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1 INTRODUCTION

The present study aims at understanding the maogloall characteristics of sediment
deposits inside the combined sewer networks otitlyeof Nantes, also in connection with the
flow characteristics measured during the morphalgsurvey. The present study has been
supported by the project VITRES 2009, under a bolation between the French institute
IFSTTAR , department GER-HA, and the LEESU, under guidance of Dr. Frédérique
Larrarte (IFSTTAR), Claude Joannis (IFSTTAR) anbfPGhassan Chebbo (LEESU).

This report aims at:
1) Presenting the results of preliminary tests carreed with a SONAR profiler
“Pipeprof 1512,” manufactured by MARINE ELECTRONI@S.
2) Describing a procedure to use the SONAR, analysedita and display the results.
3) Describing the results obtained from laboratory sexer applications

The knowledge of both the flow filed and the seditifeatures give them importance due to
the fact that both features are strongly relatedeéd, the flow field and its turbulence
characteristics are affected by the presence gesed solids and strong concentration layer
referred to as mud flow. The later could partiogptd the momentum transport toward the
stream and substantially modify the boundary camat As well, the sediment transport,
guantity of sediment carried by the flow and thiekhess, viscosity and concentration of the
mud flow are strongly dependent on the flow fieddtiires and in particular on the interaction
between outer and inner layer .

In this context, measures in environment heavilyst@ined, such as combined sewer
network, need to be accurately planed and carngdscshort time, in order to reduce the lost

of information while going from one measurementanother (the mud flow can change its

characteristics during the measurements), anddiaceeand prevent large disturbances of the
flow. As it will be shown in the next section, theud flow is easily removable and the simple

passage of one intruding probe can compromiseutmessful survey of the second probe.

The next sections will contain:
* A literature review;
* A brief summary of the experimental installatiohetsite and the measurement

execution;

* Preliminary results relative to the firsts in sewests carried out with the sonar
profiler;

* Preliminary results and contemporary measuremeartsed out with both the sonar
and the ADV;

* A discussion of the results obtained fro the ddfdrsites.
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2 LITTERATURE REVIEW
2.1 Generic back ground and definitions

Hydraulic conditions, i.e., hydraulic radius, vetgcdischarge, shear stress, friction, sediment
transport, pollutant fluxes; need the correct assesit of both water surface and sediment
bottom surface. This task could be relatively gaadhieved under proper environments and
controlled conditions, i.e., clear water conditenmd gradually varied flow condition, where a
net separation (interface) between sediment andrvpditase and water and air phase can be
observed.

The simultaneous presence of: (a) the bed loadgpmah and suspended load transport; (b)
transport of particles in a thin layer of O(0.01fwan Rijn, 2007) close to the bed and (c) the
transport of particles above the bed-load layether presence of “mud flow” (McAnally,
Friedrichs, Hamilton, Hayter, Shrestha, Rodrigu8heremet, Teeter and Flu, 2007), may
reduce the net separation between sediment and plases. In these conditions, a different
definition of sediment-water interfaces has beappsed, i.e., the interface corresponds to a
step like sediment concentration profile, also knowliterature as lutocline (Figure 1).

Mud layer

Ve o N
\ C
|

Figure 1 lutocline definition

Kaolin is generally used in laboratory tests onesive sediment. (van Rijn and Louisse,
1987), hence, proposes a classification in foulegght status of kaolin suspensionif= 4
um, D= 15 um, and 460 kg/fixpe< 640 kg/mi wherepg is the mean dry density ail, the
diameter for which xx% in weight of settled matérsafiner, suspended by wave forcing and
based on the weight concentration of solid per oinolumeC

» consolidated mud laye€e500 gr/l);

o fluid mud layer (100 gr/l €<500 gr/l);

* hindered settling mud layer (10 griC<100 gr/l); and

» flocculating mud layer@<10 gr/l).
Since the early ‘50s and Rouse’s work, tremendousuat of methodologies have been
developed to measure the sand bottom level anddrats. (van Rijn and Klaassen, 1981)

-9-
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used a profiler indicator mounted on a carriage antbmatically recorded the bottom at
regular intervals. In Kennedy according to (Kaand J.F., 1981) approach, defineds the
vertical elevation above the bed, the water dédp#s the distance between the free surface
and the bed surface and the bed thickngsat which the reference concentration was
measured as:

Yo=Dsou/ Uk (1)

whereu* is the shear velocity, but little information dme definition of the sediment surface
level was presented.

A more complicated expression of the reference eoinationCy, based on laboratory flume
and natural river data was proposed (see alsorfKand Kennedy, 1987)):

log(C,) = - 444+ 35N, + 123/, - 28N, +

158V, [V, — 1A0VV, + 041V,V, — 085V, V.V, )
+ 065V,V.V, — 543/V,V; + 21V, — 12VV,V,

where V1:Iog[U/Jg(pS/p—1)D50, Vo=log(S10°),  Va=log(u. /w),  Va=logWDso),

Vs= Iog[u* -u../+/alp./ p-1)Dg, ] Ve=log(d/Dso)

The relation was based on the nature of sedimnD§o, w is the particle fall velocityyc),
flow condition (U the average velocitys the energy slopey), and water properties (s the
viscosity,p the water densityg the gravitational acceleration).

In case of bed load transport, (van Rijn, 1984)ktée bottom is defined at 0.@%5 below the
top of the particles, methodology which has beditated for particle of 20Qm< Dse< 2000
um, wheredsp is the average particle size. In (van Rijn, 1984¢, water deptlh was defined

as the difference between the water surface andatlegage bed level, but still little
information on how to measure the average bed levetesence of suspended load transport
was provided. However, interesting insight aroushen the author analyses the effect of the
position of the reference level, i.e., the elevatishere the reference concentration (the
concentration measured at the saltation layer) wesasured, on the suspended load
concentration profiles, for small variation of nefece level could lead to drastic changes on
the concentration profile. Consequently, the autimmcluded, it is not suitable to use the bed-
load concentration as the reference concentrdiorhe large errors that could occur. Hence,
in presence of bed forms, the reference lavgbrmerlyyy) was fixed by (van Rijn, 1984) at
the salvation level, i.e., at half the bed formggheA or half the sand roughness height
(calculated in (van Rijn, 1984)) and in any castai minimum value of 0.01 m, and propose
and equation to calculated the reference concemr@ :

Cy=0.015Ds¢/a)(T °*ID.°3) (3)

where T=(u-*-u-?)/u-. is the transport stage parameter &d= Dso(g/v?) *3 g'=g(s-1) and
s= pd ps specific density.

(Voogt, Vanrijn and Vandenberg, 1991), carried @gkries of large flume experiment on the

sediment transport properties of high velocity flowhe Authors studied the sediment
transport properties of fine sand in presence séléeroding flow Dso = 200 um), i.e., a
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condition for which no sediments were introduceahfrthe inlet section. Both water depth
and sediment surface were measured sounding theitred gauge of 0.02 m of accuracy.

In (Abouseida, Muralidhar and Lo, 1992), the refierlevel of the concentration profile was
again defined as the crest of the bottom ripplegid no information on how the sediment
bottom has been measured was provided.

Recent development of optical and acoustical batiexcprobes for marine applications leads
to a definition of the sediment bottom that is tetawith indirect measurements.(Gallagher,
Boyd, Elgar, Guza and Woodward, 1996), defined distance at which the seafloor was
detected using a threshold criterion by means iiHz sonar altimeter, i.e., fixing a voltage
immediately below the automatic adjusted maximunm devel. After laboratory and field
experiences, they defined an automatic gain adprstralgorithm, which included signal
normalization and a threshold voltage employedhtiividuate the time at which the bottom-
echo was detected. By means of the automatic ghustaent algorithm, the authors were
able to measure the seafloor with a precision @3 @.

Differently, (Bell and Thorne, 1997), located thedsnent bottom on the base of the
maximum correlation calculated between the bactexcgrofile measured with a 2 MHz
rotating head sonar and a model bed echo whichatefan ideal approximation of what is the
actual bed echo. It is worth observing that, thedelled bed echo has been calibrated to
effectively work in marine environment, but litileformation are available on the backscatter
signal in environment were organic sediment mayiesgnt. According to (Bell and Thorne,
1997) and (Thorne and Hanes, 2002) the use ofigjogithm improves the localisation of the
sediment bottom if compared to threshold methodekgVioreover, the authors provide a
full review of acoustic measurements techniqueraethodologies to determine the sediment
concentration from the backscatter profile.

(Webb and Vincent, 1999), based on three frequéaaygducer experiments, defined the bed
as the place where the strongest backscatterl ssgmeeasured.

Differently, (Green and Black, 1999) define thed&ange as the range of the bin (i.e. one of

the volume in which the water column is dividedhe sonar image) immediately above the
break of slope in the temporal burst-averaged aanatton profile (Figure 2).

-11 -



Project VITRES 2009 — Suivi par sonar de la dynamides dépdts en réseau d’assainissement

L

v

bin from
the probe
Mud layer
. .
1
|
v ‘ .l. amplitude

Figure 2 Green et al 1999 definition

The burst-average concentration profile was thusrdened on the basis of the averaged
root-mean-square backscattered pressure profilescédy according to the nature of the
surveyed bed, they located the sediment bottom Iyaaté).01 m below the base range for
rippled bed, and at 0.02 cm below the base ranggdositional and “hummocky” beds (i.e.,

a stratification in which mounds of sand occur).

(Lee, Dade, Friedrichs and Vincent, 2004) obseriredl lack of a general consensus on
defining an appropriate reference level, also ersigivey the necessity to identify the bed
level. Hence the authors adopted the methodologgldeed by (Green and Black, 1999).

Later on, (Hoitink and Hoekstra, 2005), comparezlstspend concentration profiles obtained
from acoustic Doppler current profiler (ADCP) acteisbackscatter signal and optical
backscatter signal. OBS signals were calibrated owecentrations measured by means of in
situ water samples, whilst a formulation valid f@ <<1 has been used to calculate the
volume mass concentratidv from the acoustic backscatter, ikl[]105Y?®, wherek is the
acoustic wave number amgdthe diameter of the particleS= scattered signal in decibel. The
product kas takes into account for the acoustical scatterimgsszsection rather than the
geometrical particle cross-section.

It is worth observing that, again, those relatiopsthave been calibrated, in case of marine
application, mainly on sand sediments, whilst tia¢ure of sediments dramatically differs
from in sewer deposits nature (shape, cohesiveeptiep, degree of uniformity, flocculation),
which are principally composed by organic mateffimm 30% to 89% of volatile solids) and
less homogeneous in particle distribution (AshiBgrtrand-Krajewski, Hvitved-Jacobsen and
Verbanck, 2004). Indeed, the acoustic backscatterganic sediment is rather different from
that observed of mineral sediment as resulted faosurvey carried out by (Lewis, Mayer,
Mukhopadhyay, Kruge, Coakley and Smith, 2000), imcl sediments were characterised by
a total organic carbon content up to 4% for theen@cm of the clay-silt mud layer.
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(McAnally, Teeter, Schoellhamer, Friedrichs, Haomnlt Hayter, Shrestha, Rodriguez,
Sheremet, Kirby and FI, 2007) and (McAnally, Frieds, Hamilton, Hayter, Shrestha,
Rodriguez, Sheremet, Teeter and Flu, 2007) desttitbe mechanics of formation of fluid
mud in estuarine environment together with the @as® mechanisms of formation
accumulation and erosion. In general, mud flow lmambserved in environment characterised
by the presence of low velocity and fine sedimeHisnce a fluid mud is associated with a
lutocline, i.e. a sudden increase in sediment aanaton and they described the fluid mud as
high concentrated fine-sediment suspensions, winiaimtain the potential for mobility. It is
worth observing that the authors also includedhedefinition of fluid mud a mixture of fine
grained mineral and organic sediments. In thisedntwo definitions of the top layer have
been provided. Hydraulically, the bed elevationrespond to the plane of zero flows, whilst
density criteria are adopted to preserve the nailiga i.e., density between 1151-1347
kg/m® are employed to define the navigable depth. Hehase on (Alexander, Teeter and
Banks, 1997) results, they observed that acousstruments, such as fathometers, have
different degree of penetration inside fluid mudading to the signal frequency at which the
backscatter is collected. Generally, 200 kHz signable to detect the top of the mud layer,
corresponding to roughly 1050 kginbut the reflected signal is more properly asgedito a
gradient of concentration rather than to a spedéosity. Differently, lower signal of 20-40
kHz are able to penetrate the fluid mud reachingpee consolidated layer. However, in terms
of dredging volume definitions, none of the prewalevations seemed suitable and a more
appropriate layer definition comes from intrusivstrumentations, such as sled transducer,
which has been designed to travel along a phykieatzon of constant density and viscosity
(Alexander, Teeter and Banks, 1997)

More recently, (Dolphin and Vincent, 2009), adopteghin the methodology proposed by
(Green and Black, 1999) and locate the sedimenibtmoas the level at which the “break-in-
slope” of the sediment concentration curve was mfeskfrom ABS measurements.

Table 1 Definitions of sediment bed elevation friierature.

Motivation of| Measurement

the study| technique
domain of
Authors Definition application Note
[-] [] [] [] [-]
van Rijn| h=distance River Experimental test This definition has been given |in
(1984c) between theapplications Data from Bartonpresence of bed-forms and suspended
water  depth Predicts theand Lin (1951) sediments, but no information on how
and the suspended and Andersonthey measure the bed level in presence
averaged begsediment (1942), How theyof bed forms is given. Data from
level, concentration inmeasure it isBarton and Lin (1951) and Anderspn
reference levelpresence of bedunknown (1942), 90um<d< 480um

at a= A (bed-|forms. Based onHydraulic radius
form height)/2 the bed sheardefined as ir

or a=ks/2 from velocity. Vanoni and
the averaged Brooks (1957
bed level with which use a point
a(min=0.01 gauge of 0.1 mm
m) of precision in
flume
experiments
Karim and| Yp=DsoUs/Us¢ River Comparison with Thikness of the bed layef, at which
Kennedy applications several datasetsthe reference concentration has bgen
(1987) Development of but no definition measured, data based on the Vamoni

concentration |of sediment begand Brooks (1957)
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profile laws

measurement
been provided.

hias

Voogt and var

Rijn (1991)

Sand bottom
measured afte
the tests end

River

rapplications.
High speed
flow over sand
bottom 100
um<d< 400um

Echo sounder.

Self eroded bed tests.

Abou-seida etreference levelLaboratory Reference They mainly concentrate on the
al. (1992) = = crest of analysis of theconcentration wasconcentration profile, a definitions pf
the botton concentration | extrapolated fromthe reference concentration has bgen
ripples (how profile in weak the spatial andadopted by Bosman and Steetzel 1986
do they| currents and | time averagedand they defined the thickness of the
measure it?) |wave in | concentration high concentration layer from the
shallow waters.profile up to thg analysis of their data. Mainly they
sand ds=0.11|reference level.observed a concentration profjle
mm,h=0.35m. |No information| characterised by two different
on how the ripple gradients, owing the presence of bpth
surface has beenveak current and waves.
measured is given
Gallagher et Bottom ==|Marine 1 Mhz sonar with Degradation of signal in case [of
al. (1996) distance application, automatic  gainsuspended sediments, bubbles, @and
(range) from measurement |control (AGC) rough and sloped surfaces.
the transducerand
individuated | individuation of
in by the|the seafloor
threshold  on
the acousti¢
signal
Bell and| Correlation Marine 2 Mhz sonarThey use a similar sonar profiler,
Thorne (1997) between applications profiler, manufactured by marine electrics and
backscatter with similar features. A sinc functign

and modelled

near bed time

has been used to model the sig

whose width depends upon the py

nal,
Ise

series echo.. length and the slope of the reflector
(the bed), but the procedure have |not
been included in the paper, maybe
some other.
Webb and Maximum Marine Three frequency
Vincent intensity environemtn (2 MHz, 4
(1999) backscatter MHzand 5.6
signal MHz) ABS
Green and For ripple off Application in| Three frequencythey evaluate the sedimegnt
Black (1999) |10 cm of wave zone of wave|acoustic concentration from an  acoustic
lengths: gase* | shoaling, backscatter backscatter sonar (ABS) and then
1 cm=keq and| ds=0.23  mm sensor arbitrarily defined the bed 1 cm
for hummocky and  ps=2650 underneath the base range.

and
transitional
beds:rpase + 2
CM=l,eg Where
Nase IS the
distance from
the sonar
corresponding
to the "bin"
immediately
above the

break-in-

kg/m®
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slope.
Thorne  andTime lag at Marine Acoustic See the references, are quite useful,
Hanes (2002) | which the| application profilers, A straightforward analysis of the ABS
maximum under currents|transducer arraysand possible calibration in terms |of
correlation and waves | pencil bin| suspended solids are present
between theconditions transducer IMPORTANT:
measured and translation Some how it can be inferred that the
the modelled bed is the portion which reflects the
near bed time strongest echo.
series echo
Oms (2003) Definition  of Sewer Direct in situ| Observation of a creamy layer of 15 ¢m
an interface application, observation viaof thickness (max observed) not
between organic layer | endoscope  andletected with the stick and of unknown
organic of automatic imageénature
sediments and2  mm<ds<5 | recording system
water mm and 1050 | inside an
kg/m® < | observation box
<1300 kg/m®
McAnally  et| Hydrodynamid Marine Acoustic Mud fluid can have  similgr
al. (2007) definition: application, detection characteristics as that observed | in
plane of zeromud fluid | (fathometer 200sewer, especially a high gradient
flow, prone kHz-20kHz), concentration in the mud fluid layer
Navigable environment electrical and similar mobilization and depositipn
depth: density(law  velocity| conductivity, patterns
between 1150-and fine| nuclear detectiory,
1200 kg/m sediments) optical, vibrating
fork
van Rijn|{ )Again  the| River and costglTheoretical study| He observed that very fine sedimehts
(2007) bed load sediment Several data setsnaybe eroded as chunks flocks rather
transport  ig tranporst and concentratiofthan as single particles. Moreover, |he
defined as theassessment profiles are observed that the presence of organic
bed load 60um<ds<2300| reported. materials and biological effects may
which occurg um mostly| Comparison with considerably reduce the near-hed
inside a thin mineral literature  datal concentration.
layer of example Van denin this paper (ll, pag 677) it |s
thickness Berg and Vanindirectly referred tonear bed layer or
3=0.01 m. In Gelder (1993) sheet flow
case of fluid
mud layer a$
that observed
by Vinzon and
Mehta (2003
it refers to the
an immobile
layer
1) Reference
concentration
as in Van Rijn
1984 a,b,c, in
case of sheet
flow the
reference level
is related tg
the sheet flow
layer
roughness 20
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Dolphin  and The location Marine Acoustic The C profiles where used to determine
Vincent of the seabedapplication backscatter signathe position of the seabed. Following
(2009) is defined asunder currentsrecorded Green et al. (1999).

the location of and waves averaged over 2

the "break-in- signal collected i

slope" of the 17 minutes eac

acoustic our.

profile.

2.2 Sediment interface in combined sewer deposits

Organic matter transported in proximity of the seelt interface and biological process in
sewer network may affect the sediment concentratédue at the interface (van Rijn, 2007).
The exact definition of the sediment bottom orititerface thus becomes more complicate.
Indeed, owing to the large variability of sedimamnveyed in sewer networks, different
sediment transport patterns can be observed.

(Crabtree, 1989) defined different typologies afiseents deposits according to they nature.
Between those individuated by the Authors, two tygies primarily interested the present
study:

* Type A deposits: coarse, granular bed material-spcead;
» Type C deposit: Mobile, fine grained found in slanes in isolation and overlaying
Type A;

Accordingly, type C deposits are characteriseddvgdr fraction of organic material and a

weak shear resistance. Different techniques haea bmployed to define the sediment-water
interface, most of theme always biased by envirartel@nd security constraints.

(Laplace, Sanchez, Dartus and Bachoc, 1990) intirexasured the sediment bottom in the
combined sewer network of Marseille by means adcgreferred to the invert ceiling over a

total of 48 section and a fixing point survey oadriout by means of an ultrasonic sensor
fasten into a floating device. However no inforroation comparison between manual and
acoustic measurements is provided.

Later on (Arthur, Ashley and Nalluri, 1996) studidte characteristics of what has been
defined as “organic near bed transport” in the B@ndombined sewage system. Sediment
was caught by means of sediment traps locatedfatatit locations. Organic near bed fluid
sediments were characterised by large volatileerdat(up to 87.6%), 0.09mmdsg<11 mm
and bulk densityy, from 1000 kg/m to 1998 kg/m. Generally, a reduction @f, of dso and

an increase of the volatile contents were obsewigdthe reduction of the sewer slope (from
1:22 to 1:1750 m/m), most likely connected to largeantity of organic sediment which
remains in contact with the bed at milder slopes.

Observation in the combined sewer system of PAhydrre, Chebbo and Saad, 2001), both
visual and with suctions systems, revealed theente of high concentrated (up@s2 g/l)

layer toward the water column, in correspondendh what has been considered the organic
layer. However, further direct visual observatidntlte sediment water interface seems to
suggest that high concentrations are linked to siimvey methodology rather than to the
presence of a sediment fluid, owing to the exisgeoica clear interface between water and
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organic layer in dry water period and observatibfeas particle moving over the top of the
organic layer.

(Ashley, Bertrand-Krajewski, Hvitved-Jacobsen ancdrbanck, 2004) introduced two
different definitions based on sampling technignemely, near bed solids and dense
undercurrent. Near bed organic solids were gereddtect by means of sediment traps.
Sediment traps allowed observing the presencergéigarticles which interacted with the
sewer sediment. Near bed organic solids were cteaised by the presence, during dry
weather flow, of organic material (organic contgreater than 90%) of 30 mrdsg< 50 mm
transported over the settled bed. Generally, fibusid that transport patterns is a combination
of bed load over the settled bed and inner suspensharacterised by discrete organic
particle in transitory contact with the boundaryh& sediment are collected toward the
depth column with siphon or pipes samplers, ressiiggested the presence of an inner
suspension, defined as dense undercurrent, chasadtdy particle not in contact with the
bed and of larger dimensions compared to that fonirtlde flow. In dry whether, a weak layer
(type C layer) of large organic content (>90% aridd=0.5 mm) is observed over the
coarser sediment (type A layer). This weak layeralso characterised by a strong re-
entrainment potential in presence of flows withashstress larger than 0.5-1 NinA similar
pattern is confirmed by direct interface observatarried out by (Oms, 2003). In her work,
two visual methodologies for direct sewer obseoratvere developed, i.e., by means of an
endoscope and an automatic image recorder insté#dledally inside the sewer bench.
Endoscope observation revealed the presence adezodeposits toward the bottom covered
by a layer of finer organic material of (bulk degsiof 1046 kg/m<pp<1315 kg/ni. A muddy
creamy layer was observed above the organic layeresence of strong flow deceleration,
with observed thickness up to 15 cm. However,elitthformation is available on the
granulomety and other characteristics of the crebaygr, owing the problematic connected
with the sampling operations. The observation lastalled toward 1 m of length, revealed a
rather distinguishable interface between the omamid the coarser layers. The latter was
characterised by sediment dimensions between 5nir2@mmm enclosed into a matrix of
finer sediment.

Acoustic measurements of sediment interface andmsed concentrations seems to be
recently developed by (Bertrand-Krajewski and @&i)e2008) and (Le Barbu and Larrarte,
2010). Although limited information has been praddresults seems encouraging the use of
acoustic technologies in sewer environments.
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3 SONAR THEORETIAL BACKGROUND

The sonar is an acoustic device which generatesdsa pnd receives the backscatter echoster.
A backscatter echo can be due to any inclusionnigaan other acoustic impedance than
water. It means any bubble, particle or solid pnese the water which reflects, adsorbs or
refracts the acoustic pulse generated by the sdimar.acoustic backscatter strength (ABS)
per unit of volumeS, [dB] is, hence, based on the well known sonar eguugHoitink and
Hoekstra, 2005)

S =20, R+ K(E- E)+1OI0§{TTR2J+ G 4)
RR
whereR is the range along the beam axis [m]theattenuation coefficient [dB/mE andE;

are the received strength and received noise regplgc[counts],K. the conversion factor
[dB/counts], Tt the transducer temperature (°@), the transmit pulse length [mPr the
transmit power [W], an€; is a constant. Accordingly, the valueskgfandE; depend on the
probe and need to be determined from calibratiomthér details on the equation derivation
can be found in (Deines, 1999).

Accordingly, S, is generally a function of the density of scattwerthin a control volumen,
(number of scatters by the control volume) andntiean square scattering cross section of the
particle contained in the cross section as:

S, =10log(n, (o)) (5)
where( ) denoted the mean square operator,

ops=Anok*a® (6)

is the acoustical scattering cross section of gleispherical particle of diameter and
material parametet (i.e. a parameter which takes into account forpidicle’s elasticity and
relative density)n the Rayleigh regimeké<<1). The wave numbéris equal to 2/4, wherel
=c/fy is the frontal wave lengtle,is the wave propagation afids the emitted frequency. The
material parameter depends on the relative elpstai the materiale=EJ/E (Es and E
sediment and water elasticity respectively) andréh@tive density of the material= pdp (s
andp sediment and water density respectively) as:

2 - 2
5:(3_1j +y3d L2 )
3e 20'
The material parameter latter might have its irtgpaze when considering organic particles,
for which bothe andp’ differs from the mineral particles usually analyze coastal and river
application [for sand grains of quadz39 andg=2.65, while for organic sediment 1$<1.6

(Ashley, Bertrand-Krajewski, Hvitved-Jacobsen aretbanck, 2004)].
Hence, knowing that the volume mass concentration

M =n,p,4/37a)’ (8)
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S, can be expressed as a function of the volume omas=ntration as
S, =10log(30k*(a)’M / p,) ©)

The sound attenuation is linked to the water a#gon (molecular)a, and the sediment
attenuatiorsas:

o= owt Os (10)

in which botha,, andas can be derived from the literature (Hoitink andeldstra, 2005). From
the latter oy, is a function of the temperature, salinity and fpbr ka<<1, asincreased with the
volume concentratioM and also depends énthe emitted frequendy, e andg (Thorne and

Meral, 2008). Differently, (Larrarte and Francd2§08), evaluated the attenuation properties
of waste water for a TSS (total suspended solideotmation) of 500 mg/l.

Alternatively, the mass volume concentratMrcan be derived from the received intengity
E,, after operating a calibration in which the coe#id Cy of a system (also including the
transmitted powelPr) can be obtained from Eqg.9 (Deines, 1999):

C=10logM/ps) — 20 logR) — 2aR— 10logP.) (11)

In whichM is the volume concentration measured at the distan

Hence, to calculate@, = 10log{M/ps) from the acoustic profile, it can be used théofwing:

Cy= Ct+20logR) — 10logP.) + 20R + K(E - E/) (12)
The distancdr is evaluated from the traveling time the emittedeeneeds to hit the particles
contained in the control volume and travel backiite receiver (Wunderlich, Wendt and
Muller, 2005):

R=ct/2 (13)

(Apelt, 1988), derived an expression to relatetémeperaturd’, water deptlz and salinitys to
c:

c=c(s,T,3 = Co+ ao(T - 10) +4, (T - 10¥ +
#o(T-18Y + 5o (5-35)+eo(T-18)(s-35)+ ( 2| [M/s] (14)

wherec,= 1493;a,=3, f,=-0.006,y,=-0.04,0,=1.2,6,=-0.01,(,=0.0164.
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4 EXPERIMENTAL APPARATUS

According to the literature, several methods camder to measure the characteristics of the
bedform (thickness of the deposits, wavelength, evheight, slopes). Owing to the high
sediment concentration, optical probes, i.e., lafi@neters, cannot be successfully used and,
generally, Optical Backscatter (OBS) probes areduse characterise the sediment
concentration. When soft sediments, i.e., the acgaer of sewer deposits, are presents, the
introduction of a sediment gauge might interferéghwthe sediments destroying the organic
layer. A point sediment gauge with a large dis@%fcm of diameter has been used in the
present tests (Figure 3).

Sediment sampler

sliding steam f

f
b

Gauge disc
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When operating with a sediment gauge, the sertsilofithe operator might further represent
a source of incertitude of the measure. Accordingtg point gauge should be introduced
without exerting any pressure on the disc, in oridereach the top of the organic layer
without entering this latter. However, the disc stop at different height, according to the
capacity of the mud layer to support the weighthaf disc. Water has been sampled using a
suspended solid sampler device, made of four pp&® mm of diameter, placed at different
heights from the bottom. Each pipe is connecteal2&b | bottle in which a pressure of about -
0.07 MPa was realised. Once the pipes were corheotethe bottles, the device was
immersed in the water and the connectors openearéemd 15 second. However, in presence
of a mud layer, the pipes were eventually clogggdabge sediment or the pressure wasn’t
reduced enough to collect the sediments.

Hence, acoustical measurement may represent amatdesgolution in terms of installation
feasibility (small dimensions and light < 5 kg, noeeds of special equipments,
correspondence with ATEX and TBTS standards, wateof) and the ability of detecting the
interface.

Two different acoustic probes have been used:

* A sonar profiler (thereafter mentioned SONAR), nfastured by Marine Electronics
Itd., model pipe profiler 1512, of working frequgnof 2 MHz, used to measure the
bottom transverse and longitudinal acoustic responshe sediment bedd;

» A Sontek side looking Acoustic Doppler Velocime(aDV), of 10 Mhz of working
frequency, used to measure the three componetite dow velocityu, v, w along the
Cartesian coordinatesx,(y and z, longitudinal, transverse and vertical velocity
respectively) and to measure the acoustic respafrtbe flow.

4.1 Marine Electrics 1512 SONAR

The profiler consisted in an emitter and an acousceiver which rotates inside the probe
case, which has been made by means of an alloydeyliof about 70 mm of diameter and
about 445 mm of length. The sonar profiler (Figdyas provided with a rotating head that
measure the acoustic backscatter along 400 beath8°éach and for 250 control volume, or
bin, from the centre of the probe to the maximabsueed distance or rangRa, With a
frequency of 1 Hz (i.e., a section each second).
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Roll angle zero (the small scr¢
I - -‘\'\w/’l\ 4

Jupiter connection /

Rotating head measurement section

Figure 4 SONAR Marine Electronics model 1512.

The plane of rotation is located at around 4.5 mmfthe edge of the PVC boot. The working
frequency of the profiler is of 2 MHz. The probenadetect the acoustic backscatter (ABS)
with maximum distances (subscript “max”) rangingveen 0.125 m Rnax < 6 m, whereR

is the generic position of the control volume ar fstom the SONAR center. The probe is able
to detect both pitch and roll angle (right bottofihe frame), with a precision of £0.1°.

Figure 5a-b show the ABS output recorded with tbitwsare “pipe profiler” in laboratory
conditions and in situ conditions respectively. Thack centre is automatically blanked by
the software, as the zone of 20 cm of diameteertupbed by the transducer noise. The image
shows the bottom and the side walls of the chan@anerally, when the signal hit
perpendicularly a surface, a large part of theaignreflected by the walls (the red spot in the
image). Vice versa, the larger is the reflectioglartoward the normal direction, the smaller
will be the signal intensity (see the bottom reil@t in the laboratory channel figure).
Further, the free surface acts as a mirror, as showhe figure in the upper part of the image.
The sonar also detects the air bubbles presemieirfiaw which are represented as the clear
spot inside the channel. As it is possible to olsdrom the in situ conditions, sediment
deposits generally shows a different ABS compacethé concrete sidewalls, owing to the
different nature of the soft deposits.
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(a) SONAR output, laboratory conditiori®,,,=500 mm, the + represent the sonar center
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(a) SONAR output, insitu conditionByax =1000 mm

Figure 5 pipe profiler SONAR output f& = 4 us
The main parameters that can be regulated fromytstem control software are (Figure 6):

* The “range” or maximum detectable distance (0.1Z2%,5 < 6 m); the probe hence
presents a geometrical resolution of 1/250 of tleximum range, since each radial
beam is divided in 250 control volume betweeiRORax.

* The “pulse length” (4us <P <20 ps), which represent the duration of the pulse
generated by the sonar; the vertical resolufias connected t&_by J,=cP_ /2.
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Figure 6 pipe profiler system control panel.

The output generated by the software is given imt®using an 8-bit scale. The SONAR is
equipped with a 70 dB logarithmic receiver, in whitie output voltage (the voltage post-
processed by the probe and which is latter congtartecounts) produced by the probe is
proportional to the logarithm of the input voltagee row signal recorded by the piezoelectric
transducer of the SONAR). The software automagicadljusts the gain to the largest detected
backscatter. However, the row image also givesgtie used for the automatic adjustment
(see appendix for more details).

The software also allows the regulation of the mmaatiintensity and the threshold, which,
however, doesn’'t modify the accuracy of the measline temperature needs to be manually
adjusted, as the probe has not been equipped \thigriamometer.

A profile of the bottom can be obtained by the rded image using three different
algorithms via software. The software elaboratgsssely each beam or sector of 0.9°:

*  “Max”, the profile is obtained from the points wethe maximum ABS is detected;
o “3/4”, the profile is obtained from the point we¥eof the maximum ABS is detected;
» “Areal”, the profile is obtained from the point wehe largest energy is detected

Figure 7 shows an example of the profile individmaby the SONAR outputs using the
algorithms proposed in the pipe profiler softwaf@e white lines in the figures show the
profile individuated by the algorithms. In generahax” shows a profiler which is more
extended compared to the other two. However, sldjfferences occurs between them,
generally less than 1 cm, whilst the profile indivated over the bottom sediment is quite
scattered and shows even slighter differences astding three proposed algorithm.
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(a) “max” algorithm insitu condition$3nax =1000 mm
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(b) “3/4” algorithm insitu condition®Rmax =1000 mm
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(c) “AREAL” algorithm insitu conditiondRnax =1000 mm
Figure 7 detection algorithms proposed in the Magtectronics Pipe Profiler software

Further details on the working operation are inetilich the appendix

4.2 Sontek 10 Mhz side looking ADV

The ADV is an acoustic device which measures theetttomponents of the instantaneous
velocity u, v andw (longitudinal, transverse and vertical componeaspectively) according
to the axis orientation shown in Figure 8. The eehepulse ADV works with a maximum
frequency of 25 Hz, allowing for the characterisatof the flow turbulence. The ADV has an
operative frequency of,=10 Mhz, owing to the shorter distance of the aantrolume
compared to that measured by the SONAR. The ADV dres emitter at the centre of the
probe and three receivers (Beam “0”, Beam “1” aeadm “2”). The receivers are focused at
about 10 cm from the emitter in order to reducefling disturbance.
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The ADV velocity measurement is based on the fraquehift of the backscattered signal:
Vi=cAf/fy (15)
whereV, is the velocity measured along the half bisectanbe

Hence, the ADV measure the average velocity of ghgicles inside the control volume
(about 1 cmiand function of the geometry and the directivityttee emitter/receiver). Several
parameters can be regulated when measuring theastatengst which the most important are:

» Sample frequencis ranging from 1 Hz <5 <25 Hz; corresponding to the frequency
used to record the instantaneous velocity;

* Velocity rangeVmax 0.03 m/s <Vmax < 250 m/s; corresponding to the Nyquist
velocity, or the maximum instantaneous velocity ethican be measured without
aliasing.

According to the principle of pulse coherent Dopplelocity measurement, there are no
limits for the lowest velocity which can be measuveth the probe. However, according to
the manufacturer, the precision of the measuremeatiout 1% oWV ax.

The half-bisector velocity from each beam is thestated according to geometrical
transformations, in order to obtain the velocitytlie Cartesian system. The measure of each
velocity along the half bisector of the angle basamsmitter might be affected by an error in
the estimation of the velocity, which further reduthe accuracy of the final velocity
measurement in Cartesian coordinates. As exantpepriesence of particles larger than the
control volume or high turbulence near the wallsifli however is the quantity to measure)
might produce a spike or peak in the velocity tiseeles. Hence data need to be post-
processed, in order to eliminate the spike. Sevengria to assess the quality of ADV
measure have been proposed. In particular two pei@meters measured by the probe are of
main importance:

» Signal to noise ratio (SNR): this parameter gives tatio in dB scale of the ABS
strength to the floor noise (either acoustical tectical); generally the quality
requirements need this value to be larger thanB,3hds parameters also reflects the
guantity of scatters present in the water, thedatigen, is the larger will be the SNR,

» Correlation: this parameters assess the correlditvween the transmitted pulse and
the received pulse; generally if the signal recgigemes from the scatters present in
the control volume the correlation is high whilecase of large turbulence the sudden
changes of the particle may reduce the correlattogpod signal has a correlation
larger than 70%.

Hence a first screening might be based on the sisaby those parameters. A first attempt has
been done by (Wahl, 2003) based on the considardtiat the acceleration of a particle
cannot be larger than the gravity accelerationemttse the particle would escape from the
flow. A second attempt has been proposed by (Gaimdy Nikora, 2002) and (Wahl, 2003)
introduced a different algorithm to remove the spénd filter bad samples from the signal.
This algorithm called “phase space threshold”, mered not only the variance of the
velocity fluctuation but also the variance of tlistfand second derivates. According to the
(Wahl, 2003) correction, an elliptic space can tEated using the three variances evaluated

-29.-



Project VITRES 2009 — Suivi par sonar de la dynamides dépdts en réseau d’assainissement

for each derivate. The axis of the space can béiphedtl by a level of significance, in order
to improve or reduce the number of data removedicElall the samples outside from the
space are removed. In order to evaluate other giepeconnected to the turbulence and the
energy dissipation (such as auto and cross-caoelapectra), the filtered signal needs to be
continuous, i.e., the holes left by the applicatidrany filtering procedure needs to be fitted.
In this work we adopted the technique suggeste@\tahl, 2003), in which a cubic regression
is obtained for the first 7 sample after the férsamples and the last 7 samples before the
filtered one. It is worth observing that the filtey procedure is used for the three components
of the velocity. Hence, if one of the component slaswn a “bad” sample, the samples at the
same index in the other two components of the wgl@ce automatically removed, owing to
the fact that if one of the components containdéadd sample, the error of the measure might
have propagates also to the other two components.

4.3In-situ setup

In order to achieve contemporary measurement df betliments morphology and velocity
fields, the two probes have been used in the meanfastened together (Figure 8). The ADV
has been fastened below the SONAR, in order toktuiocate its position, based on the
sonar results and therefore to locate the contodhme position in time effective fashion.
Indeed, this specific application allows at redgdine measurements time and to improve the
precision, as no need in device change is requagdell as it improves the operator’s safety,
as the number of operation to carry out inside se&er is optimised. Moreover, the
measurement condition are better defined, as fch gartical, the measurements are carried
out within few minutes between the first and thst lsurvey. It is worth observing that the
ADV has been fastened looking downstream, althdahghoriginal configuration considered
by the manufacturers is a lateral configurationisTheans that velocity components need to
be reoriented toward the 3 principal axes. Thectkehows the standard configuration used
by the manufacturer. It is important observing ttinet data analysis has been carried out to
ascertain whether there is any influence on theageevelocity and turbulence characteristics
linked to the probe orientation, although (Strond &apanicolaou, 2007) observed that no
theoretical criterion required the flow to be 2[®, with zero mean transverse component.
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Figure 8 ADV and SONAR fastening (same as in-siditions)

In the figurexapv, Yapv, andzapy are coordinate referred to the sonar centre, whéch the
velocity component are referred, namelyy, andw, while Xsonar, Ysonar, @ndzsonarare the
system of coordinate relative to the sonar cerftretation, which is at about 4.7mm from the
probe head. The particular configuration assumeberpresent test was chosen in order to:

1) allowing measurement of near interface velocityueeag the bottom interaction;

2) determining the position of the ADV control volurbased on the SONAR position

toward the bottom detected by the sonar;
3) facilitating the transport and the installatiortloé two probes.

However, the two probes can be separated to acchmggecific tasks as further shown in the
note. Velocity measurements have been carriednstalling the probe in the flow orienting
Xsonar axis (and than thespy, axis) toward thex axis of the flow, and hence in the flow
direction, as defined later in the text. Hence dffset between the SONAR centre and the
centre of ADV control volume was fixed at 186 mm.this configuration, the SONAR head
is oriented toward the flow direction in order #duce the disturbance effect on the flow

velocity measured with the ADV.
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Figure 9 Reference system definition
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5 EXPERIMENTAL SITES, EXPERIMENTAL SETUP AND MEASUREENTS
PROCEDURE.

5.1 Experimental sites

Two experimental sites have been selected, narhely'@Duchesse Anne” combined sewer
(DA) and the “Allée de I'Erdre” combined sewer (ABRased on the different characteristic of
the flow and of both bottom and suspended sediments

In the working section, the DA site is charactatiss/ a slope 05=0.3%. (Figure 10a), a
catchments area of 4.11 kntonnected into a network of 21 km of length, vifile AE site
has a slope dB=1.2 %o (Figure 10b), a catchments area of 1.4% kanand a network length
of about 60 km.

750f,
R 2

8.0
F

C o

low directio

.03
& 3.59

50 100

etres

(a) Duchesse Anne (DA) expe}tement site
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(b) Allée d’Erdre (AE) expertement site
Figure 10 catchments basins with pipes, quotesifiand working section location® ( ).
Note: tick black lines are the combined sewer néeta.o

During the dry weather period, the DA sewer degoaie generally characterised by rather
mineral sediments (type A, according to (Crabtd389)) and most likely a second type C
deposit, whom presence has not been directly medsur

The AE site generally shows, from the bottom, atflayer of relatively mineral sediments
(type A), most likely a second type C deposit, whagain has not been directly measured,
and generally a highly concentrated layer whosekttess can broadly vary toward the
channel longitudinal direction. Hence, it is exekthat the response of the sonar profiler on
different sites should, as well as the turbulengensity measured at various location, be
affected by the different suspended sediment cdret@n and typology.

Both sewer pipes are characterised by an egg shempeyerse section with one lateral bank,
which allows the passage of the operators, thezafeducing the sediment disturbance. The
sketch in Figure 11 shows sites dimensions anchditations, in whichy=distance between
the ADV and the free surfacdy=distance between the sediment bottom shown by the
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SONAR and the ADV¢= total water depth between the sediment bottonwehwy the sonar
and the free surface.

Sec.
A-A'
v 1,2
?y -
N — !
2 \
© SRR
|
| BN
0,56 0,5
Sec.

1,85

Figure 11 catchments basins invert sketch withtrmtga) AE (b) DA (dimensions in
meters).

Two different carriage systems have been instaltsile the sewer in order to shift the
probes both longitudinally and transversally. Aé tBA site two rails have been installed
longitudinally at the invert sides toward 10 m ehd¢ith at about 1.2 m from the bottom, in
order to reduce their inundation likelihood. Thelsréhave been fixed starting from the
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manhole toward the upstream direction (Figure 1aajyl consisted of 4 cm width squared
alloy bars.

Flow directio

(a) AE, SONAR in transverse position and ADV in dolwoking position
(submerged, flow from left)
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(b) DA, SONAR during a longitudinal survey (submexdlgflow from the top of the image)
Figure 12 Experimental in situ set-up
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A 1.08 m alloy bar of the same dimensions and sedif that used for the rail has been fixed
transversally over the rails and a mobile suppehich can to slide along all the channel
width, held the vertical bars. In order to adjuns probe orientation, the latter bar consisted of
a cylindrical section that completely rotates inthbdirections. All the material composing the
carriage system has been made in alloy both toamaidightness and prevent corrosion
problems. Longitudinal and transverse distances lmen measured by means of 0.5 cm
precise meters, glued over the rails and over #inefve longitudinal section at distance of 1
m each other (i.e.x=-0.5m, x=-1.5m, x=-2.5m, x=-3.5m, andx=-4.5m) have been then
preliminary taken into consideration in order torv@®y both the flow velocity and the
morphology of the sediments.

Differently, the experimental installation of DAtei(Figure 12) consisted of a single rail fixed
at the ceiling of the invert, over which a carridges been arranged, allowing for longitudinal
movements. Vertically, the position of the prob&sagulated by means of a cylindrical bar,
directly hanging from the small carriage, which iagean be rotated in order to adjust the
probe orientation. However, only small transveesgutations are possible to fix the probe at
the dry weather channel centre. The longitudinaitpmn of the probe is measured by means
of a 1 cm precise scale fixed over the rail. Moerowa transverse bar has been used to
stabilise the whole system, hence preventing awcldiciag lateral probe oscillations and
tilting.

5.2Measurement execution

For each transverse section, the probe centre d¢&s fixed at the invert centre, in order to
minimize side walls and asymmetry effect toward ¥keé&city measurements, although it is
known that the flow is strongly 3D (Bonakdari, Lamte, Joannis and Levacher, 2008). For
each sampled section, signals were sampled fromm thet probe at several vertical points,
generally at 5 cm apart vertically, although poesiefinements were possible when desired.
Hence, a first SONAR image is recorded and the sendile extracted. As aforementioned
the image included also information on the backscamntensity. The image is thus made by
the backscatter intensity detected for each s@ftdr9 rad. In real time conditions and based
on the 8-bit backscatter intensity, the softwarewsh the bottom profile using the max
algorithms (Figure 14), which is defined as theelioonnecting the point in which the
maximum backscatter intensity is detected for essitor. The operation for the image record
took about 10 second after the probe is placeldeaivished height. Successively, the SONAR
is turned off in order to reduce the acoustic n@isd the ADV operations start. In general,
ADV sampling duration are carried out for 300 set(Sarkar and Dey, 2010) in order to
obtain a time independent sample. However, due perational constraints the velocity
measurements were lasted only 60 seconds, withmplse rate of 25 Hz. The vertical
position of the ADV is derived from the sonar pmsiteither toward the sediment bottoh) (
or toward the free surfacg)( with a precision of about 0.5 cm vertically (&ig 13).
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Figure 13 definition sketch of the ADV control vale position

The whole operation lasted about 15 minutes eacsuned vertical.

5.3 Data elaboration

Based on preliminary tests, observation and diffeliéerature approaches, scripts have been
created using the software Matlab 7.1, in ordesiaborate the data:
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*  “Profiler”
« “ADVDATAELABORATION"

5.3.1 Profiler.m

A first methodology to describe the characterisb€she deposits has been defined on the
base of the survey realized with the sonar. Twéedsht analysis can be done: a static
morphological survey, in which the sonar is shifteger the rails to measure the spatial
characteristics of the interface; and a temporallysis of the morphological features, in
which the sonar is left in the same section while survey is done at different times.
Accordingly, the acoustic interface can be defiasdhe distance from the probe where the
backscatter signal shows the largest gradient. @lgorithms developed by Marine
Electronics shows a good correspondence with thserebd geometry in laboratory
conditions (see appendix and figure) and, moreemegal with compacted material (concrete,
sand, Figure 14a) as represented by the whiteritiee image.

'H.ﬁ;MarinE Electronics Ltd, -0l x|

File Edit Wew Swstem Template Profile Help

O i@ |8 | [OF D |0 |8 &k

Ready Mo USEDAUSE-0 [Roll-0.6  Pirkchiod  [Cable 0.0 | =
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(a) SONAR output in laboratory condition using ARE@8etection algorithm (white line on
the image)

'E:‘f-;MarinE Electronics Ltd.

File. Edit Miew Swstem Template Profile Help

Side bank

ol 0 @8 | [OF 5 |0 B |&|ko

Ready Mo USEDAUSE-D [Roll37  Pkch-1.6  |Cable0. | o=

(b) Example of in situ condition with soft sedimeathe AE site (test AE-S9 x=-9.9 m); note
that it is possible to observe the side bank uremthe soft sediment for thin sediment
deposits.

Figure 14 Sonar output from laboratory experieras@binsitu conditions.

However, the algorithm developed was not able tealéhe interface of soft deposits (Figure
14b). Hence, it has been necessary to includedheatgorithm elaborating the “.img” signal
output. Knowing the structure of the file it hasbgyossible to obtain:

» the pitch angle;

» theroll angle;

» the actual range;

» the amplitude signal for each cell.
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A Gaussian filter of 5 mm of variance (equal to thetrumental variance) and of 10 cell of
extension has been used for each beam.

f(R)=fOgR= [ f(ROdec- R di (16)

This digital filtration aims at removing the spikesthe original signal.

R, =max f ‘(R )] for 04<400 (17)
in which j represents th& peam of 0.9° detected by the SONAR.

Figure 15 shows en example of the application ot&aen the row signal (the red dashed
line). The row signal clearly shows its maximum welat R=300 mm, whilst eq.19
distinghises the interface at arouRe255 mm.

100 ‘ \ \ \

li —— - non filtered amplitude
‘ ‘ filtered signal

80+ N Gradient 8

60

40

20

amplitude counts, gradient countsx10/mm

_20 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000

range mm

Figure 15 section y=0, corresponding/tdl80° and=200
The final result of the digital filtration is showy the comparison of the two sonar output of

Figure 16. The red line, hence, shows the interfam&our detected by the eq. 19, which
hence corresponds to the transition between tedlwd the soft sediment deposits.
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(b) sonar output after filtration (test AE-S9 x89n), the red line represents the interface
detected by the new algorithm.

Figure 16 Sonar output before and after applicatiathe filter

In order to quickly analyse the SONAR image, aroausted script have been developed in
MATLAB. The script has been developed in orderdbiave the following tasks (Table 2):

Table 2 script tasks (see also the annexes fasdtgt layout)

Task What NOTE
ID
1 read both the txt file and img file fronthe name of the file must be either| a
the folder distance in cm or a time in seconds ex| “-
090.txt” corresponds to the section x=090
or t=90 seconds, according to the use|the
operator has done of the sonar
2 Automatic pitch and roll correction This correctiis based on the sonar pitch
and roll output. On insitu conditions fine
adjustment of the SONAR position might
not be easily achieved
3 filter the data This task will ask the operator to remove
the bed points or validate the automatic
filtration task.
4 Define the reference centre of thie case of movement of the probe a new
figure reference centre can be defined
5 Generate a 3D graph This task will generate agBiph from
the filtered data
Output:
- surfbottom.fig
- clinebottom.fig
- cnointbottom.fig
6 Generate the contour line surfade order to compare different survey,| a
referred to the average plane regression plane is let pass trough [the
interface.
7 Create a section This task will generate botigitadinal
and transverse section of the surface
Output: sectionxz(yz)XXmm.fig
8 Store the filtered data into an excéhe output file XYZ.xls is generated from
sheet or a txt sheet the filtered data
9 Evaluate the statistical characteristidhis task will give as output the average

for each section and the heidghof the
ADV (when necessary) as outp
(bottom variable)

ADV)

Output: stats.fig
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The following pictures shows an example of the nariltering that can be done with the
script, using the “max” algorithm. The filter is & on both manual and automated
procedure. The manual procedure allows to thetosseglect the points to be eliminated using
a rectangular box selection. The points includethérectangular selection will be eliminated
from the section. The automated procedure is basedmobile median an standard deviation
obtained from the s andz.s data, wherg; is the i-th point of the vertical component of the
interface. Hence, the space of acceptable valudsfigsed as the median value + the standard
deviation obtained from the 10 points. If the vabfez is outside the threshold is rejected,
otherwise is retained. This procedure is done fiotha points of the profile detected by the
sonar. The algorithm is repeated until the diffeenbetween the n-step standard deviation
and the n-1-step is zero.

200

-200

Z mm

-400

-600

-800
500

y mm <1000 -3000

X mm
Figure 17 Matlab script example, data before fiibna
In the Figure 18, the black points are the autoradyi filtered points, while the red one are

the point which remains after the analysis. Somiatpmight still be manually eliminated
selecting it with the box tool provided in the gtri
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section x= 1500 mm

100 ‘ ‘
oL Manual filter .
selection box
-100r / |
o L . |
< -200 Side bank
8 -300F s
N
-400r ) -
\ W o oo
-500} W .
_600 | | | | | |
-400 -200 0 200 400 600 800 1000

XSONAR

Figure 18 Matlab script example, data filter anelyblue line represents the median, red and
green line represents the confidence bound of width
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Figure 19 Matlab script example, data after filbat
Figure 20 shows the final results of the elaboration afteradidtration. The figure has been

obtained from one of the channel tests. The blus idathe figure represent the row data after
filtration, while the surface represents the intdaped surface using matlab.
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ymm

Side bank

Figure 20 3D surface bottom surface generatiomn &fter application; data have been
displayed from the new reference system relativ@eanvertzsep.

5.3.2 ADVDATAELABORATION.M
The ADV row data are contained in the .adv fileisTfle can then be elaborated with the
WInADV software. This software included several fpmocessing tools which can be used to
reduce the noise (generally referred to as spikkes) the measured velocity. Accordingly, a
first criteria might be based on the analysis ef 8NR and the correlations. Those should be
greater than 15 db and 70% respectively. Hencédirsh approximations, all the samples
outside this range might be excluded from the dataA second criteria is based on the phase
space threshold algorithm introduced by (Goring Biikcbra, 2002) and modified b{vahl,
2003). This option is also available in the WinADRdftware. Hence, the software allows
obtaining the time series of:
» the three instantaneous velocity components iAID¥ reference system Vx_0,
Vy 0 and Vz_0, corresponding tapy, Vapy andWapy;
» the three SNR values for each beam SNRO_0, SNRENR2 0 in [dB];
» the correlation values for each beam CORO0_0, CORTQOR2_0 in [%];
* the signal amplitude for each beam AMPO_0, AMPJANIP2_0 in [counts] (1 counts
=0.43 dB);
» the recorded temperature in [°C];
» and the values of SNR, correlation and amplitudeayed from the three beams

The suffix “_0” indicates the number of the probs,the software allows for multiple probes
elaborations.

Hence the WIinADV software consisted in an outputi (or .vf, i.e., unfiltered and filtered
according to the previous criterion, SNR, correlatand space threshold).

The data are taken by the script from the vu dile$, according to the choice of the operator.
Appling the Reynolds decomposition for the 3D vélpteld, i.e.,u=u+u’, v=v+v’', w=w+w’,

for each point it is possible to define the firsl@r or averaged components of the velocity on
the three axeqy, v, w, the time series of the velocity fluctuation, v’, w and the higher
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momentum components, like variances%:, <v'>>, <w'?>>, covariance, €V>, <vV'w'>,
<u'w>, and the total kinetic enerdy=(<u'>>+<v'*>>+<w'2>)/2. Practically, the variance and
the covariance have been calculated as:

1 =
<ui'uj'>=ﬁzz$ (ui'uj')t (18)

in whichi,j=1, 2, 3 corresponding tq y andz direction respectively, an is the number of
sample for each series).

It is worth observing that the ADV signal and thebulence characteristics which can be
deduced from the ADV measurements are biased liiesad noise in presence of suspended
solids, and calculated shear stress or shear elfmecim ADV data should considered with
care (Kim, Friedrichs, Maa and Wright, 2000).

The ADV is connected to the SONAR and, hence, ltheesame orientation of the sonar,
which generally does not correspond with that efftbw. Hence it is necessary transform the
component of the flow velocity from the rotatedereince system to the new one. Since the
sonar profiler measure with an accuracy of 1 dedpaté the tilt and the rolling angles, a
correction for the wrong ADV orientation has beead® based on first correcting the rotation
and successively the tilting angle based on tHevimhg application:

Usonar g | | COSEQ) —sinta ) Usopar |
Vsonag 1o | = sin(-a) costa) Vsonar
| Wsonar roy 0 0 1| Wsonnr] (19)
Usonar tily 1 0 0 Usonar roy
Vsonag iy |~ 0 costB) —sintg) VsonaR rop
| Wsonagr it 0 sin-B) costp) Wsonar rot | (20)

wherea andpg are the roll and the tilt angle registered by tbheas respectively (Figure 9),
positive if CW (clockwise) oriented toward the SORAaxis Successively, the ADV axis
have been reoriented in order to provide more tdadzaelocities, i.e., rotating the ADV axis
on the SONAR axis, and thus with thelirected toward the flow ana vertically. An extract
of the output generated by the script is shownabl& 3, in which the height corresponds to
the height from the interfacet which the velocity has been measured.
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Table 3 ADVDATAELABORATION output

heigth "CORO_|"COR1 |"COR2_["SNRO_|"SNR1_["SNR2_|"AMPO |

mm "Vx_0" |"Vy 0" |"Vz_0" |0" 0" 0" 0" 0" 0" 0"
65 0.9 ( 20.3p 97 97 95 3.7 35.3 3B.7 125
62| 1.221 0.0p 20.28 96 D6 D4 38.5 3B.5 37 120
58 0.4 0.4 20.425 g6 96 D5 31.8 3.4 35.7 116
52 0.94 01] 19.%4 946 96 D4 B1 30.1 34.4 114
44 1.17 02§ 19.92 946 95 D4 32.3 2p.7 34 116
34 0.21 0.36% 18.715 95 D4 D3 28.8 26.7 31 109
24 0.24 03 17.56 94 92 )3 27.5 2¢.9 J0.1 106
18 0.117 0.2% 11.975 95 b5 B8 34 3b.7 34.8 121
14] 0.034 0.0p 6.7 q7 98 88 49.9 5b.5 H43.8 158
12 Q -0.02 0.1 9B 98 ds 5§4.9 6(.6 6p.3 79

continued

heigth  |"'SNRAV|"AmpAv|"Pressut"Tempefu' 2 V' 2 w'2 <u'v'> |<uw' > [<v'w>

mm g 0" g 0" e 0 ature 0Jcm2/s: [cm2/s: |cm2/s. [cm2/s: |cm2/s. |cm2/s:
65 36.5 127 D 16.04 1.89 1.09 2]20 019 (.24 D.72
62 34.1 122.3B D 16.46 2.82 158 2|80 g.36 -0.04 0.94
58 33 118.6y D 16.46 1.93 1.0 2|61 011 -Q.11 D.89
52 32 116.33 D 16.49 2.01 0.p4 3|12 0.34 (.05 D.90
44 32 115.6y D 16.41 2.46 0.p4 2[96 0.56 q.17 D.72
34 28.8 109 D 16.13 3.00 0.97 3]73 0,29 (.35 D.60
24 27.5 104 D 16.13 2.45 0.95 5J]10 0,49 q.15 D.40
18 34.1 122.6f D 16.15 1.57 050 16,05 Q.44 .02 41.10
14 53.2 165.6f D 16.17 0.68 0p6 3849 .35 .03 41.83
12 60.§ 183.3B D 16.19 0.47 0p3 75,96 .49 -9.03 2.54

The ADVDATAELABORATION script also allows for theuadrant analysis of the data
(according to (Nezu and Nakagawa, 1993)). Hencel) g@aand w' couple of the velocity
measurements is subdivided in quadrant accordinigetio sings and associated to a different
event typology.

AW
Outward
ejection interaction
> U
Inward
: . sweep
interaction

Figure 21 quadrant analysis classification

Moreover, the software also evaluate the contrdsutf single events ,,, in whichi is the

ith quadrant andH is the hole size, according to the following etuat(Sarkar and Dey,
2010):
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.

<SUW>,, = limUT j u' (V' ()4, 4 (h,t) (21)
Tooo 0

and

S, =<UW>, /<u'w> (22)

werel; 4=1 if the couples’ w’ are in theth quadrant and’w|>H[(u’%)%(w %)%.
However, in order to accelerate the data elabargtimcess this last graph is not regularly
plotted by the script, but it can be added in amymant for specific data analysis.

Finally, according to (Ha, Hsu, Maa, Shao and Huwl|&2009), a correlation between acoustic
impedance and bulk density exist in cohesive sedliswhen the sound velocity inside these
latter equals that of the water. Bulk density ifirtedl asp, = MJ/Vi+ pw (1- @) = pw + &5 (ps -
pw). Assuming a uniform spherical sandpgf2650 kg/ni and of fraction of sediments on the
total volume ofa=0.65,pp= 2072.5 kg/m
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6 RESULTS
6.1 Introduction to results

Before installing the sonar on in-situ conditiossyeral parameters have been tested, in order
to assess the sonar precision and accuracy on #asure. A summary of the different
variables and t materials tested to reproducetincsinditions is presented in the annexes.
Each survey will be separated in order to frameréseilts in terms of total suspended solid
(TSS) concentration measured for each survey,gbasize distribution characteristics of the
solids, velocity measurements, morphological meaments, and temporal evolution
measurements. The results will be compared andchdurtiscussed in terms of flow
characteristics, morphologies and temporal evatutio

6.2Duchesse Anne (DA) tests
6.2.1 Morphological characteristics Test DA-S1 (2010-11)-2

The first test has been, hence, carried out atDiAesite, in which a temporary support,
slightly different from that presented in chaptehas been used.

During the experiences a water depth of alde41 m from the sediment interface has been
measured with the gauge (Figure 23), while a seulintieécknesss.qequal to 0.1 m has been
gauged at around 9:00 am. Sediment concentratiorterms of TSS and VSS (volatile
suspended solids) for two different sieve size¢d®.mm and 2 mm) are shown in Figure
22a, while Figure 22b shows the sediment bottortigharsize distribution, in whicl is the
diameter for which the perceRtin weight of sediment is finer. The particle sdistribution
has been evaluated manually sieving the fradof.560 mm and by a laser granulometer
for the fractionD<0.560 mm.

1 ; : 100 : - : ;
+  TSS<2mm ’ Bottom sediment l
O  TSS<0.125mm
087 O VSS<2mm 1 80
VSS<0.125mm
0.6 - 60+
g X
= Q
0.4} 1 40+
-0 OF
.0 OF
02t 1 20+
.0 GF
0 : : : : 0 : :
0 200 400 600 800 1000 100 10' 102 103 104
C mg/l D pm
(a) suspended solids concentration (b) particle gigtributions

Figure 22 Test DA-S1 in situ suspended solids aoinaBons and particle size distributions

TSS and VSS concentration show a rather constastritdition, with a maximum
concentration 0Crss=270 mg/l (total suspended solids inferior of 2 nembscript ‘TSS2’).

-51 -



Project VITRES 2009 — Suivi par sonar de la dynamides dépdts en réseau d’assainissement

Altogether, the fraction of VSS for the same sisize shows rather high values of about
92%.

The SONAR rotating head has been stream wise edesh that a transverse image of the
sewer trunk can be collected (Figure 23). The Bgahows the backscatter contour lines
obtained from the SONAR image. The image has béémireed with a pulse length of &
and a range of 750 mm. According to the 8-bit beaker amplitude, the larger the
backscattered signal is, the larger the amplitustgstered by the SONAR is. The image
clearly shows the lateral walls of the trunk, ofieth one is the bank vertical wall.
Accordingly, since the sonar was immersed deepsorifpared to the bank surface, it has not
been possible to directly measure the side bank.chiange in the sidewall shape (y<O0) is due
to the water surface, which acted like a mirror agchmetrically reflected the sidewall. At
the right hand side, above the line of the imadlecton, it is possible to infer the presence
of the lateral bank surface. From this image itl@sn possible to obtain a 8-bit backscattered
vertical profile from the centre of the probe (Fig23b). In the plot, the range has been fixed
at the centre of the probe. The centre of the prelses to the probe dead zone, which is
automatically filtered by the software and autowdty set to 0. The first peak observed at
about 15 cm from the centre related to a noisectlleby the probe and not filtered.
Downward, the backscatter shows an almost constoe of about 20 counts. When the
signal approaches the sediment bottom, the signaliude drops at about 181 counts and
then reduced due to the presence of sediment botbawing a marked peak at the zone
were the sediment have been detected by the gduge.image clearly shows that the
sediment bottom is not perfectly flat, most likelygnnected to secondary current which could
modify the shear stress and the sediment accumonldt particular, it seems that the larger
deposits are present near the left sidewall, wailéhe bank wall, less sediment seems to
accumulate. According to gauge measurement, amge®ip= 10 cm of sediment has been
detected, for a total water depthd&sf41cm. SONAR measurement shodgnar=44 cm and

a distance between the average sediment planehargahk of about 32 cm, while the total
bank wall eight was 45 cm, therefore showing ammedt depth ofsgp= 12 cm which seems
reasonable, owing the numerous inaccuracies whial otcur during gauging operations
(the gauge doesn't reach the bottom, the gauges smknuch in the sediment, the sediment
morphology in not constant). Hence it can be if@rthat slight difference of the order of
20% occurred, therefore showing satisfactorily issior SONAR measurements.
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(b) 8 bit signal amplitude §t=0 cm, section 12 m upstream the bend.
Figure 23 Test DA- S1 output

6.2.2 Morphological characteristics Test DA-S5 (2011-05-1

Figure 24 shows the suspended solid conditions pamticle size distribution which were
observed during the test. Average longitudinal fieelocities measured with a PVMPD are
summarized in Table 4.

Table 4 Flow velocity recorded before the morphaabsurvey at the sectioz0 m

Time Yprobe | N u Zep J
hours m m m/s| m m
8:00 0.10| 0.34| 0.41 0.02 0.44
8:00 0.25| 0.19| 0.4 0.02 0.44

The water depth at the moment of the flow measunémas about=0.58 m from the
sediment interface, angonds the distance between the probe and the freacurf
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Figure 24 Suspended solids concentration test DAai8bthe free surface (solid line)

A survey of the morphological characteristics o tediment bottom at the DA has been
carried out with a longitudinal resolution of 20 d¢ar about 9 m from the rail end= Om,
positive toward the flow direction). The morpholcai survey first highlights the presence of
a thin sediment deposit, as shows in Figure 25.fijuee also highlights the presence of the
side bank, which is almost clear of deposit. Althlouhe thickness of the deposit is rather
reduced, some important features can be obsenatkr@lly the shape of the deposits is not
flat, whit average wave height of 50 mm and wawgilerof 1000-1200 mm (Figure 25). A
zone of larger sediment deposits is individuatear iee side bank at= - 8500 mm, whilst
this feature is no longer observed along the wholert. The sediment deposit observed=at
-7000 mm is actually a hole under the side bankcwhias been used to gauge the trunk. In
general, sediment deposits shows a rather threerdilonal pattern, most likely consequence
of the strong three dimensional flow field typia#l sewer (Larrarte, 2006), also observed
from the previous velocity measurements.
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Figure 25 DA-S5 sediment morphology measured vighsonar, flow from left, the scale
represents thesgp elevation in mm.

In order to analyze the bed morphology, an averplgee has been defined @gerage
=atbx+cy, in whicha andb are the minimum squared error coefficients evaliain the
points zsgp obtained from the SONAR output. In the followirtbe data will be referred to
this plane agp ang, i.€., the vertical distance from the average @®&Rp-Zaverage Figure 26
shows the results of this elaboration. Although tlo&v is generally three dimensional in
narrow channel condition®/p <3 whereb is the width of the free surface at the heigktan
Rijn and Klaassen, 1981)] the sandy deposit showsoghology referred to the average
plane rather two dimensional.
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Figure 26 DA-S5 sediment morphology measured vinghsonar from the average plane, flow
from left, gray scale represents thesge elevation in mm.

-100

The longitudinal profile (Figur@7) shows the centerline longitudinal sediment dépwofile
from the invert bottonzgep. The profile shows a maximum deposit wave heiglabmut 100
mm. The deposit is also characterized by the poesei a first big trough, followed by a
steep dune deposit. The downstream side of the dhows a slope milder compared to
upstream slope. The dune again ends in a trouglaiehes the invert bottom.
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Figure27 DA-S5 longitudinal profile foy=0m

The high velocity, observed in the experimentag,sgrevent from the accumulation of the

mud layer over sand deposit, although reduced guasitsediments accumulates during dry
weather period over the invert Figuz8.
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Figure28 DA-S5 Sonar output at sectign-3.20 m

6.2.3 Temporal evolution Test DA-S4 (2011-05-11)
Figure 29 shows the measured suspended solidsatidg size distribution. Both TSS and

VSS shows almost constant values toward the verasavell as the particle size distribution
shows similar diameters.
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Figure 29 Test DA-S4 in situ suspended solids aoinaBons and particle size distributions

Although the survey has been carried out only betwg&15 and 10:00 am, it is possible to
observe that the sediments are generally moved ffownstream to upstream. Indeed, the
contour line atzgep=150 mm advances downstream, whilst thatsgd 200 mm (Figure 30),
tends toward the downstream direction, thus indgligathat the sediment eroded downstream
are accumulated on the upstream dune.

1000

500

Zgep MM

2000

08:3
xmm 22000 08:15
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(a) surface output with surveyed section, heightnfthe bottom invert
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Figure 30 Sediment interface temporal evolutioredted for tests DA-S4

6.2.4 Flow filed Test DA-S2 (2011-01-21)

Measured total suspended solids and volatile sukgukesolid presented on Figure 31 show
slight differences toward the vertical, whilst pelg size distributions shows increasing
average size toward the vertical. The bottom sedlisnéB. S.) have an average diameter of
Dso=1.2 mm and a density of 2621 kg/rwhich well falls into the sand sediment category.
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(a) suspended solids concentration (b) particle gigtributions foD<0.56 m

(ext=extended to 2 mm)

Figure 31 Test DA-S2 in situ suspended solids aoinagons and particle size distributions

Figure32 and Figur&3 shows the bottom profile observed at the sestmd.5 m of the DA
site andk=-1.9 m, in which it is possible to observe a iekdy low level of sediment over the
invert. According to the vertical section in FiguB2 and Figure33, the acoustic backscatter
of the bottom sediment shows high ABS values, coaipa to the ABS of the concrete walls,
suggesting the presence of a harder and compaugted The transition between the flow and
the sediment is also much more sharpened comparteitt observed in presence of a sheet
flow. Transverse ripples shows at tke0.5 m have a wave height of about 1.6 cm, whilst
they present a length wave (distance between gisabout 44 mm.
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Figure32 (a) DA-S2 transverse profilexat-0.5 m, and (b) amplitude profile w0 m
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Figure33 (a) DA-S2 transverse profilexat-1.9 m, and (b) amplitude profile w0 m

The longitudinal profile of the bottom sedimentsg(ffe 34a and Figure 35a) &t-1.9 m
clearly shows the presence of longitudinal dunes tive concrete bottom. This time the bed
forms show length larger than that observed trassilg, with wave length of about 50 mm
and wave height of about 377 triThe small pattern observed over the dunes is fikesy
connected to detection algorithm errors rather t@mected to the presence of ripples over
the dune% Differently, the bed forms at sectiar-0.5 (Figure 34b and Figure 35b) shows a
flatter bottom, over which small features can beecked (about 32 mm of wave height and 60

! Note that the bed form pattern have been evaluategh a regression line and not toward otherdautlogy
based on data filtration of larger and smaller gratt (such as after low pass and long pass fitratdr on
different shapes.

21t would be probably better to filter the datarfraéhe profile small features of less than 5 mmhasrbaximum
sonar resolution with the pulse length qfglis of about 5 mm.

-61 -



Project VITRES 2009 — Suivi par sonar de la dynamides dépdts en réseau d’assainissement

cm of length). In the plot, the data have beenrretetoward the regression line interpolating
the points detect by the probe.
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Figure 34 Longitudinal survey referred from themal sonar centre
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Figure 35 centreline longitudinal profiles from tinéerpolating planep ane

Velocity profiles at section x£-0.5 m)

The velocity profiles referred toward the sedimbottom (Figure 36) shows a maximum
longitudinal velocity of about 40 cm/s. Thevelocity profile shows the typical pattern of a
fully developed turbulence, while the secondarwiacomponentsv(andw) shows important
magnitudes due to the presence of secondary fl@estelation profiles shows values a
general reduction of the quality signal toward teetical, due to the probe clogging which
continuously needed to be cleaned.
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Figure 36 DA ADV data sect. X£-0.5 m)

Although necessary, cleaning operations incredsedaxecution time of several minutes, as,
in some case it is necessary to clean the proberaletime for 1 vertical. However, since a
certain degree of sensibility and experience isessgary when collecting the data (a “bad”
signal can be also produced by a reduced numbscatter elements present into the flow).
Both SNR and amplitude profiles for the three beahmwvs a decreasing dependence of the
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signal toward the vertichlwhilst when the control volume hit the sediméhg signal clearly
increasedl
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Figure 37 DA ADV turbulence data sect.x:{0.5)

Turbulence profiles (Figure 37) shows the typicattgrn of turbulent flows, in which the
turbulence intensity reduced toward the verticatha outer flow, and in which the stream
wise intensityu’® shows the larger intensity values. Similarly, u'> Reynolds increased
toward the vertical, apart the last two point whiehds to reduce. The data extrapolation of
the stress also suggests a value of the sheartyadd@boutu =2 cm/s.

Velocity profiles section 1xE-1.9 m)

The data for the second section have been collegitbdthe ADV starting from the water
surface, i.e., keeping the sonar profiler as chtsthe water surface as possible. However, a
dead zone is still present owing to geometricalst@amts. A simple probe rotation of 180
degrees could be performed in order to obtain thlsalata toward the water surface, if really
required. Data have been collected at approximdtelychannel centre, (see Figure 33a). The
longitudinal velocity component shows again a well developed turbulent profilevimich a
maximum velocity oli=47.5 cm/s is attained at about 420 mm from thésexat bottom. and
than decreased toward the water surface (FigureB8h transverse and vertical velocities
show non negligible components, in whigtshows negative values.

Although the velocity profiles didn’t revealed theesence of strong anomalies, a partvthée
h=400, correlation profiles from the three beamsaghthe most interesting results. Indeed, a
cross-check with the amplitude and SNR profiles neaplain the contradictory results

3 TSS and particle size distributions need to béyaed.

* It is again important to observe that the probe: te control volume exact positioning depends fthen
operator sensibility and that the control volumeuti approach but not enter the sediment to oloi@airected
values of the velocity.
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obtained from the turbulence profiles. In this ¢ad® cleaning operation have not been
performed until the poitt=200 mm, as shown by the deterioration of the tatios and the
SNR signal for 200mm k<400 mm, as well as from the drop observed suogsygsi
However, the correlation signal observed from tearb 2, shows almost constant values,
indicating that, most likely, the amplitude profdbserved by that beam can be considered the
most corrected amongst the three. Indeed, the amdplprofile of the beam 2 shows a certain
increase of the amplitude, most likely indicatimgiacrease of the sediment concentration.
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Figure 38 DA ADV data sect. 2 (x=-1.9 m)
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However, the deterioration of the signal correlatand the probe clogging may have had a
certain impact on the measure of the velocity flatbn and therefore on the turbulence
intensities and Reynolds stress shown by FigurdrBgact, although the’'? shows growing
values toward the sediment botton=Q mm), <u’v’> show a maximum value fte=200 mm,
exactly the point after which the cleaning operadibave been performed. After cleaning the
probe, €’'v’> successively reduced to the next point towardbibttom, and again increased
at abouth=50 mm. However, from the extrapolation of the lilundinal Reynolds stress, a
value of the shear velocity of about 2.2 cm /s bannferred, which is quite similar to the
value obtained from the section x=-0.5 m.
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Figure 39 DA ADV turbulence data sect. 2 (x=-1.4 m)
6.2.5 Flow filed Test DA-S3 (2011-02-04)

Figure 40 shows the suspended solids and partm#edsstribution for the test DA-S3.
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(ext=extended to 2 mm)
Figure 40 Test DA-S3 in situ suspended solids aoinagons and particle size distributions

This time, both TSS and VSS increases toward tli@imo The bottom morphology and the
longitudinal morphologies (Figure 42 and Figure d48)ws a almost negligible deposit in the
centre of the surveyed sections, whilst small dép@¢&ep<100mm) occurred at both ends of
the surveyed trunk.
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Figure 41 DA-S3 Bottom morphology
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Figure 42 DA-S3 centerline longitudinal profilz=0), where the regression line represents
the regression trough tlzgep points.
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Figure 45 DA-S3 ADV data sect. 25-1.9 m)
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Figure 48 DA-S3 ADV turbulence data sectx2-38.3 m)

6.3 Allée de I'Erdre tests (AE)

This sections shows the results obtained at the@nseexperimental site. This site is

characterised, as further discussed, by soft deposompared with the previous site,

presenting some peculiar characteristics that balldiscussed later. The test will again be
presented first analysing the morphological charéstics of the sediment deposits and their
possible evolution in conjunction with the flow cheteristics. Finally a summary of the flow

field recorded in different condition will be anagd.

6.3.1 Morphological characteristics Test AE-S6 (2011 03 1
Figure 49 shows the conditions under which the measuremeat® lbeen carried out.

Accordingly to the observation, this site showsiseat TSS of the order of 1g/l with percent
of organic matter larger than 50%.
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(a) Suspended solids concentrations at (b) bottom sediment particle size distribution
different eight from the interface and water sediment particle distribution.
Figure 49 TSS, VSS and particle size distributionditions of test AE-S6

The sonar output of Figurg0 didn’t highlight the presence of a massive miagflayer,
although the TSS indicated rather large conceotrafihe dune observed in the figure shows
a high ABS, indicating the presence of a hard diépBarveyed flow velocities are shown in
Table 5.

Table 5 Flow velocities measured at sectefi m

Time | Yprobe | h u Zep |0
hours m m m/s m m
7:50 0.10 0.37| 0.138| 0.35 0.4)7
7:50 0.10 0.37| 0.088| 0.35 0.4)7
7:50 0.10 0.37| 0.123] 0.35 0.4f
7:50 0.20 0.27| 0.088| 0.35 0.4)7
7:50 0.20 0.27| 0.084| 0.35 0.4
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Figure50 AE-S6 sonar output &0 mm

The bottom morphology surveyed with the sonar @ashin the Figure 51. The survey shows
the interface from the invert bottom. The depositews a downstream slope and a through
between -1000 mmx<-500 mm. A dune occurs at about x=0 mm. The mdggyoshows
generally smallerggp in the right side of the channel, probably du¢ht iteration with the
side bank and the secondary flow generated bypgkgaam bend.
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Figure 51 AE-S6 Bottom morphology measured withdtwear profiler, from the inversep
in [mm].

Figure 52 shows the morphological survey form therage plane, still showing a complex
morphology, in which the highest bed form reactugabf aboutzp ane=40 mm atx=-3000
mm, whilst the deepest trough hagzraane=-20 mm at arounc&=-500 mm. However, the
morphology is rather complex and don’t present vty dimensional pattern, apart from the
end of the survey -1000 mnx<0 mm.
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Figure 52 AE-S6 Bottom morphology measured withgbear profiler,from the interpolating
planezgjanein [mm].

The longitudinal profile in Figure 53 well highlighthe presence of a dune in the middle of
the section which present a rather steep upstréape,swhile the downstream dune side
shows a milder slope. Again, the second dune obdelt the end of the survey is

characterised by a steep slope.
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Figure 53 AE-S6 longitudinal profile for y=0 m.
6.3.2 Morphological characteristics Test AE-S7 (2011 @3 2

Figure 54 shows the suspended solids concentrabbserved during the morphological
survey. Suspended solid concentration shows loag@stentration compared to the previous
test. Bottom sediments also shows an average ddawidso=1.5 mm, with a specific weithg
of y=1800 kg/n.
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Figure 54 TSS, VSS and patrticle size distributionditions of test AE-S7a¢=0 mm

Indeed, the sonar output and the bottom ABS
(compare Figur®5 and Figuré0), thus confirming that mud layer was less imgatrin the

present conditions. Indeed, flow velocities wengdéa compared to that observed in the S6

i®rhmgpmpared to

the previous survey

tests, although measured later in the morning vgeererally the velocities reduced.

Table 6 AE-S7 longitudinal flow velocities

Time | Yprone| h U &BEC o
Hours| m m m/s | m m
10:18({0.50| 0.11/0.059/0.12 0.61
10:18({0.50| 0.11/0.080/0.12 0.61
10:19({0.40| 0.21/0.111/0.12 0.61
10:19/0.40| 0.21/0.106/0.12 0.61
0.30| 0.31]0.124/0.12 0.61
0.30| 0.310.133/0.12 0.61
10:21{0.20| 0.41/0.130/0.12 0.61
0.20| 0.410.141/0.12 0.61
0.10| 0.510.147/0.12 0.61
0.10| 0.51/0.142/0.12 0.61
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Figure55 AE-S7 sonar output &0 mm

-79 -



Project VITRES 2009 — Suivi par sonar de la dynamides dépdts en réseau d’assainissement

1000
g 500
g
N 0
1000
200 400
100 150
£
g 0
a0

300

-100
250

-200

-10000 -9000 -8000 -7000 -6000 -5000 -4000 -3000 -2000 -1000
X mm

Figure 56 AE-S7 Bottom morphology measured withgbear profilerzgepin [mm]

The Figure 57 displays the morphology of the sedisien which the vertical coordinate has
been shifted of the value of the plane averagiegstirveyed bottom in whick=-286.34,b=-
0.006 ancc=-0.074 are the plane coefficient, meaning thataterage longitudinal slope was
of about0.6 % and 7% transverse at the point were the survey has been made.

Indeed, the similar velocities and conditions obedrbetween tests S6 and S7 produced
comparably similar bed morphologies (Figh& see also the S6 profile in Figure 53), which
present a wave length of the order of 4 m, withedhright and of about 20 mm over the
average plane (Figure 57 and Figure 52) and troag48 mm.
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Figure 57 AE-S7 Bottom morphology measured withgtear profilerze anein [mm]
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Figure58 AE-S7 longitudinal sectioyr0 m

6.3.3 Morphological characteristics Test AE-S8 (2011 @3 0

Suspended solids of Figure 59 show almost constamtentration toward the vertical, while
the closest sample has been probably measuredde tb the interface and has probably
interacted with this latter. Bottom sediments pnése an average diameter of ab@®gt=2

mm and a specific weight=1800 kg/ni. Figure 60 shows a sediment column collected in a
clear Perspex tube of 7 cm of diameter, showinglarost unique layer of gross sediment,
close to type-C deposits. However, it is worth obisg that, once the column is extracted
from the bottom, the sediments interface may seftibout 7 cm in 10-20 seconds.
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(a) Suspended solids concentrations at b) bottom sediment particle size distribution
different eight from the interface for D<4 mm
Figure 59 TSS, VSS and particle size distributionditions of test AE-S8
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Figure 60 Sediment deposits surveyed with a clesgex cylinder of 7 cm of internal

diameter.
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Again, from the sonar output in Figudé&, the mud layer seems unnoticed, altough the
sediment observed are rather organic.
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Figure61AE-S8 sonar output at-0.30 mm

Flow velocities are summarised in Table 7, showialgies slightly reduced compared to the
previous tests.

Table 7 Test AE-S8 measured velocities

Time Yorobe h u ZBED 0
hours m m m/s m m
10:18 0.20 0.21 0.10m.35 0.41
10:18 0.20 0.21 0.094.35 0.41
10:19 0.30 0.11 0.08%.35 0.61
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The morphological survey of Figure 62 shows a siesfppe compared to the previous two
observations of about 2 % of slope. It is worthesbgg that, owing to the presence of a
strong noise in the sonar output, the section bEtw&000 mmx< -4500 mm is rather
disturbed and present a trough which actually dbesist However, the sediment deposits is
still characterised by a lower sediment deposit tieaside bank.
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Figure 62 AE-S8 Bottom morphology measured withgbear profiler from the invert bottom
Zgep in [mm]

Figure 63 and Figure 64 well shows that, alotughactarised by a steeper slope, the
longitudinal morphology is characterised by smatipples of generally 10 mm without any
regular two dimensional pattern
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Figure 63 AE-S8 Bottom morphology measured withsbear profilerzpjanein [mm]

y=0 mm
y=0 mm fittered 6=50)
— — linear regression

460

440"

420¢

400¢

Zgep MM

380¢

360¢

340 ‘ ‘ ‘ ‘
-5000 -4000 -3000 -2000 -1000 0
Xxmm
Figure 64 AE-S8 longitudinal sectionys0 mm.

6.3.4 Temporal evolution Test AE-S5 (2011 02 09)
In order to understand the temporal pattern ofstb@iment deposit in a shorter period, the
temporal evolution of the sediment deposit inte¥fdas also been evaluated at the AE

experimental site. Sediment concentrations are rregpoin Figure 65, together with the
particle size distributions of both water sedimamd bottom sediments (B.S.).
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Figure 65 TSS, VSS and patrticle size distributionditions of test AE-S4 (2010-02-02)

In this case, the sediment interface has been cieaised by the presence of an important
mud flow layer over the gross deposit, as can ke abserved from the sonar output of
Figure 66a, which shows a relatively low ABS withlamge depth underneath the sonar.
According, the output at=12:07slight differs in terms of maximum intensiyom that
observed at=8:45. However, the sediment interface occurs fearger distance from the
sonar centrezonar=0) fort=12:07 (Figure 66b).
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Figure 66 AE-S5 Sonar output
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A flow velocity of about 0.056 m/s has been recoateabout 220 mm from the interface. The
lower velocity recorder hence seems in connectiidh thie formation of the mud flow layer.
Hence, the temporal evolution of the bottom lordjital profile of Figure 67 gives a first
insight of the erosion potential which may occungrimy the dry weather day time.
Accordingly, sediment are eroded from the througk=4000 mm, while the upstream side of
the survey shows constantly the same height.
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Figure 67 AE-S5 Bottom morphology measured withsbear profiler from the invert bottom
Zgep in [mm]

6.3.5 Temporal evolution Test AE-S9 (2011-06-16)

In order to correlated the different flow conditoowith the different nature of the sediment
interface a survey has been carried out at diffemment. These have been chosen in order
to observe the sediment deposits early in the night 2:00 o’clock, when normally the flow
velocity are the lowest which occurs in a combiseder network, up to 10 o’clock, in order
to include the flow velocity peak and the water ttigpeak.
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Figure 68 shows the water depth and the flow vetagcorded with a pressure transducer
and flow meter NIVUS which usually gauged the trunk
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Figure 68 Flow depth, longitudinal flow velocitydrain intensity for the survey period

Figure 69 shows the different conditions in termhswspended solid concentration observed
during the morphological survey (see Table 8).
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Table 8 Suspended solids concentrations measuckfiesient times

TSS (mg/L) TSS (/L) (r\nlg/ls_) (r\nlg/ls_) h (m) 5 (M) hours
<2mm <125pm <omm <125um
8729 3650 6386 2460 20.02 0.24 4:35
202 188 204 124 0.14 0.41 8:30
220 146 210 112 0.22 0.49 10:00
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Several tests have been carried out in order ttysmshe temporal behaviour of the bottom
deposits. The analysis of the movement of the sewlisnduring the day time highlights some
important features, also regarding the relationwbeh the sediment deposits and the
evolution of the velocity and of the turbulence.
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Figure 70 Test S9, Morphological survey, at 2:Q0007and 10:00. Colour shading represents
thez elevation in mm from the invert bottom

-89 -



Project VITRES 2009 — Suivi par sonar de la dynamides dépdts en réseau d’assainissement

Figure 70 shows the sediment bottom morphologiessomed from the bottom of the invert

for three different moments, i.e., at 2:00, 7:0@0 49:00 am. From the image it can clearly
possible to observe the differences in the sedisndeposits heights. The survey reveals
important features:

1) A large amount of soft sediments occurs over te bank, which alter the actual shape
of the invert, i.e., the side bank doesn’t affettraore the flow;

2) Successively, the sediment and the soft depos#tsnaished out, resulting in larger
erosion near the corner of the side bank;

3) The rain event and the concentrated dischargeeofjtly (k=-6000) is responsible of a
large erosion, which in the time, further propagatewnstream.

4)  Lower sediment deposits occurred over the side .bank

Previous conclusions are also confirmed by theyaisabf the sonar output at two different
time (Figure 71 and Figure 72), which show how tied layer is eroded over both the side
bank, and in the central part of the invert, treasvIng only the harder sediment deposits.
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Figure 71 AE S9 sonar outputtad:35 at x=-9900 mm, referred toward the SONAR eent
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Figure 72 AE S9 sonar outputtatL0:00 at x=-9900 mm, referred toward the SONARe&en

The temporal evolution surface and contour lind pioFigure 73 highlights even better the
acceleration of the sediment erosion. Indeed, litygesof the contour lines @gep=450 mm,
andzsep=400 mm represents somehow the sediment erosienAatit can be observed, this
contour lines (highlighted by the with dashed line)ds towardk negative values, with a
slope of the iso-lines which increases with tine¥ealing a larger erosion potential during the
time.
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Figure 73 Test AE S9. Bottom morphology temporaVey interpolation (blue dots represent
the actual surveyed data). Colour shading repredkat elevation in mm from the invert
bottom.

The slope of the sediment erosion and the presehdke mud layer over can, thus, be
correlated with the average flow velocity and tliebtilence level registered during the
survey. Indeed, the velocity measurements of Figudrerevealed a strong reduction of the
sediment bed at around 5:388:00, in which the flow velocity, flow fluctuatienand
turbulence intensities increased, compared to teasnrements at 4:08%:00. Although
starting from t=8.30 the flow velocity and the flaurbulence are even larger, the erosion rate
seems to reduce, revealing that the mud layer &as previously removed. Thus leaving only
deposits characterised by a higher resistance.
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Figure 74 Instantaneous longitudinal flow veloatyd turbulences recorded during the
morphological survey at section x=0 m.

6.3.6 Flow field Test AE-S2 (2010-11-26)
The plot in Figure 75 shows the concentration meskat thex=0 m. Unfortunately, pipes
clogging occurred at the time of measurements ahdane point showing a concentration of

aboutCrss=350 mg/l has been measured. However the clogditigeagpipe may suggest that
a hyper concentrated layer above the tough sedibm#tdm was present (a lutocline).
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Figure 75 TSS, VSS and patrticle size distributiondsitions of test AE-S2

Sonar measurements finally revealed (Figure 76Fagidre 77) that the mud flow layer can’t
totally be penetrated by the sonar pulse but abhr@asgimation of mud flow thickness can be
obtained by means of the gauge estimation and swanation. However, it seems that the
solid deposits are “hindered” by the presence o filaw (see fig. 14), as the black spet ( )
lies far underneath the “interface measured bystmar.
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Figure 76 AE S2 model set-up pipe profiler output.

In order to understand the efficiency of the somagasurements at constant height but
different pulse lengths have been carried outhéntivo plots of Figure 77, it can be observed
that generally the concentrated flows show a hidbeckscatter compared to that of the
diluted flow. However both plots (pulse length ofud and 20us respectively) show that
slight differences occurs in the localisation o thgh backscatter portion,and hence in the
localisation of the mud flow
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Figure 77 AE-S2 data.output; the contour lineses@nt the 8 bit signal amplitude (coloured
scale from 0 to 256 counts) observed by the s¢g@agauge position.

Data have been also plotted for the vertical sedbelow, i.e.ysonar=0 m to understand the
effect of the pulse length on the backscattereditudp measured with the sonar. Data shows
almost the same values both in terms of backscatdre water column were the sediment
concentration was almost constant. It also wortbeobing the different shape the interface
echoes shows compared to that generally observBdiitests, in which the sharp interface

observed in presence of mineral sediments becaangsrland of reduced amplitude.
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Figure 78 sectiog=0 m, AE S2 data for pulse length ofid, 8us, 12us, 16us and 2Qus
(legend represents the range and pulse length).

Coupling both sonar measurements and ADV, it issibbs to refer the ADV measurement
both toward the free surface, the bottom of thensents or the bank. At the time of velocity
measurements, the water depth was about 640 mmtferéank)+450 mm = 1090 mm from
the concrete bottom and considering a sedimenagtevof aboutz=0.21 cm the value from
the sediment bottom will be 6& 0.88 m.

Data from ADV measurements are plotted in the FEgi®. In this cash has been fixed as
the distance between the control volume and thearsed bottom (“mud flow interface”)
individuated by the sonar, which, however, doesaomcide with the hard sediment bottom
as shown in Figure 77. The main purpose of refgrniioward this values is to understand
immediately wheatear the measurements have beeen talnderneath the interface
individuated by the sonar or close to this integfdadeed, it can be inferred that, although the
mud flow participates to the total discharge, thiter differs from the outer portion of the
flow both in terms of fluid (much more viscous, fdient behaviour in terms of friction,
probably not Newtonian) and momentum exchange. Maeit can be believed that different
momentum exchanges can be observed toward théairgeas well as the turbulence structure
could behave differently in terms of ejection ameep event probabilities.
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Figure 79 AE S2 model results from the filtered ABdadings (of which generally more than
95 % were considered good): (a-c) V= velocity cr{dsf) COR= signal correlation %, (g-i)
SNR= sound to noise ratio, db, (I-n) AMP= backsaratti signal amplitude of the control
volume, counts. Note: O=beam 0, 1=beam 1, 2=beam 2

In the figure xx, theu velocity profile shows lower values of the velgaitear the free surface
(h=300 mm, =880 mm), while tends to grow irregularly near tentre and than they
reduced again toward the sediment bottom. Interglgti the data shows a constant velocity
value between 0 mni<200 mm, whilst the velocity profiles shows an wnalsconvexity
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compared to that of the logarithmic law profileachcteristic of free surface flows. However,
although the sidewall effect could be strong in gmesent conditions, some doubt on the
velocity profiles are especially linked to the mese of the bars over the profiler, which
might have some how modified the velocity profil€orrelations from the three beams shows
rather high values (98%) with small oscillation to@ the values. This revealed a strong
accuracy of the velocity measurements and thahyncase the ADV beams have never been
clogged by floating material and remained cleare &halysis of the backscattered amplitude
profiles shows a general growth of the amplitudede linked to a growth of the sediment
concentration toward the bottom. A drop of the am@eé can be observed at abdet 120
mm, probably indicating a drop in the sediment emtiation, However the successive data
shows a relatively lower signal. This can be expdiinto two ways: a) the observed signal
was not corrected, b) in presence of a concenttaient, such in hard bottom, if the control
volume is buried to much underneath the interfoe,signal is absorbed by the layer above
the control volume (as observed in the SONAR sigeaical backscatter profile§)

The Reynolds stresses have been calculated badbé erperimental data obtained from the
measurements, together with the turbulence inte(sigure 80).
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Figure 80 AE S2 model results from the filtered ABdAdings (of which generally more than
95 % were considered good): test over field sedimemriation toward the water column of
the Reynolds stress.

Vertical exchange of the longitudinal momentum &ferred to as «w’> (Figure 80). Data
have been measured only for 60 second. Hence @amballproperties might present some
inaccuracy due to the short survey duration. THaesobserved in the lower portion, apart

® Interestingly, the second series of profile cakecat the same place shows a similar resulthatsat
consequence of the presence of the sheet flow ?

® The analysis of laboratory data over ground sedtrakows a similar pattern when the control volisne
deepened inside the layer. It is also worth obsgrthat the ADV and the sonar operated at two diffe
frequency and that the “interface” which can beaviblated is rather different (ADD US AMRY REFEREIRC
ON LUTOCLINE)
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from the point ath=150 mm, shows almost constant values, ugn#a70 mm, of about
<u'w’>=0.37, then the stresses increased toward thesfird@ce and again reduced F400
mm. Turbulence intensities, v’ andw’ all shows rather contradictory values, and more in
general a growing dependence fromThis suggest that in general the measured podion
the flow is governed by viscous forces, rather tham inertial ones, as in general, both

turbulence intensity and vertical exchange of thegitudinal momentum decreases in the
zone dominated by the gravity force.

Normalized vertical distribution of stress terme ahown in the following Figure 81, were
u*? could be defined from the hydraulic radius caldotati.e., u**> = (QRS%° or, since the
energy slope cannot be deduced only from one sedtiam the velocity profiles slope in the
inner flow. From the previous profiles, excludingetvelocity toward the bottom, a value of
aboutu*?=0.99 cm/s can be obtained. Note thaB80 mm is the water depth from the
sediment bottom measured with the sediment gauge.
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Figure 81 AE S2 unfiltered data normalized turbatenharacteristics
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Figure 82 AE S2 filtered data (Whal 2003 algoritrmymalized turbulence characteristics
u*=0.99 cm/s and=0.88 m.

The comparison between filtered (Figure 81) andltenéd (Figure 82) data shows that, in

general, the unfiltered one are slightly biasedthy presence of spikes into the velocity
series, as also in general confirmed by the cdioslalatd.

6.3.7 Flow field Test AE-S3 (2010-12-15)

The second test carried out at the AE site withSB&N-ADV application (AE-S3), presented
a water depth from the sediment bottomhs0.61 m and a sediment heightzgf;=0.34 m.
The TSS and VSS measured at the section x=0 mhiageiith the particle size distribution
are shown in the Figure 83a-b. Accordingly, thenflovas heavily charged, with point of
Crss=7500 mg/l at 20 cm from the bottom. Particle sisésuspended solids f@<0.560
mm perhaps shows similar distributions toward tlagewcolumn (Table 9).

"However the analysis of the spectre should beezhout to characterised the dissipative propetfake
measured data and whether a with noise can biadatiaeor not.

-102 -



Project VITRES 2009 — Suivi par sonar de la dynamides dépdts en réseau d’assainissement

1 ' ; 100
+  TSS<2mm
o TSS<0.125mm
08r o VSS<2mm 801
VSS<0.125mm
0.6 60+t
g X
< o a
04+t o o + 40+ —— bottom <4 mm| |
. ——-—— h=0.05m
—e— h=020m
L .o . 20+ ——+—— h=040m
02 ° ——— h=0.50m
+ bottom
0 ' ' ' 0 ) ) " 5
0 2000 4000 6000 8000 10 10 10 10 10
C mg/l D pum

(a) Suspended solids concentrations at (b) bottom sediment particle size distribution
and water sediment particle distribution, for
D<0.56 mm
Figure 83 TSS, VSS and patrticle size distributiondsitions of test AE-S3 (2010-12-15)

different eight from the interface

In general, the particle sizes tend to reduce tdwhe sediment bottom, while the bottom
sediments foiD<0.560 mm show averaged patrticle sizes larger mpared to that of the

suspended solid®§p in Table 9).

Table 9 Patrticle size distribution summary |

Sample D1o % D g% D g0 % D g5 %
B1 h=0.05 m 5.33 27.10 110.66 184.95
B3h=0.20 m 6.86 28.51 98.33 159.12
A3 h=0.40 m 8.63 38.35 160.10 236.10
A4 h=0.50 m 14.95 63.01 278.02 378.84
Bottom 4.98 39.76 286.76 364.15
Bottom AE < 4mm* 9.27 327.12 2287.49 2894.43

In summary they have been measured:

- 5 sections (transverse profile) with the sonar=0.5 m (sec.1 in the folders) m from
the sewer access and then each 1 m downstream.
- 3 vertical velocity profiles with the ADV
- 1 longitudinal profile at the sectio-0.5 turning the probe 90 degrees clockwise
- Sonar measurements of the sheet flow (mud flowutocline) in presence of the
sediment gauge .
It is worth observing immediately that, differenfipm the previous campaign made at the
same location, the SONAR profiler shows a strongentoward the centre of the instrument.
This could create strong incertitude when the sedisior the bottom are inside the noise.
This problem are generally linked to the power syipdowever, the noise presence slightly
affects the ABS in the region outside the noise.
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The analysis of the “interface” detected by the 2BN\atx=-0.5 m ((a) section 1 (x=-0.5m)
(b) section 2 (x=-1.5m)
Figure 84) shows a fuzzy interface, in which again theeslitow seems to hind the hard
sediment bottom. The level detected by the profikethat section is clearly underneath the
side bank, whilst the image at sectiert1.5 m the “interface” start to change shapef &s i
thickness increased downstream.
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Figure84 AE transverse profile sonar output

The elaboration of the profiles detected by theasas shown in Figure 85. In this plot, the
interface has been defined staring form the inlkettom. The profile clearly shows how the
interface tends to grow downstream. Indeed path@theet flow has been also observed over
the side bankxe-2.5 m,x=-3.5 m,x=-4.5 m).
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(a) “interface” morphology detected from the SONARta from transverse sections (+)
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(b) sediment interface contours lines (side barsitjpm,----), grey scal@sep in mm
Figure 85 Test AE-S3 bottom morphology

From the survey it is possible to observe thatdasgdiments deposits occurs on the left side
of the channel, whit height which may excess tde siank height. This phenomena might be
consequence of the secondary flow generated blyehe upstream the surveyed section.

The longitudinal survey, carried out turning theNsXR head of 90° CW (clockwise) shows
the acoustic backscatter for the bottom sedimanthich the flow is directed from the right.
The data observed again shows the presence otexfage which presented a faint acoustic
backscatter. Indeed, also the sheet flow has itsrmarphology and variation which might be
linked to the hydrodynamic conditions.
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(a) AE-S3 original sonar output, longitudinal plefatx=0 m (ABS strength quite under 50
counts)
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(b) longitudinal profiler from referred from theviart bottom, average slope 7%
Figure86 AE longitudinal profile ak= Om, sonar output, flow from the right.

Moreover, the sediment deposits show, in the cdimeeof the dry weather channel, i.g=0
mm, a slope which is larger compared to that ofitivert (about 7%, Figur86). However,
this might be a part of a longer bed forms strugtas the survey has been limited to only 2 m
longitudinally for this latter and to 5 m for therfer survey. The longitudinal section is
characterised by an average bed forms eight oftéi®mm and average wave length of 200
mm.

Sect.1 x=-0.5m)

Data obtained for the first surveyed sectign-0.5m, shows rather small backscatter
amplitude compared to hard bottom (Figure 87), destrating the presence of the mud layer
or more in general of a drop in the concentratiomo¢line). Indeed, since the lutocline is
made of soft sediment, this latter is able to dbste signal but still presents a small
backscatter. However, observing the TSS, thereoisanclear correspondence between the
acoustic backscatter and the TSS of Figure 83, hkady due to the suction of a lower level
of sediment operated by the suspended solid sampler
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Figure 87 (a) AE transverse profilexat-0.5m, @ ) gauge position, (x) TSS sampler pos#jon
(b) vertical amplitude profile a&=-0.5 m.
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In the figure xx the crosses represent the poimthath the sampler pipes have been located,
while the big black spot represents the locatiorthef gauge (the hard bottom). Hence, it is

possible again to observe that the soft deposiid thie hard ones, and that the sampler pipes
might fall well underneath the mud layer.

The graphs in Figure 88 show the ADV data for thet.4. In this case the reference level has
been taken as the bottom profile detected fromsthear. This has been done in order to
understand how much the ADV was far from the itegf measured with the sonar, and in
order to understand the acoustic backscatter frenADV. The distance between the nominal
sediment interface and the free surface was ab@tn@m. Accordingly the velocity profile
shows almost a linear pattern, whit some noise towee sediment bottom. Interestingly, the
acoustic response of the ADV is constant, whilat approaches the mud flow, the amplitude
shows a strong drop, most likely linked to the fétat the water shows high sediment
concentration near the bott8nit is worth observing that the probe was always/ed from
the free surface toward the bottom. However, wihenalverage velocity was about to be zero,
the operator was asked to rise the probe of abhéutra. Hence, it might be possible that the
drop in the ADV acoustic profile is connected te fhct that the probe has interacted with the
sheet flow, leading to the intrusion of less coticgad water into the sheet layer. At the same
time, the verticalw velocity the transverse oneshows slight variation toward the zero,
indicating that both the influence of the probetloa vertical velocity could be neglected and
that the probe was at the centre of the channelveder, small variations could be also
connected to the probe orientation. Correlatiorfilg® show rather good results, with values
always of 99% for the three beams.

8 they still have to be compared with the MES datthi discussion section
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Figure 88 AE sect.1 averaged ADV data.

The longitudinal turbulent intensity shows someeiasting results. From theoretical
considerations, both the turbulence intensityand shear stressu@’> in the outer layer
should reduced from the free surface toward thévsat surface. The pattern shown by in
Figure 89 clearly indicated that in the region ntgee sediment surface and near the sheet
layer is almost in transition conditions ratherrthiarbulent. However, also a dumping effect
of the turbulence could be related to the high meedt concentration measured by the
sampler.
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Figure 89 AE sect.1 Reynolds stress

In this case, in order to normalise the Reynoldssses, since the water depth Wa8.81 m
over the sediment, and taking into account for @®4of sediment on the bottom measured
with the gauge, the hydraulic radius beconi&s(0.938-0.171)/(3.15-1.17+0.6)=0.30 m.
Hence, from the slope a shear velocity of :

u'=(gRS"°=0.02 m/s (23)

can be evaluated, in which g is the gravitatioakteration an&is the channel slope. Again
data should be better normalised taking into accéomnthe value ofu'deduced from the
velocity profiles in the inner region or from theyolds stress. From thevelocity profile
the value ofu'=0.021 m/s for the sectia=-0.5m. A comparison with the normalised stress
indicate perhaps, that in the lower portion thenmalised values obtained are quite low and
that most likely, the data of the velocity profiwer which theu  has been calculated are
relative to a portion of the flow affected by theest layer. It is important to remind the fact
that the definition of a constant von Karman’s ¢ansk(=0.4 in the present work) is still not
accomplished. Although (Coleman, 1981) shows khzdn be considered constant regardless
of C, successive re-elaboration of the velocity prefije literature review has been detailed in
(Gaudio, Miglio and Dey, 2010)) and Coleman’s dattually shows that thie reduced with

C.
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Figure 90 AE sect.1 normalised stresses.

Sect.3 ¥=-2.5m)

In this case, the bank seems covered by a layestrohger concentration (Figure 91)
compared to that observed»at-0.5m, showing an amplitude of about 100 countabatut
0.35 m underneath the probe. Again the first pdmerved at Range=-0.15 m is linked to the
signal noise produced by the SONAR.
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Figure 91 AE transverse profile at section 3 (x5A2),

Indeed part of the velocity profile seems to haeerbmeasured underneath the “interface”
detected by the SONAR. The ADV backscatter intgrisgide the flow seems to be reduced
compared tox=-0.5 m, but still shows the grow-up of the intépgioward the sediment
interface, this time showing a milder transitionngmared to that detected &:-0.5 m.
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However, the third beam shows a steep reductiothénamplitude, but in this case not
connected to a reduction of correlation or to tessr clogging. However, the amplitude data
observed suggests the presence of an increase ootitentration due to the presence of the
sheet flow. The comparison of data showed that tdwze “interface” measured &t-0.5 m

the ADV amplitude reached a backscatter amplitynléoul 95 counts, whilst that observed at
x=-2.5 m of 160 counfs However, both the velocity and turbulencesh@® mm showed
relatively small values (it is important observitigat data have been measured only for 5
seconds, because of batteries failure).

° It is indeed true that the signal can be absortmdnly because of a lutocline presence but alsoadgradient
of concentration, this might create further protdento the individuation of the hard sediment Habaf the
sheet layer.
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Figure 92 AEx=-2.5 m averaged ADV data

The Reynolds stress measured at the base of tfike fFogure 93) seems to suggest values of
u of the order ofu'=0.54 cm/s, whilst a value af =3.2 cm/s can be obtained from the
analysis of thau velocity profile. However, a comparison with thatal observed in section 1
revealed that the Reynolds stress inversion apgdater and, in general, for x=-2.5 they
show a tendency more common for the inner layéurbiulent flows.
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Figure 93 AE sect.3 Reynolds stresses
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Sect. 5 %=-4.5m)

Also in this section, the sheet flow seems to rbklwhole section (fig. 32). However, the
acoustic characteristics detected by the sonasiardar to that observed foe=-2.5m, with a
SONAR amplitude up to 100 counts.
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Figure 94 AE transverse profile at sectiorxs-4.5m), and amplitude profile &0 m

The longitudinal velocity profiles (Figure 95) shewa pattern much more similar compared to
that observed whit sectiox=-2.5m rather than sectiox=-0.5m, most likely linked to the
smaller height of the sheet flow in tlxe-0.5m. As observed fox=-0.5 m and -2.5 m,
correlations are rather good for all the beams. dimglitude again shows a sharp increase
toward the bottom of the invert. However, longinali velocity showsi=0 cm/s for values
relatively far from the “interface”. It is worth sbrving that a certain longitudinal offset
occurs between the SONAR gauged section and thasumed with the ADV (around 40 cm)
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and in zone of high slope the bottom height may petfectly match between the two
sections.
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Figure 95 AE sect. 5 averaged ADV data

Again, both longitudinal intensity’ and stress ®kw’> shows a pattern which seems affected
by the sheet flow in the lower portion (Figure 9B)oreover, the inversion of the Reynolds
stress occurs at the same height at which the amdepliprofiles suddenly increases. Finally,
from the previous plot it is worth observing thanaasure of the turbulence characteristics at
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the free surface should be carried out to undedsth@ effect of the sheet flow layer on the
outer flow* region turbulence. The shear velocitgated from tbe velocity profiles shows
values ofu =2.32 cm/s, whilst from the Reynolds stress a \sabfel =0.63 cm/s

250 250 250
200 200 200
g g g
g 150 g 150 g 150
< < <
100 100 100
50 50 50
0 1 2 0 0.5 1 1.5 0 0.5 1
2 2,2 2 2,2 2 2,2
u'” cm/s v em®/s w'" cm®/s
250 250 250
200 200 200
g g g
g 150 g 150 g 150
N = ~
100 100 100
50 50 50
-0.5 0 0.5 0 0.2 0.4 0 0.02 0.04
P 2,2 P 2,2 B 2,2
<u'w"™ cm®/s <u'v>cm/s <y'w™>cm/s

Figure 96 AE sect.5 Reynolds stresses

6.3.8 Flow field Test AE-S4 (2011-02-02)
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Figure 97 TSS, VSS and patrticle size distributionditions of test AE-S4 (2010-02-02)
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The bottom sediment sampler has been used be®@ANAR and the ADV. Therefore, the
lutocline position has been deeply modified byldtger. However, the concentrations show
in Figure 97 values typical of the presence of @ mayer over the tough sediment deposits.
Both transverse SONAR outputs are shown in Fig8rd=&yure 99, Figure 100. The images
show the presence of the mud layer well insidesttie bank limits. However, the transverse
morphologies differs one from each other, espacfall the section x=-2.5 m, which shows
an almost flat deposit.
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Figure 98 Sonar output far-0.5 (white spot) sediment interface detected wWithgauge
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Again, the interface represented by the lutoclimel aetected by the SONAR does not
correspond with the observation made with the sedirgauge.

The surface in Figure 101 shows the presence a@irgel deposits at the sectian-1.5,
indicating the presence of a kind of three dimemsiaune. Moreover, the presence of the
side bank might generate a larger turbulence,nageneral, lower sediment deposits occurs
near the side bank for the sectior0.5 andk=-1.5.
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Figure 101 sediment surface referred to the inesttAE-S4

Velocity profiles

This time only two sections have been measuredgiliatinal profiles in both sections shows
slow flow velocity with a sort of s-shaped velocjixofile, probably affected by the presence
of the lutocline (Figure 102). Secondary curremisves values of the order of 5%-10% of the
flow velocity, with maximum values of=0.6 cm/s occurring at 200 mm from the bottom,
whiles maximum vertical velocityv=-1 cm/s occurred at about 400 mm. However, the
position of the probe may disturb the vertical flowhich is directed toward the bottom.
Correlation profile shows rather high values, wthilsee amplitude profile slightly increased
toward the bottom, until the control volume entersorrespondence of the interface detected
by the sonar. The amplitude observed in the watkeman for the preset test generally showed
values larger than that observed at DA-S2 tesicatithg the presence of a higher sediment
concentration.
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Figure 102 AE-S4 ADV data sect. =(0.5 m)

Turbulence profiles of figure again shows the tgpibehaviour of the inner viscous sub-
layer(Figure 103) and a reversed behaviour compiarddA results and classical turbulence
profile, indicating the presence of a thicker zonewhich most likely the viscous effect
dominates.
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Figure 103 AE-S4 ADV turbulence data sectx#-0.5 m)

Figure 105 shows longitudinal velocities of maximifd cm/s at sectiom=-2.5 m, even
smaller if compared ta=-0.5 m, whilst secondary current shows similar nitagle. Again,
the offset between the two probes might be resptnsif the small offset observed between
the interface detected by the probe (the drop éncibrrelation profiles). Similar amplitudes
and SNR ADV occurred at the two section.
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Figure 104 AE-S4 ADV data sect. 8=(2.5 m)

The turbulence profiles of Figure 105 (excluding tast point ah=20 mm inside the mud
layer) still shows the same behaviour as that eeseiorx=-0.5.
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Figure 105 AE-S4 ADV turbulence data sectx3-2.5 m)

6.4 Acoustic backscatter correlation with TSS

According to several Authors (Ha, Hsu, Maa, Shad Holland, 2009) the ADV acoustic
backscatter can be used to evaluated the sedirectmtration, once the information are
calibrated toward the corrected value of TSS anel tight particle size distribution.
Thereafter, the plot in Figure 106 shows the cati@h existing between the acoustic
backscatter for both the SONAR and the ADV and T&S present at the moment of the
survey. It is important observing that the lattsoadepends on the sediment particle size and
consequently the information gathered have beearatg in terms of different particle size
and uniformity.

Accordingly, SONAR amplitudes did not reflect thencentration of the suspended solids,
most likely due to the automatic gain adjustmentteently, the ADV backscatter seems to
shows a larger correlation with the TSS up to 5@@.nilowever, for larger concentration, the
signal is saturated and the amplitude values recastant.
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Figure 106 Correlation between TSS<2 mm and angdiio counts
As can be inferred from the figure, the acoustickisaatter shows
6.5 Comparison between velocity profiles

Velocity profiles and Reynolds stress profiles seaompletely different patterns from the
two site. Accordingly, the flow in narrow channal characterised by three dimensional
properties which may affect the Reynolds stresaditey to values of the outer layer
(£=h/6>0.25) which tends toward 0 éfs (Nezu and Nakagawa, 1993). Indeed velocity
measurements at the site DA shows this partic@latufes starting frorg=h/0>0.5 (Figure
107 and Figure 108). In the figuté=u/u» anduv'=< u'w* > /[u-"7]. The continuous line
represents the gravity shear stress for bi-dimeasioee surface flows.

Shear bottom stress have been evaluated following the log law of tlebtirough channel
from the data between 0.05<0.3, in order to prevent any bias from wrong measent to
close to the interface:

u* =1/klog(&)+ B, (24)

in which k=0.41 is the Von Karman constant, aBgdis a constant (Nezu and Nakagawa,
1993).
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Figure 107 DA-S3 Normalised velocity profiles afmar stress profiles

25 : 1 : :
- o : DAS2 x=-0.5 m
20t ] o i 0.8l DA—SZ x=-1.9m
L I gravity
15¢ O 1 0.6!
+3 "™
10y 1 0.4f
u O DAS2x=-0.5m
B AE-S2x=-1.9m
S 1 0.2
O-2 ‘ ‘ HHH‘-l ‘ ‘ 0 0
10 10 10 -1.5 . 0.5
£ uv’
(a) Normalised velocity (b) shear stress profiles

Figure 108 AE-S2 Normalised velocity profiles ahear stress profiles

Differently, AE surveys shows a completely differ&ehaviour fo&=h/6<0.5. First of all, the
value of the Reynolds stress reduced toward treedoeface, which is a typical behaviour of
the viscous layer. Fai=h/6>0.5, uv’ increases again to larger values, comparableaioath
free surface flow in clear water conditions Figti@® and Figure 110.
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Figure 109 AE-S3 Normalised velocity profiles ahear stress profiles
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Figure 110 AE-S4 Normalised velocity profiles ahear stress profiles

The two sites also shows clear difference fromititividuation of the zero velocity flow,
which is connected to the non slip condition of ititerface. Surprisingly, AE test shows zero
velocities for values 0£=0.03. This migth be certainly connected to theritedén of the
interface and hence of the zero level, which hanlmefined based on the SONAR profiler
interpretation using the SONAR software “max” algun, rather than using the new
algorithm developed. Hence, the control volumehef ADV might have encountered the mud
layer for height larger than that observed withS@NAR and the control volume might have
been buried into the sediments. This again confirtiee necessity to correctly define the
sediment interface.
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CONCLUSIONS

The present work shows the results of the bed nudogly and flow field measurement for
two experimental sites characterised by differediraent deposit properties.
From the results is has been possible to obseate th

1)

2)

3)

4)

5)

The acoustic signal is reflected and attenuatedifierent ways according to the
nature of the interface, hence a new algorithm Iesn developed based on the
definition of a new interface, i.e., the point wlethe gradient of the acoustic
backscatter strength shows its maximum gradient;

The nature of the interface deposits is strongiyedelent on the flow filed velocity
observed during the morphological survey; generatlthe presence of an average
velocity around 0.40 m/s, only sands deposits acouer the invert, while for velocity
generally less than 0.10 m/s a mud flow can bergbdeover the sediment;

The nature of the interface modify the capacitynainual gauges to detect the actual
mud flow; attention should be paid when using yistems;

The morphology of the sediment deposits dependsotim the nature of the deposits
and the flow field. In presence of flow velocity thfe order of 0.10 cm/s it has been
possible to observe dunes characterised by stestpeam slope and mild downstream
slope after the crest of the deposit of 3-4 m ofeveength and 5- 10 cm of wave
height.

The flow velocity fields are deeply modified by tipeesence of this mud layer;
generally, in presence of sand deposits and de$matstrong three-dimensionality of
the flow, the turbulence stress well falls into thassical turbulence profiles observed
for free surface flows; differently, the presend¢e¢h® mud layer modify the nature of
the turbulence, thus presenting inner viscous layjeracterised by higher depth
compared to classical turbulent free surface fleven if large Reynolds number is of
the order of 6-1D(turbulent flow regime) occurs.

-127 -



Project VITRES 2009 — Suivi par sonar de la dynamides dépdts en réseau d’assainissement

REFERENCES

[1] van Rijn, L. C. (2007). "Unified view of sedimetransport by currents and waves. II:
Suspended transportlburnal of Hydraulic Engineering-Asc&33(6), 668-689.

[2] McAnally, W. H., Friedrichs, C., Hamilton, DHayter, E., Shrestha, P., Rodriguez, H.,
Sheremet, A., Teeter, A., and Flu, A. T. C. M. (ZDOManagement of fluid mud in estuaries,
bays, and lakes. I. Present state of understangimgharacter and behaviorJournal of
Hydraulic Engineering-As¢el33(1), 9-22.

[3] van Rijn, L. C., and Louisse, C. (1987). "Thiéeet of Waves on Cohesive Bed Surfaces."
Proc. on Coastal and Port EngineeriBgijing, China, 1518-1532.

[4] van Rijn, L. C., and Klaassen, G. J. "Experenevith straight flumes for movable bed
experiments.Proc., IAHR Workshop on particle motidh7.

[5] Karim, M. F., and J.F., K. (1981). "Computersked predictors for sediment discharge and
friction factors of alluvial streams.” lowa Insti€uof Hydraulic Research, The University of
lowa, lowa City, lowa.

[6] Karim, M. F., and Kennedy, J. F. (1987). "Vdlgand sediment-concentration profiles in
river flows." Journal of Hydraulic Engineering-Asc&13(2), 159-178.

[7] van Rijn, L. C. (1984). "Sediment Transport,rtPa Bed Load Transport.Journal of
Hydraulic Engineering110(10), 1431-1456.

[8] van Rijn, L. C. (1984). "Sediment TransportytHH: Bed forms and Alluvial Roughness."
Journal of Hydraulic Engineeringl10(12), 1733-1754.

[9] Voogt, L., Vanrijn, L. C., and Vandenberg, J. 991). "SEDIMENT TRANSPORT OF
FINE SANDS AT HIGH VELOCITIES."Journal of Hydraulic Engineering-Ascd17(7),
869-890.

[10] Abouseida, M. M., Muralidhar, M. A., and Lo, M. (1992). "Wave-induced sediment
concentration in weak current fieldddurnal of Hydraulic Resear¢80(5), 623-638.

[11] Gallagher, E. L., Boyd, W., Elgar, S., Guza, R, and Woodward, B. (1996).
"Performance of a sonar altimeter in the nearshdtarine Geology 133(3-4), 241-248.

[12] Bell, P. S., and Thorne, P. D. (1997). "Applion of a high resolution acoustic scanning
system for imaging sea bed microtopographitli International conference on electronic
engineering in oceanograpB8yputhampton, UK, 128-133.

[13] Thorne, P. D., and Hanes, D. M. (2002). "Aiesv of acoustic measurement of small-
scale sediment processeSdntinental Shelf Research?(4), 603-632.

[14] Webb, M. P., and Vincent, C. E. (1999). "Comgan of time-averaged acoustic
backscatter concentration profile measurements wiisting predictive models.Marine
Geology 162(1), 71-90.

[15] Green, M. O., and Black, K. P. (1999). "Sugpeshsediment reference concentration
under waves: field observations and critical analyd two predictive models.Coastal
Engineering 38(3), 115-141.

[16] Lee, G. H., Dade, W. B., Friedrichs, C. T.davincent, C. E. (2004). "Examination of
reference concentration under waves and currenteeomner shelf.Journal of Geophysical
Research-Oceand09(C2).

[17] Hoitink, A. J. F., and Hoekstra, P. (2005).b%@rvations of suspended sediment from
ADCP and OBS measurements in a mud-dominated emaiat.” Coastal Engineering
52(2), 103-118.

[18] Ashley, R. M., Bertrand-Krajewski, R. M., Hvéd-Jacobsen, T., and Verbanck, M.
(2004).Solids in SewersWA Publishing, London, UK.

-128 -



Project VITRES 2009 — Suivi par sonar de la dynamides dépdts en réseau d’assainissement

[19] Lewis, C. F. M., Mayer, L. A., Mukhopadhyay, R., Kruge, M. A., Coakley, J. P., and
Smith, M. D. (2000). "Multibeam sonar backscatieedments and anthropogenic organic
components in lacustrine silty clay, evidence ofpgimg in western Lake Ontario."
International Journal of Coal Geology3(1-4), 307-324.

[20] McAnally, W. H., Teeter, A., Schoellhamer, Brjedrichs, C., Hamilton, D., Hayter, E.,
Shrestha, P., Rodriguez, H., Sheremet, A., Kirby, &d FI, A. T. C. M. (2007).
"Management of fluid mud in estuaries, bays, areda ll: Measurement, modeling, and
management.Journal of Hydraulic Engineering-Asc&33(1), 23-38.

[21] Alexander, M. P., Teeter, A. M., and Banks,E5(1997). "Development and verification
of an intrusive hydrographic survey system fordlmud channels.” Department of the Army,
U.S. Army Corps of Engineers, Washington, DC.

[22] Dolphin, T., and Vincent, C. (2009). "The wudince of bed forms on reference
concentration and suspension under waves and tsifr@ontinental Shelf ResearcR9(2),
424-432.

[23] Crabtree, R. W. (1989). "SEDIMENTS IN SEWER3curnal of the Institution of Water
and Environmental ManagemeR{(6), 569-578.

[24] Laplace, D., Sanchez, Y., Dartus, D., and BachA. (1990). "SEDIMENT
MOVEMENT INTO THE COMBINED TRUNK SEWER NO 13 IN MABREILLES." Water
Science and Technolog®2(10-11), 259-266.

[25] Arthur, S., Ashley, R. M., and Nalluri, C. (@8). "Near bed solids transport in sewers."
Water Science and Technolo@3(9), 69-76.

[26] Ahyerre, M., Chebbo, G., and Saad, M. (2008lature and dynamics of water sediment
interface in combined sewergddurnal of Environmental Engineering-Asde7(3), 233-239.
[27] Oms, C. (2003). "Localization, nature and dwia of the water-sediment interface in
combined sewer network (in French)." Ph.D. Thdsle Nationale des Ponts et Chausées,
Paris, France.

[28] Bertrand-Krajewski, J.-L., and Gibello, C. (&). "A new technique to measure cross-
section and longitudinal sediment profiles in sewdProceedings of the 11th International
Conference on Urban Drainagelinburgh, UK, 31 Aug.-5 Sept., 9 p.

[29] Le Barbu, E., and Larrarte, F. (2010). "Pradits acoustiques : un nouveau pas vers la
connaissance des flux de polluants en assainissamzain." XI Journées Nationales Génie
Cotier — Génie CiviLes Sables d’Olonne, France, 22-25 juin 2010, 5A@R-5

[30] Deines, K. L. (1999). "Backscatter estimatiging Broadband acoustic Doppler current
profilers." Proceedings of the IEEE Sixth Working ConferenceCamrent Measuremegan
Diego, CA , USA 249 - 253.

[31] Thorne, P., and Meral, R. (2008). "Formulasofor the scattering properties of
suspended sandy sediments for use in the apphcatioacoustics to sediment transport
processes.Continental Shelf Researc®8(2), 309-317.

[32] Larrarte, F., and Francois, P. (2008). "Susigeinsolids and attenuation of ultrasonic
beam."11th International Conference on Urban Drain&gknburgh, Scotland, UK,, 1-9.

[33] Wunderlich, J., Wendt, G., and Muller, S. (8D0"High-resolution echo-sounding and
detection of embedded archaeological objects wathlinear sub-bottom profilersMarine
Geophysical Researchexs(2-4), 123-133.

[34] Apelt, J. R. (1988)Principles of Oceans Physic&cademic Press, London UK.

[35] Wahl, T. L. (2003) Discussion of ?Despiking Acoustic Doppler Velocend&ata? by
Derek G. Goring and Vladimir I. NikoraASCE.

[36] Goring, D. G., and Nikora, V. I. (2002pespiking Acoustic Doppler Velocimeter Data
ASCE.

- 129 -



Project VITRES 2009 — Suivi par sonar de la dynamides dépdts en réseau d’assainissement

[37] Strom, K. B., and Papanicolaou, A. N. (200BDV measurements around a cluster
microform in a shallow mountain streamlburnal of Hydraulic Engineering-Ascd 33,
1379-1389.

[38] Bonakdari, H., Larrarte, F., Joannis, C., &edacher, D. (2008). "Champ de vitesses et
contraintes de cisaillement dans un collecteursdissssement.l.a Houille Blanché€3), 20-
25.

[39] Sarkar, S., and Dey, S. (2010). "Double-avergdurbulence characteristics in flows
over a gravel bed.Journal of Hydraulic Researcid3(6), 801 - 809.

[40] Kim, S.-C., Friedrichs, C. T., Maa, J. P.-¥and Wright, L. D. (2000). "Estimating
Bottom Stress in Tidal Boundary Layer from Acou®iappler Velocimeter DataJournal of
Hydraulic Engineering126(6), 399-406.

[41] Nezu, I, and Nakagawa, H. (1993jurbulence in open channel flowBalkema,
Rotterdam, NL.

[42] Ha, H. K., Hsu, W. Y., Maa, J. P. Y., Shao, Y., and Holland, C. W. (2009). "Using
ADV backscatter strength for measuring suspendedesive sediment concentration.”
Continental Shelf Research9(10), 1310-1316.

[43] Larrarte, F. (2006). "Velocity fields withinesers: An experimental studyFlow
Measurement and Instrumentatjdtv(5), 282-290.

[44] Coleman, N. L. (1981). "VELOCITY PROFILES WITBUSPENDED SEDIMENT."
Journal of Hydraulic Resear¢hi9(3), 211-229.

[45] Gaudio, R., Miglio, A., and Dey, S. (2010).dhuniversality of von Karman's kappa in
fluvial streams.'Journal of Hydraulic Researcd8(5), 658-663.

- 130 -



Project VITRES 2009 — Suivi par sonar de la dynamides dépdts en réseau d’assainissement

RESUME

Les solides présents dans les réseaux d’assai@essont répartis en une fraction en suspensios dan
I'écoulement et une fraction sédimentée. Ces démbtsouvent au coeur de deux questions technigues
importantes :

(1) les sédiments grossiers réduisent la section deidecollecteurs visitables, ce qui entraine des
opérations de curage colteuses impliquant du pees@oumis a des conditions de travail
pénibles et dangereuses;

(2) les sédiments plus fins sont facilement érodés dem augmentations de débits qui les
remettent en suspension, ce qui peut surchargeagacité des ouvrages de traitement et
induire des rejets d’effluents pollués dans Id#ennk récepteurs.

L'appartenance d’'une particule & l'une de ces ibast dépend a la fois des caractéristiques de la
particule (forme, densité, ..) et de celles dedidement. Or les réseaux d'assainissement sont
constitués de collecteurs dans lesquels les éceulismnsont tridimensionnels et le cisaillement parié
présente de fortes variations dans la directiamstrersale.

Comme une méme particule peut ainsi étre tour attamsportée en suspension, par saltation, par
charriage/ ou tout simplement déposée, la réalisate bilan de polluants dans un collecteur s'avére
tres délicate. Ainsi, différents auteurs montréetistence d’une couche fortement organique située

la surface des sédiments plus grossiers, et I'égparde phénomenes d’arrachage localisés lors
d’augmentation du cisaillement pariétal suite & angmentation de débit. Mais ces phénoménes ne
suffisent pas a expliquer les masses observééslielle de bassins versants. C'est pourquoi leproj
Sonar a pour objectif d’'approfondir les connaisearsur la morphologie des dépdts présents dans les
collecteurs de réseau d’assainissement urbainnetido des caractéristiques de I'écoulement.

Ce rapport comporte

* Un point de bibliographie,

* Un rappel de théorie sur les techniques mises ewree

* Une présentation des installations expérimentales, sites de mesures et des procédures
d’acquisition des données.

* Les résultats préliminaires des premiers essaistefis en réseaux avec le profileur sonar

» Les résultats des essais effectués en réseauxieaypeofileur sonar et un acoustic Doppler
Velocimeter (ADV)

* Une discussion des résultats.

Ce travail a permis de montrer que:

1) Le signal acoustique est réfléchi et atténué derdes maniéres selon la nature de l'interface,
et en conséquence un nouvel algorithme a été diguelo

2) La nature de l'interface est fortement dépendaetiaditesse de I'écoulement,

3) La nature de l'interface modifie la capacité desdss a détecter la « mud flow »,

4) La morphologie des dépdts dépend de la naturedfestsiet de la vitesse de I'écoulement,

5) En présence de vitesse de I'ordre de 0,10 m pandedl a été possible d'observer des dunes
de 3-4 m de longueur d’onde et de 5- 10 cm crététa,

6) Le champ des vitesses est modifié par la préseact& dmud flow”. Généralement, en
présence d'un dépdt sableux et malgré la forteimigdsionnalité de I'écoulement, les
contraintes turbulentes décrivent un profil semlgl@bcelui observé en écoulement a surface
libre alors qu’en présence de la « mud flow » lasstouche visqueuse est plus épaisse, méme
pour des nombres de Reynolds de 'ordre de*gr&gime d’écoulement turbulent).
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Suivi par sonar de la dynamique des
depots en réseau d’assainissement

Les solides présents dans les réseaux d'assaimiassont répartis en une fraction en suspensios dan
I'écoulement et une fraction sédimentée. Ces démbteouvent au coeur de deux questions techniques
importantes :

(3) les sédiments grossiers réduisent la section deidecollecteurs visitables, ce qui entraine des
opérations de curage codteuses impliquant du pees@oumis a des conditions de travail
pénibles et dangereuses;

(4) les sédiments plus fins sont facilement érodés demr augmentations de débits qui les
remettent en suspension, ce qui peut surchargeapacité des ouvrages de traitement et
induire des rejets d’effluents pollués dans lelgennk récepteurs.

L’appartenance d’'une particule & I'une de ces ibast dépend a la fois des caractéristiques de la
particule (forme, densité, ..) et de celles dedidement. Or les réseaux d'assainissement sont
constitués de collecteurs dans lesquels les éceultsngont tridimensionnels et le cisaillement pakié
présente de fortes variations dans la directiamstrarsale.

Comme une méme particule peut ainsi étre tour attansportée en suspension, par saltation, par
charriage/ ou tout simplement déposée, la réadisate bilan de polluants dans un collecteur s’avere
trés délicate. Ainsi, différents auteurs montréeistence d’'une couche fortement organique située

la surface des sédiments plus grossiers, et I'#gparde phénomenes d’arrachage localisés lors
d’augmentation du cisaillement pariétal suite & angmentation de débit. Mais ces phénoménes ne
suffisent pas a expliquer les masses observéésiielle de bassins versants. C’est pourquoi leproj
Sonar a pour objectif d’approfondir les connaissarsur la morphologie des dépots présents dans les
collecteurs de réseau d’assainissement urbainnatido des caractéristiques de I'écoulement.

Ce rapport comporte

* Un point de bibliographie,

* Unrappel de théorie sur les techniques mises ewreg

* Une présentation des installations expérimentales, sites de mesures et des procédures
d’acquisition des données.

* Les résultats préliminaires des premiers essastefs en réseaux avec le profileur sonar

* Les résultats des essais effectués en réseauxleayeofileur sonar et un acoustic Doppler
Velocimeter (ADV)

* Une discussion des résultats.

Ce travail a permis de montrer que:

7) Le signal acoustique est réfléchi et atténué derdas maniéres selon la nature de I'interface,
et en conséquence un nouvel algorithme a été dipelo

8) La nature de I'interface est fortement dépendaatia ditesse de I'écoulement,

9) La nature de I'interface modifie la capacité desdes a détecter la « mud flow »,

10) La morphologie des dépbts dépend de la natureéjgsiet de la vitesse de I'écoulement,

11) En présence de vitesse de I'ordre de 0,10 m panded! a été possible d’observer des dunes
de 3-4 m de longueur d’onde et de 5- 10 cm créréte,

12) Le champ des vitesses est modifié par la préseacta dmud flow”. Généralement, en
présence d'un dépdt sableux et malgré la forteimigdsionnalité de I'écoulement, les
contraintes turbulentes décrivent un profil semiel@bcelui observé en écoulement a surface
libre alors gu’en présence de la « mud flow » lasstouche visqueuse est plus épaisse, méme
pour des nombres de Reynolds de 'ordre de*@r&gime d’écoulement turbulent).



