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Abstract:

Sedimentation along with consolidation processes dictate the in situ engineering and
hydraulic behavior of a particulate system such as soil. With this in view, the present
investigation discusses about the application of dielectric measurements in relation to
sediment concentration measurements for fine grained soils. An in-house set up comprising
of open ended coaxial probes and vector network analyzer has been used to measure the
dielectric behavior of kaolin suspensions in tap and deionized water. These have been further
analyzed to furnish suspended sediment concentration, pore water conductivity and shape
factors utilizing Complex Refractive Index Model (CRIM) and Bruggeman—Hanai—Sen
(BHS) model, through the implementation of an optimization scheme. Furthermore,
measured and estimated suspended sediment concentrations showed good agreement with
each other in terms of statistical parameters, and a ranking of models approach reliant on
three statistical criteria revealed that, CRIM outperforms BHS model for estimating sediment

concentrations.
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1. INTRODUCTION

Weathering of rocks, and subsequent deposition of uncemented aggregates at their sites of
origin (residual deposition), or in places far from their origin (transported deposition via air,
water, gravity etc.) lead to formation of geomaterials. In general, the tendency of particles to
settle down in a suspension, which is either controlled by particular self-weight as in.case of
coarse grained soils, or by a critical combination of inter-particle attractive and repulsive
forces as in case of fine grained soils [1], is commonly known as sedimentation [2].
Sedimentation behavior of clay mineral rich materials such as kaolinite, bentonite etc. are
particularly of interest to fraternities in colloidal chemistry and soil science, as these materials
are primarily made up of fine reactive particulates.

The reactive nature of clay minerals may be ascribed to unsatisfied ion valences, and
presence of net negative charges on the surface. As such, during the process of sedimentation,
clays might attain either dispersed or flocculated state depending on the dominant
interparticular force. Fine grained clay mineral suchas kaolinite, illite, montmorillonite [3,4]
rich depositions existing undisturbed for a long period of time tend to adopt either an ‘edge to
face’ (in non-saline pore fluid) or ‘face to face’ (in saline pore fluid) flocculated
configuration which attributes to their high strength and permeability with low collapsibility
[5,6]. Therefore, sedimentation along with consolidation processes dictate the in situ
engineering and hydraulic behavior of a particulate system such as soil. As such, application
of sedimentation in geoengineering prospective pertains to delineation of ‘soil’ as understood
in conventional geotechnical engineering in a dispersion system [7], mechanism of strength
development in soil deposits [8], landfill technology [9], metal recovery from laterite slurries
[10], mine tailing dams [11], management of fine fractions [12] and dredged material form
portsand harbors, borehole stability, etc.

In an aqueous media, settling velocity is one of the characteristic properties of the sediment,
which is reliant on the properties of the media such as density & viscosity, along with
particular properties such as size, shape, density and concentration/ number [13].
Furthermore, sediment concentration measurement and monitoring is also used as a tool for
predicting erosion in moderate slopes [14], for estimation of contaminant, nutrient and metals
carried by sediment loads in rivers [15,16] and forms an significant aspect pertaining to
channel navigability, longevity of hydroelectric equipment, fish habitat [17]. Moreover,

applications also extend to several major applied sciences and engineering fields such as



metallurgical engineering [18] ,biological sciences [19], ceramic engineering [20], chemical
processing [21], hydrogeological engineering [22] etc.

Although, measurement of suspended particular/sediment concentration can be carried out
either by direct sampling [23,24] or through indirect surrogate methods [25-27], the later ones
are usually preferred owing to the spatial and temporal variability, labour, expense and
several other difficulties associated with the former one [26,28]. Acoustic methods rely on
the strength of the back scattered signal from sediments incident with high frequency sound
waves from transducers, to estimate particle size and concentration. While the method
provides appreciable spatial and temporal resolution, converting the back scattered signal to
sediment properties is rather difficult [25]. Laser signals can be used either by the focused
beam reflectance [29] or laser diffraction [30] technique. Both the methods are independent
of particle sizes. However, they are quite expensive to be implemented, and are intrusive to
the flow. For sampling over broad areas, the amount of reflected radiation measured by a
spectrometer can be linked to concentration of suspended sediments [31]. However, spectral
reflectance method suffers from limited resolution of measurement and particle size
dependency. Recently, Chung and Lin [32], Lin et al. [28] proposed an improvised technique
for suspended sediment concentration (SSC) measurement through time domain
reflectometry (TDR) method, which can also be used to measure porosity in granular
materials [33], soil moisture measurement [34] etc. The method is based on classic flight time
interpretation of a TDR waveform in combination with biphasic (water-sediment suspension)
volumetric mixing equation (Complex Refractive Index Model, CRIM) [35,36]. This method
is economic and provides an improvised range and resolution.

However, TDR measurements present several limitations. The analysis is based on the
determination of effective parameter, computed from the TDR waveform, such as effective
permittivity &£, . It is well known that the dieletric permittivity of soil is a complex quantity
and is frequency depandent [37]. In this context, the amount of informations accessible by
TDR method is considerably reduced. Furthermore, this apparent permittivity is dependant on
many factors such ase probe design, cable resistivity, cable length etc. [38,39]. Also, a
specific calibration has to be performed for each type of sensor which in turn multiply the
number of measurements.

In view of the above, we propose a dielectric spectroscopy based approach in frequency
domain to measure suspended sediment concentration for fine-grained porous media. The
primary driveway for the investigation is to combine frequency domain measurements in

microwave range [40] with bi-phasic mixing equations [41] in an optimization scheme to



achieve simultaneous and multi parameter estimations. Different mixing models are tested
and systematically compared (CRIM, Bruggeman Hanai Sen model) in order to achieve SSC
and pore water conductivity [42,43] estimations.

2. MATERIALS AND METHODOLOGY
2.1 Materials

For the present investigation, a commercial grade kaolin (Eckalite-1) procured from an
Australia based business was used.

2.1.1 Physico-geotechnical characterization:

Particular composition of the kaolin was determined by wet analysis through laser diffraction
measurement using a particle size analyzer (Malvern Mastersizer2000 MU). In a suspension,
the mastersizer determines volume of different sized particles present from measurement of
light scattering of particles. This method provides a rather continuous, fast and accurate
measurement, and is advantageous over conventionally used hydrometer analysis for
establishing particle size distribution curve (PSD) of kaolin [44]. PSD of kaolin, as an
average of 5 sets of measurements, is reported in Fig.1. As shown in Fig. 1, the sigmoid
shaped PSD reveals, uniformity. coefficient (C,=Dgo/D10) and coefficient of curvature (C.=
Dao’/ DeoxD1o) of the kaolin sample‘are 5.1 and 1.1, respectively. Therefore, it is well graded.
Furthermore, clay sized fraction (<2um) and silt sized fraction (>2um, <63um) in the sample
were observed to be 6% and 91%, respectively. Occurrence of large proportion of silt sized
fraction may be attributed to flocculation [45]. Moreover, consistency limits and specific
gravity of kaolin were determined as per the relevant codal provisions and are summarized in
Table 1 [46].

2.1.2 Chemo-mineralogical characterization:

Upon subjection to X-ray diffraction and total elemental microwave digestion, it was
identified that the kaolin sample has 72.7% of reactive clay minerals (52.7% kaolinite and
20% Illite-mica) [46]. Total Specific surface area (total surface area per unit dry mass of
soils) of the sample determined with BET and single point differential method is 16.86 m?/g
[46]. Furthermore, cation exchange capacity (amount of exchangeable cations that soil can
accommodate) of the sample determined by means of silver thiourea methods is 26.5

meq/100g [46]. These parameters indicate that, the sample is rich in reactive minerals, and is



expected to undergo changes in geotechnical parameters when subjected to alteration in
concentration of pore fluid.

2.2 Methodology
2.2.1 Measurement of dielectric properties of the material:

An in-house setup involving open ended coaxial probes and a vector network analyser [47]
has been used to establish the frequency dependent dielectric response [48] of the material.
The vector network analyser (VNA) as represented in Fig. 2, sends through incident signals
from the port(s) followed by receiving and processing back the reflected and (or) transmitted
signals from the material under investigation; the ‘to’ and ‘fro’ signals are correlated with

scattering parameters [46].

In order to minimise the systematic errors, Open, Short, Load calibrations were performed
during a one port measurement based on open ended coaxial probes [49]. The in house probe
was made out of a ‘N’ type connector with diameter of outer and inner conductor as Smm and
3mm, respectively, which is housed inside a sample holder of 70 mm diameter (Fig.3). Based
on a bilinear relationship, scattering function (Si1;) is correlated to the relative complex

permittivity (¢ rer) as per Eq. 1 [50]:

C, (a))o Sll(a))_ C, (a))
C, (a))— Sll(a))

*
E reff =

(1)
where, w is the angular frequency and c; are the complex calibration constants evaluated from
Open-Water-Liquid (OWL) calibration suggested by Wagner et al. [51]. Designating O, W

and L in superscripts for the parameters associated with Open (air), Water and Liquid,

respectively, following system of Eq. can be written based on Eq. 1.
1
S Wll(a)) (2)

In a matrix form, Eq. 2 can be rewritten as:

Slol(a)) -1 - S*Or,eﬁ (a)) Cl(a)) - 8*Or,eff (CU) ° Sﬁ((())
(@) —1 —&™re (@) || Cy(@) ] =] —&™r et ()0 S"11(w) (3)
S'u(w) -1 —&™rei (@) cy(@)] | —&™rer (@) Stis(@)



Frequency dependent measurements for air, deionised water and methanol were used to
determine c;in Eq, 3. For air, a value of permittivity equal to 1 over the whole frequency was
used. Deionised water has been extensively studied in literature over last decades. It has been
shown that the frequency dependent dielectric permittivity [52] can be modelled with-a
Debye function (Eq.4).

Ag, (T)

gu(@T) = (D% M)

(4)
where, &, denotes the high frequency limit of real part of the relative permittivity, relaxation
strength Aey = & - &, with quasi static real relative permittivity es-and the relaxation time Ty,
The temperature dependent relaxation strength Ag,, and €., are computed according to Ellison
[53], whereas temperature dependent dielectric relaxation time 1y, IS calculated according to
Kaatze [54].Finally, the frequency dependent permittivity of methanol as a function of
temperature was computed from the extensive data base presented in Gregory and Clarke
[55].

Performance of the calibrations were further appraised with other standard liquids (tap water,
ethanol etc.), and a satisfactory estimation of relative complex permittivity was obtained for
50 MHz - 3GHz range.

2.2.2 Sample Preparation:

Prior to the test, kaolin samples were kept inside an oven at 60°C for 24 hr to eliminate any
initial residual moisture. Masses of the kaolin sample needed to achieve several target
concentrations in deionised water and tap water, as detailed in Table 2, based on a sample
container of 60 ml volume was calculated. After adding the required mass of kaolin, the
containers were filled with the respective solvent, shaken well and stored for a period of 24
hr. Just before testing the samples, the containers were shaken well again and poured into the
the sample holders fitted with previously calibrated dielectric probes (Fig. 3), to record the
frequency dependent dielectric response. With a handheld multi parameter measuring device
(Oakton™ PCSTestr 35), electrical conductivity (os), total dissolved solid (TDS) and
salinity of the suspensions were measured. Fig. 4 (a), (b) and (c) reveal that, with increase in
kaolin concentration in the suspension, 6sp, TDS and salinity increase. After the dielectric and
characterization measurements, samples were put back inside the oven, and concentrations of
all the suspensions were measured through gravimetric method. Fig. 5 (a) and (b) present a

plot between target and measured concentration of kaolin in deionized and tap water. It is



observed that, both are close to each other with majority of data points lying on and vicinity
of 1:1 line. This validates the target concentrations match with the achieved measured
concentration confirming the eligibility of the chosen procedure.

2.2.3 Broadband electromagnetic modeling approach:

It is worth mentioning that electromagnetic methods in general provide a means to perform
indirect soil characterization by correlating the electric permittivity and the targeted soil
parameters. To do so, different approaches are available: empirical calibration, relaxation
model and theoretical mixing rules. Empirical calibrations are widely used in Time Domain
Reflectometry application, with the classic and well known examples of the determination of
water content from apparent permittivity with Topp et al. [56] s approach. As explained
before, the major drawback of the method is that, this calibration is specific to a material and
a sensor. Moreover, the correction of temperature on apparent permittivity computed from
TDR waveform with empirical calibration remains challenging [57,58]. Relaxation models
have been widely used for soils [59,60] or suspensions [61] to model the spectrum as a sum
of relaxation processes along the frequency bandwidth. The parameters for each process are
computed by matching the spectrum and the model. Although this method presents
statistically good results in terms of fitting, the attribution to each relaxation process to
physical phenomena is still debateable [62]. Moreover, relaxation model offers a powerful
tool to probe the interaction between water and solid phases through relaxation processes, but
it remains complicated to directly link relaxation parameters with state parameters such as
water content or porosity. Theoretical mixing equations consider the soil as a porous medium
consisting of solid particles, pore air and pore water phases. The electric permittivity of each
phase can be computed independently, whereas the dielectric properties of the soil is
computed according to a mixing rule [63, 64]. The major advantage associated with this
method is the ability to take into account the frequency and temperature dependency of
individual phases. Moreover, the mixing equations allow the dielectric properties of the soil
to be expressed as functions of state parameters such as water content and porosity. Although,
simplification of the soil structure as well as the difficulty to integrate interaction between
individual phases [65] is a known drawback, in the case of suspensions, only water and solid

phase exist which considerably simplifies the formulation.

For the pore water, a modified Debye model [66] was used to take into account the

temperature and frequency dependency:



Aey (T) .oy (5)
1+ jor, (T) ~we,

&y (0T, 0,)=¢,(T)+

where ow is the direct current conductivity. Please note that the modified Debye preserves the
classic Debye model (Eg.4) with a direct current contribution to take into -account
conductivity loss. Thus, the same notation and temperature dependant functions are used
here.

The dielectric response of solid phase is assumed to be independent of frequency and
temperature, and the electric permittivity of solid phase & is derived from solid density pg
with Eq.6 [67].

&s = (1.01+0.44.p, )% —0.0062 ®)

Finally, the dielectric properties of the suspension can be computed with the following

equations

)(1/ 0.5)

(7)

Ecam (N, &, T, pg, 0 ) = (n(gw )0-5 +(1—n).(&s )°%°

(gs . (a),T,n,pG,O'W)J[ Ew J _n ®)

s — &y &ans (@, T 0, p5,0)

where, n the porosity which can be linked to the concentration with the following relation:
@d-n)ps =c (9)
2.2.4 Optimisation scheme:

In this framework, the unknown parameters of the models were derived by fitting the
computed spectra in an optimization scheme. A Monte Carlo Markov Chain (MCMC)
algorithm was used to obtain the best fit [35,68]. In this algorithm, for the unknown
parameters, a series of MCMC samples following a Gaussian-likelihood-based posterior
distribution are generated by using a Gibbs sampling method [69]. Then, posterior-mean
parameter estimations, obtained by averaging over these samples, are used to get the best fit
between the measurements and outputs of the modelling through Eqg. 7 and 8. The needed

information is a lower and upper bound and a starting guess for each of the parameters.

In the case of CRIM, 2 parameters were computed: the concentration ¢ and the pore water

conductivity ow; whereas in the case of BHS model 3 parameters were determined: the



concentration ¢ and the pore water conductivity ow and the exponent a. Please note that the
temperature was measured during the test and used here as input (temperatures were ranging
23°C t0 25.3°C).

2.2.5 Ranking of Models:

In order to evaluate the relative efficacy of the CRIM and BHS model in prediction of
concentration of suspensions, a ranking system reliant on several statistical parameters
through three criteria [70] has been used. In this method, each model is assigned a numeric
rank (1 or 2) adjudged for each set of statistical criterion. Ranking Index (RI) of the model is
worked out as the sum of its ranks resulting out of individual statistical criterion. The model
with the smallest RI is the best model or holistically ranked highin terms of prediction

efficiency.
The three sets of statistical criteria used are described in brief below:

e Criterion 1: (R1), Based on coefficient of determination (R) and Nash-Sutcliff coefficient

of efficiency (E)

Coefficient of determination (R) has been shown to be a biased estimate of efficacy of
a model [71]. Therefore, Nash-Sutcliff coefficient of efficiency (E) based on Eq. 10 is

also used in performance assessment of the model.

E=1— Z(CI — Ci,est (10)

2(C ~Crea)

where, Ci, Ciest and Crean are the observed concentrations, estimated concentrations

and mean concentration of suspensions respectively. Models are ranked based on
closeness of R and E values to 1. Models with closest R and E values to 1 are ranked

higher than the others.

e Criterion 2: (R2), Based on mean (u) and standard deviations (SD) of the ratio of

estimated to observed concentrations

An estimation model, under idealised conditions, produces estimates such that the
mean (W) and standard deviations (SD) of ratio of estimated to measured values are
1.0 and 0, respectively. p values >1 and <1 signify over and under prediction,
respectively [72]. Based on the above concept, the model having p and SD value

close to 1.0 and 0, respectively, is ranked higher than the other one.



e Criterion 3: (R3), Based on the cumulative probability of the ratio of estimated to observed

concentrations

Under this criterion, ratio of estimated to observed concentrations are sort in
ascending order and plotted against the cumulative probability (P) calculated as per
Eq. 11.

i

P = 11
m+1 (1)

where, i and m are order numbers assigned to ascendingly sort ratios of estimated to
observed concentrations, and number of observations; respectively. Ratios of
estimated to observed concentrations corresponding to 50% and 90% cumulative
probability are referred as Pso and Pgo, respectively. Psq is a signifier of under/over
prediction for a model and Pgo implies alteration of ratios of estimated to observed
concentrations over the total observations. The model having Pso and Pg closest to 1
is ranked higher than the others.

Eventually, Ranking Index (RI) is expressed as the sum of the ranks arising out of individual

criterion (Eq.12), and the model with least RI is considered to be the best model.

Rl =R1+R2+R3 (12)

3. RESULTS AND DISCUSSION

Fig. 6(a) represents the comparison between the measured relative effective complex
permittivity ¢ reff(e) for kaolin mixed with tap water and the best fit obtained with MCMC
algorithm for CRIM and BHS model. Fig. 6(b) represents the corresponding quantity for
kaolin mixed with deionized water. To ensure clarity for both pictures, only a selection of the
data for'5 samples in each case is shown.

The spectrum presents typical pattern for suspensions. The real part is almost independent of
frequency. Nevertheless, for frequencies between 50 MHz and 1 GHz, a systematic
relationship between concentration and real part of permittivity can be observed (the highest
value of real part of permittivity is obtained for the lowest concentration and vice versa). Real
part of the permittivity at 500 MHz versus concentration is plotted in Fig 7(a) and (b) for
kaolin with tap water and DI water, respectively. It is interesting to note that a liner
relationship with good statistical correlation (R=0.9991 and 0.9962, respectively) can be

observed for both sets of measurements. The imaginary part of the spectra is mostly



dominated at low frequency (between 50 MHz and 200 MHz) by a strong direct conductivity
contribution. Higher values of the imaginary part can be observed for kaolin mixed with tap
water due to salinity losses. Above 1 GHz, the imaginary part started to increase, which can
be related to the ‘tail’ of the free water relaxation. Similar type of behavior have been
observed in different studies; for example, organically modified bentonite suspensions were
investigated with dielectric spectroscopy [61] over the 200 MHz — 1.2 GHz frequency
bandwidth, and a linear relationship between permittivity at 200 MHz and porosity (or
concentration as per Eg. 9) was observed. Other studies on clays suspensions noted a similar
kind of behavior [73,74], but mostly focused on relaxation behavior.

The parameters estimated with CRIM and BHS model for both sets of measurements are
presented in Figs. 8, 9 and 10. From Fig. 8, it is evident and clearly observed that the
measured and estimated concentrations by either of the models are in close agreement with
each other in terms of statistical parameters and fall in between 95% of confidence and
prediction bands. As can be seen from Fig. 9 (a) and (b) the electrical conductivities
increased with increase in concentration of both liquids. Samples in tap water yielded
naturally a higher pore water conductivity, which followed an increasing trend with increase

in concentration.

It is worth reiterating that for CRIM, a is fixed to be 0.5 (refer to Eq. 7). For the BHS model,
the shape factor o (refer to Eq. 8) varied with change in concentration, and this is presented in
Fig. 10. The values obtained for « ranges from 0.3 and 0.45 (except for KT1 where shape
factor is close to 0.1). BHS model can also take into account the influence in shape and
orientation of particles shape through the shape factor: o=1/3 corresponds to spherical
particles, 0 <@<1/3 corresponds to prolate spheroids and 1/3 < a< 1 corresponds to platy
spheroids [75]. A general assumption is to consider spherical particles and thus to fix o equal
to 1/3 (Sen et al. 1981). The obtained values in this study are mostly higher than 1/3 (only
KT1, KT2, KD1 and KD2 are below 1/3). This would mean that the solids particles are more
likely to have a shape of platy spheroids. Nevertheless, a systematic analysis involving
microstructural characterisation and analysis alongside would be required to investigate this

aspect, which is beyond the scope of this paper.

From Fig. 11 (a), a nearly linear relation between the measured electrical conductivity of the
suspension ogsp and estimated electrical conductivity of the water phase o, can be observed
with increase in concentration. This is due to the fact that, oy attributes towards the electrical

conductivity of the suspension, osp.



As described in the previous section, a ranking analysis was performed, and is summarized in
Table 3 to ascertain the relative performance of CRIM and BHS in estimation of the
concentration of the suspension. As it can be observed from table 3, CRIM performs better
than BHS model for best fit calculations for estimation of concentration of kaolin in tap
water. However, BHS model outperforms CRIM in best fit calculations for the corresponding
quantity in DI water. Moreover, CRIM performs statistically better than BHS model in terms
of u (closer to 1) and SD (closer to 0) for the ratio of estimated to observed concentration of
kaolin in tap and DI water. Fig. 12 presents cumulative probability plots for the ratio of
estimated (CRIM and BHS model) to measured concentration of kaolin in tap water and DI
water, respectively. From Fig. 12 and Table 3, it can be noted that Psp and Py of estimated to
measured concentration of kaolin in tap and DI water are closer to 1 for CRIM. Considering
all the three statistical criteria, holistically, CRIM is observed to perform better than BHS

model for the estimation of suspension concentration.

4. SUMMARY AND CONCLUSIONS

This paper introduced and discussed the application of dielectric measurements for

determining the suspended sediment concentration of suspensions.

e With the help of an in-house set up comprising of open ended coaxial probes and
vector network analyzer, dielectric behavior of kaolin suspensions were measured,
which were then analyzed to furnish suspended sediment concentration, pore water
conductivity and shape factors.

e CRIM and BHS model were employed to achieve the above mentioned objective
through the implementation of an optimization scheme. A linear relationship was
observed between real part of the dielectric permittivity at 500 MHz and the
concentration. Moreover, real part of the dielectric permittivity is shown to be almost
independent of frequency and to reduce with increase in concentration at any given
frequency. At low frequencies, higher concentrations yielded higher loss, and thus
higher values of imaginary part of the dielectric permittivity.

e Furthermore, measured and estimated suspended sediment concentrations showed
good agreement with each other in terms of statistical parameters. A ranking of the
models reliant on three statistical criterion revealed that, CRIM performs better than

the BHS model in the studies reported herein.
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Tables

Table 1: Geotechnical parameters for kaolin (Schwing 2015)

Liquid limit | Plastic limit Shrinkage - ) Plasticity index
o Specific gravity
(%) (%) limit (%) (%)
89.95 35.66 34.76 2.615 2.615

Table 2: Sample designations as per the target concentrations

Sample designation

Target concentration (g/cm®)

Solvent phase

Tap water | Deionised water
0.005 KT1 KD1
0.010 KT2 KD2
0.025 KT3 KD3
0.040 KT4 KD4
0.050 KT5 KD5
0.075 KT6 KD6
0.100 KT7 KD7
0.110 KT8 KD8
0.125 KT9 KD9
0.150 _ KD10
0.175 KT11 KD11
0.200 KT12 KD12
0.225 KT13 KD13
0.250 KT14 KD14




0.275 KT15 KD15
0.300 KT16 KD16
Table 3: Ranking of Models
Statistical

Solvent

Best fit calculation

calculations for the
ratio of estimated
to measured

Cumulative probability
of the ratio of
estimated to measured

Overall rank

Model .
phase concentrations concentrations
Final
R E R1 m SD | R2 Pso Pso R3 | RI

rank

Tap CRIM | 09989 | 09193 | 1 | 1.211 |0.120 | 1 | 1.17 1.42 1 3 1%
water BHS | 0.9981 | 0.8849 | 2 | 1.269 | 0.212 | 2 1.21 1.64 2 6 2"
DI CRIM | 0.9950 | 0.9026 | 2 | 1.154 [0.123 | 1 | 1.11 1.40 1 4 1%
water BHS | 0.9949 | 0.9212 | 1 | 1.186 | 0.139 | 2 1.12 1.46 2 5 2




Dielectric Spectroscopy Measurements on Kaolin Suspensions for

Sediment Concentration Monitoring

Highlights

e Dielectric spectroscopy aided suspended sediment concentration monitoring

e Correlations among frequency, permittivity and suspended sediment concentration
e Dielectric mixing equations for estimating suspended sediment concentration

e Statistical ranking model for judging relative efficiency of the mixing equations



