


MGMI CounCIl for 2018-19

Established 1906



ISSN 0371-9538 Volume 115 : April 2018 – March 2019

A Technical Publication of 
The Mining, Geological and Metallurgical Institute of India

MGMI 
Established 1906

TRANSACTIONS



TRANSACTIONS of 
THE MINING, GEOLOGICAL AND METALLURGICAL INSTITUTE OF INDIA 
Inaugurated 1906 – incorporated 1909 – as the Mining and Geological Institute of 
India, the word Metallurgical was included in the title in 1937.

Honorary Editor 
Prof (Dr) Khanindra Pathak

Associate Editors 
Dr Ajay Kumar Singh 
Prof (Dr) Biswajit Samanta

Price

•	 Free	to	Members 
(Rs. 100/- for each additional copy)

•	 Non	–	Members 
Rs. 200/- per copy

•	 Foreign	US$	25.00	per	copy

Published by 
Rajiw Lochan, Honorary Secretary 
The Mining, Geological and Metallurgical Institute of India 
GN – 38/4, Sector – V, Salt Lake City, Kolkata – 700 091

Printed at : 
Graphique International 
Kolkata



Contents
From Editor’s Desk.......................................................................................................................... i 

Prof (Dr) Khanindra Pathak

Presidential Address ......................................................................................................................iv 
Dr NK Nanda

60th Holland Memorial Lecture .......................................................................................................vi 
Dr Kirit Shantilal Parikh

TECHNICAL PAPERS

Reliability and Availability Analysis of a Continuous ................................................................. 1 
Miner Machine in an Indian Underground Coal Mine 
 Sumit Banerjee, Prof NC Dey

Geomorphic Indicator Model for Identifyig .................................................................................. 8 
Manganese Mineralization 
 Shaurav Kumar, Asim Chatterjee, Rajesh Mukherjee 
 Rajib Deb, Subhashbabu Ainampudi

Laboratory Measurement of Permeability .................................................................................. 17 
of Argon and Carbon-di-oxide in Coal 
 T Bakshi, Dr K Pathak, BK Prusty, SK Pal, AK Patra

Assessment of Occupational Stress Variability (OSV) ............................................................. 27 
of Deep Underground Miners Including Estimation 
of Skeletal Muscle Force, Fatigue, and its Recovery 
Testing by Hand-Grip Dynamometry (HGD) 
 Shibaji Ch. Dey, Prof NC Dey

Development of a GUI Based Software - Tool for Surface ....................................................... 37 
Deformation Mapping through DInSAR Processing : 
A Case Study Over Jharia Coal Field 
 Tapas Kumar Dey, Biswajit Manna, Debashish Chakravarty 
 Biswajit Samanta, and Arundhati Misra

Comparison of Efficiency of use of Polyurethane ....................................................................52 
Coating of Hydro Transport Pipelines 
and Steel Pipelines on the Basis 
of Parameters of Abrasive Wear 
 Victor Alexandrov, Maria Vasilyeva and Prof Olga Kochergina





































*Research Scholar 1, **Professor2, Department of Mining Engineering, Indian Institute of Engineering Science and Technology, Shibpur















1

GEOMORPHIC INDICATOR MODEL FOR IDENTIFYING 
MANGANESE MINERALIZATION

Shaurav Kumar1*, Asim Chatterjee1, Dr. Rajesh Mukherjee1 
Rajib Deb1, Subhashbabu Ainampudi2

ABSTRACT
Economically important manganese and iron ore deposits were not formed evenly in Earth’s 
history. The formation of sedimentary and residual deposits of manganese and iron, is determined 
by complex interactions in the ocean atmosphere-lithosphere-biosphere system. Most prominent 
is the example of banded iron and manganese formations formed in the late Archean and Early 
Proterozoic. Manganese ores in India are being exploited since the past hundred years. Continuous 
exploitation of shallower and larger deposits already taken place to a greater extent and search for 
deeper and more complex deposit has necessitated for unconventional methods of exploration like 
use of advance geophysics, remote sensing etc., helping in more focused approach in search for the 
mineral and in-turn save time and money potentially.

The objective of developing Geomorphic Indicator model for manganese mineralization was to 
establish the control of geomorphology, lithology, drainage, structure, slope in localization of 
manganese mineralization, which in turn help in identification of unknown potential manganese 
bearing zone.
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1. INTRODUCTION
Manganese deposits are of diverse genetic type occurs 
in terrestrial geological record (Roy, 1981). These were 
produced by direct hydrothermal activity, sedimentary 
processes may be interrelated, each involving distinct 
mechanism that place the deposit into specific genetic 
types. Some of these processes are best understood in 
preset-day depositional site (Supriya Roy, 2012). The 
formation of manganese deposit in Bonai-Keonjhar belt 
(study area is part of this belt) is considered to be of 
volcano-sedimentary in nature, where transgressive 
shale unit along with manganiferous shale is deposited 
in early stage of transgression or during low stand, 
overlain by ferruginous shale and finally iron formation 
deposited during maximum flooding (Beukes et. al., 
2008). The depositional and localization of manganese 
mineralization, in the present context seems to 
be geomorphologically and structurally controlled. 
Therefore, study was intended to establish the 
correlation of various aspects like geomorphology/ 
landforms, drainage, lithology, structure (lineaments), 
slope, etc. if any, with known manganese occurrences 
and develop “Geomorphic Indicator Model”, which may 
further lead to identification of undiscovered potential 
target zones for manganese mineralization.

2. DETAILS OF STUDY AREA 
The study area covers iron and manganese leases 
of Tata Steel Limited (TSL) in and around Joda and 
Noamundi area, in the Indian states of Jharkhand and 
Odisha. The study area was delineated by taking a 
buffer zone of 10 km in all sides from the periphery 
of iron and manganese leases of TSL. The study 
area mostly comprises of structural hills with varying 
altitudes rising from 340 m to 1110 m above MSL. 
Majority of the study area (80%) falls within 1-15° slope 
category, showing overall gentle slope in the area. The 
study area is highly undulating and rugged with valleys 
and lowlands.

3. CONCEPTUALIZING GEOMORPHIC 
INDICATOR MODEL

An attempt has been made to develop a Geomorphic 
Indicator Model for identifying possibility of unknown 
manganese occurrences in and around Joda-Noamundi 
area. Geomorphology and other parameters viz., 
geology, structure, lineament density, drainage density 
and slope have been studied with reference to the 
known manganese occurrences within TSL leasehold 
and effort has been put to establish a relationship 
of these parameters with the known manganese 
occurrences and thus to develop an ‘Indicator Model’.
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Initial model (Figure 2) was a conceptual idea, which 
includes 4 sub models with a view to analyze each 
criterion i.e., geomorphology, geology, structure, 
drainage density, lineament density and slope for the 
known manganese occurrences in TSL lease areas. 
Sub model 1 shows the landform and quality of known 
manganese occurrences, Sub model 2 shows the 
slope of landform and structural conditions and Sub 
model 3 shows the specific lithology in which known 
manganese mineralization occurs. Combination of 
Model 1, 2 and 3 leads to generation of Sub model 4 
having all the information related to geomorphology, 
geology, structure and slope for known manganese 
occurrences. Sub model 4along with drainage and 
geochemical data of known manganese occurrences 
lead to generation of a “Geomorphic Indicator Model”. 
Later-on, with improved understanding, this model was 
a bit modified and depicted in the form of a refined 
flowchart (Figure 3), covering all relevant aspects like 
geomorphology, geology, structure, drainage density, 
lineament density, slope and quality of the known 
manganese occurrences.

DATA USED: 
Data pertaining to different thematic layers viz. 
geomorphology, geology, structure, drainage density, 
lineament density and slope of the study area were 
collected through various sources. Geomorphology 
map was prepared with the reference of SRTM DEM 
(30m) and GSI district resource map consisting of 
generalized geomorphology and were used as a base 
map which have been further updated using LISS 
IV (2014) satellite imagery and field observations. 
Structural features were also updated using LISS IV 
satellite imagery and with reference to the structures in 
the existing GSI geology map of the study area. These 
structures/lineaments were used to generate lineament 
density map of the study area. Slope and drainage 
density maps were prepared using SRTM DEM and 
SOI Toposheets (1:50,000) of the study area.

The favorable set up for manganese mineralization in 
terms of geology, geomorphology, slope, lineament 
and drainage density was analyzed and a probabilistic 
Indicator Model has been  developed. Various data 

Figure 1: Location Map of the Study Area
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related to known manganese occurrences from 
the leases of TSL were analyzed with respect to 
the “Geomorphic Indicator Model”. Geological and 
geomorphological set up of known manganese 
occurrences along with the ranges of various other 
parameters like lineament density, drainage density 
and slope were also given due consideration.

FIELD VALIDATION:
Based on the correlation of different thematic layers viz. 
geomorphology, geology, structure, drainage density, 
lineament density and slope of the study area with 
the known/already reported locations of manganese 
mineralization, an indicator model was developed. This 

model was again run through in the entire study area to 
identify the unknown manganese bearing areas. Based 
on the same, 14 unknown manganese mineralization 
zones (Figure 4) were delineated as target areas for 
field validation. Field work of all the target areas were 
done in two phases. The main objective of the field 
observations and their analysis is to understand the 
relations of the model parameters and their correlative 
features at the locations of manganese occurring 
areas within the identified probable zones. During field 
validation, GPS locations along with the information on 
geomorphology, lithology, drainage, slope, structural 
data and surrounding drainage features were collected 
for further analysis, interpretation and refinement of the 

Figure 2 : Conceptual flow chart (Initial idea) for generating “Geomorphic Indicator Model”

Figure 3 : Flowchart shows the enhanced methodology adopted for “Geomorphic Indicator Model”Figure 3 : Flowchart shows the enhanced methodology adopted for “Geomorphic Indicator Model”
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manganese indicator model. Representative samples 
of manganese ore and other associated rocks were also 
collected from the surface outcrops and were analyzed.
Out of fourteen (14) zones, nine (9) zones were proved 

to have  indication of manganese mineralization while 
the other five (5) zones were categorizedunder least 
probable zones.

Figure 4 : Location of 14 identified manganese mineralization zone
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The study and analysis of the known manganese 
location has helped in developing the initial model and 
based on which 14 probable manganese locations 
were identified and their field validation has helped in 
strengthening the model. Accordingly, the parameters 
for the Geomorphic Indicator model for manganese 
mineralization were established (Figure 5). 

1. The geomorphological features, where manganese 
mineralization is occurring are pediments /buried 
pediments. The locations of buried pediments are 
in negligible count when compared to the pediment 
areas. 

2. The pediment/buried pediment features will not 
alone indicate the probability of manganese 
occurrence. In addition to that, its geology also plays 
a major role in the localization of the manganese 
mineralization. In the present geological conditions, 
the lower shales / manganiferous shales are the 
source lithology for the manganese mineralization. 
This has been proved by the study of all the 
geological cross sections for known locations of 
manganese mineralization in TSL lease areas.

3. In addition to the lithology, the structural controls 
also play a major role in localization of the 
manganese mineralization (Acharya 2008). In the 
present study, the structural features which were 
taken to create lineament density are ranging 
0.5-2.1 km/km². favors the probable locations of 
manganese mineralization.

4. In geomorphology, drainage patterns are governed 
by the topography of the land, whether a particular 
region is dominated by hard or soft rocks. With 
this as a reason the derived parameter of the 
drainage pattern, in the form of drainage density, 
was considered as a parameter. As per the 
study the drainage density favors localization of 
manganese ore where its ranges are between from 
1.1 to 4.1 km/km².

5. Since the pediments and buried pediments are 
being formed at slope areas, slope is also proved as 
one of the relative parameter, which has a relation 
to localization of manganese mineralization. The 
slope ranges for manganese mineralization are 
varies from 5° to 15°
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Figure 6 : Manganese location as shown in District Resource Map
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4. TESTING OF 
GEOMORPHIC 
INDICATOR MODEL

Any scientific model should be 
supported by multiple independent 
lines of evidences. With this 
concept, the geomorphic model thus 
developed, based on the results of 
known manganese occurrences and 
the field observations, has been 
tested with manganese occurrences 
reported by various agencies within 
the study area. The manganese 
occurrences were reported by GSI 
through District Resource Map, 
published by IBM (Indian Mineral 
Year Book 2013 on Manganese 
Ore) and reported in a publication by 
IMMT, Bhubaneswar. Analysis has 
been done for all the characteristic 
parameters of the model and 
described in the following sections.

District Resource Map - GSI

An attempt has been made for testing 
of the geomorphic model parameters 
by analysis of the 21 (twenty-one) 
manganese occurrences shown in 
the District Resource Map of GSI 
within the study area. The locations 
of manganese occurrences were 
overlaid on different thematic 
layers viz. geomorphology, geology 
and structure, drainage density, 
lineament density and slope of the 
study area and analyzed.

The analyzed results of the model 
parameters from the DRM map have 
been correlated with the parameters 
of the established model developed 
based on the known manganese 
occurrences of TSL and the observations from the field 
validation. Eventually it can be concluded that out of 
21 manganese occurrences reported by DRM (GSI), 
18 occurrences have been found to be positive and 
matching the parameters of the established model 
while three locations are differing in geomorphology 
but fulfilling all the other parameters.

Manganese Ore Reported by IBM

Further to strengthen the developed geomorphic 
model, the characteristic parameters of the model have 
been tested with locations of manganese occurrences 
published by IBM in their Indian Mineral year book 2013 
of Manganese Ore. A total of three (3) locations, falling 
within study area, were overlaid on all the thematic 
layers (geomorphology, geology, slope, lineament 

Figure 6 : Manganese location as shown in District Resource Map



Figure 7 : Manganese location in study area published by IBM
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density and drainage density) and analyzed in order to 
know the response of model parameters. After analysis, 
it was concluded that only one location seems to be 
promising while other two zones do not fulfill the criteria 
for indicator model.

Technical Publication - 
IMMT, Bhubaneswar

From Geological map of 
Precambrian IOG rocks in 
horseshoe-shaped synclino-
rium, north Odisha, India, 
manganese occurrences are 
located in Koira-Noamundi 
province as reported by 
IMMT. Therewere twenty-
one (21) locations which were 
overlaid and analyzed on 
different thematic layers viz. 
geomorphology, geology and 
structure, drainagedensity, 
lineament density and slope 
of the study area. These 
locations were also validated 
in the field. Subsequently, it 
can be concluded that out of 
21 locations of manganese 
occurrence reported by IMMTa 
total of 19locations were found 
to be positive with respect to the 
“Geomorphic Indicator Model

5. SUMMARY
This model is an indirect 
method in deciphering the 
target areas for manganese 
mineralization. Geomorphic 
indicator model was initially 
developed based on the known 
mineral occurrences and field 
validation of probable identified 
manganese locations. This 
model was further strengthened by testing all the 
parameters with manganese occurring areas shown in 
the map and published reports of IBM, GSI and IMMT. 
The parameters finalized for the model are

a) Geomorphology - Pediments/mounds surrounded 
by pediments

b) Lithology - Shale/Manganiferous Shale

c) Slope - 5 to 15° 
(gentle slope/slopes of BHJ/BHQ)

d) Lineament density - 0.5 to 2.1 km/sq.km

e) Drainage density - 1.1 to 4.1 km/sq.km

Figure 7 : Manganese location in study area published by IBM
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The success rate of the geomorphic 
indicator model based on various 
analysis and testing comes out to 
be

 The success rate of 
geomorphic model based on 
District resource map of GSI is 
85.71%.

 The success rate of geomorphic 
model based on manganese 
occurring Locations reported 
by IBM is 33.33%.

 The success rate of 
geomorphic model based on 
from the publication of IMMT, 
Bhubaneswar is 90.48%.

Since the manganese mineralization 
in the study areas are in discontinuous 
form and occur as lenses, therefore 
exploration is very challenging. 
An integrated approach of using 
such geomorphic model along with 
detailed geological & geochemical 
mapping in the anomaly zone can 
help in increasing the confidence of 
target areas and the success rate 
of exploration there by reducing 
the time and cost for exploring 
manganese deposits.
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Fig. 2: Schematic diagram of Interferometric Synthetic Aper-
ture Radar (InSAR)

the help of two radar receivers installed on board (one-pass
flight) or at a different time using only one receiver (repeat-
pass flight) of the same area of interest [21], [22], [31].
Depending on the phase difference of two images taken either
simultaneously (one pass) or sequentially (two pass), a digital
elevation model (DEM) is generated. The geometry of InSAR
can be interpreted with the help of Fig. 2, where SAR1 and
SAR2 are two radar sensors which are separated by a baseline
B oriented at an angle β with respect to local horizontal line,
viewing the same earth point P of height h. The distance
between SAR antenna and the point P on the ground is called
the slant range. The aim of InSAR technique is used to
determine the elevation h at each point in the SAR scene [16],
[33]. A relationship between a change in the estimated height
of point target (δh) with the change in difference in range is
given as:

|δh| = cosψ

sin(ψ + β)


R

B


|δ(∆R)| (1)

From eqn.1, it can be derived that, the amount of error
amount in height estimation is proportional to the error in
slant range difference (∆R) multiplied by the ratio (R/B).
In other words, in order to measure the height of any point
target accurately, the baseline needs to be large enough with
the smallest possible value of slant range difference for the two
pass. On the other hand, baseline can’t be too large to make the
two images appeared to be quite different from each other. The
more appropriate term of baseline is ‘perpendicular baseline’,
i.e. the perpendicular distance from one satellite to the slant
range of the other satellite. The upper limit of the baseline is
termed as critical baseline. So, for choosing any InSAR pair
for successful DEM generation, the baseline should be less
than critical baseline [30].

The phase difference corresponding to same pixel point in
two SAR images or interferometric phase (∆φ) is proportional
to the propagation path difference between the two acquisi-
tions.

∆φ = φ2 − φ1 =
4π

λ
(∆R) (2)

Fig. 3: Screenshot of the main window in ITG tool.

λ is the wavelength of the transmitted signal. In repeat pass
interferometry, the interferometric phase is a summation of
various components as given by the following equation:

∆φtotal = ∆φflat +∆φtopo +∆φdis +∆φatm (3)

where, ∆φflat and ∆φtopo are the phase differences due
to changes in satellite-target distance for flat-earth and topog-
raphy. ∆φflat can be computed accurately from the precise
orbital information and to get the value of ∆φtopo, an auxiliary
DEM is needed where topographic phase can be extracted
from the elevation. ∆φatm is the phase difference due to
changes in atmospheric conditions in between two passes.
∆φdis the phase difference due to displacement of earth
surface in LOS direction. Hence, to get the phase due to
deformation ∆φdis, all the three components in the right side
of eqn 3 need to be subtracted from ∆φtotal.

III. ITG-TOOL & ITS PROCESSING STAGES

Interferometric Tool for Ground observation (ITG-tool), a
GUI based DInSAR processing software has been developed
by Indian Institute of Technology, Kharagpur along with Space
Applications Center (SAC), ISRO, Ahmedabad during the
tenure of a purely R&D project sponsored by ISRO. A screen-
shot of the main window of ITG-tool is shown in Fig. 3. This
software has been designed in such a way that remote sensing
users with a preliminary knowledge of InSAR processing,
can process interferometric mode SAR data using step by
step processing to generate a Differential DEM (DDEM) or a
deformation map of a particular area of interest during a finite
time interval. This tool is able to process starting from raw
SAR data with viewing facility of each intermediate result at
the end of every processing step. Output results at each step
can be taken and analyzed to understand and interpret the
final findings. ITG-tool has been designed and developed for
both the expert user and the novice in the InSAR processing
field. Two modes of processing facilities are available in this
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the help of two radar receivers installed on board (one-pass
flight) or at a different time using only one receiver (repeat-
pass flight) of the same area of interest [21], [22], [31].
Depending on the phase difference of two images taken either
simultaneously (one pass) or sequentially (two pass), a digital
elevation model (DEM) is generated. The geometry of InSAR
can be interpreted with the help of Fig. 2, where SAR1 and
SAR2 are two radar sensors which are separated by a baseline
B oriented at an angle β with respect to local horizontal line,
viewing the same earth point P of height h. The distance
between SAR antenna and the point P on the ground is called
the slant range. The aim of InSAR technique is used to
determine the elevation h at each point in the SAR scene [16],
[33]. A relationship between a change in the estimated height
of point target (δh) with the change in difference in range is
given as:

|δh| = cosψ

sin(ψ + β)
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From eqn.1, it can be derived that, the amount of error
amount in height estimation is proportional to the error in
slant range difference (∆R) multiplied by the ratio (R/B).
In other words, in order to measure the height of any point
target accurately, the baseline needs to be large enough with
the smallest possible value of slant range difference for the two
pass. On the other hand, baseline can’t be too large to make the
two images appeared to be quite different from each other. The
more appropriate term of baseline is ‘perpendicular baseline’,
i.e. the perpendicular distance from one satellite to the slant
range of the other satellite. The upper limit of the baseline is
termed as critical baseline. So, for choosing any InSAR pair
for successful DEM generation, the baseline should be less
than critical baseline [30].

The phase difference corresponding to same pixel point in
two SAR images or interferometric phase (∆φ) is proportional
to the propagation path difference between the two acquisi-
tions.

∆φ = φ2 − φ1 =
4π
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Fig. 3: Screenshot of the main window in ITG tool.

λ is the wavelength of the transmitted signal. In repeat pass
interferometry, the interferometric phase is a summation of
various components as given by the following equation:

∆φtotal = ∆φflat +∆φtopo +∆φdis +∆φatm (3)

where, ∆φflat and ∆φtopo are the phase differences due
to changes in satellite-target distance for flat-earth and topog-
raphy. ∆φflat can be computed accurately from the precise
orbital information and to get the value of ∆φtopo, an auxiliary
DEM is needed where topographic phase can be extracted
from the elevation. ∆φatm is the phase difference due to
changes in atmospheric conditions in between two passes.
∆φdis the phase difference due to displacement of earth
surface in LOS direction. Hence, to get the phase due to
deformation ∆φdis, all the three components in the right side
of eqn 3 need to be subtracted from ∆φtotal.
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direction) and along the track (azimuth direction). So, to get
back the focused point target image, first the matched filter
operation is done on range responses on frequency domain
as range compression [15], [16]. As the spacecraft moves
along its track, the same point in a footprint are illuminated
from different places at varying angles generates an arc-shaped
response for different range to target distances. Range cell
migration (RCM) is another important technique to get a
straightened image response [38]. Finally, the same matched
filter is applied in azimuth frequency domain, called azimuth
compression and then we get a focused single look complex
(SLC) image [29].

 

Fig. 5: Representation of image co-registration via tie point
mapping. (a) Three chosen sub-regions of master image for
co-registration. (b) A visible shift in the same three common
regions in slave image . (c) Illustration of magnitudes of 7x7
array of sub-image cross-correlation function. (d) Slave image
after the alignment to register with master image. [39]

3) Image Co-registration: The height estimation of any
area depends on the phase difference of the echo pulses from
each pixel at the two receivers at the same time (one-pass)
or during two different satellite pass (repeat-pass) over the
same area. So, it is necessary to ensure that the amplitude
and phase of same ground pixels in master and slave are
compared for interferometry [40]. The difference between the
image co-ordinates of the same point in master and slave
is called offset. SAR image co-registration is used to warp
slave image to align well with the master with the help some
rotation and translation techniques [41]. If the offsets are more,
then it’s difficult to co-register two images. The co-registration
associated with InSAR processing is done twice. At first coarse
co-registration where pixel by pixel are compared and then
fine co-registration where up to (1/10)th pixel accuracy is
maintained [42]. Then the amplitude and phase of each pixel
in slave image has been recalculated by interpolation using
bilinear or cubic convolution function. The co-registration in
InSAR uses a series of cross-correlations between small sub-
images which are common in both master and slave image, to
develop a warping function. This concept, called control point
mapping or tie point mapping [43], [44] which is depicted in
Fig. 5. The two SLC images f(l,m) and g(l,m) are shown in
sub-fig. (a) and (b) of the Fig. 5, as master and slave images

respectively. By examining the boxed sub-regions carefully, it
is clear that one image is a bit shifted with respect to the other.
By considering f(l,m) as the master image, so that slave
image g(l,m) will be warped to align with the master image
f(l,m). The procedure begins by subdividing both images into
small sub-images; in this example, a 7x7 subdivision of the
images is shown in Fig. 5(c). Similarity index between the
like pixels in master and slave image is well approximated
by cross correlation function. The two-dimensional (range &
azimuth) correlation co-efficient is given by:

snfg(l,m) =
E [f(l,m)g∗(l,m)]

E [|f(l,m)|2]E [|g(l,m)|2]
(4)

The 2-D cross-correlation snfg(l,m) is calculated for each
of the corresponding pairs of sub-images; the superscript n
indicates the nth sub-image. The magnitudes of the 49 cross-
correlation functions are shown in Fig. 5(c). If a well-defined
cross-correlation peak occurs at lag (0, 0); it suggests that no
shift or offset is there or two sub-images are well aligned in
both range and azimuth direction. If the cross-correlation peak
occurs at some non-zero lag (kl, km), it indicates that the area
of the slave image is offset from the corresponding region
of the master image by kl pixels in range and km pixels in
azimuth. If a sub-region has low reflectivity due to shadow
or a relatively featureless terrain such as a water body, the
correlation peak will diffuse and this may be a poor indicator
of the required warping. Such sub-images can be detected by
measuring the peak-to-rms ratio of the sub-image correlation.
[39]
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ξ will have the higher values for sharp correlation peaks
than for diffuse peaks. A threshold value of ξ can be fixed to
eliminate unreliable sub-image correlations.

4) Interferogram generation: Once two images are co-
registered, the phase of each pixel of slave image is subtracted
from corresponding pixels of the master image. This complex
operation is done by multiplication between the master image
and complex conjugate of slave image [45]. The generated
phase contained image from this step is called interferogram.
The wrapped phase of the interferogram is calculated by [21]:

φfg[l,m] = arg


N

n=1

f [l,m]g∗[l,m]


(6)

Where, N is interferogram samples.
The interferogram phase is computed for each target P in

the (azimuth, slant range) plane. The difference in the sensor-
target path distance for the two satellites is given by [30]:

φ(P ) =
4π

λ
[rM (P )− rS(P )] (7)

Where, rM (P ) and rS(P ) are the slant range distance for
common pixels of master and slave image respectively.
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The paper presents analytical calculations of specific pressure loss in hydraulic transport of the 
Kachkanarsky GOK iron ore processing tailing slurry. The calculations are based on the results of the 
experimental studies on specific pressure loss dependence upon hydraulic roughness of pipelines 
internal surface, lined with polyurethane coating. The experiments proved that hydraulic roughness 
of polyurethane coating is by the factor of four smaller, than that of steel pipelines, resulting in 
decrease of hydraulic resistance coefficients entered into calculating formula of specific pressure 
loss - the Darcy-Weisbach formula. Relative and equivalent roughness coefficients are calculated for 
pipelines with polyurethane coating and without it. Comparative calculations show that hydrotransport 
pipelines polyurethane coating application is conductive to specific energy consumption decrease in 
hydraulic transport of the Kachkanarsky GOK iron ore processing tailings slurry by the factor of 1.5. 
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1. introdUCtion
Pressure loss is one of the main parameters of 
hydraulic transport raw minerals processing, as actually 
determined operational energy costs in the hydraulic 
transport system. Modern trends in productivity growth 
as a result of the mining enterprise engaging in the 
processing of large volumes of all ores are responsible 
for increasing the load on the hydraulic transport system 
and tail slurries - on the tailings storage, respectively. 
The operational system of hydrotransport efficiency 
can be estimated at the cost of a particular energy 
transportation process [Aleksandrov V. I. et al, 2015, 
2012] 

It is known that the main energy losses arise when the 
liquid flow rubs against the inner surface of the pipeline. 
They depend on the value of the coefficient of hydraulic 
resistance included in the formula for Darcy-Weisbach 
[Darcy H., 1857].

Hydraulic drag coefficient is a function of the relative 
pipe wall roughness and Reynolds numbers [Heywood 
N. et al, 1978, 2003] and determines the fluid flow 
regime, i.e.
                                              (1)

At the Kachkanar GOK, industrial testing of high 
density polyethylene pipelines was carried out. The 
tests did not show a significant increase in the service 
life of the slurry pipeline. The outlet pipeline was made 

of polyethylene pipes installed on the pipeline of the 
distribution slurry during the working week, when the 
through hole is worn by solid particles.

At the same factory angular rotations of technical fluids 
were used, lined with internal walls of polyurethane 
coating. Operation with a polyurethane coating turns 
shows that in this case, the service life of more than 10 
times longer than the angular rotations of steel without 
a polyurethane coating.

2. hydraUliC drag CoEffiCiEnt and 
thE floW rEgimE

From hydraulics know that the coefficient of hydraulic 
resistance does not depend on the roughness of the 
inner surface of the pipeline and in laminar regime 
(Re ≤ 2300) is a function only of the Reynolds number 
by the Stokes formula or by the Blasius formula for 
hydraulically smooth pipes. Such regimes are possible 
with hydraulic transport of highly concentrated fine-
dispersed mixtures, when rheological properties appear 
in the flow of pulp. 

In practice all hydrotransport pipelines operating mode 
in the transition to turbulent and turbulent regimes, 
determining when the magnitude value of the hydraulic 
resistance value has a pipe wall roughness [Kumar U. 
et al, 2015; Schmitt D. J., 2004].
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surface of the pipeline and in laminar regime ( 2300Re ) is a function only of the Reynolds number by the 
Stokes formula or by the Blasius formula for hydraulically smooth pipes. Such regimes are possible with 
hydraulic transport of highly concentrated fine-dispersed mixtures, when rheological properties appear in the 
flow of pulp.       
       In practice all hydrotransport pipelines operating mode in the transition to turbulent and turbulent regimes, 
determining when the magnitude value of the hydraulic resistance value has a pipe wall roughness [Kumar U. et 
al, 2015; Schmitt D. J., 2004]. 
       Let's calculate the value of the Reynolds number for the conditions of Kachkanar GOK  by formula 
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Let’s calculate the value of the Reynolds number for 
the conditions of Kachkanar GOK by formula :  

Let us assume for the calculation of the following 
values of the basic parameters: D = 1000 mm;  
v = 4,8 m/s; rh=Cv(rh-1)+1= 0.033(3.3-1)+1 = 1092 kg/m3; 
m = 1.017.10-3 3  Pa.s.

In the calculation it is assumed that the mass 
concentration is equal to the tailings slurry CP = 10%, 
which corresponds to cv @ 3% by the formula :

For pipe 1000 mm, the Reynolds number :

For pipeline 900 mm and average velocity of pulp 
v = 4.0 m/s and similar parameters, the Reynolds 
number is equal to :

In fact, we find that the pulp flow regime in pipes is 
developed turbulent.

When developed turbulent regime the hydraulic drag 
coefficient is independent of the Reynolds number, 
as determined by the relative roughness coefficient in 
accordance with the formula Shifrison

                                                                             (3)

2.1 physical roughness of the inner surface 
of pipes

Experimental investigations of surface roughness 
of pipelines with polyurethane coating were carried 
out in the hydraulic laboratory of the St. Petersburg 
Mining University. The coating material is polyurethane 
having a hardness Shore surface - 83A, 85A and 90A . 
Experienced coated pipe samples are shown in Fig. 1.

Surface roughness of the coating is measured using a 
special device, SJ-210. Contact profilometer (surface 
roughness meter) is an inductive sensor (detector in 
the form of a probe) with a diamond needle and based 
on the measured area. The needle (probe) moves 
perpendicular to the inspected surface. The sensor 
generates pulses that pass through an electronic 

amplifier. Emerging with mechanical oscillation probe 
converted into a digital signal. Statistical analysis 
of several of these signals allows us to calculate 
the average value of the parameter - quantitative 
characteristic plot irregularities based on a certain 
length. 

Fig. 1 General view of the prototypes pipes with 
polyurethane coating: a - hardness Shore 83A;  

b - hardness of 85A; c- hardness 90A

The test installation was assembled to carry out the 
measurements, the general form of which is shown in 
Fig. 2.

Fig. 2 General view of the measurement setup: 
1 - profilometer, 2 – PC, 3 - lodgment, 4 - prototypes with a 

polyurethane coating, 5 - element of the steel pipe 
(new pipe), 6 - element of a steel pipe with a run-roughness 

(trumpet, the former in operation)

Measurements of the surface roughness of prototype 
tubes made according to the three coating forming on 
the inner length of 120 mm, a next bend in the samples 
120° and three line samples on steel pipes. The total 
number of measurements at each measurement sample 
was equal to 27. The measured values were averaged. 
The arithmetic mean value is taken as the absolute 
surface roughness . The results of each measurement 
to be displayed on the computer screen in the form of a 
spectrogram and characteristic table values.

The absolute roughness prototypes pipelines are given 
in Table. 1, where Ra means arithmetic average.
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table 1 : surface roughness prototypes pipes coated with polyurethane

the measuring 
point

hardness 83a hardness 85a hardness 90a

line 
i 

line 
ii

line 
 iii

line 
i 

line 
ii

line 
iii

line 
i 

line 
ii

line 
iii

the measured values of roughness (ra), μm

A 1.343 0.379 0.54 1.266 0.642 0.564 0.780 0.798 0.636

B 0.73 0.996 0.696 1.389 1.248 0.877 0.799 0.730 0.726

C 0.893 0.57 0.457 0.876 1.039 1.135 0.91 0.554 0.412

ra 0.988 0.648 0.564 1.177 0.976 0.859 0.830 0.694 0.591

ra = D 0.734 1.004 0.705

table 2 : measured values of the inner surface of steel pipe roughness

the measuring 
point

new pipe pipe with a run-roughness (used pipe)

line i line ii line iii line i line ii line iii

the measured values of roughness (ra) , μm

A 2.749 2.809 2.821 5.147 4.199 3.883

B 4.742 4.883 4.913 4.2 3.964 4.088

C 4.903 4.358 4.306 4.618 5.199 5.199

Ra 4.131 4.016 4.306 4.618 4.454 4.39

ra= D 4.053 4.499

Similar measurements were performed for roughness elements wall steel pipe - new and used, see Table. 2.

For assess the nature and intensity changes with a 
polyurethane coating roughness prototypes pipes 
experiments on an operating time of roughness were 
performed on a laboratory hydraulic installation.

In linear part of the pipeline installed three prototypes 
of pipes with a polyurethane coating. In supply tank of 
installation capacity of 100 liters poured slurry tailings 
Kachkanarsky GOK with a weight solids content of 
10%. The slurry was pumped through a pipeline with 
an internal diameter of 50 mm with using the centrifugal 
pump CP30/18. Pump flow was controlled by a 
frequency converter. Pump capacity is at maximum 
motor speed was 45 m3/h. From the pipeline slurry gets 
into the measuring tank, which is used to determine the 
flow rate, and then poured into the supply tank. 

The practice of hydrotransport shows that the steady 
value of the surface roughness of steel pipe occurs 

approximately after one month of continuous operation 
of the pipeline, which corresponds to 720 hours. The 
average flow rate in the current pipeline (1000 mm) 
from the pumping station No. 1 of Kachkanarsky GOK 
(according to the company) is 4.8 m/s. These data 
were used to determine the total flow time of the slurry 
tailings through line pipes and prototypes until a steady 
operating time the inner surface roughness. Estimated 
time was 484 hours. To determine the nature and 
dynamics of the roughness of polyurethane coatings 
prototypes pipes total run time of the pump unit was 
divided into several time intervals: 4, 24, 24, 96, 96, 
240 (hours). The pump was turned off after each time 
interval experienced pipe dismantled and measured 
the accumulated roughness. Values accumulated 
roughness of experienced pipe samples are shown in 
Table. 3.
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3. DEFINITION OF ROUGHNESS, COEFFICIENTS HYDRAULIC RESISTANCE AND 
THE LOSSES OF PRESSURE  

Adopted in hydraulics method of determining the roughness it takes into account that the natural 
(geometric aR ) always heterogeneous - peaks and troughs have different shapes, sizes and location. Surface 
microrelief internal pipe wall depends on many factors including the material, method of manufacturing pipes 
and physicochemical properties of the fluid and lifetime. Since the natural roughness has multiple irregular 
shape (Fig.4a), set by any geometrically methods the averaged value of the height of hillocks, determining the 
effect of roughness on the pressure loss, it is impossible to. Therefore, the parameter of roughness is considered 
as a conditional value determined by a special scale of artificial homogeneous roughness (Fig. 4b). 

                                         a)                                 b) 

 
Fig.4 Natural (a) and equivalent roughness (b) 

 
Scale of roughness is constructed with the help of calibrated grains of sand, glued to the smooth surface of 

the pipe. A set of such pipes with different grain diameters gives a number of values of relative roughness, in the 
function of which values are obtained (I. Nikuradze's formula) [Nikuradse J., 1932, 1933; Yagi T et al, 1972] 
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By means of such a scale, the absolute roughness is taken to be its equivalent value, that is, the size of the 
grains of artificial roughness sand, which in the quadratic region of friction with respect to the hydraulic 
resistance is equivalent to this inhomogeneous surface. 

The results of studies [13] of the relationship between the coefficient of equivalent and natural roughness on 
13 samples of low-pressure and high-pressure polyethylene pipes with diameters from 25 to 400 mm, as well as 
the results of studies carried out by G.A. Trukhin (two reinforced concrete collectors with diameters of 1.6 and 
1.94 m) VNII VODGEO (eight water pipes from various materials with diameters from 0.7 to 1.2 m) made it 
possible to establish a mathematical dependence for determining this connection: 

       33,12eq ,             (6) 

where aR - the natural roughness, m. 
Based on these assumptions, we calculate the value of the equivalent roughness coefficient by the formula 

(10), given by the operating time of the hydrotransport pipeline 1000 hours. We'll have 

772,110001092,9814,02
33,15 m. 

Thus, the expected value of the equivalent roughness for a pipeline with a polyurethane coating on the inner 
surface of the pipe with hardness in the range 83A-95A, after the operating 1000 hours, when pumping 
the slurry of the Kachkanarsky GOK processing tailings with a mass concentration of solid about 10%, is equal 
to 772,1eqK  m. 

We assume the obtained value of the equivalent roughness to calculate the coefficient of hydraulic resistance 
and the specific head loss I . 

We determine the coefficient of equivalent roughness for a steel pipe that was in operation. In accordance 
with GOST 8.586 1-2005 (ISO 5167-2003), the equivalent roughness for steel pipelines is calculated by the 
formula 

aeq RK .             (7) 

For calculation eqK , we use the value of the natural roughness of the hydrotransport pipeline element 

( 49,4aR m), Table 2.  

eq 49,4  = 14,1 m. 
It can be seen that the equivalent roughness values for a steel pipeline are significantly higher than the values 

for a coated pipeline (almost eight times). Accordingly, the coefficients of hydraulic resistance and the specific 
head loss will be significantly different. 

The coefficient of hydraulic resistance, which is a function of the relative roughness in the quadratic area of 
friction (resistance), for a pipe of 1000 mm with an inner polyurethane coating ( coat ), according to Shifison's 
formula, will be equal to: 

table 3 : values accumulated roughness of experienced pipe samples

sample pipe with a shore 
hardness

the average surface roughness (ra x 103 μm) 
for the operating time, h 

0 4 28 52 148 242 484

83A 0,734 0,815 0,908 0,876 0,764 0,95 0,828

85A 1,004 1,031 0,975 1,063 0,782 0,788 0,822

90A 0,705 0,783 0,872 0,962 0,983 0,854 0,935

The average value 0,814 0,815 0,918 0,967 0,843 0,864 0,862

From the data of Table. 3 it follows that the roughness 
after 484 hours working time for all samples experienced 
pipeline varies slightly. The roughness values are 
in the range from 0.814 to 0.862 μm. As a result of 
experimental data processing methods of mathematical 
statistics was obtained empirical formula for calculating 
the roughness, depending on the time of operation of 
the pipeline

                                                (4)

where Ra - the average roughness of the pipe wall, μm; 
Top- working time of the pipeline, h. 

By equation (4), the value of the accumulated 
roughness can be calculated as a function of the 
pipeline working time. For example, at time Top = 2000h 
(3 months) of continuous operation of hydrotransport 
system, the average roughness of the inner surface is 
equal to Ra = 1.012 μm; for Top = 4000 h (5 months) 
→  Ra = 1.211 μm; Top = 8000 h (approximately 1 
year) →  Ra = 1.608 μm.

3. definition of roughness, coefficients 
hydraulic resistance and the losses of 
pressure 

Adopted in hydraulics method of determining the 
roughness it takes into account that the natural 
(geometric D=aR ) always heterogeneous - peaks 
and troughs have different shapes, sizes and location. 
Surface microrelief internal pipe wall depends on many 
factors including the material, method of manufacturing 
pipes and physicochemical properties of the fluid and 
lifetime. Since the natural roughness has multiple 
irregular shape (Fig.4a), set by any geometrically 
methods the averaged value of the height of hillocks, 
determining the effect of roughness on the pressure 
loss, it is impossible to. Therefore, the parameter 
of roughness is considered as a conditional value 
determined by a special scale of artificial homogeneous 
roughness (Fig. 4b).

 a)                                  b)

Fig.4 Natural (a) and equivalent roughness (b)

Scale of roughness is constructed with the help 
of calibrated grains of sand, glued to the smooth 
surface of the pipe. A set of such pipes with different 
grain diameters gives a number of values of relative 
roughness, in the function of which values are obtained 
(I. Nikuradze’s formula) [Nikuradse J., 1932, 1933; 
Yagi T et al, 1972]

                                                 (5)

By means of such a scale, the absolute roughness is 
taken to be its equivalent value, that is, the size of the 
grains of artificial roughness sand, which in the quadratic 
region of friction with respect to the hydraulic resistance 
is equivalent to this inhomogeneous surface.

The results of studies [13] of the relationship between 
the coefficient of equivalent and natural roughness 
on 13 samples of low-pressure and high-pressure 
polyethylene pipes with diameters from 25 to 400 
mm, as well as the results of studies carried out by 
G.A. Trukhin (two reinforced concrete collectors with 
diameters of 1.6 and 1.94 m) VNII VODGEO (eight water 
pipes from various materials with diameters from 0.7 
to 1.2 m) made it possible to establish a mathematical 
dependence for determining this connection:

              (6)

where aR=D - the natural roughness, μm.
Based on these assumptions, we calculate the value 
of the equivalent roughness coefficient by the formula 
(10), given by the operating time of the hydrotransport 
pipeline Top = 1000  hours. We’ll have

Surface roughness prototypes pipes coated with polyurethane 

The 
measuring 

point 

hardness 83A hardness 85A hardness 90A 
Line  

I  
Line 

II 
Line 
 III 

Line  
I  

Line 
II 

Line 
 III 

Line  
I  

Line 
II 

Line 
 III 

The measured values of roughness (Ra) , m 
 1.343 0.379 0.54 1.266 0.642 0.564 0.780 0.798 0.636 
 0.73 0.996 0.696 1.389 1.248 0.877 0.799 0.730 0.726 
 0.893 0.57 0.457 0.876 1.039 1.135 0.91 0.554 0.412 

Ra 0.988 0.648 0.564 1.177 0.976 0.859 0.830 0.694 0.591 
Ra =   0.734 1.004 0.705 
 
Similar measurements were performed for roughness elements wall steel pipe - new and used, see Table. 2. 

Table 2 
Measured values of the inner surface of steel pipe roughness 

The 
measuring 

point 

New pipe Pipe with a run-roughness (used pipe) 
Line I Line II Line III Line I Line II Line III 

The measured values of roughness (Ra) , m 
A 2.749 2.809 2.821 5.147 4.199 3.883 
B 4.742 4.883 4.913 4.2 3.964 4.088 
C 4.903 4.358 4.306 4.618 5.199 5.199 
Ra  4.131 4.016 4.306 4.618 4.454 4.39 

Ra=  4.053 4.499 
For assess the nature and intensity changes with a polyurethane coating roughness prototypes pipes 

experiments on an operating time of roughness were performed on a laboratory hydraulic installation. 
In linear part of the pipeline installed three prototypes of pipes with a polyurethane coating. In supply tank of 

installation capacity of 100 liters poured slurry tailings Kachkanarsky GOK with a weight solids content of 
10%. The slurry was pumped through a pipeline with an internal diameter of 50 mm with using the centrifugal 
pump CP30/18. Pump flow was controlled by a frequency converter. Pump capacity is at maximum motor speed 
was 45 m3/h. From the pipeline slurry gets into the measuring tank, which is used to determine the flow rate, 
and then poured into the supply tank.  

The practice of hydrotransport shows that the steady value of the surface roughness of steel pipe occurs 
approximately after one month of continuous operation of the pipeline, which corresponds to 720 hours. The 
average flow rate in the current pipeline (1000 mm) from the pumping station 1 of Kachkanarsky GOK  
(according to the company) is 4.8 m/s. These data were used to determine the total flow time of the slurry 
tailings through line pipes and prototypes until a steady operating time the inner surface roughness. Estimated 
time was 484 hours. To determine the nature and dynamics of the roughness of polyurethane coatings prototypes 
pipes total run time of the pump unit was divided into several time intervals: 4, 24, 24, 96, 96, 240 (hours). The 
pump was turned off after each time interval experienced pipe dismantled and measured the accumulated 
roughness. Values accumulated roughness of experienced pipe samples are shown in Table. 3. 

 
Table 3  

Values accumulated roughness of experienced pipe samples 
Sample pipe with 
a Shore hardness 

The average surface roughness ( 310Ra ) for the operating time, h  
0 4 28 52 148 242 484 

83  0,734 0,815 0,908 0,876 0,764 0,95 0,828 
85  1,004 1,031 0,975 1,063 0,782 0,788 0,822 
90  0,705 0,783 0,872 0,962 0,983 0,854 0,935 

The average 
value 0,814 0,815 0,918 0,967 0,843 0,864 0,862 

 
From the data of Table. 3 it follows that the roughness after 484 hours working time for all samples 

experienced pipeline varies slightly. The roughness values are in the range from 0.814 to 0.862 m. As a result 
of experimental data processing methods of mathematical statistics was obtained empirical formula for 
calculating the roughness, depending on the time of operation of the pipeline 

                                         opTRa 51092.9814.0 .             (4) 

where Ra - the average roughness of the pipe wall, m; opT - working time of the pipeline, h.     
By equation (4), the value of the accumulated roughness can be calculated as a function of the pipeline 

working time. For example, at time 2000op h (3 months) of continuous operation of hydrotransport system, 

the average roughness of the inner surface is equal to 012.1Ra  m; for 4000op h (5 months) 

211.1Ra  m; 8000op  h (approximately 1 year) 608.1Ra  m. 

3. DEFINITION OF ROUGHNESS, COEFFICIENTS HYDRAULIC RESISTANCE AND 
THE LOSSES OF PRESSURE  

Adopted in hydraulics method of determining the roughness it takes into account that the natural 
(geometric aR ) always heterogeneous - peaks and troughs have different shapes, sizes and location. Surface 
microrelief internal pipe wall depends on many factors including the material, method of manufacturing pipes 
and physicochemical properties of the fluid and lifetime. Since the natural roughness has multiple irregular 
shape (Fig.4a), set by any geometrically methods the averaged value of the height of hillocks, determining the 
effect of roughness on the pressure loss, it is impossible to. Therefore, the parameter of roughness is considered 
as a conditional value determined by a special scale of artificial homogeneous roughness (Fig. 4b). 

                                         a)                                 b) 

 
Fig.4 Natural (a) and equivalent roughness (b) 

 
Scale of roughness is constructed with the help of calibrated grains of sand, glued to the smooth surface of 

the pipe. A set of such pipes with different grain diameters gives a number of values of relative roughness, in the 
function of which values are obtained (I. Nikuradze's formula) [Nikuradse J., 1932, 1933; Yagi T et al, 1972] 
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By means of such a scale, the absolute roughness is taken to be its equivalent value, that is, the size of the 
grains of artificial roughness sand, which in the quadratic region of friction with respect to the hydraulic 
resistance is equivalent to this inhomogeneous surface. 

The results of studies [13] of the relationship between the coefficient of equivalent and natural roughness on 
13 samples of low-pressure and high-pressure polyethylene pipes with diameters from 25 to 400 mm, as well as 
the results of studies carried out by G.A. Trukhin (two reinforced concrete collectors with diameters of 1.6 and 
1.94 m) VNII VODGEO (eight water pipes from various materials with diameters from 0.7 to 1.2 m) made it 
possible to establish a mathematical dependence for determining this connection: 

       33,12eq ,             (6) 

where aR - the natural roughness, m. 
Based on these assumptions, we calculate the value of the equivalent roughness coefficient by the formula 

(10), given by the operating time of the hydrotransport pipeline 1000 hours. We'll have 

772,110001092,9814,02
33,15 m. 

Thus, the expected value of the equivalent roughness for a pipeline with a polyurethane coating on the inner 
surface of the pipe with hardness in the range 83A-95A, after the operating 1000 hours, when pumping 
the slurry of the Kachkanarsky GOK processing tailings with a mass concentration of solid about 10%, is equal 
to 772,1eqK  m. 

We assume the obtained value of the equivalent roughness to calculate the coefficient of hydraulic resistance 
and the specific head loss I . 

We determine the coefficient of equivalent roughness for a steel pipe that was in operation. In accordance 
with GOST 8.586 1-2005 (ISO 5167-2003), the equivalent roughness for steel pipelines is calculated by the 
formula 

aeq RK .             (7) 

For calculation eqK , we use the value of the natural roughness of the hydrotransport pipeline element 

( 49,4aR m), Table 2.  

eq 49,4  = 14,1 m. 
It can be seen that the equivalent roughness values for a steel pipeline are significantly higher than the values 

for a coated pipeline (almost eight times). Accordingly, the coefficients of hydraulic resistance and the specific 
head loss will be significantly different. 

The coefficient of hydraulic resistance, which is a function of the relative roughness in the quadratic area of 
friction (resistance), for a pipe of 1000 mm with an inner polyurethane coating ( coat ), according to Shifison's 
formula, will be equal to: 
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Thus, the expected value of the equivalent roughness 
for a pipeline with a polyurethane coating on the inner 
surface of the pipe with hardness in the range 83A-95A, 
after the operating Top = 1000 hours, when pumping 
the slurry of the Kachkanarsky GOK processing tailings 
with a mass concentration of solid about 10%, is equal 
to Keq = 1,772 μm.

We assume the obtained value of the equivalent 
roughness to calculate the coefficient of hydraulic 
resistance l and the specific head loss I .

We determine the coefficient of equivalent roughness 
for a steel pipe that was in operation. In accordance 
with GOST 8.586 1-2005 (ISO 5167-2003), the 
equivalent roughness for steel pipelines is calculated 
by the formula

              Keq = μRa                                (7)

For calculation Keq, we use the value of the natural 
roughness of the hydrotransport pipeline element 
(Ra - 4, 49 μm), Table 2. 

Keq = p.4,49 = 14,1 μm.

It can be seen that the equivalent roughness values for 
a steel pipeline are significantly higher than the values 
for a coated pipeline (almost eight times). Accordingly, 
the coefficients of hydraulic resistance and the specific 
head loss will be significantly different.

The coefficient of hydraulic resistance, which is a 
function of the relative roughness in the quadratic 
area of friction (resistance), for a pipe of 1000 mm 
with an inner polyurethane coating (lcoat), according to 
Shifison’s formula, will be equal to:

The coefficient of hydraulic resistance for a steel spent 
pipeline ( stl ), will be equal to

Specific head losses are calculated for the conditions 
of the Kachkanarsky GOK, taking into account the new 
values of the coefficients of hydraulic resistance lcoat  
and lst. We will have for head losses in the pipeline 
lined with a layer of polyurethane with a hardness of 
Shore from 83A to 90A:

In the steel pipeline (without coating) :

                                           

The results of calculations of the roughness coefficients, 
hydraulic resistances and specific head losses are given 
in Table. 4. The results of calculations of the roughness 
coefficients, hydraulic resistances and specific head 
losses are given in Table. 4.

table 4 : Calculated values of coefficients of 
roughness, hydraulic resistances and specific 
head losses (pipeline D = 1000 mm mm) 

pipeline

parameters

natural 
roughness 

(D), μm

Equivalent 
roughness 
(Keq), μm

Coefficient 
of hydraulic 
resistance 

(l)

specific 
head loss 

(I ), 
m w.c./m

Polyurethane 
coating 0,913 1,772 0,004 0,0155

Steel 4,49 14,1 0,007 0,0232

4. ConClUsion
1. Established values of the surface roughness of 

polyurethane coatings, the values of the relative 
roughness coefficients and the calculated values 
of specific head losses confirm the efficiency of 
using pipelines with a polyurethane coating of the 
pipeline inner surface in hydrotransport system of 
tail pulp.

2. Hardness of the surface of polyurethane coatings 
in the Shore scale from 83A to 90A (experimental 
coatings) does not have a practical effect on the 
intensity of the change in the roughness of the 
coating surface.

3. Hydraulic drag coefficient in pipeline during the 
transportation of tail pulp with a mass concentration 
of solid phase cp = 10% is proportional to the ratio 
of equivalent roughness (Keq) to the diameter of the 

3. DEFINITION OF ROUGHNESS, COEFFICIENTS HYDRAULIC RESISTANCE AND 
THE LOSSES OF PRESSURE  

Adopted in hydraulics method of determining the roughness it takes into account that the natural 
(geometric aR ) always heterogeneous - peaks and troughs have different shapes, sizes and location. Surface 
microrelief internal pipe wall depends on many factors including the material, method of manufacturing pipes 
and physicochemical properties of the fluid and lifetime. Since the natural roughness has multiple irregular 
shape (Fig.4a), set by any geometrically methods the averaged value of the height of hillocks, determining the 
effect of roughness on the pressure loss, it is impossible to. Therefore, the parameter of roughness is considered 
as a conditional value determined by a special scale of artificial homogeneous roughness (Fig. 4b). 

                                         a)                                 b) 

 
Fig.4 Natural (a) and equivalent roughness (b) 

 
Scale of roughness is constructed with the help of calibrated grains of sand, glued to the smooth surface of 

the pipe. A set of such pipes with different grain diameters gives a number of values of relative roughness, in the 
function of which values are obtained (I. Nikuradze's formula) [Nikuradse J., 1932, 1933; Yagi T et al, 1972] 
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By means of such a scale, the absolute roughness is taken to be its equivalent value, that is, the size of the 
grains of artificial roughness sand, which in the quadratic region of friction with respect to the hydraulic 
resistance is equivalent to this inhomogeneous surface. 

The results of studies [13] of the relationship between the coefficient of equivalent and natural roughness on 
13 samples of low-pressure and high-pressure polyethylene pipes with diameters from 25 to 400 mm, as well as 
the results of studies carried out by G.A. Trukhin (two reinforced concrete collectors with diameters of 1.6 and 
1.94 m) VNII VODGEO (eight water pipes from various materials with diameters from 0.7 to 1.2 m) made it 
possible to establish a mathematical dependence for determining this connection: 

       33,12eq ,             (6) 

where aR - the natural roughness, m. 
Based on these assumptions, we calculate the value of the equivalent roughness coefficient by the formula 

(10), given by the operating time of the hydrotransport pipeline 1000 hours. We'll have 

772,110001092,9814,02
33,15 m. 

Thus, the expected value of the equivalent roughness for a pipeline with a polyurethane coating on the inner 
surface of the pipe with hardness in the range 83A-95A, after the operating 1000 hours, when pumping 
the slurry of the Kachkanarsky GOK processing tailings with a mass concentration of solid about 10%, is equal 
to 772,1eqK  m. 

We assume the obtained value of the equivalent roughness to calculate the coefficient of hydraulic resistance 
and the specific head loss I . 

We determine the coefficient of equivalent roughness for a steel pipe that was in operation. In accordance 
with GOST 8.586 1-2005 (ISO 5167-2003), the equivalent roughness for steel pipelines is calculated by the 
formula 

aeq RK .             (7) 

For calculation eqK , we use the value of the natural roughness of the hydrotransport pipeline element 

( 49,4aR m), Table 2.  

eq 49,4  = 14,1 m. 
It can be seen that the equivalent roughness values for a steel pipeline are significantly higher than the values 

for a coated pipeline (almost eight times). Accordingly, the coefficients of hydraulic resistance and the specific 
head loss will be significantly different. 

The coefficient of hydraulic resistance, which is a function of the relative roughness in the quadratic area of 
friction (resistance), for a pipe of 1000 mm with an inner polyurethane coating ( coat ), according to Shifison's 
formula, will be equal to: 
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The coefficient of hydraulic resistance for a steel spent pipeline ( st ), will be equal to 
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Specific head losses are calculated for the conditions of the Kachkanarsky GOK, taking into account the new 
values of the coefficients of hydraulic resistance coat  and st . We will have for head losses in the pipeline 
lined with a layer of polyurethane with a hardness of Shore from 83A to 90A: 
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The results of calculations of the roughness coefficients, hydraulic resistances and specific head losses are 
given in Table. 4. The results of calculations of the roughness coefficients, hydraulic resistances and specific 
head losses are given in Table. 4. 

 
Table 4 

Calculated values of coefficients of roughness, hydraulic resistances and 
specific head losses (pipeline 1000D mm)  

Pipeline 

Parameters 
Natural 

roughness ( ), 
m 

Equivalent 
roughness 
( eqK ), m 

Coefficient of 
hydraulic 

resistance ( ) 

Specific head 
loss ( I ), 
m w.c./m 

Polyurethane 
coating 0,913 1,772 0,004 0,0155 

Steel 4,49 14,1 0,007 0,0232 

4. CONCLUSION 

1. Established values of the surface roughness of polyurethane coatings, the values of the relative 
roughness coefficients and the calculated values of specific head losses confirm the efficiency of using pipelines 
with a polyurethane coating of the pipeline inner surface in hydrotransport system of tail pulp. 

2. Hardness of the surface of polyurethane coatings in the Shore scale from 83A to 90A (experimental 
coatings) does not have a practical effect on the intensity of the change in the roughness of the coating surface. 

3. Hydraulic drag coefficient in pipeline during the transportation of tail pulp with a mass concentration of 
solid phase pc = 10% is proportional to the ratio of equivalent roughness ( eqK ) to the diameter of the pipeline 

by the formula 
25.0

11.0
D
eq . For the working diameter of the pipeline D = 1000 mm, when working in 

the zone of quadratic friction (developed turbulent flow regime of the slurry), the hydraulic resistance 
coefficient on average for 1000 hours of continuous operation will not exceed     = 0.004. 

4. Calculated values of the specific head losses in the pipeline with polyurethane coating for hydraulic 
transport of the slurry of the concentration tailings with a solid concentration of 10% is coatI = 15.5 m w.c./km, 
which is almost 1.5 times less than in the uncoated steel pipeline ( I = 23.2 m w.c./km). 
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pipeline by the formula                      . For the 

working diameter of the pipeline D = 1000 mm, 
when working in the zone of quadratic friction 
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(developed turbulent flow regime of the slurry), 
the hydraulic resistance coefficient on average for 
1000 hours of continuous operation will not exceed 
l  = 0.004.

4. Calculated values of the specific head losses in 
the pipeline with polyurethane coating for hydraulic 
transport of the slurry of the concentration tailings 
with a solid concentration of 10% is ICoat = 15.5 m 
w.c./km, which is almost 1.5 times less than in the 
uncoated steel pipeline (I = 23.2 m w.c./km).
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