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BEGIN EXAM QUESTIONS HERE!

ANSWER ALL QUESTIONS

1. 

a. Discuss at least 2 factors that influence the stability of a slope. [12 Marks]
Geological Factors
Type of Soil and Rock: 
Soils such as clays can become particularly unstable when wet due to their low shear strength and tendency to expand and contract with moisture changes. 
Well-compacted, coarse-grained soils like gravels are typically more stable. [3 Marks]
Structural Features: 
Geological structures such as faults, joints, and bedding planes can create planes of weakness within the rock mass. 
Faults and joints provide pathways for water infiltration, which can reduce the cohesive strength of the slope material and increase the likelihood of failure. 
Bedding planes that are parallel to the slope face can also act as slip surfaces, particularly in sedimentary rocks. [3 Marks]
Hydrological Factors
Water Content:
Water content within a slope affects its stability through pore water pressure. 
When water infiltrates a slope, it fills the pores between soil particles, reducing the effective stress and shear strength of the material. This can lead to slope failure, particularly in clay-rich soils where water significantly decreases cohesion. [3 Marks]
Groundwater Flow: 
Groundwater flow can lead to increased pore water pressure, reducing the frictional resistance along potential failure planes. 
Springs emerging from slopes can also indicate high groundwater levels, which may destabilize the slope. 
The flow of water can erode the slope base, further compromising stability. [3 Marks]
Vegetation
Stabilizing Effects: 
Vegetation stabilises slopes through root reinforcement, which binds soil particles together and increases the shear strength of the soil. 
The presence of vegetation also helps to intercept rainfall, reducing the amount of water that infiltrates the slope and mitigating the rise in pore water pressure. [3 Marks]
Destabilizing Effects: 
Vegetation can also destabilize slopes. Large trees can exert additional weight on the slope, and their root systems can create preferential pathways for water infiltration. 
Additionally, the removal of vegetation (e.g., through deforestation or fire) can lead to increased erosion and decreased slope stability. [3 Marks]
Human Activities
Construction: 
Construction activities, such as road building, housing developments, and excavation, can significantly impact slope stability. 
These activities often involve cutting into slopes, which can remove support at the slope base and create over-steepened conditions. 
Additionally, the weight of structures can add to the driving forces on a slope. [3 Marks]
Mining: 
Mining operations often involve the removal of large volumes of material, which can alter the stress distribution within a slope and create voids that may collapse. Open-pit mining, in particular, can lead to large-scale slope failures if not properly managed. [3 Marks]

b. A long natural slope in a fissured overconsolidated clay is inclined at 12° to the horizontal. The water table is at the surface and seepage is roughly parallel to the slope. A slip has developed on a plane parallel to the surface at a depth (z) of 5m. The saturated unit weight (γsat) of clay the clay is 20kN/m3. The peak strength parameters are c’=10kN/m2 and Ø’r=26°. Determine the Factor of Safety (FoS) along the slip plain. [12 Marks]
With the water table at the surface (m=1) at any point along the slip 
 
 [ 3 Marks]
 
 [2 Marks]
 
 [3 Marks]

 
 [2 Marks]

 [2 Marks]

c. Is the slope currently stable or unstable? [1 Mark] 
1.66 > 1.0 so stable [1 Mark]

2. 
a. Explain the term Water Table [2 Marks]
The level below which the ground is saturated with water. [2 Marks]
b. What is the primary influence on soil permeability. [2 Marks]
Permeability of all soils is strongly influenced by the density of packing of the soil particles
c. A pollution incident has occurred at a factory, resulting in chemicals entering the groundwater. A borehole used to supply irrigation for crops is located 10km downstream. 
[image: ]
Given the following information:
Hydraulic Conductivity of Soil (k) = 20m/day
Kinematic Porosity of Soil (n) = 18%
Use Darcy’s Law to determine the time it will take for the pollutants to reach the borehole. [7 Marks]
 [2 Marks]
 [2 Marks]
 [2 Marks]
	[1 Mark]
d. Suppose the aquifer in the above question is actually made up of a large number of horizontal fissures. This decreases the kinematic porosity (n) to 0.3%. How long does it take the pollutants to reach the bore hole now? [5 Marks]

 [2 Marks]
 [2 Marks]
	[1 Mark]

e. If the pollution poses a threat to the borehole either way, explain the significance of it reaching quicker or slower. [4 Marks]
Depends on the nature of pollutant [1 Mark]
May degrade or decompose into harmless by-products [1 Mark]
Few microorganisms will survive in aquifer for over 1 year [1 Mark]
Long travel time may mean that pollutant is in the aquifer undetected for many years, polluting the borehole long after premises have ceased to operate. [1 Mark]
f. Briefly explain Source Protection Zones (SPZs) [5 Marks]
Source protection zones (SPZs) are areas around groundwater sources, such as wells, springs, or boreholes, that are designated to protect these water supplies from contamination. [1 Mark]
Zone 1 (Inner Protection Zone): This is the immediate area around the water source. It usually has the strictest controls to prevent contamination because pollutants entering this zone can quickly reach the water source. [1 Mark]
Zone 2 (Outer Protection Zone): This area surrounds Zone 1 and serves as a buffer. It provides additional protection by managing activities that could potentially introduce contaminants into the groundwater. [1 Mark]
Zone 3 (Total Catchment): This zone covers the entire area that contributes water to the source. It encompasses the broader region where pollutants might eventually travel to reach the water source. [1 Mark]
The purpose of these zones is to regulate land use and activities in these areas to minimize the risk of contamination and ensure the safety and quality of drinking water. [1 Mark] 

3. 
a. Label the following diagram of the hydrological cycle [3 Marks]
[image: ]
i. Precipitation [0.5 Mark]
ii. Infiltration [0.5 Mark]
iii. Transpiration [0.5 Mark]
iv. Evaporation [1 Mark]
v. Run off [0.5 Mark]
b. A reservoir has a surface area of 70.8 hectares. For the month of April, the inflow was 1.5m3/s. A dam regulated the outflow to be 1.25m3/s. If the precipitation record for the month was 7.62cm and the storage volume increase by 650000m3, calculate the estimated evaporation in m3 and cm. Assume no water infiltrates out of the bottom of the reservoir. [14 Marks]
[image: ]
[1 Mark]
Volume accumulation = Volume in – Volume out [1 Mark]
 [2 Marks]
 [4 Marks]
 [1 Mark]
 [ 1 Mark]
 [2 Marks]
For an area of 70.8 hectares the evaporation depth is:
 [2 Marks]

c. Explain 2 impacts that increased urbanisation has on water infiltration. [8 Marks] 
Increase in Impervious Surfaces: [1 Mark]
Urban sprawl leads to the creation of more impervious surfaces such as roads, parking lots, rooftops, and sidewalks. These surfaces prevent water from infiltrating into the soil, reducing groundwater recharge.
With less infiltration, more water runs off into storm drains, rivers, and lakes, increasing the volume and speed of surface runoff. [ 3 Marks]
Alteration of Natural Landscapes: [1 Mark]
Natural landscapes like forests, grasslands, and wetlands, which facilitate water infiltration and storage, are often replaced by urban structures. This alteration disrupts the natural water cycle, leading to decreased groundwater recharge.
The loss of vegetation also means a reduction in the natural processes that help to absorb and filter rainwater. [3 Marks]
Soil Compaction: [1 Mark]
Construction activities associated with urban sprawl, such as heavy machinery movement, compact the soil. Compacted soil has reduced pore space, which limits its ability to absorb water, further decreasing infiltration rates. [3 Marks]
Increased Surface Runoff: [1 Mark]
With more impervious surfaces and compacted soils, rainwater that would have infiltrated into the ground becomes surface runoff. This can lead to increased erosion, sedimentation in water bodies, and higher risks of flooding.
The increased volume of runoff can overwhelm stormwater systems, leading to water quality issues as pollutants from urban areas are carried into natural waterways. [3 Marks]
Hydrological Changes: [1 Mark]
Urban sprawl can lead to changes in local hydrology, including altered stream flows and reduced base flows in rivers and streams during dry periods. This is because less water is infiltrating to recharge groundwater, which contributes to maintaining stream flows. [3 Marks]
Impact on Aquifers: [1 Mark]
Reduced infiltration means less recharge of aquifers, which can lead to declining groundwater levels. This is particularly concerning for areas that rely on groundwater for drinking water, irrigation, and industrial uses.
Over time, diminished aquifer recharge can contribute to subsidence (the gradual sinking of land) and reduced water availability for ecosystems and human use. [3 Marks] 


4. 
a. Briefly explain the concept of Carbon Capture [4 Marks]
Carbon capture refers to a range of technologies and processes designed to capture carbon dioxide (CO₂) emissions from industrial and energy-related sources before they enter the atmosphere. The goal of carbon capture is to mitigate the impact of CO₂ on global warming and climate change. [4 Marks]
b. Explain the process of Carbon Capture and Storage with particular reference to the key mechanisms for trapping CO2 [12 Marks]
Capture: CO₂ is captured from sources such as power plants, industrial facilities, or directly from the air. Various technologies are used for this, including pre-combustion, post-combustion, and oxy-fuel combustion. [1 Mark]
Transport: Once captured, the CO₂ is compressed and transported to a storage site. This is typically done via pipelines, but it can also be transported by ship, truck, or rail. [1 Mark]
Injection: The CO₂ is injected into deep underground geological formations. [1 Mark]
Storage: The CO₂ is stored in these geological formations where it is trapped by various physical and chemical processes. The key mechanisms for trapping CO₂ include: [1 Mark]
Structural trapping: CO₂ is trapped under a layer of impermeable rock (cap rock) that prevents it from escaping to the surface. [2 Marks]
Residual trapping: CO₂ is trapped in the pore spaces of the rock as isolated droplets. [2 Marks]
Solubility trapping: CO₂ dissolves in the water present in the rock formation. [2 Marks]
Mineral trapping: Over time, CO₂ reacts with minerals in the rock to form stable carbonate minerals. [2 Marks]
c. Describe the three different types of geological storage sites [9 Marks]
Depleted Oil and Gas Fields: These sites have the advantage of existing infrastructure and geological data from previous extraction activities. Enhanced oil recovery (EOR) can also be used, where CO₂ injection helps to extract remaining oil, offsetting some of the costs of storage. [3 Marks]
Deep Saline Aquifers: These are porous rock formations filled with salty water. They have a large potential storage capacity and are widely available. [3 Marks]
Unmineable Coal Seams: CO₂ can be stored in coal seams that are too deep or too thin to be mined economically. The CO₂ can be adsorbed onto the coal, displacing methane which can be recovered and used as an energy source [3 Marks]



5. 
a. Name the three main types of coastal structure. [3 Marks]
Vertical Wall (Impermeable) [1 Mark]
Sloping and Impermeable (Revetment) [1 Mark]
Sloping and Permeable (Rubblemound) [1 Mark]

b. Choose one type of coastal structure and describe in detail including function, advantages and limitations. Use diagrams where appropriate. [8 Marks]
Vertical Walls:
They include sea walls and breakwaters formed from blockwork or mass concrete with vertical, near-vertical, or sloping faces. 
Such structures occupy relatively little space, are relatively economical in construction volume, and may be simple to construct, but they are liable to experience intense local wave impact pressures, may overtop severely, and will often reflect much of the incident wave energy. 
Wave energy reflected back from such structures may cause additional wave disturbance in adjoining areas, and/or may initiate or accelerate local bed scour. 
Vertical or battered seawalls (or breakwaters) were often formed from stone or concrete blocks to a steep slope (battered) or vertical slope. 
The blocks might be dowelled or keyed together, often allowing relative vertical movement, but restricting any sliding horizontally. 
The main advantages of vertical walls lie in their efficient use of space and economy of construction material. 
Vertical walls in harbours have further advantages, particularly the visibility of the structure to navigators; and the ease of mooring vessels alongside

[image: ] [8 Marks]
Sloping and Impermeable:
Close-fitting blocks or slabs, often chosen for embankments of sand or clay. 
The stability of this armouring requires that up-lift pressures acting across the concrete are balanced by net weight force. 
The simplest revetment armouring is in-situ concrete, cast in slabs generally 75-200mm deep. 
Coastal revetments often armoured by pre-cast concrete blocks, often 150-400mm deep, placed by hand or with mechanical assistance. 
These blocks may be laid closely on a bedding layer of relatively low permeability, with sufficient gap between blocks to allow drainage of internal pressure build-up. 
This blockwork has been used widely for coastal embankments in the UK, Netherlands and Germany, where blocks have either been joined by an overlap (Shiplap blocks), or plain / tapered blocks have been grouted by bitumen, or columnar blocks are placed in pattern.
A variety of different materials, including concrete, stone and asphalt, may be used for the protective surface layer. 
The surface of the final structure may be smooth, rough or stepped
The revetment may be of rigid or flexible construction. A rigid structure, although potentially more stable than its flexible counterpart, may fail in a brittle way if the underlayers settle or are eroded beneath it.
The stability of a block revetment depends upon the outer protection and underlayers, including:
• Weight and/or dimensions of the blocks;
• Friction between blocks and filter layer, and between adjacent blocks;
• Relative thickness and permeability of the protection layer and underlayers;
• Revetment slope angle;
• Soil tightness and erosion resistance of the filter layers;
• Any interlock or cabling or anchorage of the system.

[image: Chapter 6 - Coastal Revetments for Wave Attack - Pile Buck Magazine] [8 Marks]
Sloping and Permeable:
The other main type of coastal structure consists of a rubble mound or slope formed of quarried rock or fill protected by layers of rock or concrete armour units. 
The side slopes of the mound are generally slopes around 1:2.
The type of material available to form the inner mound, or core, will also influence the side slopes that can be made stable. 
Under-layers of rock support armour layers and separate them from the finer core or foundation materials. 
Rubble underlayers often dissipate a significant proportion of the incident wave energy in breaking and friction, allowing reduced armour sizes.
Rubble structures often include an up-standing crown wall to reduce overtopping.
Simple rubble mounds may be used for rubble sea walls, protection to vertical walls, or revetments; and may be used to form beach control structures such as near shore breakwaters, rubble groynes or bastions.
The main armour may use selected large quarried rocks to protect the inner layers against direct wave attack, and to dissipate wave energy over / within the rough and impermeable surface. 
In much of the UK, and in many places worldwide, large armour rock cannot be obtained locally and importing it may be prohibitively expensive. At those sites, it may be much more economical to make concrete armour units. 
The construction of rubble mound breakwaters requires a significant amount of material, particularly large stones and boulders, which can be expensive to source and transport.
Rubble mound breakwaters are typically wider than other types of breakwaters to achieve stability, requiring more space both in terms of footprint and for storage of construction materials.
[image: 2 Cross-section of a typical rubble mound breakwater [55] | Download  Scientific Diagram][8 Marks]

c. Briefly explain wave overtopping. [2 Marks]
Wave Overtopping is a phenomenon that takes place when a water wave meets a structure with a height lower than the approximate wave height, and water therefore passes over the structure flooding the area behind. 
d. For a 1:2 rock armoured (r=0.55) sloping seawall with a toe at 0mCD, still water level at 3.0mCD and a crest level of 4.2mCD. Estimate the overtopping when Hs=5m and Tm=8.8s using Owen’s Method. [12 Marks]
 [4 Marks]
 [4 Marks]
 [4 Marks]


Diwedd/End





Page 3 of 3

image1.jpeg
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David





image2.png
Borehole

Aquifer





image3.svg
          4k m Factory Spill Borehole   5 m  W L Aquifer


image4.png
J

Watertable  ~~=T-~__




image5.png
P=7.62cm E=?

Q,,=1.5mds Reservoir Qoui=1.25m%/s




image6.emf

image7.gif
Revetment Desi

o srLasn apron
A/ s -

2 oesousmi wazER.sts.L_/_\ 4

‘GEOTEXTILE/GRID —/

UNDERLAYER
@roNes or B e

ToE





image8.jpeg
Armour layer / Grost

\

Underlayer

= Toe
Scour protection\

\





