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Abstract In this study, scouring around single and double piggyback pipelines in different arrangements was
experimentally investigated in a laboratory flume. Two diameter ratios of small pipe diameter (d) to large diameter pipe (D)
(d/D) = 0.2 and 0.3 were used. The effect of change in arrangement of piggyback pipelines on the scour depth in live-bed
condition was evaluated using the Young et al. criterion. Results showed that the change in arrangement, regardless of the
number of piggyback pipelines, significantly reduced the maximum scour depth, and the larger d/D ratio was, the greater was

the scour depth reduction.
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1. Introduction

Marine pipelines are important for transporting water,
natural gas, oil, and petroleum products. In recent decades, a
new form of marine pipeline, called piggyback pipeline, has
been developed. This type of pipeline consists of a large pipe
and a small pipe that is installed directly above the large pipe.
This type of pipeline is suggested, because it is difficult to
monitor the amount of oil remaining in the pipelines after
a period of transfer operation, and on the other hand, the
accumulation of oil residues in the pipeline leads to blockage
or wastage of oil [2]. In this way, the large pipeline carries oil
or gas, while the small pipeline carries the monitoring signal
and oil transport materials [3]. Such a pipeline addresses the
problem of oil loss and improves the economic efficiency of
oil fields [4]. In the phase 12 of Southern Pars project in Iran,
three 32-inch pipelines have been used to transfer gas from
the platform to the beach and to each one a 4-inch pipeline
has been connected.

A number of studies conducted on the effect of various
factors and parameters on scouring under this type of
pipeline have shown that the width and depth of the scouring
hole around the piggyback pipeline is greater than that
around a single pipe under similar laboratory conditions [5].
In a numerical study, Zhao (2012) [6] investigated the effect
of changing the location of small pipe relative to the large
one on the formation of vortices behind the pipeline and
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scour depth. Their results showed that the maximum scour
depth occurred when a = 90° and the minimum scour depth

occurred when o =0°or 90° (Figure 1).

Also, investigations of the effect of different distances
between pipeline and bed (e) showed that the maximum
scour depth below the piggyback pipeline occurred when the
distance of the large pipe from the bed was e = 0.15D [6]
[7] [8] [9]. It has been shown that when the small pipe
was placed on the large pipe without distance (G/D = 0),
maximum scour depth occurred and as this distance
increased, the maximum scour depth and its time duration
decreased [10]. [Define G, €] When G/D>0.4 where G is a
gap between pipelines, the impact of small pipe on the main
pipe decreased and the maximum scour depth below the
pipeline approached the maximum scour depth of a single
pipe [5]. Yang et al (2019) [1] proposed a model of "one
large diameter pipe in the middle and two smaller pipes on
the sides™ instead of "one pipe stacked on top of another
pipe" due to the disadvantages of the piggyback pipeline in
terms of increasing scour depth. (Figure 2). They reported
that this new pipeline effectively reduced the pressure
gradient between upstream and downstream of the pipeline,
which led to a reduction in scour depth around the pipeline.
They also found that when the diameter ratio of the pipes
increased, the pressure gradient decreased.

The objective of this technical note is to answer the
following questions:

What is the effect of diameter ratio on the scour depth for a
single piggyback pipeline?

How is the scouring depth affected by changing the
piggyback pipeline arrangement?
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Figure 1. Definition of parameters in piggyback pipeline
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Figure 2. Arrangement suggested by Yang et al (2019) [1]

2. Experimental Setup and Procedure

The flume used in this experimental study had a length
of 13 m, width 0.46 m and depth 1 m, and its maximum
capacity was 440 m3/hr. At the entrance of the flume, 1 m
long galvanized mesh sheets were stacked on the top of each
other to reduce the distance needed for reaching fully
developed flow. The distance between 8.75 m and 10.25 m
from the entrance of flume was selected as the test site and
the models were placed in the middle of it. For this interval,
sand with ds, = 0.24 mm with a geometric standard
deviation of less than 1.4 mm was used, and in other parts,
sand with ds, = 1.9 mm was used, which had no particle
movement during the test. The height of bed sediments was
20 cm. In all experiments, a uniform flow with a depth of 260
mm and an average velocity of U=1.41,=0.4 m/s was used
for live-bed conditions. The critical velocity (V.) was 0.287
m/s, calculated following Melville and Sutherland (1988)
[11].

To prevent the pipes from moving under the influence of
currents, a rubber sheet was placed on one side between the
pipe and flume wall and the pipes do not move during the
tests. All experiments were continued until the scour depth
did not change more than 1 mm over a two-hour period.

Yang et al. (2019) [1] proposed and examined a
combination of two small pipes and a large pipe under
clear-water conditions. Their experiments were performed
on four-pipe combinations as d/D = 0.1, 0.2, 0.25, 0.3 (d is
the small pipe diameter and D is the large pipe diameter).
In this study, two pipe combinations d/D = 0.2 and 0.3
(combination of two pipes (0.5 cm, and 2.5 cm) and (1.2 cm
and 4 cm) were used. Like Yang et al (2019) [1], small and
large pipes are connected to each other without distance.
(Figure 3)

To do experiments, first, a single pipe with a diameter
of 2.5 cm was examined. Then, piggyback pipelines were
investigated (similar to the experiments of Yang et al. (2019)
[1]), herein the live-bed conditions with two arrangements
were compared. In the next step, the effect of change in the
arrangement of piggyback pipelines on double-pipe system
was investigated (Figure 3).

3. Dimensional Analysis

The most important parameters that affect scouring under
pipelines can be summarized as follows:

ds =f(9,p,v,U,H,S,D,G,d,dsg,0,p,B) (1)

where U is the average flow velocity, H is the flow depth, S
is the bed slope, p is the density of fluid, g is the gravity
acceleration, v is the kinematic viscosity, D is the pipe
diameter, G is the distance between pipes in pipe group,
d is the small pipe diameter in piggyback pipes, ds, is the
median size of sediment, g, is the geometric deviation
of sediment, and p, is the density of sediment. Using
Buckingham theory, Equation 1 can be written as follows:

ds _ H dsgg d G
o= fi (B0, Re 5 50,5, 00.507) @)

The Reynolds number (R,) can be calculated by Equation
3, and however, it may be omitted because all experiments
were carried out in turbulent flow. Also, considering Dey
and Singh (2008) [12], when H > 5D, scouring under the

pipe is independent of flow depth, so % in Equation 2 was

not used in this study. In equation (2), S and g, were
constant during the experiments and was removed from
Equation 2 as well.
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Figure 3. Arrangements of piggyback pipelines
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According to the above considerations, Equation 2 was
simplified as follows:
ds _ dsg d G
5=£(R5500) “)

in which the Froude number (F,) was calculated using
Equation 5:

Fo=—Y (5)

D — Ps
/(7—1)917

4. Hydrodynamic Forces
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Figure 4. The hydrodynamic forces acting on the horizontal pipe under
flow
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Figure 5. The hydrodynamic forces acting on piggyback pipelines in two
arrangement of this study
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Figure 6. Scour profiles of piggyback pipelines in a) test 1 b) test 2

Table 1. Results of Single Piggyback Pipeline Tests with d/D=0.2

Column number 1 2 3
Test number T, (min) ds (cm) dyld singie
1 300 -2.9 1.415
2 270 -2.25 1.097

The hydrodynamic forces acting on the horizontal pipeline
that is exposed to the flow are shown in figure 4. In this
picture Fp, F;, F;, W and Fg are Drag force, Inertia force,
Lift force, pipe submerged weight and soil resistance
(soil-pipe friction force) respectively [13]. These forces for
piggyback pipelines in two different arrangement are shown
in figure 5.

5. Results

5.1. Single Piggyback Pipeline

For comparing the results with the piggyback pipeline,
a single pipe with a diameter of 2.5 cm was tested with a
maximum scour depth of 2.05 cm in 180 min. Then, the
effect of change in the arrangement of single piggyback
pipeline with a diameter ratio of 0.2 on scour depth was
investigated by two experiments. Figure 6 shows scour
profiles in these two experiments. Results of these two
experiments are shown in Table 1, and showed that by
changing the piggyback pipeline layout, the time required to
perform the test reduced and caused a 22.4% reduction in
scour depth. In addition, the maximum scour depth under the
piggyback pipeline with a diameter ratio of 0.2 in the first
and second experiments was 41.5% and 9.7% higher than the
maximum scour depth below the single pipe, respectively.

In the next two experiments, the effect of this change in
arrangement on scour depth for single piggyback pipeline
with a diameter ratio of 0.3 was investigated (Figure 7).
Results of the two experiments are shown in Table 2. This
table shows that at a diameter ratio of 0.3, similar to the
diameter ratio of 0.2, the time required for the test reduced
by changing the piggyback pipeline layout. This change in
arrangement also reduced the maximum scour depth by
34.9%. Column 3 of Table 2 shows that the maximum scour
depth in two arrangements was 50.9% higher and 1.8% less
than the maximum scour depth of a single pipe, respectively.

Results obtained from 4 experiments performed in this
section for piggyback pipeline with a diameter ratio of
0.2 and 0.3 in live-bed conditions showed that the results
presented by Young et al. (2019) [1] in clear-water
conditions were true under live-bed conditions.

Table 2. Results of Single Piggyback Pipeline Tests with d/D=0.3

Column number 1 2 3
Test number T, (min) ds (cm) dslds singie
3 360 -4.15 1.509
4 320 -2.7 0.982
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Figure 7. Scour profiles of piggyback pipelines in a) test 3 b) test 4

5.2. Double Piggyback Pipelines with no Gap between
Pipelines

In the previous section, it was observed that a change in
the location of small pipe relative to the large pipe in
piggyback pipeline could significantly reduce the maximum
scour depth below it. In this section, the effect of this change
in arrangement was examined for double-piggyback pipeline
mode. Similar to the previous part, in the first two
experiments, a diameter ratio of 0.2 and in the third and
fourth experiments, a diameter ratio of 0.3 was used for
piggyback pipelines. In the first experiment, the maximum
scour depth was 3.3 cm, which increased by 13.8%
compared to the single piggyback pipeline experiment with
a diameter ratio of 0.2. The test period was 360 min. In
the second experiment, the scour hole was not formed
completely under the two pipelines after 480 min and only
under upstream pipe was washed. The maximum scour depth
in the hole formed below the upstream pipe was 1.35 cm.
The maximum scour depth in the third experiment was 4.55
cm, showing an increase of 9.64% compared to the single
piggyback pipeline experiment. Also, the test time period
was 420 min. In the fourth experiment, during 480 min, the
scour hole was not completely formed under the two pipes
and the maximum scour depth in the hole created under the
upstream pipe was 1.15 cm. Figures 8, 9, 10 and 11 show the
scour profiles in these 4 experiments. Comparison of figures
9 and 11 showed that the effect of changing the arrangement
of double piggyback pipelines on reducing the scour depth
for a diameter ratio of 0.3 was much more significant than for
the diameter ratio of 0.2.

Comparing the results obtained during the experiments of
single and double piggyback pipelines, it was found that the
effectiveness of this type of arrangement change was much
higher for the double-pipe mode than for the single-pipe
mode.

Based on 8 experiments performed on piggyback pipelines,

it can be concluded that a change in the arrangement of these
pipelines, regardless of their number, significantly reduced
the maximum scour depth below them, and as d/D ratio
increased, the reduction of scour depth increased as well.
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Figure 8. Scour profile of double piggyback pipeline test with d/D=0.2
(first arrangement)
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Figure 9. Scour profile of double piggyback pipeline test with d/D=0.2
(second arrangement)
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Figure 10. Scour profile of double piggyback pipeline test with d/D=0.3
(first arrangement)
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Figure 11. Scour profile of double piggyback pipeline test with d/D=0.3
(second arrangement)

6. Conclusions

In this study, 8 experiments were performed for single and
double-piggyback pipelines and the effect of piggyback
pipeline arrangement on scour depth was investigated. The
following results were obtained:
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1- Results of 4 experiments performed for single
piggyback pipelines, with a diameter ratio of 0.2
and 0.3 showed that by changing their arrangement,
the scour depth has reduced by 22.4% and 34.9%,
respectively.

2- Changing the arrangement of piggyback pipelines
in double-pipe experiments caused a significant
reduction in scour depth. In such a way the scouring
hole was formed only under the upstream pipeline.

3- By changing the arrangement of piggyback pipelines,
the hydrodynamic forces on the pipes also change. For
example, in the new arrangement of pipelines, the
frictional force between the pipes and soil is greater
(due to more contact surface between pipes and bed),
s0 it may be possible that reduction of scour depth in
the new arrangement attributed the hydrodynamic
forces acting on the pipes.

Notation

B flume width [L]

D pipe diameter [L]

d diameter of smaller pipe [L]

dg maximum scour depth[L]

ds single maximum scour depth for single pipe[L]

dsg median size of sediment [L]

e gap between larger pipe and bed [L]

Fp Froude number [L~1T7]

G gap between pipelines [L]

g gravity acceleration [LT 2]

H upstream water depth [L]

R, Reynolds number [M°L°T?]

S bed slope [M°L°T?]

T, test time period [T]

U the average approach flow velocity [LT ]

Ve threshold flow velocity [LT 1]

a, geometric standard deviation of sediment

[MOL0T°]

p mass density of water [ML™3]

s mass density of sediment [ML~3]

v kinematic viscosity of water [L2T ]
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