EOSC 210 Earth Science for Engineers

Course-level learning goals:

1.
Recognize and differentiate the adverse effects that Earth processes can have on site conditions and engineering designs (and vice versa).

2.
Use case histories to demonstrate how unrecognized geologic factors have led to failed engineering designs, cost overruns, fatalities, and environmental problems, and how we have learned from these past mistakes. 

3.
Relate the effects that large scale and long term geologic processes can have on specific site conditions.

4.
Distinguish various rock and soil types, their distribution and variation, their properties and their significance to different types of engineering projects. 

5.
Observe our planet from a more enthusiastic and informed perspective to aid in the process of becoming a responsible professional.

Lecture-level learning goals:

Geologic Time
1)  
Recognize that the geologic processes we see today have acted over very long timescales and can provide us with clues about the processes that shaped the Earth in the past (uniformitarianism).

2)  
Apply relative dating principles to interpret the geologic history at an engineering project site. 

3)  
Compare and contrast relative and absolute dating methods.

4)  
Describe what the major divisions of the geologic timescale signify.

Earth Structure & Continental Drift

1)  
List the layers that form the Earth, and compare and contrast their composition and material behaviour.

2)  
Debate the observations that led to the development of the theory of continental drift. 

3)
Describe the driving forces (mechanism) behind plate tectonics.

4)
Discuss the possible implications of a dynamic planet (plate tectonics) on engineering activities.

Plate Tectonics & Plate Boundaries

1) 
Describe how hotspots interact with different types of crust and how they can be used to track plate motions (clicker exercise Hawaiian islands). 

2) 
List and describe the 3 different types of plate boundaries and the forces acting on each. 

3)
Predict which type of convergent plate margins will develop as a function of rock density, age, and plate boundary.

4)
Describe the implications of a convergent plate boundary on the geology, natural hazards, and engineering in British Columbia.

Minerals & Rock Cycle
1)
Define “mineral”

2)
Describe the four major ways minerals can form

3)
Describe how minerals are categorized into groups

4)
Use the chemical formula of a mineral to associate it with a mineral group

5)
Explain why minerals are important to engineering
6)
Be able to list and briefly describe the three main types of rock

7)
Describe how each type of rock can change into any other rock type
Igneous Rocks

1)
List and describe the ways that igneous rocks can form and how this affects rock textures

2)
Compare and contrast igneous rocks of mafic and felsic composition

3)
Predict the mineral composition of igneous rocks based on Bowen’s reaction series

4)
Describe how texture and composition of igneous rocks relate to engineering properties

5)
Appreciate why igneous rocks and processes are important to engineering projects
Volcanism

1)
Use the composition of magma and shape (or type) of a volcano to determine if it will erupt explosively

2)
Compare and contrast the two most important types of volcanoes

3)
List and describe five volcanic hazards

4)
Compare and contrast risk, perception of risk, and hazard
Sedimentary & Metamorphic Rocks

1)
Describe the ways sedimentary rocks form

2)
Compare and contrast the texture and composition of sedimentary rocks

3)
List and describe some hazards of designing on or in sedimentary rocks

4)
Describe why sedimentary rocks and processes are important to engineering
5)
Describe the formation of metamorphic rocks

6)
Compare and contrast the types of metamorphism

7)
List and describe engineering properties and hazards of metamorphic rocks

8)
Describe why metamorphic rocks and processes are important to engineering
Folding & Faulting

1)
Relate the crustal forces that result from each of the three types of plate boundaries. 

2) 
List and describe the factors that affect the brittle/ductile behaviour of rock.

3)
List and describe the various types of folds, and examples of their significance with respect to engineering.

4)
Identify the 3 types of faults and describe the forces and motion responsible for their development.  

5)
Compare and contrast the characteristics and mechanical behaviour of faults and joints.

Earthquakes

1) 
Describe how earthquakes are distributed across the planet as a function of plate tectonics. 

2) 
Compare and contrast the types of seismic waves generated during an earthquake (surface and body waves; P-wave, S-wave, L-wave).

3)
Describe how earthquakes are measured and located.

4)
Compare and contrast earthquake magnitude and earthquake intensity and how they are affected by local geology.  

5)
Describe how seismic waves are used to image the interior of the Earth.

Earthquake Hazards

1) 
Compare and contrast different strategies for dealing with earthquake hazard. 

2)
List and describe the factors that contribute to the amount of damage during an earthquake

3)
Diagnose which forms of earthquake hazard (direct & indirect) can be mitigated through various engineering designs and/or emergency planning

4)
Recognize how socio-economics factors may limit the extent of mitigation possible through engineering design
Weathering, Erosion & Soil Formation

1)
Compare and contrast physical and chemical weathering

2)
List and describe various types of soils

3)
Draw, label and describe Goldich’s weathering series

4)
Compare and contrast soil classification from the perspective of a soil scientist, a geologist, and an engineer
Environmental Aspects of Weathering

1)
List and describe major soil hazards and their effects on society

2)
Describe engineering aspects of building on locations underlain by weathered sediments or rock

3)
Describe how environmental problems can be caused by the intersection of weathering and engineering activities
Glacial Processes

1)
Recognize that ice ages are cyclical, and explain why the last ice age is the most important for present-day engineering problems  

2)
Compare and contrast the two main types of glaciers

3)
Describe the conditions required for a glacier to form and how its mass balance affects its mechanical behaviour and motion

4)
List and describe the two types of glacial erosion, the landforms they produce and how to identify them on a contour map

Glacial Deposits & Permafrost

1)
List and describe the landforms resulting from glacial deposition and how to identify them on a contour map

2)
Compare and contrast the processes leading to sorted and unsorted glacial deposits

3)
Locate a likely source of gravel using a topographic map

4)
Recognize the hazards faced by engineering projects in regions of continuous and discontinuous permafrost

5)
List and describe ways to mitigate against the effects of permafrost damage
Hydrogeology
1)
Draw, label, and describe the hydrologic cycle (and water balance)

2)
Compare and contrast porosity and permeability

3)
Define Darcy's law and use it to explain horizontal flow in an aquifer and vertical flow through an aquitard

4)
Compare and contrast aquiclude, aquitard, aquifer, and distinguish between confined and unconfined aquifers
Groundwater Resources
1)
Describe how we extract water from aquifers

2)
Balance the recharge and discharge of an aquifer

3)
Describe the effects of salt water intrusion

4)
Describe the causes of subsidence

5)
Describe the priorities of groundwater management and how they can be enacted
Environmental Hydrogeology

1)
List and describe four sources for groundwater contamination

2)
Compare and contrast the characteristics of DNAPL and LNAPL contamination

3)
Describe processes affecting contaminant mobility, attenuation, and longevity

4)
List and describe four ground water remediation techniques

5)
Select a suitable remediation method for a case of groundwater contamination
Fluvial Systems and Coastlines
1)
Describe the process of fluvial erosion and sediment transport

2)
List and describe the two main end members of river type

3)
Define graded streams

4)
Describe the concept of base level

5)
List and describe some impacts of dams on base level and river systems

6)
Describe two river management structures
7)
Define coastline

8)
List and describe coastal erosion and depositional processes

9)
List and describe coastal management strategies and structures
Landslides
1) 
Explain how the socio-economic impact of landslides depends on the type and characteristics of the landslide hazard. 

2)
Define the chief components of landslide risk. 

3)
Analyze and assess direct and indirect hazards related to landslide activity.

4)
Distinguish the different modes of failure (falls, flows, slides, topples, and spreads) and how they are influenced by geology.

Landslide Mitigation

1) 
Assess the balance between the strength of the slope and the destabilizing forces acting on it (Factor of Safety). 

2)
List and describe how groundwater affects the effective stress relationship, and how this contributes towards the increased likelihood of a landslide.

3)
Compare and contrast several of the key triggers of landslides and how they affect the force balance equation (i.e. Factor of Safety).

4)
Compare and contrast avoidance, prevention, and protection strategies for dealing with landslide hazards, and the mitigation measures each entails.

Dams

1) 
Discuss the benefits and drawbacks of hydroelectric dams. 

2)
List and describe the different components of a large hydroelectric project and the role they play during construction.

3)
Assess whether a concrete or earth dam is more suitable for a given set of site conditions.

4)
Compare and contrast the three different types of concrete dams, and how their selection and design depends on the geology of the site.

5)
Describe the key geomechanical and hydrogeological factors to consider in the design and long-term maintenance of an earth dam.

Tunnelling

1) 
Discuss the benefits and drawbacks of large tunnel projects. 

2)
List and describe the 5 key factors that control the ground conditions encountered in underground engineering.

3)
Compare and contrast the failures and hazards associated with different ground conditions in tunnel construction. 

4)
Compare and contrast rock deformation and strength characteristics under different stress regimes.

5)
Apply simple empirical tools (e.g. Rock Quality Designation, RQD) to estimate rock mass properties for tunnel design.
