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STUDY OF SCOUR AT DOUBLE SUBMARINE PIPELINES
DUE TO WATER CURRENTS

Aglall & LAl Aol 1 534 5 % il had el A

By
E!-Masry A.A & Sobeih M M. F

Mansoura University Faculty of Engrg.
Irrigation & Hydrauiics Dept.

u:.:leU.n:.la

JH\‘_-HULL';JLJu@ﬂlﬂli_}a@@mblﬁx’_ﬂgie;ﬁ
50 Ll adleas &y 505 Ala a8 ol gal o0 a1 8L 2 g2 3e
E.LJ-_.J-'I;J;_‘LA-.AH nﬁgUY'J:_;s)L;LﬁAEJALm1=:\4Jw1LL1yH
‘);_l.'?-.ﬂ_,_.q&atlj&!ﬁ&..g]ﬁuiﬁééﬂﬁ:@bﬂ_}ud“:ﬁ@!d.e.l:
'JJJ.LGJE_}&I_tﬂllal‘_Aﬁjh@éﬁﬂ!%:i.(dﬂ))&um‘
Sl A gl M o5 Tbenadl G Jlatl | Gl e JEE
e 23 BTl L Al Lawy pé Dliade S8 e g alkll
S8 Tl aa) (i) alaiiuly ol el eafl 3l Lunly

Sag At gt

ABSTRACT

The main objective of this study is to ifmprove the influe: ve¢ of
spacing between double submarine pipelines on local scour. Exper:aenis
have shown how local scour develops around double submarine pip:iines
in pnoncohesive sediment, Based on experimental results, a nuwivr of
curves are i[llustrated to represent the relationship between rariri
scour depth and Froude number for pipeline diameters, spacing lelscen

pipelines, flow depth and flow rate per unit width. It highlights ‘he
limitations of Froude number (o estimate maximum Scour depth at k-
marine pipelines. According to Froude nqnumber I!imitations, ‘hr-oeo

formulae for prediction of maximum scour depth at submarine pipelins
are presented.

INTRODUCTION:

The rapid development of offshore oil fields has increased the
construction of submarine pipelines for transporft of crude oil to
oashore refineries. Interacfion befween the pipelines and an erodille
bed under current and/or wave conditions tend to undermine part of the
pipe causing it to be suspended in water. If the free span of tle pipe
is long enough, the pipe may experience resonant flow-induced oscilla-—
tions, leading to structural! failure.

Most research investigations, Bijker and Leeuwestein [2}]; and Chiew
f4], were conducted on scour due to the presefce of a single submarine
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‘pelines. The present study i[llustrates the effeet of spaeing heitween
;,uble suhmarine pipelines on scour hole depth and Jength. In present
rperiments, pipes were placed just on tep of an initial herizontal
-d, see Fig. ({). Fnr each set of water depths and discharges,
racing between pipelines were 1.5, 2, 3, and 4. Three pipeline
ameters, v, were considered (2.7, 3.35, and 4.2 cm).

Fig.i- Layout of the problem under considration.

“VIEW OF PREVIOUS INVESTIGATIONS

The number and variety of formulas proposed for prediction of
.cal scour depth around bridge piers 15 numerous, but comparatively
w are found for estimating scour depth at single submarine
pelines. In general, these equations relate the depth of scour to
rameters, such as velocity, pipe diameter, grain size, and flow
pth. These equatiovons were derived from experimental data, Tbrahim
], collected them at the University of New-Castle upon Tyne 1in
-gland. Chao and Hennessy (3] proposed an analytical wamethod for
timating maximum scour depth under pure current condition. Herbich

al. [7] advocated use of this method and reproduced it with l1ittle
iange in several publications. The fourth Investigation coentazining
-veral research projects, Bijker [l]; Bijker and Leeuwestein [2]; and
-eurestien et al. (5], was conducted at Delft University of Tech—
logy in the Netherlands. The last research work in this [ist was
nducted at fhe Technical University of Denmark { Fredsge and Hansen
]; Mao [8]). Besides establishing an empirical relationship~ between
our depth and other parameters. Bijker and Leeuwestein [2] also
lentified three forms of erosion around single submarine pipeliner

- Luff erosion, which occurs at the upstream side of the pipe and is
caused by an eddy formation upstream of the pipe.

- Lee erosion, which occurs at the downstream side of the pipe and
I5 caused by reemergence of the main flow over and the turbulent
wake dornstream of the pipe.

- Tunnel erosion, which occurs under the pipe and is a direct
consequence of the increased velecilty underneath the pipe cempared
with the undisturbed velocity.

Bijker and leeuwestein [2] stated that the fundamental cause of
osion around a pipeline is a local increase in transport capacity of
e flow around the pipeline, while deposition takes place where this
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capacity decreases. This argument is, mnevertheless, a necessary
corollary ef their ohservation, rather than an explanation.

Ma2o {8} reported the formation of three fypes of vortices around
a single submarinpe pipeline resting on a plane bed. As illustrated iIn
Fig. 2(a), one of the vortices, A, formed at fthe nose of the pipe, the
other twe vortices, B and C, formed downstream of the pipe. The onset
of scour is thus, according to Mao, due to the combined action of the
vortices and under flow, which leads to the formation of a small open-
ing under the pipe as more and more sand particles are carried away.
Figure (2) clearly illustrates the process of the onset of scour.

i:> {a)

- e T
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Fig.2- Three-vortex system and onset of scour. (after Mao}

Chiew [5] proposed an empirical function relating the amount of
gap flow through the scour hole for given flow conditions. He proposed
an iterative method for estimpafting maximum scour depth at single
submarine pipelines.

EXPERIMENTAL SET-UF

The experiments in this study were carried out in a flume 7.0m
long, 0.4 m wide and, 0.4 m deep. Three different pipe diameters 27,
33.5, and 42 mm were used. For each test, the cylinders those extended
the entire width of the flume were used to represent the pipes. The
eylinders, fixed at both ends, were just Iying on 4 horizontal sand
bed. It must be pointed oul that the grain size used in the experiment
for verification had a mcan value of 0.315 mm.

Equilibrium of scour hofe profile was achieved within three hours
duration in average. After equilibrium of scour, the flow was stopped
and the profile of scour hole was recorded.
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Three different approach flow depths, at 2.4, 2.5, and 3.0 & were
ed in the experiments. To simulate submarine pipelines, the flow
-pth is always greater than the pipe diameter. The mean flow velocitly
:5 determined by dividing the flow rate per unift width by the depth
“ flow.

The flume mainly consists of head and tail tanks and the flume
tself through which the flow is conveyed, see Fig.(3). Water stored
‘1 the laboratory ground sump is transported by a centrifugal pump to
ie head tank. The head tank consists of two adfacent tanks connecting
sgether through holes. The delivery of the pump supplies the [first
ink with the pumped water, consequently, the level of the adjacent
ink rises. The aim of using two tanks is to damp water fluctuations.
1e second tank has two weirs, one of them is to measure the flow, the
cher is to allow excess water overflow and fto be drained inte the
~ound sump. Thus the water head over the calibrated weir can be majin-
iined at the constant value despite any fluctuations in the pump flow
ite. Water acting head over the weir is measured with a vertical
rale.
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1- Centrifugal pumps 7- Sand bed
2— First head tank 8- Tail hinged gate
3- Second head tank 9- Tail tank
d—- Flow measuring wreir 10~ Flume sides
5— Approach basin 11~ Escape weir

6— Inlet screen
Fig.3- Experimental set-up

The flow passes into fhe flume through an inlel screen to absorb
ay water eddies. Water depth in the ,flume 15 comtrolled using a
inged gate fixed at the flumc end. Water were drafned inte the ‘tail
ump that leads te the ground sump. The depth of water could be
ecasured wilh a probe which is mounted on the X-Y carriage. The carri-
se travels on two sets of rails.

_ Coarse adjustment of the probe is accomplished by sliding the
g1nted rod up or down inside the long guide cylinder and securing it
ith thumb screw. Fine adjustment is done by turning clockwise or
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counter clockwise a large wheel on the probe, which [n turn engages
the guide cylinder. Guide cylinder is linked to the scale, which allow
precise readout of the waler height.

THE EXPERIMENTAL PROCEDURE

In this study, three discharges were considered, (g = [J8.25,
217.35 and 3!1.4{ cu.cm/sec/cm.) with mesn velocities ranged from
10.97 to 45.8 cm/sec). Flow depths wmere 2.0, 2.5, and 3.0 ¢ (5.4 to
12.6 cm).

Spacing between pipelines are t.5, 2.0, 3.0, and 4.0 @, respec-
tively. One hundred and eight runs were conducfed. In all runs, if
scour was pol in a symmetry w.r.t. the centerline of the [lume, the
test wmould be repeated to ensure that the onset of scour was nolt due
to side mall effects.

The following are some problems that were faced during the work
process and how they were overcomed;
! — Pipelines are not fully rested on bed (fthat has non-horizontally
surface. This problem has been overcomed using water balance to adjust
both of bed surface and pipelines.
2 — Starting the run while downstream side of pipelines is dry leading
to false scour. Before the commencement of a run, the flume was filled
from both ends, to a level slightly higher than the predetermined flow
depth. The pump was (hen switched or and the downstream gate lowered
simul taneously, This procedure was followed strictly te ensure that
the onsef of scour was caused by the predefermined flow condition
rather then the instability other wise induced.
3 - Pipelines are not perpendicular to the Flow and spacing betwreen
them is not constant. To overcome this problem, a right angle was used
to fix the line and to define spacing belween pipelines, a bar wifh
certain thickness may be used.
4 - Distortion of scour hole at the end of the run due to switch off
the puwmp and sudden change in water depths in the flume. To overcome
this problem, before switching off the pump, water depth is slightly
increased, the pump switched off and emptying the flume from its ends
graduslly with small rate.

RESULTS AND ANALYSIS

From experiments, it was observed that, there were different forms
of scour holes which depend on the conditions of flow, pipe diameter,
and spacing hetween them. Figure (4) shows the recorded deformafions
of scoured beds, The main cause of scour around pipelines s the

change of flow pattlern around the pipes and fhe subsequent response of
the sediment.

Experiments include measurements of maximum scour depth, Ds, aud
scour length, Ls, for pipeline diameters, » = 2.7, 3.35, and 4.2 cm.
The considered pipeline spacings were 5=[.50; 2.0; 3.0 and 4.0 2 and
fiow depths were Y=2.0; 2.5; and 1.0 ¢ with flow rate per unit width,
q=1{38.25; 2I7.35 and 31!.4{. Experimental resulfs are jillustrated in
dimensionless forms as shown in Figs, (5) to (183},



a) Wirde scour hale h}) Narrow scour hole
FE =037 y=®., § = ¥ F =0.35, y=X, 5=3
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c} Marror with an attached d) Wavy scour hole
dowastream scour hale F =0.25, y=3, Saodp
F =035, y=2, s=4

d) Wavy scour hole with an apex in betreen
F=0y9 . y=3, S=2

Fig.4a- Scour under the two pipes.
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. b} Scour under the [irst
a}) Scour under the Ffirst line only
F =013, y=2.%, 5=

line with deposition
the secand ane.

F=0j4g . y=3, 5=1.5

orn
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c) Scour under the®first line, deposition on the second one and an
attached dornstream scour fole. F =025, y=%, S=X

Fig. 4b— Scour under the first pipeline only
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a) Scour under the second lime only
F <0235, y=iw, 5=

b) Scour under the second line,
rront erosion For the first
one. F =0‘30_f y=3p, S=4&

Fig. 4c— Scour under the second line only

Fig. 4d— Downstream scour hole with front erosions for bolh lines
F =0.40, y=2.5, S5=3

Fig. 4e- Immediate downstream scour hole with neo scour under pipelines
F =0.285, y=2X, 5=[.5
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Figures (5) and (6) are illustrated for pipeline diameters, flow
depth ratio, #/¥= 0.33; 0.4; and 0.5.Figure (5) shows the relationship
between Froude number, F, and the ratioc of scour depth fo the spacing
between Iines, Ds/5. Figure (6) shows the relationship between Froude
agumber, F, a2nd the ratio of scour length to the spscing, Ls/S. In the
above mentioned figures, it s evident that, as Froude number

increases, both maximum scour depth, Ds, and scour length, Ls,
increase.

Fig.5- 1/ F % versus Ds/8

]

i
E]

[y
=
2
T F YTy T RT T I_T‘l_l_l_rr YT ¥ I_I_I‘r'l—I—'—I—["r

§

§

Fig.6—- 1/ F *versus Ls/S
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, Figures (7)., (4), and (?) i[llustrate the reflationship between
1/F°, and the ratio of scour depth to the diameter of pipelines,
(Ds/¢) for spacing ratio, S/% =1.5, 2.0, 3.0, and 4.0. From these
figures, it is noticed that as I/ F ~ increases as the relative scour,
{Ds/?), decreases. Therefore, scour depth, Ds, 1is related to flow
velocity, V., water depth, Y; gravitational! acceleration, g&; pipe
diameter, #, and spacing between pipelines, S.
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Fig.7- t/ F “versus Ds /o ( I/ F = 3. to 6.)

Experimental results may be classified inlto five types of flow
according to the behaviourzof scour with Froude number. The first type
is for Froude number, {/F , less thap three. This type of flow is
accompanied with high velocities which lead to washouf bed materials
within a relaftively small time. Results of this type of Fflnw were
excluded due to difficulties of recording scour progress and also as
these cases are not practical.

The second type of flow is limited with Froude number, {/F ", from
3.0 te 6.0. In this type of flow, progress of scour (s «clear. Scour
extends to a long distance downstream of pipelines, i.e, there was no
recorded scour in upstream side of pipelines. For this fype of flow,
to predict maximum scour depth, equation (l!) is the estimaled formula
that is a function of pipeline diameter, ¢, Froude number, (/F ", and
spacing between lines, §. This equation is based an the technique of
curve fitting as follows;

Dsf =2.32- .’/Fz[ 0.1¢(Sp)-2.6) "+ ;.z] (1)

The third type of flow is characterized by Froude number, [/F :,
that ranged between 6.0 Fo 12.0. Results of this type of flow were
illustrated in Fig.(8). From this figure, it is evident that, maximum
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scour depths at submarine pipelines are in medium range comparing with
the results of second and fourth types of flor. For this type, Eqn.(2)
was derived to estimate maximum scour depth as follows;

Dsf= [ 7.88/}:1{(25,#’)4-3}] —[ 1.83-.1(Spm) ° ] In (I1/F%) (2)

Figure (9} shows the illustration of resuftf those obtained from
the case of the fourth type of flow, ( 12.< I/F "% 32.). In this Ltype
uf flow, velocity of flow apd the existed scour were small with
respect te previous types and changing Froude number within the range
had small influence on the recorded depths of scour. Equation (3) is
the proposed ane to estimate scour depths using the parameters of,
pipeline diameter, spacing between them and Froude number as follows;

&0 a3 10 75 B0 [B] €0 [ ke a8 1D 1vs 17n

1/F?
Fig.8- I/F * versus Ds /2 (I/F *= 6. to 12.)

Dsf =1.21n [(SA)+.12]-.013 (1/F )(Sm) (3)

The fifth type of flow is for Froude aumber, !/F z, greater fthan
32.0. In this type, velocity of flow was smal! and there were no scour
hole recorded at pipeline pasitions. .

The computed maximum scour depths according to Egqns. (!), (2) and
{3) are compared wilh the recorded ones those abtained from
experiments as shown in Fig. (1). From this figure, it is clear that
most of computed data points lje within a scatter of *20% for equation
(1) while for Eqns. (2) and (3), there were over and under estimations

due to the sensitivity of measurements which lead to a tangible error
for small depths.
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Fig.9- {/F?, versus Ds @ (1/F "= 12. to 32.)

The fifth type of flow is for Froude number, [/F Z, greater fthan
32.0. In this type, velocity of flow was small and there were no scour
hole recorded at pipeline positions.

The computed maximum scour depths according to Eqns. (1), (2) and
{1) are compared with the recorded ocones fhose obtained from
experiments as shown in Fig. (10). From this figure, it is clear that
most of computed dafta poinfts lie within a scatter of =20% for equation
(1) while for Eqns. (2) and (3), there were over and under estimations

due to the sensitivity of measurements which lead to a fangible error
for small depths.
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Fig. 10- Comparison between measured and computed scour depth.
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NCLUSIONS

For double submarine pipelines just resting on a flat and
rizontal erodible bed, experimental observations showred that,
xioum seour depth oceurs within a distance starting from the midway
t{ween pipelines up to I3 thirteen ftimes the pipeline diameter in
‘Anstream direction. Three formpulae were derived to predict wmaximum
our depth at double submarine pipelines as a funefion of Froude
‘iteria. Scour at double submarine pipelines may be eliminated for
:lues of Froude number less than 0.18.
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OTATION

The following symbols are used in this paper:

Ds = scour depth;
d50 = mean particle size;

F = Froude number, v/ V gy ;

x = gravitaltional acceleration;

L = Jength of scour;

q = unit flow rate;

S = spacing between double submarine pipelines;
Vv = meap velocity; .

Y = flow depth; and

=] = pipeline diameter.





