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This paper d€aLs with an acoustic flow measurement systen, that is installed in a relatively wide
and shallow channel of the oosterschelde, The systen features two 65 kxz transducers located on poles
in the ehann€l, a wide band radio communicàtion systeni to transflit the electrical equivalents of the
tran$ritted ard received acoustic signals to the coastal processing unit and three standard-frequency
rsceivers to synchronize the syster parts. A sumary is eiven of the acoustic transmission
characteristics and sola€ Íésu1ts are discussed.
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Technisch Physische Dienst (TPD) has been active
in the develogrent of river discharge neasure-
Eent syst€ms for seve.al years. This research
nas done on behaLf of the departDent of Hydro-
hstruDentation of Rijkswaterstaat (covern-
nental Departnent of Public Works). Àt this
DoDent the standard TPD system for fteasurinB
discharee is suitable for rivers up to 3oo rr
in width. In 1975 research started on the
application of ultrasonic techniques fo!'
reasuring dischàrge in estuaries up to 10OO m

in nidth. ln this paper the experiaeítal system
is described that has be€n installed at the
Burghsluis test sitc in the Hanmen channel of
the Oosterschelde.

1. INTRODUCTION
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2. THEORY

rection Hill have a propagation velocity
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the nean total velocity by using tÍo measuriíg
lines cr^ossing each othcr at an angle of 60o to
9oo. If the vertical flow velocity profile, the
cross-section of the channel and the waterheight
are knohn or measured, the discharge in the
chamel can be evaluated.
Àt the Burghsluis t€st site the path length
L -1000 m and the velocity of sound c&1,5.101
m,/s, hence if the flolr velocity vlào,1 n/s then
the propaeation tiDe difference to be measured
is t1-t2 - 1o-4s. The accurate heasurement of
such a time interval is not difficult. fiowever,
complications arise frotr the fact that Hhen
temperqture andlor salinity. g.adients occur th€
acoustic path is no longer well defined.

TiÍo electro-acoustic transducers are located
on each side of a channel, such that the angle
I betrcen the acoustic path defined by the
transducers and the flow direction is 30" to
600. These ,transducers are then, alternately,
excited to send acoustic flave traiís to each
other. The acoustic wave train in the upstrean

A test range was built in the HÀ.dmen, orc of the
channels of the oosterschelde, near Burghsluis.
Here tao transducers a.re located on poles in the
channel àpproximately two neters above the
bottom, The waterheight above the transducers
varies betrÍeen four (1ow tide) and eight (hieh
tid€) Í0eters. rhe acoustic path is 1000 m, with
a transmission loss due to sferical spreading
of 60 dB.
Figure 1 shows a block diagrm of the experimen-
ta1 system that is installed at the test range.
The transducer is a cylindrical piezo electric
resonator, placed in a conical r.eflector. Its
resonant frequency is 65 ktlz, the bandwidth is
16 kHz and the bearwidth is 10.. Àt this fre-
quency the absorbtion in sea{ater is-30 dB/lu,
so that the total transmission 1os6 i§ e0 dB.
To synchronize the systens on the poles and t}Ie
proceqsing unit on the coast, a radio-clock,
tuned to the staidard frequency tranÉmitter
DCF 77 in Mainflingen, Weste.n Cennany, is used.
In this radio-clock the carr.ier of DcF ?7 is
ehployed in a keyed phase-locked loop to obtain
a stable frequ€ncy. rhis stable frequency is
eeployed in a second phase-locked 1oop, whose
internal oscillator can also be corrected by
a slgnal obtained from the 1 Hz standard fie-
quency given by DCF 77, ':he synchronisation of
all system parts is rÍithin 1 ms.
At each odd second the transducer on po1ë 1
enits a short acoustic wave train, initiated
by ths timing circuit.

L
ttuL

in the downstreàm direction
L

,
hàere c = velocity of sound in water

vL = nean projected flow velocity component
along the acoustic path

L = Iength of the acoustic path
t = propagation time.

By eliminatins c fÍom (2.1) and (2.21 we obtain
the well-knol{n expression

't-l
,, -,,1 í+ - :) - ,.1 =f+ tz.3)u "z L1 11. L2

The mean total velocity of the flow can be
evaluated by flrultiplying (2.3) by cös d. lhen
the angle of the flow relative to the acóustic
path is not constant it is possible to evaluate
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rIcuRU 1: Block diagran of the

proce§sing unit on the cosstpart of the systen on a pole o
The €lectricsl equivalent of the wave train is
attenuated and L.ànsnitted to the Processing
unit on the coast. About 7oo ms later the trans-
ducer on pole 2 receives the acoustic signal and
after anplification this sienal is also trans-
mitted tó the processing unit on the coast.
(fieures 2, 3 ed a),
Every eveo second an acoustic wave train is
send in the opposite di.ection frof, the trans-
ducer on pole 2 to the transducer on pole 1'
A radio comiiunication system is used for the
signal transÍ0ission between the poles and the
processins (mit on the coast (the use of
cables is unacceptabte). Presently a 2oo MIIZ

wide band sinplex radio conmunication system
is being used, but by the end of 1978 this
sysLem hill be replaced by a 14 cH? communica-

rhe detectors convert the received signals into
"start" and "stop" pulses. Time windoÍs, con-
trolled by the timing unit, define wh€ther a
sienal correspoÍds to the transmitted Eave train
or the received acoustic si8na1. These pulseg
are then used by the controL unit to start and
stop a counter.

The siBnals f.om the timing unit are used by the
conlrol uíit such that the counier is increhen-
t€d at the clock frequency when sound propaga-
tes from pole 1 to pole 2 and decremented when
sound propagates froE pole 2 to pole 1. The con-
tent of the counter is then a measure of the
propagatio, time difference. Every (odd, even
or àoth) second the content of the counter is
latched and presented at the output terminals
as an analoe voltage.
This experimental system has been installed at
the testrange in the beginning of 1977. It soon
became evident that the 2oo }ltlz radio was the
Iiniting factor for the signal to noise ratio.
Àfter having reduced the distance of the radio-
Iinks, r.cordings were made over prolonged
periods of time, that have a definite correla-
tion with hydraulic measurements nade in the
area. An examp.Le of such a recordjng js Siven
in chap, s.
After having evaluated the syster and the acous-
tic transhission characteristics, a mini compu-
ter will be àdded to expard the control and
processing functions, The control unit HilI
then be changed such that the hardware courter
is continuously increDented at the clock fre-
quency. rhe content of the counteÍ will be
latched into the comput€r by the "sta!t"

o

FTGIIRE 2: Irans6itted acoustic lrave train
(hor. 20 ps/div) 1 m)
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FICURE 3: Received acoustic signal
ratory (hor, 20 ,,s,/div, pathtength

,l 4

-^^x

Pole 2

I

t



o

o

ACOUST]C FLO],I MEASUREI,ÍEM IN iíIDE RIVERS 393

FIGUR!: 4: Received acoustic
signal at the test.ange (hor.
loo Fs/div, pathlength r0oo 0)

and "§top'r puLses and then, together with a
software counte., Hhich was incremented hy
each overflow sienal from the hardràre counte.,
processed to obtain the mean totàI velocity
of the f1o{. rhe advantage of a continuously
running countcr is Lhat more Lhxn onc ncasur:ne
tine can be controllcd at the samc Lime.

4. ATOUSTIC TRANS]!ISSION CIIANACÏI]iISTICS

2. 1-t,e di ft'erencc of the fl,,w vetocity atonE_1., l:,-. I n,Lh .,no Llc mcJn of Lhe ,, Lu-I
up- and dohn:iLrean acousli. paths

i. ihe Jiflcrcnce in le,,qLh oí the up- ald doq)
sLrean acousti c Aalhs

4. thc differeree i,, sound !,etocity along the
up- Ànit dornstream acousl-ic paths,

Às long as the ilriLecto.s lriggcr at lhe same
(direct or indire.tl wave t.:iin, 3. and 4. a.e
eithe. ze.! o. ncarl} compensaLe €ach othcr.
i,,.thereore the oosLe.schcldc is a welt mixed
wal.. hasi. (ith ulno:,t. ro inooming fresh ,al-er
from riverJ,, Lhus ver!i.a1 salirLity gradients
are nor likely L(, exist frequcnrl-v or for ]ong
)c.io,ls of timc. lhe l.oLa1 ina.curacy is rhus
lc:erni,r,d b.,, l. and !. and i: ,t our testranEe
estimaicd at LeitÍ, !.h,n o.t m,is.

The traa-Juuer rFceivcs a Lomtlex s:rnàt
consisting of Lhe direct acoustic wave train
plus indircct wave trains via sinele and
multiple.eflections at the sea surface and
bottom (figure a). r'luctuations in the re.eived
signal a,,npIitudes, especially in the second
part, are found, because of the varying intcr-
ference between the direct ard the i direct
wavc trains. rhis is caused by the tidal changes
of the waterhcight and the changes in thc {ave
pattern ol the sea surface.
In the absence of a ve.tical sound velociLy
gradient thc direct íave train at our testrange
anives at least 21 Fs (r1.a period of the
65 kHz main conponent) earlier than th€ sea
surface reflected eave train andÈ1oo ps earlier
than Lhe bottom reflected Mve train. so to
determine the receiving time of the direct wave
train a leading edee detector can he uscd.

If à vertical sound velocity Cradient occurs,
the mplitude óf the Eào1e signal ca!1 flLrctuate
or even, due to scvere inlerference, the dir,rct
wave train can almost completely disàppear. rhe
detector then trigge.s at Lhe bottom reftected
$ave train. It is also possible that an
indirect wave t.ain arrives first and trigge.s
the detector. A vertical sound vetocity gradiÈnt
also causes bending of the acoustic paths in the
direction of the higher sound vetocity. a sound
velocity gradient causcd by temperature and/or
s"linity gràdients will bend all acóusl-ic paths
in the saDe dirsction. À gradient caused by a
f1o$ velocity gradient witt split rhe up- and
do(.nstream acoustic paths.

The accuracy of the measured flow velocity is

1. the accuracy of'the detector. A dete.tion
error of one period (15 ps) gives a flo}l
velocity error of Nr.7 c /s

! . It f:li t, tli

D,rri.,r tl,e I)ru l itr ina.J m.,isureme,Lrs, càffied
oul in the suinmer .l L-o75, a very useful alrus-
tit sigrral was rcceir,cd duri,,s o,sL of the tine.
P.,ri,:,ds of a 1!H sig.rL to noise rario and oí
large àmplitude flu.Lurtions of thc !tro1s
r.re i vcd ncoust:c sitnal:reeDed Lo .or.es.poncl
ith thc purioJ:i ol ouLgojnp :idàI .ur'rcnLs {t

i:he un,l of a dà.y. 
^ 

f.h Lime! a corsi.terable
reduciio. of thc amplitude i,r l-he first {irve
irai. sasi oh:,e../ed at Ioq tide (ccstructivc
interfct'cieel. ili,r:,,.ding:i ol thc p.oDagation
l-itu difference rode ir 1977 also show that tl,e
rc.eiviig Liries of'Jrc aco.sl.i. :,ignats are
hardcr t. Jc1.e.t .orrectlv -luring the pe.iods
Je:,(:. ibe(1 ah.,vc.

lipurc 0 shors a cr.ve madc fron the recorded
f.op;igation tine dilf.rence.lurinft 19 hours or
77.419.01, iog.thcr qi:h :i.ne ta..jE of the
oriSinal reco.ain.Í]. 'rhc parts ,)l ihe original
rerordin| sho6 irJe!ula.rtics hith an anplitude
of, 15 )rr (- orc pe.i(xl of rl5 k z), especially
.1,'rinf the ou|going tiJaI rurrerLL, that are
..u:,{:d hy thc ànip1ii.u:le ituctuatio!s of the
sisnal di:i{,u:,seil hefo.e. ihe leiding edge
dcLefto., '.rhat i: ,.rsed in the elpcrin€ntal
st'stem, is Lrig!ereJ ij a cc.LairL level is
ex(ceded alld giv.s à1- Lhe snme iimc a pu1se,
In this tytc of dei.e{,1.o. sm{11 anplitude
fluctuati.,Ls .,use llrLctuati(,r:, in the detected
.eceiving times. Ir a new s).stcm à detecto. is
usc!l tirat is LrlÀacred ii Lhe lcaJiDg edge
rx.eeds L(o te!,cr: and tilelt a pulsc at the

FIGURE 5: Alternative detection
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FI0URE 6: Recording of t-he Propagation time
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ACKNOIíLEDCEMENTfoltoÍing zero crossing. This detector is
insensitive to sma11 aDplitude fluctuations and

vrith the tHo triSger 1eve1s it is possible to
1et the shape of the àcoustic wave trai,
influence the detëctor and so avoid the sma11

iffegular:ities (figure 5)' Recently research
started to study the feasibility of aPplying
pulse compr€ssion techniques to the .èceived
acoustic sienals, in order to obtain a better
definition of the d€tected receivine times.
Results thusfar are encouraging and it is hoped
that in a future systeD this technique carl be
applied on 1in€.
Figu.e 7 shows three curves made from the
reaorded vertical tidal mowement, propaeation
tine and propacation time difference during one
day, 77.10.30. l'{ithjn a lew percenL the curve
of the propagaLion time difference (in Es) is
equal to Lhe curve of the flow velocity (;n m/s).
c;mparing figures 6 and 7 it is obvious that
the curves reproduce in time. The curve of the
propaeation time shows that the jncoming Hater
i"". it" "., 

is vrarmer Lhan Lhe outsoins water
from the oost€rschelde' rhis is explained bv
the relatively cold air in october end the
s$alIer heat capacity of the oosterschelde
corpared to that of the North sea.

A second leasuríng line is now being bui1t,
crossing the first one àt an angle of 51". The

nen poles are placed in 10 n deep HAier and the
ninimuE Íaterheight above the transducers t?il1
be 6 neters. rt is expected that at this depth
the destructive interference, that has been
observed only during low tide, Èan be avoided'
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Department of th€ Enviro,ment watBr Data
unit, (decenber 1974).
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l'IcURE 7: Becordings made during one day




