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Alaska State Legislature

Intorinn: Session:

716 West 4™ Avenue, Suite 640 Slate Capitol, Room 126
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Fax (907) 269-0204 Phone (907) 465-4993
Rep_Cralg_Johnson@legis.stale.ak.us Fax (907) 465-3872

Representative Craig Johnson
House District 28

Sponsor Statement
Susitna River Hydroelectric Power Project
HB 336

This legislation will direct the Alaska Energy Authority to conduct a review
of the past studies and analyses of the Susitna River hydroelectric power
project. Submittal of its report to the legislature would he no later than June
30,2010.

Additionally, under this legislation, Alaska Energy Authority a will conduct
a collaborative study with Railbelt utilities to propose an appropriately-sized
hydroelectric power project on the Susitna River.

Low price of oil helped to end the Susitna hydropower plan in the mid
1980’s. The high price of oil could open the window of opportunity for
development today. This proposal would respond to the assessed needs for
power expansion to Kodiak. Southwest, and Northern Alaska.

The Act is scheduled for termination June 30. 2010.
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MEMORANDUM

TO: Members, House Finance Committee
FROM: Representative Craig Johnson
DATE: February 12,2008

SUBJECT: Changes between HB 336 & CSIIB 336 (RES)

Page I, line 11,
Insert alter area.

The authority shall present an interim report to 'he legislature not later than
February 15,2009. If, at any point in the work process before the interim report is due,
the authority finds that the project is nonviable, work shall be halted, and a report with
those findings shall be immediately submitted lo the legislature. Unless the authority
finds, before the interim report is due, that the project is nonviable,

Page 1 line 11.
Insert alter the above paragraph’s comma
t
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Supplement to Fiscal Note for House Bill 336 - Susitha Dam Estimate

At the request of the House Finance Committee, the following note has been developed to provide

additional back up to the rough order of magnitude estimate for Task 1on the Feasibility Study Plan
for House Bill No. 336 “directing the Alaska Energy Authority to conduct a study of and to prepare
a proposal for an appropriately sized Susitna River hydroelectric power plant”.

In that study plan, Work Task 1is to provide a feasibility study and estimate of plant and of
generated power costs based on reviewing and updating previous engineering work most specifically
the work contracted by the Alaska Power Authority in support of the application for a Federal
Energy Regulatory Commission (FERC) license to construct the dam in 198-1

An engineering design contractor and environmental consultant will lie selected from AEA’s
approved list of term contracts. A scope of work and estimate will be requested tor the scope
statement for Work Task 1 It is anticipated that tiie scope of work provided will be consistent with

the description below.
Work Task 1consists of the following activities.

1 Collection, review and organization of existing engineering documentation from the Acres
American study as well as any appropriate U.S. Army Corps ol Engineers documentation. A gap
analysis of the material will lie provided to identify where more detailed engineering may be

required.
Cost: 5100,000

2. Engineering evaluation of existing design, update engineering work to current codes and
standards including seismic codes, determination ot possible options for generation capacity
appropriate lor the Susitna location within the context ot the 1081 design, preliminary review ot
appropriateness of original environmental work, order <f magnitude engineering ot Alaska
intertie, order of magnitude scheduling and eonslruciabiliiv for each generation case. All work
to he performed by senior engineering consultants,

Cost: $500,000

3 Development of risk analysis on each case, including areas where additional engineering will he
required, additional permitting, constructnbility and performance of each ot the generation eases.

Cost: 550,000

ol. Peer review of engineering both internally and in the Alaskan community to assist in
determination of any fatal flaws in the possible designs or configurations.
Cost: 550,000



5. Cost estimates for each potential case, determination of rough funding options and costs of
money and estimate of costs of power. Evaluate against existing power costs and against

existing power costs with fuel escalation.
Cost: $200,000

6. Development of final report and presentation
Cost: $50,000

7. Travel for consalting engineers to Alaska
Cost: $50,000

Total Cost: $1,000,000



Estimate for Susitna Hydro-electric Feasibility Study

In response to House Bill No. 336 “directing the Alaska Energy Authority to conduct a study of and
to prepare a proposal for an appropriately sized Susitna River hydroelectric power plant” this

estimate and scope of work has been prepared.

The Susitna Hydro project has been subject to over 60 years of study and analysis, culminating in a
S135 million dollar engineering study and applicauon to the Federal Energy Regulator)' Commission
(FERC) for a license to construct in 1984. At that time the project was estimated to cost S5.3 billion
for 1,620 MW of generation capacity. Concerns about the ability to finance this project in
conjunction with the collapse of crude oil pricing resulted in the termination of this project.

Higher fuel costs, potentially dwindling natural gas resources, more stringent environmental
testrictions including mercury and carbon emissions, and an energy infrastructure that is reaching
the end of service life require a review of potential energy projects of which the Susitna Hydro
project is one important candidate.

One key concern of the existing Susitna design is that the generation capacity of 1,620 MW tar
exceeds the current size of the Railbelt grid (approximately 1,000 MW) which results in significant

concerns on load balancing and reliability.

Objectives

The objective of this study is update previous study estimates to determine if the Susitna Hydro
project is a feasible alternate generation source for the Railbelt Electrical Grid. To support this
objective estimates will have to be made on potential sizing options (and costs) as well as reviewing
environmental and socio-economic impacts. To aid in decision making cost of power for generic
alternative generation sources (coal, gas, wind, geothermal) will be developed, and finance options

will considered.

Assumptions

The cost estimates for this work and the scope of work to evaluate the Susitna project are based on

the following three assumptions.

First, the estimates and information that will he generated are for the purpose of understanding the
feasibility of this potential energy generation source, they will answer the question s the cost of
power from this source competitive with other energy sources and should we proceed to more
detailed analysis' The accuracy of the study estimates should not be considered to be better than

(+/-) 30
Secondly, it is important to understand that this is only one potential option in an Alaskan Energy
Portfolio. A separate strategic energy plan for the State is necessary to be able to put these options

into perspective. For example, for a project of this magnitude it is important that an appropriate
industrial energy load anchor the demand. While examples of potential demands will be used in this



study, no significant analysis of those demands will be done. In a similar fashion the cost of
upgrading the Railbdt Interlies is not included in this study as those upgrades will be required for

any significant change in Railbelt generation.

Third, to minimize a long lead time that an RFP would require, AEA will be using a qualified
engineering design contractor and environmental consultant from the qualified list of term contracts.
Requests will be made of three contractors to provide assurance that scope of work and estimates

are appropriate.
Work Tasks and Estimates

The following work tasks and goals are envisioned to complete the study objectives. They are
organized in order of priority and in doing so allow a phased approach to be taken on this study. If
at any point in the work process it would appear that the project is non-viablc, work will be halted

and a summary completed.

Work Task 1: Feasibility study and estimate of plant and of generated power costs

The 1984 estimates for construction of the Susitna Hydro project will be updated for current costs
as well as current construction and design technology. Constructability and logistics will be key
components of this update. Additionally a review of engineering anti technical risks including
seismic design will be identified. The design of this power is such that there are minimal size
reductions that can be done. While there may be a need for 700 MW of generating capacity the
constraints of the Susitna site may allow tor options of 300 MW, and a 1000 MW. The study
therefore will examine the possible size options that are inherent in the 1984 estimate and provide

capital costs and costs of power over the lifetime of the tacilily (or those options.

Estimated Cost: S1,000,000
Work Task 2: Environmental/Socio economic Impact Study

Environmental permitting anti the socio-economic impact on the affected area is a key component
of this study anti will have the most impact on the feasibility of this study. A review of necessary

permits and an analysis of potential impacts to the area will he done.

Estimated Cost: $300,000
Work Task 3: Cost of Power for Selected Alternatives

An estimate of approximate costs of alternative power generation that would he accessible to the
Railbelt will be made. <)ptions will consider the appropriate use of coal, natural gas, wind,
geothermal, tidal and an alternate source of hydro |hese estimates will he used to compare the

reasonability of power generation from Susitna.

Estimated Cost: $800,0(H)



Work Task 4: Financing Options

The size of this single generation will be in excess of $5 billion and while it may provide
appropriately cost of power, the ability to finance the costs may be the limiting factor. An analysis

of potential financing options will be developed.
Estimated Cost: $200,000

Field Work

Limited field work is envisioned; however there may be need for helicopter access to the location of
the proposed dam sites as well as limited amount of field work including terrain, river conditions

and potential construction camp sites and lay down areas.
Estimated Cost: $250,000
Total Estimated Study Cost: $2,750,000

Schedule

It is anticipated that this work will take approximately two years. Over the course of the project
interim reports and decisions on whether to proceed will be issued.

July 2008: Start of Project

December 2009: Completion of Estimates and Hydro generation options:

February 2010: Draft Final Report:



My name is Eric Marchegiani. lam first and foremost a citizen of Alaska and a resident of this
wonderful State since May of 1975. lam also a member of the Matanuska Electric Association
(MEA) Cooperative since | reside in Chugiak, Ak. I initially was employed with the Corp of
Engineers on Elmendorf AFB from May 1975 until August 1981 and | completed investigations
of hydroelectric power in SE Alaska, Railbelt and other parts of the State. l1became a registered
professional engineer in the State of Ak and four other states in the late 1970s. Iworked for the
State of Alaska, Alaska Power Authority from August 1981 to December of 2000.

During that timeframe |1 worked on a number of different projects for the Alaska Power Authority
and its successor the Alaska Energy Authority. One of my duties were to provide oversight to
the environmental studies that were incorporated into the FERC License application for the
Susitna Project. 1 was not involved in all of the engineering aspects of the project but was
peripherally involved in that those aspects that would affect the flows and the impacts or
mitigation for the fishery resource which was one of the primary concerns environmentally. |
provided oversight and management during the stage whereby we were closing the project up
and organizing the reports and documents to be saved and stored for future use. Iam not an
expert on any certain aspect of the Project but rather I have a historic perspective on the overall

project.

Recently there has been renewed interest in the Susitna Hydroelectric Project and questions
have been raised concerning the pro ect along with new legislation to "dust" off the reports and
see if it makes sense to open up the option of pursuing the project again. Some of what follows
are questions that I have heard raised and others that one might ask about the project.

Please note the following is my personal opinion only and has no bearing or reflection of
my present employment with the Federal Government!

Questions:
1. Why was the project not pursued to completion back in the early to mid 1980s?

A number of reasons have been purported but the primary reason was that at the
time that the FERC license was being submitted and responses being generated
on the EIS for the project; the price of oil dropped down to something in the range
of $9/ barrel. The initial economics of the project were based upon $20 to $25/ barrel
and the idea was that oil was suppose to escalate over a period of time to may be $50
per barrel. No one at the timeframe could imagine $30/barrel oil; little did they thing that
in 2008 we would see it at $100 per barrel. The economy was in poor shape and a large
number of people were turning in their keys to their homes and just leaving the state.
For those of you that were here; you may have remembered the depression that occurred
from about 1985 thru about 1990 before things began to look a bit better.

2. One of the other reasons was the huge impact created by the statement from the
bond counsel; which indicated that ihe Permanent Fund earnings (not the fund
itself) would need to be pledged to cover any default of the bonds. In essence, if
the State was not able to make the payments on the bonds for whatever reason, then the
interest earnings would need to be utilized to make the payments. Because the Fund is
sc politically charged and the general public's opinion that would weigh in on the issue it
was felt that it would likely be impossible to complete the financing of the project with that
condition. Would that be necessary today... I have no idea; this is one more aspect that

the update should address.



3. On the environmental side there were a number of concerns but in my mind at least,
it did not seem like there should be all that big of a challenge. Although there may have
been some environmental concerns, | believe that was sort of a smoke screen for a
larger concern that the project would be oversized and would generate so low of a cost
for power that aluminum smelters would be brought in to suck up the excess energy. In
my opinion, this concern was not really based upon any solid information. The cost of
power from the project depending upon the financing would have been inthe $0.04/ kWh
to may be $0.05/kWh range. This is about double and possibly triple what the pacific
northwest was generating electricity for and one would not have to ship the ore to Alaska
to process it. It just does not make a lot of sense to use $0.06/ kWh energy when you
might have access o $0.02/kwh.

4. On the question about the project being too big for the Railbelt load. If the total
project was completed and running, it could provide 1,600 Mw of peak power(short term)
or approximately 800 Mw of base load power(long term). The amount of energy that it
could produce is about 6,500,000 Mwh of electricity each year. The combined sales
(actual generation energy requirements would be larger) by the six Railbelt utilities in
2006 was about 5,000,000 Mwh(Based upon data from 2006 CEA Annual Report) or
about 77% of the possible output of the project. Ifthe state started to pursue the project
seriously in the next year; the time line for power on line (POL) would likely be about ten
years due to the time necessary for permitting, licensing, engineering and finally
construction. So in ten years how much more of the remaining 1,500,000 Mwh would be
required?? lam riot sure but my feeling is that some portion of that amount would likely
be utilized such that the amount available for growth once the project was completed or
at least initial phases completed would be totally absorbed by the consumers thus leaving
nothing substantive enough for any enterprise such as an aluminum smelter. Also |
don't believe both Watana and Devil Canyon could be totally constructed in 5 years after
the licensing was completed. One of the two would be complete and the other would
likely still be under construction for another 3-5 years. This is the kind of staging
information that would be developed in a review of the previous studies and the
development of a new load forecast.

5. One of the other detriments to the development of the project was the way the
State changed the make up of the Directors of the Alaska Power Authority.
Originally the Alaska Power Authority was set up such that there was a five member
board and all the members were public/ private people from the community somewhat
similar to the New York Power Authority. They were to provide the long term view and
guidance to the Executive Director and staff to develop power projects in the State. |am
not sure when but at some point in time when there was a substantive influx of funding;
the legislation that provided the funding also changed the mix of Board of Directors and it
became extremely political. The change to the Board was to have four cabinet level
commissioners and three private members, none of which were utility people. All
Directors were to serve at the pleasure of the governor consequently every four to eight
years the whole Board was replaced along with the Executive Director. This resulted in
absolutely no continuity or long term planning. The lack of long term direction is what
has killed any type of Energy Plan with some type of Action Plan to be
implemented over a 5, 10 and 20 year timeframe. Any Energy Plan that is generated
presently will likely have the same challenges... there has to be a way to implement long
term planning without the changing ground of a new governor or new legislators. It is my
understanding that there is serious consideration of extracting the successor of the
Alaska Power Authority i.e. the Alaska Energy Authority from AIDEA and set it up with



6.

a.

similar authorities and capabilities as the old APA. Additionally, the governor is looking
for an Energy Coordinator that would head up that agency. My suggestion to you and the
Governor would be to set the new Board of Directors up with something like a 9 member
board. It might include something like four of the Railbelt utilities represented, two
SE Alaska Utility Representatives, two representatives From Rural Utilities, and a
member from either the Legislature or the Administration. Each of the Directors
would have a staggered 3 year term and they would be selected by an independent Utility
group ( Possibly the utilities themselves or may be the membership of the Alaska Power
Association). This would insure that longer term planning was occurring and that projects
and plans would not be derailed every four to eight years. The Board of Directors would
select the Executive Director or the Energy Coordinator. Please note that during my
almost 20 years with APA/ AEA we had four governors but we also had 20 Executive
Directors (five in one year) that guided the agency. As you may assume, this created
very poor employee moral and it created high employee turnover. Utility and Energy
Planning needs stability and long term planning in order to be effective.
What if, you decided notto do Susitna??? What is your alternative???
Lets look at the ones first that are highly unlikely.. Nuclear. First off the Legislature
would need to repeal a statue that prohibits the construction of nuclear plants in the
state. Next one would have to initiate discussions with Dept of Energy and the nuclear
department within it to discuss how one would proceed. The permitting and public
comment process would be incredible. To my knowledge no new nuclear plant has
been licensed in the USA for quite sometime so you would be breaking new ground.
Cost ot the process and just the bad PR | think would kill the possibilities of doing
anything with Nuclear. Side note, a utility that my brother works for back east; took the
option of putting the plant site that they had constructed in the mid 60s bac*' to its
original condition (i.e. removed the entire plant and planted grass) because they looked
the prospect of the cost associated with re-licensing an existing plant and decided
iat it was not worth the money or the bother.
Coal; The state of Alaska has a huge resource of coal... why not build a coal plant...
Whether or not you believe in global warming or not; there is a perception that Coal
Plants contribute to that problem and the melting of our ice packs, permafrost etc. So
public perception is a challenge right off the bat. The other challenge is that despite
any lobbying on our part; it is apparent that Congress is going to institute a Carbon Tax
sometime in the near future it is not IF but rather it is just a matter of WHEN and
HOW MUCH will it be. So in addition to the cost of the plant, the fuel, the operations
one would also be looking at the uncertainty of a Carbon Tax that would occur
sometime in the near future. Finally, although we do things different in Alaska, one can
look to our counterparts in the Lower 48 States and you will find that any number of
Coal Plants that have been proposed are being stalled by environmentalist and some
utilities have just pulled the plans back even after they have gone thru some very
expensive permitting and engineering. Bottom line, 1 dont think that a coal plant is a
reasonable alternative to the Susitna Project.
Natural gas Generation; The price for natural gas to Chugach Electric Association was
approximately $5/Mcf in 2006 (See CEA 2006~ Annual Report page 2). Each turbine
has a different heat rate efficiency and the number is probably a bit better than the
10,000 Btu/kWh that Iam using here.. At that efficiency rate and the cost of natural gas
at $5/Mcf it relates to a fuel costs of approximately $0.05/kwh (this does not include
any capital costs for the installation of the plant - it is purely the fuel component). If the
efficiency improves to 9,000 Btu/kWh or 8,000 Btu/kWh it drops the fuel cost to
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something like $0,045 and $0.04 / kWh respectively. 1do not knew what the projected
market price is for natural gas that would come down the new gas pipeline in 10 to 15
years???? Might it be dc Jble the $5/Mcf.... i.e. $10/Mcf.. if so based upon the 10,000
Btu / kWh we would be looking at a fuel component of close to $0.10 per kWh. One
should keep this number in mind when looking at other options since it is our present
situation and one could call it our base case. Ilwould also like to suggest that one take
a look at CEA’s 2006 Annual Report on page 8 it illustrates that the natural gas
turbine units that they have installed were done in: 1968(2), 1972, 1975(2), 1978, and
1982 at Beluga. This means that their units are at a minimum 26 yrs old and
some are approaching 40 yrs. This is probably why for at least the short term they
are working with ML&P to see about constructing a shared plant. There will need to be
some short term investment to bridge the time between the present and when a new
project can come on line that could provide reasonably priced energy for the long term,
Other Hydroelectric Projects. First off, 1am a supporter of hydro in almost any form
or shape because of its long term benefits. Most hydroelectric plants and amortized via
bonds over a 20 to 30 year term yet most of them continue to produce power well
beyond 100 years. Once the civil works have been put in place the replacement items
are generators and turbines that turn them. These costs are minima! when compared
to the overall project... They are still large numbers but they are small in comparison to
the initial investment. Some of the alternatives to Susitna that have been considered in
the past have been the Rampart Dam, Browne Project and some smaller hydro
developments such as Snow River and the Chakachamna Project. Although these may
merit some consideration, | believe anyone that looked at the Rampart or the Browne
projects concluded that the areas that are covered with water would make them too
environmentally detrimental to really justify their construction. The Snow River and the
Chakachamna Projects are smaller projects and might provide some supplemental
energy to the Railbelt but each has different characteristics that one would need to look
at and decide if it was worth the merit of pursuing in more detail. The Chakachamna
project has had recent activity by a private firm that has filed a Preliminary Permit on
the project and is actively pursuing the project presently. They will have to "perfect” the
application i.e. they have to provide information over the next three years to maintain
their permit and finally file a license application if they decide that it makes sense on
their part to move toward construction. Please note the peak capacity is approximately
330 Mw and the base load capacity would be approximately 165 Mw (50%) similar to
the discussion above on Susitna. The energy that could be produced on an annual
basis would be approximately 1,600,000 Mwh. Given the approximate energy
requirement for electricity in the Railbelt of 5,000,000 Mwh in 2006, it would only
provide for a small portion of it and the balance would continue to need to be provided
by Gas Generation (with a questionable supply and costs component). Ifone is trying
to stabilize electrical rates in the Railbelt and one had to balance the Chakachamna
Project vs the Susitna project; the Susitna Project has a much better chance for long
term stabilization of electrical rates for the area. If the Legislature decided to support
Chakachamna instead of Susitna Iwould be disappointed but as | stated above lam a
supporter of Hydro and some hydro is better than none.., that is probably why Bradley
Lake was constructed., i.e. itwas a good project,
| fully support the pursuit of the Natural Gas Line but at the same time I have to
raise the issue that it is not a renewable source. Back in the mid 70’ the State pushed
and the Oil companies constructed the Oil Pipeline and production began in I believe it
was 1978 or about that timeframe. It has been thirty years since then and oil
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production has dwindled down to the point that in the next five to ten years there will
likely not be enough available oil to justify the expense of operating the pipeline. So our
“Oil Cash Cow” is going to disappear and we are hoping to replace it with a “Natural
Gas Cash Cow”.... Which I believe is definitely good but at the end of 30 to 40 years
we will be in the same position we are today i.e. gas reserves dwindling and the
question at that point would be what do we do now???? Let’s not repeat history. My
suggestion is that instead of waiting the next 30 years again; the State builds the
Susitna Project and pay off the bonds over a 20 to 30 year period probably with Power
Sales Contracts with the Railbelt Utilities and some of the Natural Gas Revenues used
as equity.. Once the bonds are paid off then the remaining revenue stream (i.e. the
revenue that would come from the sale of electricity less the operational costs)
could be put back into the General Fund or the Renewable Energy fund so that it
could help operate Government or build new infrastructure for new generation.
Originally, the idea for Susitna was to take the Oil Revenue (non-renewable resource)
and use a portion of it to construct Susitna, a renewable resource and utilize the
revenue off of Susitna for other State Projects/ Operations. Although the bonds may
take 30 or so years to pay off; the project will have a real life of probably 100 Plus
years. My guess is that it would likely still be around 200 years from now. The project
has the potential to stabilize the rates in the Railbelt for many years which means that it
would also create an economic environment that business and local citizens would be
able to exist without the threat that the cost of electricity was going to push them out of
the state. Stable rates create certainty which eliminates one less challenge in keeping

businesses going.

7. Previous Reports and documents? Please note that in the mid 1980s when it was
decided to stop work on the project it was decided that the State would not just drcp the
ball and throw all of what was done out the window but rather to organize and place the
hard work that was completed someplace where it could be retrieved at a later date ifone
wanted to continue with the project. Additionally, it was felt that there was immense
amounts of data that could be utilized by College Professors, Graduate Students and
Undergraduate Students. Consequently, about 140 file boxes were labeled, indexed and
shipped to the University of Alaska, Fairbanks Library System to be stored there and
utilized by the academic population and if the need came up someday it would be
available for resurrecting the project. You will also note that the Alaska Power Authority
provided copies of most if not all the Published Reports to the 18 or 20 designated State
Libraries through out the State of Alaska. The State Library in Juneau should have those
reports and also the other libraries around the State. The Compendium of file boxes that
were shipped to Fairbanks not only contain the Reports that were completed but many of
the data files, computations, drill logs, and other back up information on the project.

8. Are the documents and reports pertinent today or are they so out of date that they
are not of any value? The answer is that some information is likely way out of date and
not of value but there is a good portion of it that is very valuable. As an example the cost
estimates probably do not reflect today’s prices but the estimates of the amount of
concrete, steel, dirt to be moved etc all of those units would likely provide a good starting
point tor any revised cost estimate and for that matter even if you were going to change
the project configuration somewhat, it would give you a great baseline to start from. All of
the Geologic drilling and drill logs are excellent information. Many of the previous
consultant companies and personnel are still alive and could be contacted for
background information and confirmation of the different aspects of the project. Please
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note AIDEA/AEA has placed “Susitna Hydroelecric Project, Economic & Financial
Update, February 27, 1984” out on the AEA web site. Although dated, this document
would be a good place to start as a template to update costs and revised analysis of the
overall project. Obviously, some of the models referenced may no long be applicable or
even available today out new improved models etc could be utilized to complete a similar
analysis.

What will it take to move the project forward and what kind of timeframe? If you
take a look at the past history of what the fundi ng scenarios were and the time that it took
to get from the initial studies to where by one could start construction; it will provide
some characterization of what you should expect. One should not go into the project
blindly and you should realize that it is going to take time and money. My recollection of
the budgeting process was that it took approximately $20 M to $30 M on an annual basis
to conduct the necessary engineering, environmental, permitting, legal etc. processes to
move the project along. Agreed much of this information has been developed and also is
on file but at the same time the licensing agency i.e. FERC and all the resource agencies
from the US Fish ~ Wildlife Service, National Marine Fisheries, ADF&G, Dept of
Environmental Conservation, EPA, Corp of Engineer, the Native land owrrrs Federal
land owners, etc will want to see updated information before they sign off or ?r,™ licensi:
application / EIS. That means a fair amount of field data will need to be co*'e:jied anc
compared with the previous data and then the consultation process has to occur. Tnere
are very lengthy review times and responses that have to be worked thru My general
feeling is that it will take a minimum of three years to get thru the permitting/ licensing
process and it may take a bit more i.e. may be up to five years. At that point one would
have a license to begin construction and you would move forward with jonstruction. Soo
you probably are looking at an investment of $100 M to $150 M over a We year period to
get to the point where by you could construct a project As | understand it presently,
there is approximately $80 M in the Railbelt Energy Fund. Iwould suggest that the initial
investigations and permitting be funded out of this area.

Financing??? | have not discussed the financing of the project but that is a whole other
discussion on the different options and what would be needed. There is the potential for
Federal Grant funding, Federal loan funds, Tax exempt bonds, etc but there is going to
have to be a certain amount of State Equity in the project to make it go forward. The one
item that | believe that will be required is some type of equity contribution by the State of
Alaska. Previous, analysis (See the study listed on the AEA web site - Susitna
Hydroelectric Project - Economic & Financial Update, February 27, 1984) indicated that
about $2 Billion was to be required in State Contribution in order to bring the rates in the
early years close to the existing rates. That was back when the cost of gas was
substantially lower and there was no real concern about the supply of gas. My initial
guess is that there will likely need to be a minimum of about $2 Billion of State
contribution and potentially bond the balance of the costs. It may be more but I
believe the Legislature and the Governor should be walking into the room with the
knowledge and concept that there will have to be a substantive investment by the State in
the neighborhood of $2 Billion in order to make the project go forward. | would suggest
that the Legislature begin to put away that equity requirement today i.e. it could be that
for the next ten years approximately $200 to $250 M be placed in an interest bearing
account to accumulate the moneys that will be required at the end of the five year
engineering, permitting period and one would be ready at that time to be able to show
any bond holder that you have your equity portion available foi the investment into the
construction of the project. The financing could be staged also to coincide with the
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different portion of the project i.e. the Watana development first and the more expensive
portion; then the Devil Canyon portion.

I hope this information is helpful.
Additional Questions???

Respectfully,

Eric Marchegiani, PE

19013 Richner Rd

Chugiak, Alaska 99567

Email: ericmary@mtaonline.net
Tel# 1-907-688-3343


mailto:ericmary@mtaonline.net

Susitna
Revise to about double the costs
w/ $2.25 B Equity Investment

Susitna
Devil Canyon

W atana

Guess on Phased Construction
Susitna
Devil Canyon

Watana

Total Enegy of Two Projects (MWH)

W atana Proportion of Energy

Devil Canyon Proportion of Energy

600

1020

600

1020

49.385%

50.615%

Energy Annualized

(MWH) Costs Costs
(20 yrs) (S/kwh)  Term (yrs)
6,500,000 5761,871,439 50.1203 Interest
Costs( PV)
IPMT
O&M
Term (yrs)
3,210,000 5386,686,766 50.1223 Interest
Costs( PV)
PMT
O&M
1
Term (yrs)
3,290,000:5375,184,673 S0.11P3 Interest
Costs( PV)
PMT
O&M
6,500,000
i
3,210,000 !
i
3,290,000

35

6%

-511,045,799,825
5761,871,439
520,000,000

35

6%

-55,606,280,000
5386,686,766
$6,033,520

35

6%

-55,439,519,825
5375,134,673
513,966,480



Cash Interest on Interest nur RUS RUS

W anta Devil Canyon
Exhibit 7.4 Construction Construction Equity Cum Balance Equity  Construction Loan-Draw Loan-Daw
Old Schedule Costs Costs Contribution  Equity 5% 6% 6% 6%
(Year) (Year) $ Millons $ Millons $ Millons  $ Millons $ Millons  $ Millons $ Millons $ Millons  $ Millons
1985 2013 $ 300 $ 300 S 300 $ 15
1986 2014 $ 300 $ 600 $ 615 S 31
1987 2015 $ 300 $ 900 $ 946 $ 47
1988 2016 $ 300 $ 1,200 $ 1,293 $ 65
1989 2017 $ 566 $ 300 $ 1500 $ 1,092 $ 55
1990 2018 $ 529 $ 250 $ 1,750 $ 867 S 43
1991 2019 % 634 $ 250 $ 2,000 $ 527 S 26
1992 2020 $ 743 $ 250 $ 2,250 § 60 $ 3
1993 2021 % 1,373 S (1,310) ($79) -$1,389
1994 2022 S 1,485 $ (2,795) . ($168) -$1,653
1995 2023 $ 1,343 $ (4,138) ($248) -$1,591
1996 2024 S 527 $ (4,665) ($280) -S807
1997 2025 S 500 S (500) ($30) -$530
1998 2026 S 800 $ (1,300) ($78) -$878
1999 2027 S 1,100 $ (2,400) ($144) -$1,244
2000 2028 $ 900 $ (3,300) ($198) -$1,098
2001 2029 S 700 S (4,000) ($240) -$940
2002 2030 S 638 | S (4,638) ($278) -S916
| Tot Interst 1'$  (1.743)
Total $ 7,200 S 4,638 IS 2,250 | Watana RUS Loan -$5,440

| Devil Canyon RUS Loan| -$5,606

Watana & Devil Canyon S 11,838 | i i |
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FISCAL NOTE

STATE OF ALASKA

2008 LEGISLATIVE SESSION

Identifier (file name): HEJ336-CED-AEA-01-25-08

Title Susitna Hydroelectric Project
Sponsor Johnson et al
Requester Resources

Expenditures/Revenues
Note: Amounts do not Include inflation unless otherwise noted below.
Appropriation
Required

FY 2009 FY 2009

OPERATING EXPENDITURES
Personal Services

Travel

Contractual

Supplies

Equipment

Land &Structures

Grants &Claims

Miscellaneous
TOTAL OPERATING

CAPITAL EXPENDITURES
ICHANGEIN REVENUES ( 0

0.0 0.0
1.000.0

1002 Federal Receipts
1003 GF Match
1004 GF
1005 GF/Program Receipts
1037 GF/Mer.tal Health
Other Interagency Receipts
TOTAL 0.0 0.0

Estimate of any current year (FY2008) cost:

POSITIONS
Full-time
Part-time
Temporary

ANALYSIS:  (Atlunasoparalo page if nooossary)

Fiscal Note Number: 1

Bill Version: CSHB 336(RES)
(H) Publish Dalo: 2/11/08

Dept. Affected: DCCED

‘rdu Alaska Energy Authority (453)
Component  Statewide Project Development

Component Number 2888
(Thousands of Dollars)
Information
FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

This legislation requires the Alaska Energy Authority (AEA) to conduct a study and prepare a proposal for a hydroelectric

power project on tho Susitna River appropriately sized for Ihe Railbelt Area.

Tho project would be significant in scope and would likely extend beyond one year; therefore, we suggest a capital

appropriation.

It is likely additional funds would be required, but these amounts are indeterminate at this time.

Wo assume that AEA would develop a best lit scenario, and develop a preliminary design to provide enough detail that a
valid project concept cost estimate and schedule could be developed and reported to the Legislature no later than June

Phone 907-771-3012

30. 2010.
Prepared by:  Sara Fishor-Goad. Doputy Director ¢ Operations
Division Alaska Enorgy Authority

Dato/Timo 1/25/08 9:00 AM

Emil R. Notli, Commissioner

Dalo 1/25/2008

Approved by:

Commorco. Community, and Economic Development

fiiiod timiTOor omii

Page - of 1
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Stage of Project

11/81

Preliminary In-

v

estigations

Field Studies

OffBice RAD

Demonstration
Project

Phase |

Phase 111

Phase |V

Phase V

Evaluation

Support Staff

*

FAX NO. 907 269 0229

Table ES-1. DEMONSTRATION COMMUNITY COSTS

[tem

None
None

Appliance Tasting

H2 Storage
Fueling Station
Automohbile Conversions
Three-Wheeler Conversions
Boat Conversions (gasoline)
Boat Conversion* (diesel)

Alternate Wind I*ower System
(SHOO/kwW m 60 liills/kW hr)

Electrolyzers
(current technology)
fl2 Storage
Distribution System
Furnace Conversions
Water Raster Conversions

Range

Alternative Wind Power System

Electrolyzers

Alternative Wind Power System

Electrolyzers

H2 Storage

Fuel Coll System
(8600/kW)

None

Size or
Number

6 month

4 x 106 SCF
1
25
45
25
15

220 kw

1600 SCF/hr
35 x 106 SCF
400 people
100
100
100
1900 kw

14.000 SCF/hr

500 kw
1500 SCF/hr
260.000 SCF

150 kw

Subtotal

Freight + Contingency (302)

Aeauneu | month oenrage

NSTITUTE oOP 0 A

Total

Coat,* S103

100

1,600
50

50

90

50
300

240

100
8,000
720
40

15

15
2,100
870
550
100

280

90

14,360

4.300

1.030
19.690'

T ECHNOLOO O/

P.

04
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The world's water supply

If all earth's water fit in a gallon
jug, available fresh water would
equal just over a tablespoon-
less than half of one percent of
the total. About 97 percent of
the planet's water Is seawater,;
another 2 percent is locked In
icecaps and glaciers. Vast
reserves of fresh water underlie
earth’s surface, but much of it is
too deep to economically tap.



Little Cyclones end seven-game losing skid
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Cutting-edge energy

qumzlmirda*dhdq:mpla*ﬂtrAnes wauldie worldsfirst

S:jjl ttyyr? j

Tlie Amri Labfijalny it
ptxrpming 10 bald Ihr world's
fuff wind and hjdiurrn tocr-
gy plant in Awiei [under :i
throe-way panrienhl) with lhe
ciiyind lonastate lImeiiUy.

Tom Iltnon. ibe djrcctiir of
lie Ames Lah, virwl lie(ore ike
Aries Lily CixucilTtiesdav to
lerl: support tor a prfijerl Ih.il

MODE: ANr.KY CROWD Of
HDUIOWNIRS CONfRNNTS
ClIL.WOIl. OVM MDFW JJtS.

could pcovidr. incapenaive
clrcuicny lor the oly, be a
source of hydrogen for
irsriich and plnce Amet in
lot iiieinmional tpnliyhi for
renewable energy.

"Jl could he u win win Vlin
ifcil.” Hatton aid

Die CbJncil unaniinnuily
ipjvovtd nnxiuna to mnve ihe
project forwaid. directing staff
10troth with the Anr:'. Lab.

The propoiol project
would erect two wind turlanes
11 west Ames that would pto-
viile electtiory by Mmt-CTling
woter lo hyilrupex.

Hut ihr Ainet plant will go
bejrxid the standard wind oir-

bines because. of its itnliry lo
More eneigy using under-
ground hydrogen fuel cells as
"I>aitmes." Ilukhi amd. TI*
hydrogen could thea be recon-
verted into cleciricily on
demand.

W ni ihe go ifiead fmin ihe
city. llie plant could he up and
piauiae w/lhia Ifi muntht <n
less. li: slid.

WEILGY pkmrnr ill

WEDNUnAV.juNi aj.-jon" <

T.IC

r*11c Ml .

A»l'. lowa

Energy: Federal fundlng likely

GenryalfinrifcpAl

Major lurking foe the proj-
ect would Mu ly ctxne from die
U.N ‘'lepvOnent of Energy,
which is wortoag <n a White
House mandated Hydrogen
fuel Jxihatue to develop the
technology needed lo liml a
practical and inexpensive wuy
to convert witer inlo hydrugeo
fuel.

Hinos give no con esti-
mile for lhe proposed Ames
pnyrct. (rul said lluc each nr
ihe three entities would plajr s
pan initsat stina

ISU wiil be asked lo psrode
land for the project possiwy

one of ihe laiivrrsity Inrm sites
north ol Lincoln Way on
County Lite Road.

The city would acquire all
nerslerl pemuis and altowcon-
nection to lke mleraiy power
grid, Mcconlmp to ihe proposal.

Because each ivxul turbine
could produce u much at
5100.0U) sssath of elccutciiy a
year, it is cunccivublc that Ames
cooM nrtvduy lure ttr option
« sellputofdieenurytc otlxn
iiilunojHlines, Hatton tiki

The energy pbutl wouhl be
developed and iperalcd liv tie
Ames Lab, «txch woald use

lie hydiogen prndrced in cotr
ui«k m leseorcV particularly
in a search lot a hydrogen
hybrid metal.

The Ames 1l-ab is a
Department of Energy lilxira
lory operated by ISI) oa die
Auies canpas

Its hums go back Iu the
(Odttk, when Ames prtduced
more llian | milkuo pouuti of
uranium Inr the MardiaiLan
Project.

Suit wniit Irlb Aachea

iaijit Wiirlid si JW-/I51. fn .
151.in al chlrrums aiwicnla iwi

01 vOHON N Tr:e0 BN 800¢-S0-UVIN
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1?fLGa?..a.Q.d.power RenBwables.&.Hydrogen

Renewables &Hydrogen products and services - BP... BP Gas and power Products and

Services Renewables &Hydrogen ... ensure BP Is ready to offer hydrogen to .,. W "?

tip.com/secliongonerlcarticle.do?calegoryla=3050016&contIntld=3050076 * 3Gk - Ca:.hed ere a0 al energy foader
discovering alternatlve fuels.

UP Global- Press - Introducing, hydr.ogen.ppwer BP.com/us
HP's plan to generate electricity from hydrogen and capture carbon dioxide could ...

electricity using hydrogen manufactured from natural gas to create"...
www.bp.com/gencricartide.do?categoryld=97&contentld*i70C6978 -44k - Cached

See your.message ft)

Ford Motor Company - Press Release - FORD AND BP OPEN.FIRST
HYDROGEN ...
With BP providing hydrogen fuel, this event will provide a chance to see ... fuels” said Maria

Curry-Nkansah. BP's hydrogen business development manager....
rnodla.ford.com/newsroom/rcleasejlisplay.cfm7release-24585 - 19k - Cached

HP's only UK.bydrogen.station demolished - AutoblogGreen
HP's only UK hydrogen station demolished. Posted Jun 11th 2007 8:16PM ... For the past

tiree years. BP has had a hydrogen filling station at Humchurcb in...
SiUtobloggreen.com/2007/06/11/bps-only-uk-hydrogen-statJon-demolished « 61k - Cached

People's Daily Online - China's first hydrogen refueling station goes ...
Awebsite by thePeopie's Daily newspaper; China, business, world, science,... said Bill

Fitzharrls, general manager of BP hydrogen transport technology....
en5llsh.people.com.cn/200611/09/eng20061109_319883.html - 28k - Cached

.. world’ largest energy company, BP sees hydrogen as offering the potential to... this
position, he leads the BP hydrogen programme, directs the existing projoct...
vn.vw.nea.gov.sg/cms/sel/PSS'l html - 12k - Cached

.. announcement, BP had already announced plans for two such hydrogen power... near
tIP*s current oil-refining operations that heavily use hydrogen to produce ...
v<ww cleanfleetreportcom/vaull/carson.htm -11k -Cached

Ford.and BP.Open Hydrogen Station in Taylor. Another Milestone in ...
With BP providing hydrogen fuel, this event will provide a chance to soo... fuels,” said
Maria Curry-Nkansah. BP'6 hydrogen business development manager...

Ernewtwwe .com/cgi-hin/stones.pIVACCT»104&STORv "A,"ww/jtory/.. SEDATE® -101: -

ached

GIftpri-Qor C_Qrigr$ss: gp and Rio Tinto. Form JV for Hydrogen-Fwolcd
Powe ) .
lemn news.... 8P and Rio Tinto nave formoa a now jointly-owned company, Hydrogen ...

EP's prevmusly announcod hydrogen-fuolod powor projoctoin ...
vww.greencarcongrect.com/2007/05/riojinlo_and_b hlrrl - 13k -Cached

Media.Ford.com: FORD &BP TO BUILD HYDROGEN FLEETS &_FUELING
STATIONS ...

OFFICIAL NEWS. PHOTOS. VIDEOS, MEDIA KITS. EXECUTIVE BI0&148;S, PRESS ... to
Cace un to 30 hydrogen-powered vehicles, and BP plans to build a network of...
niedla.ford.com/articlo_display.cfm”artlce_id= 18184 - 69k -Cached

SHONJkOh KC5UL1S

£of ' JS Official site

BP.com/u* eWe're a global energy loader discovering alternative fuels


http://www.bp.com/gencricartide.do?categoryld=97&contentld*i70C6978
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Yflhool M" Yukon! Mill  WOtamiO. CUfel

Web Irpages Video Local . Shopping more
bpwind Search .J  options

1-10 cl eUrjl 3.SBQ A'Ofor bp wind (/

Alternative e.n.ergy_| bp.com
BP Alternative Energy consolidates all ot our low-carbon activities In Ihe power seuor. Inr.iuding

solar, wind, hydrogen and gas-tired power
www.bp.com/sectiongenencarticle,do?c3togoryld=22&contenl!d=200G538 - 65k - Cached

Alleroatlv?..5np/gy._*low.cpj.bpj3EpwEjLp/.t(ie Fujuce
V/ind power. Among the most cost-competitive sources of low carbon power... carbon fossil

fuel power available. BP has high-efficiency gas-tired power...
www.bp.com/modularhome.do?categoryld=70IC&contentld=7026283 - 31k « Cached

Two oil giants plunge into the wind business - The Boston Globe

.. some of the biggest players in wind power in the United Stales, accelerating a ... five
generators of wind power, while BP’s Alternative Energy group - launched ...
boston.com/news/.../03/02/two_oil_giants_piungeJnto_th9_wInd_business- 40k

Clipper Wirjdgoyver Completes_Sales Contract With. Bp. For Delivery of 300 ...
, 0or 300 MW, orciipper's 2.5 MW Liberty wind turbines to BP for delivery in 2009.... In the
United States. BP's wind portfolio includes the opportunity to develop...
prweb.eom/releases/2007/9/prweb556233.htrn - 48k - Cached

BP Alternative Energy Acquires W ind Enefqgy._C.Q-
... 2005 to bring together BP's low-carbon electricity businesses.... a small wind farm on a

small acreage that get3 sweeping wind* year around in SW Indiana?...
www.renewableenergyaccess.com/rea/news/story"iid-47040&src=rss - 36k - Cached

AUMEENMJIANS5MEBQg"g.LO.Q —3plgriEngrgyWJnd-PQWgr..CQmL$4b
Investment...

... strong opinions on alternative energy resources Incl'ding wind power, solar energy, wave
energy, geothermal & othor... BP is making its first major investment...
alt-e.blogspot.com/200S/07/4b-investment-in-wind-power-by-bp.html - 39k - Cached

Clipper Windpower Press_Release
... COMPLETES SALES CONTRACT WITH BP POR DELIVERY OF 300 MW OF WIND
TURBINES IN 2009... In the United States, BP'a wind portfolio includes the opportunity to

develop...
w/vw.dipp«rwind.com/pr_092607.litml - 10k - Cacned

BP Breaks Ground On First Wind Project In Texas
B ° broke ground today on its first wind projoct In Texas.... BP believes that sustainable energy

aliematlves and the development of tho wind ..
www.renowablf>8norgy»ccoss.com/rea/nBws/story'<ild- 4992P8«!;rc_rss - 16k - Cached

BosKy Mountain News - Denver and Colorado's reliable source for...

BP's foray Into the local wind Industry came nboul recently when it bought... BP's wind energy
Investment horo Is on lop of Its continued focus to Increase ...

rockymnunLilnnnws ccm/drnm/anerey/artlde/ - 3ul<e Cached

North American Windpower:.ConlcnLi Pr.Qjccts & Contracts / BP Plans.To ...
HP Plans To Begin Building Fivo Wind Farms In 2007 ... o wind project developor under BP

Pt C, has announced that It oxpoctc to bogm ...
www.nawindpowar.com/naw/e10/_pluginh/conlenl/content php?content 377 - *7x - Cached

d a m 11 Mr=% o


http://www.bp.com/sectiongenencarticle,do?c3togoryld=22&contenl!d=200G538
http://www.bp.com/modularhome.do?categoryld=7OlC&contentld=7026283
http://www.renewableenergyaccess.com/rea/news/story':iid-47040&src=rss
http://www.nawindpowar.com/naw/e10/_pluqlnh/conlenl/content
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Ti
Ysbonl My Yahoo! Mail Wfciamie Guer

Web Images Video ! Local Shopping more

bp wind Mi Search ..) Options

11 -20Qaooul 3,080,000 /ar bp wind (/

Wind.tech International :_BP breaks .ground or wind project.in Texas
... International 19the worldwide information magazine for the wind energy industry.
application at scale of Clipper's new C-96 wind turbine technology forBP ....

vww .windtech-Internatlonal.com/corienl/view/1 <127/1 - 20k - Cached

first

WJindtechJdntematjona.L- BP Alternative Energy purchases wind .power.,..
International is Ihe worldwide information magazine for the wind energy Industry....

acquisition of Onon. BP’s North American wind portfolio Includes an opportunity...

www.wlIndtech-InlemaUonal.com/content/view/5184/2 - 20k * Cached

ENN: BP Breaks,Groimd On First.Wind.P/ojectJ.n Tftxas

.. new Texas wind power facility will see 24 2.5 megawatt wind turbine generators.... BP
bilieves that sustainable energy alternatives end the development of the wind ...
www.enn.cortVenergy/nrlicle/23030 - 15k - Cached

BP p.l.e. - Information & Fact Sheet - Hoover's
BP is also BO (Big Oil). Itis the world's second largest integrated o:l concern, behind Exxon

iVobll. Tho company, which was formed In 1990 from the merger of British...
www.hoovers.com/bp/-ID 5B872-/free-co-factsheet.xhtml

V/~comp.to.Clipper,WjndpowGr.|.Wind Turbine Manufacturer | Wind Power
THE STEEL WINDS PROJECT. A showcase for the first Liberty® turbines.... Completes Sales
Conbad With BP for Delivery of 300 MW Of Wind Turbines In 2009 ...

www.clippcrwind.com - 14k - Cached

BP_BreaksX2toundj*BirLVVind_EtiyedjrLTexasMEarth 911
Houston, Tx — BP broke ground today on its first wind projectin Texas.... BP believes that

sustainable energy alternatives and Ihe development of lhe wind ...
e;irth911,org/blog/,. /bp-breaks-ground-on-first-wind-project-in-loxas - 44k- Cached

elergym&com.;; BP_wMiPTQjOPtsJoi.2QP7
Y jur single source for... DP's US wind portfolio includes the opportunity to develop... the

year, BP acquired two US wind development companies...
www,#n*rgyme.conVenergy/2007/2007Q0028.htm ¢ 101. « Cnchori

Vapkton Press & Dakotan:. Story
Ba brings capital and expertise to Clipper's effort at developing wind ... 2Q0MW m 2008 which

It Mil use on other projects Iri DF’s global wind business. ...
w,vw.yenkton.net/storioc/080906/communily_20060909038.shlfnl - 27k - Cacliod

BP Alternative Energy Buys US Wind Company

... will allow BP to accelerate Its plans to develop o leading wind power business in North
America.... BP Alternative Energy announced Il had reached...
www.azoni.com/delails,asp?newsID=63S8 - 35k - Cached

Wind Energy
Unmeaning lhe power of wind...(Skandla) It ISthe ultimate renewable resource.... Sharp,

Kyocura, and BP are also large manufacturers ol r.olar modules, but this...
wv-v/.wlklnvecLcom/concopt/WIndJInergy * 048 « Cached

4 Prev 12 3 4 6 0 7 8 9 10 n Next >


http://www.wlndtech-lnlemaUonal.com/content/view/5184/2
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®m VENTURE: Comjmny TheToIfU\zjenturefwill Igillafljr
s e - - ttctti'wa Uydrogea-fneted pow-
inritiall>.will look'diitou- er- KCheraH‘fm, ,g.iang /batf hi-
hydrogen-fueled pOWty -ijlabdcarboo captureandjnor

»f;A<ftlivnolopr til_ product new
"t araw*rtrd fiu t m Jm<m\ > jafostle™yplieli o ,clen

LOffTKW ~ 10il: prpduc electricity., ¢ ... ..ee

er BP and minerJUo Tolo-Utll- 'es"PA<|Jd™I3mSuch as these have
be working.to(either lo.detcl* thb potential lo help deliver the
op dean power prefects around carbon emission . reductions
the world, tke eampanlcs said which coin))innH and countries
Thursday. ! around the world art now seek-

MONEY

ing," sold BP Chlel Rrccutive
TbnylUyuard..

«-'Bit said thnt previously an-
nounced hydrogen-furled low-
er projects' in Peterhead, Scot-
land, and Carson, Calif, will be-

/1~ 10

come port of Hydrogen Kncrgy.
KioTinlo w~l make a cash pay
rocollo BPbfabout|32 riulion,
subject In postcompletion ad
justmcalLs. «

Tbhc new company will be

AncNotag* Ditty Mc«

energy projects

based in Ubybridgc in southeasl
Ungjand and will unliMly have a
ala3 dJ 7a traiudrared from tile
parrot companies.

Lewii Uiiies, formerly hend
of UP's hydrogen pDwer busl

nesj, ail bo chief eicculKc of
Hydrogen Enferjo; and Fteter
Cuunnrl'gliAm, formerly Iwad
of liusincsE nmluation for Hio
Tiiilo, will become chief fuu*n-
cinl officer.
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NDNOTEWORTHYTT:

from page 20

unissinn Facilities for Re-
cncrators," (he new catego-
> defined as "high-voltage
;on faciiilies necessary to
xct large concentrations Of
enewable sources."
this category, transmission”
over the initial costs
the trunkline, and those
acn offset by the tramtmis-
is charge (TAC). Once a
rgy generation facility is
teracors would pay a 'pro-
. based on the project’s cg-
uis, this strategy Tcduce”
u of money collected from
ashman adds,
is aiming for FERC to ap-
concept of the proposal
le feedback if there are any
fill. According to Perez,
time limit for FERC to rc-
rropcisal, but he hopes to
ponsc by April. If they do
approval, CAISO would
to acquire ihe stakchold-
which would most likely
o three months, and then
Ic the proposal with FERC.
>l President Bushs recent
le Union address, which
generating more rencw-
Perez I»elicves FERC will
e proposal.

ER BOLTS...

ns for the
hergy Industry

“If you've been following all the
action in Washington, o.c., the ac-
tion has been renewables, iciiew
ablcs and renewables,” lie says. "Mere
we're coming with a proposition that
will facilitate renewable devclop-
menFjf-j3Serc-a'lretting”nunT'
WohtfftTbet they would pass it.”

-Shelley Paventy

14?2 * /0 .fefscfall

W ind Power

Increases Worldwide

Reports from the American Wind
Energy Association (AWEA), the Eu-
>pean Wind Energy Association
(HVVFA) and the Global Wind Ener-—
gy Council (GWFC)~shTrw-5'(5Tld
growth in wind power markets

around the world.

In terms of new installed capacity
in 2006, the U.S. continued to lead
with 2,454 MW, followed by Ger-
many (2,233 MW), India (1.840
MW), Spain (1,587 MW), China
(1,347 MW) and France (810 MW),
according to GWEC's annual figures
for 2006.

AWEA reported in its recent mar-
ket forecast chat wind power gener—
ating capacity in the U.S. increased
27% to 11,603 MW in 2006 and is
expected to increase an additional
26% in 2007.

SPECIAL AND STANDARD FASTENERS
fffusprint Spac/als « Cuttom Studs

“if~ods, Rat screen televisions and
other highly sought technologies are
dealing a demand for electricity
that is beginning to eclipse our cur-
rent supply.” says Randall Swisher,
executive director of AWEA. "Wind
is a proven, cost-effective source of

rgy that also alleviates global

~arrHing and enhances our nation’s
energAecurily.”

The forecast indicates the U.S.
wind energy industry invested ap-
proximatem $4 billion in new instal-
lations, making wind energy the
second largest source of new power
generation in the country, behind
natural gas.

AWEA'’s industry outlook also
found that:

- Texas accounted for nearly a
third of the new wind power in-
stalled in 2006,

- new ulility-scale turbines were
installed in a total of 20 states across
the country and

- the top five states in new instal
lations were Texas (774 MW), Wash-
ington (428 MW), California (212
MW), New York (185 MW) and
Minnesota (150 MW).

GWEC's annual Figures for 2006
reveal that 15,197 MW of wind en-
ergy was installed in 2006 around
the world, bringing the total in-
stalled wind energy capacity for
more than 70 countries to 74,223

MW —up from 59,091 MW in 2005.
The countries with the highest total
installed capacity are Germany
(20,621 MW), Spain (11.615 MW),
the U.S. (11,603 m w ), India (6,270
MW) and Denmark (3,136). lhir-
tcen countries around the world can
now be counted among those with
over 1,000 MW of wind capacity,
with France and Canada reaching
this threshold in 2006,

According to EWEA, 7,588 MW
of wind power capacity, worth ap-
proximately 9 billion euros, was in-
stalled last year in the European
Union (EU) - an increase ol 23%
compared to 2005. The cumulative
wind power capacity operating in
the EU increased by i9% and now
exceeds 48.000 MW.

AAERTO

Open Plant

Bromont, Quebec-based wind
turbine manufacturer AAER Inc has
signed a ten-year lease agreement,
with ajt option for an additional five
years, with Olymbec Inc., the owner
of buildings that housed the former
Hyundai plant in Bromont.

Under the terms of the agree-
ment, AAER has leased 1J 1,141
squar feet to be used for the assctn-

Yaw and Blade Pitch Bearings

Diameter'- lo h.l melei-

Design and Manufacturing
eBall and Holler ConfiaiiraMnnK



ission, the RP5 requires each in-
suir-owned utility to incm.se ils
ocurement of eligible renewable
nerating resources by 1% of load
r year to achieve a 20% goal. Buc-
Vista will provide over 38 MW of
ncl power to the state's electricity
stomcis.

“We arc very glad to partner wids
J&E in the first and important re
iwcring in the Ahamont area,"says
ike Garland, head of Babcock &
own's N'oith America Infrasimc-
rc Group, ihe developer of the
oject.

Jntario Project

Started

. Acciona Wind Energy Canad
jit., a renewable energy project
I'loper and affiliate of Acciona S
Lid Suncor Ener%y Products Ind/,, a
holly owned subsidiary of Suncor
icrgy Inc., have started consttuc-
onon a 76 MW wind farm loc. ted
ear Ripley, Ontario. \
Foundations for the 38 2 M\W
nercoii wind turbines are now b
g poured. Pending weather condi-
ons, construction will rake a brief

Let ATS
\/nn

break during the winter months and
Is expected to be complete this sum-
mcr, with die project commissioning

proximately 550 MW. Construction
Is currently underway on the 300
MW Cedar Creek project, a dcvclop-

scheduled for late 2007. K ment venture between BP Alterna-

The wind farm is located in " live Energy and Babcnck & Brown,
Huron-Kinloss township, apprnxi- N in Weld Count)', Colo. The 274 tur-
niately 220 kilometers west of vir bines that the project calls for will he
Toronto |he project is expected 1o " erected on a 32,000-acte site. Ac-

have the capacity to power 24,000" cording to Governor Bill Ritter, D-

homcs and offset 66,000 ions of car
bon dioxide per year.

Colo., who supports the wind farm,
it will create up to 250 jobs and has

In addition, Suncor and Acc kthe capacity to power 120,000
will submit an application for fund-yQlomcs.

ing from the Canadian government’s

recently announced ccoKnergy Re

ncwable Power Initiative, which sup-

porXwind pnweTitevelopinent in
da. A

/INM ch-0 *) "

BP Plans Five 7

W ind Farms 0

BP Alternative Energy North
America Inc., a wind project devel-
oper under BP PLC, has announced
that it expects to begin construction
on live wind power projects in the
U.S. in 2007.

According to BP Alternative En-
ergy, the projects are expected to
deliver a combined capacity of ap”/

In tern atio n a

r W IN D T

The remaining projects include a
65MW wind farm in North Dakota,
a60 MW joint project with Clipper
Windpower in central Texas, a 100
MW project in western Texas, and
the Yaponcha wind power project in
California. The Yaponcha project
consists of repowcring an existing
wind energy facility in San Goryonio
ass -the company expects the facil-
ity to have a capacity of 20MW.

"Our 2007 build program sur-

ises our target and does so a year

cad of schedule,” says Robert

<cfahr, president of BP Alternative
Energy. “It is a testament lo the cal-
inei of peoEIe working in our busi-
ness and the opportunities in the
U.S. wind sector.”

BP Alternative Energy adds that

| b e

raffic &

Sl

Ni

*

a

it plans to deploy 150 MW of Clip-
per Liberty wind turbines in the
projects as part of the supply and
Joint development agreement it en-
tered into in 2006 with ClippcT

Windpower.

NBP, TransA lta

Enter PPA

Calgary, Alberta-headquartered
TransAlta Corp., a generator of elec-
tricity from a variety of sources, in-
cluding renewable energy, has entered
into a 25 year power purchase agree-
ment with New Brunswick Power, a
New Brunswick based power suppli-
er. The agreements represent the
province’s second power purchase
agreement.

Under the terms of the agree-
ment, TransAlta will provide 75 MW
of wind power to New Brunswick
Power. TransAlta will construct, own
and operate a wind power facility in

*X5the  Kent Hills area of New
" Brunswick. Natural Forces Tcch-
t nologics Inc., alocal Atlantic Canada

wind developer, is TransAlta’s co-de-
‘velopment partner in die project.

' The 25-turbine wind farm is sub-

N Np ject to regulatory and environmental
£ £ approvals, and is expected to begin
N commercial operation by the end of

< 2008, the companies say. Once coin-

. V™ plcte, it will provide a capacity of
N M\270,000 MWh per year, v hich is
b, enough electricity to meet the needs

uf approximately 136(K) homes. The

Cco
CD

ro

&b

i

co



MAR-05-2008 WED 03:42 PM ANCHORAGE LIO

ie proposed facilities
:sota Power's electric
near Hewitt, Minn.,
says. Barnesville,
artered Bear Creek
LLC would build,
ate the wind farm,
iture 13 25 MW tur-
tured by Germany-

Bear Creek, the irviriai

ted to be operational

ar-once that is crect-

1turbines wil be in-
capacity of 32.5 MW.

; expected to ae com-

nnesota Power adds.

rican

10 M W

| Energy Co., a Des
ased electric utility
if MidArnerican En-
Co., Is seek.ng ap-
lowa Utilities Board
40 MW' of wind en-
i power supply.

“In addition to the environmen-
tal benefit of adding new wind en-
ergy production in lowa, customers
of MidAmerican Energy will con-
tinue to benefit from electric rate
stability,” says Greg Abel, president
of MidAmerican Energy Holdings.
“The last electric rate increase Mid -
American Energy customers experi-
enced was in 1995, and we propose
adding the new wind energy while
maintaining electric rate stability
until 2014, which is nearly 20 years
of electric rate stability for Mi-
dAmerican Energy' customers,"

In addition, the company has an-
nounced plans to erect a wind tur-
bine for renewable energy generation
at the lowa State Fairgrounds. The
lowa State Fair wind turbine will be
built in part due to the voluntary
customer donations to MidAmerican
Energy’s Renewable Advantage pro-
gram. Since its inception in 2004,
more than 5150,000 has been donat-
ed to the program. MidAmerican
Energy will fund the remaining
$743,000 required to erect the wind
turbine and make a $4,000 annual
payment for the easement for the

wind turbine site, the company says.

Construction of the turbine is
scheduled to begin this spring and
be completed in time for this year's
lair, MidAmerican Energy adds.

~ 0 9-

BP Orders

W ind Turbines?

Vestas Americas A/S of Portland,r
Ore., har~received an order rrom BP
Alternative Fnergy North America
Inc. for 50 V90-3.0 MW wind tur-.

bines to~accelerat7TEc*growth of *

BP's U.S. wind portfolio.

"Co

According to the companies, de- &

livery of the turbines will commence
in the fourth quarter of this year.
Vestas will supply and commission
the 50 wind turbines as well as main-
tain and service them for five years.

“The V90-3.0 MW turbine is an
important part of our growth in the
North American marketplace, and
we are pleased that BP has included
this turbine type in. its wind portfo-
lio,” says Jens Soby, Vestas Americas’
president., *.

“3
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8 TECHNOLOGY DEVELOPMENT

"... [Tiediscovery with which we are dealing involves
forces of nature too dangerous to fit into any of our
usual concepts.” (The Congressional Record of 1875,
concerning the discovery ofgasoline). * j

*Quoted by Anthony M. Moos in FuelCells, Vol. Il. ed. G. J. Yount;, (New York: Rcinliold
Publishing Corpo aiion, 1963).
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42 4 Natural Gas 175,000 cu ft. 150,000 cu. ft. 12,500 cu. ft
5 1 cu.ft=1,031 btu 180,425,000 btu 154,650,000 btu 12,887,500 btu
6 175 Mcf 150 Mcf 12.5  Mcf
7
8
9

48 10 ‘Electricity 8,500 Kwh 7,200 Kwh 600 Kwh
11 1 kwh=3,412 btu 29,002,000 btu 24,566,400 btu 2,047,200 Btu
12 28,130 cu. ft. 23.828 cu. ft. 1,9B6 cu. ft.
13 28.1 Mcf 23.828 Mcf 1.986 Mcf
14
15

54 16
17
18 Gasoliino 468 gal. 1,500 Gal 1,000 Gal 250 Gal.
19 1 Gal=124,000 btu 186,000,000 btu 124,000,000 btu 31,000,000. btu
20 180,407. cu. ft 120,272. cu. ft. 30,068. cu. ft.
21 - 180.4 Mcf 120.3 Mcf 3D.1 Mcf

60 22 ftJ u fr C/Ayr
23 Water » h

\Y/
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= cu ft. nat gas
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7,200,000 Kwh
24,566,400,000 btu

23,828,000 cu.ft.

23.828 MMcf

1,000,000 Gal

124,000,000,000 btu
120,272,000 cu. ft.
120.3 MMcf
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History and Development of Steam Boilers

by S.T. Mackenzie

Each stato In the union has its own particular
claim to fame, but vhon | think of "Worth Carolina”
there alvaye comes Into iiy mind a picture of good,
sound progress symbolizing a spirit that ia cog-
nizant of tradition, but not hopelessly chained to
[t; a spirit dedicated to advancement but not al-
vaya seeking the new merely for the sake of change.

There are many things which make Worth Carolina
a great Btate. Its people, itB resources, its
er..erpriBoa. Important among tho elements that
have contributed to the rapid growth of your state
is the presence of many engineer* and their organ-
ization Into societies such as you have here. Pro-
gress doesn't Ju*t happen. It takes enterprise. It
takes thought. It takes courage. Mo»t of all, It
takea engineers. Without engineers to translate
dreams Into practical, working, economical reality,
we would be e poorer, weakor notion.

Wo cannot single out any branch of engineering
a* being a greater contributor than any other to our
mutual progreeo. We are all too interdependent, need
each other too much to draw any fine distinctions.

No place is this bettor illustrated than in tho
subject vhich | am discussing today: "“The Hiotory &
Development of Steam Boilers™. Perhaps | should
have called It: "More Steam - Less Muscle”.

Offhand, nothing sounds quite so commonplace as
ateam bollora. They've been around for years. It
might bn more exciting to talk about supersonic Jat.o,
gas turbines, moon rockets, or what have you.

But lets put thiB ntoom boiler In perspective.
Why waB it important? Why iD it Important today?
Why w ill it bo important in the futuro? T think vo
con floa the answers to these questions quite clearly
if we Just go back to our fundamentals for a moment.
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Whan did men Tirst begin to develop the
steam holler In earnest? Why, vhen they
roally needed energy on a scale greater than
that vhich could® "be supplied by human and
animal muiicles. Of course, as long ago ae
150 B.C., Bero of Alexandria suggested this
boiler and reaction turbine, but the society
of the times vaa not ready for it. It was
not until nearly 18 centuries later, In 1629
that Branca made this draving of an impulse
turbine, By this time, hovevar, many con-
ditiomi exieted which sparked the rapid
development of thla now source of energy:
Mining for ores and minerals had expanded to
a really great scale and large quantities of
fuel were noeded for smelting. In addition
considerable fuel vaa needed for space heat-
ing and cooking. Industrial and military
growth, especially in England, also deimaded
evir greater amounts of fuel. By the middle
of the 1600's forests were being rapidly
denuded and it became Increasingly necessary
to find some other basic source of energy.
Thus dciBpite the fact that 300 years ago
poople were executed In England for burning
coal because it produced highly noxious and
dangerous fumes, the dynamics of historical
grcwtb mado it essential to remove these
restrictions, and coal mining began to in-

crease .

At coal began to be minod on a large
scale, mines became deeper and deeper, and
wore often flooded with water. The English,

In particular, were faced with a very aerloue
curtallaont of their growing industrial
military and political might If they could

not flr.d oome economical vay to pump the water
cut of tholr coal minoo. The Importance that
was attached to this problem can ba seen from
the great number of men who ware working on It
and by tho many, many patontn that wore leeued
on machines to pump water by the use of "tne
erpannlve power of iitean.”

Tlii* mutual dependence of fuol and machine
lo not always corroctly explained. It le true
that tho development of machinery created a de-
mand for fuel, but It Is even more uignlifleant
that tho need for more fuol crontod a domand
for ancilnory. The ekfly nwchlnea used wood and

2.

P.
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charcoal ae fuel. Many years elapsed before
the application of machine power to fuel pro
curement could bring production of fossil fu
up to a high enough point to dleplace wood.

FAX NO. 907 269 0229

els

Incidentally, thoso oarly developers were

fully aware of the nature of the energy they
vore UBIng. TheJr machines tero Invariably
referred to as "fire engines”, alnce It was
t.he energy of the fire that was being harnas
end transmitted through the redlum of steam.

SAVERY

Savory's eteam engine of 1698 ueed the
vacuum -- achieved by alternately forming
Qtofim in a cylinder end then chilling It --
to pump water from alnee. His might be con-
sidered the flrat practical engine, and It
was actur’ « UBod In various locations.

NEWCOMEN

Tho first Important development for
securing useable energy through the medium
of stoam, however, originated with Thomas
Newcomen, an iron monger living In Dartmouth
England. BIfl flret engine was baaed upon
the concept that If ateam were admitted to
a cylinder in which was fitted a piaton, and
then a Jet of water were admitted aad the
steam condensed, the preeaure of the atmos-
phere on top of the piOtun would force the
piston down the cylinder and thereby produce
pover which could be utilized for the then
asset Important purpose of pumping weter from

coal mines.

Newcomen produced what Is probably the
first coianercial steam engine and In 1712
had one operating In a mine at Cornwall In
England, Noto that the boiler for this
engine - referred to aa the Eaycock type
because of its shape -- vaa really a plain
copper brewers kettle. Ptobbuts was that of
the atmosphere. The ouccooe of Newcomen was
due to bin conception of a device that would
use steam at or below atmospheric proosure,
thus accommodating his needs to the con-
struction abilities and materials of the

diy.

sed
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WATT

The next aignifleant development In the
steam engine came through the efforts of Wetc,
whose genius and enterprise really put the steam
engine on the narket in a large v&y. Watt'e
partnership vith Bolton, who vs» an excellent
business man vith capital and machine and foundry
facilities, produced a combination that brought
about a very rsplu development In tho entire

field cf steam pover.

Wett hegan hie experiments vIth th6 steam
engine In 1760, bat commercial realization cam

about 1790 and ¢ Is is regarded as the beginning
of the industries revolution -- only 165 years

ago.

Watt's principal coacopt was that If the
steam could be condensed, in a separate shell
distinct from the cylindor Itself, the heat
lost by the cooling of the cylinder in Nevcomon's
engine vould be saved and that the amount of
pover could be Increased to vhatevor extent
pressure increase vae permitted by Improvements
in boilor design. Ihe condenser separate from
the cylinder Itself produced a saving of approx-
imately 1/3 In the coal required for a given

duty.

Among Wett'e many contributions to engine
improvement, porbaps the moat Important vae
hia device to translate the reciprocating motion
Into a rotative motion. This development of the
eo-called rotative engine permitted Its Intro-
duction into mills and factorion vhore beltB and
pulleys could traamr.it the pover to rotating
aachlnory. Thus began the process of substitut-
ing energy for nan's muscles -- a process still
vith us, and perhaps otill In Its infancy.

Watt's recorde obov that ho fully realized
the advantage of higher pressure ateam but he
nevor built a boilor for these blghor prooauren
and expended all of his offorto on the engine.
He used the Waggon typo boiler vhich produced
largo amounts of ntoam at about pounds press-

ure.

P.

20
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Watt studied ths scientific end of his
problem probably more than any one who pre-
sided him and developed tahles shoving the
axpunslon of Bteam and changes In volume et
mriouci pressures. Incidentally, as ve vill
discuso later, the investigation of steam
properties la today an Important necessity.

TREVITHICK

The next outstanding figure vaa Richard

Trevithlok, vho as a boy of sight vent to

vork In one of his father's mines in emn

English mining district. There he received

ae much engineering training as vas avail-

able in those days, since his Tether vas

mnager of several mines and thus Richard

vaa permitted tc travel from engine house

to engine house end observe the pumping jvou

engines, principally of Nevcomen doelgn.

trevithic#

Trevithick realized the problem vee

etill largely one of manufacturing the

toller. Whereon copper vae the only Do > >Si

material heretofore available, hammered

vrought-iron plateo could nov be used

elthough the maximum length vae 2 ft.

Follod-1Iron platoB became available In

about 5/16" thickness In 1795%*

In 1000 Trevithick made an engine
for Ib pressure, having a 25" cylinder
and e 10 ft. stroke. ThIB Dame high
prossuro made possihly the successful
construction of a high pressure engine
and boiler mounted together. This boiler
vuu built in 100b and had n cast Iron
cylindrical shell vIth the rear end

dished.

CORNISH BOILER
Ae the dotuand Increased for larger ,f CORKISH BOILER: «
and larger amounts of pover, It vaa necoasory 1" 1812
to build larger and larger boilers, or put up
vith thv Inconvenlonce of a multiplicity of 13wl
njiill units. Here le a typical Cornish
boiler. Leter developmonto saw the flue broken
up bjr many gao tubea to Increase heating sur-
faco as much an poeeible, This vaa easentlally
the deelgn iu widespread use up to about 1070*
HovrTer, flre-tube bollero vore limited in
capacity and pressure. Alno, because all of
the stoam vaa concentrated In one big shell,

parts of vhich vere exposed to radiant heat,
they Vere subjeot to dluastroua exploelona.
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WATER TUBE BOILERS

Tile question c¢f boiler cepncity and
safety vaa of beBlc importance, and It la no
exaggeration to aay that for a time failure
to derelop adequate bollerH threatened to

halt Ind'JBtrial progreee.

HcveVer, man la an Inventive creature
and the moment a challenge arlBeB, he sots to
work vIth might and main to lick. it.

The vay to orercomo tho deficiencies of
the fire tube boiler vaa to use a vater tube

hoiler.

In 1856 a vater tube boiler vae designed
and patented by Stephen Wilcox, although it van
cot built until several year* later. The drov-
ing shcvfc a sinuous tube at an inclline rather

than a etralght tube.

ld 1867 Stephen Vilcox patented a straight
tube boiler vith tubes at 15 degree elope and
arranged vIith handholes In the header eo that
there vas access to the tubes for cleaning.

The horizontal caet Iron tubee at the top of
the unit served In place of a steam and vater
drum. Tho vertical rows of Inclined steam
generating tubee vere also of cast Iron and
vore cast en-bloc. Internal tubee or core*
vere placed viItbin the Inclined tubeo to aid

circulation.

Stephen Wilcox clearly understood the
forcee involved In natural circulation. With
this knowledge, he vos able to deilgn safe,
economl;al boilers that could produce the
large quantities of steam that an expanding
Industry needed to run Itd processes and im-
proved engines

The greater amounts of steam available ]
from vater tube bollere, their safety and In- TSEIIP

creased economy thus gave a great Impetus to

industrial expansion In the period, between orr -
1070 anil 1900. Thee© bollere vere important mrnlf
elements in the rapid growth of electrical _J,*%;

generation for pover and lighting.

FAX NO. 907 269 0229
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75 years ago, when Edison, using water
tube bollorB aa hie source of steam, harnessed
the steam engine to the electric dynamo, he bho-

a whole new era In energy production. At
the BRme tine, he opened up new concepte in the
field of tatributlon, Two great
problems wore ag solved:

A) How to *nufacturo ueoable energy
economically

B) Bow to transport it cheaply and
oafely over great distances

We are atlll in the middle c¢f this great
engineering advance.

With the development and application of
the oteam turbine, in the early 1900's, higher
steam pressures and temperatures vere needed fbr
most economical oporatlon. Superhoaters were
added to bollerB aa a means of heating steam
above the saturation tomperature. To meet the
demands for greater oteam output, boilers were
Inoreaeed In site, and hand firing gave way to
stoker firing.
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Higher ateam pressures and temperatursfl,
together with greater steam outputs, were re-
sulting In higher heat loesee up the Btack.

Part of these losses could be recovered by add-
ing more boilor ourfaco, but it was generally
found to be more economical to add an economizer
or an air heater, and ofton both. Feedwater
passing through the economizer absorbed con-
aidarable heat bofore entering the steam drum.
Preheating the incoming air for comhbustion
greatly Improved furnace efficiency. Later, in
the 20'0o many unite were equipped vIith reheatso,
to reheat the oteam after it had paaaed part imy
through the turbines, thus improving turbine
efficiency.

Burning coal in powdered form had long
attracted the interest of boiler engineers as
a means of simplifying and improving combuetlcn
efficiency. Pulverized coal-firing made rapid
otrldes in the 1920's. Not only vae efficiency
improved, but a wider variety of coale could ha
uead, and steam output was increased without
excessive increases in boiler size. Early
applications rstainsd brick-1lined furnaces.
Theeo vere often air-cooled in an effort to re-
duce punishment on the brickwork, But It was
evidont that new types of fumacee were noedod
[f full advantage V6re to be obtained from

this method of firing.

The need for improvedfurnace linings led
to the development of water-cooled furnaces.
Many different etageo were passed through In
thio development, including a combination of
part vater-cooled and part refractory furnaces;
tubos ccvered with metal or refractory-Iinsd
blocks; tuv«a embedded in plaattc refractories,
and bare-tubes backed vIth refractories. An
Important reftturo was that the tuboo forming
the water-cooled nurface ware an Integral part
of tho boiler ayntera, and the heat they ab-
sorbed vaa fully utilized to make steam.
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In addition to the steps outlined, progress
la otoam generation le "being furthered by con-
tinuous work on such problems as ash and slag
control; Improved firing methodB; metala for
higher proaouroa and temperatures; *team
purification; circulation; and many others.
lhue, at the mid-point of the 20th Century,
the modern central station boilor represents
a great advance over the first unite used by
Edison 75 years ago. [ItB height often exceeds
that of a ten-story building. Jto furnace may
consume as much as 20 carloads of coal per day —
and Its capacity may be over 1,700,000 pounds
of water evaporated, per hour. Design pressures
extend aa high nB 2700 psl, and steam tempera-’
tures of 1100 F aro becoming common.

The Radiant Boiler Is typical of preaont
day central station designs. It Is ee6ontielly
r largo water-cooled furnace vith a superheater,
economizer, and air heater. Reheaters are
often added to Improve turblno efficiency. An
luportant featuro lo tho high degroo of re-
liability, so that slingle-boller-per-turbine
inatailstlono, vIth no standby unite or crose-
connocting piping, have become btandard praotice.
Bollere are often not taken off the line from
one year to tho next, except for mndatory
annuel Inopecticma.
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At the other end of tho scale is the
package unit, used for the heating and steam
process noedo In many industrial plants,
hoepltalB, and large buildinga. It la a fully
automatic Belf-contained unit that is shipped
completely assembled requiring a minimum of
work in the field to place it in operation.

Important in modern heller practice
is the fact that tho featuroa of econangr and
durability developed in large central station
units hive also been incorporated in analler
boilers for industrial use. Typical of the
units which aro available for economical
steam generation in the moderate-capacity
range is this Integral-Furnace Boilar, which
la adaptable to steam requlremonto ranging
between fl0O0OO pounds and 50,000 poundo per

hour.

This larger Irttegral-Furnaco Boiler, 1j
used in largo indue trial plants and many
central stations. It is adaptable for Btoao
roquironentB up to 350,900 pounda per hour,
pressures to 1150 pel, and temperatures to
910 F. The hopper bottom design contrlbutoo
greater furnace cooling area, providing for a
aalf-clnaning furnace and continuous dry-anh
removal,

10 -
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Bollbjb for Naval and Merchant Marine ueo

call for special dealgno because of the need
for compactness, lightweight, and the high

degree of maneuverability required for vessels

at eea and In port, The Single-Uptake, Con-
trollod-Supox-heat Boiler le one of a oeriaa

of designs contributing to the high degree of
economy embodied in American Naval and Merchant

vessels.

The Cyclone Furnace lo typical of tho

aanner In which constant attention to the al

Important matter of greater economy In eteam

FAX NO. 907 269 0229

generation la forever leading to new inventlom.

CruHhod coal, blovn spirally at groat epood
Into the Cyclone Furnace, ie embedded in a
coating of slag, whore it burns rapidly In a
continuous blast of high-teaporaturo air
travelling at 200 mpb. The Cyclone Furnace
traps 90% of the aeh In the form of molten
alag, wbloh con be readily drained off, and
gnoes passing up to tho stack are relatively
free of fly-aah.
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Qua Important feature 1o common to al
these unite: They operate vIth natural cir-
culation. Wo pumps are needed to force the
water through the tubes. The water flova be-
cause of the differences In density between
water on the one hand, and the oteam-vater
mixture on the other. However, as water and
stoam pressure 300a up, thle denelty differen-
tial becomes less and less, until it dlaappeare
at the critical pressure of 3206 pel. For
a while, this threatened to delay progress
toward the use of higher steam pressures.
However, In the mid 1930's The B&W Co., de-
veloped the Cyclone Steam Separator, which Is
located Inside the Steam Drum. This causes the
ateom-vuter mixture to whirl in a cyclone
action. Heavy, dense vater la directed down-
ward, and the light steam risen. With this
device, it was possible to build boilers for
natural circulation to pressures ae groat aa

2700 Ph:L

400 too

So here la whoro we stand today. This
great boiler might be taken ae a symbol of
progress since Stephen Wilcox first developed
hie water tube boiler only a century ago. It
supplleit steam at 20C0 pel, 1050 F to run a
reheat turbine generating 217,000 kilowatts.
't burns SQtons of coal aa hour, which Is
ground in .hose pulverliere to talcum powder
finances. Thla coal 1b blown Into a furnace
vhich operates under pressure, another great
forward step in recent yeare. Instead of
using tvo fane - one to push air In, the other
to draw gates out, only a forced draft fan b
used. Thle means significant savinga in :on-
etructton costa, fuel costs and contributes to

operaticg simplicity.

1Z0O0O 1600 2000 z«00 2600 3200

JAOC fPtSSUHC Hi!
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The steam In superheated to 1050 F and,
after passing through the high pressure
turbine, returns to the reheater where its
temperature ie again raised to 100 F so it
can do its work efficiently In the low
pressure turbine. Now | toee off t.hie at«am
figuro of 10p0 F very lightly. But did you
ever think of the kinds of metals needed to
contain steam et thle temperature -- which In
110 high that the pipes carrying it actually
glow in the dark7 Behind that simple stato-
nenta stands a whole hletory of technological
MoTelopjMnt without which power progress
vould have been eerlouBly curtailed.

Thle unit has an efficiency of about
SO per cent. In other words, it ie taking
Just about all of tho heat out of the fuel
that is economically possible.

This boiler and Its aaaoclated turbo-
generator produce a kilowatt-hour for about
$000 Btu. Only thirty years ago it took
10,000 Btu to do the same Job. Surely thie
is a groat forward Htep -- one of which we
as boilor designers ore proud -» but of which
each of you as englneero can aleo be proud,
because it io the achievement of the entire
profession working with devoted cooporation
tint has tuade it possible.

These groat anergy-aachigea are a ko7 to
the power and well-being of our nation today.

Nov, | believe | have shown why steam
bollere wore important in the pant and why
they are important today. What of the future?

I would like to touch on two important

dtvelopmonts -- one of immediate interoet
and tho other having a longer range elgnl-
flcance.
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This collection of curvoe points out
rather veil the direction in which we mutt
go for further development in conversion of
energy from fuel to electricity. It ‘’hove
plant net heat rateo for various combinations
of pressures, temperatures and reheat cycles.

Where the top curve intersects 2000 pal
is JUBt about where we etand today. As you
can see, merely increasing pressure 1b not
going to give sb much gain in boat rats. We
have to increase both the temperature and the
preBeure. For example, if ve ueed b500 pBI
pressure and 1200 F oteam temperature, with
two reheats to 1200 F, ve would have a heat
rate of about flI0O Btu per net kilowatt-hour.
However, while we are ready with superheater
and rehoater alloys for these condltione, tho
turbine manufacturers are, very understandably
not quite ready for the entire Jump. There-
fore, for the next step, wo are going to h*00
pel, 1150 F, vIth the first reheat to 1050 F
and the second to 1000 F. The heat rate for
tbeae conditions will be about 8500 Btu per

kilowatt hour.

Previously ve pointed out that at tho
critical pressure of 3206 pBi, and 705 F, EFFECT OF STEAM PRESSURE AND TEMPERATURE
steam hse the earn* density as water and PPANT NET eEAT RATE
therefore con no longer be separated from
the vater. Thlo moans that an ontirely new
kind of steam gonorator is nooded. Ao a
mattor of fact, it is no longer possible to
use the word boiler elnce vater does not boll
at these pressures. It Inotantly bocomoo

steam.

To meet theoe condltiona, 13&W has de-
voloped tho Universal Pressuro Steam
Generator, which can operate with equal
facility both above and below the critical
pressure. While thio picturo of the unit
may Been quite complicated, you can think
of it a«i being merely one long tuba. Wator
enter* r.t one end, changes to oteam at some T
intermediate point., and becomoH superheated ’
on itn way to the outlet end.
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There is nothing nev about this principle.
Men hove been working vIth it alnce at leaot
182h. In ay ovn Company, ve began experimental
vork In .1916. Ae tho man saya, the ldea 1b
elaple. AIl that hao to be vorkod out are the
details. Believe me, the details have taken,

and ore taking, some vorking out!

The flx**t Universal Pressure Unit la being
installed In The Philo Plant of The Ohio Fov'er
Company on The American Gas & Electric Syetom.
Fabrication haa begun and it ia expected that

tho unit will bo ready for operation oarly in
1956. This nev Installation vill generate
120,000 kilowatt* -- three times as much bb

ihe 30 yaar old unit it vill replace. It vill
fit in the same apace, require little additional
cooling vater, and vill require about bo” leao
fuel per kllovatt-hour, Thus vill begin

another entirely nev era in energy conversion.

Nov | knov that many of you are thinking

"What about Atomic Energy?" | have no doubt

that vhen our prehletoric ancestors eav a . .-
volcano bloving its top, one or tvo of the |r~r
loss frightened, more intelligent among

them night have wondered dimly how that groat

energy could be harnessed. Aa ve have already

OBen, tens of thousands of years passed boforo

oomobody decided that steam vus the vay to do

the Job.

52 TP X Ib(er> wv Cl

In the Bane faBhlon, vhen vo eav the
terrlblo might of atomic fiBalon reloased
over Hiroshima, ve vere anxious to knov how
thiB great force could ba tamed. Again, the
anaver 1lb steam or Its equivalent.

Too many people without a full knowledge
of the facts have been writing about th#
gloving benefit* to bo expected from Atomic
Energy. And certainly there will bo many
bleBflings in the future. But an practical,
every day men, charged with immodiato du-
cialon, vo must keep our feet on tho ground
and take oaeh ntep carefully.

15 -
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This curve ohovo the rate at vhioh the
Atomic Energy Commission itself expects
Atomic Energy to begin to supplement fossil
fuels In the development of energy. Progress
moy actually he Bomevhat faster, hut this ie
a fair guide of vh&t vt> might expect.

The question is one of economics, Hov
much does it cc.Bt to build an Atomic plant
to generate electricity comparedvith a
fossil fuel or hydro plant? Hov much villit
coot to keep the plant running, including cost
of fuel? Because of tho great technological
advancee | have already described in con- A
ventional pover plants, Atomic Energy plant# '
vill really here to go some, especially In tho
U.S., to justify their coat.

Despite ubio, ve believe the AEC ie sound
In going ahead vIth a plant to generate 60,000
Xv. As you knov jVestinghouse he.a th# respon-
sibility for this development, and the plant
vill be at Shippingport, Pa. on the Duquesne
Light Co. system. Tvc cf the boilers are bolng
built by Babcock & Wilcox Company and tvo by
Toeter-Wheeler Corp.

Ab this diagram shove, heat from the
reactor vill be used to gonereta steam In
special bollors vhich vill supply it to con-
ventional turbo-generator unite. Khil# the
ovorall construction and operating costs may

be high, much will be loarnod from thl* plant
that vill be of considerable assistance in tho
developjcent of the Industrial use of Atomic
Energy.

- 16 -

EXPECTS THU OTMaND
IH

AEC
FIRFOMROR

NEXT HALP-CENTURY..
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North Carolina has

grown fastin all ways

19% population growth
iince end of 1945

3,467,000 4,126,000
POPULATION PIfSFNT PCPULATION
IND OF IV ISTIVAT)

North Carolina has

grown fast in all ways
100% ELECTRIC CUSTOMER GROWTH SINCE END OF 1945

PRESENT
ELECTRIC CUSTOMERS

ELECTRIC CUSTOMERS
END OF 1945

RESIDENTial USE (P HICCTRICI) Y

AVEFIAIr um  cuon*** Avmci roxc psD
9 f1
L Wik
Si

iSt . (T5UcoTT

= —

M itftn






MAR-05-2008 WED 03:47 PH ANCHORAGE L10

H

P

T RDE
3y
5:,

]

=
A
o
&

o
x~
I.
Q]

SV=O>XISNV
-_—

*
Vv
N3

=
| |

y d

r O C € S S

VATE NICKEL INFCC FEEDS

IANAOEMENT PREP REVISITED

IEMBRANE RECOVERS HYPROOEN

>V

FAX NO 907 269 0229

y~rJUNE1881

r ocarbono™

n g

Process
Control

Estimate benefits
These five methods
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nonexact expressions
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PROCESS TECHNOLOGY

M e m nes

Conocjf uses membrane separation to
re"p”er the hydrogen that would
otherwise be lost In hydroprocessing’s
purge stream

K. G. Shaver, Conoco Inc., Ponca City, Okla.,
G. L. PoffMttoerow, MEDAL, Houston, Texas and
D. R. Grottvwold, Liquid Air Engineering Corp.,

Houston, Texas

A M8MSRANE-HASED(Mroeen rt.-ovcry system (HRS))
rffcrs a simple, reliable and economical answer to the demand

mifKrewd hydroper, eupply. The sy:-
m*n can deliver a reliable supply of
95-% pure Hj from offgas streams
containing from 15% to 80% H". The
| puriiy levelofamcmhrane-bnsrd
h.so allows maximum versatiliiy in the
plant use olrcccvcrer! Hi. Simple, low-
cost installation and an advanced, low-
maintenance dengn contribute to HRS
i/Ticicncy and economy

An important application for ihe
membrane-based HRS is in connection
with hydroproccssing units More hydro-
gen will be needed when hydroprocessing
reverivv > increased to meet stringent
govcrnrnen -mandated product specified
uonj. Traditional!-/, the hydrogen is sup
plied as n byproduct from r.aphiha
catalytic reforming, or asa primary prod-
uct from vteani icforming oflight hydro
icarbons. TIlitrHR S offers an additional"'1l
mpply of liydrogen by recuvrring the
amount lost in the purge stream from a
hydroproeeiaor's hydrogen recycle loop.

A joint venture between Dupont and
n>emhers of the Air Liquidc Group tre-
ked the M>dal membrane-bated HRS,

flm Pyv.Jfi ~

Conbocc'

ria i —viow atmcdal

mombrarwvbased hydiovcii
rasovery system.

recovert

hydrogen

The process has proven reliable since its startup in December
of 1957 at Conoco's FoncaCity, Okla., refinery The process
proved remarkably cost-efficient: a simple payback was
achieved in just 1.7 years.

The Conoco experience has demonstrated the profitability
ofthe HRS, which continuously exceeds design specifications
for hydrogen recovery, even with a lced rate variation from 8
to 20 MMscl'd. A view of the HRS is shown in Fig. 1. Fig.
2 shows ihe historical feed and hydrogen product stream
compositions and Fig. 3 shows ihe historical hydrogen recov-

ery rate.

Operating benefits. The installation of a membrane-based
HRS offers several inherent advantages to hydroproces»ing
" ATV $CSAL>IBV

: . Wete'r.,
Sy f

°
N A

-
Hydrocarbon Procaattno. Jus 1000 77
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units. Improved product quality, incrcntrd catalyst life,
greater fcccisto ;k flexibility, higher productivity, increment!
hydrogen economy (the difference between hydrogen’s Ate
gas value and its feedstock value), and reduced powri
consumption have all followed the adoption ofthis technology.

.Specific operational benefits for the Conoco commercial
HRS include:

* Added value resulting from the upgrade of the tokei
distillate proc. -t from the gas oil hydrotrcnter (GOHDT) t
higher quality gas oil.

¢« Decreased coking ofthe GOHDT catalyst due to alowet
operating temperature accompanying the higher hydiCget
partial pressure. Catalyst life has increased. This translates tc
increased run lengths and fewer turnarounds.

* Enhanced light cycle oil hydrodesulfurizer (LCOHDS
productivity. Fewer passes of dark oil feed through the uni
arc required to meet product API and color specifications.

« Longer times between regeneration ofthe LCOHD S uni
due to the decreased operating severity possible through us*
of higher hydrogen concentration in the unit.

* Decreased energy consumption in the GOHDT makeu]
compressor due to recycle ofthe LCOHDS purge The higlie
hydrogen purity stream allows lower volumetric flowratcs
makeup gas to be compressed.

In comparison to other hydrogen recovery systems, th
Conoco rclincry HRS has minimal utility and maintenane*
costs. Utilities include Jowpressure waste steam for the fret
preheatcr, electricity for heat traiing on piping and vessel
during HRS inactivity and instrument air Maintenance fa
the membrane system hits been limited to routine inspections
recaltbration ol instruments ar.d filter element change out
The onstrcam efficiency ofthe HRS has equaled the feed g.v
availability.

Table 1identifies the quantifiable economic benefits Ol (h<

HRS

TABU |— HAS economic*

Investment, i 6R2.000
Detuta, 1'yr .
Stenin consumpt on &(m
Lost hydrogen fuel value 2f,non
Maintenance ana overhead 31
total 1Zh.000
Credits, Slyr
Gos 0* HOT producl upgrade 390.000
LCO HDS product upyade 74.000
Reduced power consumption 42.000
Total 512.000
turning*, l/yr aae,000
ample peytiacK period, yr 17
TADLC 2—Typical hydroproceeelng unit
opnmting condition*
Operating l#mp«raiua\ *F 500 1100
Operating prosiu'p. psig toaoooo
Cnomieai hydrogan consumption, sci/nctoHoi 5 200-2.030
60- 00

Purge stream hydrogen content, molt*
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fsj. 7—Ftow diagmm ol tiydrog*n recovery system

Hydroprocassinfl background. Hydrogen coniumer*

Juch is hycrotretiter.*, hydrodesulfurixm and hydrcicraekrrs
rfnio'r impurttie* iind upgrade Iftw-value distillate streams
tomore valuable feedstocks or produris. The severity (tern-
Krature and pressure required to acromplinh the conversion
process) nf .i hydtoprmesiing unit vatic* with the condition*.
Lfthe 'crds'ock High.pressure hydrooackcrs arc often used
‘o convert higher boiling point materials into motor luels,
lower pressure hydrmrcaters cntalyiically stabilize
“*rremtnr objectionable rlemcnti from petroleum ptod-
ucts <i feedstocks. Table 2 and Fig 4 show typ.cal
Lldrnpioccsting conditions and a typical flow scheme
In the hydroprocemng unit, hydmgen is combined with
ri: frc*h fccil and heated before being fed to the hydropnocets

114 rr;,uor In therrminr. hydrogen is consumrd tn dciulfur

S
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hydrocracking and olhci side reac-
is separated rom the reactor

ization. hydrogenation,
tions. Unconsutried hydrogen
liguid products and recycled back to the reactor. Thr. recycled
hydrogen is combined with fresh makeup hvdrogen prior to
being fed to the hydroprocessing reactor. A portion of the
recycled hydrogen is purged to prevent inert buildup.

Most refineries amme-treat the recycle stream to remove
undesirable sulfur compound' and then take tdvantage olrhe
pressure energy contained in the purge sisea n by using it as
makeup hydrogen for lower pressure hydrop-otessing opera-

tions. Fig. 5 shows an integrated refinery .'tydroproersstng

hydrogen system,

The high-pressure hydrogen
hyriroproccssing unit is an ideal
recovery. With membrane technology, hydrogen separation is
driven by a partial pressure difference. The recovered hydro-
gen can be returned to the hydroproccssing unit reactor loop
a*, makeup or used as a high purity hydrogen stream for other
hydroproccssing applications.

Hydrogen partial pressure is a key design and operating
consideration for a hydroproccssing unit. For new
hydroproccssing units, the hydrogen partial pressure required
to achieve the desired conversion directly alfects equipment
sues, pressure classifications and costs. Incorporating mem -
brane-based HRSs into the design of new hydroproccssing
units keeps operating pressure at an economic level.

In existing hydroproccssing units, hydrogen partial pressure
directly affect* operating severity, compression costs and liquid
thruput Installation of a membrane-Intscd HRS reduces
operating cost' and/or increases liquid thruput by raising the

purge stream from a
candidate for hydrogen

hydrogen partial pressure in the reactor.

A membrane-based HRS was the preferred technology in
recover high purity hydrogen from Conoro's GOHDT purge
by using the available pressure drop to the LCOHDS

Previously, at Cunoco's Ponca City refinery, a GOHDT
high-pressure -itirge stream, containing 71 mol% hydrogen,
fed the LCOI DS and die cryogenic liquified petroleum gas
(LPG) recovr y unit. The purge itrcam was let down from
the GOHDT to the LCOHDS and used on ® once-through
basis in the LCOHDS before being purged in the fuel system

Conoco's design specification for the HRS w«j to produce
a stream containing 93 mol% hydrogen from the GOHDT
high-pressure purge stream (75% recovery of hydrogen). Thr
available pressure drop from the GOHDT to the LCOHDS
provided the driving force lor the membrane separation Fig.
6 illustrate* the prevent COHDT-LCOHDS system

The HRS hydrocarbon product stream i«sent to the i.ryo-
genierecovery unit fur recovery of LPG The hydrogen product
from the HRS is sent to the LCOHDS and, again, utcd on a
nnce-through basis. Because nfthe high purity ftf the hydrogen
feedlothcLCOHDS, the LCOHDSolfgasremainsQO* rnoi%
hydrogen The high purity of the nftgas allows for optimum
hydrogen utilization by recycling this stream to the GOHDT
makeup compressor The addition of thii recycle effrtnvdy
increases the capacity of the membrane unit.

D**Jgn phNoaophy, | he feed pretrratmcni section t imams

a knockout drum, a feed ptehentcr and dry gas filter. Feed
guv cnteis the prcireatment section at ihe knockout drum to

MaHmkehin et in
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fig. 5—Pcrmealor uses radial croisllow separal on

eliminate liquid slugs and remove entrained liquid droplet*,
Thr lerd gas then passrs through ihe prcheaicr to provide
lupetheai, and finally It>thr dry pal filler to remove any
particulates before entering the membrane sepaiulion section
Fig 7 *luiw» a flow schematic of ihe 11KS,

At the membrane separation scuion dm gas i» distributed
for processing into three pcrmcator vessels The pcrmentoi*
use hollow fiber membranes configured in a radiul crossflow
pattern as illustrated in Fig. fl. The 12-inch dioinrtr.r com
incrcial bundle* resemble filler cartiidges and consist ol a
collection of million* of hollow fibers formed together fur
installation into a pcrmc.atoi vtwsel.

Feed ga* cnicr* the side ol die pcrmcator vessel, iv dnnrib-
«atec! into the annuiui between the liber bundle and ihe vessel
wall, anil mntinuvs to flow ludiolly inward Av live ftetl gn>
contacts the hnllnw libers, ihe mure prinvrabk hydrogen
diffuses through the wall ol the hollow liber and is earned
through the tiver tnirc, rxmng the lihei ut a lower pressure
Tin lesspmmuble hydrocarbon* How around the liber wall*
to u perfui uirtl <enter tube e\itini* ihe perr.vfatnr ut xppro.v
imaicly Iced pressure

The MRS w r designed for maximum llcviliiiuy and

BO Hydrocarbon Procasting, June !*91

on-line reliability. The presentment section was designed m
handle 150% ofthe normal feed flowratc and the membrane
separation section was sized to surpass design specifications
The Iced gas prchcater is a hairpin lypc exchanger which i*
specified for compactness and uses waste sicam. It is operated
a* a flooding condenser. Unit capacity can be easily mcrealcd
by connecting additional membrane separators in parallel to
the existing separation skid,

The MRS is designed as a modular, skid-niouniod unit.
The Conoco Refinery's MRS consists of two sections; a [fC(j
preiioatmoni skid and ihe membrane separation skid. The
installed unit encompasses an area ol approximately 12 Icet
by 50 feel.

Conoco refinery personnel's experience in hydrotrenting
operations was used 10 establish the design and integration of
the HRS. For example, since the amine contactor used to
treat the COIID T purge stream had a history nffoaming and
carrying over liquid slugs downstream, design specifications
included a knock-out drum with a misr eliminator pad and
liguid level control as protection lor the recovery system.

The membrane pcrl'uriTiancc parameters were evaluated
and quantified at a pilot facility also located in Conovn's Ponca
City rclinery. The pilot facility is highly instrumented and
computer-controlled lor real-time data acquisition from mul-
tiple commercial .scale membrane bundles. Tests, using actual
field gas streams with compositions ranging from 18 to 80
mol% hydrogen and pressures up to 1,ICO psig, led lo (he
development of a computer model and performance maps lor
this membrane system.

Summary. Conoco's Ponca City refinery substantially re-
duced the capital investment rerpiiremcnt lor recovering
hydrogen by installing hydrogen membrane technology. A
companion of hydrogen recovery and purification technolo-
gies indicated that the hollowfiber membrane was superior
for this application Low capital investment, low utility cotit,
high hydrogen recovery, consistent hydrogen product pumy,
minimal maintenance coms Und high flexibility support the
MEDAL HRS alternative [ ]

Tho authors

Kimbra G Shemit agocats engineer tor G+
dJ, where she provded
hydrogenmentrane l—ddartolmBeS
goup. oli
in chervical engineering, the is currently
P s Contenls DS ety St
as | S re, 1T»
merber ol AChE had

L PoHenberyer is abushoss meneger tor
%GL Housion Jxs whero ha cooraretas
engneeino, PhD mandadunng and sdles per
DRNRLIT TSN SOeRre, T ot

leun relming engineeyi n Glor:
Sd’IXiOfMI’DSrng_ruﬂ’E fimi verture
urstored hewaswith Gonooo s Denverrelinery
and then noved to DuPot tohelpdevelop Mmem

brane separation

Delbert R Qrotonold Wes an

{e_ter with Li%dA’r er%dmairg &'p at_ltfild?%g
ni was His aspor whil'tic)
dupgjper rrerrtmnpreh%rs al custoer tites ht it
NOW wim fitir Prooess Qonrads me, i

lands. le*tt: holder ol a Csdag'ce in snarmi

andpetrdeumrdnirg ang |rjl8gofmm
Schod ol Mres, heit a mentber d [



Susitna Hydroelectric

W rithe /JV C

Project

FUTILE QUEST FOR A PLAN OF FINANCE

I n ALASKA two contemporary large-
scale engineering projects are noteworthy.
One is the development of North Slope oil
including construction of the
trans-Alaska pipeline. This impressive
achievement is the work of private com -
panies and private capital. A second impor-
tant contemporary megaproject in Alaska
Is one planned by a public agency of the
state-the Susitna hydroelectric project.
Planning activity on this project was re-
cently suspended, and the current prospect
for its revival is not good. Despite the un-
happy fate of this project (or perhaps be-

resources,

cause of It), the Susitna project is an
interesting case study of public sector
planning for a major infrastructure de-

velopment project.

This article considers only the finan-
cial aspect of the Susitna project. As it
happens, this is the critical dimension,

because the failure to devise a workable
and acceptable financing plan led to the
project's demise. In this paper Iwill review
the history of financial planning for the
project from 1982 (date of completion of
the feasibility study) through March of
1986, when the project was put on the
shelf. The objectives of this review are to
explain why a workable plan of finance
was so elusive and, more Important, to seek
insights from the history of the Susitna
project that may tenefit future planning

for major energy projects.

PROJECT DESCRIPTION

The Susitna hydroelectric project was
to include two dams along the Susitna
River in the Talkeetna Mountains of

wutfscenrral Alaska. When completed, the

by Gordon S. Harrison

project would have a combined installed
capacity of 1620 megawatts and an aver-
age annual energy yield estimated at 6200
gigawatt-hours.

The Watana Dam, intended for oper-
ation in 1996, we* m he a rock structure
885 feet high and 4100 feet long, capable
of generating 1020 megawatts. At this
height, Watana would be the fifth highest
embankment dam in the world, and the
highest in North America, exceeding the
Mica Creek embankment dam in British
Columbia (794 foet) and the Oroville Dam
in California (771 feet). The Watana reser-
voir would extend upstream 48 miles; it
would be 1 to 5 miles wide, and it would
have a maximum depth of 680 feet.

The Canyon Dam, located 32
miles downstream from Watana,
scheduled to be operating by 2002. It was
to be a double-curved concrete arch 645
feet high and 1500 feet long, capable of
600 megawatts. The dam's
it among the nine

Devil
was

generating
height would
tallest arch dams in the world, including
in Arizona (725 feet)

include

the Hoover Dam
and Inguiri in the Soviet Union (892 feet).
The reservoir for Devil Canyon would be
26 miles long, V4 mile wide at Its widest
point, and have a maximum depth of 550

feet.

ALASKA POWER AUTHORITY

In the United States, major public
sector infrastructure projects are typically
built, owned, and operated by quasi-
independent public corporations. So it is
in Alaska, where the Susitna project is
under the jurisdiction of the Alaska Power

Authority (APA). The APA is a public

corporation governed by a board of direc-
tors appointed by the governor of Alaska.
It has its own professional staff but relies
heavily on consulting firms to provide
engineering and other technical expertise.

APPROACHES TO STATE
SUBSIDIZATION

Large infrastructure projects that are
developed by public corporations usually
the sale of revenue bonds for
financing. Revenue bonds are debt issues
(the interest on which is usually exempt
fron state and federal taxation) sold in
the national capital markets that are
secured by income generated by the proj-
electricity sales, gate

fees charged to users

rely on

ect (road tolls,

receipts, and other
of the project).
However, Susitna was
expensive project that it could not be fi-
nanced exclusively by conventional reve-
interest and

such a large,

Payment of
revenue bonds sold to cover

nue bonds.
principal on
all project costs would result in an exorbi-
tant price for electricity in the early years
of the project. Therefore, it was always
assumed that the State of Alaska would
rit J to subsidize the project.’

Two forms of state subsidy for Susitna
were proposed during the course of project
planning. One was referred to as state
"equity" investment in the project. In this
case, state appropriations would be used
to pay some or all construction costs, and
thereby reduce or eliminate altogether the
requirement for The second
form of state subsidy was referred to as

“rate stabilization.” In this case, state ap-

borrowing.

propriations would be used to help make

Gordon S. Harrison Wet .usocijti director of the Alaska Office of Management and Budget, end a director of the Alaska Power
Authority from 1983 to 1986. Thit paper waspromoted to the conference on Global Infrastructure Projocts, Atoka Pacific Univer-
sity. Anchorage. July 8. 1986. sponsored by the International f ederation of Institutes of Advanced Study.
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payments of principal and interest on
revenue bondi. Thui, state subsidy would
be used to service debt rather than reduce
tha overall amount of debt.

State subsidy to tha project
form of loans was among the financing
mechanisms considered by project plan-
ners, but alternatives were never
fully developed
financing plans for Susitna.

Tho two main financing concepts of
equity and rate stabilization can be illus-
Line AE in Figure 1

in the

loan

and incorporated into

trated graphically.
represents the
electricity from a large, hypothetical hy-
droelectric project thatis financed entirely
by debt. This line gradually slopes down-
ward to point E because hydro projects
are typically built to accommodate load

real wholesale price of

growth (resulting in lower unit costs), and
because of the effect of inflation on level
nominal debt service. At point E, the initial
debt is retired and the price of power
thereafter Is based on operation and main-
tenance costs.1

Line ED in Figure 1 represents the pro-
jection of wholesale electricity prices that
would prevail without the hydro project.
In the case of Susitna, this lint represents
the wholesale price of power in the Railbelt
from gas- and coal-fired thermal plants.
This projection assumes real price increases

due to prices and other

rising fossil fuel
costs of operations.

Line BFin Rgure lrepresents thowhole-
sale price of electricity from thr hydro

a combination of revenue

project with
bonds and state equity. In this case, the size
of the state's equity Investment reduces
the amount of debt to that
produces an entry price of power from the
hydro project equal to tha price of power
from the thermal alternative (point 8). In-
creasingly larger equity investment in the
project would further reduce the price of
If the project were entirely

level which

hydropower.
financed by cash grants from the state —
100 percent equity flnancing-the whole-
sale cost of power would not have adebt
service component, and itwould represent
the variable costs of operation and main-
tenance only (this scenario Is not shown
in Figure 1).

Figure 2 illustrates how rate stabiliza-
tion works. Here, state contributions to
the project do not reduce the amount of
debt; rather, they the price of
hydropower (line AC) to the level of the
thermal alternative (line BC) until the two
are the same (at point C). Customers will

reduce

Pay for electricity along the line BC, with
the state making up the difference through

TraNathem Ggrea, \O). IB N= 7 ad3

BEQUTY ANANONG

Atfrady
tawdealapie

RATE STABILIZATION

rate stabilization. At the crossover point C.

hydropower becomes cheaper than the
alternative, and no further subsidy Is re-
quired (customers then pay along the line
CE). An underlying assumption of this ap-
proach Is that customers will not be willing
to pay more than thay would otherwise
pay for electricity, notwithstanding future
savings that the project will create.

It is evident from the relative s'-a of
tha shaded area In these two figure: that
subsidy is involved with rate

less rtate

retnitei/ tho th e feftEtinia icetibat
SR e

stabilization than with the equity ap-
proach (on tha basis of the ganeral assump-
tions underlying these curves). Also, it Is
no doubt evident that utility customers
would prafer to pay along the line BF In
Figure 1 than BCE in Figure 2.

REAL AND NOMINAL DOLLARS

Because of the long time Involved in
debt lepayment, it is necessary to account
for the effects of inflation .rhen analyzing

the cost of any major project. Thus, fl-

3



nanca planners and economists distinguish
which
dollars,

between real (or constant) dollars,
inflation, and nominal

which indude the effects of Inflation, In
those terms, the cost of the Susitna project
was estimated to be about S5 billion at
prices prevailing In 1Q85 (real dollars), but
more than S12 billion at the prices pre-
the expenditures actually

exclude

vailing when
would be made (nominal dollars).

REVIEW OF FINANCE PLANNING

A review of finance planning for the
Susitna project is bestapproached chrono-
logically, beginning in 1982 when a major
feasibility study was completed.

P82

In 1982 a feasibility study of the proj-

ect was three financing

options proposed. During this time, how-

completed and

ever, the long-term oil price outlook was

deteriorating.

Acrtt Amtrietn rtport. In March 1982,
the firm Acres American released a major
feasibility study of the Susitna project.
The firm had been under contract to the
APA since late 1979. The Acres American
report proposed the two-stage construc-
described above under
This project con-
analysis

tion schedule
"Project Description."”
figuration and the supporting
became the basis for APA’s license appli-
cation to the Federal Energ, Regulatory
Commission (FERC).

With regard to financing,
American report proposeu three options:
(1) 100 percent state appropriation of the
estimated to

(2) a state

the Acres

total cost of construction,
be S5.1 billion in 1982 dollars;
appropriation of $3 billion (1982 dollars),
with the remaining project cost financed

Table 1. Finance Plant for tha Susitna Project
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with revenue bonds; or (3) a minimum
state appropriation of $2.3 billion (1982
the remaining project cost
(The Acres

financing

dollars) with
financed with revenue bonds.
American and other major
proposals are summarized in Table 1.) It
is noteworthy that one of the financing
the state

At this

options was a cash grant from
the full cost of the project.
it was widely presumed that Alaska’s

for
time,
statewide hydroelectric development pro-
gram would be funded entirely by state
grants.

The other two financing options .re
variations of the equity approach shown in
Figure 1. An equity contribution of S3 bil-
lion would represent an entry rate for the
project somewhat below point 0 in the
figure; an equity contribution of $2.3 bil-
lion was calculated to represent an entry

rate at point B (i.e., at a price equal to the
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prictof aiacirlciry from natural gas gener-
ation at tha tlma tha projact would bagin
oparatlon).

Changing ravanua outlook. worldwlida
cruda oil price* had escalated dramatical*
ly In tha aftarmath of tha Iranian crliis of
1979. In February 1981, tha contract
prica for Alaska North Slopa cruda on the
Gulf Coast had paakad at £36.90 par bar-
with predicting that prices
steadily into the distant
future. Long term
pared In mld-1981, consequently, indicated
that tha State of Alaska would be phe-
nomenally wealthy. Tha Acres American
feasibility study referenced the long-term
ravenue forecast published hy Battalia
Pacific Northwest Laboratories as partof

rel, experts
incraasa

revenue forecasts pre-

would

a major study of alternatives to the Su-

Table 2. State
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sitna project. Table 2 and Figure 3 show
this revenue forecast. Ciaarly, cash financ-
ing of Susitna was a plausible option In
1981.

In mld-1982, however, a dramatic de-
cline occurred In tha long-term ravanue
forecast, as indicated in Table 2 and Figure
3. Full cash financing for tha Susitna proj-
ect was no long*" obvious possibility,
but some form of state subsidy remained
dearly plausible.

Because of tha revised ravenue outlook
between 1981 and 1982, some disquieting
commentary on tha viability of tha proj-
report by Tuning
1982, for
prices of

ect began to appear. A
and September
examp,a, argued that the oil
1980 and 1981 were artificially high and
could not continue to be tolerated in the

Frickson In

of Alaska General Fund Revenue Forecasts,
(In' S millions, nominal.)
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marketplace; that lower oil prices nulli-
fied most of tha economic assumptions
used to justify the Susitna project; and
that, by implication, tha state would not
be able to provide the cash grants neces-

sary to finance tha project.5

1983

In
license for tha Susitna projact was filed;
It proposed two financing options. In spite
however, the APA initiated new

end economic analyses for tha

1983 an application for a federal

of this,
finendel
projact because of continuing declines In
oil prices.

FERC application. on 28 February 1983,
an application was lliad with FERC for a
federal license to construct and oparata
tha Susitna projact. With lagard to finan-

1981 to 1986.
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cing, the license application stated that
"costs for W itini through 1989 would be
financed by $1.8 billion (1982 dollars) of
state appropriations. Thereafter comple-
tion of Watana is expected to be accom-
plished by issuance of approximately $2.4
billion (1982 dollars) of revenue bonds."
Il also stated that the Devil Canyon phase
would be financed entirely by revenue
bonds. No doubt in response to
revenue forecasts, the APA had dropped
the full cash financing option, and recal-
culated the minimum state cash contribu-
tion to be S1.8 billion, or S500 million
less than the minimum contribution of

S2.3 billion identified earlier in the Acres

American report.

revised

Concern about the future price of crude
oil—the keystone of the project'seconomic
and financial feasibility assessments-we«
by FERC's staff.
deficiencies in the stare’s

thereupon expressed

Noting se'-val
application. FERC called for the APA to
incorporate updated oil price forecasts in

economic and financial feasibility

response to this and to other

its
Trudies, fn
critigues of the existing analysis, as wall
at to the changing oil price outlook gen-
erally, the APA contracted with the firm
Sherman H Clark and Associates (SHCA)

3t

to provide updated forecasts. In the mean-
time, a joint venture of two major engi-
neering and construction firms, Harza
Engineering and Ebasco Services (Harza-
Ebasco), had been hired by the APA to
provide engineering, design, and technical
in the FERC licensing process.

initiated a

assistance

Harza-Ebasco now review of

the economic and financial studies for

Susitna.

1984

During 1984
of the Susitna project began to receive
serious attention from the APA, the legis-
lature, and others. At mid-year, the long-
revenue outlook was robust enough
the

the financial dimension

term

to support in
project could be financed with the help

optimistic view thit

of tireable state grants. By the end of the
it had become apparent
that

year, however,
to APA
approach was needed.

1984 Up-dsts. In February 1984 the APA
released the draft report Simms Hydro-
slsctric Projsct Economic snd Flnsnclsl
Up-dsts Much of this report was the work
It incorporated the oil

financial planners a new

of Harza-Ebasco;
price forecasts of Sherman H. Clark and

Associates. The report validated the eco-

nomic feasibility of the project, but con-
tained a lengthy discussion of the major
unresolved financing issues facing the proj-
ect. This report also introduced the subsidy
mechanism of "rate stabilization."

Several financing options were reviewed
by the authors of the report, but two were
advanced at the most feasible: (1) state
appropriations of $1.5 billion for equity
in the project, and $400 million for rate
with the remaining costs

me bonds; or, (2) state
A $1.7 billion for equity
rate stabilization,

stabilization,
financed by re
appropriation
and $350 r tion for
plus m$1.5 billion loan guaranteed by the
U.S. Rural Electrification Administration
(REA), with the remaining costs financed
by tax-exempt revenue bonds (all figures
in 1984 dollars).

Thus, under these financing proposals,
the state would not only pay a substantial
portion of the project's construction costs,
but would also create and finance a rate
This fund (atexplained
State Subsidiza-

stabilization fund.
"Approaches to
tion") would then be
enough debt service on
keep tha project's wholesale

under
used to offset

the outstanding

bonds to

cost of power equal to the cost of the

best thermal alternative until tuoh time as

rt=«Nordkinn Bndroar, VAL 11, No 2»nS 3



the cosr ol alternative power for the proj-
ect surpassed the cort of hydropower (i.e.,
until the “"crossover point" was reached).

Whet characterizes the 1984 APA Up-
dan iIs iti somber assessment of the many
conditions that would have to be mat,
and the public policy decisions and com -
mitments that would have to be made, to
the Susitna project successfully
using multi-billion-dollar debt issues.
Among these were the necessity for: (1)
recognizing Susitna as ona of the state's
highest capital funding priorities; (2) pro-
myvttdmg adequate security for the very high
volume of debt, which might requireacon-
stitutionally dedicated stream of revenue
from the state's petroleum resources; 13)
obtaining tax-exempt status for
bonds; and (4) Immediately providing for
size.ble state appropriations to the Susit-
na fund, as well as for the retention in the
fund (by annual appropriation, if neces-
sary) of the interest earned on that

money.

finance

Susitna

Kentco report. Also early in 1984, a re-
port on the Susitna project was issued by
the consulting firm of William Kent and
Company (Kentco), which was working
under a contract with the Anchorage
Chamber of Commerce. This report, too,
recommended a combination of state
a rate stabilization fund, and re-
revenue bond financing. Thu pro-
posal, however, called for a larger rate
stabilization fund ($778 million) and less
equity (S800 million) than the 1984 Up-
dan. (These amounts are 1983 dollars.)
The report further called lor a majority
of the dabt to be guaranteed by REA,
remainder to be tax-exempt

equity,
sidual

with the
municipal debt.

The Kentco
its treatment of the financing issue.4 Ad-
dressing the Anchorage Chamber ot Com -
consultant William Kant stressed

report was optimistic in

merce,
that his finance plan "allowed a minimum
need for state investment, spread the

need for state appropriation over a larger
ot years, and did not present a
The plan, he

number

tax exemption problem."

said, "suggests a need to start appropri-
ating from 178 to 226 million dollars
annually starting with this legislative
session.”

Legislative action. puring the 1984 legi-
to June), two

that dealt with
legislature ap-

slative session (January
measures were enacted
Susitna financing; (1) the
proved the Watana project at a cost of
S$3.75 billion in 19B3 dollars; and (2) the

legislature made a continuing appropria-

TraNothem \a. 1I, No. 3ad 3

tion for "equity investment in and rate

stabilization for the Susitna project” in
the amounts of $100 million for fiscal
year 1985 and $200 million for each of
the six suoceeding fiscal years.*

W hile the Watana constru. “ion
figure of $3.75 billion was traceable to
the Harza-Ebasco Up-date, the origin of
the $1.3 billion (nominal dollars) total set
aside by the continuing appropriation was
a mystery. Many people assumed that it
was based on the Kentco report and W il-
liam Kent's Chamberof Commerce speech.
In any case, it bore no resemblance to the
finance plans proposed in the Up-date or
those being discussed by the APA staff

cost

and board.
Meanwhile, APA
maintain that some $2 billion (constant
dollars) was needed from the state to help
Thus, instead of rhe

staff continued to

finance the project.
$200 million per year for FY1986-1991
appropriated by the legislature, $578 miil-
required-or at
interest

per year would be

least $318 million per
could accumulate In the Susitna fund.*

lion
year if

Revenue outlook. was it reasonable to ex-
pect that $316 million ayear (plus interest
earnings of the fund) would be forthcom -
ing from the legislature for six successive
years to finance Susitna? In mid-1984, a
plausible argument indeed could be made
that the money was available, if tha legi-
slature had the will to see the project
through. Note that the revenue projections
shown in Table 2 and Figure 3 for 1984
are significantly higher than those made
the previous year. If one were to project
that the state's operating budget would
grow at the rate of inflation (approximate-
ly 5 percent) from a base of approximate-
ly $2.2 billion in FY1984. then the 1984
revenue forecasts suggest that the State
would have over $1 billion a year during
FY 1988-1991 to allocate for the capital
loan programs. Under these
appropriations of

projects and
fiscal circumstances,
$316 million per year to a fund retaining
its own investment earnings certainly was
not, on the face of it at least, impossible.

By the end of 1984, however, revenue
forecasts had fallen to their 1983 levels.7
Also, additional oil price reductions
seemed probable, due to a steady erosion
of OPEC's influence over oil prices.

There were other reasons, as well, to
believe that the expectation of massive
and continuing state appropriations for

Susitna was unrealistic. Notably, the 1984
Legislature had appropriated only $100
million for Susitna for FY 1985, while

total capital appropriations that session

exoeeded $1.2 billion, comprising the
largest unrestricted general fund capital
budget in the state's hlstor,. This was
hardly a good indication of legislative will
to sacrifice other capital projects in order

to pay for Susitna.

1985

During 1985 the APA and its consul-
tants redesigned the Susitna project in an
effort to facilitate its financing. Toward
the end of the year a team of financial
experts initiated work on a definitive plan
of finance based on the reconfigured proj-

ect.

Staging Proposal

At Its meeting of January 23,1985, the
board of directors of the APA adopted a
staff recommendation for a Susitna plan
of finance that called for state appropria-
tions of $1.94 billion over the fiscal years
1985-1995 to afund that would retain its
Interest earnings. This money would be
used for both equity and rate stabilization.
Minutes of the meeting show that the
board considered this option the best pre-
sented to date, and directed the staff to
continue refining it.

By this time, however, it was increas-
ingly apparent to many people that if the
project were to go forward, it would
have to do so under a financing scheme
that did not require such large state cash
contributions. Among those recognizing
this were high-level individuals in the par-
ent companies of the Harza-Ebasco joint

venture, who in January 1985 held infor-

mal meetings with the Governor, APA
executive staff, and board members to
discuss a proposal for staging the con-

struction of the Watana dam. Under this
Watana would be constructed
(the first and the third
Canyon dam would be

approach,
in two phases
phase); the Deuvil
the second, middle phase of the project.
The virtue of developing the project In
three phases instead of two was primarily
Three phases of construction
closely than two

financial.
would match more
phases the growth of electricity demand
In the Railbett. As a consequence, there
would be less unused capacity In the Wa-
In tha early years of project
and therefore a greater ability

tana dam
operation,
of utility customers to carry the burden
of revenue bond financing. Thus, accord-
the staging proposal, all three
would be financed entirely by
bonds, comparatively

state cash contribution

ing to
phases
revenue with a

modest remain-

7



ing necessary for rate stabilization only
in the early years.

In February the Board
public presentation of the
proposal and authorized Harza-Ebasco to
develop it further in an expeditious man-,
ner. At its meeting of May 3, 1985, the
Board approved the staged approach, and
directed the APA staff to begin preparing
an amendment to the FERC license appli-

cation that incorporated the reconfigured

received a
conceptual

project.

By October, APA staff and consultants
had prepared a comprehensive analysis of
the economic and financial aspects of the
new three-phase project. On the basis of
assumptions about the cost of generating
power from natural gas and coal (the next
best to Susitna), the APA
staff calculated that a rate stabilization
fund adequate to keep the wholesale cost

alternatives

of Susitna power equal to its thermal
competitor would require as little as
$253 million (1985 dollars). During the

1985 legislative session the continuing
appropriation to Susitna of $200 million
so there was already

the tank to finance

had been made,
enough money in
the project under this scheme (provided
the interest on this money was allowed
to accumulate in, or was annually appro-
priated to, the fund).

When the APA released its draft License
Application Amendmentin November, the
estimate of state contributions to a rate
stabilization fund had decreased further to
S$220 million (1985 dollars). The primary
reason for these low estimates of rate sta-
bilization was the assumption that without
large-scale coal plants would be
required in the 1990s to meet Railbelt

energy demand, causing substantial rale

Susitna

increases.

Preparation of a financial plan. By late
1985 it was increasingly evident that the
gquestion of financing was critical for the
Susitna project. In particular, financial
advisers to the APA were concerned about
the real-world problems of selling so much
debt for a single project in the national
market. These were the same individuals
who had contributed the lengthy discus-
sion of these problems to the 1984 Up-
date. The marketing Susitna
bonds was much more problematic now
contribution hid

task of

that the state equity

been alimirwued altogether.
the

Pressure also was coming from

legislature for the APA to produce acred-
ible plan of finance for Susitna. Finally,
critics of the project, such as representa-

tives of public interest advocacy groups

es

and the environmental lobby, were openly
asserting that the project was not finan-
cially viable. They claimed that the bond
market would not absorb so much debt
for a single massive project intended for a
comparatively small market area that was
Isolated from the power grid of the conti-
nental United States.

Late in 1985, APA’'sexecutive director
assembled a team of financial advisers (in-
cluding several bond underwriters, bond
lawyers, and others) to begin preparing a
definitive plan of finance for the project.

7d66

The team of financial advisers charged
with preparing a workable financing plan
for the Susitna project presented a draft
plan of finance to the board of directors
on January 23, 1986. The revelations con-
tained in this document led directly to the

.. thefinance team
concluded thatonly a
commitment of the
earnings of the
Alaska Permanent
Fund would suffice to
secure the state's
special revenue
bonds.”

termination of the project two months

later.

Plan of finance. The draft finance plan
presented to the Board in January was
built on the premise that very little state
cash would be available, and that all proj-
ect costs would therefore have to be
covered through the sale of revenue bonds.
Summed over time, these bonds would
than $20 billion
whether

(nominal).
the

total more
The
utilities
carry that much debt.

To assess the debt capacity of the util-
ities, the finance team calculated the max-
that the utilities

key question was

and the state could successfully

imum annual revenue

could generate for debt service, using at
a basis the assumption that the utilities’

customers could tolerate a maximum rate

increase of 3 percent (real) per year. Then,
using a 25 percent estimate for the maxi-
mum tolerable one time rate hike that the

Railbelt ratepayers could withstand in tha

event the project never operated, the

finance team estimated the maximum
security that tha Railbelt utilities could
offer bondholders against the risk of the

project's never being completed.

The
that the upper
the utilities for the project was $2 billion
(nominal). Thus, the State of Alaska
would have to Issue special revenue bonds

results of this analysis indicated

limit of indebtedness for

to cover the remaining project costs. The
State of Alaska, however, could not ade-
quately secure that amountof bonds, even
with the pledge of Its general obligation
debt capacity. After reviewing all plausible
alternative sources of security, conse-
quently, the finance team concluded that
only acommitment of the earnings of the
Alaska Permanent Fund would suffice to
secure the state's special revenue bonds.
The financial team also concluded that,
beyond lIssuing special revenue bonds and
pledging the income from the Permanent
Fund as security, the State of Alaska
would also have to provide arate stabiliza-
tion fund of $520 million (1985 dollars;
or $2.3 billion In nominal dollars) and an
additional $323 million (1985 dollars) pre-
licensing and development
rate stabilization

construction

costs. The reason the

requirement was higher than the APA
estimate published in the draft FERC
license amendment ($220 million, 1985

dollars) is that the draft finance plan sta-
level of a 3 percent
electric

bilized rates to the
(real) annual increase In
rates, rather than to the somewhat higher
rates estimated by the
the best thermal

retail

level of electric
APA to
alternative.

At its meeting of January 23, the APA

its executive director to

result from

board requested
submit the draft Susitna plan of finance
to rigorous scrutiny by a major munici-
pal bond underwriting firm, to lest the
validity of the finance team's findings.
Under contract to APA, the firm of Pru-
dentlal-Bache Securities then reviewed
the analyiis and conclusions of the plan,
and concurred with them in areport dated
March 21, 1986. Three days later, at Its
meeting of March 24, the APA board voted
to withdraw the Susitna license applica-
tion.

REFLECTIONS ON THE QUEST
FOR FINANCE: PROBLEMS
WITH TATE STABILIZATION

Even If a politically acceptable means

of securing the state's Susitna revenue

bonds had been found, it is doubtful that
negotiations between the APA and the

Railbelt utilities would have been consum -

TreNothemn Brginer, V. 11, No. 2«d 1



‘'mated under die finance plan advocated
by tha APA-that is, with rate stabiliza-
tion providing the only vehicle of state
subsidy.

At the time the Susitna project col-
lapsed, negotiations between the Railbelt
utilities and the APA for conditional
power sales contracts had been under way
for some time, but they were still in very
preliminary stages. The underlying prob-
lems of developing a contract that incor-
stabilization fund wore
identified nor con-

porated a rate
therefore never fully

fronted by the negotiators.

Neither of the existing contracts be-
tween APA and purchasers of power from
its projects (the four-dam pool and Bradley
Lake) incorporate rate stabilization.There-
fore the following analysis of the rate sta-
bilization approach is speculative insofar
ss the concept has yet to be implemented.
Nonetheless, in the course of financial

planning for the Susitna project, several

seriously complicating features of rate
stabilization emerged.
Problems with Rate Stabilization

There are two reasons for doubting

that power sales contracts placing signifi-
cant reliance on a rate stabilization fund
could have been successfully negotiated
between the APA and Railbelt utilities.
The first has to do with the pervasive pub-
lic opinion in the Railbelt region that the
Susitna project was going to bring immed-
iate rate relief, or at least stabilize electric
energy prices at their then-current level.
is that probably neither the
the state would have been

The second
utilities nor
willing to expose themselves to the risks
that rate stabilization entails.

Public expectations. Financing for Apa's
hydroelectric projects, the
"four-dam

other major

four projects of the so-called

pool" and Bradley Lake, relies on state
subsidy in the form of equity. In both
cases, state cash appropriations to the

projects cover approximately half of the
cost of construction, with the remainder
of project costs covered by borrowing.*
This financing customers of a
wholesalr cost of power thatiscomparable
at the o itset to the cost of power from

assures

thermal plants.

Railbelt residents had come to expect
the same of the Susitna project. The proj-
ect, after all, had long been touted as the
most economical source of Railbelt power
the best defense against

available, and

sudden and dramatic rate increases likely

Tra Northem Erfirwir, VAL, 11, No. 2ad 2

to be caused by the expiration of existing
contracts made Cook
gas some of tha cheapest

favorable which

Inle* natural
fuel in the country.

By the time rate stabilization entered
the financial in 1984, however,
Susitna could promise favorable
consumers only in the long run. With rate
stabilization, utility customers would
have to pay along the price curve of the
a point some-

picture
rates to

thermal alternative until

where in the distant future (10 or more
years after the projectwasoperating) .That
price curve, consequently, would expose
utility customers to the very same near-
term rate diocfcs from rising fuel costs

that Susitna was presumed to avoid.

As this realization permeated the utili-
ties' governing boards, the municipal gov-
ernments, and the public generally, it is
that negotiations

reasonable to expect

over Susitna power sales agreementswould

“Thus, a definite risk
existed that the
Railbelt utilities
might have topay a
substantial premium
for Susitna power.
Further, the potential
magnitude of this
premium was very
great

have become very protracted and compli-

cated indeed.

Allocation of risk. Among the risks associ-
ated with any major energy project, two
are crucial: (1) the risk that the project
will cost substantially more to build than
assumed In feasibility studies; and (2) tha
risk that the price of competing energy
sources will not perform as expected (i.e.,
will fail to increase, or not increase as rap-
idly as thought)." Either eventuality will
leave the project an overpriced producer
In the near term.
mutt be

In the market, at least
Somehow, then,
borne by the developer of an energy proj-

ect or the purchasers of the power, or al-

these risks

located between them.

In the Cam of Susitna, contract negotia-
tions between the APA and Railbelt utili-
ties never progressed to the issue of the
allocation of these risks. Nevertheless, the

approach to project financing adopted by

the APA after 1985 —Il.e., subsidy to be
useo exclusively for rate stablllzation-so
accentuated the risk of falling alternative
energy prices that neither the utilities nor
the state would have been willing to as-
sume It.

The risk of cost overruns on any major
engineering project is always present, and
has many potential sources. In the case of
Susitna, the probability of significant cost
overruns was not especially high when
major projects using new
technology and subject to
regulation (as in the

compared to
and complex
strict governmental
case of nuclear power plants, for example).
Nonetheless, it is unlikely thatthe utilities
would have accepted any of this risk in
power sales agreements with the APA.

A risk that was more difficult to ana-
lyze and to deal with in the Susitna case
surrounds the behavior of alternative en-
ergy prices. Here is where the risk-related
problems inherent in rate stabilization
financing became apparent. A rate stabili-
zation fund of a fixed amount for Susitna
would guarantee a floor on wholesale elec-
tricity prices, based on a projection of
prices from the thermal alternative. If al-
ternative energy prices were to fall be-
low this projected floor, access to them
would be blocked by a Susitna power
agreement. Thus, a definite risk
that the Railbelt utilities might
premium for
the potential

premium was

sales
existed
to pay a substantial
power. Further,
magnitude of this
great, as revealed in an analysis prepared
by the APA in October 1985.

have

Susitna
very

The APA's 1985 risk analysis lor Susit-
na investigated the sensitivity of tha re-
quirement for rate stabilization to certain
fossil fuel price assumptions.” It shewed,
in particular, that the present value of the
cost of a rate stabilization fund was only
S253 million using a "base case" set of as-
sumptions about (a) long-term crude oil
price trends, (b) the future availability of
Cook Inlet natural gas for electrical gener-
ation, and (cl the method by which Cook
Inlet gat prices would be set in the future.
When those "base case" assumptions were
relaxed, however, the present value of the
cost of rhe rate stabilization fund soared.
conservative but very reasonable
example, the analysis

Under
assumptions, lor
showed that a fund of between SI
and 12 billion in 1985 dollars would be

billion

necessary to stabilize Susitna’s rates at

the level of the thermal alternative (nat-
ural gas). The difference between the
"base case" eitimate of S253 million and

this estimate, consequently, represented

D
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the magnitude of the total rate premium
that Susitna customers might have to pay
if those conservative but reasonable as-

sumptions proved true.

Exposure to the risk of declining al-
ternative (fossil) fuel prices is significantly
less under the equity financing approach
than the rate stabilization approach. This
is because the gap between the cost of
power from the hydro projectand the cost
of power from the thermal alternative will
close sooner under equity financing. The
differences between rate stabilization and
in this respect are best explained

Figures 4 and 5 illustrate that

equity
graphically.
the risk of cost overruns are identical un-
der both financing approaches, but that
the risk of declining fossil fuel prices is
greater under rate stabilization, The cross-
over point C In Figure 4 occurs much
sooner than the crossover point C in Fig-
ure 5, thereby reducing the length of time
consumers would have to pay apremium
in the early years, if an
in fossil fuels should

for hydropower
unexpected decline
occur.

from the consumers' perspective, a

equity contribution is the pre-

sizeable
ferred method of providing state subsidy
to an energy project such as Susitna, be-
cause it minimizes risk end offers the pros-
pect of rates lower than those that would
the state's per-

From

otherwise prevail.

D

RISKS OF EQUITY FINANCING

spective, on the other hand, rate stabiliza-
tion is the preferred approach because it
minimizes the state subsidy. The expsri-
ence of the APA with the Susitna project
the extent it is rel<ed

rate stabilization may

suggests that to
upon exclusively,
simply not be viable, particularly when
used for a sizeable project and particularly
in a period of unstable fossil fuel prices.

When in the form of cash
grants
should be used to reduce the overall level
of debt for the project, ruther than reduce
the debt service burden in the early years
the aim of keeping

state subsidy
is made to a project, the money

of operation with
wholesale electricity costs comparable to
a long-term projectlonof the avoided costs
from alternative generation sources.

SUMMARY

In the course of planning for the Susit-
na projact, three sources of financing were
proposed: (1) state appropriations to
cover some portion of construction costs
(equity); (2) state appropriations to cover
some portion of the debt service on reve-
nue bonds during the early years of proj-
ect operation (rate stabilization); and (3)
revenue bonds.

Planning for the Susitna project began
with the assumption that cash appropria-
tions from the state's general fund would

cover all project costs-l.e., a 100 percent

equity approach. Later, it was proposed
that a mix of state equity and
bonds be used to finance the project. Fol-
lowing that, the concept of a rate stabili-
zation fund was added to the combination
of equity and revenue bonds (because rate
stabilization tended to reduce the emount

Finally, the

revenue

of required state equity).
equity component was eliminated alto-
gether, and it was decided that financing
for the Susitna project would be accomp-
lished entirely by revenue bonds and arare
stabilization fund.
This evolution
planning wet driven by me eroding out-
look fc* state revenues and by uncertain
regarding
project.

of Sus rrsa’'s financial

evidence of legislative resolve
financial commitment to the
From the beginning, it was recognized that
Susitna would require asubstantial subiidy

from the state. Ultimattly. an acceptable

plan of finance for the project eluded the
APA because the rtale did not have enough
money to provide the subsidy the project
needed. The end came because of the prob-

lem of orovlding adequete security for

the large volume of revenue bonds called
for by the finance plan, and this problem
slammed from the state's inability to pro-

vide equity investment In the project

sufficient to reduce borrowing require-

ments to levels that could be secured by

the utilities through conventional power

sites contracts.

Tre Northem Bdreev, M. 11, No. 2603



Even if a politically acceptable means
had been devised to secure the Susitna
project revenue bonds, it is unlikely that

a workable contract could have been suc-

cessfully ne%tiated between the Railbelt
utilities and the APA that relied heavily
on a rate stabilization fund of a fixed
amount. There are two reasons for this
evaluation of the situation: (1) utility
customers in the Railbelt expected the
Susitna project to protect them from re-
tail electricity rata hikes, when in fact the
rate stabilization approach assured them
of rate hikes and would not result in sav-
ings to customers for many years, and (2)
the concept of rate stabilization entailed
risks that neither the state nor the utilities
would be willing to assume. From the
point of view of public policy considera-
tions, rate stabilization might be the pre
ferred approach to providing state subsidy
to large energy projects because it mini-
mizes state contribution. However, the
experience of the Susitna project suggests
that it is not practical. State subsidy for
future hydroelectric projects (to the ex-
tent H is necessary and available) should
take the form of equity, i.e., It should re-
duce the need for borrowing.
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0Sizing is critical for a hydroelectric project. Not only for the megawatt capacity but
also identifying the available water resources to ensure a year around power source.

0Thc Hydroelectric workgroup looked at the Susitna at a very high level, using what
were believed to be realistic estimates for capital costs and operating costs.

0 S B"#WIL6 would take the next step to determine the proper size for tiie Railbelt energy
system, both now and in the future.

0The workgroup initially sized Susitna at 600 megawatts to serve the entire Railbelt
from Fairbanks to Homer. Using this capacity, 1did a cost comparison of a 600 MW
Susitna project to 600 MW's of new high-efficiency combustion turbines.

0This back of the napkin analysis shows the yearly costs of debt service, 0&M and fuel
for Susitna to be $259 million or about Scent/kWh, and the equivalent cost of the
Combustion Turbines at $501 million. This is a savings of about $250 million per

year, that we should seriously look at.

oSusilna will emit no CO2, where the turbines will emit 2.5 million tons of CCtyyr.
Susitna will also reduce Anchorage gas consumption by 25 billion cubic feet of gas

Der year.

0The assumptions used were realistic and reasonable, but need to be projected into the
future and verified, so that a decision about Susitna can be made on an informed

basis.

(rprovides that detailed analysis of the Susitna Ilydroelectric Project. | urge
your support of this bill.

oI Susitna is constructed as a result of this bill, it will benefit the economy and the
people of the State of Alaska for generations to come.

0 Thank you again for this opportunity to testif\,u*#SU*8”0.
| would be happy to answer any questions.
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The Alaska Center for Energy and Power

ch at the Uniwe

Contact: Gwen Ho'deann %r anizational Director aCenter or ne & Power
o holtameuet o, QA4S F e e

The Alaska Center for Ener %yanll Power ACEP seeks >0 meet stale, mdusgr%an ederalégergrvalrgcri tﬁe a.gglred

ener researc ew enerdy research an IES'[I 1S needed or ong term
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Where I meets the roaq for rura ner gr a
Provrn% roundfgrfuthat efficient and effective technologies are |mpeme te |n rur Alaska where dlese
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to a ndust researc |n|t|at|ve an |m tatron Alaska can arvest the bene ItS 0

resou ces |n is new Arctic.

|

‘ Ihe eldo the Futyre: ACEP WI|| rovrd ther%search needed todeveloE) the “Qilfield of the Futurg”,
\{]vee Il| extend our gorn research In § lrr]erctes eavy oll, carbon sequestration and renewables so that
the oil Inqustry andt State are prepared for the futLre,

Alas a'sworld class eneray resqurces, including oil, gas, and coal are the sourceo much of the state's we

rska We have UP %L?Gy cha?en 65 %) grtum([]es assocrate(?r with | arge ur]JeveLiope ﬁreasgr&amcu%&
relate to economically com et|t|v ower ruml villages an remote |nd strial Sites. At
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md resides at a obaI crossroads. A large owergant nt Neutlans oesn 10 beconnec ed 10

nal
Las eutlansc uld serve 8power Center Tor & new generation of power- pace naustry in Alaska, jus%

been experienced In Icelan
ACEP WI|| e mterdrscrplrnary needs drrven and agile. We are develo ing avvrde rangeo l?artnershrps For
exa pe we have local rfne hips built arouna sustal al ty t “includ e Fairbanks  Econom
opment Corporation |mate ousin Researc N ert Fairh P(North Star Boro an
cna eprrn s Resort, We are also b mg ner | Eate\rﬂ e (e.g. Alas ng%}/ Author
e PWI ncl fean AUs of tne Univer tztc ér‘rqg

nationwi atronal Laboratorres
advan £0 elstlrﬁ renq he Institute for Socia Fconomlc esearc
3 the Geophysical nstltute Internatlonal Arctrc Research Center, Agricufture and Forestry Experiment

a|o

ACEP will also seek t0 increase educatronal 0|oportut ities in ener?y for Cudents throughout Alaska by offering
nars and Coulrses on aran% ew’s ated topics, Tacilitating rural training opportunities, an offerrng
gra Uate and' undergraduate research fello

We seek programmatic funding that will bedlrecte to research and testing by an industry and agency panel At
\;\)/e gte sm?qn mvest%ent from st e, feaeral, 3 ustry sou ce% We ||er\>/e that %hls roeleggmgm

ent,
bﬁf Ve our rura? conim nltles a0Cess 10 [ess expensive Boweran more oroug? fested techno
IndUstry act.es 1o research on uture deveotpme t(épport nities, such as, methan ’&ws and the State the

opportunity to di “crsily through development of power as a resource, drawing industry to Alaska

witr c*
FAIRBANKS
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February 11, 2008

Representative Craig Johnson
Alaska State Legislature

State Capitol
Juneau, Alaska 99801

Attn: Jeanne Ostnes

Subject: Susitna Dam

Alaska is facing a growing and unanswered energy crisis. Within the next 10 years
Alaska's Railbelt communities well need to replace 100% of their current power
generation. In Rural Alaska the energy crisis is threatening to close communities that

have existed hundreds of years.

Finding affordable, sustainable and environmentally friendly energy solutions for
Alaska is the right investment in Alaska's future. Moving beyond 3n economy
dependent on Federal spending and the price of oil will require leadership from both
the State of Alaska Legislature and our Governor. We must make investments in
Alaska that will contribute to our more self -dependent economic future.

We urge the Alaska State Legislature and the Governor of the State of Alaska to
support legislation that would lead to the analysis and hopefully the development of
the Su ‘itna Dam Project.

Sincerely.

Jim Dodson
President &CEO
Faiibanks Economic Development Corporation

Phonn: (90/) 462 21136 I @) £1-BA

| rtB0-476-FEDC
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RESOLUTION NO. 102-08

TION OF THE BOARD OF DIREC
UDY OF A SUSITNA HYDRO ELE

T0

A RESO S
IC PROJECT

LU OR
SUPPORT THE ST TR

T
C

WHEREAS, the Golden Valley Electric Association, Inc. ("Golden Valley] Board
recaognlzes that renewable energy plays an important role in Alaska's energy supply;
an

~ WHEREAS, the Railbelt relies heavily on fossil fuel, which is subject to high and
volatile pricing; and

WHEREAS, tha electric production from hydro electric projects emit no C02; and

WHEREAS, the Susitna Hydro Electric Project was studied extensively in the
t970s and substantial progress was made on the project; and

WHEREAS, the size and financing of the project need to be determined;

BE IT RESOLVED that the Board of Directors of Golden Valley hereby supports
efforts to further advance the Susitna Hydro Electric Project.

CERTIFICATION

I, William D. Dlgon, do hereby certify that | am tho Secretary of Golden Valley Electric Association,
Inc., an electric non-profit cooperative membership corporation organized and existing under tho
laws or the Stato of Alaska; thot the foregoing acomploto and correct copy of a resolution
adopted at a regular meeting of the Board of Directors of this corporation, duly and properly
called and held on the 28'* day of January, 2008; that a quorum was prosent ot tho mcoting; thot
tho resolution Is sot forth In tho mInutos of tha mooting and has not been rescinded or modified.

IN WITNESS WHEREOF. | have hereunto subscribed my namo and affixed tho seal of the
corporation this 28mday of January, 2008.

(SEAL)
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Side-by-Side Comparison
Susitna and Chakachamna Hydropower Projects

Susitna

$159 million spent on investigations over
10 year period - 1975 thru 1985

6.5 hillion KWH energy output from two
world class dams

S5.4 hillion construch'on cost (1985%)
Source: Susitna FERC License

Precise cost estimate

880 foot dam at Watana (62 million cu yd
earth dam) and 664 foot dam at Devil
Canyon (1 million cu yd concrete arch
dam)

$1.0 billion needed for new transmission
lines to bring power to load centers

Reservoirs inundates 45,500 acres of land
and 90 miles of existing stream channel

Significant native land directly impacted by
Droject footprint

Project built on main stem of a major river
hat flows into Cook Inlet

Project built on river system that is major
contributor to five species of Cook Inlet
salmon runs

No existing roads to the project sites
Project killed by governor in 1985 when
price of ail fell to $10/barrel

Would require major state investment and
agency to develop the project - dormant

Sourcu: Proliminary Into train cuironl TDX Chakachamna studios

Chakachamna

$300 Thousand spent over 3 year period -
1980 thru 1983

1.6 billion KWH energy from one small
diversion dam

$0.9 billion construction cost (1985$)
Source: Susitna FERC License

Conservative cost estimate

49 foot high rock fill dam at lake outlet and
10 mile power tunnel to underground
powerhouse on McArthur river

Only 42 miles of new transmission lines
required to bring power to load centers

Existing lake - no additional land
inundated

No native land directly impacted by project
footprint

Project diverts water from existing lake that
flows into Cook Inlet

Project built on much smaller river system
that is contributor to five species of Cook
Inlet salmon runs

No existing roads *o the project sites

Project shelved by Ak Power Authority in
1983 because it competed for Susitna

market

Within the capability of private sector to
develop - under active investigation by
TDX Power



M | A Natanuska Electric

Synergy Works.

Assoclation, fnc

P.O. Box 2929
Palmer, Alaska 99645-2929

Telephone: (907) 745-3231

Pax: (907) 761-9368

February 13, 2008

Representative Craig Johnson

State Capitol
Juneau, AK 99801

Dear Representative Johnson:

Thank you for the opportunity to provide comments in support of HB 336,
Susitna Hydroelectric Project.

Matanuska Electric Association (MEA) is the oldest and second largest electric
utility cooperative in the state. MEA serves more than 53,000 customers in the
Matanuska-Susitna Valley and Chugiak-Eagle River areas of Alaska.

On February 11, MEA's Board of Directors unanimously passed a resolution
supporting this legislation. As soon as a formal, signed copy is available, | will

forward it to you

MEA supports HB 336 and your efforts to encouiage the development of
renewable energy projects in our service territory that would benefit the entire
Railbelt. Last year, MEA expressed its desire to see the remaining balance of
the Railbelt Energy Fund be dedicated to Southcentral Railbelt renewable

energy projects.

Reviewing existing studies on lhe Susitna Hydro Project will spark important

conversations about long-term energy policy for Alaska  While the actual
development of a Susitna hydro project may take decades to complete, MEA is

encouraged by the forward thinking laid out in HB 336.

Sincerely,

Lorali M. Carter
Manager of Government & Corporate Communications

cc: Representative Kevin Meyer, Co-Chairman, House Finance Committee

Enclosure: MEA Press Release on Railbelt Energy Fund Dedication



FINAL RELEASE

News for Immediate Release @ Friday, June 29, 2007
from Matanuska Electric Association with offices in Palmer, Wasilla and Eagle River, Alaska
For Further Information, Contact; Lorali Carter 761-9266, ManagerofGovernment and Corporate

Communications Web site: www.mea.coop

PALIN VETOS RAILBELT ENERGY FUND: MEAS RESPONSE -

‘Put it all toward renewable energy projects. ™’

PALMER - "While MEA is dlsaappomted the Governor hes r%ected the recommendatlons of the
ha?lsmt?]ra% MEA respects die f t?\e that the Governor ma R;lhav a ifferent rPO |ey genda and understands
she has every rignt to veto the appropriations,” said MEA General Maniager Wayne Carmony.

' Desijlte several meetin svvlhthe adminisfration, mj ve[)egr?] ent ives didn't really know, what
her Views Were ont eR ||bet Energy Funa, [t would haye e rB administratiort s posttion
been known. |f the overnorha shared her 0I|c¥ VIews earlle MEA would have been happy to

work with her,” explalned Tuckerman Bahcock, Assistant General Manage.

MEA General Mana ayne C rmon announcedhewﬂl berecomm ndin fhaI Ehe stale sho d
Cedlicate the Railbel tg%p af Fund - ommatel 575 million - toS cent Ral getrene
ener gt%reoects An ehicle for appropriation Is tne Renewal eEnergy Fund legislation pendmg

befo egislature.

or the rﬁgosedtansmlss'on lines vetoed Governor Pa|| ﬁA E]etéers {JI simply have to step
up and E’E e r nhIO Carmony observed, asaw% willing to pay our own
ho ver wit Stfflte A n out su sdlestoSo theast, Rural, and Fairbanks

eved Mat-Su and Eag

tepa ers, MEA
e Riverra epayers eserveda air share of state Support”
“MEA hopes she will.decide to su dedlcatln Rajllelt Energy Fund for small to meglium
rene Epe energy projects whtlch a{?g otherwise sogdﬂ}ﬁcu t¥0r u%rﬁtlr to sponsor an(! subm%d

Governor 'alin vetoed $20 million for transmission,|o Fite Islan | for a wind farm $127 million lor
transmlssmn In the core area of the Mat- SV 125 million for transmlssmn on the Kcnal Peninsula, SLI
million for transmlsglon In the Susitna Valley to p rotecé m bers Irom the eftects of changes to the
Alaska Intertie and $12.5 million to gett e state-owne Mealy ean Coal project running.

|lie Railelt Eneray Fund has histori n the source of windfall appropriatiops for the customers of
Gofden Valley Ele%c n ngslrbanL % be?lonh?n state subsicies). N otﬂer Ra?lbelt utility %as

recelved afalr share, and only $/5 million remains in the fund.
the 2006 and the 2007 legislatures have now tried unsuccess S'yto rebalance the henefits of the

nd fo afy[owtﬁe] other Ra,Jbe Utlh custom 1.0 recelve a f |rs [lie Admini tratlon took 1o
POSItlon on the appropriations during the Iegls ative sessmnan € N0 recommen atlonsasto how the

und shouldl be appropriated,

ihiii
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Susitna Hydropower DRAFT

Susitna Hydropower

Introduction

Chugach management has requested a review of the Susitna hydropower project with
partiaular emphasis on ways that the project coulld be scaled down 1o better meet the
firercial cgebilities and geerational darecteristics of Chugach and the rest of the
Railelt uilitiess. The folloving text s based on aailable public archives, and no attenpt
has been made toupdate that information far canparative analysis with today™s energy

gotdos.

Synopsis

Susitmawas evaluated indepth by the State of Alaska in the early 1980s, and the State
subsequently submitted an gplication 1o the Federal Energy Regulatory Commission
(FERC) fara license to construct tre project. The license gplication was withdrawn n
1985 when the price of all dropped, thus impacting the economics of the project and the
chility of the State to provide a sighificant portion of the project’s construction fuding.

ifdeveloped, the Susitma hydropower project would be cantrally located between
Anchorage and Fairbanks (Figure 1) and would be capable of providing 1,620 MW of
power and 6,800 GWH of electricity to the Raillelt region by way of two high head dams
and power plaits on the Susitna River.  The arigiral concept far development of
Susitra™s hydropower potantial was conceived by the Bureau of Reclamation inthe mid
1900s The Bureau scheme wou.d entail four large dams to be constructed on the main
stem of the upper Susitma River, upstream from tho Gold Creek raillrced bridge. The
concept was later optimized 1o itspresent two-dam scheme as a result of detailed
inestagations by the U.S. Army Corps of Engineers in the mid 1970s and later the State
of Alaska inthe early 1930s ata ¢ stofS134 millimn

Rage t :
Juiy 1, 2000



Susitna Hydropower
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Susitna Hydropower DRAFT

Because it was recognized that the first block of power from the project would be very
expensive if totally debt financed, the State made a commitment to an equity contribution
that was sized to offset tnis huge up front cost. This State contribution formed the heart
of what was leaned in Alaska Statute at the time as 'The Energy Program for Alaska.”
Other elements of this program included all other projects developed by the Power
Authority rolled into a single mechanism that would result in a "postage stamp” electric

rate benefiting all utility customers of the state.

Although not developed, the Susitna project spawned the Anchorage-Fairbanks
transmission intertie, the Bradley Lake hydropower project, and the Railbelt Energy Fund.
The project remains technically viable and could realistically provide its full block of power

for the next 200 years and probably much longer.

The Evolution of the Susitna Project

Th,. energy potential of the Upper Susitna was first reported by the Bureau of
Reclamation in a 1948 reconnaissance report. Then in 1950, the U. S. Department of
the Interior provided funding to the Bureau of Reclamation to conduct studies that served
as the basis for legislation to develop select water resources of the territory of Alaska
The Bureau's report identified numerous hydropower projects throughout Alaska but
focused on Susitna because of its key location in the populated southcentral part of the
state. The Bureau became enamored with dam sites in the precipitous terrain of upper

Susitna river basin, starting some 45 miles upstream of Talkeetna.

The Bureau Four-Dam Scheme - In 19Gl the Bureau recommended to Congress the
development of an ultimate four-dam scheme (Figure 2) with a first stage development
consisting of Devil Canyon dam inth ~ wnstream reach of the upper Susitna River, and
a storage project at the Denali dam site 112 river miles farther upstream from Devil
Canyon. As energy demand in the Railbelt was projected to grow, the Bureau anticipated
recommending to Congress a third dam, named Watana, at the toe of the Devil Canyon
reservoir, and then a forth dam, named Vee, at the toe of the Watana reservoir Vee
would be built to an elevation that would allow its reservoir to stretch back to the toe of

Pago 3
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Susitna Hydropower DRAFT

the Denali dam. Thus the ultimate Bureau concept for developing Susitna consisted of
three hyaropower projects and one upstream storage project for a total river inundation of
135 lineal miles. The 4-dam Bureau scheme would be capable of generating 6,500 GWH

average annual energy.

The Corps Rampart Project - At about that same time, the Bureau's Susitna project got
upstaged by the U. S. Army Corps of Engineers’ more ambitious proposal to build a
single giant dam on the Yukon River at Rampart. The Rampart project would be capable
of generating five times as much energy as the 4-dam Susitna basin development. The
Rampart concept captivated Senator Ernest Gruening and the public, thus shelving the
Susitna project for the next 10 ;ears while the Rampart project was evaluated further.
Not only was Rampart found to be way too large for the Alaska maiket, but its potential
environmental impacts were enormous. The reservoir would have taken 17 years to fill
and would have covered an area the size of Lake Erie, destroying an incredibly large
water foM nesting area and wildlife habitat and blocking passage of anadromous fish that
normally migrated deep into Canada. The volume of water in the reservoir would be
enough to inundate the entire state of Texas with seven feet of water. There was serious
concern that this large heat sink deep in Alaska's interior would melt permafrost,
stimulate reservoir induced seismicity, and change weather patterns.

The Corns Two-Darn Susitna Scheme - Finally, in 1972, Senator Mike Gravel succeeded
in getting Congress to include legislation ir, the US. Senate Public Works Committee for
the Corps of Engineers to take a new look at the Susitna project The Corps came up
with a new approach to Susitna. It found that by raising the height of the second
upst'eain dam, Watana, an additional 350 feet over the Bureau’s 410 foot dam , it could
take advantage of the much broader canyon cross-section of the Susitna River upstream
from Watana, tnus, significantly increasing the storage capacity of Watana. flooding out
the Vee dam site, and obviating thp need for the Denali storage project Thus, in one fell
swoop, the Devil Canyon - High Watana scheme would develop more power than lhe
Bureau’s 4-dam scheme, at a lesser cost, and with less impact to the environment The
Corps' two-dam scheme would inundate only j C miles of the Susitna River, but more
importantly its reservoir would flood omy 58 percent as much area as the 4-dam scheme.

P 5
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Susitna Hydropower DRAFT

In 1976, the Corps concluded that the project was economically superior to all future
energy scenarios for the Railbelt and recommended that Congress appropriate funds for

the projects engineering and design.

Tne State Takes Over - Senator Mike Gravel, sensing that Congress was getting out of
the hydropower development business and that Alaska was being perceived as the future
"blue eyed Arabs of the North," proposed a novel federal/State partnership for Susitna’s
development that would capitalize on the Corps' dam building expertise, but using State

dollars to fund the project.

The 1976 Alaska State Legislature responded by creating the Alaska Power Authority for
that purpose. However, it did not limit the Power Authority’s purview to Susitna, and
ultimately the Authority was responsible for most of the new hydropower developed

throughout the State in the 1980s.

The Power Authority quickly became leery of its shotgun marriage with the Corps and
chose to pursue the project on its own in 1979. Using State of Alaska appmpriations and
private engineering firms, Ihe Power Authority embarked on detailed feasibi.ity studies
and applied for a Federal Energy Regulatory Commission license to construct the project.
After a S30 million feasibility study, the Authority concluded that indeed the Devil Canyon
- High Watana two-dam scheme was the optimum project for the Railbelt at a 1982
construction cost of S5.5 hillion. It then hired a new engineering consortium to thoroughly
investigate all aspects of the project including detailed environmental, geotechmcal,
engineering and economic assessments This culminated in the 1984 submittal of a

FERC license application to construct.

Although the State actually started appropriating large sums for its equity contribution to
the project, ihe "window of opportunity” slammed shut when the international price of all
plummeted from $34 per barrel ($83 per barrel in 2006 dollars) down to below 59 per
barrel in the mid 80s. Thus, not only were all of the economic assumptions that drove the
project nullified overnight, but the surplus cash flow needed by the Slate to fund its equity
contributions entirely dried up. The Slate’s FERC license application was withdrawn, and
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