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A B S T R A C T

Mining pit in a channel bed causes disturbance to the flow characteristics. To interpret the phenomenon of
change in flow characteristics in a mining pit, experimental study was performed in a tilting laboratory flume.
This research focuses on the impact of mining pit on different turbulent parameters, such as flow velocity,
Reynolds shear stress distribution, turbulent kinetic energy fluxes, and higher order moment distribution. We
have observed dropped in flow velocity in the pit and also significant reversal velocity layer at the pit bottom.
The analysis of Reynolds shear stress and higher order moment distribution shows higher values of velocity
fluctuations in the pit than the upstream section. The response of bursting events, which is identified by the third
order moment, shows influence of sweep events near the bed in all four sections. Third order moment analysis
also shows a rise in dominance of sweep events along the flow depth in the pit and it’s downstream, compared to
the upstream section. The kurtosis distribution shows highly intermittent nature of turbulence close to the
channel bed. The longitudinal turbulent kinetic energy fluxes and vertical turbulent kinetic energy fluxes are in
downstream and downward directions for both inner and outer layer in the pit region, which shows an increase
in bed particle mobility in that region, whereas it is present only in the inner layer at the upstream section.
Additionally, improved bed load transport equation by incorporating pit geometry has been proposed for alluvial
channel subjected to sand mining.

1. Introduction

River beds are seldom free of disturbance causes by human being.
Sand mining is considered as such disturbance that increases the in-
teraction of sediment with flow and changes the river morphology. The
turbulent nature of flows in stream and canal causes bedload transport.
Although the impact of sand mining on channel morphology has been
studied for decades (Collins and Dunne, 1989; Rinaldi et al., 2005;
Zawiejska et al., 2015), the hydrodynamic behavior of mining affected
alluvial channel is still challenging due to the complex interaction be-
tween the flow and the mobile bed. The interaction of sediment and
flow due to the continuous extraction of sand also causes an increase in
turbidity of the river water (Erskine, 1990; Kim, 2005). Researchers
have done on experiments with mining pit in flume, on empirical ap-
proaches for the migration of pit and channel bed deformation (Barman
et al., 2017; Lee et al., 1993; Neyshabouri et al., 2002) and on turbulent
characterization of flow in a mining pit region (Barman et al., 2018a).
Presence of sand mining has significant effects on morphological
characteristics such as channel bed degradation, erosion of river bank
and change in the plan form of a river (Collins and Dunne, 1990; Sear

and Archer, 1998). Ramkumar et al. (2015) investigated on sediment
mining, dynamics of river bar and sediment texture characteristics of
the Kaveri river, South India and documented the deterioration of
natural fluvial system because of intensive sand mining activity and
damming in the upstream river reach. Brestolani et al. (2015) con-
ducted investigation on change in morphology of the river caused by
large scale mining of gravel in Orco River, situated in the Piemonte
region by using CNR-IRPI experimental methodology based on multi-
years LiDAR surveys realized in the years 2003, 2004, 2006, and 2007.
The study by Brestolani et al. (2015) showed incision at pit upstream
and downstream. Chanel incision at both upstream and downstream of
mining zone was also reported by Chen and Liu (2009), Rinaldi et al.
(2005), and Zawiejska et al. (2015). Calle et al. (2017) conducted a GIS-
based investigation in the Rambla de la Viuda (eastern Spain) stream
for assessment of morphosedimentary changes due to in-stream gravel
mining and the quantification of river bed degradation was done by
using LiDAR DTM and RTK-GPS (Real Time Kinematic) measurements.
The geomorphological changes were identified by Calle et al. (2017)
with the help of 13 sets of aerial photographs captured in between 1946
and 2012 and the erosion map indicated a continuous lowering of river
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bed since 1967 and observed degradation of almost 3.5m at the time of
study.

A great deal of previous studies has concentrated on the morpho-
logical impact of river aggregate mining and documented erosion of a
river. For the evaluation of the morphological changes in a natural
stream, it is essential to have a clear understanding on turbulent flow
structures. Various researchers had work on to interpret the significance
of turbulent flows and the mechanism of interaction of flow and sedi-
ment over the bed. The bursting phenomenon gave more understanding
into the coherent structure of turbulent flows (Kline et al., 1967).
Various bursting events such as ejections and sweeps generate near the
bed region due to the occurrence of hairpin vortices (Best, 1992).
Various researchers concentrated on turbulent structure of flow at
threshold motion condition (Cao, 1997; Clifford et al., 1991; Dwivedi
et al., 2010; Sutherland, 1967; Thorne et al., 1989). The characteristics
of turbulent flows over an alluvial bed have also been studied by many
researchers (Bennett and Bridge, 1995; Drake et al., 1988; Nelson et al.,
1995; Nikora and Goring, 2000; Song and Graf, 1994; and Venditti
et al., 2005). Sediment transport and mobile bed condition occur in the
most of the natural alluvial stream because of interchange of mo-
mentum between the flow and the bed materials. The sediment mobility
in a natural channel is highly influenced by the occurrence of dis-
turbance on the stream bed. The channel bed morphology plays a de-
ciding role in influencing the characteristics of the flow. Mining is a
type of manmade disturbance that can influence the characteristics of
turbulent structures in the flow. The long-term extraction of aggregates
can cause some pit like structure in the river and can affect the local
flow characteristics, which further changes the channel morphology
(Yuill et al., 2016). Previously, the turbulent flow field in a trench was
discussed by Alfrink and van Rijn (1983). Alfrink and van Rijn (1983)
conducted an experiment in a trench having a layer of gravel and they
measured instantaneous velocity by using a Laser Doppler Velocity. The
experimental results from the study of Alfrink and van Rijn (1983)
showed a reversal bottom velocity layer up to the center of the pit. A
mining pit on a sand bed channel was used by Barman et al. (2018a) for

investigating turbulent flow structures in the pit and found similar
trend of result as that of Alfrink and van Rijn (1983). Barman et al.
(2018a) also found considerably high intensities of velocity fluctuations
and Reynolds shear stress in the mining pit region. In particular, a
strong influence of sweep events in the pit region was observed in their
study. Due to momentum exchange, a substantial portion of the flow
momentum transfers into the bed material, and thus causes fluid energy
dissipation. This phenomenon creates an enthusiasm to explore the
exchange of energy and momentum in the mining pit region, in terms of
turbulent kinetic energy fluxes. The turbulence created in the pit region
can also be discussed through the determination of various higher order
co-relations of velocity fluctuations. This research, therefore addresses
mainly the higher order correlation of velocity fluctuation and turbu-
lent kinetic energy fluxes in a mining pit region. It is also aimed to
develop an improved bed load equation for sand mining affected allu-
vial channel incorporating the geometrical parameters.

2. Detailed experimental description

A recirculating, tilting laboratory flume was used to carry out the
experiments. The flume has a length of 17.2 m, width 1m and depth
0.72m. The sides of the flume are consisting of glass wall. Pumps were
operated to lift the water from the tank under the ground to the ele-
vated tank. There is a valve at the elevated tank and this regulates the
flow of water into the main flume. Water flows through the control
valve, first enters into a tank at the upstream of the flume. The up-
stream tank has a dimension of 2.8 m length, 1.5m wide and 1.5m deep
and consists of couple of wooden baffles. Wooden baffles at the up-
stream tank helps in straightening the flow before it enters into the
main channel. There is a control gate at the flume downstream to
maintain the flow depth. A tank receives the water discharge at
downstream. The downstream tank is connected by a drain that sup-
plies the water from downstream tank again to the storage below the
ground level. Water discharge was estimated using a rectangular notch
at channel downstream. Detailed experimental setup is presented in

Fig. 1. Experimental setup.
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Fig. 1. During the experiment, no surplus sediment was added at the
upstream of the flume. The sediment transported in the flume was the
bed material from the channel bed, that is, the experiments were con-
ducted only under bed load transport condition. The various experi-
mental conditions are mentioned in Table 1.

The slope of the flume is maintained at 0.0017. Bed material con-
sists of uniform sand having D50 =1.1mm and standard deviation 1.17.
The sand layer of the specified D50 was 21 cm thick. A test reach of 5m
is considered for the measurement. The test reach was considered at
5m from the downstream point of the channel as shown in the Fig. 1.
The mining pit of 10 cm deep was excavated in dry bed condition at
7.5 m from the downstream end of the laboratory flume. The shape and
size of a pit is shown in Fig. 2.

The instantaneous velocity measurements were done using a three-
beam acoustic Doppler velocimeter, (16MHz micro ADV developed by
Sontek). It works with 16MHz acoustic frequency and it has a sampling
frequency up to 50 Hz. The instrument works under cylindrical sam-
pling volume of less than 1 cm3. The sampling volume positioned at a
distance 5 cm beneath the transducer at center. The duration of data
acquisition at every depth was 3min. Data was acquired along the
longitudinal axis of the flume at 4 different locations. The position of
data acquisition is presented in Fig. 3. At every section, data was col-
lected at various flow depths. Here, Section A was at upstream and
Section D was at downstream end of the pit.

The signal to noise ratio for the entire experiments was fixed at 15
and the signal correlation was kept 70% as cut off value. The correla-
tion was decreased to 65% near the bed (Deshpande and Kumar, 2016).
The ADV data included spikes and were needed to be done post

processing. Acceleration threshold technique (Goring and Nikora,
2002) was applied for despiking the raw data. Threshold values of
1–1.5 were used based on hit and trial method so that, the velocity
power spectra in the inertial sub-range satisfactorily fit with Kolmo-
gorov “−5/3 law”. A sample of velocity power spectrum for filtered
and unfiltered data along with “Kolmogorov −5/3 law” can be ob-
tained from Barman et al. (2018a). The uncertainty of Sontek data were
checked by testing 15 samples of 180 s duration each. These samples
were collected at a distance 3mm above the bed. We found percentage
uncertainty associated with mean flow velocity in longitudinal, lateral,
and vertical directions are 0.66, 0.44, 0.87 respectively, and percentage
uncertainty for the root mean square of velocity fluctuation in long-
itudinal, lateral, and vertical directions are 0.085, 0.062, 0.09 respec-
tively.

3. Results

For investigating the turbulent flow field in a mining pit region,
time-mean velocities, Reynolds shear stress, third order correlation,
fourth order correlation, and turbulent kinetic energy fluxes are being
analyzed in this section. The turbulent parameters are plotted against
normalized depth z h, where h=depth of flow in the section of mea-
surement and z=distance from the channel bottom.

3.1. Time mean flow velocity and Reynolds shear stress

Time mean velocities of flow are determined from the instantaneous

flow velocity using the following formula, = ∑
=
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where Ū and ui are the time mean velocity and instantaneous velocity
in longitudinal direction and W̄ and wi are the same in vertical direc-
tion. n is the sample numbers. Fig. 4 shows the longitudinal mean flow
velocity at various section. Velocity in the mining pit gets dropped
because of abrupt increase in the depth of flow. The first observation
from the velocity profile is that at Section B there is negative bottom
velocity up to ∼z h 0.3. However, at Section C negative bottom velo-
city almost recovers with very small magnitude of it at channel bottom
and negative velocity fully recovers at Section D. The velocity dis-
tributions are observed to be similar to that of Alfrink and van Rijn
(1983), and Barman et al. (2018a) experimental results. Barman et al.
(2018a) also observed reversal velocity at the bottom in the center of a
symmetrical pit. From the velocity profile of earlier investigation and
this research, we can conclude that recirculation zone is prominent till
the center of the pit and creates a stream line separation in the central
region of the pit (Alfrink and van Rijn, 1983; Barman et al., 2018a). The
center for the irregular pit in this paper is referred as the center of the
longitudinal axis of the pit. The flow velocity in the recirculation zone is
however, smaller than the mean flow velocity near the surface. It is also
noticed that the mean flow velocity near to the bed ( ∼z h 0.04) de-
creases by 29.7% at downstream Section D, comparing the upstream
Section A. The flow velocity near the surface (5 cm below the free
surface) also gets affected by the mining pit and it is lower than Section
A by 14.9%, 41.6%, and 34.8% respectively at Section B, C, and D.

Reynolds shear stress τuw can be estimated from:
= − ′ ′
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. Here, ′u and ′w are the velocity

fluctuations in longitudinal and vertical direction respectively. ρw re-
presents the density of water.

Fig. 5 shows vertical profile of constant density Reynolds shear
stress (RSS) distribution along with zero pressure gradient line. RSS
distribution shows an increase in shear stress from the surface and
reaches the maximum value, and then the stresses start to decay to-
wards the bed surface. The decaying of shear stress towards the bed
surface is called damping of RSS. Damping is caused by the reduction of

Table 1
Various flow conditions for the experiments.

Flow discharge, Q, m3/s Flow depth, y, m Froude no. Reynolds no.

0.0442 (Q1) 0.0987 0.455 30,740
0.0472 (*Q2) 0.1014 0.467 32,712
0.0503 (Q3) 0.1038 0.48 34,730
0.0535 (Q4) 0.1079 0.482 36,674
0.0567 (Q5) 0.1101 0.496 38,756

* Representative experiment used for turbulence analysis.

0.6 m 

0.5 m 

Flow direction 

0.5 m 

0.5 m 

0.5 m 

Fig. 2. Snapshot of the mining pit with dimensions.
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the relative flow velocity with respect to the particle velocity in a
mobile bed (Zrostlík et al., 2016). Barman et al. (2018a) also observed
similar distribution of RSS in a mining pit. Linear projection of RSS
profile (zero pressure gradient) is done for calculating the shear velocity
on bed using = − ′ ′∗U u w( ¯ )0.5 at z=0 (Nezu, 1977) and is shown in
Table 2. We have observed higher values of shear velocity in the pit
region than the upstream section.

Table 2 shows shear velocities at different section of the test reach
and shear velocity at each section are higher than the threshold shear
velocity of the bed material, ∗u c= 0.0262m/s, calculated from Paphitis
(2001) mean threshold curve. The critical threshold shear velocity of
the bed material is also checked by Chien and Wan (1983), Hager and

Oliveto (2002), and Sheppard and Renna (2005), but we have con-
sidered Paphitis (2001) for being more appropriate (Beheshti and Ataie-
Ashtiani, 2008). The higher values of shear velocity represent mobile
nature of the bed sediment in a channel. So, the mobility of bed particle
is more in the pit and downstream end of it than upstream section as we
have observed higher bed shear stress at those sections.

3.2. Higher order moment distribution of velocity fluctuations

Third order correlation means the non-symmetric distribution of
velocity fluctuations. It represents the information regarding the fluxes
of turbulent stresses. Zero skewness specifies the symmetric distribution

     0.5 m        0.5 m        0.5 m   

Section     Section    Section      Section   
   A                B              C                 D     

Flow direction 

1 m 0.5m  0.6 m 

Longitudinal axis of  
the flume and pit  

0.5 m 

0.5 m 

Fig. 3. location of data ADV data collection.
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Fig. 4. stream-wise mean flow velocity at different section.
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or Gaussian distribution while positive and negative skewness represent
that the distribution is skewed towards right and left. The time-aver-
aged third order moment of velocity fluctuation can be represented as
(Sharma and Kumar, 2017)

̂= + =M u w j k¯ where 3jk
j k (1)
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where M30 = flux of

longitudinal Reynolds normal stress (RNS) in flow direction, M03=
vertical flux of Reynolds normal stress (RNS) in vertical to the flow
direction, M12 = flux of vertical Reynolds normal stress (RNS) in flow
direction, M21= longitudinal flux of Reynolds normal stress in vertical
to the flow direction.

Fig. 6(a)–(d) represents vertical profile of third order moment in
four different sections of a mining pit. It is observed in Fig. 6(a) and (b)
that for all the Sections, near the boundary, M30 begins with small po-
sitive value and M03 begins with small negative value. A powerful
mixing flow due to the exchange of momentum near the bed surface
shows Gaussian distribution of velocity fluctuation with a skewness
approaching to zero. Magnitude of the positive M30 close to the bed is
increased in the pit and downstream of it (Section B–D). The increase in
positive value of longitudinal flux of longitudinal RNS suggests a strong
influence on increased roughness characteristics and increased bed se-
diment mobility (Deshpande and Kumar, 2016) in the pit and it’s
downstream. The dominance of positive M30 rises from ≈z h 0.1in

upstream section to ≈ −z h 0.5 0.6 in Section B and C and dominate
the entire inner and outer flow region in Section D. Vertical distribution
of M12 also follows the similar trend and shows an increase in advection
of vertical RNS in flow direction in the pit and downstream of it. The
higher magnitudes of positive M30 and M12 show an escalation of tur-
bulent activities in the pit region. Again, the higher value of negative
M03 in Section B, Section C, and Section D than Section A in the near
bed region shows an increase in vertical flux of vertical RNS. The in-
crease in dominance of M21 also shows the increase in advection of
stream wise RNS in downward direction. The negative trend of M03 and
M21represent mobile-bed flow condition and higher bed load transport
(Hanmaiahgari et al., 2017). The third order moment also identifies the
effective response of the bursting events (Nezu and Nakagawa, 1993). It
is understandable from Fig. 6 that positive and negative values of
M30and M03 near the bed surface implies sweep events in all four sec-
tions. The influence of ejection events makes M30 to be negative and
M03to be positive for the flow depth away from the near bed region. In
this research we have observed positive M30 and negative M03 dominate
till ≈ −z h 0.5 0.6 in Section B, Section C, and the entire inner and
outer layer of flow in Section D. This rise in dominance of positive M30
and negative M03 along the flow depth in Section B, Section C, and
Section D, compared to upstream section corresponds to an increase in
influence of sweep event in the pit and it’s downstream. Sweep event
represent high speed fluid parcel towards the bed and are mainly re-
sponsible for bed mobility. The earlier investigation by Barman et al.
(2018a) also observed an increase in thickness of sweep dominance
zone in the pit and it’s downstream. Therefore, it is clear from the
present results that the increased contribution of positive M30 and ne-
gative M03 in the pit region demonstrate a higher interchange of mo-
mentum between the flow and bed sediment particles. This momentum
exchange eventually increases the sediment mobility in the pit region.

Fourth order correlation of velocity fluctuations is known as kur-
tosis. Turbulence intermittency can be represented by the kurtosis
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Fig. 5. Vertical distribution of Reynolds shear stress and zero pressure gradient.

Table 2
Shear velocity using RSS profile.

Section A Section B Section C Section D

∗U (m/s) 0.0273 0.1037 0.0812 0.0506
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distribution. Fig. 7 shows vertical distribution of non-dimensional
kurtosis =K u RMS¯

u
4 4 at various sections of the mining pit. Earlier

literature mentioned that >K 3u shows strong characteristics and
<K 3u indicates flat characteristics of turbulence intermittency

(Sharma and Kumar, 2017). At Section A kurtosis shows its minimum
value at ≈z h 0.18 and increases both towards surface and near bed
region. Maximum value of kurtosis is observed near to the bed for all
other sections except Section B, which confirm highly intermittent
nature of turbulence in the near bed region. Minimum kurtosis for

Section B occurs at ∼z h 0.58, and increases towards both outer and
inner layer of flow. At Section B, we have observed maximum values of
kurtosis in the outer layer (at ≈ =z h 0.7, kurtosis 3.87), which in-
dicates strong intermittency in outer layer. At Section C and Section D,
minimum value occurs at the outer surface and increases towards bed
surface. The thickness of layer of flow dominating >K 3u rises from

≈z h 0.08 in Section A to ≈z h 0.12 in Section B, ≈z h 0.34 in Sec-
tion C, and further ≈z h 0.48 in Section D, indicating higher turbulent
intermittency in the mining pit region as compared to Section A.

3.3. Turbulent kinetic energy fluxes

Turbulent kinetic energy (TKE) in flow and vertical to the flow di-
rections for two dimensional analyses is = ′ + ′ ′f u u w0.75( ¯ ¯ )ku

3 2 and
= ′ + ′ ′f w w u0.75( ¯ ¯ )kw

3 2 respectively (Sharma and Kumar, 2017). The
TKE can be normalized by using = ∗F f Uku ku

3 and = ∗F f Ukw kw
3 and is

presented in Fig. 8.
The transport of TKE occurs from the zone of high energy to the low

energy. For all four sections Fkuis positive and Fkw is negative near the
boundary. The positive Fkuimplies longitudinal TKE flux in flow direc-
tion while, negative Fkw represents the vertical TKE flux in the down-
ward direction. Mobility of bed particles are caused by positive Fku and
negative Fkw. Fig. 8 clearly shows positive Fku changes to negative Fku at

≈z h 0.1 in Section A, while it changes to negative at ≈ −z h 0.5 0.6
in Section B and Section C. At Section D positive Fkuremains positive
throughout flow depth. Similar trend is observed in the vertical dis-
tribution of vertical TKE flux, where Fkw changes from negative to po-
sitive moving away from bed. It is noted that the dominance of positive
Fkuand negative Fkw increases in the mining pit region, which can in-
crease bed particle mobility in that region. Again, analyzing the mag-
nitude of TKE fluxes in all four sections from Fig. 8, the reduction in the
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magnitude of normalized TKE fluxes in Section B, Section C, and Sec-
tion D is due to higher values of normalizing factor ∗U as compared to
the upstream section (Section A). We have found 3.14 times increase in
longitudinal TKE flux and 5.8 times increase in vertical TKE flux at

∼z h 0.05 in Section B and 1.14 times increase in longitudinal TKE flux
in Section C as compared to Section A. There is also a reduction in
longitudinal TKE flux in Section D by 4.11 times, and vertical TKE flux
in section C and Section D by 1.3 times and 11.8 times respectively at

≈z h 0.05. It is also clear from the analysis of TKE that in Section B to
Section D, positive Fkuand negative Fkw increases along the flow depth
from the bed surface and reaches maximum value at ≈ −z h 0.4 0.5,
and changes its sign at ≈ −z h 0.5 0.6 in Section B and Section C. At
Section D, there is positive Fkuand negative Fkw for entire z h. The re-
sults from TKE fluxes show that, TKE fluxes are transported in down-
stream and downward direction in the both turbulent inner layer
( ⩽z h 0.2) and outer layer ( >z h 0.2) of the mining pit.

3.4. Bed load transport prediction for various shaped mining pit

Disturbance in the channel bed causes change in mobility of the bed
particles. Kondolf (1997) observed increase in sediment transport rate
in a channel underwent aggregate mining. Barman et al. (2018b) also
shows more bed load transport rate for a channel with mining pit than
the plain bed channel. In the present experiment bed load discharge
was collected in a bed load collection tank positioned at channel
downstream. The mining pit in the channel also acts as a sediment
entrapper, which collects the sediment transported from the pit up-
stream and thus the migration of upstream edge occurs. The erosion at
the downstream of the pit has been observed higher than the upstream
and has been discussed by Barman et al. (2018a). Barman et al. (2018a)
developed a bed load prediction equation by considering bed load
discharge only as a function of flow velocity and bed sediment char-
acteristics. In this investigation, the bed load transport equation de-
veloped by Barman et al. (2018a) is modified using a correction factor
for various shape of mining pit. A shape factor based on length to width
ratio of the mining pit is applied as correction factor to the earlier
developed equation. Bed load discharge data for mining pit with length
to width ratio 0.82, 1.025, 2, and 2.5 for bed material of D50 =1.1mm
and 0.418mm at various discharge as mentioned in Table 1 are used for
modifying the earlier developed bed load transport equation. The depth
of the pit was kept constant for all shape of the pit. The earlier devel-
oped bed load transport formulation is given by Eq. (2)

=
− ∗

∗q e1.873b
u u

u0.237 c
c (2)

where = −qb
Q

ρ ρ νd( )
b

s 50
=dimensionless bed load transport parameter, Qb

is the bed load discharge rate in kg/s, ρ, ρs and νare the density of
water, bed material, and kinematic viscosity of water, =u Q y is
average flow velocity,Qrepresents flow discharge, yis the depth of flow,

∗u cis the threshold shear velocity of bed sediment. Eq. (2) is modified
introducing a correction factor based on maximum length and width of
a mining pit. The consolidated form of the modified bed load transport
formula is as follows

= ⎛
⎝

⎞
⎠

− ∗
∗q L

B
e1.873b

u u
u

0.22
0.237 c

c
(3)

where, L is the maximum length of the pit, B is the maximum width of
the pit. The predicted bed load transport rate corresponds to the ex-
perimental value are presented in Fig. 9.

Sensitivity analysis of presently developed bedload transport equa-
tion is carried out to understand the influence of flow velocity (u),
critical shear velocity ( ∗u c) and pit geometry (L/B) on bedload trans-
port. It is observed from the Fig. 10 that bed load discharge is highly
sensitive to the flow and sediment property and comparatively less
sensitive to pit geometry.

The present study shows an increase in turbulence in the mining
zone that subsequently increases the erosion of the channel bed. It
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shows a variation of hydrodynamic characteristics in the pit region that
affects the morphology and bedload transport of the channel. Water
flowing with high velocity over an excavated bed can cause high
scouring that increases electric conductivity and hardness of the water
(Erskine, 1990). It also causes adverse effects on the species attached to
streambed deposits and flora and fauna of the river basin (Padmalal
et al., 2008). The anthropogenic disturbance such as sand mining and
complex interaction of flow with channel morphology necessitates the
needs for rigorous water quality sampling (Gomes and Wai, 2014) and
also increases the cost of downstream water treatment (Kim, 2005). The
morphological processes of channel bed are important for aquatic ha-
bitat (Newson and Newson, 2000). Mining pit becomes a distinct
morphological features like pools, run, and riffles of a river, thus it can
acts as mesoscale physical habitats that farther improve the habitat
assessment. The mesohabitat structures of pool and riffle are important
factors that shows the biological integrity and ecological stream health
of a river (Calderon and An, 2016). The present research can be applied
for giving a detail of change in flow and sediment transport char-
acteristics in a mining location, which further affects the ecology of a
river.

4. Conclusions

Flow characteristics in a sand mining pit are studied based on ex-
perimental data. An irregular mining pit is considered and effects of the
pit on various turbulent parameters like velocity profile, RSS, higher
order moments, and turbulent kinetic energy fluxes are discussed.
Velocity profile shows reversal bottom velocity at Section B which is
0.25m upstream from the center of the pit. The negative bottom ve-
locity gets recovered at Section C, 0.25m downstream from the center
of the mining pit. Longitudinal velocity distributions suggest separation
of stream line at the center of the mining pit. Reynolds shear stress
shows an increase in maximum values of shear stress at Section B, C,
and D while comparing with Section A. RSS distribution also shows and
increase in damping of RSS in the pit. Zero pressure gradient of RSS
distribution shows 3.8, 2.97, and 1.85 times higher values of total bed
shear velocity at Section B, C, and D than Section A. Near the bed,
greater positive values of M30 and greater negative values of M03 in
Section B to Section D than those of Section A shows strong influence on
increased roughness characteristics and increased bed particle mobility.
The distribution of M30 and M03 also explain the occurrence of various
bursting events in the flow. This increase in dominance of positive M30
and negative M03 till ∼ −z h 0.5 0.6 in Section B, Section C, and the
entire inner and outer flow layer in Section D corresponds to an in-
crease in influence of sweep event in the pit and downstream of it than
the upstream section. The Kurtosis distribution shows that the thickness
of layer of flow dominating >K 3u rises from ∼z h 0.08 in Section A to

∼z h 0.12 in Section B, ∼z h 0.34 in Section C, and further ∼z h 0.48
in Section D, correspond a higher turbulent intermittency in the pit
region than upstream section. The experimental results show an in-
crease in dominance of positive Fkuand negative Fkw in the mining pit
region, suggest an increased flux of TKE which can be correlated to the
increased bed particle mobility in that region. The analysis of TKE
shows that in Section B to Section D, TKE fluxes are transported in
downstream and downward direction in the turbulent inner layer
( ⩽z h 0.2) and outer layer ( >z h 0.2), while it is in upstream and
upward direction in Section A for >z h 0.1. The studies on various
turbulent parameters of flow show the change in these parameters due
to the disturbance in the channel bed, which can further affect the
channel morphology. We have also modified an earlier developed bed
load transport equation by introducing a shape factor (length to width
ratio) based on various dimension of the mining pit. Consideration of
bed sediment transport as a function of pit dimension enables us to
apply the modified equation in a channel having irregular mining pit.
However, the bed load transport equation is associated with the ex-
perimental limitation and can be further enhance using data from an

actual river.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ecoleng.2019.05.013.
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