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Abstract 

Urban waterways in the Niger Delta are increasingly exposed to channel siltation, bank erosion, uncontrolled waste deposition, 

hydraulic scour and progressive loss of channel capacity. These problems are particularly critical where shoreline stabilization 

must be undertaken concurrently with dredging, reclamation and navigation improvement on weak, saturated sediments. This 

study presents the geotechnical investigation, design and construction of a gabion-based shoreline protection system 

implemented as a component of the integrated improvement of Diobu Creek, Port Harcourt, Nigeria. The study combines 

topographic and bathymetric surveys, tidal observations, three geotechnical boreholes, particle-size analysis, permeability 

estimation and direct shear testing to establish the engineering conditions controlling shoreline stability and revetment 

performance. The investigated riverbed comprises approximately 1.2–1.6 m of very soft to soft organic silty clay underlain by 

predominantly medium-grained, relatively uniform sand extending to at least 12 m below the riverbed. The sand exhibits an 

estimated hydraulic conductivity of approximately (4.41 × 10-3) m/s and an average angle of internal friction of about 34°. These 

conditions necessitated careful management of saturated sediments during excavation and construction below Low Low Water 

(LLW). The adopted protection system comprised shoreline sand filling and regrading, excavation of weak foundation sediments, 

placement of a 0.45 m crushed-stone foundation layer, installation of a high-strength geotextile filter/separator, placement and 

interconnection of zinc-coated gabion baskets filled with durable crushed rock, and construction of a crest/anchor beam. A 

1V:2.5H bank slope was adopted to reduce the potential for instability while providing an appropriate geometry for the gabion 

revetment. Construction experience demonstrated that the principal geotechnical challenges were instability of saturated soft 

sediments, localized failure of the regraded sand slope, seepage and piping risks, toe scour, and the need to synchronize 

excavation and foundation placement with tidal conditions. The study demonstrates that gabion revetments, when integrated with 

appropriate foundation preparation, geotextile filtration, toe protection and drainage, can provide a flexible and permeable 

shoreline stabilization solution for urban tidal-creek environments. The findings provide a practical framework for the design 

and construction of shoreline protection systems in the soft, sediment-dominated environments of the Niger Delta. 
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1. Introduction 

Rivers and tidal creeks constitute important components of 

the physical, ecological and economic infrastructure of rapidly 

urbanizing coastal regions. In addition to conveying storm-

water and supporting flood regulation, urban waterways pro-

vide opportunities for navigation, recreation, fisheries and 

other socioeconomic activities. Their hydraulic and ecological 

functions, however, depend strongly on the integrity and sta-

bility of their channels and banks [4, 22]. Progressive sedi-

mentation, waste accumulation, encroachment, bank erosion 

and poorly controlled development can alter channel geome-

try, reduce conveyance capacity and increase the vulnerability 

of adjoining infrastructure and communities. 

These challenges are particularly important in the Niger 

Delta of Nigeria, where low-lying terrain, highly erodible sedi-

ments, extensive tidal waterways and intense human activities 

create a naturally vulnerable riverine and coastal environment. 

Earlier investigations demonstrated substantial spatial and tem-

poral variability in shoreline position across the Niger Delta, 

with extensive sections undergoing either erosion or accretion 

[1, 3]. More recent investigations similarly demonstrate that 

shoreline dynamics and coastal vulnerability are influenced by 

shoreline morphology, elevation, tidal range, wave climate, sea-

level rise and anthropogenic disturbance [8, 18, 19]. 

The vulnerability of the Niger Delta is further amplified by 

its low-lying coastal morphology and sensitivity to relative 

sea-level change. A recent assessment reported that approxi-

mately 40.1–58.9% of the Niger Delta coastline falls within 

high or very-high vulnerability classes, depending on the 

shoreline-change method and digital elevation model em-

ployed [8]. This finding emphasizes the importance of site-

specific investigations rather than reliance solely on regional-

scale vulnerability indices when selecting and designing 

shoreline protection measures. 

Diobu Creek is one of the important urban drainage and wa-

terway systems within Port Harcourt. The creek traverses 

highly developed parts of the metropolis, including areas as-

sociated with residential, commercial, mechanical and market 

activities. The catchment has experienced prolonged human 

disturbance, including uncontrolled waste disposal and sedi-

ment accumulation within the channel. The resulting reduc-

tion in channel capacity and modification of the hydraulic 

cross-section can increase flow velocities locally and promote 

bank erosion, particularly at bends, constrictions and other hy-

draulically active sections [2, 22]. 

The problem is therefore not simply one of shoreline ero-

sion. In an urban creek undergoing dredging and reclamation, 

shoreline protection must simultaneously address channel ge-

ometry, foundation conditions, hydraulic loading, sediment 

transport, bank stability, drainage, toe protection and con-

structability. Established coastal engineering guidance em-

phasizes the integration of these factors in the planning and 

design of shore-protection works [21, 22]. This is particularly 

important where the riverbed consists of very soft saturated 

sediments overlying relatively permeable sand. Excavation of 

the soft layer can cause instability and local sloughing, while 

placement of reclamation fill can generate excess pore-water 

pressures and induce deformation of the newly formed bank. 

A successful shoreline protection scheme must consequently 

be compatible with both the hydraulic environment and the 

geotechnical characteristics of the foundation. 

A variety of shoreline protection measures are available, 

ranging from nature-based and bioengineered approaches to 

hard structural systems such as riprap, rock bunds, sheet-pile 

walls, seawalls, quay walls, retaining structures and gabion re-

vetments [4, 21, 22]. Nature-based approaches are increas-

ingly advocated because of their potential to preserve ecolog-

ical functions and improve shoreline resilience [6, 16, 17]. 

Living-shoreline research has demonstrated the capacity of 

vegetation and ecological engineering approaches to provide 

habitat and shoreline stabilization benefits [5, 15] while stud-

ies of hardened shorelines have documented potential ecolog-

ical consequences associated with replacing soft, dynamic 

shore margins with rigid structures [9, 12, 15]. 

Nevertheless, soft engineering is not universally adequate. 

In densely developed urban waterways, where land availabil-

ity is restricted and the bank must accommodate reclamation, 

navigation or infrastructure, a structural revetment may be 

necessary. In such circumstances, the objective should not 

merely be to construct the strongest possible structure, but to 

develop a system that is sufficiently stable while remaining 

hydraulically compatible with the river environment. Gabions 

possess several characteristics that make them attractive for 

shoreline stabilization. Their permeability facilitates drainage 

and reduces the potential development of excessive hydro-

static pressure behind the revetment, while their flexibility al-

lows accommodation of limited differential deformation. 

Their rough and porous rock surface can also contribute to hy-

draulic energy dissipation. However, gabion systems are not 

inherently immune to failure, and their performance depends 

strongly on foundation preparation, toe stability, rock grada-

tion, mesh durability, filtration, drainage, slope geometry and 

protection against scour and outflanking [21, 22]. 

The design of a shoreline revetment therefore requires inte-

gration of hydraulic and geotechnical considerations. Estab-

lished coastal engineering guidance emphasizes the need to 

consider coastal processes, wave and current action, founda-

tion conditions, drainage, scour and structural stability in the 

design of shore protection works [21, 11]. For slopes founded 

on soft or weak materials, stability assessment must also con-

sider soil strength, pore-water pressure, seepage, geometry 

and imposed loads rather than relying only on comparison be-

tween slope angle and soil friction angle. 

1.1. Knowledge Gap 

Although considerable research has addressed shoreline 
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change, coastal vulnerability, nature-based protection and the 

ecological consequences of shoreline hardening, much of the 

existing Niger Delta literature has concentrated on regional 

shoreline migration, remote sensing, vulnerability mapping 

and climate-related coastal hazards [1, 8, 18, 19]. These ap-

proaches provide valuable regional information but offer lim-

ited site-specific evidence regarding the geotechnical and con-

struction controls governing the performance of shoreline pro-

tection structures within urban tidal creeks. 

There is consequently a relative shortage of documented en-

gineering case studies that integrate: 

1) detailed sub-riverbed characterization; 

2) soft-sediment foundation conditions; 

3) reclamation and bank regrading; 

4) tidal constraints on below-water construction; 

5) geotextile filtration and separation; 

6) gabion foundation and toe preparation; 

7) slope geometry and stability; 

8) rock gradation and mesh compatibility; and 

9) practical construction responses to saturated, unstable 

riverbank sediments. 

This gap is important because a shoreline protection struc-

ture that performs satisfactorily in a wave-dominated open 

coast may not necessarily exhibit the same behaviour in a con-

fined, urban tidal creek where bank erosion is controlled by a 

combination of tidal currents, rainfall runoff, channel hydrau-

lics, sediment deposition, seepage and human disturbance. 

The present study addresses this gap by documenting the ge-

otechnical investigation, design rationale and construction ex-

perience associated with gabion shoreline stabilization at Di-

obu Creek. 

1.2. Aim and Objectives 

The primary aim of this study is to evaluate the geotechnical 

basis and construction performance of a gabion revetment de-

veloped for shoreline stabilization as part of the integrated im-

provement of Diobu Creek, Port Harcourt. 

The specific objectives are to: 

1) characterize the sub-riverbed geological and geotech-

nical conditions along the protected shoreline; 

2) establish the engineering properties of the foundation 

and reclamation materials; 

3) assess the implications of soft saturated sediments for 

excavation, foundation preparation and bank stability; 

4) develop a practical shoreline protection system incorpo-

rating sand reclamation, geotextile filtration, crushed-

stone foundation support and gabion revetment; 

5) examine the construction challenges associated with 

tidal and below-water works; and 

6) evaluate the suitability of gabion revetments for shore-

line stabilization in soft-sediment urban waterways of 

the Niger Delta. 

The study contributes a site-specific engineering frame-

work that links geotechnical characterization with shoreline 

protection design and construction practice, thereby comple-

menting the predominantly regional-scale shoreline-change 

and vulnerability literature on the Niger Delta. 

2. Methodology 

2.1. Study Approach 

The study adopted an integrated field and laboratory inves-

tigation combining topographic and bathymetric surveys, tidal 

observations, geotechnical drilling, soil sampling, laboratory 

testing, engineering interpretation and construction monitor-

ing. The investigation was designed to establish the existing 

shoreline geometry, riverbed configuration, subsoil stratigra-

phy and engineering properties required for the design and 

construction of the shoreline protection works. 

The shoreline protection formed part of an integrated im-

provement programme for Diobu Creek involving dredging, 

reclamation, navigation-path development and stabilization of 

selected eroding sections of the riverbank. The methodology 

therefore considered not only the resistance of the revetment 

to hydraulic action but also its compatibility with the dredging 

and reclamation activities. 

2.2. Topographic, Bathymetric and Tidal 

Surveys 

Topographic surveys were undertaken to establish the ex-

isting elevations and configuration of the riverbank. Cross-

sectional information was used to define the existing bank 

profile and estimate the quantities of sand required for filling, 

nourishment and regrading. 

Bathymetric surveys were conducted to establish the geom-

etry and depth of the river channel surrounding the proposed 

protection area. The bathymetric information was used in con-

junction with the topographic survey to develop the riverbank 

and riverbed profiles required for the design and construction 

of the revetment. 

Tidal observations were incorporated into construction 

planning. High-water and Low Low Water (LLW) levels were 

established to define the vertical reference system and identify 

the periods during which foundation excavation and place-

ment of the stone footing could be undertaken most effectively. 

The tidal cycle was particularly important because portions of 

the foundation works were located below LLW and therefore 

required careful sequencing to minimize inundation and insta-

bility. 

2.3. Geotechnical Investigation 

Three boreholes were drilled within the channel area to a 

depth of approximately 12 m below the existing riverbed. The 

investigation was undertaken to: 

1) determine the sub-riverbed stratigraphy; 

http://www.sciencepg.com/journal/jccee


Journal of Civil, Construction and Environmental Engineering http://www.sciencepg.com/journal/jccee 

 

277 

2) identify weak or compressible foundation materials; 

3) establish the distribution and engineering characteristics 

of the sand deposit; 

4) obtain representative samples for laboratory testing; and 

5) develop a conceptual sub-riverbed model for dredging 

and shoreline protection activities. 

The borehole information was correlated to establish the de-

gree of lateral uniformity of the riverbed deposits. Particular 

attention was given to the thickness and condition of the near-

surface soft sediments because these materials directly influ-

enced the excavation method and foundation treatment. 

2.4. Laboratory Testing 

Representative sand samples recovered from the boreholes 

were subjected to particle-size distribution and direct shear 

testing. Particle-size analysis was used to classify the sand and 

assess its drainage characteristics. The coefficient of hydraulic 

conductivity was estimated from the effective grain size using 

the empirical Hazen relationship, subject to the limitations as-

sociated with its application to relatively clean, uniformly 

graded sands: 

k = CH D²₁₀ 

where k is hydraulic conductivity, CH is Hazen's empirical co-

efficient and D10 is the effective grain diameter. The numerical 

value of CH depends on the unit system and the characteristics 

of the soil; therefore, the units used in the calculation should 

be explicitly stated [7, 13]. 

Direct shear testing was conducted to determine the shear 

strength characteristics of the sand. The peak shear resistance 

was interpreted using the Mohr-Coulomb relationship [7, 20]: 

τf = c′ + σ′ tan φ′ 

where 𝝉 is shear strength, (c') is effective cohesion, 𝝈’ is ef-

fective normal stress and 𝝓’ is the effective angle of internal 

friction. 

The resulting soil parameters were used in assessing the 

suitability of the material for the proposed shoreline geometry 

and revetment system. 

 

 

2.5. Shoreline Protection Design and 

Construction 

The shoreline protection system was designed as a sloping 

gabion revetment incorporating: 

1) sand filling and regrading of the existing riverbank; 

2) excavation/removal of the very soft to soft near-surface 

material at the foundation zone; 

3) placement of a crushed-stone foundation layer; 

4) installation of a woven geotextile separator/filter; 

5) placement and interconnection of zinc-coated gabion 

baskets; 

6) filling of the baskets with durable angular crushed rock; 

7) provision of additional filtration/separation behind the 

gabion system; and 

8) construction of a reinforced concrete crest/anchor beam. 

The regraded shoreline was constructed at approximately 

1V:2.5H. This corresponds to a geometric inclination of ap-

proximately 21.8° to the horizontal. The measured sand fric-

tion angle of approximately 34° indicates that the selected 

slope angle was less than the laboratory-measured friction an-

gle. However, this comparison is only a preliminary screening 

consideration and should not be interpreted as a formal factor 

of safety because saturated slope stability also depends on 

pore-water pressure, seepage, unit weight, loading and poten-

tial failure-surface geometry [10, 23]. 

A crushed-stone foundation layer approximately 0.45 m 

thick was provided at the toe to improve bearing conditions, 

provide a stable working platform and reduce direct contact 

between the gabion structure and the very soft riverbed sedi-

ments. 

A high-strength woven geotextile was placed beneath and 

behind the revetment to perform separation and filtration func-

tions. The selected material had a mass per unit area of ap-

proximately 350 g/m², nominal thickness of about 1.17 mm, 

mean tensile strength of approximately 50 kN/m, static punc-

ture resistance of approximately 6,700 N, characteristic open-

ing size of approximately 0.24 mm and normal permeability 

of approximately 13.6 mm/s. 

The geotextile was carefully anchored and trimmed to pre-

vent exposure and displacement. The gabion baskets were as-

sembled, interconnected and filled with clean, hard angular 

crushed rock. Larger rock pieces were preferentially used at 

the toe to increase resistance to displacement and provide ad-

ditional toe stability. 
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3. Results and Discussion 

3.1. Existing Shoreline and Bathymetric Conditions 

 
Figure 1. Topographic and Bathymetric surveys of river channel area. 

The topographic and bathymetric surveys (Figure 1) estab-

lished the existing geometry of the shoreline and river channel 

and provided the basis for determining the extent of bank re-

grading, reclamation and foundation excavation. The surveys 

also demonstrated the importance of integrating shoreline pro-

tection with channel improvement because stabilization of an 

eroding bank without addressing channel capacity and sedi-

mentation would not necessarily provide a sustainable solu-

tion. 

The observed accumulation of heterogeneous debris within 

the channel was consistent with the long-term urban disturb-

ance of the creek. Such material can locally alter hydraulic 

roughness, flow direction and sediment deposition, thereby 

generating spatially variable erosion and deposition patterns. 

Consequently, the shoreline protection system was designed 

as part of a wider river improvement scheme rather than as an 

isolated erosion-control intervention. 

This approach is consistent with the broader understanding 

of Niger Delta waterways as highly dynamic systems in which 

shoreline position is influenced by hydraulic processes, sedi-

ment availability, tidal conditions and human intervention. 

Regional shoreline studies have demonstrated considerable 

spatial variability in erosion and accretion throughout the Ni-

ger Delta. 

3.2. Sub-Riverbed Stratigraphy 

The three boreholes revealed a relatively consistent strati-

graphic sequence (Figure 2). The uppermost layer comprised 

very soft to soft organic silty clay with thicknesses ranging 

from approximately 1.2 to 1.6 m. This material was underlain 

by grey to light-grey, medium-grained sand that continued to 

the termination depth of approximately 12 m below the riv-

erbed. 
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Figure 2. Composite litholog of borings in River channels. 

The relatively uniform stratigraphy is important from a de-

sign perspective because the weak upper layer represents the 

principal geotechnical constraint to foundation construction. 

It’s very soft condition, high water content and proximity to 

the tidal water surface make it susceptible to local sloughing 

and deformation during excavation. 

In contrast, the underlying sand provides a significantly 

more favourable drainage and shear-strength environment. 

The sand therefore constituted an appropriate material for sup-

porting the treated foundation zone once the most problematic 

near-surface soft sediments had been appropriately managed. 

3.3. Particle-Size Distribution and Hydraulic 

Conductivity 

Particle-size analysis indicates that the riverbed sand is pre-

dominantly medium-grained and relatively well sorted/uni-

formly graded (Figure 3). The estimated hydraulic conductiv-

ity of approximately 4.41 × 10-3 m/s indicates relatively high 

permeability. 

The high permeability has two contrasting implications for 

the project. On one hand, it promotes rapid drainage and dis-

sipation of water pressures within the sandy foundation and 

reclamation materials. On the other hand, hydraulic gradients 

generated during tidal fluctuations, rainfall infiltration and 

bank drainage may promote migration of fine particles where 

an appropriate filter/separator is not provided. 

The use of geotextile filtration was therefore critical. The 

geotextile serves to retain the fine soil particles while allowing 

water to pass through, thereby reducing the potential for inter-

nal erosion and loss of the supporting soil through the voids in 

the gabion rock. 

 
Figure 3. Particle size distribution of sandbed materials. 
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3.4. Shear Strength and Bank-Slope Selection 

Direct shear testing produced an average angle of internal 

friction of approximately 34°. This value indicates substantial 

frictional resistance characteristic of dense-to-medium-den-

sity granular materials and supports the use of a relatively sta-

ble sloping revetment geometry. 

The selected 1V:2.5H slope corresponds to approximately 

21.8° and is therefore considerably flatter than the measured 

friction angle. This geometric relationship provides a favour-

able preliminary condition for stability. However, the ob-

served construction-stage failures demonstrated why the fric-

tion angle alone cannot be used to establish overall slope sta-

bility. 

During periods of heavy rainfall and saturation, portions of 

the regraded sand slope experienced localized slip failures 

(Figure 4). These failures are attributed to transient increases 

in pore-water pressure and reduction in effective stress within 

the newly placed/regraded material. The occurrence of such 

failures highlights the importance of considering transient 

groundwater and seepage conditions in addition to drained 

shear strength. 

 
Figure 4. Slip failures in formed sand slope. 

Where localized failures occurred, the affected zones were 

excavated/treated with crushed stone and reinstated to restore 

the design profile. The practical response demonstrates that 

construction-stage stability may be more critical than the long-

term drained condition, particularly where reclamation mate-

rials are placed rapidly adjacent to a tidal water body. 

3.5. Foundation Treatment and Construction 

Below LLW 

The very soft to soft upper riverbed layer created the most 

significant construction challenge. Excavation in saturated 

soft sediments may result in temporary instability because ex-

cavation reduces confinement while seepage and tidal fluctu-

ations influence effective stress and pore-water conditions. 

Consequently, construction-stage stability must be evaluated 

separately from long-term operational stability [20, 23]. 

A practical construction response involved controlled mix-

ing/treatment of the soft sediment with sand and subsequent 

placement of approximately 0.45 m of crushed stone to estab-

lish a stable foundation platform. The stone layer served mul-

tiple functions: it improved the working surface, distributed 

the structural load, provided drainage and reduced the likeli-

hood of direct settlement or deformation of the gabion toe into 

the weak sediment. 

The experience emphasizes the need to distinguish between 

the ultimate geotechnical capacity of the completed structure 

and temporary construction-stage stability. In tidal environ-

ments, the latter may control the sequence and timing of works 

even where the final structure has an adequate long-term sta-

bility margin. 

3.6. Function of the Geotextile Filter 

The geotextile constituted an integral component of the re-

vetment system rather than merely an accessory material. Its 

principal functions were separation and filtration: retaining 

the underlying soil while permitting seepage water to pass 

through the system. Effective filter design must balance soil 

retention, hydraulic permeability and resistance to clogging 

and mechanical damage [14, 21]. 

This function is particularly important because the underly-

ing sand is relatively permeable and the upper riverbed con-

tains fine-grained soft sediment. Without adequate filtration, 

cyclic water-level changes could promote internal erosion, 

piping and progressive loss of the soil supporting the revet-

ment. 

The filter layer also improves compatibility between the 

fine-grained foundation/reclamation material and the rela-

tively coarse gabion fill. The selected geotextile properties 

provided an appropriate combination of filtration, permeabil-

ity and mechanical resistance for the intended application. 

3.7. Gabion Revetment Performance and 

Structural Behaviour 

Figures 5 to 8 show the sequence of installation of the Ga-

bion Revetment. The completed gabion revetment produced a 

flexible, permeable and relatively rough shoreline surface [21, 

22]. Unlike an impermeable concrete wall, the gabion system 

allows water to pass through the structure and dissipates part 

of the hydraulic energy through the voids and frictional re-

sistance within the rock mass. 
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Figure 5. Placement of crushed stone footing. 

 
Figure 6. Filling of gabion gauges with crushed stones. 

 
Figure 7. Partly constructed Gabion revetment. 

 
Figure 8. Fully constructed shoreline protection. 

The flexibility of the baskets is also advantageous in a foun-

dation environment where some differential movement may 

occur. Rather than requiring the foundation to remain per-

fectly rigid, a gabion revetment can accommodate limited de-

formation without immediate loss of structural continuity. 

The performance of the system nevertheless depends 

strongly on the integrity of the mesh, quality and gradation of 

the rock fill, foundation condition and toe protection. The use 

of zinc-coated steel mesh was intended to improve resistance 

to corrosion, while clean, hard angular rock provides im-

proved interlocking compared with rounded particles. 

These characteristics are consistent with the broader engi-

neering rationale for permeable rock-based shoreline protec-

tion. However, research on shoreline armouring also demon-

strates that fixed structures can produce localized changes in 

sediment transport and ecological conditions. Consequently, 

gabions should be considered as part of an adaptive shoreline-

management strategy rather than as a universal substitute for 

natural or nature-based stabilization. 

3.8. Toe Scour and Outflanking 

Although the completed revetment was structurally stable, 

two long-term mechanisms require continued attention: toe 

scour and outflanking. 

Toe scour represents a major failure mechanism for rock-

armoured and revetment structures because removal of sup-

porting sediment can undermine the armour layer and reduce 

overall stability. Toe structures and underlying filter systems 

are therefore important components of revetment design [21, 

4]. 

Terminal transitions between protected and unprotected 

shorelines should be carefully keyed into the adjoining bank 

because erosion may concentrate at structural discontinuities 

[21]. 

These considerations are consistent with established coastal 

revetment design practice [22, 23], which emphasizes founda-

tion, toe and terminal stability in addition to the stability of the 

main revetment face. 
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3.9. Environmental and Management 

Implications 

The gabion revetment offers several advantages in the con-

text of Diobu Creek. Its permeable structure maintains hy-

draulic connectivity between the bank and channel, while its 

rough surface can reduce direct reflection of hydraulic energy 

relative to a rigid impermeable wall. The structure also has a 

relatively small visual footprint compared with massive con-

crete retaining structures. 

Nevertheless, the ecological consequences of shoreline 

hardening should not be overlooked. Shoreline armouring can 

modify intertidal habitat, sediment dynamics and benthic 

communities [10, 12, 15]. Accordingly, hard stabilization 

should be limited to locations where it is technically necessary, 

while natural or vegetated shoreline treatments should be 

maintained where space and hydraulic conditions permit [4, 

15]. 

The Diobu Creek intervention demonstrates the value of in-

tegrating dredging, reclamation, navigation improvement and 

shoreline protection. Such integration reduces the likelihood 

that a locally stable revetment will subsequently be under-

mined by an altered channel configuration. 

3.10. Maintenance and Long-Term Monitoring 

Periodic inspection and monitoring are essential because 

mesh deterioration, rock displacement, toe scour, debris accu-

mulation and localized erosion can progressively reduce re-

vetment performance [21, 22]. Particular attention should be 

paid to the toe, terminal sections, crest, joints between baskets 

and areas where the revetment interfaces with unprotected 

shoreline. 

Monitoring should ideally include repeat topographic/bath-

ymetric surveys, photographic inspection, measurement of lo-

calized scour and assessment of basket integrity. Where prac-

tical, repeat surveys should be linked to tidal stages to improve 

comparison between monitoring epochs. 

The monitoring programme should also examine whether 

the intervention produces unexpected erosion immediately 

downstream or at the ends of the protected section. This is im-

portant because shoreline stabilization may redistribute rather 

than eliminate sediment transport processes. 

4. Conclusion 

The integrated improvement of Diobu Creek demonstrates 

that effective shoreline stabilization in an urban tidal water-

way requires the integration of hydraulic, geotechnical and 

construction considerations. The investigation established a 

relatively uniform sub-riverbed sequence comprising approx-

imately 1.2–1.6 m of very soft to soft organic silty clay over-

lying medium-grained sand extending to at least 12 m below 

the riverbed. The soft upper layer represented the principal 

foundation and construction challenge, while the underlying 

sand provided a more favourable bearing and drainage envi-

ronment. 

Laboratory testing indicated an average sand friction angle 

of approximately 34° and an estimated hydraulic conductivity 

of about 4.41 × 10-3 m/s. These characteristics supported the 

adoption of a sloping revetment, but the construction-stage in-

stability of saturated sand demonstrated that slope geometry 

alone is insufficient for evaluating stability. The behaviour of 

the regraded shoreline was strongly influenced by rainfall, sat-

uration, pore-water pressure and construction sequencing. 

The adopted protection system, comprising sand filling and 

regrading, treatment of weak foundation materials, crushed-

stone foundation support, geotextile filtration and separation, 

zinc-coated gabion baskets filled with durable angular rock, 

and crest/anchor-beam restraint, provided a practical solution 

to the combined requirements of erosion protection and recla-

mation. The geotextile was particularly important in prevent-

ing soil migration through the gabion voids while maintaining 

drainage and hydraulic continuity. 

The principal engineering lesson from the project is that the 

performance of a gabion revetment is governed not only by 

the gabion baskets themselves but by the soil–filter–rock–

foundation system as a whole. Adequate toe treatment, filtra-

tion, drainage, slope geometry, foundation preparation and 

construction sequencing are essential to long-term perfor-

mance. Particular attention should also be given to localized 

scour and outflanking at the ends of the protected shoreline. 

Gabion revetments are therefore considered suitable for se-

lected sections of soft-sediment urban waterways in the Niger 

Delta where structural protection is required and where their 

flexibility, permeability and constructability provide ad-

vantages over more rigid shoreline systems. However, they 

should not be regarded as a universal solution. Their applica-

tion should be guided by site-specific geotechnical and hy-

draulic investigations and complemented, where feasible, by 

natural or nature-based shoreline measures. 

For Diobu Creek, the integration of dredging, reclamation, 

navigation improvement and shoreline stabilization provides 

a more comprehensive management approach than isolated 

erosion control. Long-term success will depend on continued 

maintenance of the gabion system, periodic bathymetric and 

shoreline surveys, control of waste deposition and monitoring 

of scour and erosion at the protected/unprotected shoreline 

transitions. The study provides a practical engineering refer-

ence for similar shoreline stabilization projects within the soft, 

saturated and hydraulically dynamic environments of the Ni-

ger Delta. 
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