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Dam the Wilderness: Building “Green Hydropower” on Big Creek 
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Motivation

Dams provide a clean, renewable source of energy and reliable water supply to agricultural and municipal users.  As the population of the state of Idaho grows the demand for both energy and water also increases.  In a landmark wilderness decision, ushered in by a lame-duck president, the decision was made to build a dam within the Frank Church Wilderness of No Return on Big Creek, a tributary to the Middle Fork Salmon.  Though there are no immediate users for the water or power resources that will become available, the dam project will move forward, come hell or high water.   

Project Components
As employees of the Idaho Department of Environmental Quality (DEQ), we have the final say on how the dam is to be built.  It will be installed where the river valley narrows, just downstream of Cabin Creek, at the location of the historic USGS gaging station.  To accomplish this task, we must:
1. Prepare an environmental assessment of Big Creek prior to dam construction.

a. Consider the Intra-annual and Inter-annual variations that occur

i. Coordinated of timing of all processes…physical and ecological. (e.g. timing of sediment flux and spawning of different species)

b. Consider how climate is currently changing in the west and how this will play out in your assessment focus

i. Historical climate record analysis and modeled future climates.

c. Consider which environmental factors each focus is most sensitive to.

i. Precipitation (type, amount, timing), Temperature (water and air), Invasive species, etc.

2. Propose an implementation strategy for the dam that retains as much of the original hydrologic and ecological character of the watershed.  Everyone is responsible for writing their own paper that addresses all the mitigation measures and an assessment of whether the lofty goal of a low impact dam could be met.  I would like to see an over-all cost-benefit approach taken that evaluates whether the environmental costs of the dam outweigh (or don’t) the value of the dam to society (water and energy).  Instead of each student taking on all of the mitigation measures, I suggest we divide an conquer.  Each student should take on one mitigation measure and research it.  Share these results with the class and then each student can do his or her own analysis of the success of the mitigation proposed.  These divisions could include:
a. Temporal character of water discharge from the dam

i. What is necessary to move the sediment (natural or augmented)

ii. What is necessary to maintain active floodplains and limit riparian encroachment

iii. Etc.

b. Sediment Supply downstream of the dam

i. How will a realistic sediment supply be generated for the reaches downstream of the dam?  Local source? or transported around the impounded water?

ii. Given changes in flows, what is the viability of sediment transport?  What grainsizes will be able to be mobile given the flows imposed?

c. Aquatic Passage around the dam

i. What is the mechanism for successfully moving fish and other organisms around both the dam and the still waters impounded?
d. Changes/Modifications to the channel form downstream of the dam 

i. Which changes are anticipated as changes in water and sediment flux are changed.  How do we keep the river biologically viable?
e. The people factor:

i. How do we assure that the dam meets the need of water storage and energy generation?  The dam must meet the following requirements:

1. Capacity: ~0.75km3 of water storage

ii. Produce power from the dam.  What magnitude of power generation can we anticipate from Big Creek?  What would be the maximum power generation potential and what would be the power generation if we are trying to minimize impact on the natural systems?  Here are the ways to calculate:
1. 
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2. Where:

a. P = Power in Kilowatt hours

b. γ = specific weight of water, 62.4 lb/ft3 (=density*g)
c. Qw = water discharge in ft3/sec

d. dz = total drop (head) of water [ft]
e. C = conversion factor (746 units?)

f. E = efficiency factor for turbine and generator (0.8)

3.  (Or in metric units)  
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4. Where

a. P = Power in Kilowatt hours

b. g = gravitational acceleration (9.8 m/sec2)

c. Qw = water discharge in m3/sec

d. dz = total drop (head) of water [m]

e. E = efficiency factor for turbine and generator (\0.8)

iii. Identify when times that water discharge meets electrical demand (when do we use the most electricity?).  How much can we manipulate flows and still have a viable mobile bed and healthy stream / riparian ecology

f. All are responsible for thinking independently about the following topics:

i. How to regulate out-flow volume, temperature and sediment flux

ii. Minimize or Mitigate upstream AND downstream dam impacts
iii. Allow passage of fish and terrestrial/aquatic species around dam
iv. And many other concerns…

3. This project would be great with a field trip to a dam site (with our without mitigation measures)

Mind you, this is no easy task and will require both personal and professional sacrifice…but if you are going to put a dam in the middle of the wilderness, you must do the best job possible.  Think of this design project as a model for future “green” dams that do their best to minimize impact on the river system as a whole.

Data Available

· 10m DEMs of Big Creek and the surrounding Middle Fork Salmon River Basin

· 1:24k USGS  topo sheets

· Fire History map for Big Creek and Vicinity (1943-present)

· Big Onion Datasets

· Landcover classification map

· Census data for fish along the river

· Census data for benthos along the river

· Geomorphic map of the river corridor

· Measures of stream temperature, bed material, width, etc.

· Minshall Sites

· Historical and recent stream ecology/flow data from tributaries

· Geologic maps at 1:24k (unpublished work of Dave Stewart)

·  Sub-meter aerial imagery collected by the State of Idaho (NAIP imagery)
· Available by either county sheets or continuous data in Google Earth

· Flow data from Big Creek (1944-1958) and the MF Salmon (1930’s to present)

· Climate data from Big Creek and surrounding basins (NCDC), (PRISM)
· Sediment grainsize analysis completed by Nancy Glenn and Paul Link

· Sediment flux measurements made by the USGS at other gaging stations

· Sonde measurements of water quality (pH, temp, turbidity, dissolved oxygen, conductivity, depth, etc) in Big Creek (2006-2007) and other MF Salmon locations (2004-2008)

Expectations

· These two reports will follow the same format as a formal scientific paper.  A guiding document can be found on Moodle, “How to Write a Scientific Paper.”  Though this report will be based on observations and measurements made from remote sources, there are still data to analyze, conclusions to reach and implications to discuss.  I will expect you to do outside reading and resource gathering and to reference these extensively in your reports.  I also expect to see numerous figures that communicate your findings visually.  You can embed them in your text or have them compiled at the end.  Just make sure you have referenced them throughout the text.  If there are calculations or measurements that you do but don’t want to crowd the text with them, please include them as an appendix.  In summary, show me your work and what you draw your conclusions from.
· Work together.  This is a group project and you will all achieve much more by scheduling time to get together and discuss where your individual research is taking you and how each of your focus areas are interrelated.  Make suggestions for class readings and don’t hesitate to request a class period to talk through project progress with me or other (more) qualified folks.
· Workflow

1. March 31, 2008

a. Introduce project, initial reading, data availability

b. Divide into sub projects
i. Hydrology (how much water when and where?, future flows?)

ii. Channel and Reservoir Form

iii. Sediment Sources, Timing of Delivery and Mobility

iv. Riparian Ecology

v. Aquatic Ecology

2. April 2, 2008

a. Reading and discussion on climate change and snow dominated basins

_________________________________________________________________________________________________
3. April 7, 2008

a. Data set demonstration day.  Walk through each data set with class
b. Reading, background research, datasets gathered, beginning analysis

4. April 9, 2008
a. Video: Cadillac Desert: discussion about motivations and impacts of dams
_________________________________________________________________________________________________
5. April 14, 2008

a. Video: “A River Reborn” discussing the process and benefits of dam removal
6. April 16, 2008

a. Guest Speaker: Bruce Savage, dept. of Engineering, Designing Upstream Fish Passage Around Dams

_________________________________________________________________________________________________
7. April 21, 2008 
a. Ben at University of Montana for a talk
8. April 23, 2008

a. Environmental Assessment due

b. Casual but informative student presentations on individual topics
_________________________________________________________________________________________________
9. April 28, 2008
a. Discussion of Schmidt and Wilcock paper, split into groups
10. April 30, 2008

a. Group workday. DML or Classroom
_________________________________________________________________________________________________
11. May 5, 2008

a. Final Presentations

12. May 7, 2008

a. Final Report Due
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