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ABSTRACT

Natural water bodies mostly contain cations, and the type and content of these cations are the main factors
affecting the flocculation of fine-grained cohesive sediments and the floc sedimentation rate at the interface between
clear and turbid water. From the microscopic aspect, this study examined the changing patterns of porosity and the
fractal dimension of the flocs of fine-grained cohesive sediments. Sedimentation experiments under different sediment
contents and electrolyte conditions were conducted, and microscopic images of the flocs were analysed using Image-
Pro Plus (IPP) and MATLAB based on the fractal theory. From the macroscopic aspect, this study experimentally
investigated the flocculation and sedimentation of fine-grained cohesive sediments and proposed a sedimentation rate
equation by introducing an ion concentration-related parameter into an existing sedimentation rate equation (stagnation
zone) based on the adsorption isotherm equation. The equation proposed in this study was validated with measured
data. The calculated values were in good agreement with the measured values, with a relative error of 16%. The
findings of this study provide a reference for further research on the flocculation and sedimentation of fine-grained
cohesive sediments in different water bodies.
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1. Introduction

The Yellow River carries a higher proportion of
sediment than water. Due to the mismatch between
water and sediment fluxes, the Yellow River is famous
for its high proneness to siltation, levee breaches, and
channel migration. Water and sediment changes have
always been a focus and challenge of fluvial research.
Sediment-laden rivers often carry a certain proportion
of cohesive sediment. Compared with noncohesive
sediments, fine-grained cohesive sediments has special
electrochemical properties and are thus highly prone to
form flocs in water . Sediment flocculation and sedi-
mentation have important effects on sediment transport,
lake water quality, siltation in reservoirs and canals,
and migrations of channels and estuaries of the Yellow

1 Therefore, research on the flocculation of co-

River
hesive fine-grained sediment is of great importance for
analysing changes in riverbed erosion and siltation and
improving the ecological environment of water bodies.
According to the basic principle of flocculation,
small particle size is the basic condition for sedi-
ments to form flocs, cations are the fundamental
driver for floc formation, and the ion concentration
also determines the degree of flocculation and floc
size P!, Some studies have investigated the effects of
different cation types and concentrations on sediment
flocculation and sedimentation. For example, Wang
et al. """ have experimentally demonstrated that
flocculation is more likely to occur in an ion-rich en-
vironment than in a freshwater environment and that
the ions with higher valence are more likely to cause
flocculation. Qiao (121 Zhang 3 and Lee et al. '
introduced the Extended Derjaguin-Landau-Ver-
wey-Overbeek (XDLVO) theory in colloidal chem-
istry into the 3D lattice Boltzmann model of particle
sedimentation and used numerical simulation to an-
alyse the effect of salt ion concentration on the sedi-
mentation of fine-grained cohesive sediments. These
studies have found that increasing salinity in fresh-
water environments is more likely to produce floccu-
lation and that as the salt ion concentration increases,
salt ions initially appear to promote the flocculation
of sediments and the formation of larger flocs. How-
ever, when the salt ion concentration exceeds a cer-

tain value, a counter-ion layer is formed on the outer
surface of fine-grained sediment, thus inhibiting

sediment flocculation "

, and consequently, the fine-
grained sediment tends to be stable and deposits only
due to its own weight. Through MATLAB program-
ming, Chai et al. " reconstructed the 3D images of
the fine-grained sediment flocs with the grey values
of the SEM images using MATLAB’s surf function
(with the pixel positions in planar images as X and
Y axes and the grey values of images as Z axis),
calculated the 3D fractal dimension of the flocs
using the box-counting method through MATLAB
programming, and deduced an equation for the floc
sedimentation rate of the fine-grained sediment at the
interface between turbid and clear water during hy-
drostatic sedimentation based on the calculated 3D
fractal dimension of the without incorporating an ion
concentration-related parameter.

In summary, many studies have investigated the
effect of cation concentration on sediment floccula-
tion and sedimentation. However, only a few studies
have analysed the structural characteristics of flocs,
and most of these studies segmented the images of
flocs through the single-threshold method "'”, which
resulted in a certain subjectivity. In addition, there
are relatively few studies on the flocculation and
sedimentation of fine-grained sediment from the
perspectives of floc porosity and fractal dimension.
To this end, this study used Image-Pro Plus (IPP),
which is an image processing software that can di-
rectly import the floc images obtained by microsco-
py to extract the floc features, use the scales in the
microscopic images for spatial scale calibration, and
automatically track and measure object properties,
thus reducing the influence of human error during
image processing and improving the accuracy of the
results. Furthermore, this study used MATLAB to
analyse the effects of different cation concentrations,
sediment concentrations, and electrolyte strength
on the flocculation and sedimentation of cohesive
sediments based on the fractal theory and then es-
tablished a sedimentation rate equation for cohesive
sediments incorporating an electrolyte concentra-
tion-related parameter based on the analysis results.
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2. Materials and methods

2.1 Experimental equipment

The main equipment used in this experiment in-
cluded an AE200 electronic balance, a graduated
cylinder (1000 mL), a beaker, a syringe, a pipette, and
a dropper. A Winner-2008A fully automatic wet laser
particle size analyser was used for sediment sample
grading, and an Olympus BX51 fluorescence micro-
scope was used to capture the floc images. The images
were then analysed and measured with IPP, which is
an imaging software that can automatically track and
measure the properties of imported objects, thus im-
proving the image processing accuracy compared with
the currently used image processing methods and re-
ducing subjective human errors, allowing the internal
structures of flocs to be better analysed and processed.

2.2 Experimental materials

The cohesive fine-grained sediment samples used
in this experiment were sampled from the surface
silt (0-20 cm) of the Haibowan reservoir during
the implementation of the Reservoir Ecological
Management Pilot Project of the Haibowan Con-
servancy Hub over the Yellow River in April 2020.
Litter impurities and coarse grains were removed
from the cooled and air-dried sediment. Before the
experiment, a 0.074-mm standard sieve was used to
remove large sediment particles and impurities, and
then the sedimentation method was used for further
sorting and sampling. The grading curves of the sed-
iment samples were measured using a HELOS/OA-
SIS intelligent, fully automatic, full-range dry laser
particle size analyser, and the median particle sizes
of the sediment samples were 0.01 and 0.02 mm, as
shown in Figure 1.

2.3 Experimental methods

Hydrostatic sedimentation experiment

The experiment was carried out in a graduated
cylinder with a height of 30 cm, a diameter of 6 cm,
and a volume of 1000 mL. Before the experiment, a

scale ruler was attached to the outer wall of the grad-
uated cylinder to record the position of the interface
during the sedimentation, and then deionized (DI)
water, quantitative cation concentration electrolytes
(Na’, Ca™', A13+), and quantitative sediment sample
concentrations (50 kg/m’, 70 kg/m’, 100 kg/m’, 150
kg/m’) were added. The solution was fully stirred
with a stirrer for approximately 1 min to evenly dis-
tribute the sediment. The distance and time of the
uniform sedimentation section at the interface of
clear and turbid water were recorded, the uniform
sedimentation rate of the floc was calculated, and the
changing pattern of the sedimentation rate was ana-
lysed. The specific experimental process is shown in
Figure 2.
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Figure 1. Experimental sand grading curve.
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Figure 2. Experimental instrument and workflow diagram.

Collection of floc samples

When collecting floc samples, to completely
obtain the floc structure that is easily broken, a pi-
pette with a larger inner diameter was used to gently
transfer the flocs from the graduated cylinder to the
glass slide. Subsequently, the slides were placed into
a freezer for 8 hours and then freeze-dried, and the
dried floc samples were used for follow-up research.
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The sampling temperature was controlled at 15 + 1
°C to reduce the effect of temperature on sedimenta-
tion, and each test was repeated three times.
Image data extraction and analysis

In image data extraction and analysis, the sin-
gle-threshold method is commonly used to segment
the floc image """ In this paper, a BX51+DP70 mi-
croscope was used to scan and observe the floc sam-
ples, and the microscopic images of flocs at different
magnifications (10, 20, and 40 times) were compared
and analysed. Finally, the microscopic images at a
magnification of 20 times were used for subsequent
studies (Figure 3). First, [PP software was used to
adjust the image to greyscale, adjust the brightness
and contrast of the image, weaken the image back-
ground, and strengthen the floc boundary (Figure 4),
and then the image processing function in the soft-
ware was used to analyse the floc diameter, area, and
perimeter and the pore diameter, area, and perimeter
of the floc to calculate the floc porosity (Figure 5).
The 2D digital images of the flocs formed under dif-
ferent conditions were analysed with the box-count-
ing method through MATLAB to calculate the frac-
tal dimensions and to analyse the changing pattern of
the fractal dimensions of the flocs.

WX20 . 2 um - 1

Figure 3. SEM image of the flocs (20x).

Figure 4. Floc image after IPP treatment.
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Figure 5. Data extraction.

3. Results and analysis

3.1 Analysis of floc sedimentation rate

Analysis of the change in the sedimentation rate of
flocs with different particle sizes

The physical and chemical properties of sediment
particles are the decisive factors for water and sed-
iment control in the Yellow River, and the median
particle size is the most important parameter !'*).
Therefore, this paper mainly studied the sedimenta-
tion of flocs formed by sediments with different par-
ticle sizes when other conditions are fixed.

According to the test results of sediment samples
(1) and (2) under the same initial sediment content
and electrolyte conditions, the sedimentation rate
curves of flocs formed by sediments with different
particle sizes were obtained, as shown in Figure 6.

Figure 6a indicates that when other conditions
are fixed, the sedimentation curves of flocs formed
by sediments with different particle sizes with the
change in sediment concentration almost overlap, but
as the particle size increases, flocculation decreases,
and the floc sedimentation rate decreases, mainly be-
cause the finer the sediment particles are, the larger
the specific surface area, and the easier the adhesion
between the sediment particles.

When the sediment content is 150 g/L, the fluctu-
ation range of the sedimentation rate of flocs formed
by sediments with different particle sizes is not very
large. Alternatively, when the sediment concentra-
tion reaches a certain value, the change in particle
size can be considered to have little effect on the floc
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sedimentation rate.

Figure 6b reveals that when other conditions
are fixed, the sedimentation rate of flocs formed by
sediments with different particle sizes increases with
increasing electrolyte concentration, mainly because
with increasing electrolyte concentration, the poten-
tial of sediment particles gradually decreases; that
gradual decrease is conducive to mutual bonding
between particles, and the change in electrolyte con-
centration plays a major role in the sedimentation of
cohesive sediments. When the electrolyte concen-
tration is too large, the decrease in the floc sedimen-
tation rate of sediment sample (2) is faster than that
of sediment sample (1). The preliminary analysis
indicates that when the electrolyte concentration
exceeds a certain value, the effect of electrolyte on
flocculation decreases, and the formed flocs capture
the surrounding sediment particles in the sedimen-
tation. The smaller the particle size is, the larger the
specific surface area and the stronger the adsorption
effect, which supports the electrochemical properties
of fine-grained sediments "),

In summary, the effect of sediment particle size
on floc sedimentation is not independent but depends
on the electrolyte strength, initial sediment content,
and cation valence. When the particle size of the
sediment is less than 0.01 mm, the physical and
chemical effects on the particle surface can produce
microstructures between the particles """, Therefore,
this paper mainly studied the change in the floc sedi-
mentation rate of sediment sample (1) under different
sediment concentrations, electrolyte concentrations,
and cation valences.

Analysis of the change in the sedimentation rate of
the flocs with different particle sizes

Figure 7 indicates that the sedimentation curve of
flocs can be roughly divided into two stages, floc sedi-
mentation and gel-like network sedimentation, possibly
because initially, the particles collide and bond with
each other to form flocs, and the sedimentation is fast,
whereas in the later sedimentation, the flocs further
flocculate to form a gel-like network structure, and
the sedimentation is slow. When the sediment content

is large enough (150 g/L), the transition from the fast
stage to the slow stage is more obvious because the
sedimentation rate of the floc is much larger than that of
the gel-like network. When the sediment content is 50
g/L and 70 g/L, the sedimentation curves deviate sig-
nificantly from those of other sediment contents, which
shows that when the initial sediment content is low,
the floc sedimentation is faster than when the sediment
content is higher, possibly because when the number
of original sediment particles is small, the average dis-
tance between particles is large; because such large dis-
tances are not conducive to the further formation of the
gel-like network structure, particles sediment faster due
to flocculation.
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a thinner electric double layer on the surfaces of the
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attraction. Therefore, the increase in the comprehen-
sive force leads to flocculation between the sediment
particles, which form relatively dense flocs, thereby
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Figure 7. The curve of the floc settling process under different

sediment concentrations.

Analysis of the change in floc sedimentation rate
under different electrolyte concentrations

Figure 8 shows that when other influencing fac-
tors remain unchanged, with the increase in electro-
lyte concentration, the trends of floc sedimentation
are consistent, and the changes in the rapid sedimen-
tation stage almost overlap. When the electrolyte
concentration reaches the optimum, sediment parti-
cles tend to stick to form flocs during sedimentation,
the sedimentation becomes faster, and the floccula-
tion and sedimentation curve tends to deviate from
curves of other electrolyte concentrations, with the
turning point occurring significantly earlier. Accord-

increasing the floc sedimentation rate.
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Analysis of the change in the floc sedimentation
rate under different cation valences

Figure 9 shows that when the other influencing
factors are fixed, with the increase in cation valence,
the turning point of the sedimentation at the interface
between clear and turbid water becomes increas-
ingly earlier. In the system with the addition of AI’"
ions, the floc sedimentation is the fastest, with large
fluctuations **. Comparing the changes in floc sed-
imentation rate under different electrolyte strengths
reveals that the effect of cationic valence on floc sed-

imentation is greater.
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Figure 9. Floc settling process curve under different cationic

valence conditions.

3.2 Analysis of the morphological characteris-
tics of flocs

Calculation of floc pore structure parameters

Based on the images of the floc sample observed
by microscope scanning, the cross-sectional area S
of the floc and the pore area Sa in the floc can be
obtained by using IPP image processing software.
According to the definition of plane porosity, the po-
rosity of the floc can be calculated.

n=22x100% (1)

where n is the porosity of the sediment floc; s is the
equivalent area of the polygon corresponding to the
floc, um’*; and sa is the area of the equivalent poly-
gon of pores within the floc, um’.

Figure 10 indicates that when the sediment con-
centration is constant, the floc porosity decreases
with increasing electrolyte strength, and under the
same electrolyte strength, the floc porosity decreases
with increasing cation valence, which is related to
the force between the cohesive sediment particles.
According to the DLVO theory, with the increase in
the cationic valence, the repulsive force between the
sediment particles gradually decreases, which facili-
tates bonding between particles. As a result, flocs are
formed more densely, and thus, the porosity of the
flocs is reduced.
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conditions.

Fractal dimension of flocs
This paper used MATLAB to find the fractal di-
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mension of flocs. Using the box-counting method,
a program was written to perform grid division and
statistical analysis of the black-and-white binary im-
age [19]
“number of covered grid cells” were obtained, that

, and a series of data pairs of “grid size” and

is, the data pairs of submatrix order and the number
of submatrices containing image points (pixel is 0).
Then, the data points were drawn in double logarith-
mic coordinates, and linear regression analysis was
performed; the negative value of the slope of the
line is the box-counting dimension of the image (the
slope of the line is the absolute floc fractal dimen-
sion), and the results are shown in Figure 11. The
changing pattern of the fractal dimension of flocs
under different sediment contents and electrolyte
conditions is shown in Figure 12.

The calculation principle of the box-counting di-
mension is to cover the fractal set with small boxes
of side length €; the total number of small boxes is
N(e), and the following relationship is obtained:

N(e) « g* 2
Fitting log N(¢) vs. log € (in double logarithmic
coordinates) by least squares yields the following
relationship between the box-counting dimension D
and the slope of the line K:
D=-K 3)
In Figure 12, the changing pattern of three dif-
ferent types of cations is similar to that of the fractal
dimension of their flocs; i.e., the fractal dimension
of the flocs tends to decrease with increasing cation
concentration, mainly because after the addition of
different types of cations, flocs are formed mainly
by electrical neutralization and adsorption-induced
bridging between particles. When the electrolyte
strength is low, although there are cations in the
aqueous solution, which can neutralize some neg-
ative charges on the surface of the particles and
reduce the interparticle repulsion, the flocculation
effect between the particles is weak, the shape of the
flocs is irregular, and the fractal dimension of flocs
is too large. With a further increase in the electro-
lyte strength, the optimal salinity for flocculation is
reached, and the floc density is the largest; conse-

quently, the fractal dimension gradually decreases.
Continuing to increase the flocculant concentration
further increases the cation concentration in the wa-
ter, and when the number of cations exceeds negative
charges on the surface of the particle (solid phase),
the sign of the external charge of the water film with
the electric double layer is reversed, and the stabil-
ity of the floc in the water body is enhanced, which
inhibits the further formation of flocs, causing the
fractal dimension of flocs to increase slightly.
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Figure 11. Double logarithmic relationship between the length
of sides and number boxes.
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Modification of the sediment sedimentation rate
equation under the influence of different cations

For a single floc, the following relationship is sat-
isfied between the number of sediment particles N;
that make up the floc and the floc diameter d;:
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N=( @)

‘%’; )D
where d, is the median particle size of the analysed
sediment sample and D is the fractal dimension of
the flocs.

Based on adsorption theory, Wang et al. ! used
the Langmuir adsorption isotherm equation and
combined the relationship between the sedimentation
rate and particle size to obtain the following:

[0} 1
0= oo =TT ®)
where k,, is the flocculation coefficient expressed by
the change in sedimentation rate, w; is the sedimen-
tation rate of the floc, ®, is the sedimentation rate of
a single sediment particle, C is the electrolyte con-
centration, and A,, A,, and A, are the coefficients.

From Equations (2)-(5), the floc sedimentation
rate ®; incorporating the ion concentration-related
parameter can be obtained:
0= ko @ 0y = e g ©)

The meaning of the symbols in Equation (6) is
the same as above. The coefficients A, A,, and A, are
related to the sediment particle size, surface charac-
teristics, and cation species, respectively, which must
be determined experimentally.

Based on the above analysis, the floc porosity ¢
and fractal dimension D were used to analytically
calculate the flocculation coefficient ko.

If the volume of a sediment particle satisfies V|
= 1/6-d,’ and the volume of the floc satisfies V,=
1/6-d;, then the floc porosity ¢ is as follows:
o= ™

Substituting Equation (4) into Equation (7), we
can obtain Equation (8):

1
Z—Z =(1-e)p3 ®)

If the fine sediment and the floc sedimentation are
in the stagnation zone and the sediment sedimenta-
tion rate in the stagnation zone is proportional to the
square of the particle size, then,

o (4’ ©)

w9 \dy

According to Equations (5), (8), and (9), we can
obtain Equation (10):

2 1\2
_or (Y 53\ — 1
b= 2= () = (0077) ~5eren
0 0 1 2 3

Substituting the calculated fractal dimension D

(10)

and floc porosity € into Equation (10), the floccula-
tion coefficient k,, can be calculated, and the relation-
ship between 1/k, and the electrolyte concentration
C was plotted, as shown in Figure 13, and fitted with
a quadratic polynomial.

Equation (10) establishes the relationship between
the floc sedimentation rate of cohesive sediments and
the ion concentration in the water. It should be noted
that some simplifications and assumptions have been
made in the derivation of Equation (10) to facilitate
the establishment of a relationship between the floc
sedimentation rate of cohesive sediments and the
ion concentration in the water. The coefficients A,,
Ay, and A, in Equation (10) are correlated with many
factors; that is, the coefficients A,, A,, and A, change
when conditions change, such as the surface proper-
ties of the sediment, the cation type, and the particle
size of the sediment; therefore, coefficients A, A,,
and A, should be calibrated under different condi-
tions.

Many studies have demonstrated that there are
different sedimentation resistance behaviours for
different motion states. For the sedimentation rate

22-25
[ ], some

equations proposed by Goncharov et al.
coefficients are slightly different in various flow
zones, but the structural forms of the sedimentation
rate equations in the stagnation zone are essentially
the same. This paper introduced the ion concentra-
tion-related parameter into an existing sedimentation
rate equation and obtained the sedimentation rate

equation incorporating the ion concentration-related

parameter:
1 .2(1.Ys-v. .dz)
O e, © 2 Ty B (1D

where v, is the specific gravity of sediment, y is the
specific gravity of water, g is the gravity, v is the co-
efficient of hydrodynamic viscosity, and d is the par-
ticle size of sediments. Other symbols have the same



Journal of Environmental & Earth Sciences | Volume 05 | Issue 02 | October 2023

meanings as above.
The obtained experimental data are used to test the
validity of Equation (11).
The error rate for individual tests is calculated us-
ing Equation (12):
Error rate = (Calculated value-Experimental value)/
Experimental value

12)

After substituting the relationship between cation
concentration C and flocculation coefficient k, into
Equation (11), the corrected sediment sedimentation
rate can be calculated. Compared with the experi-
mental results as shown in Figure 14, the average
relative error is 16% (Figure 15), which essentially
meets the computational accuracy requirements.
Therefore, in this paper, based on the calculated
fractal dimension and porosity of flocs, the obtained
flocculation coefficient and sedimentation rate equa-
tion incorporating the ion concentration-related pa-
rameter for flocs formed by sediments with different
particle sizes are essentially reasonable.
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Figure 13. Relationship curves between the different cation

concentrations C and 1/kw.
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10

034

® Na' o Ca¥ A AP
the average . §
0.2 ) 2
relative error 16% 5 A
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, N
n
014 = . =
S A
5 A
£ 00
5 IN u
E
o u o
R 8 & o
IN o
a I o
024 © o
a o
0.3 T T T T
2 4 5
C (mmol/L)

Figure 15. The error rate of settling velocity is calculated by
Equation (11).

4. Discussion

(1) IPP image processing software is a relatively
complete image analysis software with advanced
functional modules for image processing and is
widely used in fluorescence imaging, material imag-
ing, medical research, and industrial production. In
this paper, IPP image processing software was used
to extract the morphological parameters of flocs, and
the relationships between the porosity (a structural
parameter) of flocs and the sediment and cation con-
centrations was analysed. The results indicated that
the changing pattern of the floc structure character-
istics analysed in this paper is consistent with that of
Chai """ and Chen ®, i.e., under the same electrolyte
strength, the porosity of flocs decreases with increas-
ing cation valence. The main reason for this finding
is that the addition of cations in the water neutralizes
some negative charges on the surface of the sediment
particles, which reduces the interparticle electrostatic
repulsion and increases the interparticle interaction;
thus, flocculation can occur between the particles
that were not prone to flocculation originally, and the
interparticle bonding is enhanced such that the inter-
particle pores are smaller """,

The results demonstrate that it is feasible to apply
IPP software to analyse scanning electron micro-
scope (SEM) images of flocs. However, IPP is only
suitable for 2D observation. To gain a more compre-
hensive understanding of the complex internal struc-
ture of flocs, it is necessary to develop new software
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or improve observation techniques.

(2) In natural water bodies, the sedimentation rate
of cohesive sediment changes due to the presence of
cations. The main reason for this change is the floc-
culation of cohesive sediments under the action of
ions. According to the existing research results, the
main cations in the Yellow River are Ca*’, Na', and
K" ). Therefore, this study selected the silt in the
Haibowan Reservoir and mainly discusses the floc-
culation and sedimentation of cohesive sediments
under the action of three different cations (Na~, Ca™",
and AI’"). The results indicated that under the same
sediment and cation concentrations, when the cation
valence increases from +1 to +3, the floc sedimen-
tation rate increases, which is essentially consistent
with the findings of Wang * and Jiang **. The main
reason for this finding is that according to the DLVO
theory and the electric double-layer theory, the sur-
face of the cohesive sediment particles is generally
negatively charged; therefore, adding cations can
reduce the thickness of the electric double layer on
the surface of the sediment particles and the charge
repulsion between the sediment particles, increase
the chance of sediment particle bonding after col-
lision, increase the formation rate of flocs by sedi-
ments, and promote flocculation and sedimentation
of cohesive sediments *”. However, the flocculation
and sedimentation of fine-grained cohesive sediment
are complex, and under different influencing factors,
the sedimentary process and sedimentation rate of
formed flocs are different. In actual water bodies,
many factors act together; therefore, further research
must comprehensively consider the influence of var-
ious factors to draw conclusions that are more in line
with the actual situation.

5. Conclusions

(1) Under the same initial sediment concentration,
the porosity and fractal dimension of flocs decrease
with increasing cation concentration. After the cation
concentration exceeds the optimal cation concen-
tration for flocculation, the floc porosity and fractal
dimension start to decrease more slowly or increase
slightly.
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(2) Cations with different valences have different
effects on sediment sedimentation rates. When other
influencing factors are fixed, higher-valence cations
in the water have a stronger effect on sediment floc-
culation, and cation valence has a greater impact on
the floc sedimentation rate compared with the sedi-
ment and cation concentrations. Therefore, high-va-
lence ions are the main indicators for assessing the
effect of ion concentration in water on sediment sed-
imentation rate.

(3) In natural water bodies, the sedimentation rate
of cohesive sediment changes due to the presence
of cations. The main reason for this change is the
flocculation of cohesive sediments under the action
of ions. In this paper, the ion concentration-related
parameter was introduced into the existing sedimen-
tation rate equation (stagnation zone) based on the
changing patterns of the floc fractal dimension (D)
and porosity (¢) under different influencing factors
and the adsorption isotherm equation. The modified
sedimentation rate equation was verified since the
calculated values were essentially consistent with the
measured values.
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