurements, first, the ADCP sends a pulse to
measure the boat velocity which is just the opposite of bottom velocity relative to the ADCP. Second,

6 © IS0 2021 - All rights reserved
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the ADCP sends a pulse to measure water velocity relative to the ADCP. Third, the ADCP combines these
two velocity vectors (water and boat) to compute the absolute water velocity. To do this with accuracy,
two conditions shall be met.

a) The stream bed should not move, otherwise the water velocity can be under estimated. In this case,
Global Navigation Satellite System (GNSS) should be implemented or special treatments shall be
taken care as described in 5.3.

b) The boat should not move or rotate between the pulse for bottom velocity and the pulse for
water velocity. Otherwise, there is an angle error between the velocity water vector and the boat
velocity vector.

To enpsure that these conditions are met:
1) {gestfor a moving stream bed using a stationary method, loop test, or GNSS;

2) deployment of boat has to be smooth and even, and slow relative to the watenvelocity.

4.4.3.2 Global Navigation Satellite System (GNSS)

A GNSS may be integrated with an ADCP to provide position and hoat velocity data. This is used as
an alternative to bottom tracking when the bed is unstable due to high bedload discharge or when
bottgm tracking is unable to accurately determine bed level dug, for example, to vegetafion growth
or hgavy suspended sediments. It is important to implement®he most accurate GNSS systeém available
to ugers. The accuracy of the GNSS may be affected by trees.or buildings on the river bank on narrow
riverjs. When GNSS can only sight four or less satellites at'one time, the accuracy of the ADCP is reduced
consjderably. The GNSS system should warn the user.when this occurs.

© IS0 2021 - All rights reserved 7
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Key

1 cell/bin [

2 cell/bin

3 cell/bin B

4 cell/bin ph

5 blankingdistance

Figure 4 — ADCP depth cells or bins

4.4.4 Near boundary data collection

The angle of the ADCP transducers varies depending on the manufacturer and type. It typically ranges
between 20° and 30° from the vertical. The ADCP cannot measure all the way to the stream bed. When
acoustic transducers produce sound, most of the energy is transmitted in the main beam. However,
there are also side lobes that contain less energy that propagate from the transducer as well. These
side lobes do not pose a problem in most of the water column because they emit low energy. However,
when the side lobe strikes the stream bed, the stream bed is a good reflector of this acoustic energy,
and much of the energy is reflected back to the transducer. Due to the slant of the beams, the acoustic
energy in the main beam reflects off scatterers in the water column near the bed at the same time that
a vertical side lobe reflects from the stream bed. The energy in the main beam reflected from these
scatterers in the water column is relatively low compared to the energy in the side lobe returned from
the stream bed, which may contaminate the velocity measurement near the bed. Therefore, there is an

8 © IS0 2021 - All rights reserved
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area near the bottom that cannot be measured due to side-lobe interference. This distance is computed

as shown in Formula (1):
[1 - cos(6)] x 100 (1)

where 6 is beam angle.

Thus, for a 20°system, it is 6 % of the range from the transducer. As the profile approaches the boundary,
interference occurs due to reflection of side-lobe energy taking a direct (shorter) path to the boundary

(see Figure 5).

Key
dide lobe

ain beam
:Eaximum slant range
depth of sensor and draft of hoat
lanking distance
depth of measured diseharge
dide-lobe interference

X N O U A WN
=

dtream bed

Figure 5 — Depth zones within the water column

To emsurethat there is no bias in the velocity estimate, the ADCP and its software should ignore that
portion of the water column affected by side-lobe contamination near the bed. This is undertaken
automatically by the ADCPs in current use. The user manual should provide information on this.

To measure the velocity at a precise depth, it is necessary to have a reliable measurement on three
beams at this depth. Any data beyond the range of the shortest beam is suspect because it may be
contaminated by reflections from the boundary of the shortest beam. Only data above the shortest
beam should be used.

As illustrated in Figure 6, the ADCP is unable to make velocity measurements in three areas:

— near the surface (due to the depth at which the ADCP is located in the water and, added to this, the
blanking distance);

© IS0 2021 - All rights reserved 9
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the bed);

signals returned from the bank).

2

/

4

1174

near the bed (due to side lobe interference, channel undulations and acoustic reflections caused at

near the channel edges (due to a lack of sufficient water depth or to acoustic interference from

Key

measure
near the
near the

Bow N R

edge as |

NOTE \'

4.5 Speey

The calculat
significantly
in water te
transducer f
of sound. Tg
affectthe m
to useit, or

time of the 4

-

p4

s

d area

surface as unmeasured area
bed as unmeasured area
nmeasured area

locity is only measured in the central area, elsewhere it is estimated by extrapolation.

Figure 6 — Measured and un-measured area

1 of sound in water

ed velocity is directlyrelated to the speed of sound in the water. The speed of sound v
r with changes in pressure, water temperature, and salinity, but is most sensitive to chd
nperature. MostCmanufacturers of ADCP systems measure water temperature nea
aces and appl§.correction factors to allow for temperature related differences in the
bmperature-changes that occur with depth do not affect the horizontal velocity buf
basured depth. If ADCPs do not have temperature compensation facilities, user should
the usér-shall measure the water temperature with a thermometer or another sensor 3
ADCP data collection.

aries
nges
I the
peed
will
hvoid
t the

NOTE 1

In

NOTE 2

most wellmmixed Tivers,; the temperature is the same or earty the same fronr top to botton:

internal sensor malfunctions.

Most post-processing software can reprocess the data with a measured water temperature when the

If the ADCP is to be used in waters of varying salinity, the software used to collect data should have the
facility to correct for salinity.

10
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Figure 7 — Effect of temperature and salinity on the-speed of sound

Figure 7 indicates the effect of temperature and salinity on the spéed of sound. As a genera] rule:
— atemperature change of 5 °C results in a sound speed change of 1 % to 2 %j;

— asalinity change of 12 ppt (parts per thousand) resultsin a change in sound speed of 1 %; freshwater
is 0 ppt and seawater is in the region of 30 ppt te:35 ppt);

— the full range of typical temperature and salinity levels (-2 °C to 40 °C and 0 to 40 ppt) giives a sound
gpeed range of 1 400 m/s to 1 570 m/s (total change of 11 %).

5 Flow determination

5.1 | General method

In orfer to determine the discharge, it is necessary to obtain velocity profiles. The velocity profiles can be
determined with flow data obtained by ADCP, and a boat velocity obtained by either bottonp tracking or
GNSY (see 4.4.3). Care should be taken when the boat velocity cannot be appropriately obtained (see 5.3).

An ADCP determines the velocity in each depth cell (see Figure 8). Knowing the depth ¢ell size and
distdgnce between successive ensembles, the discharge for that cell can be computed. The velocities
in tHe unmeasured areas of the cross section are extrapolated from those of the depth cells. For
exanple, these are at the top near the surface, at the bottom near the stream bed, and|at the right
and left’bank, where the ADCP cannot measure. The discharge for top and bottom unmepsured area
is estimated using an appropriate extrapolation technique (see Annex A) and added to that through
the measured area to produce a total discharge for each ensemble. The discharge for the portion of the
cross section where measurements are made is the sum of the ensemble discharges. The discharge in
the unmeasured portions between the start bank and the first ensemble and between the last ensemble
and the finish bank are determined using an appropriate algorithm (see Annex B). The discharge in the
unsampled portion is then added to the total ensemble discharge to estimate the total discharge in the
cross section.

This can be represented mathematically, as shown in Formulae (2) and (3):

MmN
Q; =qui_j +4, (2)

j=1i=1

© IS0 2021 - All rights reserved 11
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where

Q; is the total discharge in the cross section;

q;; are the incremental discharges through each measured depth cell in the cross section;

qe are the extrapolated discharges through the unmeasured areas in the cross section;

i is the cell index in the vertical;

M is the number of ensemble in the transect;

j is the ensemble index in the horizontal;

N; is the number of cells in the jth ensemble.

Qe =p 14rb +qtop 4y (3)
where

AQb is the discharge at the left bank edge by velocity extrapolation;

qr is the discharge at the right bank edge by velocity-éxtrapolation;

Trop is the discharge in top portion determined by;the ADCP by velocity profile extrapolatipn;

qy is the discharge in bottom portion determined by the ADCP by velocity profile extrapolqtion.

a

\

Key

1 ensemble
2 cell size

a  Flow.

Figure 8 — Measured area of the channel cross section, divided into individual ensembles
and bins
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To produce a discharge estimate, the ADCP shall cross a river with its transducers submerged to a known
constant depth. This is best achieved by mounting the ADCP on a boat or a flotation platform. Different
manufacturers supply different platforms, or one can be constructed locally. It is important to ensure
that the flotation platform is suitable for the expected water velocity range for which measurement is
about to be undertaken. Platforms may capsize if the water velocity is too high.

The edge discharge is estimated with the averaging ensemble from the first ensembles or the end
ensembles. Indeed, these ensembles shall be representative of the velocity near the bank. The ADCP
needs to be stationary as long as necessary to make a good measurement: in practice 5 or 10 ensembles
at the start or end point.

The
bad

velod
the v

cdall bC Uthcl lJCll tD Uf a tl auocpt VVhiLh oha}} bC CAtl ayu}atcd, ouuh do d bad \,C}}- FU
fell is a bin which the signal cannot be analysed due to bad signal correlation or,wh
ity is too high due to inhomogeneous flow. The error velocity is the difference in(veloc
ertical velocity obtained by two pairs of beams in the perpendicular plane. If bad-cells

entire vertical, then this is a bad ensemble. A bad ensemble will also occur if the’ADCP can
the hoat velocity.

Different manufactures have different approaches to estimating data for bad cells on
It is hecessary to relocate the boat or flotation platform and perforni-@ new measureme
unceptainty.

For 4ll of these reasons, it is necessary that manufacturer provide enough details to kn|
ADCP software works.

5.2 | Measurement procedure

The procedures to adopt when undertaking a discharge measurement should include,

nece

a)

ssarily limited to, the following.

Under steady flow conditions, make an‘eéven number of transects (at least two recif
xaving atotal exposure time of 720 s or-greater, regardless of the size of rivers. The mea

ischarges is taken as the measured-discharge, denoted by Q,,.,,- This measured disd
is accepted only if its associated-relative expanded uncertainty, denoted by REU, is
gmaller than the maximum,permissible relative uncertainty (MPRU = 4,09 %). This {
Ibased quality control critéripn is written as shown in Formula (4):

U95
REU=—22<MPRU=4,09%

m

where Ugs istheexpanded uncertainty with a coverage factor of 2. It is estimated with
dlischarges;\@;, (a sample). See Formula (5):

example, a
bn the error
ity between
exist for the
not measure

ensembles.
ht to reduce

ow how the

but are not

rocal pairs)
h of transect

harge Qcan
equal to or

incertainty-

(4)

the transect

U95=1,96L n=2,4,6,or..even number (5)
coJn
where
1 < 2
i=1
Cy is the bias-correction factor for s;
¢, =2 (" / (1),
n-1 2 2
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b)

d)

14

ro
n

Cy

stands for Gamma function;
is the number of transects;

=0,7979,0,921 3,0,951 5,0,965 0,and 0,972 7 atn = 2, 4, 6, 8, 10, respectively.

Note that this criterion is for controlling the random sampling errors only. The control for potential
bias errors needs to be addressed separately (Reference [30]). If the REU of Q,, from the current
measurement is equal to or smaller than 4,09 %, accept Q,, and stop the measurement. Otherwise,
make 2 additional transects and recalculate @, and REU with the updated measurement that
consists of all transects that have been made. If the REU of the updated Q,, is equal to or smaller than

4,09 %,
and rec
to or sm
(e.g.at

In sumif

1y
2)
3)

The ber
the unc
establis
is great
dischar
sample
transec
dischar
720 s. 7]
720 s) a

As alre
contain
quality

min
min

maj

hlculate @, and REU. Continue this procedure until the REU of the most updated Q)s'¢qual

accept this updated Qm and stop the measurement. Utherwise, make Z additional tran{ects

aller than 4,09 %. All transects are assumed to be valid. If a transect is identified\as in|
ansect is interrupted by a passing vessel), a replacement transect is required;

hary, this combined quality control requires:
imum of 2 transects (in reciprocal pairs),
imum of 720 s duration, and

ximum 4,09 % permissible uncertainty.

lefit of this procedure is that it merges the advantages of both the duration contro
ertainty control and overcomes either’s short comings. The 720 s minimum durati
hed on an empirical basis (see Reference [58]). Even if the exposure time of a measure

alid

and
pn is
ment

er than 720 s, it is possible for a transect discharge to be more than 5 % from the fean

be of 2, 4, 6, ...n transects (see Reference [66]J:'0On the other hand, REU is estimated w
(multiple transect discharges) and is a random variable. Consider the case where only
[s are made. The REU of the measurement may be smaller than 4,09 % if these two tra
bes happened to be very close, even.if the exposure time of the measurement is less
herefore, the procedure guarantees.a measurement has enough exposure time (mini

Ind desired precision (MPRU = 4/09 %).

hdy stated, whenever possible, the ADCP should be operated in the real-time (not
bd) mode. This allows the-operator to continually monitor the data and if a critical
problem occurs, allows-the operator to terminate the transect. A critical data qu

problenp may include:

1y
2)
3)
4)
5)
6)

use

of an inappropriate operating mode;

ap

uny

corjiiguration errors such as an insufficient number of depth cells to profile the channel b

eciable area with missing data;

sual boat or water velocities;

ith a
r two
nsect
than
mum

self-
Hata-
ality

1%

bd;

excessive boat speed;

incoherent value for the made good distance (ADCP versus other equipment: map, laser device).

At the commencement of the first transect, the operator should station the boat or flotation device
as close to the start bank as feasible for the operation of the ADCP. While the boat is stationary, the
operator should start the transect software. At this point, the operator is beginning the discharge
measurement and should undertake the following.

1) The distance to shore should be measured by some suitable means (see Annex B). This is
dependent on the nature and size of the channel, but any suitable acceptable surveying
technique should suffice (e.g. range finder, tape, marker buoys at fixed reference points).
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2)
the system’s software.

3)

The operator should establish that the ADCP is collecting at least two good bins of data using

When the operator is satisfied that accurate data are being collected and the boat or flotation

device is in the correct position to start the discharge measurement, the recording should be
commenced and continued until 10 good ensembles have been collected. During this period, the
boat or flotation device should be barely moving toward centre channel. The boat or flotation

device can then be propelled across the channel.

4)

The time spent to do the edge measurement should be considered case by case. For example, if

the edge discharge is less than 1 % of the discharge, it is not necessary to precisely measure the

dict ol o L 1 1k L. 1 £lo ot £ H 4 1 A |
UIlotdIlILUT LU LUIIT UdITIN UL IS ouayc. I t1iidt Cdol, L1IT Sauslus tCdlilr vall IIiant d11iu 1T

estimate of the edge discharge, distance, and shape. Otherwise, there should be'n
usual measurement protocol.

Whenever possible, the average boat/flotation device speed should be less than or
gverage water velocity. In addition, as far as possible, the boat speed shouldbe uniform

If changes of speed or direction are required, these should be undertakén’slowly.

It can be necessary to move the boat faster than the water velocity ifitis the only solutio

cord a quick
b changes to

bqual to the
and smooth.

n to provide

g regular path in speed and rotation. In that case, it is the numbér of transects should be increased

lo compensate for the higher boat velocity. This is particularly trde when water velocity

All relevant information concerning the gauging should be recorded on the field sheet
measurement process. This information can include reasons for not being able to ma
peed less than the mean water velocity, estimated.wind speed and direction, bi-di

q

Method dealing with moving-bed condition without GNSS system

General

finusual flow patterns, passing boat movements andreasons for terminating a transect.

v is very low.

s during the

ilt}tain a boat

ectional or

]

q

better to avoid gauging sites with a'moving bed, but it might not be possible to find a]
ind prepare GNSS system. In such condition, discharge biased by the moving-bed co

ity, such as the stationary/moving-bed method (see 5.3.2) and the azimuth metho
the bed load velocity ‘is obtained, the discharge can be obtained using subsectio
od (see 5.3.4). Anpther option is the loop method (see 5.3.5), it enables to measur

including the bed load velocity. Therefore, the bed load velocity by the stationary moving-

and

an ir

he azimuth method can be used to double check. In order to conduct the azimuth and 1
ternal compass is essential. If the ADCP does not have a compass or if the compas

[

calibjrated sufficiently, mid-section method (see 5.3.6) should be used.

5.3.2

The

Stationary moving-bed method

| alternative
dition shall

odified with a bed load velecity. For this purpose, there are two methods to obtain the bed load

(see 5.3.3).
correction
e discharge
bed method,
bop method,
s cannot be

vessel used to make the statiomary moving-bed mrethod shoutd beeld imastatiomary

position for

a minimum of 5 min if the boat is tethered or anchored, otherwise it should be held for a minimum of
10 min. If it is not possible to hold a boat absolutely stationary, a note should be made of the movement
of the boat and allowance for the same made while examining the results. While in a stationary position,
the ADCP data should be recorded and examined for any apparent movement relative to the channel
bottom. If apparent movement is measured, the water velocity and direction of movement measured by
the ADCP and the discharge determined by the ADCP will be incorrect.

Various methods for holding the ADCP stationary have been tested. Conclusions made from a moving-
bed test are only as good as the accuracy of the positioning method. Tethers, tag lines, anchors, or buoys
are effective methods for holding a boat on station.

NOTE The duration to do for this stationary test depend on two factors: bed velocity and boat stability.
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In the moving-bed test, the bed velocity is estimated by dividing distance with duration. Then the
uncertainty of the real position of boat will be very small relative to the made good distance. If the boat
position is known at #10 m, the duration will be higher than if the position was known at #1 m; then
team gauging should estimate the bed velocity and its uncertainty on site to choose the best duration.

Another criterion is to have few bad ensembles and not at the same time otherwise the ADCP made
good distance can be wrong. This should be analysed for each case.

5.3.3 Azimuth method

The azimuth method is based on the azimuth moving-bed test. Fixed start and stop markers should be
established [The distance between these markers should be measured accurately. A single measurement
should be taken between the starting and stopping markers. The distance the ADCP believes it has
moved upstfeam should be calculated and divided by the duration of the measurement to calculate the
bed velocity (see Figure 9) This value can be used to adjust the measured velocity and discharge as for
the loop and subsection methods.

4
A
3 \
1
Key
1 true course
2 apparentcourse
3 angle befween 1 and 2
4  apparenfdistance
a

Direction of flow.

Figure 9 — Azimuth method

The measured values are the lengths of the true course and the apparent course. The angle between
these two paths can be calculated and used to calculate the apparent distance, and thus the bed velocity.

5.3.4 Subsection correction method

For the subsection correction method, multiple moving-bed tests are made at different locations in
the measurement cross section. The bed velocity is calculated for each of these tests as the apparent
movement of the ADCP divided by the length of the test. It is important that the ADCP be kept stationary
for the tests. A discharge measurement is undertaken using bottom tracking as the velocity reference
and the mean measured water velocity for each subsection to be calculated. A corrected mean velocity
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can be calculated by adding the bed velocity. As for the loop method, the corrected discharge can be
calculated for each portion (subsection) of the cross section by Formula (6):

NOTH
the

5.3.5

The
caus

makq

will
(see

ADCI

velogity can be determined, then the discharge excluded from the measurement caused by
bed ¢an be estimated and added to the measuréd:discharge to obtain the corrected discha
in Formula (7):
@rc =0py +Cp
where
Qrc is the discharge cérrected for the moving-bed bias;
Drv s the measufed discharge in bottom tracking mode without GNSS;
D .., is the discharge correction to account for velocity bias from the moving bed.
A starting marker should be established on the channel bank and the ADCP compass c
per the manufacturer’s manual. A loop should be made all the way across the channel
the dgtarting-marker (see Figure 10). The velocity of the moving bed can be calculated by
appalrent distance moved upstream by the time taken for the loop. See Formula (8):
g =Pus
mb t
where
Voo is the mean bed velocity;
D, isthe apparent distance moved upstream;
t is the time taken for the loop.
© IS0 2021 - All rights reserved
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is the corrected subsection discharge;

is the corrected mean subsection velocity (= v__ + v_, );

(6)

is the mean measured subsection velocity;

is the measured subsection discharge.

oving bed. With a severely moving bed, this can result in an overcorrection of the measureme

Loop method

b the bottom-track based ship track to be distorted in the upstream direction. Therefor
s a two-way crossing of a stream (loop) with a moving bed, the bottom track-base

P will be biased low and, consequently, the discharge will also be biased low. If the

Use of the ratio of velocities does not account for the fact that the cross-sectional area ig

oop method is based on the fact that as an ADCP is moved<across the stream, a mov

show that the ADCP will have returned to a positionyupstream of the original start]
Figure 10). As the ADCP appears to have moved gpstream, the water velocity meag

distorted by
nt.

ing bed will
e, ifan ADCP
d ship track
ing position
ured by the
moving-bed
the moving
rge, as show

(7)

alibrated as
and back to
dividing the

(8)
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The cross-sectional area is then computed perpendicular to the mean flow direction. If this is multiplied
by the mean bed velocity of the moving bed, the discharge not accounted for due to the moving bed can
be estimated as shown in Formula (9):

me = Vmb A

where A is the cross-sectional area perpendicular to the direction of flow.

(9)

The discharge missed by the moving bed obtained from Formula (9) above can then be entered into
Formula (7) to determine the corrected discharge.

[t is importd
If the cross-
computed o
This will res

The above nj
and researc
However, if
the mean c(
Therefore, 4
(see Referen

[tis importd
movement i

a)
b) the ope
c)

Note that a
ensembles.
erratic valug

there w|

the compass is not well calibrated;

Int that the cross-sectional area be computed perpendicular to the mean direction Of
sectional area is computed parallel to the ship-track measured by the ADCP, thendt w
h the basis of a ship-track that is distorted in the upstream direction by the meving
ult in a cross-sectional area that is too large.

lethod is referred to as the “mean correction loop method”. It is straightforward to con
h has shown that it can provide reasonable corrections for many ADCP gauging situaf
the cross-sectional-area, discharge and moving-bed velocities are net/reasonably uni
rrection loop method will improperly weight the discharge throughout the cross sec
better, but more complex, “distributed correction loop method” is sometimes prefg
ce [44]).

nt when using this method to have a well-calibrated compass. If the ship track plot indi
h the downstream direction, there are three possible reasons:

rator did not return to the starting position;6r
ere many bad ensembles (boat velocity measurements).

5 stationary test, even if the compass is correct or not, the user should check foy
A lot of bad ensembles can lead to have bad estimation of this distance (shiptrack

PS).

flow.
ill be
bed.

pute
ions.
form,
tion.
erred

cates

bad
with
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Key

1 gpparent transect lines
2 distance upstream

3 frue transect lines

a

Direction of flow.

Figyre 10 — Effect of a moving bed on ADCP-position monitoring and the paths travdlled by the
ADCP during.a loop moving — Bed test

5.3.4 Mid-section method

Use the ADCP as a stationary velecity profiler with the stationary moving-bed method to collect velocity
profilles at selected locations,across the channel. The number of verticals depend on channgl width and
shoulld be selected according-to the guidelines for conventional current meter gauging. The average
velodity should be computed for each profile and the discharge calculated using standard te¢chniques as
for ajconventional current meter gauging (see 1SO 748).

It is important thatthe ADCP be kept stationary as there is no correction for ADCP movement. Tethers,
tag llnes, anchors; or buoys are effective methods for holding a boat on station. This technique does
not measure.as much of the cross section as the standard ADCP technique, but more o¢f the water
column istsampled than for conventional current meter gauging. If the system has a builtjin compass,
the ADCP.can be used without introducing errors. If there is no system compass, then it |s critical to
i i i i t during the
measurement. If this is not possible, the direction of the ADCP relative to the direction of flow should
be determined. This is similar to the principles applicable to conventional current meter gauging from a
suspension cable. There are other occasions that stationary deployment may be used when there is ice
on water surface and the objective is to measure through holes in the ice.

6 Site selection

6.1 General
The ADCP is a device for measuring velocity, direction and cross-sectional area. As such, it is a velocity

area device and the criteria for site selection do not differ from conventional current meter methods
given in ISO 748. However, in view of its technology, it can cope with irregular velocity distributions
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and skewed flow conditions. As such, the choice of the measuring cross section is not as critical as
with other velocity-area methods. The site requirements such as minimum depth and velocities are
largely dependent on the transducer frequency and the mode of operation (how the ADCP processes
the acoustic signals and what set up parameters are used). Further guidance should be available from
the manufacturer’s instruction manual. The following considerations should, however, be kept in mind.

a)

b)

f)
g)
h)

6.2 Site-gelection criteria

Velocities to be measured should be greater than the minimum response speed of the sensor and
less than the maximum. (Refer to the manufacturer's manual.)

Reflectors such as suspended solids or vegetation detritus should be available in the water under
the full range of flows to be measured in sufficient concentration for an adequate velocity signal to
bepI'O Reter-to—the1rar ac """-'6'”2’-; AMrrbbltes—wi aet-astrerrectors
but, in general, should be avoided.

Sites where excessive aeration, turbulence, or high sediment concentration occurs should be
avoided|

Sites wilth large rocks and steep edges should be avoided.

There should be minimal thermal gradient in the water column. Althoughta-thermal gradient will
not affect the measured velocity values, the algorithms used by the ADEP't0 estimate the flow rate
through the unmeasured areas becomes biased by unknown amounts.

Sites wi[h excessive vegetation growth, including seaweed if used in’ estuaries, should be avoided.
Sites wilth substantial vertical velocity should be avoided.

The mejasurement of outflows from lakes can be difficult due to lack of suspended matefials,
especially after periods of low rainfall.

The following additional site-selection criteria may be used as a guideline, based on the use of an ADCP

designed foff the minimum limits of applicatiom.

a)

b)

d)

It might be desirable to select the section, whose velocity and turbulence are less in ordpr to
minimize the uncertainty because of the turbulent flow as well as to ensure safety. Selection of a
boat, which has less oscillation ‘and has capability to measure in high speed conditions, is helpful to
improv¢ safety and to reduce uncertainty in the measurement.

The fac¢s of the transdueer's are susceptible to serious damage if they are struck heavily by ajhard
object. Therefore, the measuring section should be free of rocks, tree stumps and other obje¢ts in
shallow|water.

The minjimumwater depth for deployment depends on the model of ADCP and the settings available
(i-e. bin|siz€ and blanking distance), so reference should be made to the manufacturer's manyal. It
is important to check that any claims made by the manufacturer allow for at least 3 depth cellq plus
blanking distance, transducer depth and unmeasured area at the bed. A minimum of two measured
bins is recommended at the edges. However, for the majority of the cross section, a minimum of
three cells will be required in each ensemble, in order to allow extension of the velocity profile into
the unmeasured sections of the water column.

An appropriate ADCP for the river depth should be used (see the manufacturer's manual).

If bottom tracking is to be used, sites with moving-bed conditions should be avoided if possible.
However, if the method dealing with moving-bed condition can be used, the ADCP may still be the best
method or at least a good alternative (see 5.3).

20
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7 ADCP Deployment procedure
7.1 Deployment techniques

7.1.1 General

The ADCP transducers should be mounted below any potential interference effects from the hull
(underside) of any boat. The configuration and deployment should maximize the percentage of the water
column that can be measured without compromising the ADCP limitations, including flow disturbance
limitations.

7.1.2

If th
so th
tranf
instg
Or t4
orde
bow

Manned boat mounted

e ADCP is fixed to a manned boat, the fittings should be of non-ferrous materials a
at the position of the ADCP can be vertically adjusted, i.e. the boat fittings shoul
ducers to be fixed at different depths relative to the water surface. They’should all
llation and fixing of the ADCP to the boat. The ADCP need not be permanently fixed
thering a tethered boat with the manned boat is also one of the options. Cares should

wave. In addition, a magnetic field causes poor observational results, since it disturbs

compass of the ADCP. Engines is one of the large sources of thelrhagnetic field. ADCP sha

sepa
of su
a GN
does
is no
work

NOTH
inter
shipt

7.1.3

7.1.3

The 4
or w
posit
dow1

Somy¢
alter

Fately from the engines. Furthermore, any material canbe’/the magnetic field. If the
ch material is impossible or no magnetic field can beiguaranteed in any way, the de
5S compass (see 7.5.3) can be considered; if not, it iS'necessary to make sure that the
h't move. For example, if from prior experience the{@auging team knows that for low v¢
moving bed, then no systematic moving-bed tést has to be done. Even so, if the com
properly, the discharge will be good but notthe shiptrack.

Experience has shown that a long length of coiled ADCP power cable (36V) produ
ference, which distorted the compass measurement. In this case, the discharge was correc
rack.

Tethered boat

.1 General

ADCP can also be déployed on a small floating platform, which can be tethered to a boat
hlked along a bridge for transport across a river. This allows movement of the ADCP|
ioning during'a deployment. A tethered boat deployed from a manned boat should nd
1stream of ¢lie manned boat.

b tethered-boat ADCPs can operate in shallow waters that can be waded safely,
native’deployment method in those cases. Care shall be taken so that the presence of {

does

nd designed
d allow the
bw the easy
to the boat.
be taken in

F for ADCP to measure flow without any disturbance created by 'the boat; e.g. propeller wash, or

the internal
1 be located
elimination
ployment of
stream bed
tlocity there
pass doesn’t

ed magnetic
t but not the

or cableway
for optimal
t be located

which is an
he operator

notimpact flow conditions near the ADCP.

In particular when the water surface is rough and fast, it is recommended to employ a tethered boat,
which is specially designed for a high speed and rough condition. The ADCP cannot measure with
reliability when the boat is jumpy or overly inclined; i.e. more than 15° in both pitch and roll. The
deployment of this kind of boat avoids missing or invalid ensembles in each transect.

7.1.3.2 Bank to bank rope deployment

Use of a tethered boat and tow rope is the simplest and most efficient method for deploying the
equipment at many gauging sites. The equipment needed is simple — two ropes that will stretch across
the section and the flotation platform. One operator shall be able to cross the river with the end of a rope.
It may even be possible to set up a pulley system with a single loop of rope. If the ADCP is to be deployed
from a bridge, it may be possible, depending on site conditions, to use a single rope (see 7.1.3.4).
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This method is suitable for smaller rivers or canals, and sites with lower velocities. Very high velocities
may cause the operators to be dragged into the water, or the tethered boat may dive or capsize.

7.1.3.3 Cableway deployment

Existing cableways normally used for conventional current meter flow measurement can be used to
deploy the ADCP. At these sites, it is a highly effective and efficient deployment method as no additional
equipment is needed other than the tethered boat. If this method is used, the suspension cable should
be slack enough to ensure the boat is resting on the water surface so that the transducers remain at
constant depth. The suspension weight used to maintain tension and to overcome the sag of the
cableway should be kept clear of the water surface to avoid turbulence around the ADCP.

7.1.3.4 Bridge deployment

A bridge ovgr the river is one of the good options. In this case, a boat is tethered with ropes)or hand line

or, in a simill

7.1.4 Dep
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7.1.5 Dat

ADCPs can |
a) The firg
the con
comput
b) The sed
The AD
recomn
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ar manner to that of a conventional current meter, using a bridge-gauging{errick.

loyment on a remote-control craft

ofthe ADCP on aremote-control platform is the preferred option'where there is no cabl
d no way for the operator to cross the river. ADCP operators,using remote-controlled
5 should have a contingency plan for retrieving the ADCP if ¢control of the boat is lost.

h retrieval modes
e used in two ways.

t method is to record data in real-time mode; The equipment stays in communication
puter throughout the gauging process and the data are processed and displayed o
br screen as they are recorded.

ond method is to set the ADCP_te:tfecord data in the self-contained/autonomous n
CP records the measurements internally and the data are downloaded later. This i
ended, but required on wide rivers when wireless communication between laptop
bxceeds transmission limits, when wireless communication fails, and when the maned
be used

ita will be recordedyas one continuous set and it may be difficult to identify the e
[herefore, care should be taken to note the time at either end of each transect. It ig
use at the end of each crossing for 30 s to clearly identify the end of a transect, so
hts taken during each transect can be distinguished from other transects. The ADCP s}
ized with the timing device used to record the transect start and finish time.

ortable power source or spare batteries may be necessary to power a laptop when rur

bway
boat

with
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hode.
5 not
and
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also
that
jould

ning

ré€al-time mode, as laptop batteries may not last a full day’s gauging.

7.2 Operation of boat

7.2.1 Boatpath

In order for the ADCP to measure discharge, two points (such as starting/ending points and the boat
pass) shall be fixed by users depending on the targeted cross section of the gauge station. The selection
of the boat path depends on whether the boat velocity is appropriately measured, and an appropriate
commercial software are available. With the boat velocity’s fully monitored condition, it is not necessary
for the boat to follow exactly same path, as long as the boat path starts and ends on the points. When
using commercial software, discharge values can be obtained by using the flow velocity data and the boat
path data. Theoretically, it can be possible to have a same discharge values, though it is not always the
case in the field, since uncertainty of each single measurement can change depending on the boat path.
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If such software is not available, it is helpful if the boat follows the same path on each outgoing
and incoming crossing of the river. Curved and looped paths also produce acceptable discharge
measurements, but detailed data from looped paths can be difficult to interpret.

7.2.2 Boatspeed

Ideally, the average speed for each transect should be less than or equal to the average water velocity
(for a reasonably wide river +30 m width, transect time should be at least 2 min). However, it is more
important to have a smooth transect. Where safe and practicable, a non-ferrous tag line can be used to
allow more control over boat speed when making low-velocity measurements. Under certain conditions,
it may not be possible to keep the boat speed less than the water velocity. It is better to have a higher
boat|speed and a smooth transect, than a low and uneven boat speed. If this is the casrje, additional
transgects should be made to ensure the measurement quality is not degraded. When-usinjg GNSS, it is
very|important to keep the boat speed as low as practical because errors in compass-caliprations are
additive and will increase with boat speed.

NOT]H
to pr
beam
good

7.3

7.3.1

Prior

If there is low velocity, then it can usually be assumed that there is no,moving bed. Th
bcess the ADCP discharge without GNSS even if GNSS was connected to localize’the transect. |
coordinate (without GNSS), boat speed and water velocity are properly oeriented: this is the c
discharge.

Field procedures

Pre-field procedures

beu

7.3.2

to going into the field to undertake ADCP deployménts, the following pre-field proceq
dertaken to avoid wasted journeys and delays\and to ensure the quality of the data.

nsure that up-to-date software and firmware are being used for the data collection and
oftware updates should be evaluated and when appropriate be installed on all field c
e used. Additionally, it is good practice to store the software on a separate storage nj
he computer is damaged or lost.

1l equipment including ancillary items such as distance measurement devices, should b
nd checked. A pre-field ,equipment check should be done to make sure that all t
quipment is assembledsAn’‘example of such a check list is shown in Annex C.

11 cables, batteries-and mounts should be checked.

bn it is better
ndeed, in the
bndition for a

ures should

processing.
pmputers to
edia in case

e assembled
he required

he ADCP should/be connected to the field computer and all communications including radio

odems, if these are to be used, should be checked.

ny otherancillary equipment to be used, which will be connected to the ADCP in the f
cho sounders and GNSS, should also be connected and checked.

ield, such as

Eield setup
r

The following field setup should be conducted.

a) Required ADCP diagnostic checks should be undertaken in accordance with the manufacturer’s
recommendations and any local procedures, if the ADCP has not been used for many weeks or if
the pending measurement is a strategic. It is recommended that these tests are undertaken from a
stationary boat in still water.

b) File names for the data files collected (also called deployment names) should follow a uniform,
documented convention developed by each organization involved in the ADCP operation.

After the ADCP is mounted and deployed on the flotation device, the transducer depth should be
manually measured and recorded. The transducer depth is the vertical distance from the water
surface to the centre of the transducer faces. The depth should be recorded in the ADCP discharge-
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f)

g)

h)

j)

k)

D)

24

measurement notes and entered into the configuration file. If an ADCP has transducers with centre
lines at varying depths, consult the manufacture for the transducer depth reference point. When
measuring the transducer depth, it should be ensured that the roll and the pitch of the flotation
device are similar to the roll and pitch experienced during the discharge measurement. An error in
the ADCP depth measurement can resultin a significant error in the channel depth, the extrapolated
discharge at the surface and the resulting total discharge.

Particular care should be exercised when measuring transducer depth while on a boat to ensure
personal safety when working at the edge of the boat, as many boats may list when personnel are
not centred in the boat. This can produce an error in the transducer depth measurement.

prOSSi ‘;i'; S Tout 'ii';' ETS1I0 T OC T SCTO— €ITStte 1 Jilemets OTen
at a knqwn transducer depth. It is essential that the bracket is set correctly when mounted ep the
boat or flotation platform and the ADCP set correctly in the bracket. However, care shouldpe taken
to ensufe that due allowance is made for any change of load in the boat such as fuel, personnel and

equipment, which can cause the transducer depth to change.

As explpined in c) and d), there are several chances that the depth of ADCP changes. If it chdnges
during fhe measurement, the depth shall be measured again, noted, and(the configuration file
modified with the new depth during post processing.

As temperature is the most important parameter in the equation used to estimate the spepd of
sound, |t is good practice to check the ADCP’s temperature measprement with an indeperndent
sensor. The independent temperature measurement should be madé at the same place as the ADCP.

If operating in waters where the salinity can be higher than‘nermal freshwater (e.g. estuaries), the
salinity|should be measured near the ADCPs transducer§and the value entered into the ADCP’s
software.

The ADLCP’s clock should be checked and set to the*Ccorrect time or to the same time zone af the
gauging station recorder.

Many ADCPs resolve boat and water velocity direction relative to an inbuilt compass. It is impoftant
that thip compass is correctly calibrated, when using GNSS as reference, and when using the|loop
method|(5.3.5) or azimuth method (5.3.3). The compass calibration procedure will be particular to
each AQQCP make. Reference shouldbe'made to the manufacturer's manual.

The ADCP should be configured by a trained user to reflect the hydraulic and hydroldgical
conditigns at the site and to.optimize the data quality. ADCP configuration parameters that|shall
be set include the blanking distance, water mode (if applicable), depth-cell size, and profiling range.
Other plarameters thatshould be set prior to data collection, but which can be modified dfiring
post processing, inclide the ADCP draft, edge shape, top and bottom extrapolation method} and
magnetjc variatienyConfiguration parameters are specific to the type (narrowband or broadband),
the mapufacturer, and the model of the ADCP being used. For a detailed description ¢f all
configufatipiparameters, refer to the technical documentation for the specific ADCP.

Most ADCP data-collection software contains an automated method to configure the ADCP The
automated methods are dependent upon user-supplied information about site characteristics, such
as maximum water depth, bed-material characteristics, and expected maximum water and boat
velocity:.

The configuration parameters and the site conditions entered into an automated configuration
program should be documented in the field notes. Changes made to the ADCP configuration during
a measurement should be documented on the measurement field note forms so that it is clear that
changes were made and clear which transects these changes apply to.

Manual configuration of an ADCP should only be used in rare cases where the automated
procedures are not applicable. The most up-to-date guidelines for the ADCP should be understood
before attempting a manual configuration. If guidelines are not available, the user should use
manufacturer's recommendations for the unit.

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=3ec193ca4f8add1ce0535ea90d3dfe62

p)

q)

9

ISO 24578:2021(E)

Configuration of the ADCP to collect single-ping water data are preferable, if random noise levels do
not prohibit this configuration. Collection of single ping data allows possible data-quality problems
to be more easily identified than problems with multi-ping averaged data. When collecting multi-
ping averaged data, the user should be aware of how often the heading, pitch, and roll sensors are
recorded and how often water depth and boat velocity are measured. If the averaging interval is too
long for the boat stability and water turbulence, errors can be introduced into the measurement.

Wind speed can be important, especially for sites with low velocities where wind can greatly
affect the surface velocities and influence the top extrapolation method to be applied. In this case,
overall wind speed and direction, as well as changes between transects, should be noted on all
measurement field note forms to assist with accurate processing and reviewing of measurements.

If the user is unfamiliar with the measurement section, a trial transect, which may'oif may not be
fecorded, should be made across the river. A trial transect is useful for determining the following
¢haracteristics of the proposed measurement:

1) maximum water depth;

2) overall cross-sectional shape;

3) maximum water velocity and its location in the cross section;

4) flow uniformity;

3) effects of hydraulic structures, such as bridges, piers,and islands, on the flow;
6) unusual flow conditions, such as reverse or bi-directional flow;

T) bank shapes;

8) approximate start-and-stop locations_onr'the left and right banks, where a minilnum of two
depth cells with valid velocity measurements can be measured. (To obtain congistent edge
estimates, buoys can be used to mark the start-and-stop locations);

9) presence of debris or vegetation'in the cross section.

.

[he information gleaned «frem the trial transect should be recorded on the| discharge-
easurement notes.

t is important that the data files collected follow a uniform convention. An ADCP njeasurement
ield sheet should be_used to record all pertinent site information, configuration set-ups and other
auging details~Any changes to the configuration set-up made during a measurement should be
ecorded cleaply’stating to which transects the changes apply. Examples of field sheets are shown

Annex D.

igh water velocities and small-grained bed material are one indicator that a movjng-bed test

hotld be performed (see 5.3). A moving-bed test should always be carried out and recorded

rior to making any discharge measurements. This is due to the fact that the dischlarge can be
underestimated if the bed is moving downstream in a river (and possibly the opposite if moving
upstream in an estuary with incoming tides), since the ADCP will underestimate (may over estimate
in estuary) the velocity if the bed is moving. The results should be used to decide on the location of
transects and to adjust any discharge measurements (if necessary). There are various methods for
undertaking a moving-bed test.

The extrapolation method for the top and bottom unmeasured zones shall be specified unless the
extrapolation methods default to the one-sixth (0,166 7 power coefficient) power law on the top
and bottom for data collection. Often, the appropriate extrapolation method cannot be determined
until after the measurement during post processing. Previous data collected at a site may be used
to guide the selection of the extrapolation method. In the absence of any other information, the
one-sixth power-law extrapolation method is a good technique for most open-channel discharge
measurements made during steady-flow conditions. The extrapolation methods should be
evaluated and, if necessary, changed during post-processing.
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7.3.3 Reviewing ADCP data during measurement

When processing ADCP measurements, measured and processed data should be carefully reviewed.
Listed below are the most common problems found when reviewing ADCP data:

— no moving-bed test carried out;
edge distances not measured accurately enough;
edge shape not observed correctly (i.e. rectangular, triangular);

bad cells;

bad ensembles;

uneven poat speed;

boat sp¢ed too fast;

excessiye boat rotation;

incorre¢t number of depth cells;

poor field notes;

poor dafa-archival procedures;

incorre¢t blanking distance;

use of ferrous metal mounts.

7.3.4 Post measurement requirements

An assessmlent of the discharge measurement/should be made after completion of the tranpects

composing {
field, butac
data-quality
section, the
and edge) s
other conse
quality proH

he measurement. A thorough reyiew’of all measurement data are often not practical i
irsory review of the measurement should be made to make certain that there are no cr
problems with specific transects. If all transects were collected at the same measure
transect widths and discharges in the measured (middle) and unmeasured (top, bof
bctions should be consistent. If transect widths or discharges are not consistent wit
cutive transects, the transect data should be scrutinized to determine if a critical
lem occurred. Thesechecks should be done on site if it was necessary to do another p

n the
itical
ment
tom,
h the
Hata-
hir of

transect.

n the
5 the
nsect
m is

If a critical data-quality problem is identified, the data from that transect should not be used i
computation of discharge. A new transect should be collected, starting from the same side a
discarded transect;if flow conditions have remained steady. If the flow has changed, a new tra
series should be ¢ollected. A transect should only be discarded if a critical data-quality problg
identified.

All the files in a discharge-measurement series should be identified uniquely. Immediately after
completion of a measurement, all files including raw data files, configuration files, ADCP test files,
compass calibration files, and any electronic measurement forms should be backed up on a non-volatile
media such as CD-ROM, flash-memory card, or USB drive and stored separately from the field computer.
The purpose of this backup is to preserve the data in the event of loss or failure of the field computer.

The ADCP should be dried after use and if possible stored in its protective case for transport. When
working in estuaries and other salt-water environments, the ADCP should be rinsed with fresh water
and dried prior to storing for transport. Failure to dry the ADCP may result in corrosion of the ADCP
connectors, mounting brackets, and any accessories stored in the protective case. In addition, care
shall be taken to prevent transport of biological materials between ecosystems, including following any
precautions regarding invasive species of organisms, such as draining of bilge waters.
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7.4 Ancillary equipment

Table 1 provides an indicative list of the additional equipment. In addition to the ADCP, connecting
cables and field computers, other ancillary equipment and field aids may be required. The use of such
equipment is beyond the scope of this document. Where appropriate, the user should refer to standards
that deal with this equipment.

Table 1 — Ancillary equipment and other filed items

Equipment or Item Function

Distance measurement devices such as Measure distances from the first and last
surveyor’s tape and a laser range finder measurements to the banks
Thermometer Measure water temperatures
Salinity/conductivity meter Measure salinity

Windl speed meter Estimation of wind speed

Back-up memory devices such as a USB memory stick |Field back-ups of data

ADCP field sheets Recording site and transect details, etc.
Set gf suppliers’ ADCP tools Simple servicing/repairs

Hand-held radios Tethered flotatioh/unmanned boat applicqtions
Digitial multimeter Electronics¢roubleshooting

7.5 | Other consideration

7.5.1 Edge distances

Edge distances for estimation of edge discharge;should be measured using a tape measure, gn electronic
distdgnce measuring device, a tag line, or some, other accurate measuring device. Visual estimation may
be enough if the width and velocity on edge‘are very low regarding discharge measured. The shape of
the ynmeasured part of the transect shquld be noted and input to the configuration. Edge distance and
shapp information should also be noted manually.

While measuring in channels_with vertical banks side-lobe interference and different fruntimes of
the yltrasound signals (earlierreflection at vertical bank than channel bed) can lead tp poor data
acqujsition. A minimal edge‘distance depending on the angle of the ADCP transducers arnd the water
depth can be approximately calculated by Formula (9):

tan(0) x D 9

wherte

@ _“is the beam angle;

D isthe water depth.

7.5.2 Depth measurements at sites with high sediment concentrations

ADCPs may not measure depths accurately in deeper streams with high sediment concentrations and/
or high bed load transport. In these instances, it can be necessary to use a depth sounder. The sediment
concentration or bed load transport rate at which it becomes necessary to use a depth sounder will vary
between different manufacturers of ADCPs and is not presently known. If a “moving-bed condition”
exists at the measurement site, it is recommended that several trial measurements be made using a
vertical depth sounder, under a variety of flow conditions, to determine if the ADCP determined depths
are sufficiently accurate. If an echo sounder is used, its accuracy needs to be established and it should
have been satisfactorily calibrated. When using an echo sounder, it will also be necessary to use a GNSS.
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7.5.3 GNSS compass

A GNSS compass consists of two GNSS antennas that determines an orientation for vectors of ADCP
movement. An advantage of GNSS compass is that it is not affected by a magnetic field. Therefore, it is
more reliable to deploy a GNSS compass when a magnetic field exists at points of measurement or when

the ADCP is

mounted on a boat made of steel.

7.6 Maintenance and ADCP checks

7.6.1 General

In order to pj

7.6.2 Bui
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t-in diagnostic check

o verify that various ADCP systems are functioning properly and the ADCP is respo
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scharge rating by more than 5 %, it is possible that a rating may have shifted. An
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is detected, the ADCP should be send back to the manufacturer.

7.6.5 Physical maintenance

Physical maintenance should be necessary, when an ADCP is subjected to significant physical shock. For
this purpose, beam-alignment test is helpful. If a problem is detected, the ADCP should be sent back to
the manufacturer.

7.6.6 Bea

m-alignment test

A common source of ADCP bias is for the beams to be misaligned. The user can evaluate the potential
bias caused by beam misalignment by a simple field test for ADCPs which have an internal compass. The
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beam-alignment test compares the straight-line distance (commonly called the distance “made good”)
measured by bottom tracking to that measured by GNSS. Detailed procedures for the beam-alignment
test are provided in Annex E. For other ADCPs, sufficient data have not been collected to validate
this criterion; however, the criterion is assumed to be applicable for other ADCPs. If the ADCP does
not meet the beam-alignment criterion, the ADCP can be returned to the manufacturer for a custom
transformation matrix to be determined and loaded into the ADCP.

7.7 Training

At least one member of an ADCP gauging team should have received formal, detailed training in the
operation of the equipment and associated software being used. The other team members should be
familiar with field operation of the equipment and the general principles of ADCP gauging,

As A
chan

e with these
lar updates

DCP technology is continually changing, it is recommended that users keep upsto-dat
ges. Arrangements should be made with the equipment suppliers to provide regu

of sdftware changes, bug fixes and improvements to the equipment and changes in recommended
operption practices. Whenever possible, practitioners and users should havexaccess to stitable first-
time|and refresher training in field use, as well as training for data analysfs, processing|land quality
control.

8 Uncertainty

8.1 | General

The pincertainty in a single measurement of discharge®is dealt with in ISO 5168, to whi¢h reference

shou
of de

ld be made. Additional information is given in [SO/TS 25377 which includes a possible 11
aling with the uncertainties in moving-boat ADCP velocity determinations.

hethodology

8.2 | Definition of uncertainty

All n
errof
by, f

leasurements of a physical quantity are subject to uncertainties. These may be due t
s (biases) in the equipment used for calibration and measurement, or to random sc
br example, a lack of sensitivity of the equipment used for the measurement. The

systematic
htter caused
result of a

meagurement thus is only an(estimate of the true value of the measured quantity and [therefore is

complete only when accompanied by a statement of its uncertainty.

The
errof

liscrepancy between the true and measured values is the measurement error. The measurement
, which cannotbe’known, causes an uncertainty about the correctness of the measurement result.
The hincertainty is ‘expressed quantitatively as a “parameter that characterizes the dispgrsion of the
valugs that canpreasonably be attributed to the measurand”. The parameter may be, for example,
a standard deyiation or the half-length of an interval having a stated level of confidence,|and that all

sourges ofuncertainty, including those arising from systematic effects, contribute to the digpersion.

The hieasurement error is a combination of component errors that arise during the performance of
various elementary operations during the measurement process. For measurements of composite
quantities that depend on several component quantities, the total error of the measurement is a
combination of the errors in all component quantities. Determination of measurement uncertainty
involves identification and characterization of all components of error, quantification of the
corresponding uncertainties, and combination of the component uncertainties. The uncertainties are
combined using the statistical rules for combining standard deviations, giving proper consideration
to correlations among all of the various sources of measurement error in order to account for both
systematic and random errors. The resulting uncertainty values are termed standard uncertainties;
they correspond to one standard deviation of the probability distribution of measurement errors.

In some applications, it is necessary to express the uncertainty of a measurement as a band or interval
that may be expected to contain a specified fraction of the distribution of values that can reasonably
be attributed to the measurand. Such an interval is obtained by multiplying the standard uncertainty
by a factor, k, usually in the range 2 to 3, called the coverage factor. The fraction of the distribution
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contained by the interval is called the level of confidence. The relation between the level of confidence
and the coverage factor depends on the probability distribution of measurement errors.

In this clause, uncertainties are given as standard uncertainties (one standard deviation) and are
expressed as percentages of the measured values (relative or percentage uncertainties). If expanded
uncertainties are required, the standard normal (Gaussian) distribution is used to determine the
coverage factor corresponding to a specified degree of confidence. In particular, expanded uncertainties
with a coverage factor of 2 have an approximate level of confidence of 95 %. This is the case with which
[SO 25377 deals.

8.3 Uncertainties in ADCP measurements — General considerations

The sensitiviity and potential accuracy of an ADCP system varies according to the ADCP and sét up and
the way it i operated. ADCP manufacturers include values for sensitivity and accuracy in the-technical
specification for their sensors. It is important to remember that these figures indicate the dccurdcy of
the measurgd velocity of the reflectors in the sampled section of the water column, net.that of the|flow
measurement. The following should be noted.

— Depthiganimportant factor in the calculation of flow, thus the accuracy and sensitivity of the depth
measurgment (however it is carried out) is also important.

— The acduracy and sensitivity with which the ADCP estimates its<own velocity and directipn of
movemeént (e.g. bottom tracking or GNSS) has a direct bearing op-the water velocity estimates

— Averagipng over a longer time period may reduce the random uncertainty.

8.4 Sources of uncertainty

The overall uncertainty is dependent on number of meaSurements and assumptions, some of which are
more significant than others. The ADCP does not make measurements over the entire cross se¢tion.
Uncertainti¢s need to be estimated for

— the medsured region;
— the top hnmeasured layer;
— the bottom unmeasured layer;

— the edges.

Sources of ulncertainty include, but are not limited to, the following.

a) Water vielocity: Theruncertainty in the water velocity in each depth cell is a function of the ADCP
frequenicy, the size of the depth cell, the mode of ADCP operation, the number of beams, the hbeam
angle and turbulence in the water. It will also be influenced by uncertainties in the estimatipn of
the speed-of.sound in water which is a function of both temperature and salinity. If the speed of
sound inwater has an uncertainty of 15, this can result in a discharge uncertainty of 3 %

b) Bottom track velocity: The uncertainty in boat velocity will be a combination of the ADCP
uncertainty and real variations in boat movement (i.e. uneven motion, pitch/roll, etc.). Moving-bed
velocity causes errors in the determination of bottom track velocity. How to test and deal with
moving beds is covered in 5.2.

c) Depth: The uncertainty in the depth measurement is a combination of the uncertainty in the depth
of the transducers below the water surface and the ADCP depth.

d) Extrapolation of velocity profiles: The top and bottom layer velocities, and thus the discharge is
obtained by extrapolation often using a power law. In order to minimize uncertainties, the default
profile should be adjusted to fit the measured values in the measured zone as best as possible to
minimize the extrapolation uncertainties. In order to minimize the uncertainties, it is necessary to
have an accurate depth determination and low uncertainty in the measured portion of the profile.
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Velocity profiles may differ from the default due to environmental factors, such as wind, and should
be considered in the selection of extrapolation.

e) Edge discharge: The discharge is extrapolated at each edge where the water is too shallow to
measure velocity reliably with the ADCP. Edge discharge is computed using the velocity closest
to the edge, the edge distance for each edge, the edge area type by means of a geometric shape
and a traditional weighting factor based on velocity distribution theory. In order to minimize
uncertainties, it is necessary to have a good determination of the edge distance and the edge
velocity and a realistic edge correction factor.

8.5 Minimizing uncertainties

In order to minimize uncertainties, the following is required:
— ¢nsure smooth movement of the ADCP boat/flotation device;
— ¢hange speeds and orientation slowly;
— 1neasure edge distances accurately;
I:easure transducer depth accurately;
— 3dapt cell size and blanking distance to reduce top and bottom uncertainties;
— Uise data from the stationary test to improve the powerlaw exponent;

— fake time to obtain sufficient pings at the edges.
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Velocity distribution theory and the extrapolation of velocity

30z
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profiles

e form as shown in Formula (A.1):

v 1

—=—1

u
where

v ist

u* is the shear velocity;
k  isthe von Karman constant = 0,41;

z  isthe flow depth;

k

S

The Nikura
roughness ¢

Figure A.1).

Fi

is the Nikuradse equivalent-sand-grain roughness.

e velocity;

dse equivalent-sand-grain roughness is a function of the shape, height width o
lements, which approaches the average height of the protrusions for homogeneous bed

b

gure A.1 — Sketch illustrating Nikuradse equivalent-sand-grain roughness

[ the
(see

k,/30 can be written as the roughness height, z, which is strongly related to Manning’s roughness
coefficient, n (see ISO 1070). u, is the shear velocity related to bed shear by the relationship. It is shown

Formula (A.2):

G

32
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is the bed shear;
is the fluid density;
is gravitational constant;

is the hydraulic radius (area | wetted perimeter);
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is the bed slope.

The power law relationship of the form, shown as Formula (A.3):

is useful and has been shown to be directly equivalent of the log law (see Reference |
constraint that the product ma = 0,92. When m = 1/6, for steady-state-flow, the relationship i

to Man

Typi¢ally, the log law might be assumed to hold for the entireprofile, although strictly sh
used| for the lower 20 % of depth. There have been numerous experiments showing how
law gpplies to most of the depth. Clearly, there will be wake type effects near the surface,
the flow and give rise to divergence from the log lawHowever, it has been shown that the
be applied to velocity profiles that exhibit the classical parabolic shape. The least squar
poweér laws to ADCP data can be problematic due;to the noisiness of the ADCP profile dat3
a method developed by Chenl?] using a 1/6th pewer law [see Formula (A.3)] has been ado
purpose. This is an approximation only and*different powers from 1/2 to 1/10 can be used
shapg of the curve to try and emulate the physical characteristics of the ADCP measuremer

The following version of the formula, which is a simplification of Formula (A.3) may be mor

ning’s formula.

hydrpmetric practitioners. See Eotumula (A.4)

wherte

Y

—

4
Y,

KRN

is thie mean velocity for entire river cross section at the site;

is'the velocity at depth y from the surface;

(A.3)

10]) for the
s equivalent

buld only be
well the log
vhich retard
log law can
es fitting of
1. Therefore,
bted for this
Lo adjust the
t site.

e familiar to

(A4)

D
Y

C

is the total depth;
is the depth from the surface;

is a constant, often assumed to be 6.

At sites where the classical form of the velocity distribution does not apply (e.g. where bi-directional
flow occurs), the above power-curve estimation method will not work and another technique should
be used for extrapolation purposes. For example, it is possible to set both the top ADCP discharge
estimates to "Constant"”, which means that the ADCP would use the data obtained from the uppermost
bin to estimate the unmeasured part of the profile. The bottom discharge estimates can be obtained in
a similar manner.
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Determination of edge discharges

The nearshore/bank areas are one of the unmeasured areas by ADCP. It is necessary to determine
somehow as explained in Formula (3). Itis usually estimated on the basis of an appropriate extrapolation

technique. The choice of technique needs to take due account of the conditions at the site and the size of
the unmeasfyired portions.
As one of the examples, the US. Geological Survey and other organizations use a method)presented in
Fulford and|Sauerl14] which can be used to estimate a velocity at an unmeasured location betweeh the
riverbank and the first or last measured velocity in a cross section. This is given by Fermula (B.1)] also
see Figure B.2.
v 2
= (B.1)

NCARRY
where

e i the location midway between the bank and first or last ADCP measured sub-section;

v,  ifthe estimated mean velocity at location e (ms=1};

v igthe measured mean velocity at first or lastiieasured ADCP sub-section (ms™1);

d, ig the depth at sub-section e (m);

d, idthe depth at first or last ADCP stb-section (m).
Fulford and| Sauerl14l defined positionuinas the centre of the first or last measured sub-sectior] and
not the nearjshore edge of the sub-section. However, because the ADCP sub-sections are purposelykept
very narrow at the start and finish‘of each measurement the difference between the two applications
are not signjficant. Assuming that the channel is trapezoidal in shape the unmeasured section adjacent
to the bank fan be assumed to.be triangular in shape (see Figure B.2). Then:

V,=0,7Q7V (B.2)
As discharge is velecity multiplied by area, it can then be calculated thus:

0,707V kd
:—%:0.35351/11}4“ B.3)

where

Q
L

34

is the estimated edge discharge, in m3s-1;

is the distance to the riverbank for the first or last ADCP section, in metres.
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Figure B.2 — Sketch illustrating edge-value estimation

The ADCP software will calculate the:dépth d, and the velocity v,,. The distance L is gstimated or
meagured by the operator. Formula. (B.3) does not work well in rectangular concrete |channels or
natufal channels with non-standard-slopes near the banks. In these instances, a bank slopg coefficient
can be used to properly depict,the channel-bank geometry. For rectangular concrete channels, the
Formula (B.4) can be used:

¢=0,91V, Ld (B.4)
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Example of an equipment check list

Equipment Equipment list
available
Basic ADCP equipment aN
— ADCP with attachments; bolts and nuts nQV
— ADCP cable(s) ACB Y
— Field computer with appropriate software t\%\
— Screen shade/rain protection for field computer = q,"‘
— Spare 12 V battery with appropriate wiring assembly C\U
— Power inverters and power strips, if needed AQ\\J
— Laser rangefinder, or some other distance measurement é'gvice
— Battery charger {)Q\
— ADCP measurement toolkit \\\‘
— Field note sheets . N4
— Safety line for ADCP ,{Q‘O
Boat deployment A$ i
— ADCP mount A‘\U
— Marker buoys \O

Tethered/ Remote-controllgg@ﬁ) boat deployment
— Tethered boat and harn@vRC boat

— Longrope for use g\xt‘éther for tethered boat

— Radio modemsﬁ@\cﬂables

— Small 12 V-ﬁ.é\.b‘)atteries and charger

— Boat rep\@‘)\k{t

— Sea;@r (for slow velocities)

— V\@b'({ for tether (for fast velocities)

—(\&ﬁ‘ld-held walkie-talkie type radios

Q‘-N‘§s deployment

— GNSS and power/data cables
— GNSS antenna and cable

™

N

— Pole for mounting GNSS antenna over ADCP
— 12V DC battery

— Spare fuses

36 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=3ec193ca4f8add1ce0535ea90d3dfe62

ISO 24578:2021(E)

Equipment
available

Equipment list

Echo sounder

— Echo sounder and associated cables

— Mounting bracket for echo sounder

— 12V DC battery

Useful items

— General toolbox

— Thermometer or conductivity/salinity meter

— Multimeter
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Example of ADCP gauging field sheets

D.1 General

An examplel form for making an ADCP discharge measurement is given as Figures D.1 and(D.2| The
form is intepnded for printing as paper size A5, and can be printed as single-sided or doublessid¢d as
appropriate|for its application. The text can be translated into local languages as needed.
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