ENSC 2001 Final Exam Notes
Mineral Resources and the Environment
· Tin, lead, mercury, silver, copper, gold, antimony – metals used before 15,000 BC
· Iron Age: 5000 – 1000 BC
· Bronze Age: 1000 – 0 BC
· Age of Enlightenment (industrial evolution): 1700’s – 1800’s

· Canada has lots of potash and zinc
· South Africa has the most platinum
· Metals are unevenly distributed around the world – much of world’s resources are controlled by cartels or companies.
Mineral Resources:
· The backbone of modern society
· Availability of mineral resources as a measure of the wealth of a society
· Important in people’s daily lives as well as in overall economy
Mineral Resource Problems:
· Non-renewable resources
· Finite amount of mineral resources and growing demands for the resources
· Supply shortage due to growing global industrialization with more developed countries consuming disproportionate share of mineral resources
· Erratic distribution of resources and uneven consumption of resources. Highly developed countries use the most of the resources.
· Each person in USA uses 10 metric tons of material per person
USA depends on imports of mineral resources to satisfy its needs. Canada does have significant mineral resources, and relatively small population to satisfy.
Mineral Resources and Reserves:
· Mineral resources: concentration of naturally occurring material in or on the Earth’s crust, which can be economically extracted, or may be in the future.
· Reserve: portion of a resource that is identified and currently available to be extracted economically 
· Ore: is a naturally occurring mineral resource (mainly metallic) of economic value that can be mined at a profit
Responses to Limited Availability: figure 14.3, pg. 407
· Blue line – increase in consumption leaves to depletion of resource with time because it is non-renewable
· Green line – this happens even if we conserve the resource, just slows down the process a little
· Red line – by recycling material consumption increases then the curve flattens, perhaps leading to resources lasting longer.
· As consumption increases, price of metal increases
· Consequences: increasing consumption  develop lower-grade ore deposits, reclassify resources as reserves, and disturb more land.
Responses to Limited Availability:
· Find more resources
· Find a substitute (ex. Substitutes polymers for metal)
· Recycle (ex. Aluminum pop cans etc.)
· Use less and make more efficient use of what is available
· Do without
Genesis of Mineral Resources: table 14.3, pg. 408


Examples of different types of mineral resources:
Igneous Processes:
· Disseminated – occurrence of diamond crystals found in coarse-grained igneous rock called kimberlite, which is a pipe-shaped body of rock that decreases in diameter with depth.
· Crystal Settling – segregates crystals formed earlier from those formed later. (ex. As magma cools, heavy minerals that crystallize early slowly sink toward the lower part of the magma chamber.) This is how chromite is formed.
· Late Magmatic – occurs after most of the magma has crystallized, and heavy metalliferous materials in water-rich and gas-rich solutions remain.
· Pegmatite – late stage solution from coarse-grained igneous rock. Rich in feldspar, mica, quartz and clay.
· Hydrothermal (hot water) – originate from late-stage magmatic processes and give rise to variety of mineralization including gold, silver, copper, mercury, lead, zinc etc. Hydrothermal solutions that form ore deposits are mineralizing fluids that migrate through a host rock, crystallizing as veins of small dikes.
Metamorphic Processes:
· Contact Metamorphism – type of metamorphism produced when country rocks are in close contact with a cooling body of magma below the surface of the earth. Ore deposits found along the contact between igneous rocks and the surrounding rocks they intrude. Contact metamorphism is caused by heat, pressure, and chemically active fluids of the cooling magma interacting with the surrounding rock.
· Regional Metamorphism – regional increase of temperature and pressure associated with deep burial of rocks or tectonic activity. Can change mineralogy or texture of pre-existing rocks producing ore deposits of non-metallic rocks.
Sedimentary Processes:
· Sand and Gravel – mainly obtained from river channels and water-worked glacial deposits. Can cause degradation to river environment.
· Placer Deposits – streams transport material therefore the bedrock in a river basin contains heavy metals such as gold, streams draining the basin may concentrate heavy metals to form placer deposits (ore formed by deposit of sediments)
· Evaporite Deposits – sediments deposited from water as a result of extensive evaporation of seawater or lake water; dissolved materials left behind following evaporation.
· Glacial – sand and gravel – northern India
· Deep-ocean – manganese oxide nodules – central and southern pacific ocean
Weathering Processes:
· Residual soil – soil that develop on bedrock
· Secondary enrichment – weathering process of sulfide ore deposits that may concentrate the desired minerals
Bauxite – a rock composed almost entirely of hydrous aluminum oxides; a common ore of aluminum
Biotechnology – with respect to resource management, refers to use of organisms to assist in mining of ores or cleaning up of waste from mining activities
Concentration Factor- with respect to mining of resources, the ratio of a metal’s necessary concentration for profitable mining to its average concentration in Earth’s crust
Hydrothermal – mineral deposit derived from hot-water solutions of magmatic origin
Manganese oxide nodules – nodules of manganese, iron with secondary copper, nickel and cobalt which cover vast areas of the deep-ocean floor.
Energy Resources – Non-renewable and Renewable
Introduction:
· Fundamental part of industrialization
· Disproportionate amount of energy resources demanded and consumed in developed countries
· Growing challenges: how to break energy dependency, yet sustain development and high standard of living
· Energy shocks: constant worries from past to present to the future over the price, dependency, power failures (ex. Price shocks per unit of energy)

Energy Supply and Demand
· Fossil fuels: 90% of US energy consumption (10% from hydropower and nuclear power)
· Fossil fuels non-renewable resources – produced naturally so slowly that they cannot keep up with consumption
· Fossil fuel peak discoveries in 1960s, since then fewer reservoirs of oil discovered and each year we consume more and more oil.
· US energy consumption increasing over time
Majority (80-90%) of energy used in US comes from fossil fuels (petroleum, natural gas and coal). Remaining 10% of energy used in US comes from Nuclear Electric Power, Hydroelectric power, biomass etc.
Biomass may in fact be non-renewable resource.
Called fossil fuels because derived from fossilized organic matter.
Unless something dramatic changes, energy use will continue to increase.
Shale gas can be a bridging fuel (something to fill the gap when we run out of fossil fuels) as well as nuclear energy.
Germany is making effort to switch to using primary renewable resources.  Germany and Denmark have success in using renewable resources.
Fossil Fuels:
· Ultimate source of energy for fossil fuels is the sun. Transformed from the solar energy originally stored in organic matter.
· Organic matter buried and preserved as fossil fuels
· Geologically: stored in subsurface rock materials
· Types: Coal, Petroleum, natural gas
· Environmental impact: significant impact from exploration, production, processing and distribution (cause of pollution and degradation of the air)
· 99% of fossil fuels are in sedimentary rocks
Coal:
· In Ontario, 8% of energy production comes from coal. Most coal burning plants have been shut down now, 100 thousand tons of pollutant released into air from coal plants.
· Use of coal is diminishing in some areas of the world. 
· 28% of the world’s energy comes from burning coal, predicted 16% increase in use of coal.
· 80% of China’s power comes from coal
· Coal: transformed plant matter in ancient swamps
· Estuaries, lagoons, low-lying coastal plains or delta environment
· Coal forming process:
· Massive dead plants  buried in anaerobic (Oxygen deficient) environment  peat  prolonged burial and transformation to increase carbon content  coal.
Figure 15.5 – pg. 436
First coal is Lignite coal, later turns into bituminous coal. As carbon content is increased, the type of coal changes.
Most coal that we are mining today comes from the carboniferous and Permian periods. (Most plant production in these periods therefore most coal produced.)
Classification of Coal:
· Rank: based on carbon content and caloric value on combustion
· Lignite, subbituminous, bituminous, anthracite
· With the increase in rank, generally higher carbon content, higher caloric values, less volatile gas, and less moisture content
· Based on sulfur content: low sulfur coal (<1%), medium sulfur coal (1-3%) and high sulfur coal (>3%)
· Environmentally more appealing to use low sulfur coal because high sulfur content can lead to acid rain (SO4 emission)
Figure 15.6 – pg. 436
Lignite has least heat value (caloric value). Caloric value peaks in bituminous coal.
Carbon content increases with heat content, moisture decreases and so do volatiles (oxygen, hydrogen)
Anthracite typically found in tightly folded layers (heart of a mountain belt).
Figure 15.7 a – pg. 437
Alberta – deepest part of basin has bituminous, just outside this (shallower part of basin) subbituminous coal.
Anthracite found in northern BC and Northwest territories due to mountain building episodes.
Figure 15.7 b – pg. 437. Greatest world coal reserves in Europe and Eurasia, then Asia and Australia, then North America. US has 28% of the world’s reserves, Canada has 0.8% of world’s coal.
Coal bed Methane – new energy source that is being exploited (methane well)
Environment Impacts of Coal:
· Land disturbances from open-pit and strip mining
· Subsidence over subsurface mines
· Mining area acid drainage
· Surface water and groundwater pollution
· Air pollution from thermoelectric power plants (acid rain, respiration problems, soot on buildings)
· Disposal of coal ash (5-20% of original coal) – has toxic chemicals in it
· Area ecosystem degradation due to mining and inadequate land reclamation (rehabilitation) afterward 
· Dangerous mining (associated gases accumulate and explode, block structure of coal subject to roof collapse and rock bursts)
· Gas explosion, mine collapsing, acid mine drainage
Underground coal fires – threated health (pollutants include CO, SO2, Hg) threaten natural and built environment, threaten atmosphere.
Hydrocarbons – Oil and Gas
· Oil and gas – hydrocarbons due to chemical composition of C, H and O
· Natural gas is mostly methane (CH4)
· Oil and gas are formed and transformed organic matter, almost 100% in sedimentary rocks
· Flow through production wells – since they are liquid and gas, the hydrocarbons will flow
· Other forms: oil shales and tar sands (mined solids, they do not flow)
· Gas comes from plant material and algae
· Oil come primarily from marine organisms
Hydrocarbon compounds: from lightest to heaviest:
· Methane
· Ethane
· Propane
· Butane
· Pentane
· Benzene
· Asphalt
Geology of Oil and Gas:
· Formation of oil and gas:
· Rapid burial 
· Anaerobic environment 
· Biogenic or thermogenic transformation 
· Oil window (approx. 3-6 km depth)
· Formation of oil and gas in source rock
· Migrate into reservoir rock 
· Reservoir rock is porous – empty spaces and permeable – empty spaces are connected
· Oil and Gas trapped over geologic time in certain structures
· Aided by the movement of water, water pushes oil and gas to be trapped
Geologic conditions for Oil and Gas fields:
· Source rock: fine-grained, organic rich sedimentary rocks. Oil and gas migrating upward to the reservoir rocks
· Reservoir rock: porous and permeable rocks
· Cap rock: impermeable rock as a barrier to trap oil and gas in place, forming oil fields
Common Oil Traps (figure 15.13)
· Structural traps
· Stratigraphic traps (clay ridge, impermeable sediment ridge)
· Combination of both
Figure 15.12 – pg. 442 about 25% of our gas reserves are biogenic
Oil and Gas Production:
· Production: commonly through wells
· Types of production
· Primary recovery: pump no more than 25% of the petroleum in the field under natural reservoir pressure
· Enhances recovery: manipulate reservoir pressure by injecting gasses and liquids, 50-60% of the petroleum
Distribution of Oil and Gas: Figure 15.14 – pg. 444. Largest reserves of oil in 2014 are in Venezuela, next Saudi Arabia, Canada is third. Reserves of gas – mainly Russia, then Iran, then Qatar, Canada is 18th.
Oil Shale – fine grain sedimentary rock which contain kerogen (insoluble organic material) Oil from oil shales is extracted by heating it up to crack the organic material. Difficult to mine. Can also have methane. Many oil shales in the USA.
Tar sands – semi-solid state. Can also be found in shale or even limestone. Petroleum. Takes energy to get oil out – 1 barrel of energy to get 3 barrels of energy from tar sands.
Injection well – inject steam, air, water or chemicals
Extraction well leads oil and water to come up to surface.
Canada’s principle petroleum resource is the Athabasca tar sands, in Alberta.
· You need a lot of water to process oil shales and tar sands. For tar sands it takes 2.3 barrels of water to produce 1 barrel of oil.
· In solid state therefore the rocks must be mined, they do not have natural flow.
· Large volume of waste is produced, both liquid and solid waste/ Lots of waste rock and waste sand.
Methane Hydrate:
· Potential good source of natural gas
· Exists at depths of 1000 m (3300 ft) beneath the sea and under permafrost land areas
· White, ice-like compound of methane as capsulated by frozen water
· Complicated processes for exploration and production due to highly pressurized conditions
· More studies need to be done for exploiting it
Gas Hydrates – potential future source of energy
Figure 15.20 – pg. 450 Acid Rain – precipitation with pH less than 5.6
· Burning of fossil fuels releases SO2 (sulfur dioxide) and nitrogen oxides into the air
· Pollutants get oxidized and transform to sulphate and nitrate
· When combined with water – forms into sulfuric acid and nitric acid
· Acid falls onto earth and eventually get incorporated into groundwater systems
· Causes corrosion of structures and damages cement and support structures (Athens – because Athens is in a depression)




Geothermal Energy:
· Extracting energy associated with heat and pressure from natural hot water and steam (primordial heat + radioactive decay of U, Th and K)
· Generating electricity at many sites in the world or heating energy for buildings, etc.
· Vast amount of geothermal energy resources (500 times oil and gas resources, if only 1% could be captures from upper 10 km) 
· To be an economic energy supply: a)high temperature rocks within economic and technical drilling depths, b) need carrier fluid to transport heat to surface, c) need permeability in hot rocks
· Currently very minor electrical generating capacity in Canada (good potential for high temperature resources in B.C., Yukon and NWT)
· Canada (2010) 55,000 shallow heat exchanges (geoexchange units) installed. Over half of this energy used for space heating, one third for heated pools, remainder in small industrial and agriculture applications. (don’t need to know numbers)
Generally high heat flow areas are where divergent plate boundaries are, in rift valleys you can also find high heat flow. Also in areas where there are convergent plate boundaries and mountain belts (magnetism under mountain belts). Due to magma chamber that has come near to the surface, the area has a very high geothermal radian (how quickly rocks heat up as you go down below the surface) in the order of 25 degrees Celsius per 1 km. High geothermal gradient would be 47 degrees per km. It is best to tap into areas with high geothermal gradients because this is where the most heat is found.
Geyser geothermal plant in western California (biggest geothermal plant in the world) – areas with lots of hot springs since heat is just below the surface, volcanism is also common.
Figure 15.28: Renewable system:
1. Natural recharge of water from rain (rain water absorbed into ground)
2. Hot water produced by earth’s processes (magma under the water heats it up)
3. Steam from heated water goes up to production well
4. Steam to turbines to produce electricity
5. Steam condenses back into water, and water is returned into ground
Figure 15.29: Hot-water geothermal system: (more common)
1. Water is circulating in geothermal basin
2. Wells pump out water and steam (hot water converts to steam because of the pressure)
3. Turbines in plant produce electricity
4. Water injected back into basin
Risk Associated with Geothermal Energy:
· Overall, environmentally friendly with a great potential for future energy
· Expensive production process
· Thermal pollution from hot wastewaters (localized, relatively short-lived and dissipates)
· Deep injection disposal systems can induce Earthquakes (decreases shear strength along fault) and local land subsidence
Solar Energy:
· Immense amount of potential energy exits from solar energy
· Difficult to tap into
· Site specific (some places are covered by clouds, periods of darkness around the world all restrict access to solar energy)
· Must be economically viable
Direct Solar Energy:
Passive systems: colour or texture that absorbs the most solar energy, drying clothes on clothesline, greenhouses, UV radiation can kill bacteria in water, solar boxes that can be used to cook food.
Active systems: require mechanical apparatus to collect fluid of air that is heated and move it or store it somewhere
Active solar collector: glazing above copper tubes which hold a cold fluid which absorbs the heat from the sun. Fluids are circulated out and used to heat building or used as hot water.
Photovoltaic cells: (solar cells) take suns energy and convert it directly into electricity. Expensive to make, and depend on direct sunlight, absorbs heat and concerts light energy t electrical energy. Canada’s largest solar farm is in Sarnia, Ontario – supplies enough electricity to supply 10,000 homes.
Solar reflectors: mirrors that track the sun and reflect the light to a central collector.
Water Power:
· Introduced by ancient romans through aqua systems
· Water wheels
Some provinces in Canada: over 90% of electricity comes from hydro-electric power plants. About 60% of Canada’s power comes from hydro-electric power.
Use reservoir dams to hold back large volumes of water which can be channels through tunnel systems to lower elevations (driven by gravity) at the base of dam. Fast moving water moves blades of turbine which produces electricity.
Water from low pool is pumped back up to the high poor so that the water can be reused. (During the night time – less electricity used by people – water is moved from low to high)
Water power does not involve burning fuel and does not produce waste products, and it is renewable. However, largest hydroelectric power systems can be damaging to the environment. The dams stop natural migration and movement of aquatic animals, change downstream hydrology and change behaviour or water below the dam. Reservoirs above the dam flood vast areas of land, displaces humans and animals, can have negative social-economic effect on their lives.
Tidal Power: daily rise and fall of oceanic tides (Bay of Fundy)
Future innovations: Fans and Kites – tidal energy, Paddles and Sea Snake – wave energy
Wind Energy:
· Been used for 1000s of years (sailing ships, wind mills etc.)
· Can be best utilized in certain areas and varies from day to day
· Win energy can be harnessed on the top of mountains (mountainous areas), seacliffs and coastial regions (changes in air pressure, on shore winds during the day and offshore at night), between mountains – mountain passes or mountain fronts (wind is funneled between mountains).
· Wind turned blades of windmill, which turns turbine and generates electricity
· Wind farm = lots of windmills
‘Solar Wind’ bridge in Calabria, Italy – windmills installed into the bridge
Wind mills can cause vibration and interfere with local broadcasting and machinery, and they also create noise. Kill birds and bats, federal study shows no direct link between wind turbines and health problems.
Canada has amongst the strongest wind resources in the world. Denmark generates most electricity from wind, Canada is 6th with 3% of total electricity from wind turbines.
Biomass:
· Maybe will become non-renewable energy source. Organic matter that can be burned to yield energy (wood, charcoal, cattle dung, peat (lowest rank of coal), agricultural and urban waste, can generate gas such as methane which can also be used.
Fuel Cells: used to run vehicles, water is the only waste product. Drawback is that they need hydrogen to work.
Nuclear Energy:
Fission:
· Natural uranium: mostly U-235 (0.7%) and U-238 (99.3%)
· Most nuclear power plants U-235 enriched from 0.7% to 3%
· Leftover U-238 ‘tails’ used in “breeder reactors”  fertile material containing Pu-239 (fissionable, toxic and radioactive)


Fusion
· Combining of nuclei of like elements to form a heavier element
· Hydrogen isotopes form heavier helium atom
· Form basis of sun’s energy – light element nuclei to form heavy element
Nuclear Energy:
· About 443 nuclear reactors provide 16% global electricity needs
· Fission of 1 kg of UO2 is equivalent to the burning to 16 metric tons of coal
· Mostly from fission (splitting apart) of U-235, 0.7% concentration naturally, enriched to 3% before used in a reactor
Chain reactions – figure 15.23
· Neutron bombardment – each fission results in 3 neutrons – ongoing reaction
· Heat is generated – if heat is not withdrawn and reaction is not controlled this results in nuclear explosion
Most reactors are burner reactors – reactors produce steam, steam drives turbines and this produces electricity.
Pellets are stacked on top of each other to form pin, and many pins make subassembly and many subassemblies make the reactor core.
Core is cooled by water or “coolant”, reactor vessel is submerged in water.
Geology and Distribution of Uranium (U):
· Average natural concentration 2 ppm
· Must have a concentration factor of 400-2500 to be mined at a profit
· Three types of common deposits: Sandstone impregnated with U (Athabasca basin), veins of U-bearing materials, and old placer deposits.
Risks with Fission Reactors:
· Various amount of radiation to environment, from mining, processing and transportation
· Disposal of nuclear wastes
· Potential nuclear reactor accidents, TMI and Chernobyl (coolant did not get to reactors)
· Nuclear weapons, terrorist activity, and possibly war
Water Resources:
Global Water Cycle:
· Cyclic nature
· Global movement of water between different water storage compartments
· Global distribution
· Abundance not a problem
· Distribution in space and over time is a problem
· Supply vs. use is a problem
99% of water in hydrosphere is unavailable or unusable by humans. 1% that can be used is unevenly distributed and it is not available all the time.
Table 12.1 – The World’s Water Supply
Oceans: 97.2% of total water, residence time is thousands of years
Ice caps and glaciers: 2.15% of total water, residence time is up to tens of thousands of years
Atmosphere: 0.001% of total water, residence time is 9 days
Rivers and Streams: 0.0001% of total water, residence time is 2 weeks
Groundwater: 0.31% of total water, residence time is hundreds to many thousands of years
Lakes (freshwater): 0.009% of total water, residence time is tens of years

Potable Water: free of suspended matter; abiotic; generally mineral free (fresh)
· Availability of potable water is biggest limiting factor for populations of people
· Uses:
· 70% agriculture
· 20% industry
· 10% domestic use / drinking + recreation
Increase in demand for water, and increasing pollution of water that is available. We need water for drinking and agriculture, any shortage of water will affect human well-being and have serious consequences.
Potable Water has been divided into 2 categories: surface water and groundwater.
Surface Water:
· Surface runoff
· Drainage network: tried to reach sea level but ends up in rivers/lakes, chemically eroding consolidated and unconsolidated material therefore it carries eroded sediment and dissolved material, carries these things into streams and rivers, ultimately end up in the ocean.
· Drainage basin or watershed: area of land that contributes water to a particular stream or river
· Drainage divide: drainage basin and watershed are divided by drainage divide
Groundwater:
· Groundwater profile – figure 12.7
· Vadose zone (unsaturated zone, zone or aeration. Just under the surface)
· Zone of saturation (phreatic zone)
· Water table: boundary between vadose zone and zone of saturation. (surface of saturation)
As water passes through vadose zone limestone can be dissolved away which leads to underground caves. Calcium and magnesium are picked up and resultant groundwater is referred to as hard-water because now the ground water contains high levels of calcium and magnesium.
Once water reaches the water table it generally moved horizontally and collects in streams of lakes.
Groundwater Terminology (figure 12.8):
· Aquifer: a unit capable of supplying water at an economically useful rate (permeable, has hydraulic conductivity)
· Aquitard or aquiclude: a confining layer or unit restricting and retarding groundwater flow (impermeable, clay rich material, shale or unfractured rock)
· Unconfined Aquifer: no overlying confining layer
· Confined Aquifer: with an overlaying aquitard layer
· Perched Aquifer: local zone of saturation above a regional water table
· Recharge zone: area where water is added to aquifer via natural processes or human activity (rainfall or water tower)
· Effluent Stream: water coming out of ground and into stream
· Influent Stream: water leaves stream into the aquifer
Sometimes we construct water towers which push water to houses, that’s why the water towers are high up (lots of pressure), release of pressure when tap is opened. This is an example of an Artesian Well. Pressure decreases as you move away from the recharge zone.
Groundwater moves relatively slowly and tends to pile up beneath areas of recharge this is called a recharge mound.
Local perched water table – formed above regional water table where water is confined by underlying confining layer.
Groundwater can discharge naturally, comes out as spring or effluent stream.
Cone of depression: forms around a well because water is being pumped out of the well very quickly. Extensive well pumping causes cones of depression to expand and can lower the water table – then the well must be deepened and a degradation of water quality may occur. More dissolved elements in the water (lower quality water) the deeper you go below the water table.
Dustbowl areas are result of over-drafting of aquifers.
Surface sink holes and depressions happen when water is withdrawn from ground in excessive amounts. Once it starts subsiding, the aquifers are compacted and then reduced permeability of aquifer because it has been compacted.
Water Use:
· Off-stream use: removal or diversion from its surface water or groundwater sources temporarily (e.g. irrigation, thermoelectric, industrial use)
· Consumptive use: Type of off-stream use of water without intermediate return to the SW or GW such as transportation and human use
· In-stream use: navigation, fish and wildlife, recreational uses.
Moving water to people through aqueducts – California
Water Management:
Needs for water management:
· Increasing demand for water use (population and economic development)
· Water supply problems in semiarid and arid regions
· Water supply problems in mega cities of humid regions
· Water traded as a commodity: capital, market and regulations? (tradable)
Emerging Global Water Shortage:
· Isolated shortage of water: indication of a global pattern of water shortage
· Depleted water resources: over-drafted aquifers, dried lakes (Aral Sea) troubled streams
· Polluted limited water resources due to development and increased wastes
· Demands for water resources tripled as population more than doubled last 50 years and growing fast.
· Global warming: causing more problems
Water Pollution and Treatment
Water quality is a function of:
· Natural factors (climate, geology)
· Anthropogenic factors (temperature, turbidity, unnatural contaminants)
Water pollution: “degradation of water quality as measured by biological, chemical or physical criteria”
Pollutant: “any substance that, when it exceeds a certain level, is harmful to organisms”
Common Pollutants:
· Oxygen-demanding waste (common organic waste)
· Dead organic matter decomposed by bacteria, an oxygen-demanding process
· BOD (biochemical oxygen demand): high BOD associated with a high level of decaying organic matter in water, reducing dissolved oxygen for other healthy organisms.
· Figure 13.2 – when sewage spills into river the level of dissolved oxygen decreases and level of biochemical oxygen demand increases until the pollution is diluted in recovery zone.
· Sources of oxygen-demanding waste: natural processes, agriculture applications, urban sewage, and runoff.
· Pathogenic waste (pathogenic microbes):
· Fecal coliform bacteria
· Harmful risks (diseases and death) (ex. E. Coli)
· Billions exposed to waterborne diseases, especially in poor countries
· Outbreaks do occur in developed countries (e.g. Walkerton public water supply – Ontario in 2000 (E. Coli got into local water supply from farm runoff. Caused 7 deaths. California spinach contamination 2006)
· Epidemic risks of waterborne diseases during natural disasters such as earthquakes (Haiti after earthquake came hurricanes which disturbed the water systems causing cholera), tsunami, flooding.
· Nutrients:
· Two important nutrients: nitrogen and phosphorus
· Major problems: cultural eutrophication – algae bloom, triggering BOD problem and oxygen decrease. Algae clogs up water and decreases sunlight penetration through the water. Algae blooms can rapidly kill of other organisms in the water. They are caused by agricultural runoff of nutrients.
· Major sources of nutrients: fertilizer, feedlots, and discharge from wastewater treatment plants
· Areas of certain land use: agricultural and urban
· Greatest amount of nitrogen and phosphorus in agricultural areas.
· Petroleum (oil):
· Major problems: polluted water, ecosystem damage, interrupted socioeconomic conditions of a community
· Major sources: oil spills from tankers and pipelines, on-shore or off-shore oil production, war.
· Oil affects shoreline and organisms in and around the water
· There will be slow but natural recovery from these oil spills (lighter petroleum evaporated into air, heavy part of petroleum clots together into droplets which sink and eventually settle at the bottom of the body of water – this will suffocate and kill any life at the bottom of the body of water – eventually will be buried by sediment over time
· Sometimes some microorganisms can ingest petroleum
· Hot water can thin out petroleum
· Petroleum spills on land are more serious because they can sink into and contaminate the groundwater – which may be impossible to clean up.
· Toxic Waste (chemicals, heavy metals, radioactive waste):
Conservative pollutants:
· Do not easily degrade, persist for a long time
· Cumulative/bio accumulative substance/biomagnify = when ingested by an organism, they concentrate in the food chain from organism to organism until they become very toxic
· Some toxic waste is very difficult to detect
· Some can be consumed and be considered beneficial at low levels (e.g. arsenic, zinc) at high levels they become toxic
· Sometimes one toxin reduces toxicity of another – antagonism
· They can also become more toxic when combines – complimentary
· Synthetic organic chemicals,  up to 100,000 chemicals in use, especially POP’s (persistent organic pollutants)
· Heavy metals: Pb (lead), Hg (mercury), Zn (zinc) e.g. mercury contamination
Incorporated into plants and animals and passed along the food chain (biomagnifies)
· Radioactive materials
· Sediment Pollution:
· Sand and smaller particles
· Polluted streams, lakes, reservoirs, even ocean water
· Major sources: soil erosion, dust storms, floods, and mudflow (airborne bust can be transported great distances)
· Greatest water pollutant by volume – once it is in the water it causes turbitiy which lowers water quality. Sediment can act as site for other contaminants such as toxic heavy metals.
· Thermal Pollution:
· As temperature increases, there is less dissolved oxygen (hot water has less dissolved oxygen than cold water)
· Adverse changes to the habitats of organisms – destruction of natural ecosystems
· Economic impacts (ex. Fishing industry)
· Major sources: hot-water discharge from industrial operations, power plants, abnormal ocean currents
· Thermal pollution is quickly dissipated and short-lived, and localized
Surface Water Pollution:
· Point sources of pollution
· Point sources are discrete, confined, and more readily identifiable
· Common sources: landfills, discharge from wastewater treatment plants, discharge from industries, power plants, storm water runoff, etc.
· Nonpoint sources of pollution
· Nonpoint sources are diffused, intermittent, and hard to specifically identify
· Causes of nonpoint pollution often regional, cumulative, and comes from many sources
· Common sources: urban runoff (salt and oil from roadways), agricultural runoff (volumetrically larges source), mining (acid rain and acid drainage)
Surface Water Treatment:
· Build: containment ditches, settling ponds, natural filtration systems
· water purification plants



Groundwater pollution and treatment:
· GW pollution vs. surface water pollution
· Residence time difference
· Environmental conditions: flow rate, dissolved oxygen (GW has lower oxygen levels), sunlight (can help degradation of pollutant, bacteria that clean pollution get their energy from the sunlight – in GW there is no sunlight and less oxygen)
· Harder to track pollution sources
· More difficult and expensive to clean up
· May pose long term risks
Groundwater Pollution Via:
· Plumes of pollution from surface-water sources (infiltrate through vadose zone from surface problem towards the water table)
· Subsurface human activity
· Lateral saltwater intrusion – because of overpumping of well causing cone of depression in water table, and cone of ascension in zone of diffusion.
Groundwater Treatment:
1. Passive remediation
2. Active remediation – steps taken to treat polluted GW
· Pre-treatment studies
· Identify the contaminants and their characteristics of transport behaviour
· Identify the characteristics of aquifer geology (factors controlling GW flow, physical dimensions, structure)
· Determine the hydrologic characteristics of polluted aquifer – flow direction, flow rates, discharge and recharge conditions (groundwater chemistry)
· Select possible treatment strategies and methods
Methods of treating groundwater and vadose zone water: extraction well, vapour extraction, bioremediation, permeable treatment bed
Resource Waste Management
· Currently the approach is to have integrated waste management program in place, must be adapted by all populated centers
Modern Trends: IWM (Integrated Waste Management)
· Emerged in 1980’s
· Including reduction, recycling, reuse, composting, landfill, and incineration
· Three R’s approach (reduce, reuse, recycle): reducing urban refuse by 50%
· More notable success with recycling, but less successful with reducing waste production
Materials Management
· New goal: Zero production of waste
· Combining sustainable use of materials with resources conservation
· Industrial ecosystem: producing natural urban and industrial ecosystem through material management, waste from one of the system as a resource for another part
Liquid Waste
· Sewage (wastewater + contain solid waste)  constitutes the largest volume of liquid waste
· Wastewater treatment:
· Septic tank disposal – more common in rural settings, solid are broken down in septic tank then transferred to drain field or weeping tiles (Should be under-saturated with respect to water and waste and must be well oxidized – allows aerobic breakdown of waste) Filtered water can be reused to water agriculture.
· Water treatment plants – more common in large urban centers. Process much larger volumes of water than septic tank. Solid waste bacterial and oxygen demanding material is removed as sludge. Disinfection of water is through use of chlorine or ozone, at the end should be 90% cleaned. Can be further purified through advanced treatment like carbon filters, sand filtration or chemicals. Methane can also be recovered and used as clean burning fuel for energy.

Solid Waste Disposal
· Historically there has been uncontrolled dumping of solid waste – from industrial sites, mine sites, agricultural activity etc.
· USA 15 years ago – 400,000 tons of solid waste per day
· Increasingly difficult for urban centers to dispose of waste, waste would be transported to other areas. Toronto transports solid waste to Michigan State and Timins abandoned mine because they have nowhere left to put the waste.
Solid Waste: On-Site Disposal
· Garbage disposal device: grinding of food waste (kitchen garburators)
· Advantage: reducing the amount of solid waste to landfills
· Problem: illegal dumping of hazardous liquid waste into sewers – problem only recently recognized.
Solid Waste: Composting
· Biochemical process: Organic waste decomposed to humus-like material
· Popular in Europe and Asia for intense farming
· Challenge: Requires sorting of organic waste from other types of wastes
Solid Waste: Incineration
· Reduction of combustible waste to inert residue by high temp. (900-1000 degrees Celsius)
· With 50% reduction of waste, converted to ash and non-combustible materials
· Advantage: significant reduction of waste, saving landfill space and generating electric power
· Problem: Toxic and risk of air pollution
SW: Open Dumps
· The oldest and the most common method in many parts of the world
· Wherever the land is available, often no careful scientific basis for design and planning
· Creating hazardous sites: Pest breeding (carry disease), air and water pollution, very common in poor countries
SW: Sanitary Landfills
· Pg. 522, figure 17.9
· Groundwater monitoring wells to detect if any material is leaking from landfill
· Vadose zone monitoring wells
· Compacted waste is covered over by compacted clay cap and lined under and on the sides by this same material – it stops leachate (organic or inorganic liquid containing pollutant or waste) from escaping the landfill. Leachate collection pipes below the landfill that absorb the leachate and take it away to another area.
· Trail Road Waste Facility
· Gases, leachate, plant uptake are all ways pollutants can escape the landfills
Solid waste ocean dumping – dilute and disperse disposal technique 
Hazardous Waste Management
· About 150 million tons of hazardous waste (HW) generated each year in the U.S.
· Uncontrolled dumping in the past
· Figure 17.12
· Love Canal, Niagara Falls, NY – filled with toxic waste and covered over, people in the area around love canal suffered health effects.
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· Table 17.5 – Comparison of hazardous waste reduction technologies
	
	DISPOSAL
	TREATMENT

	
	Landfills, and Impoundments
	Injection Wells
	Incineration and Thermal Destruction
	Emerging High-Temperature Decomposition
	Chemical Stabilization

	Resource Recover Potential
	None
	None
	Energy and some acids
	Energy and some metals
	Possible building material



HW: Secure Landfill
· Figure 17.14
· Dikes, liners and caps contain the hazardous waste
· Leachate drains draw off leachate to collection basin where it can be pumped out and taken to treatment plant
· Monitor sites around the liner to detect leaking leachate
Deep well disposal systems
· Injection wells penetrate 700 m or more below surface
· Injected below any aquifers or aquitards/cludes
· Just disposal, not treatment.
Hazardous waste treatment – Incineration 
· HW destroyed by burning at high temperatures
· Ash, residue still could be toxic even after treatment and must be disposed of. 
· Solid, liquid and sludge HW is inserted and burned at high temp, ash and water falls to bottom, gas flows up and is burned again at higher temperatures (1300 C) and  again water and ash is collected at bottom, remaining gas goes through scrubber system and finally is vented off to turn turbines that can generate electricity. 
Radioactive Waste:
1. Low-level waste – contains small amounts of radioactive substances, from some chemical processing plants, from sludge waste or off of equipment such as nuclear medicine equipment. Thought that it should be isolated from environment for 500 years.
2. High-level waste – contained the material within a steel dome that should be good for at least 75 years. 10 half-lives are required until high-level waste is considered stable or not radioactive. High-level waste is being stored for now. Number of solutions proposed to dispose of HLW: dispose inside or beneath ice sheets or glaciers, deep ocean burial (contain in corrosion resistant steel containers, and put into deepest subduction zones), place in deep stable bedrock (most feasible proposal. Best places would be areas with minimal water flow underground, seismically quiet, very few people living in the area)


