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The Upper Anchor: DRAFT
Accounts: Water Strand

Applying principles and processes to coupled human & natural systems.

	Class of Principles
	Principles
	Natural Systems
	Engineered systems
	Living systems

	
	
	Atmosphere
	Surface water
	Groundwater
	
	

	Structure of systems
	Atomic molecular
	states of water (gas, liquid, solid)
	states of water (liquid, solid)
	
	
	cells

	
	Macroscopic
	· clouds

· forms of precipitation
	lakes, ponds, rivers, streams, oceans, glaciers etc.
	porosity, permeability
transmissibility


	· sources of water.

· structures for obtaining, moving, storing, cleaning water (e.g. wells, water pipes, dams, water towers, drinking water and waste water treatment).
	organisms

	
	Large scale
	weather & climate system
	Watersheds,
Polar ice caps
	aquifers, aquitards
	landscape-scale systems that move water within and across watersheds.
	ecosystems

	Constraints on processes
	Tracing matter: Water
	· condensation, evaporation, melting, freezing, sublimation at all scales 

· conservation of matter.
	· changes of state at all scales.

· conservation of matter. 
	· infiltration
· unconfined and confined flow
	flow between natural and engineered systems
	· osmosis, transpiration, photosynthesis, metabolism

· distribution of ecosystems.

	
	Tracing matter: Other substances
	· acid rain
· conservation of matter
	· solutions, solubility, mixtures, suspensions, etc. 

· sediment transport
· diffusion
	solutions, solubility, mixtures, suspensions, etc.
	Solution, distillation, filtration, disinfection
	· water quality & pollution
· ecosystem services (wetlands storage and  purification of water)

	
	Tracing energy
	· heating & cooling, 

· differential solar input 
	gravity flow
heating & cooling,
	hydraulic head
	· gravity flow

· engineered energy systems
	

	Change over time
	Multiple causes, feedback loops
	climate change
	· weathering

· erosion
· deposition
	draw down and groundwater mining.
	changes in water quantity and quality in a local area.
	· threats to adequate quantities of high quality water
· threats to ecosystem services


Atmospheric System:

Main Ideas:

Structure: Water exists in the atmosphere in gaseous, liquid, and solid states. 
· Atomic-Molecular Scale: Water exists as individual water molecules. Their state is dependent on the kinetic energy of the water molecules. Water molecules that move/vibrate slowly but are held in rigid contact with each other exist in the frozen state. Water molecules that can move/vibrate past each other but still remain in contact with each other exist in the liquid state. Water molecules that move/vibrate very fast and can move free of each other are in the gaseous (vapor) state. Water vapor molecules move faster than water molecules in the liquid state, which move faster than water molecules in the solid state. 

· Macroscopic Scale: Gases have neither fixed volume nor shape; liquids have fixed volume, but not fixed shape, solids have fixed volume and shape. 

Water molecules in the liquid and solid states in the atmosphere come together to form clouds and precipitation (rain, snow, sleet, hail).
· Large Scale: Water is distributed unevenly through the atmosphere depending on both weather and climate factors. Individual air masses may be more or less saturated with water. 
Processes – Tracing Water: Water moves in and out of the atmospheric system and within the atmospheric system. Water within the atmospheric system can change state. These processes can be described at the different system scales. 
· Atomic-Molecular Scale: The processes involved in changing state (evaporation, condensation, melting, freezing, sublimation) happen at the atomic-molecular level. As energy is added to the system in the form of heat, individual water molecules begin to vibrate faster. If enough energy is added, the water molecules will move from solid to liquid state (melting), liquid to gaseous state (evaporation), or solid to gaseous state (sublimation). Conversely, when heat is removed (cooling), moving water molecules will slow and move from a gaseous to liquid state (condensation), liquid to solid state (freezing), or gaseous to solid state (sublimation). 
· Macroscopic Scale: Water moves into the atmosphere from the surface water system and from living systems. Liquid water in the surface water system can evaporate into the atmosphere to become water vapor. Water from plants transpires as a gas into the atmosphere. Animals also respire water vapor. 
When water vapor cools, it condenses into a liquid. If condensation happens within the atmosphere, on small particles of dust (condensation nuclei), clouds form. These tiny water droplets collide, forming larger liquid droplets. When water droplets freeze, they form ice. Condensation can also move water from the atmospheric system to the surface water system.

Water droplets can fall from the clouds in the form of precipitation. When precipitation falls as a liquid, it is rain. When rain freezes, it becomes sleet or hail. Sleet and snow can melt within the atmosphere and become liquid water. Water vapor can also cool to the solid state through the process of sublimation. Sublimated water vapor can form ice clouds and can fall as precipitation as snow.

· Large Scale: Water moves in and out of the atmosphere and within the atmosphere with large scale weather systems. 
Processes – Tracing Other Substances: Conservation of mass dictates that water that moves from the surface to the atmosphere through the process of evaporation leaves behind, on the surface, any substances that were dissolved in it or mixed with it. 
Water vapor that condenses on nucleation sites within the atmosphere will combine with those substances through solution and mixing. The resulting clouds and precipitation will have a slightly acidic pH. Humans can affect the pH of precipitation by introducing substances (e.g. sulfur dioxide and nitrogen oxide molecules) into the atmosphere.

Energy: Energy is required for melting, evaporation, and sublimation (solid to gas). In these cases, energy is transformed from heat energy into kinetic energy. Energy is released through condensation, freezing, and sublimation (gas to solid). In these cases, kinetic energy is transformed into heat energy. Solar energy is the natural source for these changes of state. 
Differential heating of the Earth’s surface drives the movement of water back and forth from the atmospheric system. Differential heating also drives the movement of air masses within the atmosphere.

Change Over Time: The distribution of water in the atmosphere (among states and spatially) is affected by climate change. Climates evolve naturally over time, depending on changes in atmospheric composition, ocean composition and processes and, continent arrangements. However, climate can be affected by human actions which can disrupt natural climate change patterns and rates of change, subsequently changing distribution of water vapor in the atmosphere and other parts of the water cycle.

Examples of performances: 

1. Explain how rain, hail, sleet, and snow form.

2. Explain how volume of water in the atmosphere is related to climate and could be affected by climate change.

3. Explain common phenomena related to atmospheric water phase changes (e.g. how water forms on the outside of a glass, why fog forms on a bathroom mirror, how a dehumidifier works, etc.)

4. Explain why polluted water does not lead to polluted rain.

5. Explain how polluted air can lead to polluted rain.

6. Explain why the ocean is salty (could also be included in surface water system).

Surface Water/Watershed System:

Main Ideas:

Structure: The surface water system is connected to the atmospheric system and the groundwater system. Water can exist on the surface in liquid and frozen states.

· Atomic-Molecular Scale: (See atmospheric system for description of states and changes of state).

· Macroscopic Scale: (See atmospheric system for macroscopic description of states). 

Water falling on the land either runs-off into the surface watershed or infiltrates into the groundwater system. Water that collects on the Earth’s surface in lakes, ponds, rivers, streams, creeks, and oceans is part of the surface water system. 
· Large Scale: A watershed is all of the surface area that drains water into a particular body of water. The high point between two watersheds is the watershed boundary or a water divide. Watersheds are nested within each other. Tributary watersheds are higher in the system than the river/stream they contribute to.
Processes – Tracing Water: Water moves in and out of the surface water system and within the surface water system. Water in the surface water system also can change state. These processes can be described at the different system scales.
· Atomic-Molecular Scale: Liquid water can freeze to become solid ice. Solid ice can melt to become liquid water. (See atmospheric system for a description of these processes at the atomic-molecular scale.
· Macroscopic Scale: Liquid water can freeze to become solid ice. Solid ice can melt to become liquid water. 
Water enters the surface water system from the atmosphere through condensation and precipitation and the groundwater system through discharge from springs, marshes, streams, rivers, lakes and ponds, etc. Water moves downhill within the surface water system under the influence of gravity.

· Large Scale: The force of gravity pulls water downhill from the highest elevations to the lowest elevations within a watershed. The rate and volume of run-off (discharge) in a watershed is affected by climate and precipitation volumes and rates, snowmelt volumes and rates, amount and type of vegetation, slope, and permeability of the surface (soil, rock, asphalt, etc.). 
Water is not equally distributed across the Earth surface. Some areas have more surface water than other areas. 

Processes – Tracing Other Substances:  Water quality in the watershed is affected by natural processes and human activities. As water moves through a watershed, it carries materials with it in solution and in mixture. 
· Atomic-Molecular Scale: Still working on atomic-molecular explanations of substances, solutions, solubility, mixtures, suspensions, etc.

· Macroscopic Scale: Water carries with it sediment and other substances. As the water moves through the system, it picks up and deposits sediment according to energy required to move different size particles and other substances according to the chemistry of the water system. In still bodies of water (lakes, ponds), substances move through the process of diffusion.
· Large Scale: Sediment and other substances move downhill through the watershed with the water.
Energy: Water within a watershed moves from the areas of highest potential energy to the lowest potential energy. Energy is required to move water uphill. 
During melting, energy is required and is transformed from heat energy into kinetic energy. Energy is released through condensation and is transformed from kinetic energy to heat energy. Solar energy is the natural source for these changes of state. 

Change Over Time: Watersheds and surface features of the Earth change naturally over time. Water erodes Earth materials from one location and transports it and deposits it in another location. Natural changes in weather and climate can also affect rate and volume of run-off and infiltration and water quality within a watershed. Human activities can also change the rate and volume of run-off, rate and volume of infiltration into the groundwater system, and quality of the water within a watershed.

Examples of performances:

1. Explain where a river comes from and where it does.

2. Given a discharge graph of a river or stream, explain daily, monthly, and annual fluctuations in discharge. 

3. Identify areas susceptible to flooding on a watershed map.

4. Predict and explain how a pollutant will affect different communities and ecosystems within the watershed.

5. Predict how a proposed land-use (i.e. new parking lot, new gravel pit) in a given area could affect run-off, infiltration, and water quality.

6. Explain how one town’s wastewater could become another town’s drinking water.

7. Explain how water shapes the land.

8. Explain how water transports other substances, including sediment and pollution.
9. Identify sources of surface water pollution and describe the pro’s and con’s of different clean-up options.

Groundwater System:

Main Ideas:

Structure: Water usually exists underground in the liquid state.

· Macroscopic (and microscopic) Scale: Water exists underground in cracks and spaces within rocks or in spaces between sediment grains. Some of these openings are tiny (microscopic). Different types of rock and sediment have different porosity (size of openings), permeability (connectedness of the openings), and transmissibility (capacity to transmit water) values. In general, well-sorted, unconsolidated sediments with larger grain sizes have higher permeability values. Well-sorted, unconsolidated sediments with smaller grain sizes have lower permeability values.
· Large Scale: Layers of rock or sediment from which water can be pumped or otherwise extracted are called aquifers. Layers of rock or sediment that store water but do not transmit water fast-enough for use are called aquicludes (or aquitards). Aquifers that are connected directly to the Earth’s surface are called unconfined aquifers. The surface of the saturated zone in an unconfined aquifer is called the water table. Aquifers that are beneath aquicludes are called confined aquifers. Groundwater can be pumped out of the ground through a pipe called a well. 
Groundwater is not equally distributed. Some areas have more groundwater available than other areas.
Processes – Tracing Water: Water moves in and out and within the groundwater system. Water moves in and out at the boundaries with the surface water system or through the engineered system.
· Macroscopic (and microscopic) Scale: Water infiltrates into the ground from rain soaking into the ground and through rivers, streams, lakes, ponds, etc. These areas are called recharge zones. Water leaves aquifers through discharge zones, usually springs, marshes, and many streams, rivers, lakes.

Water moves through some layers (usually sands, gravels, sandstones, conglomerates, or fractured rocks) more easily than other layers (usually clay, shale, unfractured rocks), depending on the porosity and permeability characteristics of the rock or sediment. In general, groundwater responds to gravity and flows in a downward direction, unless it encounters barriers.

· Large Scale: Groundwater in unconfined aquifers generally follows the flow of surface water. Water in unconfined aquifers stays within the surface watershed in which it originated. Water in confined aquifers can flow across surface watershed divides, depending on the characteristics of the aquifer.

Processes – Tracing Other Substances: Groundwater can often be a good source of drinking water. However, water can contain other substances dissolved from the rocks underground (e.g. iron, fluoride, sulfur, salts). Sometimes, these naturally occurring substances make groundwater unsuitable for drinking. Groundwater can also become contaminated by human actions that introduce substances into the groundwater. 
Humans can pollute groundwater. Water can dissolve substances and carry those substances with it as it moves underground. Anytime pollutants are left on the ground or buried, water coming in contact with them will carry some of the pollutants with it underground and potentially contaminate the aquifers. Polluted groundwater is very difficult and costly to clean up.
· Atomic-Molecular Scale: Still working on atomic-molecular explanations of substances, solutions, solubility, mixtures, suspensions, etc.

· Macroscopic and Large Scale: Introduced contaminants and other substances are transported by the water through the aquifer.
Energy: The energy responsible for groundwater flow is called the hydraulic head and is the sum of the gravitational potential energy and the pressure energy. In unconfined aquifers, the hydraulic head is just the gravitational potential energy and is related to elevation. Confined aquifers are often under pressure and differences in pressure also affect groundwater flow.

Change Over Time: Groundwater accumulates very slowly (over thousands and millions of years). Groundwater can be used faster than it is replenished. In the local area of wells, this phenomenon is called drawdown and results in actual depression of the water table. Continued drawdown over large areas over long periods of time can result in groundwater mining.
Examples of practices:

1. Explain how groundwater exists and moves underground.

2. Given a cross-section of a groundwater system or a surface map, identify potential well sites and give pros and cons for well sites. 

3. Given a cross-section of a groundwater system, explain the effects of nearby wells and pumping rates on a given well and on the aquifer.

4. Given a cross-section of a groundwater system, predict and explain how a pollutant will affect different aquifers and wells.

5. Given a cross-section of a groundwater system or a map of the equipotential surface, describe the groundwater flow for confined and unconfined aquifers.

6. Identify sources of groundwater pollution and describe the pros and cons of different clean-up options.

Engineered System:

Main Ideas:

Structure: Humans use water for a variety of purposes, including household drinking and cleaning, industrial uses, agriculture, and recreation. 

· Macroscopic Scale: For household drinking and cleaning, industrial and agricultural uses of water, a source of water must be located. Sources usually include surface water lakes and rivers or groundwater aquifers. The water must usually be cleaned, transported from source to place of use, and cleaned again before being returned to the natural system. 

There are a variety of techniques and structures for obtaining (wells, pumps) storing (dams, reservoirs, water towers), moving (pipes, ditches (acequias)), and cleaning water (drinking water and waste water treatment plants, septic tanks). Which techniques and structures are used in a given area depends on the location of the water source and the social, political, and economic systems available to build and support the engineered system. Conflicts can and do arise over access to water and water quality.

· Large Scale: Engineered systems can be constructed on landscape scales to collect and transport water within and across watersheds.

Processes – Tracing Water: Water moves through the engineered system by gravity flow and by pumping. Usually, water is removed from the natural system transported and used within the engineered system, and returned to the natural system.

Processes - Tracing Other Substances: Within the engineered system, substances are added or removed in order to meet certain water quality parameters. Solid particles are filtered, biotic organisms are removed, and some dissolved substances may be removed. Sometimes, additional substances (e.g. fluoride, chlorine) are added. Sometimes, substances are added or removed inadvertently (e.g. lead from lead water supply lines).
Energy: Energy is required to remove water from the natural system, and transport, clean, and distribute water. Water flows from areas of high potential energy to low potential energy. Availability of energy can be a limiting factor for size and type of engineered systems.
Change Over Time: Engineered systems can change the dynamics of the local natural water systems depending on how much water is removed form or added to the natural system of the area. Also, water returned to the natural system may or may not be of the same quality as the water removed from the system.

Examples of performances:

1. Trace water through a municipal and rural water supply and treatment system.

2. Identify potential sources of water contamination in a water supply system.

3. Identify and discuss the impacts of the engineered system on a natural water system. Also explain the impacts of other human uses (e.g. agriculture) of water on a natural water system (quantity and quality).

4. Explain how one town’s waste water could be another town’s drinking water.

5. Explain the processes required to clean used water.

6. Identify and discuss socio-political-economic and natural factors affecting water supply for a given location.

7. Compare and contrast water use and issues around water use in two areas of the world.

Living System:
Main Ideas:

Structure: At all scales, living systems are composed mostly of water.

· Atomic-Molecular Scale: Living cells are composed mostly of water.

· Macroscopic Scale: Organisms are composed mostly of water.

· Large Scale: Ecosystems are composed mostly of water.

Processes – Tracing Water: All living systems require water in the proper quantities. Water moves in and out of living systems. Water is also necessary for many life-sustaining functions.
· Atomic-Molecular Scale: Plants take up water through their roots at the cellular level and is transported through the plant. Water is necessary for photosynthesis and support of plant structure. Water exits the plants through transpiration. 
Water enters animal organisms at the cellular level through osmosis. Water is necessary for metabolism. Water exits animal organisms through respiration.

· Macroscopic Scale: Animal organisms consume and excrete water. 
· Large Scale: The distribution and structure of ecosystems is dependent of the distribution of water. 

Processes – Tracing Other Substances: All living systems require water of the proper quality (pH, temperature, dissolved oxygen, nitrates, phosphates, turbidity). Water that is outside the parameters for supporting a healthy diversity of life is polluted. 

Ecosystems provide services to the water cycle. Ecosystems store and release water. Wetlands protect water quality through mechanical (filtration) and chemical processes.

Energy: (needs work)
Change Over Time: Natural systems change over time in response to changes in water quantity and quality. Human actions can also change the distribution of water and quality of water in natural systems. These threats can also affect the services ecosystems provide to the water cycle.
Connections Among Systems:
Main Ideas:

Water cycles through these systems at all scales at various rates and through multiple pathways. At the human scale, the amount of water on Earth remains mostly constant over time (at a geologic scale, this statement is not true). Human actions can alter the distribution and quality of water within and among systems, sometimes for short term gain, but often with large scale and long term effects. 
Example performances:

1. Explain some of the issues related to the availability of water for human use.
2. Explain actions that people as individuals and as societies can take to assure adequate water supplies for human and ecosystem use.

3. Evaluate the pros and cons of various human actions on the water supply.
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