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ABSTRACT

Van Beek, F.A. and Wind, H.G., 1990. Numerical modelling of erosion and sedimentation around
offshore pipelines. Coastal Eng., 14: 107-128.

In this paper a numerical model is presented for the description of the erosion and sedimenta-
tion near pipelines on the sea bottom. The model is based on the Navier-Stokes equations and
the equation of motion and continuity of sediment.

The results of the simulations have been compared with the results of tests in a large-scale
facility. The agreement between the results of the simulations and the experimental results is good.

The applicability of the method is twofold: firstly, the processes of erosion and sedimentation
around bodies on the sea bottom can be simulated; secondly, the method can be used for the design
of pipelines, including erosion stimulating elements, such as spoilers.

DESCRIPTION OF EROSION PROCESSES AROUND OFFSHORE PIPELINES
Introduction

Pipelines are used inshore and offshore for the transportation of many fluids
like water, oil and gas. Pipelines placed on the seabed are vulnerable for dam-
age by fishing gear and scraping anchors. In some areas therefore it is required
to protect the pipelines. This can be achieved, for instance, by covering the
pipelines by trenching and subsequently backfilling of the pipeline or by using
natural erosion and sedimentation processes. These natural processes can be
amplified by placing a spoiler on top of the pipeline. The erosion and subse-
quently lowering down of the pipeline due to the natural processes can be sub-
divided into various stages. These will briefly be described below.

The effect of a pipeline on waves and currents is to block a part of the flow
and to force the flow around the pipeline. This leads to an increase in the flow
velocities upto a distance of several pipeline diameters away from the pipeline.
If a pipeline is placed near the seabottom, the flow bet-veen the pipeline and
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LIST OF SYMBOLS

¢ sediment concentration

Cp sediment concentration at bottom grid line

Cu constant in k, € model

D, D, diffusion coefficients for sediment [m?s™'}

Dy grain diameter [m]
(index 10 means, that 10% of the total weight of the bottom material has a grain di-
ameter smaller than D,,)

H water depth [m]

k kinetic energy [m?s~!)

n porosity of the bed

p isotropic pressure [N m~!]

™~ equivalent Nikuradse roughness length {m]

S5 Sy sediment flux in direction of vectors ¥ and y, respectively {m s=!]

t time {s]

u, v time averaged velocity in direction of ¥ and ¥, respectively [m s—*]

N mean velocity in horizontal direction [m s~!]

u,v turbulent fluctuations associated with time-averaged velocities u and v, respectively [m
s

u, shear velocity at the wall [ms™']

Uger critical shear velocity [ms™!)

W, settling velocity of the sediment [ms™']

x horizontal coordinate [m]

y vertical coordinate [m]

Yo bed level [m]

Yo roughness parameter [m}

o constant in sediment boundary condition

y angle between the surface and horizontal plane [ ° |

Ayy bed level change [m]

At morphological time step {s]

€ energy dissipation rate [m?s~?]

K Von Karman constant

v molecular kinematic viscosity [m?s~']

v, turbulent eddy viscosity [m?s~']

p mass density of the fluid [kg m ™3]

Ds mass density of the sediment [kg m~3]

Oxx» Oy, ressure stresses [N m~?]

A Schmidt-number

Ty shear stress [N m~?]

the seabottom is forced through a narrow gap, leading to even higher velocities.
Together with the increase in turbulence level, locally the sediment transport
capacity will also increase. This will lead to erosion in the vicinity of the pipe-
line. The final configuration of the scour hole depends, among others, on the
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position of the pipeline during the erosion process. For the position of the pipe-
line various scenarios can be envisaged, for instance:

- a fixed position of the pipeline;

- aconstant distance between pipeline and seabottom;

- aprescribed displacement of the pipeline as a function of time.

If the pipeline remains in a fixed position, the increasing depth of the scourhole
will lead to a reduction of the velocity near the bottom. At some stage this
process will lead to an equilibrium depth. Kjeldsen et al. (1973) presented data
on the maximum scour depth below pipelines in a fixed position.

If, however, the pipeline follows the erosion processes, then two effects take
place simultaneously. First of all the lowering down of the pipeline leads to a
reduction of the gap between pipeline and seabottom and this may lead to an
decrease in flow velocity and hence sediment transport capacity, but secondary
the blockage of the flow by the pipeline will lead to a reduction in the flow
velocity and hence sediment transport capacity. It is expected that this dy-
namic lowering of the pipeline leads to a reduction of the maximum erosion
depth. The effect of a spoiler will be that the blockage of the flow is enhanced
and hence that the erosion is extended over a longer period, leading to an in-
crease in scour depth.

The contribution made in this paper is that the Navier-Stokes equations,
describing the turbulent flow around the pipeline and the seabed, are coupled
with a dynamic description of the erodable seabed, containing both the bedload
as well as the suspended sediment load. The formulas are outlined in the chap-
ter on Mathematical formulation. Results of the computation of the erosion of
the seabed caused by a fixed pipeline with and without a spoiler and a compar-
ison with large-scale model experiments of a pipeline without spoiler are shown
in the chapter on Numerical Model. This paper closes with a discussion and
suggestions for further research.

Various types of description of local scour

The analyses of scour around pipelines are relatively new in engineering,
compared with similar analyses of two- and three-dimensional scour around
slender cylindrical piers. In the review of the state-of-the-art some cross-ref-
erences to these related fields will be made.

In the 1960’s and the beginning of the 1970’s only experimental methods
were available for the analyses of local scour near offshore pipelines. In order
to generalise the results, the experimental data were presented as a function
of dimensionless variables. A milestone in this respect is the work of Kjeldsen
et al. (1973). Recent data of a large scale experiment are given in Bijker and
Leeuwenstein (1984 ). These results pertain to the maximum scour depth for
a fixed position of the pipeline above a sandy bottom. Another approach to the
problem of local scour is the selection of field data. A problem in this case is
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that the wave and current data, the erodability of the sea bottom and the po-
sition of the pipeline relative to the sea bottom are known in a general sense,
but not for the local conditions and with a limited accuracy. This makes the
generalisation of this approach somewhat difficult.

A outline of the experimental research of local scour in the last decades can
be found in literature surveys of Karaki and Haynie (1963), Breusers (1972),
Dargahi (1982) and Clark et al. (1982). Most of the references refer to scour
near bridge piers. The procedure followed in those references is that experi-
mental and field data are gathered and represented as a function of dimen-
sionless parameters.

Attempts to introduce analytical methods can be found in the work of Shen
et al. (1967, 1969), where a potential flow model is used for the description of
the flow field around bridge piers. By Tsujimoto and Mizukami (1985) the
sediment-transport equation is elaborated and the unknown parameters are
obtained from experimental results.

In the 1980’s numerical approaches for the analyses of local scour and sedi-
mentation became feasible. As far as the flow field is concerned the 1980 Stan-
ford Conference shows a wide range of engineering applications where exper-
imental data and numerical results converge. Initially the costs of the
computations required for engineering applications are still a problem and em-
pirical data are added to speed up solution routines. An example of such ap-
proaches is given in the SUTRENCH model of Van Rijn (1987).

Computations of local scour near a pipeline by means of a potential flow
model are presented by Hansen et al. (1986). The effect of sagging velocity
and three-dimensional scour has been investigated experimentally by Fredsoe
et al. (1987). With the increase of the computational capabilities the borders
of the applications widen. A comparison between experimental data and nu-
merical results, using the Navier-Stokes equations coupled with a k~e turbu-
lence model, of the sediment concentration field in a flume is given by Celik
and Rodi (1985). Leeuwenstein and Wind (1984 ) present the scour near a
pipeline using the Navier-Stokes equations for the description of the flowfield.
However, they only studied bedload problems.

Jensen et al. (1988) have studied the flow field around a pipeline near a fixed
bottom by means of a discrete vortex model and compared the results with
experimental data. From the comparison between model and experiments it
follows that improvements of the flow model are required.

In the present paper the dynamic evolution of the sea bottom is added to the
turbulent flow field around the pipeline. The equations describing both the
flow field and the sea bottom are outlined in the next chapter.

MATHEMATICAL FORMULATION
Flow field

A detailed description of the flow pattern is a prerequisite for the calculation
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of the evolution of the scour holes. In the present example, the changes in the
seabed are of the same order of magnitude as the pipe diameter, which is gen-
erally small compared with the water depth.

The basic equations describing the flow are the equations of motion and
continuity in the vertical plane. The two-dimensional unsteady Navier—Stokes
equations for turbulence-averaged flow in a cartesian coordinate system (x,y)
read:
du, du,6 du, 1dp 1<a‘ryx +<_9&>=0

9t Yax ey T an o\ ay T ox

—Ttu—tuv -

dv dv dv 1ldp 1(@ 00#)_0

at  dx dy pdy p\ dx 3y (1)

where:

u, v =horizontal (x) and vertical (y) wvelocity components,
respectively;

Oy Oyyy Tyy  =normal stresses and shear stress;

P =mass density of the fluid;

Jo) =1sotropic pressure.

The continuity equation reads:

du Jv
$+a—y=0 (2)

The viscous and turbulent stressed in Eq. 1 are modelled using the Boussinesq
hypothesis:

axx=2p (V+Vt) au

Txy= p(l’+ Vt) (_

oy, =2p(v+v,)

dv
dy (3)
where:
v =molecular kinematic viscosity;
v, =turbulent eddy viscosity.
In the present model the turbulent eddy viscosity, v, is written in terms of the
turbulent kinetic energy & and its dissipation rate e:
kZ

Ve=Cy (5)
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where
Cu

constant with value 0.09.
The turbulent kinetic energy, k, and its d

transport equations, forming the k—¢ model (see Rodi, 1984 for a detailed de-

.00 ~0.75 -0.50 -0.25 0.00 0.25 0.50 0.75

.25 1

-0.25

a. without spoiler

.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75

.25 -1

-1

-0.25

5. with spoiler

Fig. 1. Computational grids.
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scription ). Here, values for the k—¢ model constants are used as recommended
by Launder and Spalding (1974).

In the computations presented in this paper, flow and sediment concentra-
tion in a vertical plane are simulated (Fig. 1). The upper boundary is formed
by the water surface, the lower boundary is located at the bed. The water—
sediment mixture enters and leaves the model through the left and right
boundaries, respectively.

The boundary conditions for the tangential velocity at fixed boundaries are
based on the law of the wall:

w_ln (y—1> (6)

u, K Yo

where:

u, =tangential velocity at distance y, from the wall;

u, =shear velocity at the wall;

¥ =Von Karman constant;

Yo =TIn/33

rn =the equivalent Nikuradse roughness length;

y:; =distance of the bottom grid line from the wall.

In addition, the normal velocity at the wall is defined equal to zero. The wall
boundary conditions for k and € are (Rodi, 1984):

u2

k=—r (7)
Ve
Ky

A horizontal rigid lid is applied along the water surface. The pressure distri-
bution against the lid, in fact a fixed boundary without shear, acts on the fluid
in a similar way as the pressure resulting from a free surface elevation, (Al-
frink, 1982). As v,+ v is non-zero at the surface, the boundary conditions for
the surface become:
w=0 and % =0

dy
At the upstream boundary the standard distribution functions for uniform
channel flow are applied for u, v, k and €.

Sediment concentration field

The suspended sediment concentration is described by the unsteady con-
vection/diffusion equation:
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de  dc de 4 de. 0 dc

—tu—+(v—w,) s — (D) ——(Dy=) =

gt Tiax T 0wy =5 (Deg ) =5, Doy ) =0 ®)
where:

c =sediment concentration;

W =settling velocity of the sediment;

D,, D, =sediment diffusion coefficients in the x and y direction, respectively.

Combining Eq. 9 with the equation of continuity (Eq. 2) yields:

de d de d dc

— 4 — —_ — — — —_ —i= (
6t+6x(uc Dxax)+ay{(v w,)e Dyay} 0 10)
The horizontal and vertical transport of sediment per unit area (s, and s,,

respectively) are defined as:

de
S,=Uu c—-Dxa
dc
S,= (U—ws)C—Dya—y (11)

The diffusion coefficients D, and D, are replaced by the general diffusion coef-
ficient for sediment D, related to the turbulent eddy viscosity v, by:

=2 (12)

Ot

In principle, the Schmidt number o, varies with the flow and sediment char-
acteristics. The influences of most of these factors are not exactly known for
specific micro-scale problems. Therefore, a Schmidt number of 0.5 has been
applied, as suggested by Celik and Rodi (1985).

At the water surface and at the surface of an obstacle, the flux of sediment
through these surface will be zero, which implies that:

0

cwscos(y)——Dn—E=0 (13)
an

where 7 is the angle between the surface and horizontal plane.

The bottom boundary condition is based on empirical entrainment relation-

ships (Van Rijn, 1987), i.e.:

15
2 2
u;—u
€y = a(-*_2_£> (14)
u*C!‘
o =constant;

u,.. =critical shear velocity;
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¢, =sediment concentration at bottom grid line.

In this equation ¢, depends only on the shear velocity. In the simulation of
non-stationary conditions, however, the value of concentration c, in the com-
putational point next to the bottom point can be higher than c;. In that case,
diffusion will give rise to an additional flux of sediment towards the bottom
(dc/dz<0, Eq. 11). In the computational model it is assumed for practical
reasons that, at the bed, the factor dc/dz in Eq. 11 should be positive or zero.
This imposes ¢, as a lower limit of ¢y,

Morphological changes

Once the sediment concentration ¢ and the diffusion coefficient D, just above
the bottom are known, the vertical sediment flux near the bottom can be com-
puted from Eq. 11. According to positive or negative sediment flux the bed
erodes or accretes. The rate of accration dy,/dt is given by:

Ve _ —S$y

CAN 1
Jdt 1—n (15)
where:

y, =Dbed level;
n =porosity of the bed;

s, =vertical sediment flux at the near bottom boundary of the computational
grid.
NUMERICAL MODEL

Computational procedure

The flow chart of the morphological computations is shown in Fig. 2. It is
based on a quasi-stationary approach, with the fixed bed topography during
the flow computation.

In the first part of the computation, or the so-called “hydrodynamic phase”,
the flow and sediment concentration fields are computed. On basis of this flow
field the flux of sediment “passing” the bottom boundary at each location can
be calculated from Eq. 11. In the second part of the computation, the “mor-
phological phase”, this sediment flux is used to determine the topographical
changes. Subsequently, the computational grid is adapted to the new topog-
raphy. Once the morphological phase has been completed, the hydrodynamic
phase is restarted.
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Fig. 2. Step-by-step approach.

Hydrodynamic phase

Flow computation

The flow field computation is performed with the program system ODYSSEE
(Officier et al., 1984), developed for the simulation of complex two-dimen-
sional turbulent flows. It utilizes non-orthogonal boundary-fitted curvilinear
coordinates. The computational grid is multiple-connected so that flow around
systems of pipes or other objects can be simulated. Local grid refinement can
be applied in order to improve the resolution in areas with steep gradients, or
otherwise of interest.

The numerical method is based on a fractional step technique, in which the
differential equations are split according to physical phenomena (advection,
diffusion, continuity correction ), and solved using the method of characteris-
tics in the advection step and finite-difference methods in the others.

Although oDYSSEE basically simulates unsteady flows, the program was used
to predict steady flow fields. The time step was determined empirically, on the
basis of accuracy and stability criteria. This led to 4t=0.5 s for all flow
computations.

Computation of the suspended sediment concentration

Apart from a module for the computation of the flow field and the turbulence
parameter k and ¢, the ODYSSEE system includes a module for the simulation
of heat transport. This module could easily be extended to suspended-load
sediment transport according to Eq. 10. It was run along with the flow com-
putation, to calculate the steady concentration field as a result of a time de-
pendent simulation.
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Morphological phase

Computation of the topographical changes
The bed level changes are computed from the explicit discretisation of Eq.
15:

1—n

where:

Ay, =displacement in y-direction;

At,, =morphological time step.

In the initial phase of the scour hole evolution 4y; is locally very large during
a given time step 4t,,. The rate of scour hole development will decrease in time,
which means in the case of Eq. 16 that 4y, will decrease for a given constant
At... Another elaboration of the same idea is that At,, will increase for a given
constant 4y,. Now that the maximum value of the displacement in the y direc-
tion, 4y,, in one morphological phase was chosen, the computed flow and sed-
iment concentration fields did not change very much so that the next hydro-
dynamical computation should be stable and accurate. In this way each
morphological phase delivers data for a small adaptation of the bottom bound-
ary geometry and a value of 4t,, belonging to this adaptation.

Grid adaptation

The grid generation system applied makes use of the coordinates of the
boundary points (Gilding, 1986). In the morphological phase the data of the
old bottom-boundary geometry were replaced by the newly computed locations
of the bottom boundary points. After that a new grid was generated, which was
used for the computations in the next hydrodynamic phase.

COMPUTATIONS OF SCOUR DEVELOPMENT
A submarine pipeline

Erosion and/or sedimentation around pipelines can induce a natural settling
of the pipelines below the seabed. One of the methods for stimulating this
process, which leads to self-burial of pipelines is to mount a small spoiler on
top of the pipeline. If it is possible to develop a numerical tool to predict this
self-burial process, the numerical optimization of pipeline protection works
(stimulated self-burial, trenching, protection by gravel, etc.) would come within
reach.

In 1984, Delft Hydraulics has carried out a number of laboratory experi-
ments (Peerbolte, 1984) to study the scour development under pipelines in
prototype conditions (scale 1:1). One of these tests was selected to verify the
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present mathematical model. In this test a pipeline (diameter 0.50 m, without
spoiler) was mounted in a flume with its axis at 0.25 m from an erodable bed.
Test runs were made with various mean flow velocities: 0.3, 0.5, 0.7 and 0.9 m
s~ L. In each experiment the scour evolution was measured.

The mathematical model was applied to the experiment with the 0.7 m s~
mean velocity. The initial bed geometry was formed by the equilibrium profile
after the “0.5 m s~ ! tests”. Two computations were carried out: one for a pipe-
line without spoiler, and the other one for a pipeline with spoiler.

1

Boundary and initial conditions

In the numerical simulation, the flume was assumed to be infinitely wide, so
that a two-dimensional approach is possible. Figure 1 shows the initial com-
putational grids. The bottom boundary is formed by the flume bed, the upper
boundary is located at the water surface. The sediment-water mixture enters
the model through the left-hand boundary and leaves the model through the
right-hand boundary.

The most important input parameters are (Fig. 3):

- mean flow velocity: 2=0.70 m s~ ;
— roughness parameter: y,=0.002 m;
- water depth: H=1.67 m;

1.75 1.75
|
|
1.50 1.50 | K
| I
s \ PR
1.25 1.25 \ 4
\
€ \
= 1.00% 1.00 A
P ; . \
\ \
0.75E 0.75\, A\
! A\
t \ y
| 1 \\
0.50 t} 0.50 \ \
ll i \
‘\‘ 0.25 \ )
0.25 . M \
\ Y
. —_
008552 0.4 0.6 0.8 1.0 008025 40 6.0 8.0 10.0
- 2 —3
——u(m s —=k (Mm“/s, ¥10°)
- 2,3 3
—c (—, ¥10 %) —¢ (M/s°, ¥107°)

—v (Mm%/s, ¥107%)
Fig. 3. Inflow boundary conditions.
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— grain size: D;,=0.16 mm; D;;,=0.22 mm; Dyy=0.30 mm.
So the material is fairly homogeneous. Therefore, D;, is considered as the
representative grain size;
- sediment density: p,=2650 kg m~%;
- settling velocity: w,=0.03 m s~ ;
~ critical shear velocity according to Shields: u,.,=0.013ms™".
- time step: 4t=0.25s.

- Schmidt number: 6,=0.5 (throughout the computational domain).
Results

Flow

Figures 4 and 5 show the flow and turbulence fields around the pipelines
with and without spoiler. According to the continuity principle, it was expected
that the flow velocity under the pipeline with spoiler should be about 10%
higher than the flow velocity under the pipeline without spoiler. However, the
simulations show a 30% higher velocity (Fig. 4). The substantial change in the
hydraulic geometry by mounting a spoiler (resulting in a higher pressure drop
downstream of the pipeline, Fig. 6) is blamed for this effect. Details of this
phenomenon have not been studied.

Downstream of the structure the turbulence intensity is increased due to the
high velocity gradients (Fig. 5), particularly if a spoiler is mounted on top of
the pipeline.

Sediment pick-up and transport

In the initial part of the computations the pick-up rate below the pipeline
exceeds the settling rate (Eq. 11) and hence erosion takes place. In the trans-
port of sediment two phenomena are important, i.e. convection and diffusion.
As a result of the increased turbulence intensity, the diffusion under the pipe-
line increases. This phenomenon is essential for keeping the sediment in
suspension.

In Fig. 7 the sediment concentration fields are given. Immediately down-
stream of the pipeline the concentration is very high. Further downstream the
turbulence intensity decreases, and hence the capacity of sediment suspension
reduces. Therefore, the concentration decreases at larger distances down-
stream of the structure.

The effect of the variation in sediment transport capacity on the bottom
geometry can be seen in Fig. 9. Below the pipeline erosion occurs, whereas
downstream of the pipeline some sedimentation is found. In Fig. 10 the evo-
lution with time of the highest and the lowest bottom points are illustrated. It
follows from this figure, that the erosion and sedimentation rates decrease with
time. This implies that the simulated erosion and sedimentation processes are
approaching towards an equilibrium bed topography.
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Fig. 8. Comparison of computed and measured velocities.

Comparison with measurements

The erosion and sedimentation near a pipeline without a spoiler was mea-
sured in Delft Hydraulics experiments. So, a comparison is possible. In the test
in which a spoiler was applied, however, only the erosion and sedimentation
were measured.
Pipeline without spoiler. Qualitatively speaking, the computed bottom geome-
try agrees well with the measured geometry (Fig. 9). The simulated erosion
process also tends towards a maximum scour depth, which is similar to the
measured depth of about 0.28 m. This is in agreement with Kjeldsen’s formula
(Kjeldsen, 1973). In the computations, however, the erosion rate is three to
four times as fast as the measured one. This corresponds to the observations
that the computed sediment concentrations are much higher than measured
(Fig. 8). This point will be discussed in the Discussion.
Pipeline with spoiler. Although the flow velocity under the pipeline with spoiler
is only about 30% higher than under a pipeline without a spoiler, the erosion
rate is four times as large as the case without spoiler (Fig. 10). This is in agree-
ment with the experiments. Although the erosion rate decreases with time (Fig.
10), the maximum scour hole depth has not been reached.
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Fig. 9. Bottom geometry during erosion process.
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DISCUSSION

The computed maximum scour depth for a pipeline without a spoiler agrees
well with the experimental data of Kjeldsen. However, the erosion time is
shorter and the concentration field is higher than observed. This difference is
probably caused by the fact that the bottom boundary condition (Egs. 7, 8 and
14) is valid for the conditions which are homogeneous in the flow direction.
This is not the case in the present problem. The non-homogeneity of the
boundary layer in the flow direction can be represented by locally adapting the
coefficients in the Egs. 7, 8 and 14. However, a study of sediment transport in
non-homogenous boundary layers is outside the scope of the present study.

In order to enhance the natural erosion process a spoiler can be placed upon
the pipeline. In this way the blockage of the main flow continues until the scour
hole is sufficiently deep to contain the pipeline.

In the experimental data much emphasis is placed upon sandy bottoms.
However in many engineering applications silty sands or alternating sand and
clay layers are encountered. It is expected that this will enhance in particular
the time scale of the scour process. Experimental or field data related to this
point are required.

In most of the research studies on the scour around offshore pipelines, the
position of the pipeline relative to the original seabed is fixed. It is evisaged,
that if the pipeline follows the erosion, the depth of the scour hole will be less
deep than those from, for instance, the results of Kjeldsen (1973). This as-
sumption is based upon the notion that the blockage of the main flow by the
pipeline reduces with the sagging of the pipeline in the scourhole.

If the sagging of the pipeline is not continuously but intermittently, because
of lateral erosion of the supports, this may lead to a sudden end of the scouring
process. This will be the case if the bottom shear stress is smaller after lowering
of the pipeline than immediately before the sagging process.

CONCLUSIONS AND RECOMMENDATIONS

In this paper an extention of the research of numerical morphological re-
search towards the introduction of dynamic flexible boundaries is presented.
The comparison of numerical results with experimental data shows that this
line of research is promising. Some comments will be presented below.

In this paper many results obtained in specific fields much as the value of
the constants in the k—€ equations, interaction between turbulence field and
sediment concentration (Schmidt number) and sediment transport, are com-
bined in one model. Obviously many of these results were not derived for in-
homogenous flow and sediment conditions of pipelines near the seabed. In
further research attention should be given to these points.

In numerical models much information is available in each reference point
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about the flowfield and sediment concentration. Combined with overall exper-
imental data this information can inversely be used to receive more insight in
the local physics and to calibrate and/or improve empirical relationships. In
this respect the numerical model can act as a morphological research tool.

Mathematical as well as empirical approaches are feasible in the study on
the shape of the scour hole as a function of the position of the pipeline relative
to the original seabed. As some experience has been gained in the search of
surfaces with a prescribed physical character, it may be useful to investigate
the possibility to develop a search procedure in which scourholes are obtained
for which the condition “bottom shear stress is constant” is valid. If such a
search procedure is much faster than the present method, this will form an
important contribution to the investigation of equilibrium scourholes beneath
pipelines as a function of the position of the pipeline relative to the original
seabottom.
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