Hydropower:

The Future is Flowing

Flynn Rowan, Alex Paraskevas, James Walker, Nick Dolja, 
Sarah Marshall, & Kim Hannon

Contents:

Introduction…………………………………………3
I. Population Projections……………………...3
II. Location: Skeena River………………..……6
III. Construction Costs……………………..……7
IV. Rate Structure...………………………..……8
V. Levelized Cost………………………….……9
VI. Mitigating Environmental Impacts……….10
Alternative Site……………………………..10

VII. Introduction

In order to provide power to the growing city of Eugene over the next fifty years, we propose the construction of an 850 MW hydroelectric facility on the Skeena River in British Colombia.  This will provide for the peak power needs of an estimated population of approximately 300,000 people.  The components of the project include and environmental impact assessment, initial construction, environmental protections, operation and maintenance over the lifetime of the dam, drought protection, and transmission lines to the Eugene area for a total cost of $7.205 billion.  By selling the excess power from our facility that will result from times of high river flow and encouraging conservation through a tiered rate system, our facility will provide energy with a levelized cost of 4-11 cents per kilowatt hour.  All this will be done while taking every step within our power to minimize the ecological footprint of the dam.
I. Population Projections

The implementation of any energy plan will succeed or fail with its predictive ability.  Energy needs of the future are an essential part of formulating a strategy for supplying energy.  To a first approximation, the energy needs of an area are dependent primarily on the population of the area.  With this comes an additional predictive need, as one must be able to predict the individual energy needs.  Thus, to form an accurate prediction of future energy needs, one must be able to model the growth of the population and the change in individual energy needs through the course of time.  These can be difficult predictions to make, relying on many outside factors, but can be mathematically modeled with a few basic assumptions.


Although population may be the most important factor determining the future energy need, there is another large energy demand in the form of industry.  Industries often have largely disproportionate energy demands, requiring large amounts of energy.  Thus, they should not be ignored when projecting for the future.  However, it is difficult to predict the growth of industry, as it is relies on sociopolitical factors that do not fit into mathematical models.  Thus, we can only make qualitative predictions and make simplifying assumptions.  

In looking at past data, it appears that industrial growth has caused short term increases in the growth rate.  One such period was concurrent with World War II, as the lumber industry increased in the area.  Another period came in the last portion of the twentieth century, with ‘tech’ jobs, such as Hynix and Sony Disk manufacturing, supplying the increase.  Thus, we can see that industry does play a potential role in the energy demands of the area.  Without any predictive capacity we are forced to make the assumption that such periods of growth should not increase in frequency over the next 50 years, and that their effects can be averaged out over a longer time period.  Furthermore, we can assume that the growth of industry will be correlated to the growth of population, and will increase in a similar fashion. 

The assumption that industry growth will correlate directly with population growth is a justifiable assumption in this context.  Although industrial growth is not required for population growth (www.registerguard.com), industry cannot grow without a population to support it.  There must be people to man the factories for industry to grow.  Thus, although industrial growth may be slower than population growth, it should not exceed it.  Thus, our assumption, if it errs, will err to the side of higher expectations.  

With the assumptions made for the industrial contribution to future energy demands made, we need only worry about population growth and individual demands.  To model population growth, historical population data was taken for Oregon, Lane County, and Eugene from the 1940’s to the present (see also fig 1).  The data obtained from these were then fitted with either linear or exponential models (figures 2 and 3).  The respective equations describing population for Eugene as a function of year were found to be:

Population = 2150.39 * Year -4153729

Population = 4*10-22e.0306*Year
Similar equations were found for Oregon and Lane County.  For these larger areas, populations were normalized with respect to Eugene.  To predict the 2050 population, all three linear fits were averaged, and all three exponential fits were also averaged.  The respective fits predict 2050 populations of 233,000 and 273,000, respectively.  We also chose to model population growth using the growth rate of .12% per month (www.oregonfuture.oregonstate.edu), that found since the 2000 census.  Using this model, the 2050 population is predicted to be:


Pert = 157,000e(.0012*46*12) = 300,000

This is in good agreement with the predictions for exponential growth using census data since 1960.  The population doubling time of ~45 years observed in the exponential models fits the empirical observation from the census data from 1960 to the present.  


The individual energy demands are, to some degree, within our control.  Conservation benefits would likely decrease the per capita energy needs, decreasing the overall energy demand.  EWEB currently claims 1% conservation.  This is a modest claim, and we assume that through additional conservation pushes, we can raise this value to 5% by the year 2050.  This is still a modest claim.  However, we feel that it is easily obtainable.  Thus, the 2050 individual energy requirement is expected to be 95% that observed at present.  


With population growth factors at hand, we are now able to predict future energy demands.  This is done using the following equation:
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From this, we predict energy demands using the exponential growth projections for the 2050 population to be 521 MW, and a peak Power of 868 MW.  This estimate, based upon assumptions and the rounding up of values, is likely to be greater than the true demand of 2050.  However, we chose to make sure that EWEB is able to completely provide a renewable, environmentally friendly source of energy to its customers by erring on the side of excess supply.  
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[image: image2.emf]Figure 2: Population Growth - Linear
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[image: image3.emf]Figure 3 - Population Growth - Exponential
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Census Scope
www.censusscope.org, accessed May 27, 2004

The Register Guard, “Forecast 2004: Economy Aside, Population Keeps Growing”, Christian Wihtol, www.registerguard.com/news/2004/01/25/c6.popgrowth.0125.html, accessed May 27, 2004

Oregon Future,

“Population growth: A Blessing or a Curse?”, Carol Savonen, www.oregonfuture.oregonstate.edu/part2/pf2_01.html, accessed May 27, 2004

II. Location: Skeena River


For the projected energy needs of the city of Eugene, a rather large river is necessary in order to provide the necessary power year-round.  The most important measure for this need is the flow rate, usually given in cubic feet per second.  The Columbia River near Quincy, OR has an average rate of 360,000, while the Willamette at Portland averages 18,000.
  While also being impractical because of the lack in elevation change and the large population that lives along its banks, the Willamette River also has an insufficient flow provide the necessary power: by the equation 225*flow*height of dam = kilowatts of energy, a dam on the Willamette would have to be 209m high to provide 850MW of electricity, which is clearly out of the realm of possibility.


Therefore other sources of water were necessary to consider.  Ideally, they should have the advantages of a large flow, few or no existing dams, and a significant altitude drop.  After considering several choices, the Skeena River in British Columbia was determined to be the best candidate for our energy needs.  With an average flow rate of 31,200 ft3/s,
 it contains enough water to provide 850MW of electricity with a dam height of only 121m.  For the site of the dam, we chose the area just upstream of the town of Terrace (population 19,000), where there is a valley which can be flooded to a height of at least 121 meters.  In addition, the river rises at this point approximately 2m/km (calculated between Terrace and Smithers, B.C.), and so any reservoir will not extend more than 30km, given the depth of the valley.


In addition, we will also build a reserve reservoir, for times of drought, that will be 25m x 1km x 1km, and able to store 6.4 million kwh worth of water, just above the large reservoir.  The reserve reservoir will be filled by excess energy that is produced during off-peak hours, and will supplement the flow should an extended drought occur.

III.  Construction Costs
The costs of constructing the dam itself were extrapolated from our research into the costs of dams built in the past.  Since there have not been any dams of comparable size built in America during the last decade, we looked at some BLR-era dams and adjusted the costs for inflation.  Since few dams are exactly the same size as ours, we found the ratio of construction cost to megawatt for several dams.  The Bonneville Dam, for example, cost $5 million/ MW.  Since our dam will generate 850 MW, at this rate it would cost $4.25 billion.  We decided to be pessimistic and budget $6.3 billion because our dam is in a more remote location than the Bonneville, and because labor and material costs have gone up since the BLR-era dams were built.  Although $6.3 billion may be on the high side, we wish to have a safety buffer of sorts to allow for unforeseen expenditures.  

Before construction, a comprehensive environmental impact study will be done in the area.  $10 million has be allocated for the completion of that study, and results will be used to plan environmental protections using the most recent technology possible to meet the needs of the region.

The $100 million costs for the fish ladder structures are based on the construction of similar structures and on the Carmen Reservoir estimate provided by Lance of EWEB.  When estimating our fish-protection costs we chose to err on the high side, since the Skeena is a valuable fish habitat.  Many of the Salmon that spawn in the Skeena are quite large, and our fish ladder budgeting reflects the unique importance that our plans place on habitat preservation.

Our operation and maintenance figures are based off those of the Bonneville and Glen Canyon dams which range from $1-4 million per year.  As our proposed dam is about half the size of Bonneville, we have allocated $2 million per year for the lifetime of the structure.
For drought protection, there will be an additional smaller reservoir into which water will be pumped at times of high flow in the river.  $250 million has been estimated as the cost based on similar facilities.

Although the Dam is only 753 miles from Eugene, we have budgeted for 850 miles of power lines to allow for the foreseeable deviations forced by geopolitical factors.  At $300,000/mile, the cost of transmission comes out to $255 million.  

Main Dam Construction (raw)----$6.3 billion

+Environmental Assessment------$10 million

+Fish Conservation Structures----$100 million

+Operation and Maintenance-----$300 million ($2 million per year for 150 years)

+Pumped Hydro Storage Facility-$250 million

+Transmission costs----------------$255 million

Total costs----------------------------$7.205 billion.
IV. Rate Structure

    In the 50 year hydroelectric plan for the city of Eugene, Team Hydro has established a rate structure that will hopefully encourage residential conservation of electricity.  Similar to other plans that have been put into effect by the Toronto Hydroelectric System, the initial 1000 kilowatt hours (kWh) consumed by a single residence in a monthly billing cycle will be charged seven (7) cents per kWh, while any additional usage will be billed at nine (9) cents per kWh.  In this manner, Team Hydro hopes to promote conservation by charging the consumer more for extra energy usage, whether that be through independent awareness of wasteful usage—such as leaving lights or computers on—to the installation of solar water heaters or solar shingles.  Team Hydro seeks to promote conservation-oriented consumers which will lead to a more prosperous future. 

    For industrial or commercial clients, Team Hydro has not as of yet solidified a long term rate structure.  However, the company has set a deadline of 2020 for implementing a tiered rate structure system, depending on the economic and business climate of the city of Eugene during that time.  Since Team Hydro seeks to be a beneficial company to the city of Eugene, the company has planned for two different avenues in which to establish its rate structure.  If industry in Eugene is growing, allowing for more employment of Eugene citizens, Team Hydro seeks to set up a similar structure as already established with the residential customers.  However, in an effort to promote business and economic growth, the Team Hydro is prepared to charge a set price for the initial energy use (to be decided at a later date) and then, for any additional energy consumed, to drop the rate on kWh consumed.  In this way the company hopes to give back to the city of Eugene by making our city more enticing to emerging and established businesses in the Northwest. 

V. Levelized Cost 

	Lifetime
	Interest Rate
	Raw Cost
	Capital Cost
	Power (MW)
	Levelized Cost (cents/kWh)

	30
	5.00%
	$6,000,000,000 
	$10,395,347,057 
	850
	4.65

	25
	5.00%
	$6,000,000,000 
	$9,522,620,747 
	850
	5.12

	20
	5.00%
	$6,000,000,000 
	$8,703,362,645 
	850
	5.84

	25
	7.50%
	$6,000,000,000 
	$12,301,841,200 
	850
	6.61

	25
	10.00%
	$6,000,000,000 
	$15,356,613,420 
	850
	8.25

	25
	5.00%
	$7,205,000,000 
	$11,635,913,747 
	850
	6.25

	30
	5.00%
	$7,205,000,000 
	$12,724,079,258 
	850
	5.70

	20
	5.00%
	$7,205,000,000 
	$10,611,954,643 
	850
	7.13

	20
	10.00%
	$7,205,000,000 
	$15,887,154,287 
	850
	10.67

	20
	10.00%
	$7,205,000,000 
	$15,887,154,287 
	800
	11.34


Given Team Hydro’s initially low construction cost estimates, numbers were revised to more accurately represent the cost of building a dam on the Skeena River.   The best case scenario, as represented by the first row, estimates dam  project costs, including maintenance for the lifetime of the structure, at $6 billion, coming out to a levelized cost of 4.65 cents per kilowatt hour (kWh) given a 30 year loan at 5% interest.  A more likely estimate is for a 20 year loan at the same interest, totaling out to 5.12 cents per kWh.  

Also included into all the calculations for the levelized cost is the amount of money that can be earned by selling money on the energy spot market.  According to PGE, current spot market rates are approximately $26 per MWh, while California rates can be anywhere from $195 to $400 per MWh given their volatile energy market.  Team Hydro chose to use a pessimistic figure for the rate of the energy spot market, deciding on $50 per MWh as a fair average between the California and Pacific Northwest markets.  Also, though the dam is rated at 850MW, Team Hydro believed that less energy would actually be used by the city of Eugene and thus the excess energy could be sold.  If the city did actually need 850MW of continuous power, Team Hydro calculated that the dam could raise approximately $27 million per year on the spot market.  However, since energy usage is much lower than 850MW of continuous power, an estimate of $40 million per year raised from the spot market was used (this equates to approximately 800,000 MWh over the course of the summer when the river flow is the highest). The company recognizes that the snow pack rates in the Northwest are declining and subsequently the water flow is decreasing, providing the dam with less power every year.  However, because of the additional reservoir, the team believes that for the lifetime of the loan—no more than 30 years—Team Hydro can sell $40 million per year on the spot market and still maintain enough water in the reservoirs to endure the winter months where river flow rates are reduced.   Given these figures, the estimates for cents per kWh range from 4.65 cents (best case) to 11.65 cents (worst case—high interest, reduced energy output and short loan).  

VI. Mitigating Environmental Impacts

One of the most detrimental impacts of dams is that they often disrupt a river’s natural flow patterns—often leading to new discharge patterns that are either too static or too widely fluctuating for a system.  Dams used for hydropower are particularly notorious for causing high flow variation on an hourly scale, as they must respond to peak power needs (Leopold, 1997).  Such extreme variation can result in channel instability, extensive sediment erosion, destruction of ecologically significant in-channel components like sediment bars, and unsuitable conditions for water recreation (Leopold, 1997).  

Variation in flow on a larger, seasonal scale, is a driving force in channel formation and maintenance, sediment transport, the nutrient balance and ecological cycles in riverine environments (Leopold, 1997).  In order to maintain some of the natural processes on the Skeena River and compensate for some of the ecological disturbances caused by the introduction of a dam, we propose a number of ideas.  First of all, we could construct a cofferdam with a bypass channel or tunnel upstream of the dam to allow fish and sediment passage.  Second, if feasible, we would like to include sediment spillways or sluiceways off the dam (CDA, 2004).  Both of these proposals would help maintain some of the river’s natural sediment transport and also reduce the need to frequently dredge the reservoir upstream of the dam.  

Third, we propose the use of innovative, biologically compatible water release strategies that keep downstream discharge within a given range of natural flow conditions.  This may include the construction of rebalancing pools that would help to minimize large variations in flow over short time periods downstream of the dam (CDA, 2004).  Fourth, if we have problems with in-stream temperatures greatly exceeding their natural range, we propose the construction of a temperature control structure similar to that of the Cougar Dam in Oregon.  

Last, but not least, we propose mitigation projects involving ecological restoration in other parts of the Skeena River watershed—particularly focusing on salmon habitat.  Though the most innovative fish ladder technology will be used in the construction of this dam, we feel that additional environmental compensation is necessary.  
VIi. Alternative Site:  Foot of the Stikine River Grand Canyon, B.C.

In the rare event that the Environmental Impact Assessment deemed the Skeena River off-limits for development, we have done some research on one particularly interesting alternative site at the foot of the Grand Canyon on the Stikine River, B.C..  The volcanic canyon, which is 61 miles long and has an average depth of 1,000 feet, is impassible to watercraft and migrating fish due to its highly turbulent waters (Britishcolumbia.com, 2004).  With an average annual discharge of 1350 cubic meters/second at the proposed site, it is no surprise that BCHydro once planned two large hydroelectric projects at this site in the 1980s (BCadventure.com, 2004).   The one major barrier to using this site is that current provincial and national legislation prevents any dam construction on the basis of it being a Heritage Site.  
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Figure 1: Growth of the Eugene area population from 1990 to 2000.  








� According to the USGS, accessed at � HYPERLINK "http://waterdata.usgs.gov/or/nwis/current/?type=flow" ��http://waterdata.usgs.gov/or/nwis/current/?type=flow� on June 8, 2004.


� According to the Environment Canada, accessed at � HYPERLINK "http://www.msc-smc.ec.gc.ca/wsc/hydat/H2O/index_e.cfm?cname=graph.cfm" ��http://www.msc-smc.ec.gc.ca/wsc/hydat/H2O/index_e.cfm?cname=graph.cfm� on June 8, 2004.


� Topographic map accessed at � HYPERLINK "http://srmwww.gov.bc.ca/ske/lrmp/morice/map_gallery.htm" ��http://srmwww.gov.bc.ca/ske/lrmp/morice/map_gallery.htm� on June 8, 2004.
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