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« Goal — Relationship between point concentration and sediment load
« Inhomogeneous cross-sectional distribution of suspended sediment
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Procedure of sediment load estimation Darube Trananatiena rograrms

Turbidity
Probe characteristic s,=a s,

Probe factor k.=s,/s
Concentration close to the sensor

Cross-sectional characteristic
Sy=a Sy

Mean concentration
Discharge Qs=5s,, Q

Suspended sediment transport

I 111

t,
Time V, = [Q,(t) dt
t

|@|@|@|@|

Suspended sediment load
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DanubeSediment

* Flow velocity measurements
« Sediment sampling

Expeditionary measurements Cont. monitoring
Moving ADCP 1
T &Fix ADCP : Monitoring
\ E — JL!JVIE —— Jj_ﬁr‘E i Lﬁkj!‘mtlon

¢ Physical
e sampling
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Multipoint sampling — aiericg M

HOW MANY VERTICALS?

« 5-10 verticals along the transect
« 5-10 points along a vertical
* Preparatory survey of typical concentration distribution is needed

Vi O (max)
index ?EJF
’Q'

PERCENTAGE OF SAND
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RELATIVE STANDARD ERROR., IN PERCENT NUMBER OF VERTICALS

(maximum acceptable)
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Multipoint sampling = HOW MANY POINTS?  grueranationterosramne

 Distribution of sampling points along the vertical
* 5-pointed method: 0.05xH, 0.20xH, 0.60xH, 0.80xH, 0.95xH
* 4-pointed method: 0.20xH, 0.60xH, 0.80xH, 0.95xH
« 3-pointed method: 0.20xH, 0.60xH, 0.80xH

0,2*H

0,6*H

0,8*H /
0’95 *H e B,




Isokinetic sampling — IMPORTANT?

©)

* Error of non-isokinetic sampling

v > Vnozzle
c < Cnozzle

............. v
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Danube Transnational Prog ramme

140
\ Standard Nozzle ]
s \ Stream Velocity = 1.5 m/s (5t/s)] |
\ 0.45 mm Sediment
100 \ —=— 0,15 mm Sediment | |
\ - = - 0.06 mm Sediment |—
80 \\ ----- 0.01 mm Sediment  |—
60 \
_2090_1’_11 I
w0 [sediment
"COI’]CGI‘ITTH'[IO n<
20 | ﬁ\
N
0 --~----..-..-.-:.-. - b= ; e {usmameen ——T—
IS il sl )
-20 \\ P —t— .
-40 E.g. slow pumping of fine
sand (0:5x flow velocity)
-50 1 ] 1 1 ||
015 0.2 03 04 0.6 1.0 15 20 30 40 5.0

Mean Intake Velocity
Mean Stream Velocity

Relative Sampling Rate =
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Instruments Danube Tran snatonalpogaﬂrirw:mg

DanubeSediment

* Flow velocity measurements — acoustic methods

* Profile — Acoustic Doppler Current Profiler
» Point — Acoustic Doppler Velocimetry

. Typlcal features:
3D flow velocity vectors along
verticals
* Binsize: 25 cm
* Ping rate: 2 Hz
* Flow velocity range: 0.3-4 m/s
 GPS and /or Bottom Tracking
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* Flow velocity measurements — acoustic methods
» Profile — Acoustic Doppler Current Profiler
 Point — Acoustic Doppler Velocimetry

. Typlcal features:

3D flow velocity vectors in
the measurement point

* Ping rate: 1-64 Hz

* Flow velocity range:
0.01-7 m/s

* Pressure sensor

« Compass
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Instruments

« Sediment sampling (Isokinetic samplers)

* Depth-integrated samplers
« Point-integrated samplers

—-g/,,

US DH-81




O

“lnterreg H

uuuuuuuuuuuu

I n St r u m e n tS Danube Transnational Programme

« Sediment sampling (Isokinetic point-integrated sampler)

e e.g. US P-61-Al
 Well-tested device

« ~47 kg

« V=730ml

Max 4 m/s flow velocity

* Instrument description:
https://water.usgs.gov/fisp/docs/Instructions US P-61-A1 030115.pdf



https://water.usgs.gov/fisp/docs/Instructions_US_P-61-A1_030115.pdf
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Instruments

* Depth-integrated (DI) vs. point-integrated (Pl) sampling

* DI requires less time
* No vertical variation of SSC can be assessed with DI
« Good performance of transit rate at DI is crucial (not constant along a

vertical and not constant along a transect)

T trate =RT
RT = RT # RT, = RT,
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DEPTH, IN FEET

T .
) —C% l Edwards, T.K. & Glysson, G.D. 1999. Field Methods
for Measurement of Fluvial Sediment. Techniques of

Water-Resources Investigations of the U.S. Geological
\\\\\\ Survey, Book 3, Applications of Hydraulics, Chapter
c2.
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Performing the measurements - BRIDGE Danube ransnadonal Pregramme

« Parallel flow measurement and sediment sampling

 e.g. ADV + US P-61-Al

« Carriage, generator, PC, automatic reel, frame

« Sampling time (depends on local flow velocity, volume of sampler), e.g.:
sample volume (ml)

flow velocity (%)

| T(sec) = 0,0561 -




©)

_ interreg H
Performing the measurements - VESSEL Danube ransnadonal Pregramme

« Parallel flow measurement and sediment sampling
 e.g. ADCP + US P-61-Al
« vessel, mounting, PC, reel
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Performing the measurements - VESSEL Danste Trananasions Pregramme

« Example: US Corps of Engineers




Measurement protocol

« Example from a recent project
(SEDDON — AT-HU Interreg)

o/ Oy ,
/“/ creating the future _

SECDON

I suspended sediment measurement
IMeasurement method: Meas. protocol number:
[Sampling device: Date:

elocimeter: Related file name:
River: Project:
Rl Country:
[Gauging station: Water dir.:
[Team:
[Type of measurement: Bridge / Vessel-mounted [ Roped /...
Related measurements: flow velocity, discharge, bed load, ...
Horizental and vertical pesitioning system/method:
[Cross-section of reference point:
Distance of ref. point from bank {left/right] .—.....c.cccc..om Cross-sect. width ..o m
Gauging st.: .. (upstream)

Stage Discharge Water temp. Turbidity Time
Start
End:
Gaugingst: . downstream)
Stage Discharge Water temp. Turbidity Time
Start: - Y | v~ N --h
End: [ (Y | v N --h

Comments:




NS, SEDDON

creating the future
Measurement protocol gt T —

Suspended sediment measurement

M easurement method: I Meas. protocol number:
Date: Team:
River: Project: Comments:
Rlon: Country:
. |Station: Water dir .
« Example from a recent project o

Sample bank Water |Depth of] Sampling | Time of Comments (navigation,

number/ID {Ieftfright) depth | sample pericd sampling ;:EIOI::“: Turbidity|  Stage wolume of sample, .. |
(SEDDON — AT-HU Interreq) '

(m) {m) [m) ecl L hhemm) | oims) ] ofma i) (el
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Laboratory analysis — direct analysis Danube et e

« Several protocols, e.g. BMLFUW (2008, 2017)
« Final result: SSC of the sample in M/L3, e.g. [mg/l]

* Main steps:

«  Drying of membrane filter (of 0.45 um pores ) at 105° C until constant weight, after the drying
the filter is placed in a desiccator, to let the filter cool down

* Mass of the plate and filter is measured (m,)

*  Membrane filter is placed into the filtering device.

«  Sample is poured into the filtering device and its volume is measured precisely (V).

«  After filtering, the membrane filter is dried at 105° C until constant weight, after the drying the
filter is placed in a desiccator, to let the filter cool down

* Plate and membrane filter is weighted again (m,).

*  Dry matter content is: m=m,-m, [mg].

«  SSC=my/V, [mg/l].

i : - |
BMLFUW (ed.) (2008): Schwebstoffe im FlieRgewdsser — Leitfaden zur Erfassung des Schwebstofftransportes.
Bundesministerium fir Land- und Forstwirtschaft, Umwelt und Wasserwirtschaft, Austria, Vienna.
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Laboratory analysis — laser diffraction method g remesenseresamme

e LISST-Portable |

« Laser In-Situ Scattering and
Transmissometry
* Analyzes water samples
using the laser diffraction method
* 44 rings providing a Patrticle
Size Distribution (PSD) in 44 size
classes between 0.34-500 ym
* Volume concentration is given
« Recommended SSC range: 30-1900 mg/I (dilution if higher)
« Fast, provides PSD, can be even used in the field

Particle Size Distribution curve

D30

D50

D10

0.1 1 10 100 1000
Particle size [um]
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Estimation of sediment load Danube TransnationalProgramme

« Calculation of cross-sectional distribution of specific sediment discharge:

Velocity Profile in Vertical 1
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Estimation of sediment load

e Calculation
scheme
(BMLFUW, 2008)

Suspended sediment
concentration profile

S0 [g/m?]

VA g
S
%
A\
[\
Him] |
—————\
\ 4
a)
'y
qsifg/(m*s)]
H[m]
v
d)
Legend [l Rectangle
I Trapezoid
- Triangle

Velocity profile

H[m]
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Danube Transnational Programme

Specific suspended
sediment discharge profile

V. v[n?/s]. So*V[g/(s*"m?)]
I
//
— Hm]
S
v
b) c)

Qu=[ LT 4 (b1.rb) [g/s]

Calculation of total
sediment discharge

Water depth Q, = ;QS' [9/s]
Suspended sediment concentration

Flow velocity

Specific susp. sediment discharge

Total susp. sediment discharge
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Procedure of sediment load estimation Darube Trananatiena rograrms

Turbidity
Probe characteristic s,=a s,

Probe factor k.=s,/s, Sensor calibration

Concentration close to the sensor

Cross-sectional characteristic
S,=a S, Cross-sectional calibration
Mean concentration

Discharge Qs=5s, Q

Suspended sediment transport

I 111

t
Time V, = [Q,(t) dt
t

‘@‘@‘@lﬁ‘

Suspended sediment load
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Cal i b rati O n p ro C ed u re Danube Transnational Programm
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Cal i b rati O n p ro C ed u re Danube Transnational Programm
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ADCP based SS load estimation Danube Tansnaional pesramme

* Relationship between SSC and the so called relative backscatter (pl. Gartner, 2004):

A+B-RB SSC Suspended Solid Concentration
SSC = 10( ) RB Relative Backscatter

A and B  constants, to be calibrated

Backscatter in instrument counts

18
[ | I - y =0.0044x+ 1.4524

El, impulzus szam: 170 175 180 185 190 195 200 205 210 215 220 225 230

R’ =0.6119
1.75 £ 2 *

| | | |
i \ Ll 11..‘J L )
M Jull 2 B— § 17 & g
1 __‘.._.-""I‘ | = 4
s ) § %
—+ B .

ol-.

E ' 1.65
£ W *
- I | ’ ’
] 16 4
. Concurrent measurement verticals _
) 1.55 T T T 1
10§ sln 1:)0 1é0 40 50 60 70 80

I m Relative backscatter (RB)

Gartner, J. W. 2004. Estimating suspended solids concentrations from backscatter intensity measured by acoustic Doppler current profiler in San
Francisco Bay, California. Marine Geology 211 (2004) pp. 169-187 doi:10.1016/j.margeo. 2004.07.001.
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ADCP based SS load estimation Danube Tansnaional pesramme

Theoretical background

RB=RL+2-TL
Reverberation level
RL=K.(E-E,)
Ke received signal strength indicator scale factor known or estimated
E measured echo strength (in counts) measured
E, reference level for echo intensity (in counts), measured

Transmission losses

0.10000

TL=10-log(R) +a-R & w0 =
R slant range from transducer head measured| 5 oo1000 [2a00 Kz |
a absorption of energy by water and % o000 A I
attenuation from suspended sediments s \\\\\ —
estimated =2 000100 —=2a — (1200 kHzE
I Ly \1‘:‘
T 000030 g
. . . o \ > H—
Applied relationship £ 00000 ~_ —LO00 ktz
£ 000003 E— TS
A+B-(K.(E-E,)+2(10-log(R)+a-R Z ——
SSC :10 ( C( r) ( g( ) )) ) 0.00001 ‘

Sediment particle diameter, microns

0 20 40 60 80 100 120 140 160 180 200
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DanubeSediment
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Backscatter in instrument counts

h, m
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ADCP based SS load estimation Danube Transnational Programme

DanubeSediment

Specific sedlment discharge

Flow velocity
b 4 fos kgisin?
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ADCP based SS load estimation panube Trarsationsl gy

« Needs calibration each time (as of now)
 No extra effort is needed is ADCP is used for measurements

« SSC estimation method is developed, even commercial software are
available (e.g. ViSea from AquaVision, already used in GE, AT, HU,
RS)

 Provides detailed cross-sectional distribution of SSC and can be
extended to reach scale

« Supports the better distribution of sampling points for a more
accurate cross-section measurement

 Results can contribute to more detailed numerical model validation
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CO m m e n tS Danube Transnational Programme

« Time demand of multipoint measurement: ~1 day/section
« Heavy sampler requires stable vessel
 Manpower: 3-4

 |ndicative costs:

« ADCP: ~30K EUR
« OBS: ~5K EUR
*+ US-P61-Al + reel: ~12K EUR

* LISST-Portable: ~32K EUR
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— Good practices in BL monitoring



