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Abstract:  Scour holes along stream beds generated by eddy currents have been identified as one of the 

major threats to coastal engineering works. It undermines the integrity of shoreline protections, 

landing jetties, harbors, canals and makes the river bed unstable and difficult to work on during 

river training works. In this paper, the application of finite difference approach in 3-D hydro-

dynamics modeling, using Eku-2.8 code; a modification of Nervier stokes equation is 

presented. The developed code was applied over the computational flow domain of Taylor 

creek (with non-uniform stream bed & bank) to simulate the creek’s current velocity 

distribution, eddy trigger points, epicenter & magnitudes and possible scour holes positions.  

To validate the code; the modeled results were superimposed with the field echo sounding 

report of Taylor creek carried out in November 2011. The result indicates that the eddy current 

positions along the river channels generated from the models correlate with the positions of 

scour holes from the echo sounding reports, except areas were the bed formations did not allow 

piping or creation of scour holes; while their magnitude determines the intensities of the score 

holes. It was also established that the eddy currents which generated the scour holes along the 

stream bed with depth ranging from 10 to14m below low water level were triggered by some 

blockades downstream of the river channel. The model proved very suitable for simulating the 

propagation of eddy currents in non-uniform channels, and in identifying the possible positions 

of scour-holes along the stream beds; a knowledge which was so useful during design phase of 

Taylor creek bed and shoreline protection works. This knowledge can also be applied during 

the design of some coastal engineering works like jetties, harbors, shoreline protection, 

canalization and river training works to predict possible eddy trigger points and score holes 

positions so as to proactively handle their negative effects during construct and operate phases. 
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1.0 INTRODUCTION  
 

Shell Petroleum Development Company of 

Nigeria (SPDC) operates and maintains several 

oil and none-associated gas (NAG) manifold 

locations in the Niger Delta region of Nigeria 

among which is Koroama NAG manifold located 

along the inner band of the meandering Taylor 

Creek. In 2010 there was a report of serious 

erosion menace along the inner band of the creek, 

contrary to having the threat of erosion on the 

outer band of the meandering creek. The bank 

erosion with rate estimated to about 7.5m/year 

was believed to have started in 2008 immediately 

after the location was sand filled. This 

development was discovered by SPDC’s survey 

crew by superimposing spot 5 satellite imagery 

reports of 2008 with survey report of 2010. The 

overlap indicated massive bank erosion towards 

the inner bend of the Creek, encroaching into 

SPDC NAG Cluster and manifold area. This 

necessitated the need for a more detailed study of 

the entire Koroama hub location in order to 

ascertain the possible causes and extent of 

erosion encroachment into SPDC acquired area 

so as to proactively plan for appropriate shoreline 

protection in other to arrest the erosion menace. 

 

 

Fig. 1: Overlapping of spot 5 images of 2008 and 

2010 Survey report Taylor Creek shoreline within 

Koroama NAG Location.  

 

As a result of this development, Chattel 

Associates Nigerian Limited was commissioned 

by (SPDC) to carry out detailed studies of Taylor 

creek against river bed & bank erosion and flood 

menace. The area covered by the study and 

design stretches to approximately 1300m from 

the beginning of the Koroama Manifold 

terminating immediately after the proposed flare 

pit area. The objectives of the study are to 

establish the causes of the bed and bank erosion 

and provision of necessary flow data and 

engineering measurements in order to proffer 

necessary engineering solutions to cub the 

erosion and flood menace. 

 

In carrying out the above studies, Eku-2.8 code, 

developed by Dike C. & Agunwamba J. was used 

for modeling the river hydro-dynamics in order to 

simulate current velocity distribution; sediment 

concentration distribution and other parameters 

required to carry out detailed studies and design 

of river bed & bank protection and flood control 

works. The code was derived from the existing 

Nervier stokes equation by incorporating lateral 

inflow parameters and also improving on 

pressure terms. Prior to discretization of the 

equation for application; the river bathymetric 

shape obtained through hydro-graphic surveys 

was digitized into x, y and z grids to form a three 

dimensional flow mesh. The resultant finite 

deference equation was applied at each nodal 

points of the mesh and solved implicitly using 

Crank Nicolson’s approach.  

 

 

1.1 LOCATION OF THE PROJECT 

AREA 

 

Koroama Manifold is located along Taylor Creek 

in Bayelsa State.  Geographically, the site lies 

between latitude 117,437.550m North and 

longitude 425074.8829m East. The average 

ground elevation is 8m above sea level which is 

relatively high in comparison with the 

topography of neighboring settlement areas. 

 

Fig 2: Map of Niger Delta showing location of 

Koroama Study area (Courtesy of SPDC) 
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Fig 3: Map showing the position Taylor Creek, 

(Koroama NAG manifold) 

The range in elevation between high flood level 

and low water during dry spell determines the 

extent of the shore cliffs which are alternately 

exposed and covered with flood water and wave 

impact generated by passenger boats. As a result 

of these processes table land and terraces were 

create.  This factor is potentially very significant 

in deciding type and method of shoreline 

protection to be adopted.  

 

2.0 METHODOLOGY 

Detailed topographic survey and geotechnical 

investigation of Koroama Manifold and it’s 

environ, including bathymetric and topographic 

survey of Taylor creek river bed and bank, 

current metering and sediment sampling has 

already been conducted by Chattel associates. 

The data generated during this surveys and 

historical information on flooding of the locality 

were used to carry out the studies and simulation 

modeling. 

 

3.0 MODEL FORMULATION 

3.1 BASIC PRINCIPLES 

Consider the figure below, where water flows 

through a length of channel of variable cross-

sectional area A. There is a stream wise flow of 

fluid with mean velocity u, and lateral inflow 

from the banks due to seepage waters and 

occasionally runoff erosion floods.  

The water fluid is considered as Newtonian, 

incompressible and taken to have constant 

physical properties. It is governed in the present 

investigation by a time-averaged formulation of 

the Reynolds-Averaged Navier-Stokes (RANS) 

equations.  

Fig. 4:  River flow pattern 

 

 

Fig 5: Arial view of Taylor Creek and Koroama 

NAG manifold location- showing the river 

curvature and meandering nature  

  

The finite difference method proceeds by integrating 

the conservation laws, expressed in the Navier-

Stokes equation for a control volume, over the entire 

domain, prior to the discretization phase. This 

ensures the exact conservation of the fluid physical 

properties in a control volume (CV) and yields a 

simple, physically-based, formulation of the form: 
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The space domain is subdivided into a set of non-

overlapping cells, on which the fluid conservation 

properties are applied. This enables discrete fluid 

variables to be determined at cell nodes. 

 

3.2 Basic equations: 

Consider figure 8 above, where water flows 

through a length of canal, of variable cross-

sectional area A. There is a stream wise flow of 

fluid with mean velocity u, and lateral inflow 

from River banks due to tidal swelling and 

occasionally flood waters from the catchment 

area represented as follows. 

  )1...(..........,nFdxqU xr   

(Kiely, G. 1998) 

3.3 Equations of flow: 
The governing equation is a modification of 

equation previously used by Morteza and Roger 

in 2003 as shown below. 
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With pressure term given as: 
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Where: 

t = time; x, y, z = Cartesian co-ordinates; u, v, w 

= velocity component in the x, y and z direction 

respectively. Cd=co-efficient of drag =0.2 for 

Re>105 (Rajput, 2006)  

Ulx & ULy are lateral inflow from the banks due to 

tidal inundation in x and y directions respectively 

(see equations 6), P=pressure and Ar is as 

described above. S0x and S0y are x and y 

components of river slope. 

The model uses an implicit finite difference 

Scheme-Crank Nicolson procedure for solving 

the governing differential equations (a 

modification of equation used by Morteza and 

Roger in 2003) with central difference 

approximation in three dimensions for 

hydrodynamics 

 

3.4 NUMERICAL APPROACH 

The model uses an implicit finite difference 

Scheme (Crank Nicolson procedure) for solving 

the governing differential equations with Central 

difference Approximation in three dimensions for 

hydrodynamics (Velocity prediction) 
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3.5 NUMERICAL APPROXIMATIONS 

Three numerical procedures are useful for solving 

hyperbolic equations; the finite element method, 

the method of characteristics, and implicit, finite 

difference methods. The method of 

characteristics is quite accurate but can be 

difficult to program by anyone but a specialist 

(Martin et al, 2002). Implicit, finite difference 

methods are simpler to program because they are 

much more direct numerical techniques to 

approximate partial derivatives. These methods 

also possess favorable stability behavior even in 

applications with variable space and time-steps. 

Explicit finite difference methods are generally 

unstable and are not considered in the modeling 

of Taylor Creek. 

There are many implicit procedures, but the 

method used here is the eight point implicit finite 

difference formulation. This formulation is the 

most widely used and accepted method presently 

available. The method is weighted implicitly at 

each time level, is unconditionally stable for 0.5 

< τ < 1.0, and permits relatively unequal space 

and time-steps. The scheme has second-order 

accuracy when τ = 0.5 and first-order accuracy 

when τ = 1.0, It is fully nonlinear but is a 

compact scheme requiring just two points at each 

time level for second-order spatial accuracy. 

 

3.6 THE FINITE DIFFERENCE 

METHOD 

The equations described above need to be 

discretized into an algebraic problem amenable to 

a computational solution. The finite difference 

approach was considered due to its ease of 

computation, the stability problem was resolved 

by adopting Crank –Nicolson implicit method. 

 

3.7 DISCRETIZATION 

Consider Figure 4 below comprising of a network 

of time and space nodes separated by time and 

space increments Δxi, Δlθ. If β denotes the point 

about which the governing equation is 

discretized, then the values of the variables at the 

four points surrounding β is used to form the 

appropriate derivatives and weighted averages. 

 
                t 

                 

       θ+ 2        i,θ+ 1        i+1,θ+ 1            ∆tθ+1 

    

    

       θ+ 1 

        (1-τ) ∆tθ 

            β                                                             ∆tθ 

             ◘  

       Δξθ    τ∆tθ 

            i,θ                                   (i+1,θ)                                ∆tθ-1 

                                  ∆tθ-1 

  θ      

  θ-1   ∆xi-1   ∆xL          ∆xi+1     x 

    i-1     i      i+1        i+2       

 

Fig.7: Nodal point showing time and space 

network separated by time increment 

 

3.8 RIVER GEOMETRY/MESH 

The river geometry was digitized using a series of 

1:2000 maps below. Cross sections are taken at 

every 10m across the channel and 20m 

longitudinally. The reach is about 1300m long, 

between 125m to 150m wide. The main channel 

depth varies between 1.0m and 14.5m below low 

water level.  

Fig. 8: Surface Layer Mesh 

 

In the horizontal plane, the domain was covered 

with a rectangular mesh, with h and k units in x 

and y directions respectively and time denoted by 

θ. while in vertical plane; the domain was divided 

into layers of 7.5m intervals represented by L. 

Average bottom depth of 15m was used. In all 

about 1,613 nodes were generated to form one 

thousand six hundred and thirteen (1,613) 

simultaneous linear equations for hydrodynamics 

modeling. 
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 Flood level during November 2011 survey is the 

topmost layer while mid layer is located at near 

low water level. 

 

3.9 BOUNDARY CONDITIONS 

The following boundary conditions were 

considered: 

 At the free surface f(x,y,z,t)=0 

 On the river bed f(x,y,z,t)=0 

 At the coastal line, the velocity 

component perpendicular to the coastline 

is zero 

Kiely, G. (1998) 

 

3.10 ASSUMPTIONS 

 River density is assumed uniform across the 

river reach 

 Flow velocity is assumed zero at coastal line, 

bed and surface levels. 

 

3.11 MODEL CALIBRATION 

Model calibration is a system or procedure used 

in determining the values of the parameters that 

can fit the model in order for the model results to 

compare favorably with the real-world system or 

field measured values. This was carried out by 

plotting (with the aid of excel spreadsheet), 

solving (using excel solver); checking and 

adjusting the lateral inflow user defined 

coefficient (f) in the mathematical model until 

results, which best described the measured data 

were obtained. Other Computer packages for 

statistical analysis useful for curve fitting include 

STATGRAPHICS, SASS and SPSS. 

(Agunwamba, 2007). 

 

 

 

 

 

 

4.0 MODEL SOLUTION 

Model Solution- 

Considering equation 3 above, 
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Note: 

 μx= μy = μz   =0.001mg.m-1.s-1 (assumed),   

Uave = 0.5m/s and 0.3m/s, for X and Y directions 

respectively (SPDC, 2011-Survey). 

 Also, from equation (2) above,  

i.e.,   

)2.......(..........,.........0














z

w

y

v

x

u
 

By integrating, and substituting values of Uave 

and Vave, into equation 2, 

 Value of Wave is obtained as -0.8m/s.  

Also given are;- 

h=10m, k=20m, and L=7.5m, (from fig.8, mesh). 

Cd =0.2     (for Turbulent flows; Rajpot 2007). 

By applying finite difference method with central 

difference formula in 3-dimension at points in 

time halfway between two nodes and Substituting 

values of input parameters as computed from the 

field measurements, including all necessary 
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assumptions, the values of coefficients at 

different nodes in 3-dimensions are computed. 

This is used in generating the sets of 

simultaneous linear equations with the inclusion 

of boundary conditions as stated below. 

       
       
       
  )6........(..............................

,1,,*5.0,1,,*5.0
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,,1*01.0,,,*017.0
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where I, j, k…etc stands for the nodal points and 

 lxU fxx
 stands for lateral inflow parameter as 

described above. The above equations are solved 

simultaneously using solver platform 8.0 to 

generate the values of velocities in x, y, z-

direction at different nodes, and at T=T0., See 

Dike and Agunwamba, (2010) for full solutions. 

 

5.0 MODEL RESULTS  

5.1 MATERIALS AND METHODS 

Result of soil sample analysis on the bank of the 

river indicates that the soil samples are mostly 

soft to firm clay (SPDC, 2011-Geo). 

Sedimentation analysis using hydrometer tests 

shows that the typical bed material size (D50) is 

0.14mm from which settling velocity of 

approximately 0.09mm/s was computed using 

Stokes equation. 

 

Fig. 9:  Site Plan/ Bore Hole Points Along the 

river Bank 

 

Cohesive samples of the retrieved soil were 

subjected to Atterberg consistency limit test; the 

results showed that the samples are 

predominantly soft to firm clay of high plasticity 

only. Unconsolidated Un-drained triaxial 

compression tests (SPDC, 2011-Geo), were 

performed on relatively undisturbed samples 

obtained from the open, 10 numbers shallow 

boreholes along the river bank, to a depth of 5m 

from the existing ground level, with the objective 

of determining their un-drained strength 

parameters and the stability of the soil as 

presented in tables in appendix below. The results 

show that the materials are relatively unstable, 

with 9o angle of internal friction (degrees) and 

cohesive strength ranging from 10kN/m2 - 

12kN/m2. 

 

5.1.1 WATER COLUMN SAMPLES  

Hanna model H 1001300 multi parameter and 

data logger was used to determine in-situ, 

salinity, water temperature, pH value, 

conductivity and total dissolved solids (TDS) at 

three depths; surface, mid-depth and bottom 

levels. This involves the dipping of the probe of 

the meter directly into the sample in a 2-litre 

container. The reading for the parameter 

measured is displayed on the screen of the 

equipment and recorded. 

 

5.1.2 HYDRO GRAPHIC SURVEYS  

Result of pre and post dredged surveys of the 

canals in the region from 1992 to 1996 were 

obtained from SPDC dredging department, from 

which canal centre profiles, entrance, middle and 

end cross-sections and bar charts showing 

sediment distribution along the canal profiles 

were studied. 

 

5.1.3 TIDAL GAUGE MEASUREMENT  

Tide gauges were installed close to the point of 

observation to measure the water surface 

elevations, and at the same time record the time 

of observation. The gauge was a 4m staff, painted 

and marked in a manner to cover the lowest and 

highest known depths of water within the study 
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area. Readings was taken at intervals of 10 

minutes (SPDC, 2011-Survey). 

 

5.1.4 TRAVERSE SURVEY  

Travers survey was carried out in order to 

establish geometry of the creek. The survey was 

carried out on existing survey points to provide 

controls along the access of the canal. These 

controls were used to detail the canal and all 

existing features within the area to be surveyed. 

Horizontal angles were measured using Wild T2 

while distance was measured using Wild d11660 

electromagnetic distance measurement (EDM) 

 

5.1.5 CURRENT MEASUREMENT 

Andrea recording current meter (RCM 9) with 

Acoustic Doppler current sensor 3620 was used 

in water current measurements. The current meter 

is self-recording and intended to be moored to 

measure and record the vector-averaged velocity 

and direction of the tidal current. The instrument 

features a newly developed RCM Doppler current 

sensors as well as sensor for conductivity, 

turbidity, pressure and oxygen measurements. 

The data obtained are stored inside a removable 

and reusable solid stage data storage unit DSU 

2990 and read in a computer with DSU reader 

2995 (SPDC, 2011-Survey). 

 

5.1.6 LABORATORY TESTS 

Detailed laboratory investigations were carried 

out on representative disturbed samples obtained 

from the open boreholes for the classification 

tests and other tests by SPDC consultants. The 

samples from the boreholes were described 

visually with respect to color and texture. In 

addition, information gathered from previous 

dredging, physical examination of the soil within 

the study reach/depth, geotechnical, tidal gauge 

recordings and topographical Situation/position 

of the study area in the Niger Delta coastal flood 

plain was considered. 

 

 

6.0 RESULTS AND DISCUSSIONS 

 

Predictions of velocity distribution/eddy 

current trigger points, epicenter & magnitudes  

The results as presented below described 

graphically Modeled Velocity profile in three 

dimension (surface, mid and bed levels). The 

velocity distributions at various nodes obtained 

by solving/simulating the resulting simultaneous 

equations were subsequently verified using 

measured field data extracted from “Survey 

Report on Topographic and Bathymetric Survey 

of Koroama manifold Shore Protection” by 

Chattel associates. Mean velocity of 0.6m/s was 

obtained while highest velocity of 5.6m/s and 

3.8m/s were recorded at mid depth of the river 

with the epicenters located within coordinates 

424515.965m East, 117566.3581 North and 

42430.12 East, 117519.7654 North respectively. 

 

Flow on the surface layer as shown above (fig.10 

) is relatively lamina due to smooth and near  

uniform bathymetric shape at the surface of the 

river bank, the velocity appears unsteady with a 

lot of eddies especially at the bottom layer, a 

phenomenon which can be attributed to the 

irregular shape of the river banks at this levels. 

Ordinarily, maximum velocity of 3.5m/s for 

1/100 year DHW @+8.0m DL would have been 

recorded.  High velocity of about -5.6m/s for 

1/100 year DHW @+8.0m DL recorded at the 

downstream of the river is as a result of sudden 

reduction of the river channel due to constriction 

along the water ways as a result of the materials 

discharge midway along the river course. The 

flow velocity decreases with increase in depth 

and approaches zero at the bed level due to 

bottom stress and high sediment loads. See 

attached simulation graphs below. 
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Bed level forms from bathymetric sounding of 

November 2011 by Chattel Associates (the 

Contractor) were superimposed with the modeled 

river flow pattern. The results showed that the 

eddy circulatory pattern corresponded with the 

position of the score holes along the stream 

channel as shown graphically in figures 12 & 13 

below. The deepest point as observed in 

November 2011 bathymetric survey is 14.66m.  

 

 

 

Fig.14: Illustration of Taylor Creek 

Hydrodynamics/Flow regime 

 

Fig. 15: longitudinal profile of Taylor creek 

between C/S 5-20 

 

These points corresponds with the points were 

circulatory/eddy motion as a result of narrowed 

river channel downstream occurred. The recent 

deposits (backwash) of dredged spoil during 

reclamation dredging/sand filling of the manifold 

location obstructed the water flow by narrowing 

the main river channel at the discharge point, 

which resulted in a sudden circulatory motion and 

eddy effects at these points and subsequently 

results in scouring and piping at the river bed 

around the immediate upstream of the point 

where the impediment to flow occurred as 

illustrated below. 

 

7.0 CONCLUSION 

As a result of the above explanations, prior to any 

form of bank protection or river training along 

the Taylor creek within Koroama oil and NAG 

location, the blocked channel has to be dredge off 

by cutting the materials deposited by the channel 

and using it to fill the scour holes so as to return 

the river to its natural flow state and also care 

must be taken to prevent subsequent discharge of 
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materials into the river through this channel by 

constructing a proper outlet structure which will 

trap the sediments thus preventing its content 

from discharging into the river. Another 

alternative solution is to stop further dredging on 

the creek, with time; the blockade may be moved 

by flowing river during high flood, and 

subsequently allow the creek to return to its 

natural flow regime. Through this way, the bed 

and bank erosion may stabilize naturally. 
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