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INTRODUCTION

A survey investigation of the Southcentral Railbelt Area of Alaska

was initiated by the Alaska District in 1974, and an Interim Feasibility

Report on the upper Susitna River basin was completed in 1976. Consid

erable effort had been expended previously by the Bureau of Reclamation

for geotechnical exploration, and by other State and Federal groups.

The survey investigation entailed a review of energy alternatives avail

able to meet intermediate range power'requirements of Alaska's railbelt

area, a screening of these alternatives, and an assessment of effects

for the more feasible alternatives. A number of development schemes

for the upper Susitna River were analyzed, and at least three were

found 'to be economically feasible. As an alternative to Susitna hydro

power, coal was found to be the most likely future energy source for

both Anchorage and Fairbanks although it would be approximately 30 per

cent more expensive than Susitna power.

The Interim Feasibility Report established with reasonable certainty

that Susitna hydropower development is economically justified, and that

there are no adverse environmental impacts of such magnitude that the

project should not be considered further. The study found that the plan

best serving the public interest consists of a two-dam system utilizing

the Watana and Devil Canyon damsites on the Susitna River. Power would

be provided to the Fairbanks-Tanana Valley and Anchorage-Kenai Peninsula

load centers via a 364-mile transmission line.

The Interim Feasibility Report was the basis for conditional authori

zation of Phase I'studies. Secticn 160 of Public Law 94-587, the Water
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Resources Development Act of 1976 enacted by the 94th Congress on

22 October 1976, states:

The Secretary of the ArmY, acting through the
Chief of Engineers, is authorized to undertake the
Phase I design memorandum stage of advanced engineer
ing and design of the project for hydroelectric power
on the Susitna River, Alaska, in accordance with the
recommendations of the Board of Engineers for Rivers
and Harbors in its report dated June 24, 1976, at an
estimated cost $25,000,000. This shall take effect
upon submittal to the Secretary of the Army by the
Chief of Engineers and notification to'Congress of
the approval of the Chief of Engineers.

Notification to Congress of the Chief of Engineers' approval has

been forestalled because of Office of Management and Budget (OMB)

reservations regarding economic justification. In a letter to the

Secretary of the Army dated 9 September 1977, Eliot R. Cutler, OMB

Associate Director for Natural Resources, Energy and Science stated,

1I ••• we strongly believe further information is needed to verify the

benefit-cost status before the project proceeds to Phase I planning. 1I

During 1978, additional geological explorations, engineering and

environmental resource studies, and economic analyses were undertaken

to address the concerns expressed by OMB. This Supplemental Feasibility

Report presents the results of those additional investigations.

The report consists of three documents: a main report that responds

specifically to the comments and suggestions offered by OMB and a two

part supporting appendix that ;s cornprised of Sections A through I.

These correspond directly to the sections of Appendix 1 of the 1976

Interim Feasibility Report. This Supplemental Feasibility Report is

not designed as a comprehensive document. Rather, only changes to the

original report and new information pertinent to OMB's comments are

presented here.
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SUMMARY

SCOPE OF INVESTIGATIONS

The purpose of this supplemental feasibility study was to reevaluate

the economic justification of the proposed upperSusitna River basin

hydropower development (see Plate 1). Both benefits and costs were

reanalyzed in the process of responding to the concerns expressed by

the Office of Management and Budget. Certain additional studies not

specifically suggested by OMB~ but required to insure comparability

in the data, were also undertaken. Study efforts were directed at those

aspects of feasibility to which the benefit and cost estimates are most

sensitive.

Project costs are highly dependent upon site foundation conditions~

and a significant amount of new geological information was gathered

during the supplemental studies in 1978. Geological reconnaissance

and mapping were conducted at the Watana damsite to identify and trace

the surface expressions of discontinuities and shear zones, and also

in the reservoir area to identify potential slide hazards. Core borings

were made at the damsite to verify the depth of overburden materials

and quality of bedrock. Potential borrow sources were explored to

determine the extent and quality of available construction materials.

Refraction seismograph studies were performed to supplement the data

gained from the borings and test pits. Refer to Plate 2 for explora

tion locations as the Watana site.
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Supplemental explorations at the Devil Canyon site where drilling

had previously been conducted were limited to three seismic refraction

lines, each approximately 1,100 feet long.

While foundation conditions playa key role in estimating project

costs, those costs are also very dependent upon the contingency factors

used. A feature-by-feature analysis was made to determine the appro

priate contingency factor on the basis of cost histories of similar

projects, experience in Alaskan construction, and analysis of the un

certainties associated with the design and material requirements of

the various features.

A third element of the supplemental studies that impacted cost w~s

the construction schedule. Mobilization, river diversion, and material

placement requirements were closely examined along with the interdepen

dencies among construction activities to determine the length of time

required for construction.

The newly acquired geological information led to design modifications

which, of course, also affected the cost estimates~

In addition to the factors influencing project costs, there are a

number of determinants of project benefits that were also analyzed.

First, the project's power capability was reexamined using an additional

3 years of historical streamflow data and an updated seasonal load curve.

Load growth forecasts were revised using 3 additional years of histori

cal data, more sophisticated population and economic activity forecast

ing tools, and more conservative economic development assumptions. A
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range of forecasts were made, reflecting the uncertainties involved

in power demand projections.

A load-resource analysis was developed and used to e~plore the

sequence and timing of powerplant additions for the railbelt area and

to determine how quickly Susitna power would be absorbed into the load.'

Power benefit estimates were evaluated using 1978 cost estim~tes

of thermal generation, the cost of which establishes the value of the

hydropower project's output. The other categories of benefits, including

load center interconnection, recreation, flood control, and employment,

were also updated.

Finally, a comprehensive sensitivity analysis was conducted to

ascertain those conditions under which the Susitna project would

become uneconomic. This was augmented by a marketability analysis

that estimates the cost of Susitna power relative to thermal generation

under various load growth, timing and price level assumptions.

Other aspects of feasibility which were the subject. of supple

mental analyses included seismicity and environmental impact studies.

STUDY RESULTS

At the Watana damsite, the'technical feasibility of constructing a

dam in the general vicinity was reconfirmed. The rock at the damsite

was found to be as good or better than previously assumed. Gravel

borrow appears to be less abundant than anticipated, but large deposits

of impervious material were located during the explorations. To take

advantage of these findings, the dam design was altered by changing
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the gravel shells to rock shells and by widening the semi pervious core

(see Plates 3 and 4). Other modifications of the original Watana

design included relocation of the spillway to take better advantage

of rock lines, relocation of the diversion tunnel portals to place them

in better rock, terraced rather than continuous rock cuts and other

minor changes.

At Devil Canyon a gravity dam design was evaluated as an alterna

tive to the original concrete thin arch concept (see Plates 5 and 6).

The gravity structure, which is more costly but less sensitive to foun

dation problems, offers greater assurance that a dam can be built at

the Devil Canyon site at a cost equal to or less than the estimated

cost presented in the report. The less costly thin arch dam with

separate spillway will be considered further if additional explorations

during Phase I studies establish acceptable foundation conditions. By

including in the economic analysis the higher cost of the gravity dam,

the project's economic justificatio~ is presented on'a more conservative

basis.

The construction period for the entire project is now estimated

at 14 years, with power-on-1ine for the initial phase occurring in

1994. The schedule allows 10 years for Watana'construction and 8 years

for Devil Canyon, with 4 years of concurrent construction. The trans

mission intertie could be available in 1991 to interconnect the Anchorage

and Fairbanks load centers. This schedule is based on a construction

start in October 1984.
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The Susitna project is estimated to cost $2.59 billion at October

1978 prices. This includes $1.77 billion for Watana and the transmis

sion facilities and $0.82 billion for the Devil Canyon phase. The 1978

combined project cost estimate amounts to a 70 percent increase over

the cost estimate presented in the 1976 Interim Feasibility Report,

which was based on January 1975 prices. Approximately 56 percent of

this increase is due to price level changes over the 3-3/4 years between

estimates. Another 15 percent is the result of using the cost of the

alternate concrete gravity design at Devil Canyon. The remainder of

the increase resulted from design changes and more detailed information

on local construction materials.

When interest during construction is added, along with operation,

maintenance and replacement costs, the average annual equivalent cost

becomes $228 million, based on a discount rate of 6-7/8 percent.

The project's combined power output is estimated at 6.9 billion

kilowatt hours average annual energy and 1,392 megawatts dependable

capacity. Railbelt area power requirements are forecasted to grow

to 12.7 billion kilowatt hours annual energy and 2,850 megawatts peak

power by the year 2000 according to the medium range projection.

Susitna power would need to be augmented by additional capacity from

other powerplants, presumably coal-fired, within 9 years after initial

power-on-line.

The estimated average annual benefits of the Susitna project amount

to $324 million. This represents an increase of 119 percent over those
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presented in the 1976 report, which were based on a January 1975 price

level.

By far the largest category of benefits is that which results from

the sale of power. The value of the power is derived from the cost of

producing it by means of the least cost nonhydro alternative which,

in this case, is coal-fired generation. The cost of the thermal alter

native was provided by the Federal Energy Regulatory Commission (FERC)

and is based'on 1978 price levels. The FERC composite Anchorage

Fairbanks capacity, value of $186.58 per kilowatt-year represents a

107 percent increase over the comparable estimate provided by FERC

(then the Federal Power Commission) in 1975. The 1978 composite energy

value oJ 12.76 mills per kilowatt-hour amounts to a 144 percent increase

- over the comparable estimate of 1975. These higher estimates more

than double the power benefit to an average annual equivalent of $289

million.

Besides those from the sale of power, there are power-related

benefits derived from interconnection of the Anchorage and Fairbanks

load centers. An interconnected system allows the sharing of capacity

reserves so that fewer reserves are required in the system. Thus,

interconnection offers benefits equal to the cost savings from not

constructing additional capacity that would otherwise have been neces

sary. This benefit amounts to an average annual equivalent of $11

million.

Recreatio~ benefits estimated at $300,000 annually are no change

from'the 1976 report. The benefits associated with flood control are
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estimated at $65~000 annually, an increase of 30 percent over the 1975

figure due solely to price changes associated with repair to damaged

facilities.

The final benefit category, that attributable to the use of other-

wise unemployed labor in project construction, is estimated at an

average annual equivalent of $24 million. The 155 percent increase.

in this benefit over the original 1975 estimate is due to the higher

cost of construction and more detailed analysis of labor requirements •

. Under the base case set of assumptions, the. proposed Susitna project

offers annual net benefits of $95 million and a benefit-cost ratio of

1.42. The hydropower project's net benefits exceed those of the thermal

alternative by $76 million annually. With an assumption of stable

prices and medium load growth, the year 2000 average power system rates

with the Susitna project are estimated at 5.5¢/kWh in Anchorage and

6.7¢/kWh in Fairbanks. This r~presents a 17 percent and 25 percent

savings over the anticipated 6.6¢/kWh and8.9¢/kWh ·rates without

Susitna power.

In summary, the supplemental feasibility studies un~ertaken during

1978 have confirmed the adequacy of the Watana site for construction

of the proposed facilities. The project design has been refined in

light of the newly acquired geologic and foundation. information. The

need for additional power in the rail belt area has been verified, and

additional environmental resource information has been added to the

data base. The review of project costs and benefits has indicated that
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the Susitna project is economically justified under a broad range of

possible futures. Finally, Susitna power has been shown to be marketable

and less costly than any viable alternative.

The direction taken in the conduct of these supplemental feasi

bility studies was largely dictated by the concerns regarding project

justification expressed by the Office of Management and Budget. The

remainder of the main report responds to the specific questions raised

. by OMB.The Alaska Power Administration of the Department of Energy

and Battelle Pacific Northwest Laboratories both contributed signifi

cantly to the analysis and to the formulation of the responses.

Supplementary data and analysis in support of the responses are contained

in the appendix.
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WATANA SITE GEOLOGY AND TEST BORINGS

OMB COMMENT

The cost estimates for Watana have been derived
without benefit of any test borings at the Watana site.
This is a departure from standard Corps practice, which
calls for exploratory drilling at all sites before
projects are proposed for authorization. Test borings
would provide more reliable data on which to base cost
estimates and on which to assess any potential seismic
problems. The Watana site is. located near the Susitna
Fault and also within 50 miles of the Denali fault - an
area where major earthquakes have occurred in the past.

SCOPE OF GEOLOGICAL INVESTIGATIONS

Field Reconnaissance

Geologic reconnaissance and mapping of the reservoir area and

damsite were conducted concurrently with subsurface investigations

throughout the spring and early summer of 1978. Within the damsite

area the primary purpose was to locate, identify, and trace the surface

expressions of discontinuities and shear zones to aid in directing

the drilling program and to provide a preliminary geologic map of the

site. Within the reservoir area, the primary thrust of the reconnais

sance was to identify by reason of shape, structure, or overburden

mantle the slopes that could ~evelop slumps or slides as a result of

permafrost degradation or seismic action.

Borings and Test Pits

During 1978, explnrations were conducted in the dam foundation

and relict channel area. Core borings in the valley walls and floor
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were used to explore the quality and structure of the foundation rock

and to obtain representative samples for testing. Borings in the relict

channel area were used to define depth of overburden, the extent of

permafrost, and the location of the water table as well as to examine

the nature and condition of the materials by drilling.

Also durlng 1978, numerous test pits were dug in potential borrow

areas utilizing tractor-mounted backhoes. Bulk sack samples were

retrieved from each test pit for later testing. Shallow auger holes

were also used to determine the extent of deposits and to verify the

existence of quantities necessary for embankment construction.

Seismic Refraction Surveys

A seismic refraction expl~ration program consisting of 22,500 lineal

feet of seismic refraction lines was completed by Dames and Moore,

Consultants, in 1975. In the fall of 1978, an additional seismic

refraction survey was completed by Shannon and Wilson, Consultants,

which included 47,665 feet of seismic refraction lines~ The survey

confirmed the Dames and Moore findings of a buried relict channel and,

in general, supported conclusions relating to rock quality in the

abutments as interpreted from the recent core borings and geologic

reconnaissance. The Shannon and Wilson study also confirmed the

'existence of large quantities of borrow materials on Tsusena Creek.

The specific locations of the exploratory borings, test pits, and

seismic refraction lines are shown on Plate 2.
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FINDINGS AND DESIGN CHANGES

As a result of the additional field exploration and geologic studies

in 1978, a more knowledgeable assessment of the proposed project can be

made. Following is a summary of the items which reflect changes to the

1976 Interim Feasibility Report or reinforce its basic concepts.

Nothing was found during this phase of the study to cast doubt on

the feasibility of a dam at the Watana site. All .exp10ration and geologic

studies reinforce the previous conclusion that a large earth and rock

fill or concrete gravity dam could be built in this Vicinity.

Explorations at the.damsite indicate that the rock is as good or

better than previously assumed. Foundation rock is considered adequate

to support either an earth and rockfi11 or concrete gravity structure

at this site.

The 1978 exploration program confirmed the existence of marginal

permafrost in the area. Specific locations of permafrost were identified

and a number of temperature measuring devices were installed. It was

determined that this is a very "warm" permafrost, ranging in temperature

from 00 C to _1 0 C. Permafrost was encountered in bedrock in the left

abutment of the dam and its effects on the grouting in this area are

discussed in the appendix. Permafrost was also encountered in the'

impervious borrow area; however, it is not considered to be a serious

problem as it is quite warm and can be easily excavated.

The 197~ report envisioned rather large amounts of gravels avail

able for construction of the shells of the dam and limited amounts of
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impervious core material. However, the recent explorations indicate

that the reverse is true. Large quantities of gravel were not located,

but large quantities of impervious core material were discovered near

the damsite. Because of the apparent shortage of large quantities of

gravel and the ~xcess of impervious material, the dam section has been

revised 'with gravel shells having been changed to r,ock shells. This

change to rockfi11 has allowed the use of a steeper slope on the up

stream face of the dam. A large portion of the rock will come from

required excavation of the spillway and the remainder wi 11 come from

excavation of underground facilities and access roads and from a large

borrow source on the left abutment.

The core has been widened somewhat from that shown in the 1976

report and a zone of semipervious material, approximately of the same

width as the core, has been added. This was done because of the large

amounts of this material available and because our estimates show that

it can be placed within the dam at a considerably lower cost than the

rock shell material. The total thickness of these impervious or semi

pervious zones was determined by considering their effect on the total

stability of the dam and the difficulties of placing materials which

require careful moisture control in the arctic environment. Laboratory

tests performed on these materials indicate that optimum moisture will

be a critical factor in their compaction.

The foundation excavation has been increased in order to remove all

gravels from beneath the:.embankment and strip the entire dam foundation

to bedrock.
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The 1976 report showed a vertical access shaft to the low-level

drain system which passed through the embankment of the dam. This has

been changed to a tunnel through the right abutment thereby eliminating

any structures in the dam embankment.

A grout gallery has been added to the lower portions of the dam

to facilitate grouting and to accommodate the process of thawing the

permafrost rock for grouting.

The spillway shown in the 1976 report has been relocated to the

southwest to insure rock cut for its entire length. The rock and

overburden material from this large excavation will be utilized in

the dam embankment. Also, the diverison tunnel portals have been

shifted to insure their location in sound rock.

The 1976 report discusses a potential problem of seepage along a

relict channel in the right abutment area. The 1978 exploration program

verified the existence of this channel; however, studies indicate

that it is not a problem and no remedial actions are necessary.

Ellis Krinitzsky of the Waterways Experiment Station and Ruben

Kachadoorian and Henry J. Moore of the U.S. Geological Survey were

contracted to perform seismic studies and evaluate the earthquake

risk at these sites. Their work was divided into two phases:

Kachadoorian and Moore performed the final reconnaissance of active

faults and other geologic hazards, and Krinitzsky assessed the poten

tial for earthquakes associated with such faulting. The resulting

USGS report recognized that this is a highly seismic region; however,
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their reconnaissance of the proposed Devil Canyon and Watana damsites

and reservoirs did not uncover evidence of recent or active faulting

along any of the known or inferred faults. Their studies did not find

any evidence of the SusitnaFault which was previously thought to

exist a short distance west of the Watana damsite; therefore, they

were not able to confirm the existence of such a fault. USGS also

noted the areas .where slides might be expected to occur along the valley

walls under the influence of saturation and thawing permafrost.

Krinitzsky's work assessed the possible occurrence of earthquakes at

the damsites and the motions that are likely to be associated with

earthquake activity. His findings indicate that the design of the

proposed dams to wttnstand such motion is within the state of the art

~for seismic design.
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CONTINGENCY ESTIMATES

OMB COMMENT

A standard 20 percent contingency factor was used
in arriving at cost estimates. A contingency of 30
percent could result in reducing the benefit-cost
ratio to 1. A larger contingency factor could reduce
the ratio below unity. The recently completed Snetti
sham project in Alaska cost 36 percent more than
original estimates, after correction for inflation.

A review of the 20 percent contingency factor
should be undertaken, in light of the best existing
information on comparable projects andp,roject loca
tions.

Contingency factors have been reviewed and adjusted. The review

included incorporation of the new 1978 foundation, material, and

.topographic information. Instead of utilizing a single contingency

factor for the project as a whole, each major feature was examined

indiVidually to derive a contingency that reflects the uncertainties

associated with the design and cost of that specific feature. The

total estimated contingencies for the Watana project are approximately

$246 million or 18 percent of the estimated total construction cost.

Individual factors range from 15 percent for the relatively well defined

earth and rockfill main dam to 20 percent for many of the other features.

The contingencies used for the Devil Canyon project were adjusted

in two ways. First, a fundamental change in the design concept was

made. To insure that the cost estimates in this supplemental feasi

bility study were sufficient to cover the possibility of unexpected
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foundation conditions at the Devil Canyon site, a concrete gravity dam

design was analyzed. The concrete gravity structure requires less

ideal foundation conditions than does the concrete thin arch structure

recommended in the 1976 report. While the concrete arch design is still

deemed engineeringly feasible on the basis of the available Devil Canyon

geological explorations, the less sensitive and more costly concrete

gravity structure has been used as the basis of the 1978 cost estimate.

;"In this way, sufficient cost is included in the estimate to allow con

struction of either the concrete thin arch if favorable site conditions

are found during preconstruction planning or the. concrete gravity

.structure if less favorable conditions are found to exist. Thus,

economic feasibility has been presented using the most conservative

set of conditions.

In addition to the more conservative gravity design at Devil Canyon,

normal contingency factors were also applied. The total contingencies

for the Devil Canyon gravity dam estimate are about $121 mill ion or

17 percent of total construction costs.

With the 1978 estimates of Susitna project benefits and costs, a

68 percent contingency factor would be required to have costs exceed

benefits under the base case set of assumptions.

The Snettisham Hydroelectric Project that provides power to the

Juneau area was mentioned by OMS as an example of cost overruns. The

reported 36 percent cost increase over original estimates is not
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entirely correct since the 36 percent factor included additional con

struction not contemplated in the original cost estimate. The original

estimate was for a project that included only the Long Lake phase of

development with associated camp facilities and transmission system.

The planned Crater Lake phase of development was added in fiscal year

1973, but construction has been deferred. The actual cost overrun as

of 1978 is 22 percent. More than half of this 22 percent overrun from

original cost estimates was accounted for by the temporary repairs and

subsequent permanent relocation of a failed portion of the transmission

line. Environmental considerations had dictated its original location

in an area of extreme winds and ice conditions not previously encoun

tered on any transmission line in North America.
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AREA REDEVELOPMENT BENEFITS

OMB COMMENT

These benefits are a correction for the use of other
wise unemployed labor during construction. Though standard
procedures permit this benefit category for power projects,
it would seem that such benefits should not be accepted in
the Susitnareport because private development for power
purposes would produce equivalent benefits.

An evaluation of the validity of the use of ARA benefits
in the Susitna report should be made.

Project costs are considered to be an adverse effect on the national

economy because resources required for construction would normally be

diverted from other uses. The value of resources in their alternative

uses is therefore the true economic cost of the project. If some

resources used in the proposed plan would otherwise be unemployed,

these resources would not be diverted from production of other goods

and services and, hence, are not an economic cost to the national

economy. Procedurally, the credit for using unemployed labor is con

ventionally tabulated as an addition to benefits rather than a deduction

from costs.

The basis for determination of employment benefits as with benefits

associated with all other project purposes, is a comparison of condi-

. tions with and without a plan to provide the planning objective. The

with condition is the plan under consideration, namely the provision

of additional power. The without condition is without provision of
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additional power. The relevant without condition for purposes of

benefit evaluation is not an alternative solution to the planning objec

tive even though in the absence of the recorrmended project, an alter

native will be provided. Therefore, the entire applicable employment

benefit is, credited to each project considered in the plan formulation

process. If, alternatively, wage payments of otherwise unemployed

labor is credited as a savings in economic costs, it is even more

apparent that such wage payments would be fully deductible from costs

of any and all projects constructed.

24



CONSTRUCTION SCHEDULE

OMB COMMENT

The ll~year construction schedule for the Watana
project, based on preliminary inspection of comparable
projects, appears to be on the short side~A longer
schedule of 14 years appears more reasonable because
of (1) normal slippages and (2) a 3-year peak con
struction schedule that calls for more work to be put
in place on a single site than the Corps has ever
accomplished in similar time periods. This should
be reexamined and its effects on the project BIC
ratio calculated.

GENERAL

The construction schedule has been reanalyzed and lengthened from

10 to 14 years. The Wa tana dam and powerp1ant wi 11 take 10 years to

construct, an increase of 4 years over the previous schedule. The

Devil Canyon project construction will require 8 years rather than the

previously estimated 5 years. There will be 4 years of concurrent

construction to meet power-on-line dates.

DIVERSION PLANS

The time for Watana diversion works construction and stream diver-

sion has been extended to 3 years from the previously estimated 2 years,

because the construction access to the tunnel portals requires extensive

rock cuts and added time. The start of construction of the diversion

works for the Devil Canyon dam has been delayed from the 5th to the

7th year of Watana construction because it is dependent on stream

regulation by the upstream Watana dam.
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MAIN DAMS

Foundation preparation at Watana would be delayed to the 4th year

as a result of the extended diversion requirements which would delay

the start of cofferdam construction. Watana embankment construction,

scheduled to begin in the 5th year and continue into the 10th, would

require 6 years instead of the previously estimated 3 years, based on

construction seasons of 5 months with average daily placement rates

of 80,000 cubic yards. Water impoundment would start in the 8th year

with power-on-1ine in October of the 10th year. The reservoir filling

would continue beyond the power-on-1ine date and would depend on the

rates of inflow and power generation.

Foundation preparation for Devil Canyon dam would start in the 9th

year, a 2 year delay from the earlier estimate. Concrete placement

and dam completion would begin in the 10th year and require 5 years,

~n increase of 2 years over the earlier schedule. Impoundment would

commence in the 13th year and end with a full reservoir in October of

the 14th year.

EFFECT OF DELAY

The presently scheduled power-on-1ine dates are 1994 for Watana

and 1998 for Devil Canyon. These were previously scheduled for 1986

and 1990 respectively. These dates include the result of the changes

in assumed congressional construction authorization from July 1980

to October 1984 and the revised construction schedule. Transmission

line construction could be completed in 1991, permitting connection
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of the Anchorage and Fairbanks load centers in advance of Watana power

on-line. The economic evaluation is based on this longer l4-year con

struction schedule and the delayed power-on-l'ine dates.

Even with the longer 14-year construction period, additional con

struction delays are possible. The impacts, however, would be minimized

by the recommended two-stage construction sequence. If significant

delays were experienced on Watana, the start and schedule of Devil

Canyon construction could be adjusted with minimal cost impact. Delays

in Devil Canyon construction would have no effect on Watana's schedule.

The project's economic justification has been analyzed to assess

,the impact of construction delays that would extend the power-on-line

dates. As an example, a 2-year delay in Watana completion was evaluated.

The primary effect on project cost wou1d be the accumulation of addi

tional interest during construction. The 2-year delay increases average

annual costs by about $17 million.

The delay of Watana power-on-line would also affect project benefits,

although the change would be small. The impact on benefits is due to

the mix and schedule of thermal plants coming on line prior to Watana

and to the rate of load growth during the years after power-on-line.

For a 2-year delay, equivalent average annual power benefits would be

reduced about $4 million.

The net change in project economics would be an increase in total

annual costs to $245 million and a reduction in annual benefits to $320

million. This decreases the benefit-cost ratio from 1.42 to 1.31.
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Analysis shows that the construction period would have to be prolonged

at least an extra 9 years before. the Susitna project would become

uneconomic.
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SUPPLY ESTIMATES

OMS COMMENT

The analysis of the without project condition needs
to be expanded considerably to clearly analyze the
following:

a. Why, with natural gas projected to be in such
short supply, the Anchorage utilities have only con
tracted for 55 percent of proved reserves or 25 percent
of estimated ultimate reserves.

b. The sensitivity of the analysis to the collapse,
of OPEC and the cost of shipping oil to the east coast.

c. The necessity for an Anchorage-Fairbanks inter
tie at a cost of $200-300 million.

d. Scheduling of powerplants and the reduced risk
of building small increments.

INTRODUCTION

The first two items must be considered in terms of national energy

policy. The United States needs to reduce dependency on oil imports

on both a short-term and a long-term basis and to accomplish a major

shift away from oil and natural gas to alternative energy sources.

The reasons for this include national economic considerations, as well

as very real limits on national and world supplies of oil and natural

gas.

In terms of national energy policy, oil and natural gas are not

available alternatives for long-term production of electric power.

There are remaining questions as to how quickly existing uses will be

phased out and on how complete the prohibitions will be on new oil

and naturalgas-f.ired powerplants.
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There is general agreement that implementation of national policy

must include strong efforts in conservation, substantial increase in

use of coal, and major efforts to develop renewable energy sources.

Each of these components is sensitive to energy price and supply

variables. A reduction in world oil prices or a period of oversupply

serves as a marketplace disincentive for conservation efforts and work

on alternative energy sources.

The lowest cost alternatives and those with fully proven technology

are the least sensitive; those that depend on further research and

development are most easily sidetracked.

The Susitna project involves large blocks of power and new energy

from a renewable source, fully proven technology, long revenue-producing

period (in excess of 100 years), and essential freedom from long-term

price increases. Its power costs appear attractive in comparison to

coal-fired powerplants. It is a two-stage project with opportunity to

defer the second stage if demands are lower than present estimates or

if price relationships change.

The above factors suggest that the Susitna project is much less

sensitive to short-term oil price and supply variations than most

other U.S. energy options.

If it is assumed that Alaskan oil and natural gas will be isolated

from U.S. and world demand and pricing, Alaska would probably continue

to use its oil and gas for most of its power. This assumption did,

in fact, prevail between the initial oil and gas discoveries in the
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Cook Inlet area and the 1973 oil embargo. In 1960, the Anchorage-Cook

Inlet power supplies came almost entirely from coal and hydro. The

low cost, abundant gas brought a halt to hydro development and de

stroyed the area's coal industry. The one remaining Alaskan coal mine

barely survived the 1960's because of competition from relatively

cheap oil.

Cook Inlet gas has been subjected to increasing competition in

the last few years, including proposals for LNG facilities, additional

petrochemical plants, and consideration of pipeline alternatives to tie

in with the Alcan pipeline project. The competition resulted in

increasing prices and increasing difficulty in obtaining long-term

cnmmitments of ~as for power. The competitions and the price increases

are expected to continue.

The real question on gas availability as it pertains to the Susitna

project is: what is the outiook for long-term gas supplies for power

after 19901 The answer is that the outlook is not good in terms of

competing uses and national policy.

NATURAL GAS AVAILABILITY

The primary reason for not considering natural gas-fired generation

as the alternative to Susitna hydropower development is not gas avail

ability, but national energy policy. The Powerplant and Industrial

Fuel Use Bill of the National Energy Act of 1978 clearly indicates

that the intent of the Administration and Congress is to strongly

discourage the use of natural gas for electrical generation. The law
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contains a prohibition against the use of natural gas as a primary

fuel in any newly constructed utility generation facility. Permanent

exemptions from this prohibition for a new base load powerp1ant may

be obtained under certain circumstances. The Department of Energy's

draft implementing regulations perrriit exemptions if utilities can prove

it would be overly costly, environmentally unsound, or impossible because

of insufficient or unavai1a,b1e supplies of coal or other fuels at the

plant's location. None of these exemptions appear applicable to Alaska.

The Federal Energy Regulatory Commission, in not providing gas-fired

generation costs, agrees with that assessment.

While national energy policy is reason enough to discount n,atura1

gas-fired generation as a long-term alternative to a major hydropower

project, data on the local supplies of natural gas was presented in the

1976 report as additional evidence. That data has been updated using

1978 information.

There are an estimated 4,428 billion cubic feet (BCF) of recoverable

gas reserves in Cook Inlet, with an additional speculative potential of

from 6 to 29 trillion cubic feet. Approximately 3,698 BCF, or 84 per

cent of the estimated recoverable reserves are presently committed to

Alaskan and export uses. The proportion of committments would even be

higher but for an unwillingness on the part of natural gas owners to

enter into contracts for the provision of gas during a period of rapidly

escalating gas prices and great uncertainty regarding gas price deregu

lation. Addi:tional committments are anticipated as the pricing structure

stabilizes.
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In 1976. 34 percent of Alaska's total energy consumption was pro

vided by Cook Inlet natural gas. Several forecasts of gas demand have

been completed. and estimated proven Cook Inlet gas reserves are inade

quate to meet the requirements in all forecasted cases. The deficit

through the year 2000 varies from a low of 783 BCF to a high of 3,804

BCF, depending on the forecasted use. The use of Cook Inlet gas for

new gas-fired electrical generation after 1985 would increase the year

2000 deficit by about 532 BCF.

OIL PRICE CHANGE IMPACTS

The economic justification for the Susitna hydropower project is

sensitive to changes in the price of oil only if oil-fired generation is

considered a realistic long-term alternative for electrical generation

in the railbelt area. However. the use of oil in benefit determination

for 100 years of power for a major new hydro project does not seem

appropriate in light of national energy policy in general and the

National Energy Act of 1978 in particular. As in the case of natural

gas. the use of oil in newly constructed generation facilities is pro

hibited with· 1imited exception. The exemptions contained in the legis

lation do not appear pertinent in the face of the large supplies of

coal and hydropower potential available to the railbelt area.

, Despite the strong arguments against new oil-fired generation in

the mid-1990's qnd beyond, project justification was examined using an ,

oil-fired powerplantas the basis of benefit calculation. Oil-fired

costs provided by FERt were used in the analysis, and the midrange load
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forecast was assumed. With stable prices, the project's annual power

benefits fall $78 million from the $289 million calculated on the basis

of the coal-fired alternative. Net benefits become $18 million, giving

a benefit-cost ratio of 1.08.

To calculate the impact of relative changes in ~he price of oil on

project feasibility, three sample cases were analyzed. First, there is

an assumption that fuel costs esclate at 2 percent per year between

1978 and the 30th year beyond power-on-line, after which there is no

additional escalation. The 3D-year period corresponds to the service

life of the initial thermal plant. The 2 percent rate is selected as

representative of long-term real price increases arising from depleting

more distant sources, increasing environmental safeguards in extra

ction, processing and handling, and anticipated producing nation pricing

policy. Two percent annual escalation in the price of oil results in

a 57 percent increase in annual power benefits over that with stable

prices; the benefit-cost ratio becomes 1.60.

The second case looks at the possibility of no price escalation

prior to power-on-line followed by a 3D-year period of 2 percent

annual escalation. This case is designed to reflect the possibility

of a near-term softening of the market for oil due to slackening demand

or increased supply in the short-term. With stable prices in the near

term followed by a 3D-year period of escalation, annual power benefits

increase 22 percent over the stable price case, giving a benefit-cost

ratio of 1.29.
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The final case explores the impact of real oil price decli~es prior

to power-on-line. An immediate sharp drop in price is assumed, with

no change in price thereafter. This scenario is included to show the

possible effect on project justification of a breakup of the OPEC

cartel. The immediate decline in oil prices followed by stable prices

results in costs exceeding benefits and a benefit-~ost ratio of 0.85.

To summarize, oil-fired generation is not an appropraite long-term

alternative to Susitna hydropower. If, nonetheless, oil-fired costs are

used in benefit calculation, the project remains economically justified

except in the extreme case of an immediate and precipitous drop in the

pri ce of oi 1.
I

OMB suggested that the issue of shipping costs be explored. The FERC

fuel cost estimate that was used in the benefit calculation is net of

transportation costs between Alaska and continental U.S. ports. The fuel

costs used are the estimated cost of processed Alaskan oil at the power

plant. No additional consideration of shipping costs to the East Coast

is deemed necessary.

ANCHORAGE-FAIRBANKS INTERTIE
-

The estimated construction cost (1978 dollars) for the transmission

lines associated with the Susitna project is $338 million. The portion

from the Susitna project to Fairbanks accounts for $152 million of the

total.

There are several previous studies that demonstrate inherent feasi

bility of an Anchorage-Fairbanks intertie wi'th or without construction
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COMPARISON OF POWER COSTS FOR YEAR 2000
(¢/kWh - 0% inflation)

Anchorage Fairbanks
High· Medium Low High Medium Low

Case 1 6.2 6.6 7.1 8.8 8.9 9.2
Case 2 6. 1 6.2 6.2 8.0 8.4 8.8
Case 3 5.8 5.5 6. 1 6.2 6.7 7.8

Following are the percent savings in total system costs between

1990~and 2011 for Cases 2 and 3 compared to Case 1, under the midrange
-", i':"; ~.t

load forecast.

Case 2
Case 3

Anchorage

-0.4
-10.7

Fairbanks

-7.9
-28.1

Total

':"1.4
-14.1

..•. :

POWERPLANT SCHEDULING AND RISK REDUCTION

The risks "associated with the overbuilding of powerplants is gen

erallyreduced by building small incremental additions to a system.

In other words, as clos~ly as possible, load growth should be matched

as it occurs. The validity of this generalization increases as the

degree of confidence Or ce~tainty in load growth forecasts decreases.

'This risk minimization is accompanied by an increase in economic costs,

however, since economies of scale are a significant factor in power-

required for their rea~ization was developed.
!.!"

sidered most likely were reviewed to form a most probable future
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condition. Therefore, the load forecast used represented a high degree

of confidence by the cross section of disciplines and agencies who

developed it. The evaluation further recognized the principle of load

growth matching when determining the most likely alternative thermal

plant in the absence of Susitna hydropower. Alternative thermal plants

were phased in to match the portion of load demand provided from Susitna.

For the initial years this means that only annual increases due ~o new

load were evaluated.

As a further confirmation, an analysis of hydropower alternatives

indicates that economical sites are not available in sufficient quantity

to be comparable to Susitna. Small individual sites might:be available,

but they would satisfy only a small portion of the market area demand.

Other sites with apparently acceptable power and economic capability

have been or will be precluded by land status designation. This

finding was supported by Alaska Power A~ministration's 1978 draft

report on Analysis of Potential Alternative Hydroelectric Sites to

Serve Railbe1t Area and by the Corps of Engineers' Review of South

central Alaska Hydropower Potential completed in January 1979.



DEMAND ESTIMATES

OMS COMMENT

The analysis of load growth should be more specific
with respect to:

a. Increasing use by consumers; and s

b. Increasing number of consumers.

c. Industrial growth. i.e. s where does Alaska's
comparative advantage lie outside the area of raw
materials and government functions?

FORECAST METHODOLOGY

In order to explore the causative factors of load growth in greater

details the method of forecasting has been changed in certain respects

from that which was used in the 1976 Interim Feasibility Report. The

Alaska Power Administration (APA) has used a simplified end-use model

to forecast future power requirements s augmented by trend analysis

and an econometric model. Total power demand has been categorized

into three primary end uses: the residential/commercial/industrial

loads supplied by electric utilitiessthe national defense installation

sectors and the self-supplied industrial component.

Those factors in each category that best explain historical trends

in energy use were identified. In the utility sectors those explanatory

variables are population and per capita use. Population was forecasted

with the help of a committee of experts using a regional econometric
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model, while per capita use estimates are an extrapolation of past

trends adjusted to account for anticipated departures from those trends.

National defense needs are assumed to depend on the l~vel of military

activity and the number of military personnel in the study area. Future

self-supplied industrial power requirements are based on explicit assump

tions regarding future economic development and the energy needs associa

ted with such development.

POPULATION AND ECONOMIC ACTIVITY FORECAST

The most important sector in terms of magnitude of electrical

energy use is the utility sector, and population is the key factor in

this sector's future power requirements. Population forecasts in turn,

are highly dependent upon assumptions of future economic activity.

Economic activity assumptions are also important because they have a

direct impact on energy requirements in the self-supplied industrial

sector.

The population and economic activity assumptions used in this fore

cast are based on a draft report of the Economics Task Force, South

central Alaska Water Resources Study, dated September 18, 1978. The

report is entitled, "Southcentral Alaska's Economy and Population,

1965-2025: A Base Study and Projection."

The report was a joint effort of economists, planners, and agency

experts who were members of the Economics Task Force of the Southcentral

Alaska Water Resources Study (Level B). It is being conducted by the

Alaska Water Study Committee, a joint committee of Federal and State

agencies, the Alaska Federation of Natives, the Alaska Municipal League,
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the Municipality of Anchorage t the Southcentral region borough govern

ments~ and regional Native corporations.

The projections reported relied on two long-run econometric models

devised by economists from the University of Alaska Institute of Social

and Economic Research (ISER) and from the MIT-Harvard Joint Center for

Urban Studies with funding by the National Science Foundation's Man

in the Arctic Program (MAP). The two specific models .used here were

modifications of the Alaska State and regional models developed under

that program. The models produced estimates of gross output t employ

ment t income t and population for the years 1975-2000. Population and

employment were disaggregatedand extrapolated to the year 2025 by

ISER researchers under Economics Task Force direction t and using Task

Force concensus methodology. The data required to run the model were

provided by various members of the Economics Task Force. Assumptions

were reviewed by the Task Force t and the model outputs and tentative

. projections were reviewed for internal consistency and plausibil ity

by ISER researchers and by the Task Force.

The use of the econometric model requires a set of assumptions

related to the level and timing of development. The assumptions pri

marily consist of time series on employment and output in certain of

the export-base.industries and in government.

FORECAST RESULTS

The Level B population forecast for the Anchorage-Cook Inlet sub

region was adopted by APA for estimating power requirements without
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any modification. APA appli~d projected statewide growth rates to the

Fairbanks-Tanana Valley area to develop population forecasts for that

region. Actual population growth will likely fall within the limits

established by the high and low forecasts.

UTILITY SECTOR

The midrange net generation forecast from 1977 to 1980 was based

on the average annual growth rate between 1973 and 1977. This rate was

adjusted upward and downward by 20 percent to establish the 1980 high

and low forecasts respectively. Beyond 1980, the high and low case net

generation is estimated by multiplying forecasted population by pro

jected per capita use. Between 1973 and 1977, per capita use of elec

tricity grew at an annual rate of 3.8 percent in Anchorage and 9.4

percent in Fairbanks. The lower Anchorage growth rate was adopted as

the basis of the per capita use trend. Increasing electrification is

assumed to be partly offset by increasing effectiveness of conservation

programs, resulting in a gradually slower rate of growth in per capita

use.

As a check on the validity of the per capita use projections, a

comparison was made with two regions of the Pacific Northwest. The

regions were selected for comparison on the basis of their similarity

in population and commercial/industrial characteristics to the rail

belt area. The Pacific Northwest regions' present per capita use rates

of electrical power are significantly higher than those of the rail

belt area. In fact, the current rates in the Pacific Northwest are
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comparable to those that are projected for the rail belt area in 1990.

Without doubt, Alaska exhibits a considerable potential for increased

electrification.

With the high and low population forecasts and with high, mid, and

low per capita use assumptions, six different net generation forecasts

were calculated. From these, the high population-high energy use and

the low population-low energy use combinations were used for the high

and low range net generation forecasts. The midrange util·ity sector

forecast came from averaging the high population-low energy use and the

low population-high energy use forecasts.

Peak load forecasts were calculated from projected net generation

using a 50 percent load factor. For the low range forecast, utility

sector peak load requirements are expected to increase from 667 mega

watts (MW) in 1980 to 1,617 MW in the year 2000. Fifty-one percent

Of that increase is due simply to population growth, while the remainder

of the increase is a result of increased per capita use. The compara-
-

ble increase in forecasted peak load requirements between 1980 and 2000

for.. the high range forecast is 3,087 MW. In this case, population

growth accounts for 43 percent of the increase, with the remainder

accounted for by changes in per capita use.

NATIONAL DEFENSE SECTOR

The forecast for this relatively minor sector is based on historical

data from Army and Air Force installations in the railbelt area. Zero

growth is assumed for the midrange forecast. For the high range, growth

at 1 percent per year is assumed, while the low range forecast is based

on a decline of 1 percent annually.
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SELF-SUPPLIED INDUSTRIES SECTOR

This category of load is comprised of those existing industries

that generate their own power, along with all similar type facilities

expected to be constructed in the future. It is likely that such

industries would purchase power and energy if available at reasonable

cost. The specific assumptions for this sector are based on Batte11e!s

March 1978 report entitled Alaskan Electric Power, An Analysis of

Future Requirements and Supply Alternatives for the Rai1be1t Region.

The high range development forecast,inc1udes 'enlargement of existing

facilities as well as new industry. The new developments include an

LNG plant, refinery, coal gasification plant, mining and mineral

processing plants, timber industry, capital city, and some large energy

intensive industry. This set of assumptions coincides with the Level

B Study Task Force high case development assumptions with two excep

tions. Coal gasification and an energy intensive industry were included

by APA because informed judgement indicates their definite potential.

Their impact on population and economic activity is relatively minor

but their effect on peak load requirements could be substantial. There

fore, they have both been included in the development assumptions for

the high range forecast.

The midrange forecast is the same as the high range except that

the large energy intensive industry (aluminium smelter) is excluded.

The Tow range further excludes the new capital city. There is also

some reduction of peak load requirements of the mid and low range

cases.
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Alaska is not a heavily industrialized state nor is it expected to

be. The oil and. gas i.ndustry is presently the dominating sector of the

State's GNP and will continue to be so for at least the balance of

the 20th century. This is the principle source of revenues for the

State and thus the driving force behind state programs for education,

local government assistance, welfare, and so on. Other important

industries are fisheries, forest products,and recreation-tourism.

The low and mid-range population estimates incorporate very modest

assumptions of industrial expansion based on pioneering of Alaskan

natural resources for the most part; the specific industrial· assumptions

reflect proven sources of natural resources and projects that are well

along in the planning stages.

Extraction and processing of natural resources will undoubtedly

continue to be major aspects of the Alaska economy. Other important

aspects include business activities of Native Corporations and increas

ing amount of land made available to State and private ownership;

Actions pending on the new National Parks, Refuges,.and Wild and Scenic

Rivers will encourage further development of the recreation and tourism

industries •

. As in most parts of the country, Alaska employment is not dominated

by the industrial sectors. Most jobs are in service industries,

co~ercial establishments, transportation, utilities, and government.

The new popu.lation estimate by ISER indicates that the distribution of

employment will not change appreciably. The anticipated growth in the

economy, employment, and in power demands is primarily in the non

industrial sectors.
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It should be noted that the railbelt area demands for electric

energy in 1977 were 2.7 billion kilowatt-hours, which is approaching

the firm energy capability of the Watana project. The load resource

analyses demonstrate full utilization of Watana energy essentially as

soon asit becomes available, even under the lower power demand case.

This basically leads to a finding that the upper Susitna justification

is not dependent ~n major industrial expansion in Alaska.
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SENSITIVITY ANALYSIS

OMB COMMENT

Power demand should be subjected to a sensitivity
analysis to better assess the uncertainties in develop
ment of such a large block of power. The typical utility
invests on the basis of an 8-10 year time horizon. The
Susitna plan has an 11-16 year horizon in face of risks
that loads may not develop and the option of wheeling
power to other markets is not available. It should be
noted that the power demand for Snettisham was unduly
optimistic when it was built. This resulted in delays
in installing generators. A similar error in a project
the size of Susitna would be much more costly and would
have a major adverse effect on the project's economics.

INTRODUCTION

The new power demand estimates and load/resource, economic, and

financial analyses presented in this report all provide a better basis

for examining these questions. In addition, there is need to review

some of the Snettisham project history to bring out similarities and

differences with the upper Susitna case.

SNETTISHAM REVIEW

The Snettisham Hydroelectric Project is located near Juneau,

Alaska and is now the main source of power for the greater Juneau area.

The project was authorized in 1962 on the basis of feasibility inves

tigations by the Bureau of ReClamation, constructed by the Corps of

Engineers, and operated by the Alaska Power Administration.

The project was conceived as a two-stage development and construction

of the first, or Long Lake, stage was completed in late 1973 with first
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commercial power to Juneau in December 1973. The second, or Crater

lake, stage was to be added when power demands dictated.

Juneau remains an isolated power market area. Difficult terrain

and long distance have thus far prevented electrical interconnection

with other southeast Alaska communities and neighboring areas of Canada;

however, suc.h interconnections may prove feasible within the next 15

to 20 years. The project planning and justification was premised on

service only to the, greater Juneau area.

The Snettisham authorization was based on power demand estimates

done in 1961 by the Alaska District, Bureau of Reclamation (now Alaska

Power Administration). The estimates ware based on actual power use

through 1960 and projections to the year 1987. The .outlook at that

time was that the first stage construction would be completed in 1966

and that total project capability would not be needed until 1987. The

actual 1977 energy load was 112,197 megawatt-hours or 81 percent of

the 1977 est1mat~ forecasted in 1961 on the basis of historical records

through 1960.

The inherent flexibility of a staged project proved to be very bene

ficial in the case of Snettisham. APA made periodic updates of the

power demand estimates during construction of the long lake stage.

For several years, these forecasts indicated a need to proceed with

the Crater Lake stage construction immediately on completion of the

long lake stage. The Corps of Engineers construction schedules and

budget requests, based on the APApower demand estimates,anticipated
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start of construction on Crater Lake in FY 77. Major factors in these

forecasts were plans for a new pulp mill in the.Juneau area and for

an iron ore mining and reduction facility in the vicinity of Port

Snettisham. Neither of these developments were anticipated at the

time of authorization. Both of these resource developments failed to

materialize, and this resulted in a substantial reduction in the APA

power demand estimate and a decision in late 1975 to defer the Crater

Lake construction start.

Many other factors influenced Juneau area power demands and utiliza

tion of project power. Of particular concern at the moment is impact

of Alaska's capital move initiative. T~is would certainly change use

of project power, with the most likely outcome that the community would

move more quickly into an all-electric mode (space heating and electric

v~hicles appear particularly attractive in this area), and industrial

use of power would increase through economic diversification.

The key points of the Snettisham review are:

1. The project was planned and authorized with intent to handle

growth in area power requirements for a 20-year period.

2. The load forecasts used as a basis for authorization were reason

ably accurate.

3. The actual use of project power may turn out to be substantially

different than originally anticipated.

4. The flexibility of staged projects was used to great advantage.

5. The outlook for:financial viability appears excellent at this

time.
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IMPLICATIONS FOR SUSITNA

First, the typical planning horizon for utility investments is in

excess of 8 to 10 years. This is evidenced by experiences dating from

abo.ut 1970 on the time required to plan, obtain necessary permits or

authorizations, find financing, and then build new powerplants and

major transmission facilities. The 8.to 10 years is specifically much

too short for nuclear, coal, or hydro plants or for major transmission

lines.

A 20-year planning horizon is more appropriate with careful checks

at each step in the process and business-like decisions to shift con

struction schedules if conditions (demands) change. The Snettisham

experience is very positive in this light.

The Susitna project is similar in that project investment is keyed

to three major stages of development: transmission interconnection,

Watana, and then Devil Canyon. The commitment of construction funds

for Watana would be needed in 1984 to have power-on-line by 1994. If

conditions in 1984 indicate the need to defer the project, it should

be deferred. Similarly, start of actual constr.uction on Devil Canyon

can and should be based on conditions that actually prevail at the time

the decision is made.

The degree of uncertainty for upper Susitna is greater in one respect

than was the case for Snettisham because of higher interest costs and

larger total investment. At the same time, sensitivity to change in

demands is much less for Susitna because of its large and diversified
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power market area. There are many more ways that Susitna project

power could be effectively utilized in the event that traditional

utility power markets are smaller than anticipated at the present.

The whole field of oil and gas fuel displacement could be explored

with emphasis on electric heat for office buildings, electric vehicles,

and electrification of oil and gas pipeline pump and compressor stations.

Further, the Susitna project does not have as ~any uncertainities

in terms Of environmental questions as would equivalent power supplies

from coal or nuclear plants. Uncertainties regarding air quality are

particularly relevant for any large Alaskan coal-fired powerplants.

CURRENT EVALUATION

Power demands were estimated for high, medium, and low cases to year

2025 assuming logical variations in population and energy use per capita.

The projections reflect per capita energy use based on detailed studies

of 1970-1977 data from both the Anchorage and Fairbanks areas. The

projections considered variations in per capita use ranging from increased

use of electricity in the home to anticipated effects of conservation.

The project's economic justification was tested to determine,

among other things, its degree of sensitivity to variations in load

growth. The circumstance potentially most damaging to the economic

viability of the project entails a sudden decrease in the rate of load

growth immediately after the project is completed. The analysis

indicated that the annual rate of load growth would have to fall to

0.8 percent before project costs exceed benefits. This rate should be
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compared to the annual growth rates of 12.7 percent in Anchorage and

10.5 percent in Fairbanks between 1973 and 1977 and to the low range

forecast for the post-1994 period of 4.2 percent.

The load/resource and cost analysis provided system costs for com

parison of cases both with and without the Susitna project. The analysis

also compared the power demands to the resources required to determine

sizes and timing of new plants. Even under the most conservative load

growth condition, 1,500 MW is needed to meet the continued Anchorage

Fairbanks demands during the 1990's; this is roughly the capability

of the Susitna project.

Cost of system power estimates indicate that, in the medium case

for the year 2000, Anchorage costs are 5.5¢/kWh or 17 percent less

than without Susitna. For Fairbanks the difference is much larger,

6.7¢/kWh or 25 percent less than without Susitna.

Examination of the system cost on an annual basis reveals the case

IIwith ll Susitna is cheaper than the IIwithout ll Susitna case for each year

except the first few years after Watana comes on line.

It should be noted that in the low energy use case the total system

cost for the railbelt area during the period from 1990 to 2011 amounts

to $1.1 million less with Susitna than without the project. The

difference is even larger in the medium and high cases. The combined

Anchorage-Fairbanks cash savings for the same period based on the

medium power use estimate is over $2 billion.
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SECTION G

MARKETABILITY ANALYSIS

Department Of Energy
Alaska Power Administration
P.O, Box 50
Juneau. Alaska 99802

Colonel George R. Rober~son

District Engineer
Corps of Engineers
P.O. Box 7002
Anchorage, Al~ska 99510

Dear Colonel Robertson:

April 2, 1979

This is Alaska Power Administration's new power market report for the
Upper Susitna Project. It's an update of the previous power market
analyses provided for. the Corps' 1976 Interim Feasibility report.

The power market report includes: a new set of load projections for the
Railbelt area through year 2025 and a review of alternative sources of
power. Load/resource and total power system cost analyses were prepared
for different scenarios under various assumptions to determine effects
on power rates.

Under the assumptions made for this report, Alaska Power Administration
determines that the Upper Susitna Project is feasible from a power
marketing standpoint.

A draft of this report was circulated to the area utilities and con
cerned State officers for informal review and comment. Comments have
been irtcorporated and the letters of comments are appended.

Sincerely,

r _ . ,I' /
C" '/ . ~ {j.' ') .-.-L., . '-.r .- - ______

Robert J. Cross
Administrator
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PART I. INTRODUCTION

The Interim Feasibility Report of the Upper Susitna River Basin Project
(1976 report) was completed by the Alaska District Corps of Engineers
(Corps) in 1976. Alaska Power Administration (APA) provided the trans
mission system and power market analyses for that report.

The Corps submitted the 1976 report to the Office of Management and
Budget (OMB) for review. In September 1977, OMB requested the Corps
obtain additional data before submitting the report to Congress. The
requested data were to: (1) provide additional geologic data for -the
Watana damsite; (2) 'reanalyze the cost estimate contingency factor; (3)
reanalyze area development benefits; and (4) reanalyze the projected
co~struction schedule. There were also questions about power supply and
demand, including sensitivity to developing a large block of power in
APA's area of responsibility.

This report updates the power market analysis and addresses OMB
concerns. It uses three years additional data on power usage, effects
of the oil embargo, and other faetors. Specifically, it (1) updates the
power demand forecasts reflecting data since the 1976 report; (2)
updates the transmission and project OM&R costs; (3) presents
load/resource analyses to determine timing of major generation and
transmission investments and ref.lect resulting impacts on power system
costs; (4) presents system power cost analyses that show annual
system-wide costs of power with and without the Upper Susitna Project;
(5) examines the value of an Anchorage to Fairbanks interconnection with
and without Susitna; (6) provides a_ subanalysis of the feasibility of
delivering Susitna power to the Valdez-Glennallen area; (7) determines
power rates and marketability of Susitna power compared with alternative
generation methods; and (8) responds to the OMB questions in APA's areas
of responsibility.

APA gave the Corps, for their report purposes: updated transmission
system costs and project OM&R estimates; load estimates; detailed
load/resource and system cost analyses with and without Susitna project;
and proposed responses to OMB questions pertinent to APA areas of
responsibility. •

The Corps' current proposal for the Upper Susitn~Project is essentially
the same as plan 5 in the 1976 report: a two-phase, two-dam complex
including Watana and Devil Canyon dams andpowerplants, with the Watana
phase and a transmission system interconnecting Anchorage and ~airbanks

coming on-line first. Power production facilities include Watana dam,
reservoir, and powerplant, and Devil Canyon dam, reservoir, and
powerp lant. Watana dam would be an earthfill structure with reservoir
normal water surface elevation of 2,185 feet; the powerp lant would have
795MW capacity. Devil Canyon dam would be a doub Ie-curvature
concrete-arch structure with maximum pool elevation of 1,450 feet,
providing water for a 778-MW powerplant. The transmission system would
be constructed in conjunction with the first stage (Watana), and,
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as planned, would be, totally required for system reliab lilty. The
system would incude two parallel 230-kv single circuit lines from Watana
to Devil Canyon (30 miles), two parallel single circuit 345-kv lines
from Devil Canyon to Pt. McKenzie (Anchorage, 135 miles), and two
parallel single circuit 230-kv lines from Devil Canyon to Ester-Gold
Hill (Fairbanks, 198 miles).

Several significant changes were made by the Corps since the 1976
report:

(1) The Devil Canyon dam design and costs are 'presented for both a
gravity structure and a thin-arch concrete structure. The 1976 report
was based on a thin-arch concrete structure.

(2) The construction period for Wata.na was increased from 6 years to
11;' Devil Canyon from 4 years to 7; and the Anchorage-Fairbanks intertie
re-scheduled for 1991--three years before Watana POL.

(3) Watana dam (earth fill) was redesigned, based on new geologic data.

The APA power market report uses certain assumptions that differ from
the Corps plan, namely:

(1) Design power generation capacity: The Corps design capacity is
based on critical yeetr primary energy and 50 .percent annual plant factor
(1,392 MW). The APA load/resource analyses assume a design capacity
based on average annual energy and 50 percent plant factor (1,573 ~~).

APA analyses include both primary and secondary energy as well as firm
and non-firm power.

(2)' Transmission intertie schedule:

The Corps plans show a 1991 on-line date for the transmission intertie.
The APA system cost analyses examine alternative on-line dates of 1990,
1992, and 1994. The load/resource analysis showed the earliest intertie
dates could be 1986, 1989, and 1991. APA financial analyses are
consistent with the Corps schedule.

(3) For Devil Canyon Design:

The APA system cost and financial analyses,assume the thin-arch design
for Devil Canyon as presented in the 1976 report, rather than the more
costly gravity structure alternative now being used by the Corps for
feasibility testing, A separate analysis demonstrates the effect of the
gravity dam alternative on cost of power.

The term "1976 report" is used throughout this report. This term refers
to the Corps of Engineers Interim Feasibility Report on the Upper
Susitna project, dated December 1975, revised June 1976. It also refers

. to APA's Power Market analysis dated 1975 and included as Appendix G in
the revised Interim Feasibility Report.
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Part II. SUMMARY

Current studies have updated and revised the power market analyses of
the 1976 Upper Sustina Report (1976 report). New estimates of pOvler
requirements through the year 2025 have been prepared.

The 1976 report used energy and power estimates based on data through
December 1974. The new analyses benefit from three full years of
additional data through December 1977. This provides a 'full four years
of "post oil-embargo" data--especia11y significant from the viewpoint of
identifying conservation trends. Evidence of conservation shows in the
Anchorage-Cook Inlet area growth comparisons before and after the
1973-74 fuel crisis. The 1970-73 average annual growth in net
generation dropped from 14.2 percent to 12.7 percent in the 1973-77
period. The decrease was more dramatic for per capita net generation:
A drop from 8 percent to 3.8 pe.rcent.

Because the net generation kwh/capita raio seemed to reflect the closest
corr.e1ations, particularly in recent years, this ratio and population
were used to forecast net generation values between. 1980 . and 2025.

The following Railbe1t totals are detailed in Part V. Trended values
offer an interesting comparison but are not presented as paI't of the
forecast. The trend is an average annual growth of 12.3 percent
resulting from 12.7 percent for the Anchorage area and 10.5 percent for
the Fairbanks area.

Rai1belt Area Energy Forecast
(GWH)

1977 1980 1990 2000 2025
(HiStOric)

Utility:
High 3,410 8,200 16,920 38,020
Mid 2,273 3,155 6,110 10,940 17,770
Low 2,920 4,550 7,070 8,110

National Defense:
High 348 384 425 544
Mid 338 338 338 338 338
Low 330 299 270 210

Self-Supplied Industry:
High 170 2,100 3,590 8,490
Mid 70 170 630 1,460 3,470
Low 141 370 550 1,310 '

Total:
High 3,928 10,684 20,935 47,054
Mid 2,681 3,663 7,078 12,738 21,578
Low 3,391 5,219 7,890 9,630

Trend @ 1973-77 annual/growth: (3,215) (10,270) (33,000) (601,000)
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Area load characteristics data were updated and new estimates of monthly
energy distribution were made. The conclusion was that the 50 percent
plant factor sizing assumption is still valid.

A further review of possible power supply alternatives included oil and
natural gas, coal, alternative hydro projects, nuclear, wind,
geothermal, and tide. It concluded again that coal-fired steam plants
are the most logical alternatives for major ra~lbelt area power supplies
in the proposed Susitna project timeframe.

New estimates of cost of power from coal-fired steamplants were ~repared

using results of several recent studies. They indicate:

Investment costs of $1,620-$1,860/kw

Unit cost of power of 5.2-6.4¢/kwh (including transmission to
load center)

A set of load/resource and annual system cost analyses were performed to
examine the effects of Susitna and the transmission intertie from an
overall power syst.em approach. These analyses were needed to provide
responses to OKB questions regarding: (1) the value of an
interconnected transmission system between Anchorage and Fairbanks; (2)
scheduling of major powerplants; and, (3) sensitivity of developing
large blocks of power. APA's resp'onse to the OMB questions are
appended. Thre't\ cases were analyzed using three projected load growth
estimates:

Case 1. It. witho11t Susitna Project and without transmission intertie
situation assuming all generating capacity to be supplied by coal-fired
steamplant,l..

Case 2. Same as case 1 but with transmission intertie.

Case 3. A with Susitna Project and with intertie situation assuming
additional generating capacity supplied by coal-fired steamplants.
The load/resource analyses showed the schedule of new plant additions
needed for all three cases for 1978-2011.

The system cost analyses compared annual power system costs for all
three cases, assuming 0 and 5 percent inflation rates. The analyses
showed annual system cost savings of $2.23 billion between 1990 and
2011, with the Susitna project. Average power system rates for the year
2000 assuming no inflation will be:
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1/ Anchorage and Fairbanks are not interconnected for case 1; the
combined system rate is shown for academic purposes only.

Financial {lnalyses were based on the October 1978 price level, Fiscal
Year 1979 Federal interest rate of 7 1/2 percent, intertie in 1991 or
1992, and repayment of all principal and interest within 50 years after
the last unit is installed.

For the medium-energy use range, system rates, compared to those without
Susitna or interconnections, will be 5.7 1/ percent less with
interconnections 18.6 percent less with Susitna.- The analyses showed
Susitna will result in cheaper power cost to Anchorage and Fairbanks in
all load growth cases. It also shows that the Pf?ject power could be
fully used under all projected power demand cases.-

5.8
5.7
6.4

-18.6%

Case 3
With Susitna
and Intertie

project investment
cost increase

"
"

million
"

lower rates involve load supply
operations, decreased reserve

million

6.4
6.6
6.7

~/KWH

Case 2
Without Sus tina

With Intertie

$1567

$ 595
233

82
657

-5.7%; Case 3 Value (5.7%) -1
Case 1 Value (7.0%)

6.6 1/
6.9 1/
7.5 1/

Case 1
Without Susitna

or Intertie

Case 2 Value (6.6%) -1
Case 1 Value (7.0%)

Watana
Devil Canyon
Transmission System
Interest during Construction

Total

Load
Forecast

High
Mid
Low
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In comparison with the 1976 report~ investment costs are 89 percent
($1.567 billion) greater. Contributing factors are: interest rate
increase from 6 S/8to 7 1/2 percent total construction period increase
from 6 years to 10 years, cost inflation; and redesign of Watana dam and
powerplant facilities. New construction cost estimates fOL Watana dam
(containing effects of both design quanitity changes and unit cost
inflation) are $S95 million (72. percent) higher. Construction cost
estimates for Devil Canyon dam (thin-arch concrete) power plant
facilities, and the transmission system were updated primarily by
indexing. This resulted in a 54 percent increase over the 1976 report
($233 million for Devil Canyon and $82 million for the transmission
system). The total interest during construction increase is 265 percent
($657 million). In summary, the increases in construction costs are:

Jj

1/ Interconnection benefits leading to
flexibility, economics of scale and
requirements, and better reliability.



A comparison .of the rate for Sustina at 4.7¢/kwh with the coal-fired
steamplant alternative at 5.2/kwh to 6.4¢/kwh shows Susitna is less
costly.

The Glennallen-Valdez area was considered as a market area supplementary
to the Railbelt. Ihe Copper Valley Electric Association (CVEA) plans to
construct a Glennallen-Valdez transmission line, and the presence of the
pipeline terminal in Valdez with its related economy has made this area
a more attractive market sj,nce the 1976 report. Service to the area
would require a 138-kv line from Palmer to Glennallen (136 miles). Area
market factors are subject to fluctuation. Potential industrial loads
are difficult to project at this time, but service to utility loads can
be evaluated for a probable range of demands. Energy costs to serve the
incremental market area will range from 2.6¢/kwh to 1.3¢/kwh for a range
of loads from 150 to 300 kwh/year in addition to the project energy cost
of .4.7¢/kwh. Inclusion of the market area costs with other project
costs for a single project-wide rate would not adversely affect the
rate.
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PART II1. POWER MARKET AREAS

activity elsewhere in
and operation of the
to Cook Inlet oil

and local government
immediate Anchorage

Anchorage area is directly influenced by economic
the State. Much of the buildup in construction
Alyeska pipeline, much of the growth related
development,and much of the growth in State
services since Statehood has occurred in the
vicinity.

Because of its central role in business, commerce, and government, the

Anchorage-Cook Inlet ...Area

The potential major market areas are the Anchorage-Cook Inlet area and
the Fairbanks-Tanana Valley area •

~nitially, economists overestimated the impacts of completion of the
trans-Alaska oil pipeline. In a recent study prepared by the University
of Alaska Institute of Social and Economic Research, the projected 1980
population for Anchorage-Cook Inlet was lower than that of the
historical 1977 population. Though this has been corrected, it
indicates that the area's economy has been stronger than anticiapted.

This general area has been the focal point for most of the State's
growth in terms of population, business, services, and industry since
World War II. Major building of defense installations, expansion of
government services, discovery and development of natural gas and oil in
the Cook Inlet area, and emergence of Anchorage as the State's center of
government ,finance, travel, and tourism are major elements in the
history of this area. .

The Greater Anchorage Area Borough estimated its July 1, 1977 population
at 195,800, an increase of nearly 55 percent since the 1970 census. This
was more than 48 percent of the total estimated State population in
1977 •

This area includes the developed areas of the Matanuska Valley, Greater
Anchorage Area, and Kenai Peninsula.

Throughout its hist0ry of investigations, the Upper Susitna River Basin
Project has been of interest for hydroelectric power generation because
of its central location to the Fairbanks and Anchorage areas. These
areas have Alaska's largest concentrations of population, economic
activity, services, and industry. Under any plan of development, major
portions of the project power will be used in these two areas. In
addition, the basic project· transmission system serving Anchorage and
Fairbanks could provide electric service to present and future
developments between the two cities.



The Matanuska Valley includes several small cities (Palmer, ~{asi11a,

Talkeetna) and the State's largest agricultural· community. Other
economic activities include recreation and light manufacturing. Much
recent growth in thE? Borough has been in residential and recreational
homes for workers in' the Anchorage area. Estimated 1977 population was
15,740; a 61 percent increase since 1974.

The Kenai Peninsula Borough includes the cities of Kenai, Soldotna,
Homer, Seldovia, and Seward~ with important fisheries, oil and gas, and
recreation resources. Estimated 1977 population was 23,100, a 39
percent increase since 1974.

Present and proposed activities indicate likelihood of rapid growth in
this general Cook Inlet area for the future. Much of this activity is
related to oil and natural gas, including expansion of the refineries.

The State capital city site relocation issue remains unresolved. In the
November 1978 general election, voters turned down the $966 million bond
issue to relocate the capital. In the same election, voters approved an
initiative which would require full disclosure of the costs to move the
capital. Therefore, it is impossible at this time to include specific
assumptions concerning the capital move.

The area will continue to serve as the transportation hub of western
Alaska, and tourism will likely continue' to increase rapidly. Major
local development seems probable.

Fairbanks-Tanana Valley Area

Fairbanks is Alaska's second largest city - the trade center for much of
Alaska's Interior, the service center for several major military bases,
and the site of the main campus of the University of Alaska with its
associated research center. The outlying communities of Nenana, Clear,
North Pole, and :qelta Junction are included in the Fairbanks-Tanana
Valley area. Historically, the area is famous for its gold.

The completion of the pipeline construction has taken its toll in
Fairbanks. The area is experiencing a severely depressed economy.
Employ.ment in the construction industry has decreased to half of the
previous pipeline level. There has been a slight increase in employment
generated by government, distributive industries, and retail trade. In
1977-78, Fairbanks and its outlying areas experienced a 16 percent
decline in population.

The .decision favoring the ALCAN route for the proposed natural gas
pipeline was made in late 1977. The proposed gas pipeline will follow
the route of the trans-Alaska oil pipeline route from Prudhoe Bay to
Delta Junction. Fairbanks has been selected as the operation
headquarters by the Northwest Pipeline Company, responsible for
construction and operation of the gas pipeline. The Fairbanks-Tanana
ValleY area will probably be heavily impacted again by the pipeline
construction; however, a more stable permanent employment base is likely
to become established.
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The Fairbanks-North Star Borough had an estimated 1977 population of
44,262 and an estimated additional 8, 000 in the outlying communities
within the power market area. The total population decreased 10 percent
since 1974.
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PART IV. EXISTING POWER SYSTEMS

Utility Systems and Service Areas

The electric utili ties in the Railbel t power market area are listed
below, and areas now receiving electric service are shown on figure 2.
A detailed listing of power generating units is in the appended Battelle
report, table 3.4.

Anchorage-Cook Inlet Area

Alaska Power Administration (APA)

Anchorage Municipal Light and Power (AJ.'1L&P)

Chugach Electric Association (CEA)

Matanuska Electric Association (MEA)

Homer Electric Association (HEA)
Homer (Standby)
Seldovia, English Bay, Port Graham

Seward Electric System (SES)

Fairbanks-Tanana Valley Area

Fairbanks Municipal Utility System (FMUS)

Golden Valley Electric Association (GVEA)

Installed
Nameplate 2/

Capacity MW -

30.0

121.1

345.7

l/

0.3 1./
1.8

5.5 1./

69.6

219.2

1/ Major generation supplied by CEA system.

Y Consists of 45 MW hydro. All the rest are fuel-fired (80%T'~as turbine)
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Figure 2
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These totals differ from the Battelle appended report because the report
includes some planned units not installed in 1977 as well as use of some
ratings other than nameplate.

APA operates the Eklutna hydro·electric proj ect and markets wholesale
power to CEA, AML&P, and MEA.

AML&P serves the Anchorage Municipal area. CEA supplies power to the
Anchorage suburbs and surrounding rural areas, and pr.ovides power at
wholesale rates to REA, SES, and MEA. The REA service area covers the
western portion of the Kenai Peninsula, including Seldovia, across the
bay from Romer. MEA serves the town of Palmer and the surrounding rural
area in the Matanuska and Susitna Valleys.

The utilities serving the Anchorage-Cook Inlet area are now loosely
interconnected through facilities of APA and CEA. An emergency tie is
available between the AML&P and Anchorage area military installations.

FMUS serves the Fairbanks municipal area, while GVEA provides service to
the rural areas. The Fairbanks area power suppliers have the most
complete power pooling agreement in the State. FMUS, GVEA, the Univer
sity of Alaska, and most of the military bases have an arrangement which
includes provisions for sharing reserves and energy interchange.

The delivery point for Upper Susitna power to the GVEA and FMUS systems
is assumed at a substation of· GVEA near Fairbanks.

Other small power generating systems in the Fairbanks-Tanana Valley area
were included in determining the power requirements of the region. They
include:

Fairbanks-Tanana Valley Area

Alaska Power and Telephone Company
(Tok and Dot Lake vicinity)

Northway Power and Light Company
(Northway Vicinity)

Installed
Capacity MW

2.28

0.48

National Defense Power Systems

The six major national defense installations in the power market area
are:

Anchorage area--

Elmendorf Air Force Base
Fort Richardson
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Fairbanks area--

Clear Air Force Base
Eielson Air Force Base
Fort Greely
Fort Wainwright

Each maj or base has its own steamplant that is used for power and for

central space heating. Except for Clear Air Force Base, each is inter

connected with the local utility. Numerous small isolated installations

are not included in this study.

In the past, national defense electric generation has been a major

portion of the total installed capacity. With the projected stability

of military sites and the growth of the utilities, the national defense

ins~a1lation will become a less significant part of the total generating

capacity.

Industrial Power Systems

Three industrial plants on the Kenai Peninsula maintain their own power

plants, but are interconnected with the REA system. The Union 76

Chemical Division plant generates its basic power, to satisfy its energy

needs, receiving only standby capacity from REA. The Kenai liquified

natural gas plant buys energy from REA, but has i~s own standby

generation. Tesoro Refinery buys from REA and also satisfies part of

its own needs.

Other self-supplied industrial generators include oil platform and

pipeline terminal facilities in the Cook Inlet area.

Existing Generation Capacity

Table 1 prOVides a summary of existing generating capacity. The table

was generally current as of 1978; The Anchorage-Cook Inlet area had a

total utility installed capacity of 504.5 M'iV in 1977-78. Natural

gas-fired turbines were the predominant energy source with 435.1 MW.

Hydroelectric capacity of 45 MW was available from two projects, Eklutna

and Cooper Lake. Steam turbines comprised 14.5 MW. Diesel generation,

mostly in standby service, accounted for the remaining 9.8 MW.

The Fairbanks-Tanana Valley area utilities had a total installed

capaci ty of 288.8 MW in 1977. Gas turbines (oil-fired) prOVided the

largest block of power in the area with an installed capacity of 203.1

MW. - Steam turbine generation provided 53.5 MW of power' and diesel

generators contributed 32.1 MW to the area.
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Table 1
RAILBELT AREA GENERATION CAPACITY

Summary - 1977

Upper Susitna Project Power Market Analysis

Area-

Anchorage-Cook Inlet

Hydro

Installed Capacity - MW
Diesel Gas Steam

Int. Comb. Turbine Turbine Total

utility System:'. ,':
National Defense '..
Industrial .System

Subtotal

Fairbanks-Tanana Valley

utility System .
National Defense

Subtotal

45.0

45.0

9.8
9.2

10.2
29.3

32.1
14.0
46.1

435.1

14.8
449.9

203.1

203.1

14.5
40.5

55.0

53.5
63.0

116.5

504.5
49.7
25.0

579.2

288.8
77.0

365.8

Notes:

Source:

The majority of the diesel generation is in standby status.
Rounding causes differences between summations of the parts
and the totals shown.

utility reports to Alaska Public utility Commission to the
Department of Energy, the Alaska Air Command, the oil and gas
companies, and APA files.

(Minor differences exist between this table and the appended Battelle
Report.)
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Planned Generation Capacity

The two major utilities in the Anchorage-Cook Inlet area, AML&P and CEA,
plan to add a total of approximately 420 ~~ installed capacity to their
existing system between 1979 and 1985. A..'1L&P plans to add a 16.5-MW
combined cycle system to their existing combustion turbine. In
addition, CEA has plans to compiete the 230-kv interconnection loop with
MEA.

In December 1978, GVEA decided to postpone development of their proposed
Healy II steam turbine system (104 MW) until more favorable economic
conditions prevail.

A unit by unit breakdown of planned generating systems is presented in
the appended Battelle report, table 3.8.
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Data

National Defense - Includes all military installations.

The three energy use sectors analyzed in this study are:

Residentia...l,

i

POWER REQUIREMENTS

Introduction

PART V.

83

Evaluations of monthly energy distribution and installed capacity
requirements are included and are premised on characteristics of area
power demands.

Utility Includes all utilities _which serve residential and
commercial/industrial customers.

The utility component is divided into four sectors:
Commercial-Industrial, Total Sales, and N~t Generation.

Estimates of future utility power needs are derived from estimates of
individual energy use and area population. Population projections were
developed by the University of -Alaska, Institute of Social and Economic
Research (ISER). The individual use forecast was estimated by assumed
conservation-induced changes in kwh/capita growth rates. The end
results are forecasts of net generation (kwh) and peak load demand (kw).

Self-Supplied Industry - Includes limited number of heavy industries,
i.e., natural gas and oil processing industries on the Kenai Peninsula
which generate their own power. The study assumes that these industries
will purchase energy if it becomes economically feasible. Some have
interchange agreements with local utilities.

The historical data summarizes the Anchorage-Cook Inlet and
Fairbanks-Tanana Valley areas which comprise the Railbelt area. Each
area is divided into utility, national defense, and self-supplied
industrial components (Fairbanks-Tanana Valley area has no known
Significant self-supplied industries).

This presents the basic parameters used in the analyses leading to the/
Susitna Power Market forecast assumptions.

This summarizes the analyses of historic data and estimates of future
needs in the ·power market areas. The study examines in detail electric
utility statistics 1970 to 1977 with special effort to identify changes
in use patterns related to conservation measures since the 1973 oil
embargo.



Data was collected from utility and industry reports to various
government agencies, from utilities directly, from Alaska military
commands, by correspondence with industry, and from various statistical
publications and news media.

As part of the forecasting foundation, the following historical
chronology indicates fluctuations affecting Railbelt energy use.

1973. Start of fuel crisis and conservation publicity in December.
Below average temperature.

1977. Oil started flowing in pipeline. Warmest year of period.
Residential construction boom in Anchorage. Large increase in
non-residential authorizations issued.

averageBelowpipeline.concerning

concerning the oil pipeline design,
Native land claims legislation pending.

Uncertainty concerning pipeline. Coldest year of period.

Uncertainty

Uncertainty
and approval.
temperature.

Start of pipeline· construction. Near average temperature.

Peak of pipeline construction activity. Near average tempera-1975.
ture.

1976. Start of pipeline construction "wind-down." Electric power
cable across Knik Arm out of service for an extended period (all but one
circuit). Above average temperature.

1974.

1972.

1970.
construction,
Above average

1971.
temperature.

Basic data needed for the 1970-1977 analysis are presented on tables 2,
3, and 4 included is utility annual energy and customers for each
sector, national defense and industrial annual energy consumption,
utili ty and national defense annual peak load, industrial installed
capacity, annual population, and average annual employment. In
addition, utility net generation, listed on tables 5 and 6, was compiled
for the 1960-1977 period.
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Table 2
BASIC POWER AND ENERGY FORECASTING DATA

ANCHORAGE-COOK INLET AREA (INCLUDING SEWARD)

Upper Susitna Project Power Market. Analysis

Utility Energy Sales (GWH) Net Generation (GWH)

Year Resi. Comm./lndu. Total l/ Utility l/ Nat. Def. 1/ Indu.

1970
1971
1972
1973
1974
1975
1976
1977

310.5
369.7
421.6
459.5
496.1
595.1
677 .6
741.0

342.3
393.9
454.0
514.8
552.8
631.9
738.7
813.4

678.7
792.5
911.6

1,012.2
1,087.4
1,270.6
1,462.2
1,600.8

744.1
886.9

1,003.8
1,108.5
1,189.7
1,413.0
1,615.3
1,790.1

156.2
161.2
166.5
160.6
155.1
132.8
140.3
130.6

1.65

45.3

45.3

69.5

Utility Customers Peak Load (MW)

Year

1970
1971
1972
1973
1974
1975
1976
1977

Resi.

39,271
42,501
46,724
49,307
52,585
56,801
61,881
68,320

Comm. /Indu.

5,230
5,581
6,104
6,491
6,798
7,478
8,220
9,221.

Total

45,042
48,670
53,278
56,280
59,893
64,797
70,622
78,06'6

Utility

165.2
184.8
212.8
229.9
257.2
345.8
349.9
423.9

Nat. Def.

34.6

33.9

32.6

40.5

Indu. !!.!

12.3

12.3

12.3

24.8

Population
Civilian Total

Employment
Avg. Annual

1970
1971
1972
1973
1974
1975
1976
1977

135,963
145,108
155,084
160,162
165,938
196,320
207,090
222,424

149,428
159,046
167,765
174,280
179,544
209,049
219,337
234,674

47,408
51,092
54,329
57,157
65,919
78,7?6
83,604
88,869

1/ Excludes deliveries to national defense.
2/ Total retail sales of energy + non-revenue energy used + losses.
3/ Includes receipts from utilities, excludes deliveries to utilities.
4/ Self-supplied industrial data is installed capacity rather than peak load.

GWH = million KWH
MW = thousand KW
KW = Kilowatt
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Upper Susitna Project Power Market Analysis

Table 3
BASIC POWER AND ENERGY FORECASTING DATA

FAIRBANKS-TANANA VALLEY AREA

1/ Excludes deliveries to national defense.
2/ Total sales + non-revenue use + losses.
3/ Includes receipts from utilities, excludes deliveries to utilities.
4/ Self-supplied industrial data is installed capacity rather than peak Ie

Net Generation (GWH)

Utility 'l:./ Nat. Def. 1/

239.3 203.5
275.5 201.4
306.7 203.3
323.7 200.0
353.8 197.0
450.8 204.4
468.5 217.5
482:9 206.8

Peak Load (MW)
Utility Nat. Def.

56.3 44.4
65.3
66.6 41.4
72.7
87.5 40.8

110.0
102.6
118.9 41.0

210.2
244.3
262.9
282.3
323.0
409.2
420.5
442.7

Total 1/

Employment
.Avg. Annual

15,681
15,817
16,873
16,794
21,960
34,451
34,325
27,385

12,268
12,947
13,611
14,041
15,084
16,447
18,179
19,463

52,141
50,585
52,383
52,246
57,836
67,011
63,762
52,155

108.3
119.8
127.3
139.5
150.3
196.3
204.2
221.6

1,721
1,-779
1,839
1,929
2,069
2,247
2,435
2,580

Comm./Indu.

42,310
43,188
45,516
45,396
51,137
60,884
58,051(e)
47,155 (e)

Utility Energy Sales (GWH)

91.7
112.4
122.3
134.4
155.8
193.0
195.9
200.7

ResL

Population
Civilian Total

10,364
11,014
11 ,584
11,931
12,832
14,025
15,569
16,709

1970
1971
1972
1973
1974
1975
1976
1977

1970
1971
1972
1973
~974

1975
1976
1977

1970
1971
1972
1973
1974
1975
1976
1977

Year

Utility Customers
Year Resi. Comm./Indu. Total

GWH = million KWH
MW = thousand KW

86



Table 4
BASIC POWER AND ENERGY FORECASTING DATA

RAILBELT AREA

Upper Susitna Project Power Market Analysis

Utility Energy Sales (GWH) Net Generation (GWH)
Year Resi. Comm. /Inq.u. Total Utility Nat. Def. Indu. Total

1970 402.2 450.6 888.9 983.4 359.7 1.6 1,344.7
1971 482.1 513.7 1,036.8 1,162.4 362.6 25(e) 1,550.0
1972 543.9 581.3 1,174.5 1,310.5 369.8 45.3 1,725.6
1973 593.9 654.3 1,294.5 1,432.2 360.6 45.3(e) 1,838.1
1974 651.9 703.1 1,410.4 1,543.5 352.1 45.3 1,940.9
1975 788.1 828.2 1,679.8 1,863.8 337.2 45.3(e) 2,246.3
1976 873.5 942.9 1,882.7 2,083.8 357.8 45.3(e) 2,486.9
1977 941.7 _1,035.0 2,043.5 2,273.0 337.4 69.5 2,679.9

Utility Customers Peak Load (MW)
Year Resi. Comm./lndu. Total Utility Nat. Def. Indu. Total

1970 49,635 6,951 57,310 221.5 79.0 12.3 312.8
1971 53,51:; 7,380 61,617 ,250.1 77(e) 12.3 (e) 3 l
1972 58,308 7,943 66,889 279.4 75.3 12.3 36, .0
1973 61,238 8,420 70,321 302.6 74(e) 12.3(e) 388.9
1974 65,417 8,867 74,977 344.7 73.4 12.3 430.4
1975 70,826 9,725 81,244 455.8 73 (e) 12.3(e) 541.1
1976 77 ,450 10,654 88,801 452.5 76(e) 12.3(e) 540.8
1977 85,029 11,801 97,529 542.8 81.5 24.8 649.1

)aO

1970
1971
1972
1973
1974
1975
1976
1977

Total
Population

201,569
209,631
220,148
226,526
237,380
276,060
283,099
286,829

Avg. Annual
Employment

63,089
66,909
71,202
73,951
87,879

113,237
117,929
116,254
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Table 5
NET GENERATION (GWH)

ANCHORAGE-COOK INLET AREA

Upper Susitna Project Power Market Analysis
(Includes receipts of electric energy from military; excludes electric energy deliveries to military)

Year AML&P CEA APA MEA UEA KU SES Total Growth %-
1960 0.8 27.5 187.6 0.1 8.2 1.8 5.7 231.6
1961 3.2 44.8 193.8 0.1 3.6 2.0 6.2 253.7 9.5
1962 20.0 101. 8 150.3 0.2 0 2.3 3.7 278.2 9.7
1963 55.7 100.5 152.7 0.2 0 2.7 0 311.8 12.1
1964 97.3 94.5 146.1 0.5 1.2 3.8 0 343.4 10.1
1965 101.2 167.4 132.1 0.6 1.4 4.1 0 406.8 18.5
1966 108.6 204.6 138.2 0.7 1.4 5.2 0 458.7 12.8
1967 100.1 217.1 178.5 0.8 1.5 6.7 0 504.6 10.0

co 1968 125.3 280.0 155.5 0.8 1.7 10.1 0 573.4 6.5
co 1969 148.1 314.6 158.2 0.9 2.2 8.9 0.1 633.0 17.8

1970 186.0 385.5 154.7 1.1 2.4 9.0 0.1 738.8 16.7
1971 24?3 476.6 144.9 1.3 2.7 8.0 0.1 878.9 19.0
1972 270.0 554.2 164.0 1.5 3.3 7.0 0.1 1,000.1 13.8
1973 359.0 657.3 96.3 0.3 3.6 -- 0.1 1,116.5 11.6
1974 389.6 678.4 1.1 -- 4.2 -- 0.1 1,197.4 7.2
1975 384.3 888.8 135.1 -- 3.4 -- 3.2 1,414.9 18.2
1976 442.9 1,054.5 118.5 -- 0.5 -- 1.5 1,617.3 14.3
1977 420.3 1,179.7 203.6 -- 0.5 -- 0.8 1,804.9 11.5

AHL&P
CEA
APA
MEA
HEA
KU ..
SES

- Anchorage Municipal Light and Power
- Chugach Electric Association
- Alaska Power Administration
- Matanuska Electric-Association
- Homer Electric Association
- Kenai Utilities
- Seward Electric System



Table 6
NET GENERATION (GWH)

FAIRBANKS-TANANA VALLEY AREA

Upper Susitna Project Power Market Analysis
(Includes receipts of electric energy from military;

excludes electric energy deliveries to military)

Year FMU GVEA AP&T DLE NP&L Total Growth %

1960 36.7 24.4 0.1 0.6 61.8

1961 38.8 29.4 0.1 0.6 68.9 11.5

1962 42.3 33.3 1. 0.1 0.6 77.2 12.1

1963 45.4 39.1 1.2 0.1 0.6 86.4 11.9

1964 48.4 53.6 1.5 0.1 0.6 104.2 20.6

1965 49.5 56.6 1.8 0.1 0.6 108.6 4.2

1966 52.6 67.0 2.1 0.1 0.6 122.4 12.7

1967 55.9 75.9 2.0 0.2 0.6 134•.6 10.0

1968 64.0 97.9 2.0 0.2 0.6 164.7 22.4

1969 72.2 118.1 2.1 0.2 0.6 193.3 17.4

1970 85.6 150.2 1.9 0.2 0.6 238.6 23.4

1971 106.7 164.9 2.4 0.2 0.6 274.7 15.1

1972 120.3 182.2 2.6 0.2 0.8 306.1 11.4

1973 115.4 202.2 2.7 0.2 0.9 321.4 5.0

1974 123.0 214.3 3.5 0.2 1.2 342.1 6.4

1975 137.2 286.9 3.9 0.2 1.6 429.7 25.6

1976 139.6 315.1 4.2 0.2 1.4 460.4 7.1

1977 133.5 346.3 4.5 0.2 1.4 485.8 5.5

FMU - Fairbanks Municpa1 Utilities
GVEA - Golden Valley Electric Association
AP&T - Alaska Power and Telephone (Tok)
DLE - Dot Lake Electric (Purchased by AP&T in 1978)
NP&L - Northway Power and Light
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Utility

Analysis

Detailed investigations of relationships among the basic data components
are listed in tables 2, 3, and 4. Analysis was done separately for each
major sector (utility, national defense, and self-supplied industry)
within eacn geographic area.

evaluation
for the

The foregoing
observationsfollowing

Results
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Constants, small amplitude cycles, or trends in relationships among the
energy use and customer sectors were investigated for use as forecasting
aids. If, for instance, the residential energy use/net generation ratio
remained almost constant from 1970 through 1977, only net generation
need be subjected to the forecasting procedure. The same type of
analysis was applied to energy use ratios: a look for an average or
trend to De used as a factor in forecasting net generation.

procedures resulted in the
Anchorage-Cook Inlet area.

The analysis of utility data set out to develop assumptions for fore
casting net generation and peak load. Investigations evaluated the
impact of changes in population, employment, customers, weather,
tariffs, and other events upon energy u,se. These evaluations then
helped to: (1) determine if energy sectors (residential,
commercial-industrial, total sales) other than net generation needed to
be forecast; (2) determine which energy ratio (kwh/capita, kwh/employee,
kwh/customer) to use in the forecasting procedure; (3) develop
procedure for forecasting utility annual net generation from energy use
assumptions and demographic parameters (population, employees, or
customers); (4) determine load factor with which to calculate peak load
forecast from the net generation forecast.

The evaluations showed a mix of similarity and contrast between the two
Railbelt areas. In both areas, the major energy use determinants were
the trans-Alaska oil pipeline construction and the fuel crisis of
1973-74. Other correlations with weather, tariffs, etc., seemed
insignificant. For instance, energy growth increased in some years
despite above average temperatures which reduced energy need.

Anchorage-Cook Inlet Area Analysis

After developing the net generation forecast, the peak load forecast was
calculated using energy and an assumed load factor. Analysis of
historic load factors determined an average or trend from which the
assumed load factor was derived. Forecasted net generation and the
assumed future load factor were then used in the formula: Peak
load = 8,760 hr/yr. x load factor x net generation •.



(a) Observations indicate no significant shift in energy use patterns
or in share of total load among the various utility sectors
(residential, etc.). The ratios among the sectors (residential/total
sales; total sales/net generation, etc.) remained essentially constant
through the study period. This was true for both energy and customers.
Therefore, only one sector--net generation--represents. all sectors in
the forecast.

(b) Energy rate of growth per customer and per capita had a significant
reduction after the 1973-74 fuel crisis. The 1973-77 per capita average
growth rate was about half that for 1970-73. It appears that
conservation can be considered an influence after 1973.

(c) Events impinging upon energy use are listed in the previous
section. Between 1973 and 1977, several events bear repeating for
emphasis: fuel crisis in 1974; start of 'pipeline construction in 1974;
peak pipeline activity in 1975; decreas~ of pipeline' activity in 1976
and 1977; cables across Knik Arm, which carry a large share of Anchorage
energy, went out of service in 1976; warmer than average weather in
1974, 1976, and especially 1977. Yearly growth rates' reflected rather
large fluctuations as different historical events influenced each
parameter. (This is a recurring phenomenon in Alaskan history).

(d) Parameters were not influenced alike as figures 3 through 8 attest.
For instance, customer growth reacted' to events in a steadier pattern
than did population and emp loyment. Reasons for this are more peop Ie
per customer and time needed for connecting more customers to a utility
system at the initial onslought of large demographic growth.

(e) Comparing the energy fluctuations with others, such as population
and employment, gave a measure of correlation between parameters. (The
energy use and customer growth fluctuations correlated only in part;
their patterns did not coincide every year). However, energy and popu
lation growth rate changes were coincidental for every year but 1977.
That is, when the energy growth rate increased, so did the population
growth rate; when the population growth rate decreased, so did the
energy growth rate.

(f) Energy use and weather comparisons were inconclusive. Wamm weather
did not bring corresponding reduction in energy use. Cold weather
increases in energy use were buried in other events (pipeline
construction, etc.).

(g) Because the net generation kwh/~apita ratio seemed to reflect the
closest correlations, particularly in recent years, this ratio and
population were used to forecast net generation values between 1980 and
2025.

(h) Values basic to the forecasting assumptions are the kwh/capita
ratio averaging 3.8 percent average annual growth between 1973 and 1977
and net generation averaging 12.7 percent.

(i) Average annual growth results are summarized on table 7. Figures
3, 4, and 5 are graphs of pertinent elements of the analysis.
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Fairbanks-Tanana Valley Area Analysis Results Some of the
Anchorage-Cook Inlet area evaluation results apply also to the
Fairbanks-Tanana Valley area, others do not. The following observations
parallel t~ose of Anchorage-Cook Inlet.

(a) No significant shift in energy use patterns or in share of total
load among the various utility sectors (residential, etc.). Again, only
one sector--net generation--need be forecast.

(b) Energy growth was similar to that of Anchorage (somewhat smaller in
the pre-1973 period); but customer, population, and employee growth were
different in the two areas. Consequently, the energy use per customer ,
per capita, and per employee ratios indicate different growth patterns
in Fairbanks. The large swings of employment and population in
Fairbanks during pipeline construction compared to almost constant
preconstruction values cloud comparisons of the two periods.·

(c) Although. the "effects of pipeline construction are evident, the
population/employee ratio (2.29 average through the study period) was
constant enough to indicate that either population or employment can be
used asa forecasting parameter.

(d) The effects of weather on energy use could not be detected. In
some years, degree day variations were not in phase with energy use
variations.

(e) Energy use/capita exhibited wider variations than the other two
ratios~ but, nevertheless, had the nearest to constant average. annual
growth rates. Because of this and the other observations, net
generation kwh/capita and population were used to forecast net genera
tion.

(f) As in the Anchorage-Cook Inlet area, values basic to the
forecasting assumptions are the net generation/capita growth, averaging
10.6 percent per year, and net generation growth, averaging 10.5
percent per year between 1973 and 1977.

(g) Growth rate results are summarized on table 7. Figures 6, 7, and 8
are graphs of some pertinent elements of the analysis.
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'Table 7
AVERAGE ANNUAL UTILITY GROWTH SUMMARY

ANCHORAGE-COOK INLET AREA

Upper Susitna Project Power Market Analysis

Avg. Growth Avg •. Growth
197O. 1973 1977 1970-1973 1973-1977

Energy GWH
R~sidential Sal~s 310 460 741 14.0% 12.6%
Commercial/Industrial 342 515 813 14.7 12.1
Total Sales 679 1,012 1,601 14.2 12.1
Net Generation 744 1,108 1,790 14.2 12.7

Energy Use, kwh/Customer
Residential 7,907 9,319 10,846 5.6 3.8
Commercial/Industrial 65,449 79,310 88,212 5.6 2.6
Total Sales 15,068 17,985 20,506 6.0 3.3

Energy Use, kwh/Capita
Residential 2,284 2,869 3,332 8.0 3.8
Commercial/Industrial 2,518 3,214 3,657 8.6 3.3
Total Sales 4,992 6,320 7,197 8.3 3.3
Net Generation 5,473 6,921 8,048 8.0 3.8

Fairbanks-Tanana Valley Area

Avg. Growth Avg. Growth
1970 1973 1977 1970-1973 1973-1977

Energy GWH
Residential Sales 92 134 201 13.4% 10.7%
Commercial/Industrial 108 140 222 9.1 12.2
Total Sales 210 282 443 10.2 11.9
Net Generation 239 324 483 10.8 10.5

Energy Use, kwh/Customer
Residential 8,852 11,262 12,010 8.3 1.7
Commercial/Industrial 62,931 72,303 85,899 4.8 4.4
Total Sales 1.1,134 20,104 22,746 5.4 3.1

Energy Use, kwh/Capita
Residential 1,759 2,572 3,848 13.5 10.6
Commercial/Industrial 2,077 2,670 4,249 8.7 12.3
Total Sales 4,031 5,403 8,488 10.3 12.0
Net Generation 4,589 6,196 9,259 10.5 10.6

APA 11/78
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National Defense

Evaluation of historical national defense data resulted in net
'generation and peak load averages. The analysis encompassed the u.s.
Army and Air Force installations in the Anchorage and Fairbanks areas.
No definite trends surfaced--only a small, cyclic. decrease in the
Anchorage area net generation and an increase in peak load. In the
Fairbanks area, net generation increased slightly and peak load
decreased. Total national defense is about 15 percent of utility for
both net generation and peak load.

Self-Supplied Industry

Railbelt industry and the upper Kenai Peninsula complex showed no
significant change in capacity and energy generation until 1977 when the
chemical plant expanded. Therefore, the analysis consisted of a plant
factor determination only. Other factors needed in forecasting are
discussed as assumptions in the next section.

Energy and Power Demand Forecasts

This section presents future energy and power requirement estimates
developed from the previous analyses. Work for the new estimates
consisted of: (1) using the analyses to obtain forecasting assumptions;
(2) using the assumptions in forecasting utility net generation/capita;
(3) combining net generation/capita with Institute of Social and
Economic Research (ISER) population projections to obtain the utility
net gener:ation forecast, and forecasting national defense and industry
generation from pertinent assumptions; and (4) combining the net
generation forecast with load factors resulting from the historical data
analysis to· obtain peak load (power requirement) forecasts.

Assumptions and Methodology

Population - The ISER econometric model of the Southcentral Region Water
Study (Level B) furnished high and low range population forecasts. The
model disaggregated the Anchorage':'Cook Inlet area. from a statewide
population forecast. No recent, applicable forecast of Fairbanks-Tanana
Valley population was available; therefore, APA assumed statewide growth
rates from the ISER model applied to the Fairbanks-Tanana Valley areas.
(See table 8).

Utility - Assumptions, based on the preceding analyses, lead to the net
generation and peak load forecast. Net generation is the product of
forecasted energy use per capita and projected population. Peak load
demand is derived from net generation and the assumed utility load
factor. Multiplying these growth rates by forecasted 1980 values of
kwh/capita resulted in the energy use estimates.
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Table 8
POPULATION ESTIMATES

1980-2025
RAILBELT AREA

Upper Susitna Project Power Market Analysis

1/ Statewide 1/ Fairbanks-Tanana 2/Anchorage-Cook Inlet - Valley -

~ High Low High Low High Low

1980 270,200 239,200 513,766 500,225 62,020 60,390

1985 320,000 260,900 640,718 563,303 77,350 68,010

1990 407,100 299,200 790,042 618,397 95,370 74,660

1995 499,200 353,000 947,312 680,286 114,360 82,130

2000 651,300 424,400 1,157,730 743,034 139,760 89,700

2025 904,000 491,100 1,484,784 820,369 179,240 99,040

Notes: * No mid-range estimates are shown because, when the forecasts
were done, ISER 1/ had made only the high and low projections.
A comparison of the mid-range forecast already performed (see
text for method) with one using the mid-range population, when
received, indicated no reason to re-do the forecasts.

* Values shown include national defense population

1/ From Iser, Southcentral Alaska's Economy and Population: A base
Study 1965-2025. September 1978 with December 1978 revisions.

1/ Calculated from statewide growth rates.
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Multiplying these growth rates by forecasted 1980 values of kwh/capita
resulted in the energy use estimates.

Since the ratios of residential, commercial-industrial, and total sales
energy to net generation remain constant, net generation is assumed to
be an appropriate forecasting parameter. The evaluations indicated that
the other sectors do not need individual forecasting.

The basic energy use (net generation kwh/capita) assumption for the
entire Railbelt area is a 3.5 percent average annual, mid-range, 1980-85
growth rate. It is based on the Anchorage-Cook Inlet area value of 3.8
percent annual growth flom .1973-77 and an assumed continuation of the
post-1973 conservation- trend. As mentioned in the Anchorage-Cook
Inlet area evaluations, a conservation trend was apparent when comparing
energy use growth rates for 1973-77 and 1970-73 (see table 7). Tied to
this is the assumption of gradually increasing effectiveness of future
conservation programs coup led with perhaps upper limits of. electric
energy use. These are reflected in an average annual growth by the year
2000 or 2 percent for high range, 1 percent for mid-range, and 0 percent
for low range. These assumptions result in decreased growth rates for
each five-year increment, as shown below:

2.5%
2.0%
1.5%
1.0%

0%

Low

3.5%
3.0%
2.5%
2.0%
1.0%

MidHigh

4.5%
3.5%
3.0%
2.5%
2.0%

1980-1985
1985-1990
1990-1995
1995-2000
2000-2025

Time Period

The 1980 mid-range value of kwh/capita was derived from the 1973-1977
average annual growth of net generation. The 1980 net generation was
estimated. The Anchorage-Cook Inlet mid-range assumption of 12 percent
annual load growth rate for 1977-80 net generation came from a
historical 12.7 percent. The respective Fairbanks-Tanana Valley values
were 10.5 percent assumed, 10.6 percent historical. Mid-range 1980
kwh/capita was calculated using the estimated net generation and
projected population. The 1980 high and low range average annual
kwh/capita growth rates for Fairbanks-Tanana Valley were assumed 120
percent and 80 percent of the calculated mid-range value respectively.
Comparable values for Anchorage-Cook Inlet were 130 percent and 80
percent. The differences between the two areas reflect population
estimates and an attempt to derive a reasonable 1977-80 transition
period coupled with the population estimates.

Peak load (MW) forecasts were calculated using a 50 percent load factor.
Anchorage-Cook Inlet area load factor averaged 51.9 percent between 1970
and 1977 and 51.0 percent between 1973 and 1977. Fairbanks area
averaged 48.9 percent and 48.4 percent in the same periods.

1/ Conservation here includes results of the fuel cr~s~s and perhaps
of nationwide publicity on the need for saving energy. Other factors
may be involved, but no other events are as coincidental with reduced
energy use as is the fuel crisis.
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National Defense - Historical data from Army and Air Force installations
in the Anchorage and Fairbanks areas indicate reasonab Ie energy
assumptions to be:

1. 0 percent annual growth for mid-range forecast, 1 percent for high
range, and -1 percent for low range.

2. A 50 percent load factor was assumed for use with energy (net
generation) to obtain peak load.

Self-Supplied Industries - The following assumptions were developed from
existing data and conditions, consultations with many knowledgeable
people in government and industry, and from reports on future
developments.

1. Industries will purchase power and energy if economically feasible.

2. Forecast based on listing in the March 1978 Battelle report.

3. High range includes existing chemical plant, LNG plant, and
refinery as well as new LNG plant, refinery, coal gasification plant,
mining and mineral processing plants, timber industry, city and aluminum
smelter or some other large,energy intensive industry.

4. Mid-range includes all of the above except the aluminum smelter.

5. Low range includes all listed under high range except the aluminum
smelter and the new capital.

6. In some instances, high, mid, and low range may be differentiated
by amount of installed capacity as well as the type of installations
assumed.

7. No self-supplied industries are assumed for the Fairbanks-Tanana.
Valley area. Any industrial growth has been assumed either (1) included
in utility forecasts or (2) not likely to be interconnected with the
area power systems.

8. Net generation forecast calculated from forecasted. capacity and a
plant factor of 60 percent.

The ISER
scenario.
industrial

model assumed the following
It is compared to industries
forecasts of this report.
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MID RANGE 31

Part of coal gasification could be equivalent to "Beluga Coal," but
it is much more than "40 employees in shipping."

A recent decision by ALPETCO changes this to the Valdez area.
The changes involved were not enou~h to warrant forecast revisions.

Existing refinery (2.4 MW)
Existing LNG plant (.4 to .6 MW)
Coal gasification (0 to 250 MW)21
New city (0 to 30 MW) -
New refinery (0 to 15.5 MW)
New LNG plant (0 to 17 MW)

Mining and mineral plants (5 to 50 MW)
Timber (2 to 12 MW)
Existing chemical plant (22 to 26 MW)
Aluminum smelter or other energy intensive

industry (0 to 280 MW)

New LNG plant (0 to 17 MW)
Existing refinery (2.4 MW)
Existing LNG plant (.4 MW)
Existing chemical plant (22 MW)
Coal gasification (0 to 10 MW)
New refinery (0 to 15.5 MW)
Mining and mineral plants (0 to 25 MW)
Timber (2 to 12 MW)

LOW RANGE

HIGH RANGE

Self-Supplied Industries Forecast

Cook Inlet Industrial Scenarios
Assumptions

At the time this forecast and analysis was performed, no ISER mid-range
projections of populations and employment had been developed.

ISER

Pacific LNG

Oil treatment and shipping facilities
Small LNG
Beluga Coal (40 emp loyees in shipping)
New capital (2,750 employees 1982-84)
Refinery-petroche~ica1complex II
Pacific LNG -
~ottom fish industry
Oil lease development
No new pulp mills or sawmills

:y
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Estimate of Future Demands

Using the high and low population projections and high, mid, and low
kwh/capita assumptions, six different net generation utility forecasts
were obtained. From these, the high population/high energy use and the
low population/low energy use were used for the high and low range final
forecasts. The mid-range final forecast came from averaging the high
population/low energy use and the low population/high energy use
forecasts. In lieu of a mi4-range net generation based on a mid-range
population projection, these last two forecasts were enough alike to
justify the average as mid-range net generation.

Near the completion of this analysis, ISER provided APA with a mid-range
population projection. Comparing the previous results with forecasts
using these mid-range projections, APA concluded that the two were
consistent and that no changes were necessary.

National defense and self-supplied industrial forecasts were calculated
from the assumptions and summarized with the utilities on table 10 for
the Anchorage';;'Cook Inlet area and tab Ie 11 for the Fairbanks-Tanana
Valley area. Railbelt totals, both peak load demand and net generation,
are summarized on table 12. Appropriate graphs follow each table on
figures 9 and 10 for Anchorage-Cook Inlet, 11 and 12 for
Fairbanks-Tanana Valley, and 13 and 14 for the Raiibeit totals.

Trend lines based on 1973-1977 average annual energy growth are
superimposed on the energy graphs, figures 9, 11, and 13.

1973-1977 Average Annual Growth

Anchorage-Cook Inlet
Fairbanks-Tanana Valley
Railbelt

10.9%
7.1%
9.9%

Historical and forecast energy use comparisons are summarized in table
9.

Comparison with Other Forecasts

This section compares the present forecast (1978) with two previous
forecasts, and forecasts available from various utilities.

The previous forecasts included the 1976 report and its 1977 update.
The 1977 update used 1975 criteria and assumptions. See table 13 for a
comparison tabulation. In general, the present forecasts produced values
less than the previous ones.
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Upper Susitna Project Power Market Analysis

Table 9
NET ANNUAL PER CAPITA GENERATION (KWH)

RAILBELT AREA UTILITIES

Energy use per capita nearly doubled in both areas in the historical
seven years. Growing use of electric space heating, electric cooking in
place of gas and oil, and many other possibilities can justify the
asstmlptions shown. Again, conservation has been factored in through
decreasing growth rates.

1970 1977 1990 2000 . 2025

Anchorage-Cook Inlet Area

4980 7630
16,300 21,400 35,100
14,000 17,500 22,400
12,000 13,600 13,600

Fairbanks-Tanana Valley Area

5655 10,240
18,400 24,000 39,000
16,300 20,300 26,000
14,100 15,800 15,900

APA 11/78

Historical
High
Mid
Low

Historical
High
Mid
Low

'I -
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POWER AND ENERGY REQUIREMENTS
ANCHORAGE-COOK INLET AREA

Upper Susitna Project Power Market Analysis

PEAK POWER
1970 1973 1977 1980 1985 1990 1995 2000 2025

MW MW MW MW MW MW MW MW MW
UTILITY ";'1.

., Hi h 620 1,000 1,515 2,150 3,180 7,240g
Mid 165 230 424 570 810 1,115 1,500 2,045 3,370
Low 525 650 820 1,040 1,320 1,520

NATIONAL DEFENSE
High 31 32 34 36 38 48
Mid 35 33 41 30 30 30 30 .30 30
Low 29 28 26 24 24 18

INDUSTRIAL
High 32 344 399 541 683 1,615
Mid 12 12 25 32 64 119 199 278 660
Low 27 59 70 87 104 250

0 TOTAL
...... High 683 1,376 . 1,948 2,727 3,901 8,903Mid 212 275 490 632 904 1,264 1,729 2,353 4,060

Low 581 737 916 1,151 1,4.48 1,788

ANNUAL ENERGY
GWH GWH GWH GWH GWH GWH GWH GWH GWH

UTILITY
High 2,720 4,390 6,630 9,430 13,920 31,700
Mid 744 1,108 1,790 2,500 3,530 4,880 6,570 8,960 14,750
Low 2,300 2,840 3,590 4,560 5,770 6,670NATIONAL DEFENSE
High 135 142 149 157 . 165 211
Mid 156 161 131 131 131 131 131 131 131Low 127 121 115 105 104 81INDUSTRIAL
lligh 170 1,810 2,100 2,840 3,590 8,490Mid 2 45 70 170 340 630 1,050 1,460 3,470
Low 141 312 370 460 550 1,310TOTAL
!:ligh 3,025 6,342 8,879 12,427 17,675 40,401Mid 902 1,314 1,990 2,801 4,001 5,641 7,751 10,551 18,351
Low 2,568 3,273 4,075 5,125 6,424 8,061

~
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Upper Susitna Project Power Market Analysis

ANCHORAGE-COOK INLET AREA
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Upper Susitna Project Power Market Analysis
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Table 11
POWER AND ENERGY REQUIREMENTS

FAIRBANKS-TANANA VALLEY AREA

Upper Susitna Project Power Market Analysis

PEAK POWER
1970 1973 1977 1980 1985 1990 1995 2000 2025

MW MW MW MW MW MW MW MW MW
UTILITY

High 158 244 358 495 685 1,443
Mid 56 73 119 150 211 281 358 452 689
Low 142 180 219 258 297 329

NATIONAL DEFENSE
High 49 51 54 56 59 76
Mid 44 41 41 47 47 47 47 47 47
Low 46 44 42 40 38 29

.... TOTAL....
0 High 207 295 412 551 744 1,519

Mid 101 114 160 197 258 328 405 499 736
Low 188 224 261 298 335 358

ANNUAL ENERGY
GWH GWH GWH GWH GWH Gl·m GWH Gl-JR GWH-- --UTILITY

High 690 1,070 1,570 2,170 3,000 6,320
Mid 239 324 483 655 925 1,230 1,570 1,980 3,020
Low 620 790 960 1,130 1,300 1,440

NATIONAL DEFENSE
High 213 224 235 247 260 333
Mid 203 200 207 207 207 207 207 207 207
Low 203 193 184 175 166 129

TOTAL
High 903 1,294 1,805 2,417 3,260 6,653
Mid 443 524 690 862 1,132 1,437 1,777 2,187 3,227
Low 823 983 1,144 1,305 1,466 1,569
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Upper Susitna Project Power Market Analysis
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Table 12
POWER AND ENERGY REQUIREMENTS

(RAILBELT AREA)

Upper Susitna Project Power Market Analysis

PEAK POWER
1970 1973 1977 1980 1985 1990 1995 2000 2025

MW MW MW MW MW MW MW MW MW
TOTAL -- --

High 890 1,671 2,360 3,278 4,645 10,422
Mid 313 389 650 829 1,162 1,592 2,134 2,852 4,796
Low 769 961 1,177 1,449 1,783 2,146

Average Annual
Growth for period % % % % % % % %

High 11.0 13.4 7.1 . 6.8 7.2 3.3
Mid 7.5 13.7 8.4 7.0 6.5 6.0 . 6.0 2.1
Low 5.8 4.6 4.1 4.2 4.2 0.7

ANNUAL ENERGY

t

TOTAL
High
Mid
Low

Average Annual
Growth for period

High
Mid
Low

Note: The increase
addition in 1985 of
(280 MW).

GWH GWH GWH GWH . GWH GWH. GWH GWH GWH--
3,928 7,636 10,684 14,844 20,935 47,054

1,345 1,838 2,681 3,663 5,133 7,078 9,528 12,738 21,578
3,391 4,256 5,219 6,430 7,890 9,630

% % % % % % % %
13.6 14.2 6.9 6.8 7.1 3.3

11.0 9.9 11.0 7.0 6.6 6.1 6.0 2.1
8.1 4.6 4.2 4.3 4.2 0.8

in 1980-1985 high range growth rates reflects the
the en~rgy intensive self-supplied industry load
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Further comparisons confirm that· the 1976 report forecast was valid.
Historic values through 1977 fell between the high and low ranges of the
forecast.

The 1976 report was based on load data through 1974 and the following
assumptions for utility load growth:

Average Annual Growth Rates

High Range
Mid-Range
Low Range

1974-1980

14.1%
12.4
11.1

1980-1990

9.0%
7.0
6.0

1990-2000

8.0%
6.0
4.0

The following percentages compare this report and the above assumptions.

Average Annual Growth Rates From
1978 Utility Energy Forecast

High Range
Mid-Range
Low Range

1977-1980

14.5%
11.5
8.7

1980-1990

9.0%
6.8
4.5

1990-2000

7.5%
6.0
4.5

The 1976 report based the utility energy forecast on assumed average
annual growth rates. The 1978 report based the forecast on assumed
growth in population and per capita energy use. Both reports considered
energy conservation, but, it was given more specific and higher
importance in the 1978 forecast.

Forecasts available from various utilities are tabulated on tables 14,
15, and·16. Some were done by the utilities, some by consultants, and
some by REA. All data was tabulated and, where necessary, extrapolated
as part of the State Alaska Power Authority Railbelt Intertie Study.
Comparisons are summarized in 5-year increments.

Utility Forecasts 1978 Susitna Forecasts

Energy (GWH) High Mid Low
1980 3,344 3,410 3,155 2,920
1985 6,277 5,460 4,455 3,630
1990 10,965 8,200 6,110 4,550
1995 17,748 11,600 8,140 5,690
2000 26,550 16,920 10,940 7,070

Peak (MW)
1980 725 778 720 667
1985 1,377 1,244 1,021 830
1990 2,.986 1,873 1,396 1,039
1995 3,835 2,645 1,858 1,298
2000 5,641 3,865 2,497 1,617
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The utility forecasts run higher than those of this report. No definite
reason for the differences can be made other than the utilities assumed
higher- growth rates. The basis of the utility assumptions was not
considered in this study.
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Table 14
UTILITY ENERGY FORECASTS (GWH)

ANCHORAGE-COOK INLET AREA

Upper Susitna Project Power Market Analysis

Year AML&P J) CEA l:..! MEA 3/ HEA !:../ Total

1979 634 1,109 280 310 2,333

1980 699 1,283 333 374 2,689
1981 771 1,468 395 452 3,086
1982 847 1,679 468 546 3,541
1983 930 1,921 559 620 4,030
1984 1,018 2,197 668 705 4,588

1985 1, III 2,509 799 800 5,219
1986 1,210 2,810 954 909 5,883
1987 1,313 3,147 1,140 1,033 6,634
1988 1,422 3,525 1,322 1,155 7,424
1989 1,534 3,948 1,534 1,290 8,306

1990 1,650 4,422 1,779 1,442 9,293
1991 1,770 4,864 2,064 1,611 10,309
1992 1,891 5,350 2,394 1,801 11,437
1993 2,014 5,885 2,706 1,978 12,584
1994 2,138 6,474· 3,057 2,173 13,843

1995 2,245 7,121 3,455 2,388 15,209
1996 2,357 7,691 3,904 2,623 16,575
1997 2,475 8,306 4,412 2,882 18,075
1998 2,599 8,971 4,853 3,111 19,533
1999 2,729 9,638 5,338 3,359 21,113

2000 2,865 10,463 5,872 3,626 22,826

Source: Obtained from utilities in 1978 for Alaska Power Authority
Railbe1t Intertie Study.

1/ Anchorage Municipal Light & Power Department
2/ Chugach Electric Association
3/ Matanuska Electric Association
!:../ Homer.E1ectric Association
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Table 15
UTILITY PEAK DEMAND FORECASTS (MW)

ANCHORAGE-COOK INLET AREA

Upper Susitna Proj~ct Power Market Analysis

Year AML&P 1/ CEA l;/ MEA 1/ HEA i/ Total

1979 124 239 67 64 495

1980 138 271 81 78 567
1981 152 310 97 94 653
1982 167 355 116 113 752
1983 184 406 142 129 860
1984 202 465 171 146 983

1985 221 530 207 166 1,124
1986 241 594 251 188 1,274
1987 263 655 303 214 1,445
1988 285 745 343 239 1,612
1989 309 835 389 267 1,800

1990 333 935 442 299 2,008
1991 358 1,028 501 334 2,222
1992 384 1,131 569 373 2,458
1993 411 1,244 630 410 '2,695
1994 437 1,369 698 451 2,954

1995 461 1,505 773 495 3,234
1996 486 1,626 857 544 3,512
1997 512 1,756 950 598 3,816
1998 539 1,901 1,026 645 4,111
1999 568 2,048 1,108 696 4,421

2000 599 2,212 1,197 752- 4,759

Source: Obtained from utilities in 1978 for Alaska Power Authority
Railbe1t Intertie Study.

1/ Anchorage Municipal Light & Power Department
2/ Chugach Electric Association
3/ Matanuska Electric Association
4/ Homer Electric Association
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Table 16
UTILITY ENERGY AND PEAK DEMAND FORECASTS

FAIRBANKS-TANANA VALLEY AREA

Upper Susitna Project Power Market Analysis

Net Energy (GWH) Peak Demand (MW)

Year GVEA 1/ FMU Y Total GVEA FMU Total

1979 450 144 594 111 33 144

1980 502 153 655 123 35 158
1981 560 162 722 136 37 173
1982 625 172 796 151 39 190
1983 693 182 875 167 42 209
1984 769 193 962 186 44 230

1985 853 205 1,058 206 47 253
1986 947 217 1,164 228 50 278
1987 1,050 230 1,280 25"2 53 305
1988 1,155 244 1,399 278 56 334
1989 1,271 259 1,529 305 59 364

1990 1,398 274 1,672 335 63 398
1991 1,537 288 1,825 368 " 66 434
1992 1,691 302 1,993 405 69 474
1993 1,843 317 2,160 440 72 512
1994 2,009 333 2,342 480 76 556

1995 2,190 350 2,540 521 80 601
1996 2,387 367 2,754 569 84 653
1997 2,602 386 2,987 619 88 707
1998 2,810 405 3,215 668 92 760
1999 3,035 425 3,460 722 97 819

2000 3,278 446 3.724 780 102 882

Source: Obtained from utilities in 1978 for Alaska Power Authority
Railbe1t Intertie Study.

1/ Golden Valley Electric Association
2/ Fairbanks Municipal Utilities
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Load Distribution

Reservoir operation studies used in sizing reservoirs need an average
monthly distribution of annual energy to help relate hydroelectric
output to the electric load. This section reports updated averages of
monthly energy use divHied by annual energy use wi thin the
Anchorage-Cook Inlet area.

This section also reports a study of hourly load distribution in the
weeks of winter peak load (same as annual peak) and summer minimum peak
load. By studying these load curves from several years, hydroelectric
plant factor is evaluated. (See capacity section).

The utility systems have had combined annual load factors slightly over
50 percent in the past few years (54 percent in 1977 as shown on figure
17). Data presented in table 17 shows that mid-summer peaks have been
running about 60 percent of mid-winter peaks and that monthly load
.factors generally exceeded 70 percent. For 1977, the December load
factor was 76 percent. Figures 15 and 16 illustrate that winter and
summer loads are quite similar. The load duration curves of figure 17
present these daily lo~d curves concisely. The 1976 report contains
daily load curves of previous years. Winter and summer curves are
plotted together showing similarities of slope and shape.

The update of average monthly energy· is presented as percent of the
annual value in table 18. Average percentages used in the 1976 report
compare closely with 1970-77 averages. Slight changes are reflected in
the "recommended distribution" column. Winter load is about two-thirds
of total.
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Figure 17

ANCHORAGE AREA
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Table 18
MONTHLY ENERGY REQUIREMENTS AS PERCENT OF ANNUAL REQUIREMENT

Upper Susitna Project Power Market Analysis

1970-1972 1970-1977
Utility Utility Recommended

MONTH Loads 1/ Loads 2/ Distribution 3/
Oct. 7.9 8.1 8.2

Nov. 8.9 9.2 9.0

Dec. 10.2 10.2 9.7

Jan. 11.3 10.8 10.2

Feb. 9.2 9.3 9.1

Mar. 9.8 9.4 9.1

,April 8.0 7.8 7.9

May 7.2 7.3 7.6

June 6.5 6.6 7.0

July 6.4 6.7 7.1

Aug. 7.1 7.1 7.4

Sept. 7.5 7.5 7.7
Total 100.0 100.0 100.0

SEASONAL

Oct.-April 65.3 64.8 63.2
May-Sept. 34.7 35.2 36.8,

l/ Combined loads of CEA, AML&P, GVEA, FMUS, for Oct. 1970-Sept. 1972.
Basis for (1975 Susitna Power market analysis) 1976 report.

l/ Combined net generation of CEA, fu~&P, APA, GVEA, FMUS, for Oct.
1970-Sept. 1977. Updated Basis.

11 Assumes total requirements consisting 'of 25 percent industrial loads
and 75 percent utility loads. Update of previous recommendations.



Capacity Requirements

Reliability standards would be upgraded as the power systems devefop.
Likely inclusions are specific prov1s10ns for maintaining spinning
reserve capacity to cover possible generator outages and substantial
improvements in system transmission reliability.

System daily peak load shapes indicate that a very small portion of the
capacity is needed for very low load factor operation. Some of the gas
turbine capacity now used for base load is expected to be used mainly
for peak shaving purposes, eventually. It will be operating during peak
load hours for the few days each year when loads approach annual peak t

and will be in standby reserve for the balance of the year. Figure 17,
the annual peak week duration curve, shows that the highest 10 percent
load occurs for 30 percent of the week (about two days).

With reference to the load factor evaluations in the previous section t a
trend towards somewhat higher annual load factors in the future is
anticipated. In addition to benefitting from any load diversity in the
interconnected system, peak load management (including such practices as
peak load pricing) offers considerable opportunity for improving load
factors t which in turn reduces overall capacity requirements for the
system in any given year. For planning purposes, it is assumed that the
annual system load factor will be in the range of 55 to 60 percent by
the latter part of the century.

requirements are determined by winter peak load
allowances for reserves and unanticipated load growth.
peaks provide latitude for scheduled unit maintenance

System capacity
requirements plus
The lower summer
and'repairs.

Results - Examination of the winter load duration curve (figure 9)
indicates that the base load portion is about 65 percent of total load
and the peak load is about 35 percent of total load. Load factor for
the peak portion is about 54 percent. Winter weekly load factors are
approximately 80 percent. This is illustrated in the winter and summer
load duration curves by proportioning the areas under the curves to the
total possible area if peak load occurred 100 percent of the time.

An annual plant factor of 50 percent is recommended for the proposed
Upper Susi~a Project. This is largely a judgment factor and is based
on the following considerations:

1. The recommended plant factor provides for serving a proportional
share of both peaking and energy requirements throughout the year while
maintaining adequate flexibility to meet changing conditions in any
given year.

2. Any significant reduction in this capacity could materially reduce
f lexib iIity •
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3. A significant market for low load factor peaking capacity seems
unlikely within the foreseeable future. Load management and additional
industrial loads will probably increase the overall system load factor
in the future. It is expected that several existing and planned gas
turbine units could eventually be used for peak shaving.

4. It is recognized that the mode of operation for the hydro will
change through time •. In the initial years of operation, it is likely
that the full peaking capacity will be used infrequently. For example,
the mid-range Railbelt estimated system peak load for the year 2000 is
2,852 MW. Assuming load shapes similar to the current Anchorage area
loads, the winter peak week would require about 1,850 MW of cont inuous
power to cover the base loads and about 1,000 MW of peaking power. Load
factors of the peak portion would be about 50 percent.

A design capacity based on 50 percent plant factor applied to average
annual energy (primary plus secondary) appears appropriate. Machine
overload capability contributes to spinning reserves for emergencies or
other short term contingencies.

The Corps based nameplate capacity on 50 percent plant factor applied to
critical year firm energy. This smaller capacity, when applied to
average annual energy, results in a 56 percent plant factor. APA feels
the smdller design capacity may unduly reduce flexibility.
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I

PART VI. ALTERNATIVE POWER SOURCES

Introduction

This section examines alternative power supply options in the Railbelt
in lieu of the Upper Susitna Project and presents detailed cost
estimates of power from new coal-fired steam plants.

Alternatives premised on unproven technology were eliminated.

Alternatives Considered

Potential alternative sources of electric power generation are identi
fied by energy type. They are coal, oil and natural gas, hydro,
nuclear, wind, geothermal, and tide.

Some alternatives will be restricted in time or capacity because of
Federal energy policy controlling use of energy resource. Others will
be restricted by practical available energy supply. Still others are
impractical because of lack of large-scale technology.

Coal

Evaluation of coal utilization is based on mine-mouth coal-fired steam
generation. Potential advanced technology, such as gasification, is not
considered because development would not be available within this study
period.

Recent studies provide general information about possible locations,
sJ.zJ.ng, and cost of new steamp1ants, but Alaska specific data are
limited and extrapolations have been made for local conditions.

Information sources of specific interest for this analysis are: studies
by Battelle Pacific Northwest Laboratories (March 1978); the Electric
Power Research Institute (EPRI) (January 1977); and the Washington
Public Power Supply System (WPPSS) (June 1977); the Federal Energy
Regulatory Commission (FERC) determination of power values for' the
Bradley Lake Project (October 1977) and the Upper Susitna Project
(October 1978); and evaluations of costs for the proposed Golden Valley
Electric Association (GVEA) plant additions at Healy. These are all
listed in the bibliography.

Location - It is assumed that new coal-fired steamp1ants would be
located near the Beluga fields for service to the Anchorage-Cook Inlet
area and at Healy for service to the Fairbanks-Tanana Valley area. The
plants would use knqwn but undeveloped coal resources at Beluga and the
existing coal mining; operation near Healy.
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It is recognized that other locations are possible. For example, it may
be possible to locate a coal-fired plant on the Kenai Peninsula and use
coal from either local reserves or Beluga. A Kenai location might offer
co-generation possibilities because steam could: be reused in
manufacturing by the petrochemical industry. The potential for mining
coal on the Kenai Peninsula is substantially less attractive thatt for
Beluga because of thin coal seams and other geologic factors.

Capaci ty - These analyses are for two-unit 200-mol and 500-MW plants.
This size range is considered appropriate for new coal-fired plants that
might come on-line between 1985 and 2000.

Investment Cost - Table 19 summarizes unit investment costs for new
coal-fired plants presented in several recent studies. The data
assembled by each entity is quite complex with respect to original
estimated price levels, inflation to updated price levels, or projected
future on-line dates, size, pollution control equipment, location, type
of plant, and other items. Price levels were not adjusted to a uniform
date because of, the complexity of data involved.

All 1977 and 1978 estimates are substantially higher than APA estimates
for the 1976 Alaska Power Survey and the 1976 report.

The most in-depth analysis was the WPPSS study which investigated the
construction of 1,000-MW steamplants at 10 plant sites in Washington,
Montana, and Wyoming. Several grades and sources were assumed. Costs
were estimated for with and without sulphur dioxide scrubbers
(scrubbers). Twenty-two options of plant sites, coal supply, and trans
portation were investigated.

APA's estimate of coal-fired steamplant investment costs is derived from
the WPPSS study. Procedures for adjusting costs to current Alaska
conditions are similar to the analysis used in the appended Battelle
report.

The basic cost in the WPPSS study for a 1,000 MW single unit plant in
operation during mid-1976 was:

Without Scrubbers

With Scrubbers

$554/kw

$684/kw

The WPPSSprocedure increased these costs for the quality of the coal
used and other specific powerplant site conditions. The coal quality
problems have not been considered in this estimate, and the construction
site variable is assumed to be included in the Alaska factor.
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--------~---------------....•
Table 19. (cont.)

COMPARISON OF INVESTMENT COSTS FOR COAL-FIRED STEAMPLANTS

Upper Susitna Project ,Power Market AnalYBi~

Source of Estimate
Price
Level Location Size,MW

No. of
Units Scrubbers

Investment
Cost, $/kw

PACIFIC NORTHWEST AND WESTERN U.S. LOCATIONS

Washington Public Power
Supply System l/ Mid 1976 Pacific Northwest 1,000 2 No 554

Mid 1976 Pacific Northwest 1,000 2 Yes 684
July 1987 Pacific Northwest 1,000 2 No 848
July 1987 Pacific Northwest 1,000 2 Yes 1,056

Electric Power Research
Institute §j July 1976 Western U.S. Remote 500 1 No 896

July 1976 Western U.S. Remote 500 1 Yes 1,036
CAl July 1976 Western U.S. Remote 1,000 2 No 830
CAl July 1976 Western U.S. Remote 1,000 2 Yes 960

Idaho Nuclear Energy
Commission 11 1984 Boise, Idaho 1,000 2 No 828

1984 Boise, Idaho 1,000 2 Yes 934

above. The 1987 costs include 5 percent annual inflation.
operation in 1978.
for a 1984 operation date.

1./

:Y

l!
4/
5/
6'
"1

APA's estimate is based largly on the WPPSS study with adjustments for Alaska conditions and size of plant.
Future inflation not shown. ". .
GVEA 1974 estimate assumed units becoming operational in 1983 and 1986. The 1978 estimates assume operation
in 1984 at $2,500/kw assuming 7% inflation.
Battelle's estimates are based on adjusting both WPPSS and EPRI study data. The higher figures are from the
EPRI study. Their studies with future operation dates include inflation.
Scrubbers are assumed included in the cost.
This is the basic study adjusted by APA and Battelle
~he July 1976 price level includes costs for init"
The price level is 1975 costs adjusted to show COS~d



Adjusting the cost for the time between mid-1976 and October 1978 us~ng

the Handy-Whitman Steamplant Cost Index increased the cost 18.4 percent.

Without Scrubbers

With Scrubbers

$656/kw

$8l0/kw

An Alaska factor of 1.8 was used to adjust Pacific Northwest costs to
Alaska wages and conditions:

Powerplants smaller than the 1,000 ~~ that will fit near-future Alaska
power needs have a smaller total cost, but a larger cost per installed
kilowatt. An adjustment needs to be applied to the costs to compensate
for the loss of economy of the large scale plants. The factor recom
mended is the ratio of the plant size to the 0.85 exponent. A 500-MW
plant thus costs 55.5 percent of a 1,000 MW plant, and a 200-MW plant
costs 25.5 percent. Scaling the plants to 200 MW and 500 MW gives:

Alaskan coal prices have shown sizable increases recently. The cost of
coal at Healy in September 1978 was 80 cents per million Btu, up from 62
cents in 1975. The Fairbanks Municipal Utility System (FMUS) pays an
additional $6/ton shipping cost for Healy coal resulting in a price of
$1.15 per million Btu at the powerplant in Fairbanks.

Fuel Cost and Availability - There is a wide range of opinions about the
probable future cost of coal. For many years, coal prices were set at a
small margin above production costs so that coal could compete with
low-cost oil and natural gas. This situation has changed drastically
because of price increases for oil and gas and incentives for power
generation and has resulted in industrial conversion to coal. Coal
production costs are also increasing rapidly due to normal inflationary
and regulation factors. FERC reported the national average price of
coal at 96.2¢/million Btu in July 1977, up from 80.8¢ in July 1975, and
39.8¢in August 1973.

Plant Size

Without Scrubbers
With Scrubbers

Plant Size

Without Scrubbers
With Scrubbers

$ Million

167,000
207,000

$ Million

300,000
372,000

200 MW

$/kw

835
1,035

200 MW

1,500
1,860

$ Million

364,000
450,000

$ Million

655,000
810,000

500 MW

. $/kw

728
899

500 MW

1,310
1,620
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In October 1978, owners of the Beluga coal field stated that large
reserves in the Beluga coal field may compete in the world energy market
at a price of $1.10 to $1.40/mi11ion Btu stockpiled on the shore of Cook
Inlet. The conclusions were based on company studies that included
geologic investigations, drilling. bulk sampling programs, "mining
preparation, environmental evaluation, and navigation and shipping
studies.

FERC estimated $l.OO/mi1lion Btu for determination of power values in
the Bradley Lake Project (October 1977). Other recent studies suggest
this is a reasonable current (1978) cost for Beluga coal delivered to a
steamp1ant at Beluga, with no allowance for price increase in future
years.

Earlier APA studies for the 1976 FPC Power Survey and the 1976 Susitna
report ,assumed $1.00 to $1.50/mi11ion Btu for coal at 1985 price levels
in 1974 dollars. This included consideration of future economies of
scale of larger mining operations.

APA analyses for this report are still based on a coal cost of $1.00 to
$1.50/million Btu for a mine-mouth plant at either Beluga or Healy for
mid-1980 conditions. This is comparable with $1.28 in 1985, estimated
by GVEA for Healy coal by increasing the current 80 cents by 7 percent
annually. Because of the wide diversity of studies and opinions,
analyses based on a range of costs are' .presented.

In this study, we are assuming fuel values will increase about 2 percent
per year--more rapidly than overall price indexes. This is consistent
with other analyses.
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Table 20
GENERATION COSTS FOR CONVENTIONAL COAL-FIRED STEAMPLANTS

Upper Susitna Project Power Market Analysis

1985 COSTS (1978 PRICES)l/ Plant Size, MW
200 500

Number of Units

Investment Cost, Railbelt, $/kw

Capital Cost, mills/kwh

Operation and Maintenance, mills/kwh
Subtotal

Assumed Fuel Costs, mills/kwh

Transmission Cost to Load Center

Total Energy Cost, mills/kwh

1994 ENERGY COST

Capital Cost, mills/kwh
Operation and Maintenance, mills/kwh
Transmission Cost, mills/kwh

Subtotal

Fuel, Inflated 2% 1985 to 1994

Total

2 2

1,860 1,620

38.5 33.5

6.5 5.6
45.0 39.1

1.00/mmBtu 1.50/mmBtu
10.0 15.0 10.0 15.0

4.0 4.0 3.0 3.0

59.0 64.0 52.1 57.1

Fuel escalated 2%/year 1985 to 1994

38.5 33.5
6.5 5.6
4.0 3.0

49.0 42.1

12.0 17.9 12.0 17.9

61.0 66.9 54.1 60.0

Fuel Escalated 7%/Year from 1985 to 1994;
Capital Cost and O&M Escalated 5%/Year from 1978 to 1994

Capital Cost 80.0 69.7
Operation and Maintenance 13.5 11.6
Transmission 8.3 6.2

Subtotal 101.8 87.5

Fuel 18.4 27.6 18.4 27.6

Total 120.2 129.4 105.9 115.1

1/ APA estimate based on studies by Washington Public Power Supply System
Studies 1977.
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Cost of Power - The estimated total cost of electric power that would be
generated by a coal-fired steamplant alternative to the Susitna project
is presented in table 20. Development of the estimated cost applied to
a plant in either the Beluga or Healy area is based on the investment
and fuel costs discussed earlier in this· section, and includes other
criteria developed in this report. In summary, the parameters are:

1. Investment cost includes all construction, overhead, and interes.t
during construction, and is based on updating and adjusting WPPSS
Pacific Northwest costs for Alaska conditions. Annual capital costs are
based on a 35-year life and 7 percent interest rate.

r

2. Operation and maintenance costs are based on a .detailed WPPSS
personnel and materials estimate adjusted for plant capacity in the same
manner as investment costs, increased by 50 percent for Alaska
conditions, as developed in the 1976 Alaska Power Survey, and indexed
from January 1977 to' October ).978 using the U.S. Department of Labor
index.

3. Fuel costs of both $1.00 and $1.50/kw are presented with a heat
rate of 10,000 Btu/kwh.

4. Transmission costs are for lines connecting Beluga with Anchorage,
and Healy with Fairbanks.

The resulting average unit cost of electric power from coal-fired
steamplants to supply the Railbelt market area ranges from 5.21 to
6.40¢/kwh, varying with fuel cost and plant capacity.

Table 20. also presents an analysis of the cost of energy with fuel costs
escalated at 2 percent anually from 1985 through 1994 (Susitna project,
Watana phase on-line) and fuel cost escalated at 7 percent annually from

.1,985 through 1994.

Comparative Cost of Power (FERC) - FERC evaluated alternative costs for
coal-fired steam plants at Beluga for the Anchorage area and Healy for
the Fairbanks area as part of their power benefit studies for the Upper
Susitna Project. •

The FERC estimates of 4.93 to 5.64¢/kwh are in the same range as those
estimated by APA for the Anchorage area. However, the FERC estimates of
4.02 to 4.30¢/kwh for the Fairbanks area are low compared to APA
estimates. FERC estimated construction costs (July 1978) at $1,475/kw
c·ompared to $1,8l0/kw estimated by APA. In addition, GVEA recently
estimated a cost of $1,800/kw for a comparable Healy steamplant.

FERC data are based on:

1. An Anchorage area plant assumed to be a two-unit 450-MW plant with
fuel cost of $l.lO/million Btu and a heat rate of 10,000 Btu/kwh. The
Fairbanks plant is assumed to be two units, totaling 230 MW~ with a fuel
cost of $0.80/million Btu and a heat rate of 10,500 Btu/kwh. For
non-Federal cases, the Anchorage area plant investment cost was
estimated at $1,240/kw and the Fairbanks investment cost at $1,475/kw.
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2. Financing is based on a composite Anchorage-Kenai interest rate of
7.9 percent with 75 percent financing by REA at 8.5 percent and 25
percent by the municipality of Anchorage at 6.25 percent. The interest
rate for Fairbanks is 5.75 percent assuming State of Alaska Power
Authority financing. In comparison, a Federal rate of 6.875 percent is
used for both areas, the s'ame rate used in the Corps of Engineers
benefit analysis.

Oil and Natural Gas

The Upper Susitna Project involves a large new power supply beginning in
1994, with an expected life in excess of 100 years.

APA does not believe that oil and natural gas are realistic alternatives
for equivalent power supplies, particularly in 1Tiew of the timeframe
(start in 1994) and very long life (through 2094).

Hydro

Criteria - Evaluation of possible hydroelectric generation alternatives
to the Susitna project is based on comparing: (1) the potential
generation capability, and (2) unit cost of power. Possible sites are
identified by: (1) single sites with sufficient capacity to sUPPlY the
projected power demands; (2) combinations of smaller sites within
selected geographic areas and river basins; and (3) a combination of the
best sites from all areas accessible to the Railbe1t.

The hydro evaluation considered power requirements ranging from 600 MW
to 2,290 MW, which are, respectively, the low-range and high-range
projected increases in Railbe1t demands from 1990 to 2000. Associated
annual firm energy requirements would range from 2,670 gwh to 10,260
gwh. By comparison, the Susitna project is scheduled to provide about
1,573 MW capacity and 6,100 gwh annual firm energy.

Possible hydro generation alternatives were selected from the APA
inventory of hydroelectric resources. The inventory estimates unit cost
of power at the generator bus bar based on 1965-1966 cost at 3 1/4
percent interest rate. Susitna inventory cost data indexed to 1975
price levels give unit costs within 10 percent of that determined for
the 1976 report.

Single Large Capacity Sites Seven single sites have sufficient
capacity potential to be an alternative to supplying minimum Susitna
marke t area requirements. These are wi thin a maximum of L 4 times the
unit cost for Susitna power. However, land use designations (National
Parks and Monuments and Wild and Scenic Rivers) and/or known major
environmental impacts preclude consideration of developing any of the
sites at the present time.
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The sites are:

Site

Holy Cross
Ruby
Rampart
Porcupine
Woodchopper
Yukon-Taiya
Wood Canyon

Stream

Yukon R.
Yukon R.
Yukon'R.
Porcupine R.
Yukon R.
Yukon R.
Copper R.

Firm Capacity Percent
Energy MW of Susitna
GWH/yr Cost

12,300 2,800 140
6,400 1,460 62

34,200 5,040 32
2,320 530 79

14,200 3,200 71
21,000 3,200 52
21,900 3,600 51

None of the above sites can be considered available resources in the
1990's timeframe. This is due to: (1) Holy Cross, Ruby, Rampart, and
Woodchopper are main-stem Yukon River sites with known maj or environ
mental problems, (2) Porcupine, Woodchopper, and Yukon-Taiya have major
international considerations, and (3) Wood Canyon has a known major,
fishery problem.

Sites within the Nenana River basin have also been identified in past
work. Their economic feasibility depends upon being developed as a
unit. However, several of the sites are located partially within Mount
McKinley National Park and are precluded from development.

In conclusion, no single, large hydro generation sites are ava~lable as
alternatives to the Upper Susitna Project.

Combination of Small Capacity Sites - Combinations of single sites with
less capacity than the Susitna project consist of 78 sites within the
Matanuska, Tanana, Yentna-Skwentna, Talkeetna, and Chulitna River
basins, the northwest drainage of Cook Inlet, the Kenai Peninsula, and
scattered small sites and small basins within the Rai1belt area. None
of these areas contain sites with total capacity potential to supply.
minimum Susitna requirements. (Site combinations with the most
capacity--the Yentna-Skewntna River basin and Kenai Peninsula--total 609
MW and 646 MW respectively, but with costs for individual sites ranging
from 1.4 to 20 times Susitna costs.)

If consideration is given to combining the best small sites from each of
the geographic areas, 12 sites totalling 1,276 MW are within the range
of twice the cost of Susitna. Only one (Chakachamna) is near Susitna
cost (103 percent), and has 366 MW potential.

Chakachamna is partly within the new Lake Clark National Monument. Other
new or proposed Federal land withdrawals would preclude sites with abou~

half of the total potential of the combined sites. Other sites have
various environmental impact potentials. Some streams that would be
affected have major anadromous fish resources. Also, because the sites
are widely distributed, the needed transmission systems would be ,fa,irly
extensive and costly.
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Summary - Based on examination of individual sites and combinations of
sites, there are no hydro generation opportunities available to provide
enough power to be an alternative to the Susitna Project. Small
individual sites may be available, but would satisfy only a small
portion of the market area demand. Other sites, with apparently
acceptable quantity and economic capability, have been or will be
precluded by land status designation'.

Nuclear

Nuclear generation may be technically viable in Alaska, but probable
cost and siting problems eliminate it as a potential alternative to
Susitna. Available information indicates that in other states, nuclear
is economically competitive with coal, depending on specific conditions.
Difficult conditions, possible seismic and environmental siting
problems, and readily available coal indicate that nuclear generation
will probably not be economically attractive in Alaska in the
foreseeable future.

Wind

The State has shown serious interest in wind generation technology by
developing pilot projects in the bush communities of Ugashik, Nelson
Lagoon, and Kotzebue. Wind seems to provide near-term power for small
communities presently dependent on high-cost diesel generation.

The cost and applicable scale of technology does not make wind power a
viable alternative for large near-future power demands.

Geothermal

Investigations to date have found no high quality geothermal resources
suitable for power development in areas accessible to the Railbelt area.
Geothermal potential is considered high in the Wrangell -Mountains and
portions of the Alaska Range, and may be applicable to the Railbelt in
the future. At this time, insufficient data are available to define the
resource,even for appraisal of . the large Susitna project market.

Tide

There is a large physical potential for tidal power development in the
Cook Inlet area Where the State estimates that a total of 8,560 MW could
be harnessed. A potential of 785MW is estimated for Knik Arm alone,
and approximately twice that amount for Turnagain Arm.

Several different concepts have been developed for the Cook Inlet tidal
potential because of the interest in alternative energy sources. There·
is merit to preparing a good reconnaissance of this alternative, as
pointed out in the 1976 report. However, the scope of work involved to
develop the tidal reSdurce, the large cost of development, and the
important environmental considerations eliminate tidal power as a
reasonable alternative to the Susitna project.
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Conclusion

The range of power options for the Alaska Railbelt is narrowing rapidly.

1. Oil and natural gas are very suspect in terms of long-range
national supply and availability for use in power production.

2. Coal is proving to be far more expensive as a power source than
previously anticipated.

3. Many hydroelectric alternatives have moved to the "unavailable"
classes because of land area designations. The remaining are less
desirable in terms of cost and ability to meet projected requirements.

4. Nuclear is expected to be as expensive as coal.

5. Geothermal, tide, and wind are unrealistic planning alternatives at
this time.
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PART VII. LOAD/RESOURCE AND SYSTEM POWER COST ANALYSES

Introduction

A series of load/resource and system cost
demonstrate impacts of the Susitna project in
system costs.

analyses were made to
terms of overall power

The load/resource analysis determined probable timing of new major
investments in generation and transmission facilities. It also shows
annual energy from each type of plant. The load/resource analyses were
prepared for these basic power supply strategies:

Case 1. All additional generating capacity assumed to be coal-
fired steam turbines without a transmission interconnection between the
Anchorage-Cook Inlet area and the Fairbanks-Tanana Valley area load
centers.

Case 2. All additional generating capacity assumed to be coal
f~red steam turbines, including a transmission interconnection.

Case 3. Additional capacity to include the Upper Susitna project
(including transmission intertie) plus additional coal as needed. and
for the three load limits (high, medium, and low).

f

The system cost analyses, keyed to the load/resource, determined cost by
year to amortize investments and pay all annual costs (fuel, O&M
expenses, etc). Inflation rates of 0 and 5 percent :vere considered.

APA developed a number of the
costs, etc. APA contracted
prepare the report.

key inputs, e.g., demands, unit sizes and
with Battelle to make the studies and

This section summarizes key assumptions and results. More detailed
information is available in the appended Battelle report.

Basic Data and Assumptions

Basic data and assumptions used in the load/resource and system power
cost analyses are:

1. Interest rate for repayment of facilities = 7 1/2 percent.

2. Inflation rates of 0 and 5 percent, with construction costs
increasing at inflation rate, and fuel costs increasing at 2 percent
above inflation rate.

3. Sys tem reserve capacity of 25 percent for non-interconnected load
centers and 20 percent for interconnected systems.

4. Transmission losses of 1.5 percent for energy and 5 percent for
capacity.
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5. Retirement schedules for proposed generating facilities (economic
facility 1ifetime):l/

Coal-Fired Steam
Oil-Fired Steam
Gas-Fired Combustion Turbine
Oil-Fired Combustion Turbine
Hydroelectric
Diesel

Years

35
35
20
20
50
20

6. Plant factors for new and most of the.existing facilities
are:

Percent

Hydro
Steam
Combustion turbine
Diesel

50
75
50
10

The factor for combustion turbines was reduced to 10 percent in the"
study when adequate steam turbine capacity was available.

l/ See tables 3.4 and 3.5 of appended Battelle report for estimated
retirement dates of existing facilities.

7. Hydro plants designed for 115 percent of nameplate capacity for
limited reserve requirements.

8. Watana power on-line (POL) in 1994 and Devil Canyon POL in 1998.

9. Existing and planned generating facilities for Anchorage and
Fairbanks are shown in the appended Battelle report.

10. New coal-fired .steamp1ants for Fairbanks assumed to be 100-MW units
(first six), then 200-MW units. Anchorage units assumed to be 200 MW
(first five), then 400-MW units.

11. New coal-fired steamp1ants to be located at Beluga for Anchorage
area and at Healy (or other sites within 100 miles) for Fairbanks.

12. Fuel costs--see appended Battelle report.

13. Power demands will be met by resource allocation using Susitna
hydro generation first, coal-fired second, and natural gas and oil last.

14. Heat rate for new coal-fired steamp1ants = 10,500 Btu/kwh.
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15. Total investment cost in October 1978 dollars.

Plant ($ million) ($ /kw)

100-MW Coal Steam Turbine 245.4 2,454
200-MW Coal Steam Turbine 372.0 1,860
400-MW Coal Steam Turbine 646.8 1,617
Watana Dam (795 MW) and 2,020.7 2,554
Transmission Line 470.5
Devil Canyon Dam (778 MW) 834.0 1,072
Total Susitna Project (1,573 MW) 3,335.2 2,120

16. Operation, maintenance, and replacement costs.

Plant
100-MW Coal Steam Turbine
200-MW Coal Steam Turbine
400-MW Coal Steam Turbine
Watana Dam (795 MW)
Devil Canyon Dam (778 MW)
New Transmission Facilities

Study Methodology

($ million/yr.)
3.76
5.7
9.8
0.74
0.73

($/RW/yr. )
37.6
28.5
24.5
0.941/
0.941/
2.01/

As stated in the introduction, three cases were analyzed to determine
timing of generation and transmission (G&T1 investments and their impact
on total power system costs.

The first step in estimating the cost of power from alternative
generation and transmission system configurations was to perform a
series of load/resource analyses. These analyses determined the
schedule of major investments based on asswnptions of load growths,
capacity and energy production of the potential generating facilities,
and constraints as to when the facilities could come on-line. The
load/resource analyses also determined the annual power production from
each type of generating plant in the system.

The system cost analyses then determined the annual cost for amortizing
and operating the facilities. Summing the annual cost for generation
and transmission of each of the generating facilities gave a total cost,
by year, for the entire system being analyzed. Dividing the total.
annual cost by the p,ower produced gave an average annual cost of power
for the entire system.

1/ This breakdown of OM&R costs by project feature for convenience of
the load/resourc~· analysis resulted in slightly higher cost. Signifi
cance to Susitna rate is, at most, less than 1 percent.
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Rounded Thermal generating capacity additions to the year 2010 from the
previous tables are summarized as follows:

Table 21
SUMMARY OF THERMAL GENERATING CAPACITY ADDITIONS TO THE YEAR 2010

Upper Susitna Project Power Market Analysis

Case 1: Without Interconnection & Without Susitna
Assumed Load Megawatts

Growth Anchorage Fairbanks .Total

Low 2,600 471 3,071

Mid 4,600 871 5,471

High . 8,200 1,471 9,671

Case 2: Interconnection Without Susitna
Assumed Load Megawatts

Growth Anchorage Fairbanks Total

Low 2,200 471 2,671

Mid 4,200 671 4,871

High 8,200 1,271 9,471

Case 3: Interconnection With Susitna
Assumed Load .Megawat.ts

Growth Anchorage Fairbanks Total

Low 1,000 171 1,171

Mid 3,000 371 3,371

High 6,600 1,071 7,671

Note: Bradley Lake and Susitna hydroelectric projects are not included.
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Results

Load/Resource Analyses

The schedule of new plant additions for Anchorage and Fairbanks for
1978-2011 are shown in the appended Battelle report. A summary of the
thermal generating capacity additions is in table 21. Further
discussion of the computer model results and graphs are also shown in
the appended Battelle report.

Under the criteria used, completion of construction for interconnection
is scheduled in 1986, 1989, and 1994 for high, mid and low load growth
cases, respectively, without Upper Susitna. With Upper Susitna, the
corresponding dates are 1986, 1989, and 1991.

System Power Costs

Annual system costs and unit power costs are presented in detail, both
tabular and graphically, in the appended Battelle report. The following
tabulations summarize these findings. Table 22 shows annual' power
system costs for cases 1, 2, and 3, high, mid and low range, with 0
percent inflation. The first few years after Watana comes on-line, the
total annual power system costs increase slightly. However, comparing
the total annual power system costs for the 1990-2011 period to case 1,
construction of the Susitna project· results in a savings of $2.20
billion, or 12 percent •

. Figure 18 shows the relative savings in annual cost for case 3, with
Susitna, and case 1, without Susitna, f~r the three load growth
assumptions.

Tables 23, 24, and 24a summarize Anchorage and Fairbanks separately plus
the combined system average annual power costs in ¢/kwh for 1978-2011.
The tables verify the feasibility of the intertie in power cost savings
for Anchorage and Fairbanks. By the year 1000, system wide power rates
would be:
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Average Power System Rates for Anchorage and Fairbanks - 0% Inflation
(¢/kwh)

Case 1
Without Susitna
or Intertie

Case 2
With Intertie

Case 3
With Susitna
and Intertie

Combined Combined Combined
Anch. Fbks. System Anch. Fbks. System Anch. Fbks. System

High 6.2 8.8 6.6 1/ 6.1 8.0 6.4 5.8 6.2 5.8
Mid 6.6 8.9 6.9 I/ 6.2 8.4 6.6 5.5 6.7 5.7
Low 7.1 9.2 7.5 1/ 6.2 8.8 6.7 6.1 7.8 6.4

.
Comparison of Power Costs by Year 2000

Percent Change in Cost of Power Below Case 1 - 0% Inflation

Case 2 Case 3
Combined Combined

Anch. Fbks. System Anch. Fbks. System

High -1.6 -10.0 -3.1 -6.7 -41.9 -13.8
Mid -6.5 -6.0 -4.5 -20.0 -32.8 -21.1
Low -14.5 -4.5 -11.9 -16.4 -17.9 -17.2

For the Anchorage-Cook Inlet area, inclusion of the Susitna Project into
the system (case 3) generally raises the cost of power above cases 1 and
2 during the first two to four years after Watana comes on-line, but
lowers power costs during the 1996-2011 period. This reduction in the
cost of power is significant in most cases.

For the Fairbanks-Tanana Valley load center construction of the inter
connection (case 2) again generally reduces the cost of power compared
to without an interconnection (case 1). The inclusion of the Susitna
project (case 3) generally raises the cost of power above case 2 for
about two years after Watana comes on-line, but, as with the
Anchorage-Cook Inlet area, results in lower power costs during the
1996-2011 period.

1/ _Anchorage and Fairbanks are not interconnected for case 1, the
~ombined system rate is shown for~ademic comparison purposes only.
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Table 22
C'CMBINED lINQIORllGE-COOK INLET lIND FAIRBA.~-T1INA.~ VFJ.JE:l ANNUAL PCWER SYSTEM COSTS - 0\ INFLATICN

. '. . ~:.', .",' I i
, UIJper Susitna Project Power Market'Analysis ($ Million)

9,502.1 15,458.8

CASE III

Wit· M1IDIUM HIGH

68.3
80.2
89.0
95.9

203.5
245.3
321.6
383.2
434.0
502.1
510.8
593.7
603.1
682.0 *
735.1
832.8
990.7 i

1,004.1
1,097.1
1,165.6
1,210.4 +
1,222.4
1,253.7
1,355.3
1,426.4
1,482.0
1,583.7
1,662.9
1,686.0
1,769.6
1,853.8
1,913.4
2,018.6

31,076.3

27,548.7

68.3
80.2
89.0
95.9

146.0
147.4
152.1
252.5
257.9
296.7
298.5
338.7 *
382.8
434.0
498.1
503.3
658.0 it
662.7
667.0
688.5
721.4 + .
722.9
719.9
725.9
827.2
834.7
841.4
847.8
915.6
923.9
932.4
941.3

1,010.0
17,682.0

68.4
80.3
89.1
95.9

108,4
107.1
109.3
120.7
119.1 *
173.4
170.8
236.8'
243.5
293.4
290.5
330.9
487.9 it

,487.6
.4a6.0
479.1
485.8 +
506.6
495.9
494.8
487.2
488.6
488.9
488.7
490.2
491.7
493.3
494.9
496.6

10,981:4

HIGH

68.3
80.2
89.0
95.9

203.5
245.3
321.6
383.2
434.0
502.1
510.8
593.7
603.1
682.0
735.1
832.8
847.4 *
951.3,

1,068.2
1,172.2
1,254.6
1,333.7
1,423.1
1,503.9
1,576,7
1,634.5
1,691.9
1,774.8
1,859.8
1,965.2
1,991.8
2,078.9
2,163.1

32,671.7

29,144.1 '

CASE II

MEDIUM

68.3
80.2
89.0
95.9

146.0 :
147.4
152.1
252.5
257.9
296.7
.298.5
338.7 *
382.8
434.0
498.1
503.3
536.2
629.8
714.7
737.2
832.8 ,
841.7
899.8
907.9
931.3
999.4

1,009.5
1,018.0
1,028.2
1,118.2
1,128.9
1,140.0
1,151.1

19.,666.1

17,442.9

IJ:!Il

68.4
80.3
89.1
95.9

108.4
107.1
109.3
120.7
119.1 *
173.4
170.8
236.8
243.5
256.8
292.5
297.3
339.6
382.7
441.0
517.4
525.1
527.2
600.2
602.7
598.1
601.6
604.1
606.2
632.6
636.2
639.9
643.6
647.5

12,115.1

10,796.4

'HIGH

68.3
80.2
89.0
95.9

203.5
245.3
321.6
383.2
456.8
464.7
547.9
575.3
587.7
667.7
754.9
766.1
865.0
863.6

1,060.8
1,164.7
1,282.6
1,389.3
1,450.2
1,471.2
1,544.0
1,661.5
1,684.5
1,787.1
1,872.1
1,935.1
2,021.4
2,108.5
2,136.6

32,606.3

29,074.6

CASE I

MEDIUM

68.3
80.2
89.0
95.9

146.0
147.4
152.1
252.5
257.9
296.7
298.5
362.6
371.0
422.4
5'07.0
512.6
521.1
591.3
701.4
783.7

. 819.7
888.2
886.7
894.8
955.3
998.7

1,008.2
1,096.1
1,106.3
1,117.0'
1,127.6
1,139.7
1,209.5

19,905.4

17,658.3

IJ:Ji;

68.4
80.3
89.1
95.9

108.4
107.1
109.3
120.7
119.1
173.4
170.8
236.8
243.5
256.8
292.5
297.3
364.4
404.8
464.4
480.6
511.1
592.9
586.2
588.7
584.1
587.:
590.1
651.9
655.6
659.2
662.4
666.6
670.4

12,290.3

10,811.0

1978-79
1979-80
1980-81
1981-82
1982-83
1983-84
1984-85
1965-86
1986-87
1987-88
1988-89
1939-90
1990-91
1991-92
1992-93
1993-94

~ '1994-95
1995-96
1996-97
1997-98
1998-99
.1999-2000
2000-2001
2001-2002
2002-2003
2003-2004
2004-2005
2005-2006
2006-2007
2007-2008
2008-2009
2009-2010
2010-2011

Total

Subtotal 1990-2010

YE.~

Note: Savings to total power systan 1990-20J:O for mid range case 1 of $17,6"58.3 million less case 3 $15,458.8 million 'is $2,199. 5 mi1lion~

* Intel:'connection installed
t= Nata.'1a on-line
+ Devil Canyon on-line
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. Table 23
ANCHORAGE-COOK INLET AREA

AVERAGE POWER COSTS - CENTS PER KILOWATT HOUR - 0% INFLATION

Upper Susitna Project Power Market Analysis

Case 1 Case 2 Case 3

Year High Medium Low· High Medium Low High Medium ~

78-79. 1.3 1.3 1.4 1.3 1.3 1.4 1.3 1.4
79-80 1.4 1..5· 1.7 1.4 1.5 '1.7 1.4 1.7
'80-81 1.3 1.6 .1.8 1.3 1.6. 1.8 1.3 1.8
81-82 1.2 1.6 1..9 1.2 1.6 1.9 1.2 1.9
82-83 3.2 2.9· 2.2 3.2 2.9 2.2 3.2 2.2
83-84 3.6 2.8 2.1 3.6 2.8 2.1 3.6 2.1
84-85 4.0 2.8 2.2 4.0 2.8 2.2 4.0 2.2
85-86 4.6 4.3 2.4 4.6 4.3 2.4 4.6 2..4
86-87 5.0 4.2 2.3 4.8 * 4.2 2.3 4.8 * 2.3
87-88 4.8 .4.7 3h 5.3 . 4.7 3.7 5.3 .3.7
88-89 5.4 4.4 3.5 5.1 4.4 3.5 5.1 4.4 3.5
89-90 5 ... 1 4.8 4.2 5.7 4.5 * 4.2 5.7 4.5 * 4.2
90-91 4.8 4.5 4.1 5.4 4.8 4.1 5.4 4.8 4.1
91-92 5 .. 2 5.0 4.1 5.7 5.3 4.1 5.7 5.3 4.6 *
92-93 5.5 5.6 4.7 5.4 5.9 4.7 5.4 5.9 4.4
93-94 5.3 5.3 4.6 5.7 5.6 4.6 5.7 5.6 5.0
94-95 5.5 5.1 5.3 5.5 5.4 4.9 * 6.4 # 6.9 # 7.3 #
95-96 5.8 5.6 5.7 5.6 5.8 5.4 6.0 6.5 6.8
96-97 5.9 6.2 6.5 5.8 6.4 5.8 6.2 6.1 6.5
97-98 6.0 6.5 .6.3 5.9 6.1 6.6 6.2 + ,5.8+ 6.3+
98-99 . 6.1 6.3 6.1 6.0 6.5 6.4 6.1 5.8 6.1
99-2000 6.2 6.6 7.1 • 6.1 6.2 6.2 5.8 5.5 6.1
00-01 6.3 6.4 6.9 6.2 6.6 7.2 5.5 5.3 5.9
01-02 6.1 6.3 6.9 6.3. 6.4' 7.2 5.6 5.2 5.6
02-03 6.2 6.6 6.8 6.4 6.3 7.1 5.7 5.7 5.7
03-04 6.3 6.5 6.8 6.2 6.7 7.1 5.6 5.6 5.6
04-05 6.1 6.4 6.7 6.1 6.6 7.0 5.8 5.5 5.6
05-06 6.3 6.9 7.6 6.2 6.5 7.0 5.9 5.4 5.5
06-07 6.4 '6.8 7.5 6.3 6.4 7.0 5.8 5.8 5.5
07-08 6.3 6.8 7.5 6.5 6.9 7.0 5.9 5.8 5.5
08-09 6.4 6.7 7.5 6.3 6.8 6.9 6.0 5.7 5.4
09-10 6.5 6.6 7.5 6.4 6.7 6.9 5.9 5.6 5.4
10-11 6.3 6.9 7.5 6.5 6.7 6.9 6.0 5.9 ·5.4

* Interconnection Installed
# Watana on-line
+ Deveil Canyon on-line
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Table 24
AVERAGE POOER COSTS - 0% INFLATION (¢/KWH)

FAIRBANKS-TANANA VAJ:..Lh""Y AREA

Upper Susitna Project Power Market Analysis

Case 1 Case 2 Case 3

Year High Medium row High Medium Ww High" !l1edium 1Dw

78-79 4.1 . 4.3 4.4 4.1 4.3 4.4 1.3 4.3 4.4
79-80 4.1 4.3 4.5 4.1 4.3 4.5 1.4 4.3 4.5
80-81 4.1 4.3 4.7 4.1 4.3 4.7 1.3 4.3 4.7
81-82 4.0 4.3 4.7 4.0 4.3 4.7 1.2 4.3 4.7
82-8'3 3.8 4.2 4.7 3.8 4.2 4.7 3.2 4.2 4.7
83-84 3.4 3.8 4.3 3.4 .3.8 4.3 3.6 3.8 4.3
84-85 5.2 3.4 . 3.9 5.2 3.4 3.9 4.0 3.4 3.9
85-86 4.7 5.4 3.6 4.7 5.4 3.6 4.6 5.4 3.6
86-87 5.9 5.1 3.3 5.5 * 5.1 3.3 4.8 * 5.1 3.3
87-88 5.6 4.8 3.0 5.1 4.8 3.0 5.3 4.8 3.0
88-89 5.5 4.8 3.1 5.0 4.8 3.1 5.1 4.8 3.1
88-90 6.5 6.3 5.6 4.7 5.8 * 5.6 5.7 5.8 * 5.6
90-91 6.5 6.4 5.8 4.6 5.9 5.8 5.4 5.9 5.8
91-92 6.2 6.2 5.9 4.4 5.7 5.9 5.7 5.7 7.2
92-93 6.8 7.3 5.6 6.3 5.4 5.6 5.4 5.4 6.9
93-94 6.6 7.1 5.5 7.3 5.2 5.5 5.7 5.2 6.8
94-95 7.4 6.9 7.1 7.0 6.5 6.7 * 6.4 # 6.8 # 8.8 #
95-96 7.2 6.9 7.3 7.8 7.7 6.9 6.0 6.7 8.9
96-97 7.6 7.8 7.1 8.2 7.4 8.3 6.2 6.4 8.6
97-98 8.1 8.3 7.9 8.7 7.8 9.1 6.2 6.9 7.8
98-99 8.'9 9.1 9.4 8.3 8.7 8.9 6.1 + 6.9 + 7.6 +
99-2000 8.8 8.9 9.2 8.0 8.4 8.8 5.8 " 6.7 7.8
00-01 8.3 8.7 9.3 7.7 8.3 8.8 5.5 6.6 7.8
01-02 8.0 8.6 9.3 7.5 8.2 8.8 5.6 6.5 7.7
02-03 7.7 8.4 9.1 7.2 9.0 8.7 5.7 7.3 7.6
03-04 8.5 9.8 9.1 8.0 8.9 8.7 5.6 7.2 7.6
04-05 8.2 9.7 9.1 8.7 8.8 8.7 5.8 7.1 7.5
05-06 8.0 9.5 9.0 8.4 8.6 8.6 5.9 7.0 7.4
06-07 7.8 9.4 9.0 8.2 8.6 10.1 5.8 6.9 7.4
07-08 8.5 9.-3. 9.1 8.1 8.5 10.1 -5.9 6.8 7.4
08-09 8.4 9.2 9.0 7.9 8.4 10.1 6.0 6.8 7.4
09-10 8.2 9.1 9.1 7.7 .8.3 10.2 . 5.9 6.7 7.4
10-11 8.0 9.1 9.1 7.6 8.2 10.2 6.0 6.6 7.4

* Interconnection Installed
# Watana on-line
+ Devil Canyon on-line
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1
Table 24a

COMBI,NED ANCHORAGE-COOK INLET AND FAIRBANKS-TANANA VALLEY
AREA AVERAGE ANNUAL POWER COST 1/ (¢/KWH)

Upper Susitna Project Power Market Analysis

Case 2 Case 3

YEAR HIGH MEDIUM LOW HIGH MEDIUM LOW
1978-79
1979-80
1980-81
1981-82
1982-83
1983-84
1984--85
1985-86
1986-87 4.90 * 4.90 *
1987-88 5.31 5.31
1988-89 5.07 5.07
1989-90 5.56 4.79 * 5.56 4.79 *
1990-91 5.24 5.06 5.24 5.06
1991-92 5.52 5.39 5.52 5.39 5.14
1992-93 5.58 5.83 5.58 5.83 4.89
1993-94 5.94 5.57 5.94 II 5.57 II 5.35 II.
1994-95 5.71 5.63 5.28 * 6.67 6.91 7.59
1995-96 5.92 6.19 5.69 6.25 6.52 7.25
1996-97 6.18 6.61 6.29 6.35 6.17 6.93
1997-98 6.34 6.44 7.08 6.30 6.01 6.56
1998-99 6.36 6.88 6.91 6.14 + 5.96 + 6.39 +
1999-2000 6.37 6.61 6.68 5.84 5.68 6.42
2000-2001 6.47 6.87 7.54 5.70 5.50 6.23
2001-2002 6.53 6.75 7.51 5.89 5.40 6.16
2002-2003 6.55 6.75 7.39 5.93 5.99 6.02
2003-2004 6.51 7.06 7.37 5.90 5.90 5.98
2004-2005 6.47 6.96 7.33 6.05 5.80 5.93
2005-2006 6.52 6.85 7.30 6.11 '5.71 5.88
2006-2007 6.58 6.76 7.55 5.97 6.02 5.85
2007-2008 6.71 /.18 7.53 6.04 5.94 5.82
2008-2009 6.57 7.09 7.51 6.11 5.86 5.79
2009-2010 6.62 7.01 7.50 6.10 5.78 5.76'
2010-2011 6.67 6.92 7.48 6.23 6.07 5.74

1/ Case I not interconnected, therefore combined system rate does not
apply.

* Interconnection Installed
II Watana on-line
+ Devil Canyon on-line
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Part VIII. INVESTMENT COSTS

Construction costs for power producing facilities were prepared by the
Corps of Engineers (Corps); those for the transmission facilites by
Alaska Power Administration (APA). APA prepared estimates of interest
during construction based on 7 1/2 percent.

Corps estimates include alternative design concepts for Devil
Canyon--thin-arch, as orginally proposed by Bureau of Reclamation
(USBR), and the concrete gravity design, which is more costly and
conservative.

Transmission estimates are based on same plan presented in 1976 report,
with costs updated by indexing.

Current costs for transmission facilities are based on indexing
construction costs presented in the 1976 report (January 1975 prices) to
current levels (October 1978 prices) by applying a factor of 1.38 to
clearing and rights-of-way, 1.33 to all other transmission line
components (access roads, structures, etc.), and 1.28 to substations and
switchyards, resulting in an overall factor of about 1~32. The clearing
and rights-of-way factor is based on experience of the Alaska Department
of Transportation and on recent experience of the USBR and Bonneville
Power Administration (BPA). The 1975 prices are based on .component
prices from BPA with an increase of 90'percent for labor and 10 percen,t
for material transportation from the Pacific Northwest to Alaska.
Examination indicated that these factors are also valid for this
analysis, but should be reevaluated if more detailed cost estimates are
made in future years.

Transmission system costs are summarized in table 25.

Investment costs are calculated by adding interest during construction
at the -annual rate of 7 1/2 percent to construction costs presented·
previously.

The project schedule includes (1) first-stage construction of Watana dam
and powerplant and the total project transmission system, and (2)
second-stage Devil Canyon dam and powerplant. The transmission system
will be completed about three years before completion of Watana to
develop interconnection benefits by deferring of required steamplant
capacity (discussed in Part XIII, Load Resource Analysis).

Table 26 summarizes the investment costs required.
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Table 25
CONSTRUCTION COST SUMMARY

Upper Susitna Project Power Market Analysis

Item

Transmission Lines

Clearing
Right-of-Way
Access Roads
Line Structures

Subtotal - T.L.

SWitchyards and Substations

Fairbanks Substation
Talkeetna Substation
Anchorage Substation
Healy SWitchyard
Watana Switchyard
Devil Canyon Switchyard

Subtotal - S.S.

Total

Rounded

154

Construction Cost ($1,000 - 10/78)

System
No. 5

$ 3,350
5,000

19,110
242,190

$269,650

$ 11,710
10,100
15,890

4,770
6,360

19,660
$ 68,490

$338,140

$338,000



Table 26
INVES'IMENT COST SlH1ARY ($/MILLICN)

Upp~r Susitna Project Power Market Analysis

Stage

Power Production Facilities

Construction
Interest during Construction

Investment

Power Transmission Facilities

Construction
Interest during Construction

Investment

Watana
(1st)

1,427.0
603.7

2,030.7

338.0
132.5
470.5

Devil
canyon

(2nd)

665.0
168.6
833.6

Total

2,092 .. 0
« 772.3
2,864.3

338.0
132.5
470.5

Total Investment - Susitna
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PART IX. OPERATION, MAINTENANCE, AND REPLACEMENT PLAN AND COSTS

Operation and Maintenance

This updates information furnished in the 1976 report. Operation,
maintenance, and ~eplacement costs were indexed for this report.

Plan Description

This plan assumes Federal operation of the facilities.

The plan assumes the headquarters .and main operations center for the
Susitna project will be near Talkeetna or at some other equally
accessible point. Equipment at the center will remotely control the
operation of the generation and transmission system and operation of
Devil Canyon and Watana dams and reservoirs. Electrician/operators and
mechanic/operators will be located at the powerplants to provide routine
maintenance and manual operation when required.

Specialized personnel, such as electronic technicians and meter and
relay repairmen, will service both powerplants and the substations and
switchyards from the project headquarters. Project administration,
including supervision of power production, water scheduling, and
transmission .facilities, will also be from the proj ect headquarters.

Major turbine and generator inspection and maintenance will be done by
electricians, mechanics, engineers, and other experienced personnel from
APA. Manufacturers' representatives and other specialized expertise
will be consulted.

Alaska Power Administration's (APA) headquarters office in Juneau will
handle power marketing, accounting, personnel management, and general
administrative services.

Transmission line maintenance will be performed by two line crews, with
assistance from the existing Eklutna Project line crew. Transmission
line maintenance warehouses and parts storage yards will be at Devil
Canyon or Watana, approximately mid-way between Devil Canyon and
Fairbanks, and at the project headquarters. Line crew personnel will be
stationed along the lines at designated maintenance stations and at the
major substations to provide routine line patrol and maintenance tasks.
Crews from throughout the project will be assemb led for major work.

Visitor facilities with provisions for self-guided powerplant tours will
need assistance from operation personnel.

Proj ect-related recreation facilities will require cooperation between
Federal, State, and local interests, and are assumed to be maintained by
a State or local entity.
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Project operation, maintenance, and administration could be combined
with the existing Eklutna Project. Eklutna could be supervisory
controlled from the Susitna project operations center with
electrician/operators and mechanic/operators stationed at Eklutna. It
is estimated that approximately $100, OOO/year could be saved by joint
operation•.

Marketing and Administration

Marketing and administration include three main functions:

1. Administration

Personnel management
Property management
Budgeting
Marketing policy
Rate and repayment studies

2. Accounting

Customer billing
Collecting
Accounts payable
Financial records
Payroll

3. Marke~ing

Rate schedules
Power sales contracts
Operating agreements
System reliability and coordination

Part of this work would be carried out by the project, with overall·
administration and support services provided by the APA headquarters
staff.

Annual Costs

The estimated annual costs for operation, maintenance, marketing, and
administration are based on itemized estimates of personnel, equipment,
supplies, and services needed to do the work, with a provision for
contingencies.

The estimate assumes Federal classified personnel providing management
and administrative functions and wage grade personnel performing
technical operation.and maintenance activities. Classified salaries are
based on a mid-grade rate. Wage grade rates are based on those in
effect in the Anchorage area and include basic hourly rates, benefits,
and overtime.
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Costs of supp)..ies, equipment, and personnel requirements are based onBureau of Reclamation (USBR) guidelines and the experience of theEklutna and Snettisham Projects. The Eklutna Project is fully staffed,. including a line crew, which has been in operation since 1955. TheSnettisham Project is isolated; it is separated from the Juneau loadcenter by 45 miles of rugged terrain and water. A maintenance crewresides and performs routine maintenance at the powerplant; projectoperations are remotely controlled from Juneau. The Susitna projectwould have some characteristics of both projects.

Itemized costs for operation, maintenance, marketing, and administrationare presented in table 27.

Costs by major category and number of personnel are summarized in table28.

Replacements

The annual replacement cost prOVl.Sl.on establishes a sinking fund tofinance replacement of major items which have an expected service lifeof less than the 50-year project repayment period. The objective is tocover costs and ensure financing for a timely replacement of major costitems to keep the project operating efficiently throughout its life.

The replacement cost is based on factors developed from USBR experience.The factors apply to the total powerplant, substation, switchyard,transmission tower, fixtures, and conductors. Replaceables includegenerator windings, communication equipment, a small percent of thetransmission towers, and items in the substation and switchyards. Itemscovered by routine annual maintenance costs include vehicles, smallbuildings, camp utilities, and materials and supplies. Major features,such as dams and powerplant structures, are considered to have servicelives longer than the 50-year repayment period. Their costs are notcovered by the replacement funds. Right-of-way and clearing costs arenot included. The 7~ percent interest rate used for project repaymentwas used to establish the replacement sinking fund. .

Table 29 presents calculations of the annual replacement fund.

The following tabulation summarizes the operation, maintenance, and.replacement costs:

Annual Operation Annual Total
and Maintenance Replacement OM&R

$1,000 $1,000 $1,000

. Watana $2,360 $260 $2,620Devil Canyon 530 170 700Total $2,890 $430 $3,320

Price base - October 1978.
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Table 27
ANNUAL OPERATION & MAINTENANCE COST ESTIMATE

Upper Susitna Project Power Market Analysis

October 1978 Prices
Dam and Powerplant, Total Transmission System

Grade Annual
Personnel Number or Rate Cost

Supervisory & Classified
Proj ect Manager 1 GS:"'14 $ 35,000
Assistant Project Manager 1 GS-13 29,500
Electrical Engineer 1 GS-12 24,800
Mechanical Engineer 1 GS-12 24,800
Supply & Property Clerk 1 GS-9 17,100
Administrative Assistant 1 GS-7 14,000
Clerk-Steno 1 GS-5 11,300

Subtotal Supervisory 7 $ 156,500
& Classified

Wage Grade

Electrician 2 17.00/hr. $ 70,720
Mechanic 2 17 .OO/hr. 70,720
Heavy Duty Equip. Operator 1 17 .OO/hr. 35,360
Laborer 2 13.00/hr. 54,080
Meter Relay Mechanic 1 17 •OO/hr. 35,360
Electronic Technician 1 17.00/hr. 35,360
Powerplant Operator 6 17.00/hr. 212,160
Ass't. Powerplant Operator 4 15.00/hr. 124,800

Subtotal Wage Grade 19 $ 638,560

Line Crew

Allowances
C.O.L.A.-Sup. & Class x 25%
Shift Differential
Sunday Pay
Overtime
Governmen~ Contributions
Longevity N. A.

Foreman
Lineman
Equipment Operator
Groundman

Subtotal Line Crew

Subtotal-Allowances

TOTAL PERSONNEL COST

69-738 0 - 80 - 11

2
4
2
4

12

38
159

19.00/hr. $ 79,040
17.00/hr. 141,440
17.00/hr. 70,720
17.00/hr. 141,440

$ 432,640

39,130
22,430
12,030
32,000
96,410

$ 202,000

$1,429,700



Table 27 (cont.)
ANNUAL OPERATION & MAINTENANCE COST ESTIMATE

Miscellaneous

Telephone
Official travel
Vacation travel
Supplies, Services & Maintenance--Powerplant
Supplies & Services--Vehicles & Equipment
Employee training
Line spray
Government camp maintenance
Subtotal - Miscellaneous

Annual
Cost

$ 10,000
19,000
19,000

125,000
50,000

6,000
25,000
19,000

$ 273,000

1

Equipment Operation, Maintenance, and Replacement

Initial Service
No. Cost Life

Tractor with Dozer 1 $150,000 10 $ 15,000
Loader 1 75,000 10 7,500
Maintainer 1 75,000 10 7,500
Pickup 10 80,000 7 11 ,400
Sedan 1 5,000 7 700
Tractor & Lowboy 1 75,000 10 7,500
Dumptruck 1 25,000 10 2,500
Flatbed 2 20,000 7 2,900
Firetruck 1 25,000 10 2,500
Sno trac 2 16,000 7 2,300
Backhoe 1 35,000 10 3,500
Crane, 50 ton 1 200,000 20 10,000
Hydraulic Crane, 20 ton 1 100,000 20 5,000
Line truck 4 200,000 10 20,000
Subtotal - Equipment $ 98,300

APA Headquarters Marketing and Administration 165,000
Subtotal 1,966,000

Contingencies (20% +) 394,000
TOTAL WATANA & TRANSMISSION $2,360,000
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Table 27 (cont.)
ANNUAL OPERATION & MAINTENANCE COST ESTIMATE

Devil Canyon Dam and Powerplant

Personnel

Watana and Devil Canyon, supervisory controlled from a remote'
operation-dispatch center.

Overtime
Government Contributions
Foreman Pay

Subtotal

Miscellaneous
Vacation travel
Employee training
Supplies, Services & Materials
Supplies and Services
Subtotal - Miscellaneous

Increase base staff for
Assistant operators
Electricians
Mechanics
Maintenance

Subtotal

Subtotal - Personnel

Equipment

Devil Canyon.
2@15.00/hr.
2@17.00/hr.
1@17.00/hr.
1@15.00/hr.

$ 62,400
70,720
70,720
31,200

$ 235,040

12,000
21,160

6,500
$ 39,660

$ 274,700

$ 3,800
1,200

112,500
13,400

$ 130,900

Pick up
Snow tractor

Initial
Cost

2 @ 16,000
1 @ 10,000

Service/
Life

7
7

$ 2,300
1,100

Subtotal - Equipment

APA Headquarters Marketing and Administration

Subtotal Devil Canyon Additions

$

$

3,400

35,000

444,000

Contingencies (20% +)
TOTAL DEVIL CANYON O&M ADDITION
TOTAL WATANAAND TRANSMISSION
TOTAL SUSITNA PROJECT
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86,000
$ 530,000

2,360,000
$2,890,000
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Table 28
OPERATION AND MAINTENANCE COST SUMMARY

Upper Susitna Project Power Market Analysis

""·J~-'-""~-,-, ·._·_:.··'::'_'o·_··_

Personnel:

Watana & Trans
mission System
Number Dollars

Devil Canyon

Number Dollars

Total Devil Canyon,
Watana & Transmission
Number Dollars

~

....".

Salaries/Wages, Allowances
Classified Personnel 7
Wage Board Personnel 31

Miscellaneous:

Telephone, Travel, Supplies,
Services, Training, Line
Spray, Camp Maintenance

Equipment:

Annual cost Replacement

Marketing and Administration

APA Headquarters

Subtotal

Contingencies (20% +)
TOTAL -

$1,429,700

273,000

98,300

165,000

$1,966,000

394,000
$2,360,000

o
7

$274,700

130,900

3,400

35,000

$444,000

86,000
$530,000

7
38

$1,704,400

403,900

101,700

200,000

$2,410,000

480,000
$2,890,000
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Table 29
REPlaCEMENT COSTS

Upper Susitna Project Power Market Analysis

Replacement factors are based on 7 1/2 percent interest rate.

Construction cost based on the portion of the feature'subject to replacement.



PART X. FINANCIAL ANALYSIS
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This part estimates the market for project power and evaluates power
rates needed to repay the investment in power facilities. Power market
size is in more detail in t~is study than in the 1976 report. Likewise,
costs are slightly more detailed.

The Upper Susitna Project is primarily for hydroelectric power
generation and transmission •. Minor portions of'project costs (less than
1 percent) would be allocated to other purposes, such as recreation and
flood control. Project financial viability is the essential element in
demonstrating feasibility of the power development. The repayment rate
is influenced principally by size of the market, amount of investment,
and applicable interest rates. Operation, maintenance,and replacement
costs are a minor part of total annual costs; they influence these rates
insignificantly. If rates needed to repay the hydro project are
attractive in comparison to other available alternatives, the project is
economically justifiable.

The 1976 report compared the costs of five dam and reservoir plans for
developing the Susitna River hydroelectric potential and found all costs
were within a 15 percent range. Therefore, the scoping analysis was not
repeated for this study.

In addition to analyzing the basic Susitna project plan, variations were
also analyzed for sensitivity. These included interconnection with
additional service areas, different timing for interconnection between
Anchorage and Fairbanks, use of the more expensive Devil Canyon gravity
dam ins.tead of the arch dam, low load growth, and the- effect of
inflation. In addition, the load/resource and system cost analyses
examine impact of the Susitna Project on overall system costs.

Market for Project Power

Upper Susitna will operate as part of a hydro/thermal power system.

The 1976 report assumed the market for Susitna firm energy as 75 percent
of the mid-range utility requirements. Average rates for firm energy
were estimated on that basis.

For this analysis, the market for firm energy was assumed to be
approximated by load growth after Susitna power becomes available, plus
market made available through retirement of older plants.

The palance of the Susitna energy is assumed marketable as secondary
energy for fuel replacement, as long as all energy fits under the load
curve. A value is assigned for marketable secondary energy based on
estimated future coal costs. The actual value is probably significantly
higher.
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The value of fuel replacement energy is the same as that used in the
load resource analysis, which is $1.00 to· $1.50/mi1lion Btu by 1985.
This is based on the concept that large, efficient coal mines will be
developed in the Beluga area by then. The price is escalated at 2
percent per year above the zero inflation rate from 1985 to 1994,
resulting in a cost of $1.20 and $1.80/million Btu's.

Table 30 summarizes the estimated market for Susitna energy using these
criteria.

Cost of Project

Table 31 summarizes the construction cost, interest during construction,
operation, maintenance, and replacement costs for Devil Canyon and
Watana phases. Construction costs were furnished by the Corps for an
October 1978 price level. Interest during construction was calculated
from Corps construction cash flow estimates with interest accumulated
until the project becomes operational. OM&R costs were updated from APA
earlier estimates.

Costs hav~increased from the 1976 report for several reasons. Table 32
presents a summary comparison of the cost factors. Interest rates have
increased from 6 5/8 to 7 1/2 percent. Design and cost changes were
made by the Corps as a result of foundation drilling. Costs· were
updated for the Devil Canyon dam and the transmission line by indexing
procedures. The major change in operation, maintenanae, and replacement
costs was due to inflation in personnel wages and provisions for con
tingencies such as unlisted items and state of the art. Watana's
construction period was extended from 6 years to 10 years, increasing
its construction period from 10 years to 14 years. The revised project
investment cost is 89 percent higher than in the 1976 report.
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TABLE 30
MARKET FOR UPPER SUSITNA POWER

ANCHORAGE AND FAIRBANKS AREAS

Upper Susitna River Project Power Market Analysis

MEDIUM ESTIMATE

Year

1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006

Firm Energy
Sales GWH

633
1,385
2,231
2,873
3,531
4,244
4,686
5,055
5,630
5,983
6,352
6,767
6,787

Fuel Rep lacement
Sales ·GWH

2,401
2,043
1,197

555
2,872
2,543
2,101
1,732
1,115

804
235

20
o

COMPARISON WITH TOTAL AREA POWER REQUIREMENTS

Year

1995

2000

2005

Estimated Anchorage
and Fairbanks Energy

Annual Energy
Million KWH

10,323

13,288

15,083

Estimated Market for
New Hydroelectric Power

Annual Energy
Million KWH

1,385
(13)1/

4,686 
(35)1/

6,767 -
(45)J.:..I

1/ Percent of total area requirements

Data Source: APA Load/Resources Analysis
Medium Load Growth Estimates,
Energy Losses are included.
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Table 31·
INVESTMENT AND OM&R COST SUMMARY

Upper Susitna Project Power Market Analysis

Unit

Completion Date

Watana

1994

Costs - $1,000

Devil Canyon

1998

Total System

Power Production Facilities

Construction Costs
Interest During Construction
Investment Cost

Transmission Facilities ~/

Construction Costs
Interest During Construction
Investment Cost

Total System Investment Cost

1,427,000
603,700

2,030,700

338,000
132,500
470,500

665,000 1/
168,600
833,600 2,864,300

470,500
3,334,800

Annual Operation and Maintenance
Annual Replacement
Annual OM&R

2,890
430

3,320

Price level is October 1978. Interest rate for repayment purposes in FY
1979 is 7-1/2%.

1/ Costs are for arch dam plan at Devil Canyon.
2/ Transmission system assumed online in 1991.
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Average Rate Determination

Table 33 summarizes the estimated average finn energy rate for firm
energy needed to repay proj ect facilities investment for mid-range load
growth conditions. The method used ~s similar to that used in the 1976
report. Present Federal criteria for.power producing facilities require
repayment· of project costs, with interest, within 50 years after the
unit becomes revenue producing. The applicable interest rate for Fiscal
Year 1979 is 7 1/2 percent •. Revenues were credited to the project from
sale of secondary energy at a fuel replacement rate of 1.2¢/kwh during
early years of project operation. The average required rate for
repayment over 50 years after the last unit is installed is 4.7¢/kwh.
Total repayment period will be 54 years with Devil Canyon coming on-line
four years after Watana.

Alternatives to the basic project plan were analyzed to determine
effects on average power rates:

1. Devil Canyon gravity dam in lieu of the thin-arch dam:

Investment cost increased $204.9 million.

Average rate for firm energy increased to a total of 4.9¢/kwh.

~. Transmission investment deferred until Watana phase comes on-line
(1994):

Watana phase investment reduced $76 million.

Average rate reduced O.I¢/kwh to a total of 4.6¢/kwh.

3. Mid load growth case, 5 percent inflation:

Investment cost increased $3.598 billion.

Revenue needs increased $243 million annually.

Firm energy is the same for all mid growth cases.

Average rate for firm energy increased 4.7¢/kwh to 9.7¢/kwh.

4. Low load growth case:

Revenue needs same as for mid range growth case.

Firm.energy sales decreased; fuel replacement sales increased.

Average firm energy rate increased 1.7¢/kwh.

All Corps plans are based on completing Watana first, followed by Devil
Canyon four years later. This is appropriate for mid range and high
range growth conditions, but if low range conditions remain, it may mean
the Devil Canyon unit could be deferred a few years.

168



Power Marketing Considerations

The average rate is useful for comparing the proposal with the
alternatives. Actual marketing contracts will likely include separate
provisions for demand and energy charges, wheeling' charges, reserve
agreements, and other factors.

There are some built-in inequities for any method of pr~c~ng. What
amounts to a postage stamp rate is used by most utilities and large
Federal systems. That is, power rates are the same for all delivery
points on the system. Actual costs vary with the distance, size, and
characteristics of load--it is more costly to serve a small load several
miles from the power source than to serve a large load nearby. Policies
vary from system to system as to "hookup" costs born by the customers.
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Table 32
COST SUMMARY COMPARISON

WITH 1976 INTERIM FEASIBILITY REPORT

Upper Susitna Project Power Market Analysis

1

Difference
Item,

(Costs $ Million)

Interest Rate for Repayment

Construction Period
Watana
Devil Canyon
Transmission System

Total

1976
Interim

Feasibility
Report

6-5/8%

6 yrs.
5
3

10 yrs.

1978
Marketability

Analysis
Update

7-1/2%

10 yrs.
8
3

14 yrs.

Amount

+ 7/8%

+ 4 yrs.
+ 3

o
+4 yrs

Percent

+ 13

+ 67
+ 60

o
+ 40

Construction Cost
Watana ,
Devil Canyon
Transmission System

Total

Intere~t During Construction
Watana
Devil Canyon
Transmission System

Total

Investment Cost
Watana
Devil Canyon
Transmission System

Total

Annual Cost for Repayment
of Investment

Annual Equivalent OM&R

Total Annual Equiv. Cost

832.0
432.0
256.0

1,520.0

165.4
57.2
25.4

248.0

997.4
489.2
281.4

1,768.0

113.34

2.27

115.61

1,427.0
665.0
338.0

2,430.0

603.7
168.6
132,.5
904.8

2,030.7
833.6
470.5

3,334.8

239.20

3.14

242.34

+ 595.0
+ 233.0
+ 82.0
+ 910.0

+438.3
+111.4
+107.1

656.8

+1,033.3
+ 344.4
+ 189.1
+1,566.8

+125.86

+ 0.87

+126.73

+ 7.2
+ 54
+ 32
+ 60

+265
+195
+422
+265

+104
+ 70
+ 67
+ 89

+111

+ 38

+110

(Less Secondary Energy Sales 1
- (Fuel Replacement Sales)~

Total Net Annl;la1 Equiv. Cost

Annual Equiv.Energy GWH,1.1

Total Annual Equiv. Energy
Cost - ¢/KWH

1:/ ME!dian load growth

5.77
109.84

5,218

2.11

11.34
231.00

4,923

4.69

+ 5.57
121.16

-295

2.58

+ 97
+110

-6

+123

Note: Total energy during Period of analysis is the same in both reports.
Difference is due to variation in load build-up.
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Table 33
AVERAGE RATE DETERMINATION

(WATANA AND DEVIL CANYON)
Upper Susitna Project Power Market Analysis

Project Costs
$1.000

1994 PW Costs
$1.000

Project Energy Sales
Million KWH

Revenue
Producing. Firm Fuel Replacement 1994 PW Fuel Replace-

Year Investment' OM&R Investment OM&R Energy Energy Sales Firm Energy ment Sales
(1994-2005 )

1994 2.501.200 2.620 2.501.200 2.437 633 2.401 • 589 2.233
1995 2.620 2.267 1.385 2.043 1.198 1.768
1996 2.620 2.109 2.231 .1.197 1.796 964
1997 2.620 1.962 2.873 555 2.151 416

(1998-2047)
1998 833.600 3.320 624.200 32.256 3.531 2.872 2.459 2.000
1999 3.320 4.244 2.543 2.750 1.648

"l
2000 3.320 4.686 2.101 2.824 1.266
2001 3.320 5.055 1.732 2.834 971
2002 3.320 5 .63,0 1.115 2.937 582
2003 3.320 5.983 804 2.903 390
2004 3.320 '. 6.352 235 2.867 106
2005 3.320 6.767 20 2.841 8
2006-2047 6.787 000 36.171
Totals 3.334.800 3.125.400 41.031 64.320 12.352.
Annual Equivalents .239.200 3.1M 4.923 845

Average Rate Computation:
(1) Annual Costs: Capital $239.200.000

OM&R 3.140,000
Total $242.340.000

(2) Revenue From Fuel Replacement Energy
at 12 mills per kilowatt hour -11.340.000

$231.000.000
(3) Equivalent Annual Firm Energy Sales 4.923.000.000 KWH
(4) Average Rate For Repayment ($231.000.000/

4.923.000.000 KWH) = 46.9 mills/KWH



Actual rates for the Susitna system could reflect several items of costs
and revenues not identified in the project studies. For example, during
its life, project facilities would likely be used to wheel power from
other sources. Wheeling revenues will lower overall project power rates
somewhat. Conversely, wheeling costs for project power delivered over
non-Federal transmission lines will be added to project rate schedules.
This is now done under APA marketing contracts for the Snettisham
Project; ther·e are similar situations in other Federal power systems.

Market Aspects of Other Transmission Alternatives

It is reasonable to expect modifications of the project transmission
system as requirements (or needs) change. The main 345-kv and 230-kv
lines could be upgraded substantially by adding compensation and
transformer capacity. Substations CQuld be added as future loads
increase to a case-by-case determination of economics. Similarly,
extensions of the project transmission lines to serve other areas would
be considered on the basis of needs, economics, and availab Ie
alternatives.

Anchorage-Cook Inlet Area

The costs in the proposed plan are ·premised on delivery points to
substations near Talkeetna and Anchorage. Rough estimates indicate
similar costs for a plan with delivery points at Talkeetna, Anchorage,
and the existing APA Palmer substation. ~asically the proposed plan
includes costs to provide for delivery points on the existing CEA and
APA systems north of Knik Arm, but does not include costs of delivering
power across or around the Arm.

With or without the Susitna project, additional transmission capability
is needed on the approaches to Anchorage. CEA plans for a Knik Arm
system considers 230-kv transmission an important step in developing
this capability, but more capacity will be needed by the mid-1980's.
Essentially the same problems will exist with alternative power sources,
such as the Beluga coals. .

Following proj ect authorization, detailed studies will be needed to
consider alternatives for providing power a~ross Knik Arm. Costs would
be worked into rate structures through wheeling charges on non-Federal
lines or annual costs on project lines, if needed.

The transmission plan to deliver project power in Anchorage will need to
be worked out in the detailed post authorization studies. It will
involve added costs, either wheeling charges for project power over
non-Federal lines, or constructing project transmission lines around or
under Knik Arm. These costs could be about the same for alternative
power sources such as the Beluga coals.

It is essential that scheduling of project facilities be closely tied to
the marketing function.
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Comparison of Susitna to Steamplants With and Without Inflation

Without inflation, the 4.7¢/kWh rate for the Susitna project is
signific::antly ,lower than the estimated cost of power from coal-fired
steamplants at 5.2 to 6.4¢/kWh at October 1978 costs. Considering
inflation, the capital costs of bot~ the steamplant and hydro powerplant
increase until construction is complete. For the completed projects,
inflation affects only the hydro project operation and maintenance cost,
a small part of the energy cost. For the steamptant, inflation
continues to increase the fuel cost as well as the much larger operation
and maintenance cost.

The difference of the effect of inflation is shown on figure 19.
Capital and O&M costs are assumed to inflate at 5 percent per year for
both. Fuel costs are assumed to inflate 2 percent per year higher than
a base price of $1.00 or $1.50 per million Btu in 1985. The conclusions
are that Susitna is considerably less susceptible to inflation than
steamplants.
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PART XI. GLENNALLEN A.J'ID VALDEZ

Introduction

The primary justification for the Upper
power and energy to the State's two
Anchorage-Cook Inlet and Fairbanks-Tanana

Susi tna proj ect is to supply
l.qrgest. power warket areas,

Va] ley.

The Glennallen-Valdez area is recognized as a possible additional market
area. The two communities are the principal load centers for the Copper
Valley Electric Association (CVEA). At present, both are supplied from
oil-fired generators.

CVEA is now moving into initial construction phases of its Solomon Gulch
hydroelectric plant near Valdez, and is in final design stages for a
l38~kv transmission line extending 104 miles to interconnect Valdez and
Glennallen. CVEA could be interconnected with the major ui tlities in
the Anchorage-Cook Inlet area by adding a transmission line between
Palmer and Glennallen. The transmission distance is 136 miles; minimum
transmission voltage would likely be 139 kv. Depending on future
demand, a higher voltage such as 230 kv may he justified.

Very preliminary studies summarized in the following section indicate a
good chance that the Palmer-Glennallen intertie is feasible.

Power Market Area

Introduction

Similar to Fairbanks, both qlennallen and Valdez have been heaVily
impacted by trans-Alaska oil pipeline construction and operation. The
pipeline term:'n'_· storage and shipping facilities are at Valdez. The
pipeline was completed and '.vent into operation in 1977. The
Glennallen-Valdez area 1977 population was approximately 9,905, 39
percent higher than in 1974. However, the 1976 population (13,000)
decreased 31 percent in 1977.

Valdez is the proposed site of a major refinery and petr;.;chemical
complex to process the State's royalty share of Prudhoe Bay oil. Plans
are not yet finalized, but construction could begin as early as 1980.
This would have major impacts in terms of both construction employment
and a long term increase in employment and population for Valdez. The
operations .phase of the refinery involves 1,000 new jobs according to
recent reports. Glennallen's population and economy are expected to
continue to grow.

Existing Power System

The Copper Valley Electric Association (CVEA) serves both Glennallen and
Valdez. CVEA' s radial distribution lines extend from Glennallen, 30
miles north on the Copper River, 55 miles south on the Copper River to
Lower Tonsina, and 70 miles west on the Glenn Highway. Figure 2
outlines the area.
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CVEA plans to -construct 104 miles of 138-kv long transmission line
between Valdez and Glennallen. This is related to the Solomon Gulch
12-MW hydro development now beginning construction" At present, the
utility loads are served totally by diesel generation of 17.7 MW: 10.1
MW at Valdez and 7.6 MW at Glennallen. Two small utili ties serving
limited areas on the highways north of Glennallen are included in
historical data. Their installed diesel capacity totals 1/3 MW.

The A1yeska oil terminal fal;ility at Valdez has 37 .5 MW in oil-fired
steam-turbine capacity. This is a total energy facility that satisfies
the terminal's electrical and steam requirements.

Power Requirements

This section summarizes historic energy use and related data,
information from a 1976 load forecast prepared for CVEA, and some
general observations on likely magnitude of future power requirements.

Historic Data

Energy use and peak demand data were obtained from three power
generating sources in the Valdez-Glennallen area: CVEA, the utility
serving over 95 percent of the area; Chistochina Trading Post; and
Paxson Lodge, Incorporated. The utility data yielded information on
energy use, peak demand, and customer sector breakdowns.

Population and employment data were derived from statistics provided by
the State of Alaska Department of Labor. This information illustrates
demographic characteristics of the study area.

The 1970-77 Valdez-Glennallen area is summarized on table 34. Net
generation by utility from 1960-77 is on table 35.

Analysis

The energy use, population, and employment data reflect events tied to
construction and operation of the Alyeska oil pipeline. The "large jumps
-in population and employment during the construction years cannot be
directly tied to utility power requirements since most of the workers
were housed in construction camps that supplied their own power.

The 1977 use data show total utility requirements at more than four
times the 1970 level. Total number of customers tripled during the
period.

Per customer residential use increased from 3,846 to 6,423 kwh.per yea+
over the 7-year period.

This historic data~provides no clear insight to probable future levels
of power use--any trends that would be useful in forecasting are hidden
by the construction impacts.
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Forecast

Table 36 summarizes future power demand estimates from CVEA's 1976 power
requirements study.. The study included estimates of demands through
1991; APA made a rough extension to the year 2000, assuming a 6 percent
rate of increase.

The average energy capability of the Solomon Gulch project is estimated
at 55 million kwh/year. Th~ forecasts indicate that the Solomon Gulch
power would be fully utilized as soon as it comes on-line. By the time
Upper Susitna power would be available, CVEA total demands would exceed

-Solomon Gulch capability by around 100 million kwh/year.

The CVEA study predated the plans for the oil refinery at Valdez, pence
there is substantial likelihood that the actual requirements will exceed
the·forecast amounts.

Transmission Plan And Cost

Incremental service to the Glennallen-Valdez market areas would require
constructing transmission facilities from Palmer to Glennallen to
connect to the CVEA system serving the market area. Susitna project
generation and transmission to the Anchorage-Cook Inlet a"rea would be
sufficient to accomodate the incremental service.

The Palmer-Glennallen transmission system would have 136 miles of single
circuit 138-kv line, with a substation at Palmer and a switchyard' at
Glennallen. The Palmer substation would have a 230/138-kv transformer,
a 230-kv breaker, and a 138-kv circuit- breaker. The Glennallen switch
yard would include two 138-kv circuit breakers, and would connect with
the planned CVEA 138-kv line extending to Valdez. Peak' capacity of the
138-kv Palmer-Glennallen line would likely be from 50 to 80 M1~. This is
an assumption for study purposes (stability, sizing, and power flow
studies were not made).

System. costs are based on comparable elements of other project
transmission systems, indexed from the 1976 report (January 1975 r~ices)

to October 1978 prices (about 32 percent increase). The basic prices
are based on Bureau of Reclamation (USBR) and Bonneville Power
Administration (BPA) with adjustments for Alaska conditions (refer to
Part VIII). Advance planning would analyze evaluations of structural,
operation control, environment, and other elements affecting route
location, design, and operation of th~ system serving this area.

Investment costs are calculated by adding 7~ percent interest annually
during construction. The Palmer-Glennallen line would be .::.~nstructed

during the same .period as other facilities, and would be ready for
service when proJect power is available in 1994. Table 37 summarizes
construction and investment costs.
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Table 34
HISTORIC DATA

GLENNALLEN-VALDEZ AREA

Upper Susitna Project Power Market Analysis

Utility Energy Sales (GWH) Net Generation

Res CI Total Utilit1 Industry

1970 2.1 7.4 9.9 11.9
1971 2.6 7.8 10.8 12.8
1972 2.8 7.6 10.8 13.0
1973 2.9 8.3 11.6 13.8
1974 3.7 10.4 14.5 16.8
1975 7.7 16.0 24.4 28.2
1976 10.3 22.4 33.5 40.7
1977 10.9 31.0 42.9 48.7 39.4

Utility Custo~ers Peak Load (MW)

Res CI Total Utility Industry

1970 546 221 793 2.4
1971 S81 226 939 2.5
1972 655 237 926 2.6
1973 684 247 965 2.7
1974 911 317 1,268 4.0
1975 1,172 361 1,576 7.3
1976 1,677 404 2,128 8.6
1977 1,697 427 2,183 9.3 37

(38.6 installed
capacity)

1970
1971
1972
1973
1974
1975
1976
1977

Population (Total)

3,098
2,932
3,464
3,568
3,833
9,639

13,000
9,905

Res = residential
CI = Commercial-industrial
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Employment (Avg. Annual)

831
1,085

904
985

1,526
4,626
7,818
3,918



Table 35
UTILITY NET GENERATION (GWH)

GLENNALLEN-VALDEZ AREA

Upper Susitn~ Project Power Market Analysis
I

Year CVEA . CTP PLI Total Growth %

1960 3.2 0.1 3.3
1961 3.4 0.1 3.5 6.1

1962 4.0 0.1 4.1 17.1

1963 4.5 0.1 4.6 12.2

1964 4.2 0.1 4.3 -6.5

1965 6.5 0.2 6.7 55.8

1966 8.0 0.2 8.2 22.4

1967 8.2 0.3 8~5 3.7

1968 8.6 0.4 9.0 5.9

1969 9.7 0.4 0.5 10.6 17.8

1970 10.7 0.4 0.7 11.8 11.3

1971 11. 7 0.4 0.7 12.8 8.5

1972 11.8 0.4 0.7 12.9 0.8

1973 12.6 0.4 0.7 13.7 6.2

1974 16.6 0.4 0.7 17.7 29.2

1975 26.9 0.4 0.7 28.0 58.2

1976 39.3 0.4 0.7 40.4 44.3

1977 47.4 0.4 0.7 48.5 20.1

CVEA - Copper Valley Electric Association
CTP - Chistochina Trading Post
PLI - Paxson Lodge, Inc.
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Table 36
VALDEZ-GLENNALLEN AREA UTILITY FORECASTS

Upper SusitnaProject Power Market Analysis

-
Energy (gwh) Peak Demand (MW)

CVEAY CVEA Y
Year Glennallen Valdez Total Glennallen Valdez

1976 12.5 24.5 37.0
2/

3.1 6.040.7 2/
1977 21.0 27.0 48.0 48.7 - 4~2 5.9
1978 22.1 27.2 49.3 4.4 5.8
1979 24.0 27.6 51.6 4.6 5.8
1980 45.9 27.9 73.8 7.3 5.8
1981 48.5 30.5 79.0 7.7 6.3
1982 50.0 33.0 83.0 8.1 6.8
1983 52.2 35.5 87.7 8.5 7.4
1984 55.0 38.2 93.2 9.0 8.0
1985 57.6 41.4 99.0 9.5 8.6
1-986 60.0 45.0 105.0 10.1 9.3
1987 63.1 48.5 111.6 10.6 10.1
1988 66.0 52.5 lt8.5 11.1 10.9
1989 69.1 56.8 125.9 11. 7 11.8
'1990 72.3 61.4 133.7 12.4 12.8.
1991 75.0 66.4 141.4 13.0 13.8

1995 180
2000 240
2025 1,025

y copper.Valley Electric Association Forecast from
1976 REA Power Requireme~ts Study.

~ Historical values
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Table 37
INVESTMENT CbST SUMMARY

GLENNALLEN-VALDEZ AREA TRANSMISSION SYSTEM

Upper Susitna

Transmission Line
(Palmer-Glennallen)

Clearing
Right-of-Way
Access Roads
Line Structures

Subtotal

Project Power Market Analysis

(Costs-$l,OOO 10/78)
Construction Interest Investment

During
Construction

$ 1,540
310

5,490
25,760

$33,100

Switchyards & Substations
Palmer Substation
Glennallen Switchyard

Subtotal

Total

$ 3,880
920

$ 4,800

$37,900 $2,900 $40,800

Operation and Maintenance Costs

Addition of tr8 136-mile Palmer-Glennallen transmission line would

involve comparatively minor increases in overall system operation,

maintenance, and replacement costs.

For purpose of this analysis we are assuming the incremental O&M costs

would be roughly equivalent to 1/3 of the annual cost of one transmission

line maintenance crew. Adding an allowance for replacements, the

annual OM&R cost is estimated at $131,000 per year. This is indicated

on Table 38.
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Table 38
OPERATION, MAINTENANCE, AND REPLACEMENT COST SUMMARY

GLENNALLEN-VALDEZ AREA TRANSMISSION SYSTEM

Upper Susitna Projec~ Power Market Analysis

Annual Cost - $1,000
Full Crew 1/3 Cre;operation and Maintenance

Personnel
Salary & allowances for 6 Wage Grades 240 80

Miscellaneous
Telephone, travel, supplies, services
training, line spray, camp maintenance

Equipment (Replacement)

Marketing and Administration
Subtotal

Contingencies 20% +

Subto;tal - O&M

Rounded

Replacement
Transmission towers, fixtures, conductors

0.0001 x $25,766,000

Substations & Switchyards
0.0033 x $4,800,000

Subtotal - Replacement

Rounded

Total OM&R
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10 3.3

8 2.7

22 '7.3
280 93.3

60 20---

340 113.3

113

2.6

15.8

18.4

18
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Assessment of Feasibility

A m~n~mum intertie between Palmer and Glennallen would involve
incremental investment costs on the order of $40.8 million. Incremental
annual costs are estimated" as:

Amortization
OM&R
Total Annual Cost

$3,140,000
131,000

$3,271,000

Based on the utility forecast for CVEA, it is possible that a market in
excess of 100 mil1ion kwh/year could be supplied over the
Palmer-Glennallen line. This would equate to transmission costs of
3.3¢/kwh.

The '100 million kwh/year would be equivalent to 22.8 MW at 50 percent
annual load factor. This is substantially less than half the estimated
capacity for a 138-kv Palmer-Glennallen line.

Full utilization of the intertie could involve transmission of 200 to
300 million kwh/year, in which case, average transmission cost would
drop from one-half to one-third the cost indicated above.

Regardless of the source of power--coal,oil, hydro--generation costs
for CVEA will likely be higher than' for the larger utility systems
serving the Anchorage-Cook Inlet area. In this context, transmission
costs on the order of 1.1 to 3.3¢/kwhbetween Palmer and Glennallen may
be justifiable.

APA concludes that the Palmer-Glennallen intertie has a good chance for
feasibility, and ~hat a more detailed examination is warranted.
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APPENDIX

1. Letter dated January 3, 1979 to Col. G. R. Robertson, Alaska
District Co·rps of Engineers,. transmitting responses to OMB questions
falling in APA's area of responsibility.

2. Previous Studies and Bibliography.

3. LOAD/RESOURCE AND SYSTEM COST ANALYSIS FOR THE RAILBELT REGION
OF ALASKA: 1978-2010 -- Informal Report - by Battelle Pacific Northwest
Laboratories, Ric~land, Washington - January, 1979.

4. Comments.
a. Federal Energy Regulatory Commission, San Francisco, California,

March 6, 1979.

b. Battelle Pacific Northwest Laboratories, Richland, Washington,
February 27, 1979.

c. Corps of Engineers, Anchorage·, Alaska, March 19, 1979.

d. The Alaska State Clearinghouse, Juneau, Alaska, March 23, 1979.

e. Municipal Light and Power Company, Anchorage, Alaska, March 1, 1979.
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Department Of Energy
Alas!<aPower Administration
P.O. Box 50
Juneau; Alaska 99802

Colonel George R. Robertson
Alaska District Engineer
Corps of Engineers
P.O. Box 7002
Anchorage, AK 99510

Dear Colonel Robertson:

Janua:r;y 3, 1979

Attached are our responses to the Susitna Project O~m questions we
agreed to provide (re: our letters dated January 20, 24, 1978).

Copies of these responses were sent via Goldstreak direct to Captain
Mohn December 28, 1978.

Sincerely,

Donald L. Shira
Chief, Planning Division
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OMB question 5.1, and .2.

ONB asked that the analysis of the "without" project condition be expanded
to clearly analyze:

1. l'lhy, with natural gas projected to be in such short supply, the
Anchorage utilities have only contracted for 55 percent of proved
reserves or 25 percent of estimated ultimate res~:rves, and,

2.. The sensitivity of the analysis- to the collapse of OPEC and the
cost of shipping oil to the East Coast.

Both questions must be considered in terms of national energy policy.
The Nation needs to reduce dependency on oil imports on both a short
term and a long-term basis, and to accomplish a major shift away from
oil and natural gas to alternative energy sources. The reasons for this
include national economic considerations, as well as very real.limits on
national and world supplies of oil and natural gas.

~n terms of national energy policy, oil and natural gas are not available
alternatives for long-term production of electric power. There are
~emaining question; as to how quickly existing uses will be phased out
and on how complete the prohibitions will b~ on new oil. and natural gas
fired powerplants.

There is general agreement. that implementation of national policy must.
include strong efforts in conservation, substantial in~rease in use of
coal, and major efforts to develop renewable energy sources. Each of
these components is sensitive to energy price and snpply variables. A
reduction in world oil prices or·a period of oversupply serves as a
marketplace disincentive for conservation efforts and work on alterna
tive.energy sources.

The lowest cost alternatives and those with fully proven tecl1nology are
the least sensitivei those that depend on further R&D are most easily
sidetracked.

Th~ Sus~tna Project involves large blocks of power and new energy from
a rcnc\\'able source, fully prove'n technol.ogy, long revenue-producing
period (in excess of 100 years), and essential freedom from long-term
price increases. Its unit costs appear attrac~ive in comparison to
coal-·fired pO\·;erplants. It is a two-stage project "lith opportunity to
defer the second stage if demands are 10\'ler than present estimates or if
price relationshil"ls· cha.nge.

The above factors suggest that t:he Upper Susitna Project is much less
sensitive to short-term oil price <lnd supply variations than JOost o·thar
u.s. energy options.
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If it i!; ClSSUl:lec] thZlt A1Clsbm oil and natural g,IS will he isolZltcxl fro:n
U.S. and \o:orld dCl!l<Ulu and pric..::i.ng, AJaska \"oulc1 probzlbly continue to use
i.ts oil anc1 gas for most of its pmomr. 'i'his C1~;$tlmption elid, in fact,
prevail })(~t\'rccn the initialoi.l and gas di!;coverics in the Cook Inlet
areZl and the 1973 oil embargo. In 1960, the l~nchorage-Cook Inlet a.rea
po,ver supplies came almost entirely from cOZll and hydro. 'l'he 10\'1 cost,
clbundant: gas brought Zl halt to hydro devclop:nent: and dcstroyecl the
areats coal industry. The one remaining Alaskan coal mine hZlrely made
it through the 1960' s because ofcor:tp~tition from relatively cheap oil.

The Co01c Inlet gas has been subjected to increasing competition in ·the
last few years, including proposals for LNG facilities, additional
petrochemical plants, ~nd consideration of pipeline alternatives to tie
in ,.,ith the 1\lcan pipeline project. T'ne competition resulted in ,increas
ing prices and increasing difficulty in obtaining long-term commitments
of gas for power. The competitions and the price incr9ases are expected
to continue.

The real question on gas availability as it pertains to Upper Susitnao
is: "lhat is the outlook for long-tenn gas supplies for pO\ver after
1990? That outlook is not good in terms of competing uses and llational
policy.
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Response to m1B question 5. 3.

"The Necessity for an Anchorage-Fairbanks intertie at a cost of $200-300

million"

The estimated construction cost (1978 dollars) for the transmission

lines from the Susitna Project to the Fairbanks area is $152 million,

and $186 million for the lines from the project to the Anchorage area

(total $338 million).

There ar~ several previous studies!! th~t demonstrate inherent feasibility

of an Anchorage-Fairbanks intertie with or without construction of the

Upper Susitna Project. The main-reason that the intertie is not now in

place is that short term benefits to the Anchorage area are quite small,

i •e., most of 'the short term benefitsfor the intertie \-lould occur

through reduced energy and power costs in the Fairbanks area.

APA studies in the 1975 "feasibility report evaluated Susitna Project

power to Fairbanks on a cost-of-service basis (see Appendix I, p. 6-89).

This was a specific demonstration of feasibility of including Fairbanks

as part of the Upper Susitna Power Market area.

1/ Among the previous studies are:

Alaska Power Survey, Federal Power Commission, 1969.

Central ,Alaska Power Pool, working paper, Alaska Power Administration,
October 1969.

Alaska Railbelt Transmission System, working paper, Alaska Power Admin
istration, December 1967.

Electric Generation and Transmission Intertie System for Interior
and Southcentral Alaska, CH2M Hill, 1972.

Central Alaska Power Study, The Ralph M. Parsons Company, undated.

Alaska Power Feasibility Study, The Ralph M. Parsons Company, 1962.
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Further verification of feasibility of the intertie is provided in the

new load-resource analyses and system cost analyses prepared for the

current studies. These general cases were analyzed:

Case 1.

Case 2.

Case 3.

All future generating capacity assumed to be coal-fired

steam turbines without intertie.

All future generating capacity assumed to be coal-fired

steam turbines with intertie.

Future generating capacity to include Upper Susitna Project

plus coal-fired steam plants as needed. Includes intertie.

Results of power cost analyses for Anchorage and Fairban~s for the year

2000, with and without intertie are as fo.llows:

Power Costs for Anchorage and Fairbanks (0% Inflation)

(¢/KwH)

Case 1 Case 2 Case 3

Without Intertie With Intertie With Susitna

and Intertie

Anchorage Fairbanks Anchorage Fairbanks Anchorage Fairbanks

High 6.2 8.8 6.1 8.0 5.8 6.2

Med 6.6 8.9 6.2 8.4 5.5 6.7

Lo\'1 7.1 9.2 6.2 8.8 6.1 7.8

The following table presents a comparison of the costs of power in the

year 2000 for Case 2, and 3 as compared to Case 1. As shown the costs

of power are reduced below the cost of power for Case 1 in all cases.

The reduction in the cost of power is typically greater in the
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,
Fairbanks-Tanana Valley area than in the Anchorage-Cook Inlet area

because the Anchorage-Cook Inlet area will have a higher percent of its

generation supplied by steam plants which are more costly than Susitna.

Comparison of Power Costs for Year 2000

Percent Change in Cost of Power Belm.. Case 1 - 0% Inflation

Anchorage Fairbanks

High Medium Low High Medium Low

Case 2 -1.6 -6.5 -14.5 -10.0· -6.0 -4.5

case 3 -6.9 -20.0 -16.4 -41.9 -32.8 -17.9

Table 1 compa.~es annual system costs for all three cases for Anchorage

and Fairbanks during the 1990-2011 period.

Table 1 shows the fo110,..ing percent savings in system costs (1990-2011)

for Ca.ses 2 and 3 compared to Case 1:

Case 2

Case 3

Anchorage

-0.4

-10.7

Fairbanks

-7.9

-28.1
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Table 1. Annual Power System Costs for Power Supply UnderI

:0 Cases I, II, and III - Mid-Range Load Projections - 0% Inflation::>

'"
($Million)

"

Period Case I Case II Case III
Anchorage Fairbanks Anchorage Fairbanks Anchorage Fairbanks

1980-90 272.0 90.6 254.5 84.2 254.5 84.2
90-91 274.2 96.8 293.8 89.0 293.8 89.0
91-92 324.2 98.2 343.8 90.2 343.8 90.2
92-93 387.5 119.5 409.9 88.2 409.9 88.2
93-94 391. 7 120.9 414.1 89.2 414.1 89.2
94-95 398.9 122.2 421.3 114.9 537.5 120.5
95-96 463.7 127.6 486.1 143.7 537.9 124.8
96-97 549.0 152.4 571.5 143.2 543.0 124.0

~

167.8-0 97-98 615.9 578.7 158.5 549.3 139.2
~

98-99 627.7 '192.0 650.2 182.6 576.3 145.1
1999-2000 694.4 193.8 657.2 184.5 577.2 145.7
Sub total 4,999.4 1,481. 8 5,081.1 1,368.2 5,037.3 1,240.1

00-01 691.8 194.9 714.3 185.5 573.4 146.5
01-02 698.6 196.2 721.1 186.8 578.5 14"7.4
02-03 760.3 195.0 723.1 208.2 658.6 168.6
03-04 767.9 230.8 789.8 209.6 665.1 169.6
04-05 776.0 232.2 798.5 211.0 670.8 170.6
05-06 864.0 232.1 807.1 210.9 677 .6 170.2
06-07 872.8 233.5 815.9 212.3 744.4 171.2
07-08 881.9 235.1 904.4 213.8 751.6 172.3
08-09 891.1 236.5 913.6 215.2 759.0 173.4
09-10 901.6 238.1 923.1 216.9 766.7 174.6
10-11 969.9 239.6 932.7 218.4 834.3 175.7

Total 14,075.1 3,945.8 14,124.7 3,656.9 12,,717.3 3,080.2



Response to OMB question 5.4.

"Scheduling of po~.,erplants and the reduced risk of building small

increments."

The Load/Resource analysis for \.,ithou·t project condition addresses the

scheduling of steamplants and size of units needed. This is demonstrated

in Chapter VII of the marketability report. Annual power system costs

shown in Table 1 under question 5.3 show savings from Susitna over the

withoutSusitna case. The steamplants are smaller units than Susitna,

but their higher cost contributes to higher overall system costs. An

analysis of hydro alternatives indicate that there are not economical

sites available in sufficient quantity to be compar9bie to Susitna.

Thi:;,; is supported by APA I S draft report on "Analysis of Potential

Alternative Hydroelectric Sites to Serve Railbelt Area."
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Response to OMS question 6.1, .2, and .3.

Demand Estimates

The analysis of load growth should be more specific with respect
to:

1. Increasing use by consumers; and,

2. Increasing number of consumers.

3. Industrial growth, i. e., tolhere does Alaska's comparative
advantage lie outside the area of raw materials and government
functions?

The new estimates of future P9wer demand are responsive to the first two

parts of this question. APA completed a very careful analysis of recent

power use trends by .class of customer, with particular emphasis on

identifying recent trends that could be attributed~o conservation

efforts. The future demands are based on future population estimates

developed by the University of Alaska's Institute of Social and Economic

Research and incorporate assumptions of substantially improved efficiency

in use of electric power through conservation.

The third part of the question requires consideration of the overall

Alaskan economy, present and future, and the role of Upper Susitna

power.

Alaska is not a heavily industrialized State nor is it expected to be •
•The oil and gas industry is presently the dominating sector of the

State's GNP, and will continue to be so for at least the balance of the

20th century. This is the principle source of revenues for the State

and thus the driving force behind State programs for education, local

government assistance, welfare, and so on. Other important industries

are the fisheries, forest products, and recreation-tourism.

The low- and mid-range population estimates incorporate very modest

assumptions of industrial expansion based on pioneering of Alaskan

natural resources for the mos·t part. The specific industrial assumptions

reflect proven sources of natural resources and projects that are well

along in the planning stages.



Extraction and processing of natural reso~rces will undoubtedly continue

to be major aspects of the Alaskan economy. Other important aspects

include business activities of Native Corporations and increasing amounts

of land made available to State and, private o~mership. Actions pending

on the new National Parks, Refuges, and Wild and Scenic Rivers will

encourage further development of the recreation and tourism industries.

As in most parts of the country, Alaska employ~ent is not dominated by·

the industrial sectors. Most jobs are in service.industries, the commer

cial establishments, transportation, utilities, and government. The new

population estimate by ISER indicates that the distribution of employment

will not change sUbstantially. The anticipated growth in the economy,

employment, and in power demands is primarily in the non-industrial

sectors.

It should be noted that the Railbelt area demands for electric energy in

1977 ~ere 2.7 billion kilO\'latt-hours, \'1hich is approaching the firm

energy capability of the Watana Project. The load resource analyses

demonstrate full utilization of Watana energy essentially as soon as it

becomes available, even under the lower power demand case. This basically

leads us to a finding that the Upper Susitna justification is not dependent

on major industrial expansion in Alaska.
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Response to 0r-m Question 7.

Under the topic Sensitivity Analysis, OMB provided the fol101.'ling conunents:

"Pm-ler demand should be subjected to a sensi tivi ty ana.lysis to better

~ssess the uncertainties in development of such a large block of power.

The typical utility invests on the basis of an 8-10 year time horizon .

.The Susitna plan has an 11...:.16 year horizon in face of risks that loads

may not develop aTld the option of ~lheeling po~ler to other markets is not

available. It should be noted that the pOtier demand for Snettisham was

unduly optimistic when it w'as built. This resulted in delays in installing

generators. A similar error in a project the size of Susitna t<lould be

much more costly and vloul'd have a major adverse effect on the project's

economics. "

The new power demand esti~tes, load resources analyses, and financial 

analysis presented in this report, all provide a better basis for examining

these questions. In addition, there is need to review some of the

Snettisham Project history to bring out similarities and differences

with the P""'per Susitna case.

Snettisham Review

The ~nettisham Hydroelectric Project is located near Juneau, Alaska, and

is now the main source of power for the greater Juneau area. The project

was authorized in 1962 on the basis of feasibility investigations by the

Bureau of Reclamation, constructed by the Corps of Engineers, and opera

ted by the Alaska Power Administration.

The-project was conceived as axwo-stage development and construction of

the first, or Long Lake, stage was completed in late 1973 with first

commercial power to Juneau in December 1973. The second, or Crater

Lake, stage would be added when power demands dictate.
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Juneau was, and is, an isolated power market area. Difficult terrain

and long distances have thus far prevented electrical interconnection

with other Southeast Alaska communities and neighboring areas of Canada;

however, such interconnections may prove feasible within the next 15 to

20 years. The project planning and justification was premised on per

vice only to the greater Juneau area.

The Snettisham authorization was based on power demand estimates by the

Alaska District, Bureau of Reclamation (now Alaska Power Administration).

11 The estimates were based on actual power use through 1960 and projec

tions to the year 1987. The outlook" at that time was that the first

stage construction would be completed in 1966, and that total project

capability would not be needed until 1987.

A comparison of power demand estimates at the time of authorization with

actual demands is sho~m on Table 1. The 1977 energy load was 112,197

megawatt-hours or 81 percent of the amount estimated in 1961 based on

historical records through 1960.

1/ Reappraisal of the Crater-Long Lakes Division, Snettish2ffi Project,

Alaska, USBR, November 1961.
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Table 1 Power and Energy Rcguirements-Juneau Area

Actual Demands

Forecasted Demands at

Time of Authorizatipn 1/

Fiscal Year

(Oct. 1 - Sept. 30)

MWH Peak ].1\'1 MWH Peak MW

1958 23,945 4,788,

1959 26,297 5,321

1960 28,499 5,465

1970 58,266 12,420 73,400 15,230

1971 63,786 13,780 80,700 16,750

1972 70,225 14,910 88,800 18,430

1973 75,753 15,470 97,500 20,240

1974 83,059 16,220 106,900 22,190

1975 94,609 17 ,840 116,900 24,260

1976 106,296 19,800 127,600 26,480

1977 112,197 20,440 139,100 28,870

1/. From Reappraisal of the Crater-Long Lakes Division, Snettisham

Project, Alaska,USBR, November 1961.
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The inherent flexibility of a staged project proved to be very benefi

cial in the case of snettisham. APA made periodic updates of the power

demand estinates.during construction of the Long. Lake stage. For

several years, these forecasts indicated a' need to proceed with the

Crater Lake stage construction immediately on completion of the Long

Lake stage. The Corps of Engineers construction schedules and budget

requests, based on the APA power demand estimates, anticipated start of

construction on Crater Lake in FY 1977. Major factors in these fore

casts were plans for a major new pulp mill in the Juneau area and for

iron ore mining and reduction facility in the vicinity of Port Snettisham.

Neither of these developments were anticipated at the time of authoriza

tion. Both of these resource developments fell through, and this

resulted in a substantial reduction in the APA power demand estimate and

a decision in late 1975 to defer the Crater Lake co~struction start.

The pulp mill was particularly influential in the change in demand

estimates. The mill was planned for operation in the early 1970's with

a large population and commercial impact on Juneau~ Initial access

facilities were constructed and site preparation was well underway when

the project became entangled in protracted law suits involving logging

practices in Southeast Alaska. Several court decisions were made in

favor of the development, but a last minute remand put the project back

to base one and led to cancellation in early 1975.

This type of uncertainty faces all utility planners. The staged project

like Snettisham'affords a great deal of capability to adjust to changes

in demand.

Many other factors influenced Juneau area power demands and utiliza~ion

of project power. Of particular concern at the moment is impact of

Alaska's capital move initiative. This would certainly change use of

project power, with the most likely outcome that the community would

move more quickly into an all-electric mode (space heating and electric

vehicles appear particularly attractive in this area) and industrial use

of power would increase through economic diversification.
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'rhe key points of the Snettisham revim'l are:

1. The project was planned and authorized with intent to handle growth

in area power requirements for ~ 20-year period.

2.' The load forecasts used·as a basis for authorization were reasonably

accurate.

3. The actual use of project power may turn out to be subst~tially

different than originally anticipated.

4. The flexibility of staged projects was actually used.

5. The outlook for financial viability appears excellent at this time

in history•.
Implications for Susitna

First, the norm for utility investments cannot remain as the basis of an

8 to 10.year time horizon. This is evidenced by experiences since about

1970 on time required to plan, obtain necessary permits or authorizations,

find financing, and then build new powerplants and major transmission

facilities. The 8 to 10 years is much too short for nuclear, coal, and

hydro plants and for major transmission lines.

It appears appropriate to require a 20-year planning horizon with careful

checks at each step in the process and business-like decisions to shift

construction schedules if conditions (demands) change. We believe the

Snettisham experience is very positive in this light.

The Susitna Project is similar in that project investment is keyed to

two major stages. The commitment of construction funds for Watana would

be needed in 1986 or 1987 to have power on line by 1993 or 1994. If

conditions in 1986 indicate need to defer the project, it should be

deferred. Similarly, start of actual construction. on Devil Canyon can
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and should be based on conditions that actually prevail at the time the

decision is made.

The level of uncertainty for Upper Susitna is greater than was the case

for Snettisham on counts of higher interest costs and larger total

investment. Sensitivity to change in demands is much less for Susitna

because of its large and diversified pO\..er market area. There are many

more ways that Susitna Project power could be effectively utilized in

the event that traditional utility power markets are smaller' than

anticipated at the present.

Upper SusitnaOdoes not have as many uncertainities in terms of environ

mental questions as would equivalent power supplies from coal or nuclear

plants. Uncertainties on air quality are particularly relevant for any

larger Alaskan coal-fired powerplants.
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Current Evaluation

Power demands were estimated for High, Medium, and Low cases to year

2025 assuming logical variations in population and energy use per capita.

The projections reflect energy use per capita based on detailed studies

of 1970-1977 data from both the Anchorage and Fairbanks areas. The

projections considered variations in per capita use ranging from increased

use of electricity in the home to anticipated effects of con~ervation on

decreasing the growth rates·. A detailed discussion of the development

of the power demands is included in Chap~er 5 of this report.

The load/resource and cost analysis provided system cost for comparison

of cases both with and without the Susitna Pr~ject" The analysis also

compared the power demands to the resources required to determine sizes

and timing of new plants (the load/resource analysis is summarized in

Chapter VII). Table 2 summarizes the resources needed during the 1990's

for the range of projections.

The Table indicates that even under the most conservative load growth

condition (low), 1,500 MW are needed to meet the combined Anchorage

Fairbanks demands, which is roughly the capability of Susitna.

Tables 3 and 4 show the power costs for Anchorage and Fairbanks during

the 1990's with an interconnection and with and without the Susitna

·Project. It is readily apparent the rates are less for the case with

Susitna.

For example, in the medium case for the year 2000, Anchorage costs are

5.5¢/kwh or 13 percent less than without Susitna. In the Fairbanks

costs, the difference is much larger, 6.7¢/kwh or 25 percent less than

without Susitna.

In Table 5, annual system interest costs are composed with and without

Susitna with intertie from 1990 to 2011. Examination of the system cost

on an annual basis reveals the case with Susitna is cheaper than the

without Susitna case for each year except the first few years after

Watana comes on line.
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Cases with "Interconnection without Upper susitna

Table 2. Schedule of Plant Additions -l~i

Anchorage Fairbanks

Period " High Median Low High Median Low'

89-90 400 * 200 * 100

90-91 200

91-92 400 200

92-93 400 200 200

93-94 400 100

94-95 * 100 *
95-96 400 400 200 100 100

96-97 400 400 200 100 100

97-98 400 400 200 100 100

98-99 400 400 100

99-00 400

TOTAL 90-2000 3200 2000 1200 700 " 400 300

*Interconnection Installed in 1987 for high case, 1990 for median case,

& 1995 for low case.

Repl~cement of military powerplants, many of which also supply heat for

buildings are additional but not shown here.
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TABLE 3. Power Costs for Anchorage and Fairbanks Areas With

Interconnection and Without Upper Susitna - 0% Inflation

(cents/kwh)

Anchorage Fairbanks

Period High Median Low High Median Low

89-90 5.7 4.5 4.2· 4.7 5.8 5.6

90-91 5.4 4.8 4.1 4.6 5.9 5.8

91-92 5.7 5.3 4.1 4.4 5.7 5.8

92-93 5.4 5.9 4.7 6.3 5.4 5.6

93-94 5.7 5.6 4.6 7.3 5.2 5.5

94-95 5.5 5.4 4.9 7.0 6.5 6.7

95-96 5.6 5.8 5.4 7.8 7.7 6.9

96-97 5.8 6.4 5.8 8.2 7.4 8.3

97-98 5.9 6.1 6.6 8.7 7..8 9.1

98-99 6.0 6.5 6.4 8.3 8.7 8.9

99~()0 6.1 6.2 6.2 8.0 8.4 8.8
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'I'ABLE 4. Power Costs for Anchorage and Fairbanks Areas With
Interconnection and With Upper Susitna Coming on
Line in 1994 - 0% Inflation

(cents/kwh)

Anchorage Fairbanks

Period High Median Low High Median Lo\'1

89-90 5.7 4.5 4.2 4.7 5.8 5.6

90-91 5.4 4.8 4.1 4.6 5.9 5.8

91-92 5.7 5.3 4.6 4.4 5.7 7.2

92-93 5.4 5.9 4.4 6.3 5.4 6.9

93-94 5.7 5.6 5.0 7.3 5.2 6.8

94-95· 6.4 6.9 7.3 7.9 6.8 8.8

95-96 6.0 6.5 6.8 7.7 6.7 8.9

96-97 6.2 6.1 6.5 7.2 6.4 8.6

97-98 6.2 5.8 6.3 6.6 6.9 7.8

98-99 6.1 5.8 6.1 6.5 6.9· 7~6

99-00 5.8 5.5 6.1 6.2 6.7 7.8
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TABLE 5. PO''1er System Annual Costs for Anchorage and Fairbanks

With Upper Susitna Corning On Line in 1994 - O!'" Inflation

(million $)

Anchorage Fairbanks

Period High Median Low High Median Low

89-90 508.5 254.5 173.4 85.2 84.2 63.4

90-91 514.1 293.8 175.0 89.0 89.0 68.5

91-92 591.8 343.8 206.0 90.2 90.2 87.4

92-93 597.3 409.9 205.0 137.f 88.2 85.5

93-94 666.0 414.1 244.5 166.8 8.9.2 86.'4

94-95 798.5 537.5 372.3 192.2 120.5 115.6

95-96 806.1 537.9 368.4 198:0 124.8 119.2

96-97 898.6 543.0 368.5 198.5 124.0 117.5

97-98 793.1 549.3 369.9 192.5 139.2 ],09.2

98-99 1,009.1 576.3 376.1 201.3 145.1 109.7

99-00 1,018.9 577.2 391.7 203.5 145.7 114.9

00-01 1,025.1 573.4 381.4 228.6 146.5 114.5

01-02 1,101. 3 578.5 380.3 254.0 147.4 114.5

02-03 1,172.1 658.6 375.3 254.3 168.6 111.9

03-04 1,190~4 665.1 376.6 291.6 169.6 112,,0.:

04-05 1,287.7 670.8 376.8 296.0 170.6 112.1

05-06 1,366.8 677.6 378.0 296.1 170.2 110.7

06-07 1,386.8 744.4 379.4 299.2 171.2 110.8

07-08 1,467.2 751.6 380.8 302.4 172.3 110.9

08-09 1,548.1 759.0 382.2 305.7 173.4· 111.1

09-10 1,569.9 766.7 383.7 343.5 174.6 111.2

10-11 1,671.6 834.3 385.2 347.0 175.7 111.4

Total 22,989.0 12,717,3 7,430.5 4,973.4 3,080.2 2,308.4
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(con1;inued)

TABLE· 5. PO\'ler System Annual Costs for Anchorage and Fairbanks

without Upper Susitna Coming, On Line in 1994 - 0% Inflation

(mil1ton $)

Anchorage Fairbanks

Period High Median low High Median Low

89-90 508.5 254.5 173.4 85.2 84.2 63.4

90-91 514.1 293.8 175.0 89.0 89.0 68.5

91-92 591.8 343.8 185.7 90.2 90.2 71.1

92-93 597.3 409.9 223.3 137.8 88.2 69.2

93-94 666.0 414.1 227.2 166.8 89.2 70.1

94-95 678.0 421.3 252.4 169'. I! 114.9 87.2

95-96 750.0 486.1 290.9 201.3 143.7 91.8

96-97 843.4 571.5 327.9, 224.8 143.2 113.1

97-98 918.8 578.7 389.8 253.4 158.5 127.6

98....;99 998.3 650.2 396.7 256.3 182.6 128.4

99-00 1,074.0 657.2 397.9 259.7 184.5 ·129.3

00-01 1,160.8 714.3 470.6 262.3 185.5 129.6

01-02 1,238.6 721.1 472.5 265.3 186.8 130.2

02-03 1,~10.9 723.1 469.8 265.8 208.2 128.3

03-04 1,331.0 789.8 472.8 303.5 209.6 128.8 '

04-05 1,350.7 798.5 474.8 341.2 211.0 129.3

05-06 1,431. 7 807~1 477.8 343.1 210.9 128.4

06-07 1,513.3 815.9 480.9 346.5 212.3 151.7

07-08 1,615.1 904.4 484.0 350.1 213.8 152.2

08-09 1,638.1 913.6 487.1 353.7 215.3 152.8

09-10 1,721.4 923.1 490.3 357.5 216.9 153.3

10-'"11 1,801. 7 932.7 493.6 361.4· 218.4 153.9

Total 24,253.5 14,124.7 8,314.4 5,484.3 3,656.9 2,558.2,
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It should be noted that in the low energy use estimate the total system

cost for Anchorage during this period amounts to $883.9 million less

with Susitna than without the project. The difference is even larger in

the medium and high cases. The combined Anchorage-Fairbanks cash savings

for the same period based on the medium power use estimate is almost· $2 Billion.
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Previous Studies

There ,.,as a fairly substantial backlog of power system and project
studies relevant to the 1976 evaluation of the Upper Susitna River
Project. Th~ previous studies most relevant include:

1. Advisory Committee studies completed in 1974 for the Federal Power
Commission's (FPC) 1976 Alf'lska Po,V'er Survey. The studies include
evaluation of existing power systems and future needs through the year
2000, and the main generation and transmission alternatives available to
meet the needs. The power requirement studies and alternative
generation system studies for the 1976 power survey were used
extensively.

2. "A· series of utility system studies for Railbelt area utilities
include assessments of loads, po\V'er costs, and generation and trans
mission alternatives.

3. Previous work by the Alaska Power Administration, the Bureau of
Reclamation" the utility systems, and industry on studies of various
plans for Railbelt transmission interconnections and the Upper Susitn"a
hydroelectric potential;

It should be noted that .many of the studies listed in the bibliography
represent a period in history when there was very little concern about
energy conservation, growth, and needs for conserving oil and natural
gas resourc~s. Similarly, many of these studies reflected anticipcn:ion
of long term, very low cost energy supplies. In this regard, the
studies for the 1976 po,V'er survey are considered particularly
significant in that they provide a first assessment of Alaska po,v-er
system needs. reflecting the current concerns for energy and fuels
conservation and the environment, and the rapidly increasing costs of
energy in the economy.

The latter concern for conservation, etc. has been carried even further
in this report. As yet unpublished studies by the Alaska PO\v-er Admini
stration have made a definite reflection of conservation assumptions.
The resulting load forecasts were used in load/resource analyses done
and reported by Battelle Pacific Northwest Laboratories in 1978 and
1979. (Ba~te1le also published a report in 1978 entitled Alaska
Electric Power, and Analysis of Future Requirements and Supply
Alternatives for the RaUbe1t RegiOn.) Pop'ulation and employment used
in the recent forecasts were projected and reported by the Institute of
Social and Economic Research in September 1978. The result of their
econometric model is entitled South Central Alaska's Economy and
Population, 1965-2025: A Base Study and Projection. A partial
bibliography of related studies including those of the 1976 Susitna
report, is appended.
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PARTIAL BIBLIOGRAPHY OF RELATED STUDIES

The 1976 Alaska Power Survey, Federal Power Commission Vol. I and

Vol. II.

Alaska Regional Energy Resources Plant Project - Phase I, Alaska

Division of Energy and Power Development, Department of Commerce

and Economic Development, October 1977.

Volume I - Alaska's Energy Resources, Findings and Analysis

Volume II - Alaska's Energy Resources, Inventory of Oil, Gas,

Coal, Hydroelectric, and Uranium Resources

Jobs and Power For Alaskans: A Program for Power and Economic Develop

ment, July 1978. Department of Commerce and Economic Development.

Appendix: Power and Economic Development Program, July 1978.

Alaska Electric Power statistics 1960-1976, Alaska Power Administration,

July 1977.

The Proposed Glennallen-Valdez Transmission Line. An Analysis of

Available Alternatives. Robert W. Retherford Associates, May 1978.

Power Requirements Study, Matanuska Electric Association, Inc. Rural

Electrification Administration, May 1978.
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Southcentral Railbelt Area, Alaska, Upper Susitna River Basin

Interim Feasibility Report. Hydroelectric Power and Related

Purposes, Corps .of Engineers, December 1975.

Appendix I, Part I: (A) Hydrology, (B) Project Description

and Cost Estimates, (C) Power Studies and Economics,

(D) Foundation and Materials, (E) Environmental Assessment,

(F) Recreational Assessment

Appendix I, Part II: (G) Marketability Analysis, (H) Trans

mission System, (I) Environmental Assessment for Transmission

Systems

Appendix II: Pertinent Correspondence and Reports of Other

Agencies.

A Hydrologic Reconnaissance of the Susitna River Below Devils Canyon.

Environaid, October 1974.

Solomon Gulch Hydroelectric Project. Definite Project Report.

Robert W. Retherford Associates, March 1975.

Electric Power in Alaska, 1976-1995. Institute of Social and Economic

Research, University of Alaska, August 1976.

Southcentral Alaska's Economy and Population, 1965-2025: A Base

Study and Projection. Report of the Economic Task Force, Southcentral

Alaska Water Resources Study (Level B). Institute of Social and

Economic Research, University of Alaska, September 1978 (Draft Report).
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Interior Alaska Energy Analysis Team Report. Fairbanks Industrial

Development Corporation for Division of Ener~ and Power Development,

June 1977 ~

Natural Gas Demand and Supply to the Year 2000 in the Cook Inlet

Basin of Southcentral Alaska. sRi International for Pacific Alaska

LNG Company, November 1977.

Load/Resource and System Cost Analysis for the Railbelt Region of

Alaska; 1978-2010. Battelle Pacific Northwest Laboratories,

January 1979.

Participation in Healy It Electric Generation, Fairbanks Municipal

Utilities System. Harstad Associates, Inc. June 1978.

Economic Feasibility of a Possible Anchorage-Fairbanks Transmission

Intertie. Robert W. Retherford Associates for Alaska Power Authority

(not yet completed).

1976 Power Systems Study, Chugach Electric Association,rnc. Tippett and

Gee. March 1976.

Comparative Study of Coal and Nuclear Generation Options in the Pacific

Northwest, Washington Public Power Supply System, June 1977.

Coal-Fired Powerplant Capital Cost Estimates, Electric Power Research

Institute, January 1977.
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Analysis of the Economics of Coal Versus Nuclear for a Powerplant Near

Boise, Idaho, Idaho Nuclear Energy Commission, March 1976.

Alaska Electric Power, An Analysis of Future Requirements and Supply

Alternatives for the Railbelt Region, Battelle Pacific Northwest

Laboratories, March 1978.

Geology and Coal Resources of the Homer District Kenai Coal Field, Alaska,

.
Geological Survey Bulletin 1058-F, 1959.

Development of the Beluga Coal Field, a status report, A.M. L~ird,

Placer Amex Inc., San Francisco, California, October 1978.

TTidal Power From Cook" Inlet, Alaska, Swales, M.C. and Wilson, E.M.,

published in Tidal Power, Proceedings of the International

Conference on the Utilization of Tidal Power, May 1970.

Advisory Committee Reports for Federal Power Commission Alaska

Power Survey:

Report of the Executive Advisory Committee; December 1974

Economic Analysis and Load Projections, May 1974

Resources and Electric Power Generation, May 1974
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LOAD/RESOURCE AND SYSTEM COST ANALYSIS
FOR THE RAILBELT REGION OF ALASKA - 1978-2010

Prepared fqr the
Alaska Power Administration

by

Battelle
Pacific Northwest Laboratories

January 1979

1.0 INTRODUCTION

The Alaska Railbelt region presents some unique attributes for considera
tion in future power system planning. The region currently consumes 83% of
the State's electric power and even the lower estimates of electrical load
growth (5% ~erannum) for the region are above the national average.

The State, and particularly this reg10n, is a difficult one in which to
forecast load growths. This difficulty results from the nature of the economic
activity base being influenced by external forces such as oil and gas develop
ments and transportation systems with their cyclical tendency. Also, since the
economic base is still not large, the injection of a competitively scaled
industry such as major ~etroleum refinery or electrochemical industry can sig-
nificantly perturb a forecast. •

A major shift in the Alaskan Railbelt future power generating mode appears
inevitable. The Cook Inlet Region's capacity is presently dominated by combus
tion turbines fired by currently low-cost natural gas; the Fairbanks-North Star.
Borough by a mix of coal-fired stearn turbine generation and oil-fired combus
tion turbines. The oil and gas based mode of generation, however, are highly
exposed to inflationary pressures, external market forces, and Federal regu1a
tory intervention.

The Railbelt region,:, however, does have a number of options open in the
future. These include:
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• Continued use of oil and gas in existing plants.

• Increased coal based thermal generation both in the interior based on the
Healy Coal Field and in the Cook Inlet Region based on several coal
fields, including the very large reserves in the Beluga Region.

• Development of the significant hydroelectric potential, including Upper
Susitna River and Bradley Lake.

• A transmission intertie between the Cook Inlet and Fairbanks 19ad centers
is of obvious interest as a means of increasing re11ability or alternately
reducing additional generating capacity needed for reliability. Marketing
of power from Upper Susitna projects will be dependent upo~ such an·
intertie.

Electric power generation by whatever means is a very capital intensive
activity. Different forms of generation, however, have different levels of
exposure to inflation and escalation and, cost comparisons on a straight $/kW
of installed capacity can be misleading. Thus a higher cost per kilowatt hydro
electric project has this exposure largely limited to the time period during
planning and construction. On the other hand, a fossil fueled plant faces
rising fuel costs as well as operating and maintenance costs in the future.
Regardless of these factors, all generation options are faced with long lead
times from decision to proceed to commercial operating date.

The purpose of this report is to examine the probable timing of major
generation and transmission investments and their impact on system power costs
under a range of assumptions about power demands and inflation and escalation
rates for the following general Railbelt power supply strategies:

Case 1. All additional generating capacity assumed to be coal fired steam
turbines without a transmission interconnection between the Anchorage
Cook Inlet area and the Fairbanks-Tanana Valley area load centers.

Case 2. All additional generating capacity assumed to be coal fired steam
turbines, including a transmission interconnection.

Case 3. Additional capacity to include the Upper Susitna Project (including
transmission intertie) plus additional coal as needed .
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The first step involved in estimating the cost of power from alternative
generation and transmission system configurations is to perform a series of
load/resource analyses. These analyses determine the schedule of major invest
ments based on assumptions about the load growth, the capacity and power produc
tion of the prospective generating facilities, and constraints as to when the
facilities can come on line.

The load/resource analyses provide information on the annual power produc
tion of the various types of generating plants. Once the annual plant utiliza
tions are known, they can be used in conjunction with estimates of annual
system costs to calculate the annual cost of producing power from the facili
ties. Summing the annual cost for generation and transmission of each of the
generating facilities gives a total cost for the entire system being analyzed.
Dividing the total annual cost by the power produced gives an average annual
cost of power for the entire system. By comparing the average annual power
costs over the period of interest (1978-2010) the alternative configurations
can be ranked based on the cost of power." All other things being equal, the
system configuration producing power at the lowest cost should be selected as
the most desirable system.

The report was prepared on contract to the Alaska Power Administration (APA)
as input to APAls power market analysis for the Upper Susitna Project. The APA
furnished, and 15 responsible for, all data on power requirements, cost assump
tions, and certain key criteria for the study. The balance of the criteria were

developed jointly by the APA and Battelle.

Chapter 2 contains a brief summary of the results of the study. The load/
resource analyses are described in Chapter 3. Chapter 4 presents the methodol
ogy and results of the cash flow and power cost calculations. Appendix A con
tains the data used in the load/resource analyses. Appendix B contains a list
ing of the computer model (AEPMOD) used to perform the load/resource matching.
The output of AEPMOD for the cases analyzed in this report are presented in
Appendix C. Appendix 0 contains a listing of the model used to compute the cost
of power and Appendix E contains some selected results of ECOST 4 model runs.
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2.0 SUMMARY AND CONCLUSIONS

Load/Resource Matching

• Forecasted peak loads for the Anchorage/Cook Inlet and the Fairbanks/
Tanana Valley load centers have been matched with schedules of plant addi
tions for low, median, and "high forecasted load growths. These were
replicated for cases considering 1) continued separation of the load cen
ters, 2) interconnection without development of Upper Susitna hydroelec
tric power, 3) interconnection including development of the proposed Upper

. Su?itna hydroelectric projects beginning 'in 1994.

• Thermal generating capacity additions to the year 2010 were estimated as
follows:

Case 1: Without Interconnection and Upper Susitna
Assumed Load Megawatts

Growth Anchorage Fairbanks Total

Low
Median
High

2600
4600
8200

471
871

1471

3071
5471
9671

Case 2: Interconnection without Upper Susitna
Assumed Load Megawatts

Growth Anchorage Fairbanks Total

Low
Median
High

2200
4200
8200

471
671

1271

2671
4871
9471

Case 3: Interconnection with Upper Susitna
Assumed Load Megawatts

Growth Anchorage Fairbanks Total

Low
Median
High

1000
3000
6600
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• Provision of the interconnection without Upper Susitna reduces thermal
plant addition requirements by 200 to 600 MW over the period.

• Interconnection with Upper Sus.itna reduces thermal plant addition require
ments by 1500 to 1800 MW depending on the assumed load growth.

• Under the criteria used, the interconnection is called for in 1986, 1989,
and 1994 for high, median; and low load growth cases, respectively,' with
out Upper Susitna projects. With Upper Susitna, the corresponding dates
are'1986, 1989, and 1991.

System Power Cost

• For the Anchorage-Cook Inlet load center construction of the inter
connection reduces the cost of power compared to the case without an
interconnection~

• For the Anchorage~Cook Inlet area inclusion of the Upper Susitna project
into the system generally raises the cost of power above the other cases
duri ng the fi rst 2 to 4 years after the Watana Dam comes. on 1ine with
results in lower power costs during the 1996-2010 time period.

~ For the Fairbanks-Tanana Valley area construction of the interconnection
again generally reduces the cost of power.

• For the Fairbanks-Tanana Valley load center inclusion of the Upper Susitna
project generally raises the cost of power above the case with the .inter
connection for about 2 years after the Watana Dam comes on line but, as
with the Anchorage-Cook Inlet area, results in lower power costs during
the 1996-2010 time period~

• Table 2.1 presents a comparison of the costs of power in the year 2005
for the cases evaluated in the report using the case without either the
interconnection or the Upper Susitna projects (Case 1) as the base. The
costs of power computed inCase 1 are compared to cases with the i nter
connection (Case 2), and with Upper Susitna coming on line in 1994 (Case 3).
As shown, the costs of power are reduced below the cost of power for
Case 1 in but one case. "This reduction varies from 4.3% to ~9.3% depend
ing upon the situation.
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TABLE 2.1. Comparison of Power Costs for Year 2005

Percent Change in Cost of Power
Below Case 1 5% Inflation

Anchorage Fai rbanks
High Median Low High Median Low

Case 2 -4.3 -10.1 -12.2 +8.9 -9.6 -4.2
Case 3 -10.5 -30.3 -39.3 -8.9 -30.8 -26.3
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3.0 LOAD/RESOURCE ANALYSES

The load/resource analysis is intended to match forecasted electric power. .
requirements with appropriate generating capability additions. The analysis
schedules new plant additions, keeps track of older plant retirements, and com
putes the loading of installed'capacity on a year-by-year basis over the period
1978 to 2010.

The analysis schedules the additions to assure that both peak loads and
energy requirements (including reserves) are met on a year-by-year basis with
the least amount of installed capacity and with generating plants loaded in any
preselected order, typically in cruer of lowest to highest marginal power costs.

A number of factors must be taken into account:

1. Forecasted loads in terms of peak power requirements in megawatts (MW) and
annual energy requirements in millions of killowatt hours (MMkWh).

2. The stock of existing generating capacity by type, size, year of retirement,
and maximum allowable plant factor.

3. Desired reliability reserve margin to provide insurance against forced
outages, unForeseen delays in plant availability, or load qrowths in excess
of those anticipated.

4. Transmission and distribution losses.

5. Construction schedule constraints; i.e., lead times necessary between unit
selection and first power on line date.

6. Plant availability constraints based on types and age.
generally have lower availability at the start and end
life.)

(Thermal plants
of their economic

•7. Assumptions about the economic size of future generating plants in relation
to- the loads.

8. System configuration; i.e., interconnections, alternative siting strategies.
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3.1 ANALYSIS METHODOLOGY

The load/resource matching is done en an annual basis. The Alaskan.elec
tric utility ~stems experience their annual peak load requirements during the
winter months and resources must be available to meet these peak loads. During
recent years the annual load factor for Railbelt electrical demand has typi- .
cally been about 46-50%. It is expected to remain in the range of 50-52%
during the time horizon of this study. The existing and planned future gener
ating capacity in the Railbelt region is capable~ of ,operating at a capacity
factor either equal to or greater than 50%. Because of this, the decision to
add new capacity will usually be based on the need for capacity (kW) rather
than energy (kWh). Thus in this analysis capacity additions are scheduled
based on peak loads rather than upon average annual energy.

The general approach to load/resource analysis is to summarize existing
and planned gross resources for each year, adjust them downward for a reliabil
ity margin and for system transmission losses to arrive at net re~9urces. If
these net resources exceed the critical period load for the year being analyzed,
plant additions are not called up and the analysis proceeds to the next year
and is repeated~ At some point, the'net resources will not meet the forecasted
peak loads and additional capacity must be added. Also, for each year, the
energy generated by each class of plants (e.g., hydro, steam turgine, combus
tion turbine, and diesel is computed so that plant utilization factors are
available for review and system energy costs can be developed. The stepwise
calculations are continued to the end of the period being studies (2010).

3.2 ASSUMPTIONS

3.2.1 Forecasted Power and Energy Requirements

The analyses are based on forecasts prepared by the Alaska Power Adminis
tration for both the Anchorage-Cook Inlet and the Fairbanks-Tanana Valley areas.
Probable high and low bounds were provided along with median forecasts. These
are presented in Tables 3.1 through 3.3 and are shown graphically in Figures 3.1
through 3.3. In addition to utility loads, Anchorage-Cook Inlet forecasts
include both national defense and industrial loads and the Fairbanks-Tanana
Valley forecasts include national defense loads.
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TABLE 3.l. Anchorage-Cook Inlet Area Power and Energy Requirements

PEAK POWER

19771/ 1980 1985 1990 1995 2000 2025
MW - MW MW t~w MW MW MW

UTILITY
High 620 1, 000 1,515 2,150 3,180 7,240
Median 424 570 810 1,115 1,500 2,045 3,370
Low 525 650 820 1,040 1,320 1,520

NATIONAL DEFENS E
High 31 32 34 36 38 48
Median 41 30 30 30 30 30 30
Low 29 28 26 24 24 18

INDUSTRIAL
High 32 344 399 541 683 1,615
Median ,-5 32 64 119 199 278 660
low 27 59 70 87 104 250

TOTAL
High 683 1,376 1,948 2,727 3,901 8,903
Median 490 632 904 .1 ,264 1,729 2,353 4,060
low 581 737 916 1,151 1,448 1,788

ANNUAL ENERGY

UTILITY GWhll GWh GWh GWh GWh GHh GWh--
High 2,720 4,.3.- "'\ F 9,430 13,920 31,700
Median 1,790 2,500 3,530 4)'_ 6,570 8,960 14,750
Low 2,300 2,840 3,50tJ ,+,5f'C '3,770 6,670

NATIONAL DEFENSE
High 135 142 149 157 165 211
Median 131 131 131 131 131 131 131
Low 127 121 115 105 104 81

INDUSTRIAL
High 170 1,8i () 2,100 2,840 3,590 8,490
Median 70 170 3.:1 630 1,050 1,460 3,470
Low 141 312 370 460 550 1,310

TOTAL
High 3,025 6,342 8,879 12,427 17,675 40,401
Median 1,991 2,801 4,001 5,641 7,751 10,551 18,351
Low 2,568 3,273 4,075 5,125 6,424 8,061

l! MW = Megawatts
GWh = Gigawatt-hours (Equivalent to MMkWh = Millions of kilowatt-hours)

Source: Alaska Power Administration, October 1978
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TABLE 3.2. Fairbanks-Tanana Valley Area Power and Energy Requirements

PEAK POWER

19771/ 1980 1985 1GG0 1995 2000 2025
MW - MW r1W ~1W ~1W MW MW

UTILITY
High 158 ,244 358 495 685 1,443.
Median 119 150 211 281 358 452 689
Low 142 180 219 258 297 329

NATIONAL DEFENSE
High 49 51 54 56 59 76 .
Median 41 47 47 47 47 47 47

. Low 46 44 42 40 38 29
TOTAL

High 207 295 412 551 744 1,519
Median 160 197 258 328 405 499 736
Low 188 224 261 298 335 358

ANNUAL ENERGY
GWhll GWh GWh GWh GWh Gi~h GWh

UTILITY
High 690 1,070 1,570 2,170 3,000 6,320
Median 483 655 925 1,230 1,570 1,980 3,020
Low 620 790 960 1,130 1,300 1,440

NATIONAL DEFENSE
High 213 224 235 247 260 333
Median 207 207 207 207 207 207 207
Low 203 193 184 175 166 129

TOTAL
High 903 1,294 1,805 2,417 3,260 6,653
Median 690 862 1,132 1,437 1,777 2,187 3,227
Low 823 983 1,144 1,305 1,466 1,569

l! MW = t1tegawatts
GWh. = Gigawatt-hours (Equivalent to MMkWh = Millions of kilowatt-hours)

Source: Alaska Power Administration, October 1978
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TABLE 3.3. Total Power Requirements; Anchorage-Cook Inlet Area
and Fairbanks-Tanana Valley Area Co~ined

PEAK POWER

19771/ 1980 1985 1990 1995 2000 2025
MW - MW MW MW MW MW r1W

TOTAL
High 890 1,671 2,360 3,278 4,645 10,422
Median 650 829 1,162 1,592 2,134 2,852 4,796
Low 769 961 1,177 1,449 1,783 2,146

ANNUAL ENERGY

Ghhlt GWh GWh G~~h GWh GWh GWh
TOTAL

High 3,928 7,636 10,684 14,844 20,935 47,054
Median 2,681 3,663 5,·133 7,078 9,528 12,738 21,578
Low 3,391 4,256 5,219 6,430 7,890 9,630

11 r1W = Megawa tts
GWh = Gigawatt-hours (Equivalent to MMkWh = Milli~ns of kilowatt-hours)

Source: Alaska Powef' Administration, October
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The Alaska Power Administration data indicate that approximately 80% of
the Railbelt region loads are expected to be in :he Anchorage-Cook Inlet area.
These loads have been interpreted as recognizing distribution losses.

3.2.2 Existing and Planned Generating Capacity

The existing stock of gen~rating capacity for the Anchorage-Cook Inlet
area and the Fairbanks-Tanana Valley area is presented in Tables 3.4 and 3.5,
respectively .

. The total existing capacities and maximum plant utilization factors for
the various generating types for the Anchorage-Cook Inlet area and the
Fairbanks-Tanana Valley area are shown in. Tables 3.6 and 3.7, respectively.. -"
The load/resource matching ana'yses use these totals for the first year of the
analyses (1978-1979).

Generating capacity additions can be specified to be added in one of two
ways. It can either be added in a specified year or can be added when it is
required to maintain adequate generating capacity. In the former case the
generating units are added whether they are required or not. The planned addi
tions shown in Table 3.8 are brought on line in the years specified. National
defense generating units are assumed to be replaced in steam turbine generating
units the same year as they are retired. (See Section S.2.7 ~or a discussion
of the units a~jed as required to maintain adequate generating capacity.)

3.2.3 Reserve Margin

Utility systems invariably carry a reserve margin of generating and trans
mission capacity as insurance against loss of loa", unexpected .peak require
ments as a result of severe weather, load growths more rapid than anticipated,
adverse. hydroelectric conditions, and delays in the commercial operation of new
generation. The most appropriate reserve margin will vary from system to
system depending on the nature of the loads anq types of resources and special
factors. Typically, a reserve capacity at peak of 20% is used nationally.
However, this can vary to as low as 12% as is the present case for the Paci.fic
Northwest wi th its predomi nance of rel iab1e hydropower and i nterruptab1e loads.
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TABLE 3.4. Existing (Fall 1978) Generating Capacities
for Anchorage-Cook Inlet Area

Type of Capacity Retirement
Unit Reference/Name Location Generation (kW) Year

ANCHORAGE MUNICIPAL LIGHT AND POWER (AML&P)
Deise1 Anchorage Diesel 2,200 1982
Unit 1 Anchorage S.C.C.T.* 15,130 1982
Unit 2 Anchorage S.C.C.T. 15,130 1984
Unit 3 Anchorage S.C.C.T. 18,650 1988
Unit 4 Anchorage S.C.C.T. 31,700 1992
Unit 5 Anchorage S.C.C.T. 36,000 1995·
Unit 6 Anchorage· C.C. 16,500 . 1995

Subtotal 137,500(a)
CHUGACH ELECTRIC ASSOCIATION (CEA)

Beluga
Unit 1 Beluga S.C. C. T.} 33,000 1988Unit 2 Beluga S.C.C.T.
Unit 3 Beluga R.C.C. T. * 54,600 1993
Unit 4 Beluga S.C.COT. 9,300 1996
Unit 5 Beluga R.C.C.T. 65,000 1995
Unit 6 Beluga S.C.C. T. 67,810 1996
Unit 7 Beluga S.C.C. T. 68,000Ce) 1996
Unit 8 Beluga C.C. 32,200 1996

Bernice Lake
Unit 1 Bernice Lake S.C.C.T. 8,370 1983 .
Unit 2 Bernice Lake S.C.C. T. 17,860 ·1992
Unit 3 Bernice Lake S.C.C.T. 18,000 1998

Cooper Lake Cooper Lake Hydro 16,500 NA
International

Uni t 1 S.C.C.T.} 30,510 1985Unit 2 S.C.C.T.
Unit 3 S.C.C.T. 18,140 1991

Knik Arm Combined S. T. * 1O,oooC f) 1987
Subtotal 449,790

MATANUSKA ELECTRIC ASSOCIATION (MEA)
Talkeetna Talkeetna Diesel 600(b) 1993

HOMER ELECTRIC ASSOCIATION (HEA)
English Bay Eng1 ish Bay Diesel 100 1993

-
Homer &Kena ie .

300(c)Combined Homer Diesel 1993
Homer Combined Homer S.C. C. T. 7,000(d) 1995
Port Graham

Combined Port Graham Diesel 200 1993
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TABLE 3.4. (contd)

NA

1988

1991
1985'
1991

1980

1985
1996

Retirement
~. Year

30,000
30,000

12,300(g)

40,500
7,300
2,000'

49,800

Capaci ty
_(k~

(contd) .
1,500
9,100

3,000(b)
2,500
5,500

(APA)

Diesel

Hydrq
Subtotal

NATIONAL DEFENSE
S.T.
Diesel
Diesel
Subtotal

INDUSTRIAL
S.C;C.T.

Eklutna

Seward

Subtotal
ALASKA POWER ADMINISTRATION

Kenai

Ft. Richardson/
Emendorf

Seward Combined

Type of
Unit Reference/Name Location Generation

HOMER ELECTRIC ASSOCIATION (HEA)
Seldovia Combined Seldovia Diesel

Subtotal
SEWARD ELECTRIC SYSTEM (SES)

Eklutna

TOTAL 685,290

* S.C.C.T. - Simple Cycle Combustion Turbine
R.C.C.T. - Regenerative Cycle Combustion Turbine

S.T. - Steam Turbine
C.C. - Combined Cycle

'(a) Capacities for individual units are from sources 1 and 2. These sum
to 118,810 kW. Total shown is from source 2.

(b) Standby
(c) Leased to CEA
(d) Leased to HEA by Golden Valley Electric Association for 1977-1979.
(e) Included in this study, but late 1978 plans are to defer Betuga 8

until 1980 and double the capacity.
(f) Nameplate capacity derated to 10,000 KW from 14,500 KW.
(g) Recent data shows industrial load to be 25,000 KW rather than 12,300

KW.

SOURCES:
I. Electric Power in Alaska, 1976-1995, ISER, University of Alaska,

'pp. J.5.2-7.4, August 1976.
2. Alaska Electric Power Statistics 1960-1976, Alaska Power Administra

tion, pp. 15-17, July 1977.
3. 1976 Power System Study, Chugach Electric Association, Inc., Tippett

and Gee, Dallas, TX, p.7, March 1976.
4. Alaska Power Administration, August 1978.
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TABLE 3.5. Existing (Fall '1978) Generating Capacities
for Fairbanks-Tanana Valley Area

Unit
Reference

Name Location
Type

Generation
Capacity

(kW)
Year of

Retirement

FAIRBANKS MUNICIPAL UTILITIES SYSTEM (FMUS)

Chena 2 Fairbanks S. T. 2,000 1988
Chena 3 Fairbanks S.T. 1,500 1988
Chena 1 Fairbanks S.T. ·.5,000 1988
Chena 4 Fairbanks S.C.C.T. 5,350 1983
Diesel 1 Fairbanks Diesel 2,664 1988··
Diesel 2 Fairbanks Diesel 2,665 1988
Diesel 3 Fairbanks Diesel 2,665 1988
Chena· 5 Fairbanks S. T. 20,000 2005
Chena 6 Fairbanks S.C. C.T. 23,500 1996

Subtotal 65,345

GOLDEN VALLEY ELECTRIC ASSOCIATION (GVEA)

Fairbanks Diesel 24,000 1984
Healy #1 Healy S.T. 25,000 2002

Fairbanks S.C.C. T. 40,000 1992
Delta Diesel 500 1988

North Pol e #1 North Pole S.C.C.T. 70,000 1997
North Pole #2 North Pole S.C.C.T. 70,000 1997

Subtotal 229,500

NATIONAL DEFENSE

CombiJled Diesel 14,000 1988
Clear A.F.B. and

Ft. Greely S.T. 24,500 1995
Ft. Wai nwrig'ht and

32,000 (a)Eilson A.F.B. S.T. 1990

Subtotal 70,500

(a) 5 MW plant at Eilson A.F.B. installed in 1970 and old 1.5 MW plant
-at Ft. Wainwright were inadvertantly omitted.

SOURCE:
1. Interior Alaska Energy Analysis Team, Final Report, June 1977.
2. Alaska Power Administration, August 1978.

239



TABLE 3.6. Anchorage-Cook Inlet Area Existing
Capacity and Maximum Annual Plant
Utilization (October 1978)

Hydro •
Steam Electric.

•
Combustion Turbine
Diesel

Capacity
(MW)

46.5

50.5

575.01
19.13

Plant
Utilization

(%)

50.0

75.0

50.0

15.0

TABLC~. Fairbanks-Tanana Valley Area Existing
Capacity and Maximum Annual Plant
Utilization (October 1978)

Hydro
Steam Electric
Combustion Turbine
Diesel

Capacity
(MW)

o
110

208.9
46

240

Plant
Util ization.

(%)

50.0

75.0
50.0

10.0



.
TABLE 3.8. Planned Additions for Rai1belt Region (1979-1995)

.
ANCHORAGE MUNICIPAL LIGHT AND POWER (AML&P)

1979 Anchorage S.C.C.T.
1979 . Anchorage C. C.

Unit Reference! Year of
Name Installation

Unit 7
Unit 6

Location
Type of

Generation
Capacity

(kW)

'"5 'OOO(a)
0, (b)
16,500

Beluga #9
X-l
Bernice Lake #4
X-2
Bernice Lake #5

CHUGACH ELECTRIC ASSOCIATION
1979 Beluga
1980
1981 Bernice Lake
1982
1984 Bernice Lake

(CEA)
C.C.
S.C.C.T.
S.C.C.T.
S.C.C.T.
S.C.C.T.

32,200(c)
100,000
18,000

100,000
18,000

Healy #2

Bradley Lake

GOLOEN VALLEY ELECTRIC ASSOCIATION (GVEA)
As Required Healy S.T.

ALASKA POWER ADMINISTRATION (APA)
1985 Bradley Lake Hydro

NATIONAL DEFENSE
1985 Ft. Richardson and

Emendorf A.F.G. S. T.
1988 Fairbanks Combined S.T.
1990 Ft. Greely and

Clear A.F.B. s. T.
1991 Ft. Richardson and

Emendo.rf A. F. B. S. T.
1995 Ft. Greely and

Clean A.F.B. S.T.

100,000

70,000

7,300
14,000

32,000

42,500

24,500

(a) Unit #7 is a simple cycle combustion turbine unit which also supplies
exhaust heat to Unit #6.

(b) This increase reflects the increase in capacity ~esulting from the addition
of Unit #7. .

(c) Beluga #9 is a steam unit addition to Beluga #7 (converts these to a 100 MW
combined cycle unit).

SOURCES:
1. 1976 Power System StudY, Chugach Electric Association, Inc., Tippett and

Gee, Dallas, TX, pp. 7 and 25, March 1976.
2. Electric Power in Alaska, 1976-1995, ISER, University of Alaska,

pp. J~5~2-7i4~ August 1976. .
3. Alaska Power'Administration, August 1978.
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Since a reserve margin effectivelY increases the amount of generating
Cc .ity in place at any given time~ it does contribute costs to the system.
Therefore, an excessive reserve margin is to be avoided while at the ~ame time
recognizing that an inadequate reserve margin could~ on outage~ result in a
wide variety of social costs.

For the purposes of this study~ the Alaska Power Administration has
suggested that the analysis be based on reserve margins of 25% and 20% for non
interconnected load centers and the interconnected systems, respectively. In
the future~ a more refined analysis of the desired reserve margin appears'
warranted.

3.2.4 Transmission Losses

Transmission losses must be added to forecasts of peak and energy loads to
establish net capacity and energy at the plant substations. The Alaska Power
Administration expects losses as follows:

%

Capacity 5
Energy 1.5

The results of the load/resource analysis are thus in net deliverable capacity
and energy and do net include energy and capacity required for internal plant
operations.

The above losses are reasonably applicable for the independent operation.
of the load centers~ for interconnected systems including the Upper Susitna
project and for configurations with future generation capacity additions being
distributed proportionally near the load centers. In the case of interconnec
tion without Upper Susitna and with a tendency to centralize Railbelt thermal
generation~ the transmission losses may be considerably higher as discussed
later in Section 3.2.8.

3.2.5 'construction Schedule Constraints

Due to the lead times necessary for the permit processes and construction~

generating unit and site selection must take place a number of years in advance

r,ij
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of the forecasted date when the units commercial operation \'Iill ·be required.
For coal-fired thermal plants, the Pacific Northwest Utilities Conference
Committee estimates a 62 month (5.2 years) period from final site selection to
commercial operation for plants in the 500 MW and higher range based on recent
U.S. experience.

Although individual thermal plant capacities appropriate to Alaska's loads
are somewhat smaller and may require less field erection work, the construction
season is shorter and the 5 to 6 year scheduling period appears reasonable.

For the potential Upper Susitna ~ydroelectric pro~ects, the scale of
effort is more demanding and increased site evaluation is necessary. Current
understanding is that the Watana Dam and power plant could be brought to commer
cial operation by 1994, followed by Devil Canyon no sooner than 1998.

A transmission interconnecti{)n between Anchorage-Cook Inlet and Fairbanks~

Tanana" Valley could be brought into service prior to completion of Watana,
possibly as early as 1986.

The load/resource analysis technology recognizes the above schedule con
straints by not allowing callup of new generation or transmission capacity that
could not be made available.

3.2.6 Plant Availability Constraints

Generating and transmission plant availability can be expressed in terms
of maximum and minimum plant utilization factors (PUF). These factors are
primarily dependent upon plant type and plant age. For purposes of this analy~:

sis we have assumed the following economic facility lifetimes after which the
facility is retired from service. (l)

Years
Coal-Fired Thermal Generation 35
Oil-Fired Steam Generation 35
Gas-Fired C~mbustion Turbine 20
Oil-Fired Combustion Turbine 20
Hydroelectric Generation 50

(l) See Tables 3.4 and 3.5 for dates of expected retirements for existing
systems.

'j) il
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Due to the nature of the system~ some plants could be retired from service
pt ~ to the expiration of their economic life. In -actual practice~ however,
it is expected that utilities may elect to retain the units on standby. In
order to assure their availability in emergencies, the utilities will periodi
cally operate the\units to make sure they are in working condition.

Experience has shown that large thermal plants experience a learning curve
during the first few ye'ars of operation as IIbugs" are worked out. Once past
this period they reach a maxi~umthat aliows for scheduled maintenance and
replacement conducted during the off-peak season. Toward the end of the
economic life, increased frequency and duration of outages for maintenance
usually occur and the maximum plant utilization facto-r declires. For purposes
of this analysis, we have assumed constt'aints on the maximum PUF for new coal
fired steam electric plants as shown in Figure 3.4.
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FIGURE 3.4. Plant Utilization Factor versus Plant Age
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Other types of generating capacity are allowed to run at. their maximum
PUF from the start .. For new capacity and most types of existing capacity, the
following maximum PUF? are assumed:

Maximum Plant
Utilization (%)

Hydro 50.0
Steam Electric 75.0
Combustion Turbine 50.0
Diesel 10.0

Hydroelectric generation systems, as a result of their storage ability
and conservative ratings, can make additional po~er available for peaking and
it ts assumed they can be scheduled at 115% of design capacity for this
service.

As pointed out earlier in Section 3.1, the peak demand during the winter
usually determines the amount of generating capacity required rather than the
annual energy. Because of this, some generating units are utilized at less
than their maximum annual plant utilization factors. The decision as to which
units should not be loaded is usually based on the margin cost of operating
the facilities. In this analysis it is assumed that diesel capacity has the
highest margin operating cost followed by combustion turbines, steam turbines
and hydroelectric capacity in that order. It is assumed that diesel PUFs can
be reduced to O~O while the PUFs for combustion turbine and steam electric

I
capacity is not allowed to go below 10%.

Transmission plant availability is generally not as schedule constrained.
as are generating plants with their long lead times. For purposes of these
analyses, the interconnection between the Anchorage-Cook Inlet area and the
Fairbanks-Tanana Valley area will be provided 3 years before the completion of
the Watana dam or when the Healy 1 (existing 25 MW) and Healy 2 (planned
100 MW net) plants become fully loaded, whichever occurs first. (2) This
assumptJon in effect places oil-fired plants serving the area on standby after
that date.

(2) It will probably be desirable to provide at least a portion of the inter
connection prior to Watana date on-line as a source of power for
construction.
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3.2.7 Economic Generating Unit Size

The selection of optimum generating size c~n be a complex process involv
ing uncertain assumptions regarding probability of future load growth paths,
desirability of sizing individual units in comp~rable sizes and types for each
of maintenance. assuring that system reliability is not penalized by addition
of too large a single unit. 'smoothing of construction schedules for possible
multiunit plants. and maintaining as small as possible departure from the
desired reliability margin. A full optimization does not appear warranted at
this stage and is beyond the scope of this analysis.

Thus for the purposes of this study, the first six coal-fired steam
electric plants in the Fairbanks- -anana Valley area are assumed to be 100 MW
units. Any additional units are assumed to be 200 MW units. In the Anchorage
Cook Inlet area the first five coal-fired steam electric plants are assumed to
be 200 MW units, while any additional plants are assumed to be 400 MW units.
These size ranges, though probably not exact optimums, appear reasonable block
sizes for introduction and typically become fully loaded at about 10% of plant
1ife.

3.3 SYSTeM CONFIGURATIONS: DEFINITION OF CASES ANALYZED

3.3.1 Case 1: Without Interconnection and Without Upper Susitna Project

The base case consists of power supply to the Anchorage-Cook Inlet and
Fairbanks-Tanana Valley on a noninterconnected basis. In this instance, no
power is available from the Upper Susitna project.

Future capacity additions for the Anchorage-Cook Inlet load center are
assumed to be near-mine-mouth coal-fi red units located on the If,est si de of Cook
Inlet-with a. nominal 50-mile transmission distance using two 345 kV circuits
with a capacity of 1600 MW. Capital cost of this transmission system is
$228 million in October 1978 prices.

Further capacity additions for- the Fairbanks-Tanana Valley load center are
assumed to be coal-fired units with a nominal 100-mile transmission distance.
The' Healy site is used as a proxy recognizing, however, that the Prevention of
Significant Deterioration (PSD) provisions of the Clean Air Act may prec1,ude
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the siting of additional plants beyond the planned Healy 2 100 MW unit. A
230 kV single circuit will transmit up to 400 MW and a 230 kV double circuit,
800 MW. Capital costs are $44 million and $70 million, respectively.
Table 3.9 provides a summary of the transmission system alternatives. A map of
the Railbelt region showing the Watana and Devil Canyon dam sites, a possible
route for the interconnection, and the Beluga area is presented in Figure 3.5.

3.3.2 Case 2: With Interconnection, Without Upper Susitna Project

In the case of an interconnected system without the Upper Susitna project
and all new capacity coal fired, the load/resource' analysis is not as straight
forwar9. in that it is not readily apparent what strategy for siting plants
should be followed. Two primary options are apparent:

1., All coal plants sited ata single location(l) (Concentrated Siting) •. -

Advantages

a) Lower capital and operating costs for generation.
b) Economies of scale can.be achieved.'
c) Siting problems in the interior may be avoided.

Disadvantages

a) Higher transmission losses (and costs) are incurred for the fraction of
power flowing to the Fairbanks-Tanana Valley load center. These costs
may cancel out savings from the advantages.

b) The latter area becomes strongly dependent upon reliability of the
transmission system--possibly to the point of requiring a second cir
cui t or maintenance of addi tiona1 standby combustion turbine capac; ty.

c.} Any adverse environmental effects are borne by a single area not neces
sarily benefiting in proportion.

2. Coal PI antsSi ted i n Proportion to Rel ati ve Load Growth (Di stri buted
Siting) •

(1) For the purposes of this analysis, mine~mouth location at Beluga is used -as
a proxy.

247



TABLE 3.9. Transmission System A1ternatives(1)

Approx.
Capacity Capacity Investment

Location Ci rcul t t~H Loss % Cost - ~ $/kW--
Isolated Load Centers

Healy - Fairbanks
100 miles 230 kV Single 400 6 44 110

230 kV Double 800 6 70 88

Beluga - Anchorage
100 miles 345 kV Single 400 2 114 285

800 3 114 142

l>.) Two 345 kV Single 800 2 228 285oIloo
00 1600 3 228 142

Interconnected Without Susitna

Anchorage - Healy
200 miles 230 kV Single 200 6 . 88 293

300 8 88 225

345 kV Si ng1 e 400 3 228 570
560 5 228 407

Interconnection With Susitna 157'3 (2) 5 471 (299 )

(1) Source: Alaska Power Administration
(2) Actual peak power availability could be about 15% higher or 1808 MW.
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FIGURE 3.5. Railbelt Region Showing the Watana and Devil Canyon
Damsites, a Possible Route for the Interconnection,
and the Beluga Area
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Advantages

a) The interconnection beccmes lightly loaded, thus reducing transmission
losses to some degree although charging losses would continue.

b) Transmission interconnection reliability dependence is reduced as the
intertie assumes more ~f a capacity reserve characteristic.

c) Environmental burdens are distributed, possibly with more equity.

Di sadvantages

a) Possible economies of scale are lost.

b) Generation costs in the Fairbanks-Tanana· Valley are increased.

c) Siting problems related to meteorological considerations may result in
the latter area ..

In this ~eport coal plants are assumed to be sited in proportion to the
relative load growths of the two load centers. As with Case 1, additional
coal-fired generating units are sited at Beluga to serve the Anchorage-Cook
Inlet area and at Healy/Nenana to serve the Fairbanks-Tanana Valley areas.

The transmission interconnection is used for capacity reserve allowing
the reserve r:1.rgin for both load centers to be reduced from 25% to 20% (see
Section 3.2.~ Under this scenario there is no net energy transfer during
any single year. Ie one load center is low on capacity the other load center
provides the additional capacity required assuming it has a surplus. If no
surplus exists the original load center must add capacity.

The interconnection is assumed to be brought on line in the same year as
the Healy 2 coal plant becomes .fully loaded and new generating capacity would

be required in the. Fairbanks-Tanana Valley area. Addition of the interconnec
tion allows the Fairbanks-Tanana Vall ey area to get capaci ty reserve from the
Anchorage-Cook Inlet Area. This allows the Fairbanks area to postpone the
construction of additional capacity by 2 to 6 years depending upon the
scenario.

In the high load growth case the interconnection would be completed in
1986, in the medium load growth case it would come on line in 1989, and in the
'ow load growth case it would come on line in 1994. In all cases 45% of the
:ost of the interconnection is assigned to the Fairbanks~Tanana Valley load
:enter. 250



3.3.3 Case 3: Interconnected' System With Upper Susitna Project

In addition to the interconnection described in the previous section,
Case 3 includes two hydroelectric generating facilities. The Watana dam is
scheduled to come 'on line in 1994. The date is assumed to be the same for all
three load growth scenarios. The Devil Canyon dam is assumed to come on line.'as soon as 'required following 1994 but not before 1998. It is assumed it
would take at least 4· years to complete the Devil Canyon dam following comple
tion of the Watana dam. It turns out that the Devil Canyon dam is required, in
1998 in the medium of high load growth scenarios but not until 1999 in the Tow
load growth scenario.

Because of reservoir filling requirements it is assumed that bothdam~

wiTl take 2 y~ars to reach fun capacity and power output. The capacities,
power production and plant utilization factors for the two dams 'are show below.

Watana
Capacity Energy Utilization

Year (MW) (MMkWh) (%)

1 703 3080 50.0
2+ 795 3480 50.0

Devil Canyon

1 689 3020 50.0
2+ 778 3410 50.0

For the medium and high load growth the transmission interconnection'is
assumed to come on line in 1989 and 1986 respectively; the same years as for
Case. 2. In the low load growth scenario the interconnection comes on 1ine in
1991 rather" than 1994. This' earlier completion date will allow the Watana dam
construction site to be supplied with power from either the Anchorage-Cook
Inlet area or the Fairbanks-Tanana Valley area.

The power output of the two dams is divided between the two load centers
in proportion to their relative energy consumption in 1994. This results in
the percentage divisions shown below.
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:Load Growth Anchorage- Fairbanks-
. Scenario Cook Inlet Tanana Valley

Low 80%' 20%
Medium 81% 19%
High 84% 16%

3.4 RESULTS OF LOAD/RESOURCE ANALYSES

Using the methodology outlined in Section 3.1 and the assumptions
explained in Section 3.2, a series of load/resource analyses were performed.
As pointed out earlier, three basic cases were evaluated:

I
f

l
i

Case 1

Case 2

All additional generating capacity beyond utility plans assumed to
be coal-fired steam turbines without a transmission interconnection
between the Anchorage-Cook Inlet area and the Fairbanks-Tanana Valley
area load centers.

All additional generating capacity beyond utility plans assumed to be
coal-fired steam turbines including a transmission interconnection.

Case 3 All additional generating capacity beyond utility plans assumed to be
c~al-fired steam turbines but including the Upper'Susitna project
(ir:luding a transmission intertie) coming on line in 1994.

For each ~F these three cases. Three load growth scenarios (low, medium
and high) are evaluated reSUlting in a total of nine load/resource.analyses.

The assumptions discussed in this chapter are incorporated in a computer
model called AEPMOD. The output of AEPMOD for Case 3 assuming the medium load
growth scenario is presented in Table 3.10. The results of all nine cases, are
presented in Appendix C. The AEPMOD computer code is presented in Appendix B
and the data base necessary to make the runs is presented in Appendix A.

The capacity additions called up in the various cases are presented in
TablesJ.ll, 3.12 and 3.13.

The results of the runs are summarized in Figures 3.6 through 3.11.
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TABLE 3.10. Load/Resource Balance for Case 3: Medium Load Growth Scena~i~
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-------- 1------

• :,0 • ~O
.75 .75
.~O .'10
.15 .00

19/8-1979
..pIlF ApuF

u.

52.5.

S8S.

0.193

SUilP\.US

Au/lillI/US
rtT\,UfiJ

STi:.A""ELEC
cr,,.,,,. fUi'Ii I"E
uIt!lEL

Rt. Tli'E'.EiH S
"'\};«J
!> Td·41ELEC
CO"5.TUrfr>WE
u 1l:SEL

---------------/REIJU Ii'tEMt::'.TS /

---------------,HfSOt;"C.ES /
E:tISfl'lG I

.. 'UI(U I
::;fU""tLI:C I
e.O"'!. T"t<b INE /
DIEsEL /

I
I
I
I
/.
I
I
I
I
I
I
I
/
I
I

---------------/.. ilOSb ~fSOu~CeSi

/
CAP "ES. f4AIllOII1I,

/
/
/
/

Nfl "E'Ou~CES /,
/
/
/
/

PtAK -- PtAK LDAD/GENEt<AT1~~ CAPACITY HEYUIRf~ENTS(HEGA~AfTS)

MI'I/F -- MAXIMUM PL4NI UTILIZATION FACTOR
"'!'uF -- ACTuAL PLANl uTILIZATION FACTO~

ENE~r.T -- GENtRATION/AHNUAL EI~EHGT HE~utHI:MI:NTS(MtLLIONS OF KILU~AT1- ..UUt<SI
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'TABLE 3.10.

'"tAl f.lHttANI\S
FAl~ijAN~S CASe: 2 •• ~EOIU~ ~OAO GROWTH
rWT~klIe 'EAR: 1~~0.

NOTEs:UtC. ~. 1~18 ~, U.S.·l~~4.

(contd)

C R I TIC A I. P E Ii 1 () 0
-----------------------------------------------------------------------------------------, 1",'>t·l'i7o; , lH9-j98U , 1"1:111-1"1:11, PEAl( MPUF "PuF E/.EIlG' , PEAK ,","UF APuF ENERGY / PcAK ,",PuF APuF Et.EllbY
/ ...... -------- / ...... ----.--- / ...... --------•.•..•...._...., , ,

"fwiJliCf"'c,NIS , 184. 81)4. I 1'17. 802. I 20~. 'Ha._•..•...•••.••. / ... I I
"'10 :,fJUolCE:S , , I
lll:,TI'I(. / / I

,,'uIlO I Ii. • ~O .50' O. I o. • 50 .50 il • / O• .50 • 50 0 •.
S IEA'·./ELEC I 110. .15 .bl> 1>33. / 110. .7~ .72 b'lC!. I 110. .1~ • 1~ 7eJ •
ce;..a. rlJ~tl [i.E / 20~. .50 .10 18;1 •. / 2119. .~o •.10 185. / 211~ • .50 • 11 2(H •
OIe:'EL / 40. .10 .00 o. I 40. .10 .uo I). I 40_ .10 .110 6_, I . I
TO rAt.. / Jas. 816. I 305. 875. / 305. ~3v., I /

AUU r T1'11,S , / ,
"rUk') / I I
STC:l",'F.LEC , , ,
C(!41'.llllldIN£ , I I
:"1>:.5£L , , I

I , I
IlE TI";:~~EIHS / I I",,,,I(,, / / I
::'IE"':~'tLEC / I I
CO ...,;. T1Jk~ !tif , I I
0IE'>EL I I I, I I_......-.-....., I I

!oliOS::' "ESlJlJWCESI 3&S. 1116. I 3115 •. 117'5. , 30~. 9$0.
/ / I

CAl' wE:-S. "AIl.G II" 0.'1/13 I o.Ii~C! / 0.741>
I / I

"ESE';lJf RE1. , 46. / 4'1. / 52., I I
LUSS~S , 'I. Ii!. ,. 10. 1$ •. / 10. 1<1., I /
"ET kESOURCES , .51u. 804. / 301>. 81>2. , 302 • 91&., I ,
liI"·iSFE!-IEO / n. / o. , o. •, I I, I I

SUwPl.uS I Ii!/). lI. , 109. O. I ~J. O.

PEAl< PlA/(, LOAl)'GENt:~AILNG CAPAC I TY ~EQUlklMENTS(MEGA~ ... rTSJ
",PtIF MAX LtoIUM "LANT UTIL.HATliJN FACTOR
AjolJF ACTUA~ PLANT UrtL! ZA r lUN ~"CTQw

Et.F.IlGy .. GEN~R~TION/ANNU"L E.\lEKGY kEuuIHEMENTS(~ILL.IONS OF KII.Ow,," TT·"OURS)
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IABLE 3.10. (contd)

Al<fA: Ar.C"O.. A.. E
Am:tinl<AGf c.. a~ : ~ .- MEu1u" I.IIAO GI<IJ"Tti
I'.TEw fIt. TE ASI; 1~'10.

I<OTES:OlC. 10, 1~7d .0 U.5.·19'1'1.

C N 1 T I C A L. P E I< 1 U u
.._--------------------------------------------------------------------------------------
I 19"1-1~8Z I 1'l1l2-19&3 I 19t13·1~1I"

I PEAl< ",PuF APuF ENENG·T I PEAl< ,"puF A;>UF E/oot:llGJ I PEAK /oPUF A"'UF ENF.NGJ

1------ -------- ,.----- -------- 1------ -------
·_-------------1 I I
"EUU!IJE ~e;.T3 I 741. 3~IH. I 79'5. $':>21. I 8'511. 057101.

---------------1 I I
"ES{)v~CES /.. I I

Ex/:'T1f.r. / I I
,;YiJ~O I 53. • ~O • 50 204. I 53. .541 .50 2(14 • I ~3 • .50 • 50 211" •
SH.A>l'ELEC I 'Sl. .7S .15 .H2. I 51. ·.15 .15 :H2. I 251. .15 • 42 '123 •
COI·lIl. /11I't! (Nii. / 789. .::'0 .J9 271b. / b07. .50 .J2 22511. / a'll •. .50 • J5 20'11 •
01lSEI. / 11. • 15 • 00 0. I 17. .1~ .00 II • I 1'5 • .15 • 110 0 •.

I I I
TO fJol. I "10. 05251. I '128. 21lS5. I 1210. 3e117.

/ I /
AOO IT (1).,5 I / /

i1YUH f t I I I
STEl.4/fI.EC I / 200. .7':> .20 350. /
CO:.d. rUN~ nu:: I Ill. .50 .50 19. I 100. .5U .5.0 438. /
vH:5EL. / I /

/ / /
AETI;<lMENTS / I I

,,"UN') / I I
;)Tl:A"'/EL.EC / / I
CO"8.TU",,(NIi I / 15. .00 • 00 II. I 6. .410 .011 II •
OTESEI. I I 2 •. .00 .00 O. I

I I I

._-------------/ / I
I.kOSS ;/ESOUHCE5/ 928. 3.5311. / 1210.- 3574. / 1202. 31117.

/ I I
CAP "E5. !'IASlGII'/ (i.252 I 0.523 I 0.'114

/ I /
lCE;)EI<VE- HEy. / IM~. / 19'1. / 21:3.

I I I
L.fJ5St.5 / -3 I. 49. / 40. 51. / 43.. ~D.

I I /
'.ET IlESOUIlCES I 70i). 32&1. I cH2. 352L. / 'I'll. 371>1.

/ I /
lSlA"SFEHEIi / -'lIo.o / O. I O.

/ I /
/ / I

5..".Pl.u5 / -3~. II. / 171. O. I 'II. u.

"'EAK PEAK L.OAU/G€NE~ATING CAPACITT KEyuIHENENTS(HEGAftATTS)
,",PIJF NUl14uM PL.", .. T UTIl.lZAlION FACTlioc
APU' A~TU"'l. pl.A .. e urll.1ZArtuN FACTuN
ENERr.y -- Gt"'e'U TIIJNIAN..UAI.. ENEkGT I<EtlUIHEHEN rs (Ml~L.IO;i5 OF KII.U......TT-...OU~$)
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TABLE 3.10.

AwEA: FAlwb"N"S
.A!kHANKS CloSt: 2 -- ~EO!UM LUAD ~ROWIH

INIEHTlt '~AW: 19QO.
M~IES:OtC. b. 19/0 h' U.S.-199a.

(contd)

C"ITICAL

, 1901-1'182 ,
1~62-1<j8~

, 19c13-1 '1114, "EAII .. i'lJF Ai'UF E•• EkGY , PUll O1PI,F APUF EiIlt:'lGT , PEAl( "PUF APUF' l:r~t:"bY,------ -------- ,------ -------- 1------ --------
---------------, , ,
"'!:·",L..lE"!;,IHS , 2l1. <j10. , 233. 102'•• , 245. lUlli.

---------------1 , I
,,~:>lJ"~CES

, , ,
EAISTl;IG , , ,

'1,,,010 , U. .~O .~II u. , II. .50 .0;0 o. , 1/. .~II .50 O.
SH.AI4/e.LEC , 11 II. .7'5 • 75 125. , 110. .75 • 75 723 • , 11 II • .75 • 75 723 •
COMil. TUR" U<£ , 209. .SO .14 202. , 2<19. .50 .17 317 • I 209. .SII • 21 ,HI •
IlUS!:L , 'If•• .10 ...0'1 O. , "6. • 10. .00 O. I 4& • .la .00 II •1 , ,
TOIAL , 305. 911S. I 5&5. 10J... I 30;. 111"4.1 I I

AlJO 1T [rH",. , 1 ,
",1'\1'1'(0 , I ,
HO·l/F.LEC , , I
(.u,·'1. TUk.IINE , , ,

,>, ultSc.l... , , I, I ,
i>!: fIREI"€NTS , , I

... rlJI<" , - , ,
STEA'I'EI..EC , , ,
CO"d. Tu.... INE , I I 5. .00 .00 o.
"ltSl:L I , I, I ,

.---------------1 I I
(";llJ~:' ,<E:'OU'IC£S' 5&5. 9115. , 3&5. 105CJ. , 3&0. 1094.

I , ,
CAl' ..ES. 14ARGINI 0.&51 , 0.5&100- , 0.4&7, I ,
i'£:>£"vt: I<EO. I 55. , 58. I a 1.-, , I
LOSSc.S , 11. 15. , 12.- . IS. I 12. la., , ,
hl: T ItE:>tJuItC£s , ZqQ. 9111. , 295. 102<1. , 28a. 1111&.._, , I
UUhSFEREO , u. I o. I o., ,

"I I ,
SuRPluS I .. ~. o. , &2._ Ii. I 41. O.

PEAII PEA" LOAU'GENERA Tl:'4G- C"-PAC-I IY -"l':l.jU1t'Il:;~tNl'S_(I'ri:GA ...·TTS)·
HI"JF MUI"u,", PL,l~T UIII..1ZATION FACTO~

"'I'UF ACTlJAI. PLANT uTILIZATION FACTOr!
£;.£I<GY -- GtN!:"ATIO~'ANNUAL £....~"'GY ~EUU[~!:M~NIS(MILLIU~s O~ IIILOWATT-~OUH~)
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TABLE 3.10. (contd)

" ..b\: A.~CHOluGE

A"C"O~A('E CA:>": 2 -- "f",lu'" I.UAU GIolUi'llH
l~rEHrI~ TlAR: 1~~0.

NOTE5:0fC. b, 1~7~ ~I U.5.-1~94.

C wIT 1 C A I. PEIolIOO
~--------.-----.--------------------------_._---------------------------------------------

II.

70.

4b57.'

4b57.

510.
22"".
1958.

0.,

4727.

-, ,

.SlI .50

.75 .50

.511 .2&

.15 .110

l'lil&-19c7
.... \11' A"uF

II.

S2.

'10.

134.
'ISo •
1155.

5.

/
/ PEAl(/------
/
/ 10'18 •
/
I
/
/
/
/
/
/
/ laS2.
I
I,
/
/
/
/
/
/
/

O. I
O. I

/
/
/ 1'1S2.
/
I ,0.'.31$5
/
/ 2b2.
I
/
/
I 115&.
/
I
/
/

O. I

30'.
3103 •

20'1.
1'105 •
211&.

O•

3124.

ENEllliT

.~II .50
• 75 .&4
.51l .28
.15 .00

.00 .liO

.00, .00

.50 .50
• 75 .20

1985-1'l&b
",~uF "puF

O.

31.
10.

55.
251.
88l> •

15.

/
I PEAK/------
I
/ 97&.
/
/
I
I
I
I
/
/
/ 1295.,
/
I
/ ~I.

I 297.
/
I
I
/
/
/

II. /,
I
/
I
I 14052-_
/
I O.'I&~

/
/ 2'14.
/
/
/
I 1159.
/
/
/
/

O. I lIH.

2114.
11&4.
2b15.

O.

4001.

4001~

.110 .00

.~O .50

.50 .50
• 15 .53
• 50 .j4
• 15 .Oll

1904-n85
M"\.IF "PuF

15.

30.SuRPI.US

lOIAL.

AliI) I TIn.. 1
HTulol"
STtAM'e-I.EC
CIl"''' ;TUlliI WE
ul~SfL.

I
/ PEAo(/-----

---------------/.. E,l"['1I0"!:"rs / ~O".

---------------,"E.;u'Ji<CE:; /
EH~rilli' /

,iTIJI<.j /
:,TEA"/EI.£C /
CO;-'''. rUH& tilE ,
OI~5EL. /

/
/ 1202.
/
/
/
/
/
/
/
/
I
/
/

/
I

---------------,c.wUS:>,"E5()U~CESI 1205.
I

C"~ "ES., "ARGIN/ 0.353
I
/ 22&.
/
/
I

~ET kfSUUHCES / ~~4.

I
/
I
I
/

"~t. TIRE'-'E"rs
.d. ttYLJWO

:. Tio '''IIEl.tC
CO"l~. Tu~., Il'E
ufESEI.

PEAK PIoAK 1.0AO/GEiIIERA rING CAPAC ITT ItEtllJ1 1Ie-I"EN'TS (ME"GA .. ATT:H
"PUF "AXIMU~ PI.A~I urll.lZ"rlON FACTUw
101'111' ACTUAL. 1'1.101'11 uTIL.IlA TIOI't ,~'.ce;I~<
ENERGY -- GENERArfO~/ANNU4C ENERGT wEQuIREM£iIITS(MILI.IONS OF I(ILOW"TT-HOU~.
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/ T
TABLE 3.10. (contd)

\
I

A"EA: F"'IkllAIII<S I
F... Ik.,A""<S CASt: 2 -- -",EDIUM 1.0AO GRiJ"TH ~

INTERTtE YEI<H: t'l'lO.
'.

NuT·ES:OEC. 0, 1'l711 "I U.S.-19'1".

C II I T'I C A I. P E t< I \) D
-------------------------------------------.---------------------------------------------
I 1'1"4-1'111') I J'III'i-1911b I 1'11110-1'1<17
I PE"''' MPUF APuF IW£.Il. Y I f'EAK MPIJI" ... Pt;F ENERGy I l'E'\K Mf'l.IF APUf ENe"'"Y

1------ -------- /------ -------- /------ -----------------------1 I /
.. r:l,;ut",e.·H:ilfS I 256. 1132. I 272. II'll. / 211&. 12')4.

---------------/ I /
I(E"'hl"CES / / /

E.. ,;' rio'll. I / I
I'lY,,";) / o. .::'0 .')0 II. I O. .50 .50 O. / II. • 'ill .'i0 o.
:)JeA;~/EI.£C / 110. .75 ./5 72.5. I 110. .75 .75 723. I 2111. .75 .55 101ll.
CO'~d.TulHlINE I 204. .5u .24 '1210. / 2u4. .50 • 18 313. / 204. .50 .1'1 41501 •
uIESE.1. I "". • 10 .00 O. / 22. • 111 .00 O• I 22 • .10 .110 O.

I / /
TtlUt. / 31>0. 114'l. I 3310. 103&. / 43&. 1273.

/ / I
"'1101 rlo"s I I /

"Yuol :) / / /
:> rl:.A ./fLEC I I 10lJ. .7') .cO 17'). I
ClJ-·'''. TUII" I liE I I I
DIESEl. I / /

I I /
"'EI1"E.MENfS / I- I

rt fuRiJ I / /
S TEA -4/ELEC I / /
;;0-.". rUHfj l:.E I I .. I
UIE.5EI. I 2'1. .liO .00 0., I /

/ / /

---------------/ / I
GIIOS:' ;'E::>OUHCE.:;/ J3f>., 11<19. I' <13". lill. I <1310. 1213.

I I /
CJ,P wE:s. .... IIGIIoI 0.3110 / 0.1'(/1 I 1l.523

I I I
'lESERVE IIEll. I "5. I loa. / 72.

/ / /
,-OSSfS I 1.5. 17. I 14. III. / 14. 1'1.

I I I
"'cT I<ESlllJIlCES I 251;. 1132. / 351<. 11'13. / 350. 120.;4.

I I /
JNMI:>fli; ..t:U I 0._ I O. I II.

I I I
I I /

SullPI.US I II. O. I 82. Il. / &4. O.

PEAK

"'''''f......uf
E:lENG.,

PEAK ~OAO/GEN€~'TING C~PACITY NEQUIRekEuTS(MEGA~'TTs)

MAXIMUM PI.ANT UTI~lZAIIUN fACTO~

A'fuA~ "'I.ANT uTtl.IZAflllN FACIO~

-- G~N~RATION/ANNUAt. ENEHGY ReQUIHEMENTS(~lLLIONS OF KILUWATT-"OUHSI
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TABLE 3.10. (contd)

1HEA: AhCHOkA~E'

ANCHnWAuE t;A:lt: c! •• MEOIUI4 LUAU GHOwTH
I~TEHrIE YEAH: lq~U.

uurES:UEC. 0, 191~ ~I ~.:l.-1994.

CkITlCAL P E Ie 100

.---------------1

I 19d'i·19'i1j
I I'I:.A" .,PuF "'I'UF €'1l~1'1l' Y,.....- --------
I
I 12bll. 5041 •.
I
I
I
I 1311. .';00 .50 .51U.
I 104$. .75. .00' 3145 •..
; 791. .~U .21; 1471 ••
I l) .. .15· ..UO- Ii.
I
I 1573. 5720.
I
I
I
I
I
I
I
I
I
I
I '.:.

I ':"
I
I
I 157J. SHit•.
I
I 0.245
I
I 253.
I
I oj. r..5.
I
I 1257. slt41.
I
I 7.
I
I .-'"'

I Q. .,-, Q.

o.

o.

80 •.

510.
3254.
Ib21i.

U.

53U.

~.';o" .sa
.75 .~a

• SCI.· .23
.15 .00

l'illa·191l9
HI'UI' ... PIlF

0 •.

&0.

134.
&11$.
855 ...

5.·

I
ENEHGl I PEAK

------•• 1------
I

4985. I 119c.
I
I

" I
51U. Ii

2413., /.
17110. ,..

0 •. I
I"

4709 ... 1' 1&37'.
I· .:,.
I

JSll ... 1
I'
r
I'
I
I'

O. 1
I
I
r
I

, SileO•. I 1573.,
I
I 0.320

"I· 2911_
I

75.· I'
I

4985. 1 12110.
I
I
I'
I

i/. I

.110" .00

.';00 .';00

.15 .10$.

.50 .24

.1~F '.00'

19b1-191111
"'..UF APUF

15.

13/1.
458 •.
"SS.

.5.

TOTAL·

~ETlwt:.o,jErHS

""'UNe)
:HC:A.. /ELEC
CO"o.TUl<dINE
u It.SlL.

AlJO LTIIJ"3
rtll·1l0
liTt. M/t:.LEC.
CIJ IIJltK IUe.
IIr~SEt..

• GROSS HESIJIJHCESI 103i.
I

CAP I<ES •. iolAiiGINI <i.0l ..2
I

H€:iF.HVE'''£lJ. I 284'.•.
I

,1.0:'SfS I 5& •.
I

:.£T "lESOIiHCE~ I IjOl.
I

ra ... usFERf.U I 0.
I
I

SUHPl.nS I 1~1.

I
I "tAl<,...._.

_··············1
HE~UIHEHENrS 1 112U.
··..··-·······-1
'RE~Ou~CES I

El' z:.r P.b- I
hlORU· I
:iH.A"t/ELEC I
CGA,j.T11itlSWE I
IIIESEt. I

I
I 1452._
I·
I
'1
I 20u.
I
1
I
I
I
1
I
I
I.

PEAK PtA" LOAO/GENEH ... TING CAPACITY HEuulREMENTS(MEGAwAtTSl
MPUF .- MAXIM~~ Pl.A~T UTIl.IZAtiON FACTUR
...IIF •• ACTUAL Pl.ANT UTILlZUIOIII FACTUM
ENENGY .- G'N~~ArIOH/INIIIUAt.ENEhGY REQUIHEMENTSl"'iLLIONS OF Kll.Ow ... Tr·"OUHSl
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TABLE 3.10. (contd)

AME-A: FAI..cllANI\S
FAIWAA~I\S CAS~: 2 -- HEOIU~ LOAD GRO~TH' .
I~r~~TI~ TEAW: lqq~.

hUTES:O~C. c. 19'11 ~I U.S.-19q4.

,CMITICA1. P E H IUD

o.

19,,9-1990
HP~F APUF ENERGy

I 1911o-1Q/SQ I
EliEH~' I PI:.AK MPUF APuf ENERGy I PEAl(

------- 1------· .--- ---- -------_. 1------·
I I

1315. I 314. 137b. I 3211.
I /
/ I.
I 1-:,'

0 •. I o-.,_~ • 50' .50. 0.· I' U....
113't• I 210 •. .7S .b~· 11".... I i! lfo.,

190. I 2u4 •. .'SO .10 178.. I 2U4 ....
0 .... / 22 •. .10 .00 0 •. I o.

/, I
1.H5. I 43". 1372., I '119.

I' I
I I
l. - I
~.. 14 ... .•.75" .20, 2~•. r
/ I
I, I
I I
I"~ I'
I I
I ". .OQ, •.00 1/. I
I I
/ 22 •. .00. .00 0 •. I
/ /
/ I

1$35_ I 419. 1397. I 41'1._
I I
I 1/.334-· / lJ.el7'
/ I
I 7't... I && ..
I I

aa. I 10. 21., I lb.,
I I

1315. I 325. 13710. I H7.
I I
I o. I ., ..
I I
I I

0., I 11. O. I c.'

• 5\)· .5t>
• l5 .be·
• ~j) .11,
.10. .QO.

19c7-1Q/s1I
MPUF APUF

G._
11u.
lnll.

22.,

TIl rAt.

'(/Il IT loriS·
"'urtO
~T"A"/ELEC'

COloob.Tu"'HI\;E
01t:5E1..

Illi;T 11<~"'e.''1T::;,

"TuWO
5 T~A:~/E1.!:C'

COM". Tlher! (NE
OIt.SEL

1.055E:;

I
I PEAl(

1--------------------1WEqUIwr.~~~rs I JOO.

---------------1OIE:l,Jij:lCES I
EA1~T lr~G r

>;Tl,lWi) I
:;;e "'!IELi:C I
CO,," •.!IJWb F~E I
UIESEL I

I'
I 4jo._
I
I
I
I
I
I
I'
I
I
I
I
I
I

---------------1!oHOS::;"ESouaCESI 4jfo.
/

CAP hES~ HAHCIHI O~4~~

/
/
I
I
I

NE T "F'SOI;~CES I
I
I
I
I
/

PEAK •• PEAK 1.OAO/GENE~ATING CAPACITY ~EQulHEHENTS("'EGAwATTS)

I'PIIF -- HAXLl4UH P1.AtH UTILIZATION FACTO"
A~UF .- ACTUAL P1.ANT UTI1.llATIUN ~A,-TOH

Ei';EIlGf -- G~NEkATiON/ANNUA1. EhE~GY REQ~lRtMENTS(MILLIONSOF KILOWArT·HOU~S)
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TABLE 3.10. (contd)

A"EA: A••C110WA"f
A"jC"'O~ AGE CAS,.: Z -- ,~ED IUM I.IlALl GRllilTH
INTEI<I II:. TEAR: 1'1"0.
NuT€S:OC:C. 1>, 1'l711 "'I U.5.-19'i4.

C .. I T I C A L. P E il I 0 0

-----------------------------------------------------------------------------------------
I 19'10-19'H I 1991-1992 I 19<jZ-I<j'i!
I PEAl( HI'UF Af'UF E;~EIoCGT I PEAK MPUF APUF ENERGY / PEAK MPuF APUF ENEHGY/------ ----_..- /------ -------- /------ --------

---------------/ / I
,(t"uuIREl1e 1.TS I 1357. 01lfo3. / 14511. 04d~. I IS4!. 09117.'
---------------1 I I
liE :;O'/;'CE5 I I I

fA I;H ING I I I
"YIlk ... I 134. .SO • ~O 511l • I 134. .50 .50 510. / 134. .50 • 50 510 •
:HEA·4/EI.~C I 1043. • 75 • 71 39110 • I 843. .75 .05 455Z. I 11l45 • .75 • 510 511>1> •
CO"';'. TUKflU.f. I 791. • ::.0 .19 nOll • I 791. .50 .1fo 10'15. / 773. .50 • 10 1034 •

lJlt:.:;EL. I 5. .15 • "11 o• I 5. .15 .00 o. / 3. .15 • 00 O•
I I /

TOIAI. I 1573. 5804. / 1773. folS7. I 1\1-;5. 6311l.
I I I

ACID I TIO!,S I / I
HYlJ"f) I I I
SIEArt/t:LEC I ZOIl. .75 • 20 350. / 243 • .75 .20 4o!5. I 400. • 75 .20 701 •
CO·4r,. Tu'"'" 1>IE I I I
uIt-sEI. I I /

/ I I
RETlllt,'4E.'iTS I I /

"",!if) I I I
:;TeA'4/1'U.C I I 41. .llll .00 Il. /
CoII'·It,. TU"" lid, / I 1<1. .lIU • 00 u. I :;u. .00 .1l0 o•
DIE:>EL. I I 2._ .00, .00 0 •. /

I 1 I
---~-----------I 1 /
GRClSS "E"OUI<CE:;I 1773. ot54. I 1955. fo5il2.· I 2301>. 7011.

I 1 I
CA~ ><ES. HAHGINI B.3U7 I 0.349 1 0.~94

I I I
I<eSEt<Vl: "EQ. I 271. I 290. / 309.

/ / /
i.OSSC:S I &d. 91 •. I 73. 'H. I 77. 1114.

/ / /
/o£T "ESOURCES I 1434. &01>3. / 1543. 0485. I 192u. oliO?

I I /
HlANSFEHEU / U. / -Z"I. / -lS~.

I / /
I I /

SuMPLUS / 77., o. I 114. O. / "119. o.

~t~K -- P~A~ ~OAD/G~~ERATl~~ CAPACITY kEQUIRE~ENTS(MEGAhATTS)

/4PtlF -- IoIAlCII4UM PI.AlH UrILIlAIION FACTUN
AI'UF -- ACTUAl. PLAl'{T ;JTIL.llAJIUN FACTUM
ENERGY -- GENERATION/A~NUAI. E~ERG' REQUIkEMENTS(MILI.IONS OF KILO~ArT-HOUMS)
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TABLE 3.10.

A.llEA i FAt "IIAN"S
FAI~KANAS CAS~: 2 -- MEDIUM l.DAD GROwtH
I~TERTIE 'EAR; 1~90.

NOTES;OE,C. 0. 1'l18 N/ U.S.-199<1.

(contd)

C ~ I TIC A l.

/ 1990-1991 / 1'l91-1'I'I2 / 1'I'il-I'I'I3
/ "lAo< iotPUI' APuF £;.1::1<101 / ilEAl( ",PUF APuF EtoIErlG' / PEU "'''UF 4;>UF ENEkG'

1------ ------ 1------ -------- 1------ --------
---------------/ / /
I<E{'U!~~·~e. .. lS / 343. 1505. / 3038. I~n. / 374. 1.. <11.

---------------/ I /
.l<E;;,,1tJI>CES I / /

Et I:. r PII. / / I
,,'UIoIO I ". .50 .50 • O. I O. .50 .51i O. / O. .50 .50 u•
Sre.A~/t:I.EC / 210. • /03 .13 1172. I 210 • • 703 • 06 le!!3. / 21& • .1'; .71 13~",

CO"'", nJA6 Ii.Eo I 20" •. • 50 .17 300. I 204 • • 50 • 16 313 • I 204. • !)O .23 327 •
(ilioSEt. / II. • iO .00 0 •. / O. .111 .00 U. / O• .10 .110 0.

/ / /
TOUI. / <119. 1472. / 419. 1597. I 419. Ibbo.

/ / /
AUU! r lOt.S / / /

"'''''0 / I I
:, It.AI~/ll.EC / .3~. • 15 .20 - So • / /
c.r"·III. TUNIt IkE / / /
ult.SEt. / I /

/ I /
"t. r ll~l ..t.N I S / / /
"Tui',' / / /
&rE,AM/€l.!:C / 32. .00 .0)0 O. I I
enocH. rl)~I1I1;E / / / 40. .vu .uo u.
"IlliEt. / / I.. I /

~--------------/
/ /

","'tlSS. H€SlJUICCES/ <11'1. lSeH •. / 41'l •. 1591. / 37'1. Iltblt.
/. I I

tA" wE:;. MARIHN/ 0.222 I 0.1.70 / D.DI3
/ / /

:<ESE><\/£ ..eo. ./ &9. I 7e • I 75.
/ I I

~nS5E:) / 11. 23. / 18. 24. / 19. 25.
/ / /

JET ... eSOvRCES I 333. 1505. / 330. 1573. I 280. Ilt41.
/ / /

lW ... t.~Ff.Hll) / I. / 29. / !I'I.
I / I
I / I

SUQPI.US· / -to. O. I O. O. I O. O.

PEAII -- PEA" 1.0AO/G£~R. fj ..... CAP4CITY I<EGUI~EhE~TS(MEG~~~TTS)

"'i'tJF -- ""4X1/4014 "l.Ao'H UI !l.llA BON FACTUM
AfOUl' -- AC TUAI. ·fOI.AIIH uTILIZATION ~.CTUH

E~.EilGT -- GEN~A&TION/AN~UAl. ENE~GT I(EGIUrileM£~tstMILUONSp.r KIl.OWA Tl-ti\JUIiS)
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TABLE 3.10. (contd)

,H.EA: A...C"OWA"E
A~CriOWA~! CA5~: 2 -- MEDIUM LOAD GHuWTH
lurE~rl~ YEAH; 19~U.

NuTE5;D~C. &. 1970 w/ U.5.-1994.

C WIT 1 CAl. P e: Ie· 1 II D

1 1993-1994 /
1 PEA~ ~PUF APUF EwEH&Y I PEAK
1------ -----~-- /------

1994-1995 I 1995-199&
MPIIF APUF ENEWlOY I PEAK ....uF ApUF ~NEWGY

-------- 1------ --------

TU TAl.

a•.

125.

6311.

jill!>.

11"1".
477.

O.

'&101>.

.011.00

II.

125•.

21111 •

7'ii •
144~ •
bb".

3 •

24117 •.

29119.

0.548

371.

/
7751. /

/
I
/

'HO. /
4<'1>&. /

5610. /
O. I

I
S31oc. I

/
/

2~il':l. I
I
I
/
I
I
/
/
/
/
/
I

7807. /
/
I
I
1
/

11&. /
1

7151. /
I
/
I
/

0 •. I

.':10

•.50
.34
.10
.00

•.':I1I
.75
.50
.15

o.

abo

747 •.

134.
1"45.

bIo9 •.
J.

247b •.

2251.

/
/ 1729.
/
/
I
/
/
I
I
I
/
I
/
/
I
/
r
I
I
/
I
/
I
I'
I
I
/
I
I
I
/
/
/
/
/
I
/
/
/

~10.

i>~45.

~lio.

O.

0 •.

.00

• ~O
• ':111
.10
• 011

55.

134.
144':1 •.

724.
3.

.? ..51.

230b.

SU~PLUS

AlitH TTII"5
riYIJkf/
STt,AIo4/ELf.C
C(J>;~. [Ul<o:I Ito!
IIlt.St.L

ilET 1"Eo1f.NT5
"YU'III·
;;H.A ..I/ELEC
ClJ~tl.TuHHINE
L1t!,:;t.L

---------------/
~f.l,jlll"e'~~''HS 1

---------------1"E:.O":~Ce:S I
e: .. r:.rx'IG /

"Yv"') I
::'Tt.AM/p'U.C /
C;l"8. lURB H.E /
II rE!;~L. /

/
/,
I
I.
/
I
r
/
/
/
/
/
1
/

---------------/10"0:1:; "e:SuURCES/
I

CA~ .ES. "'AkGtH/,.,
/
/
/
I

r,ET ~"SOuHCES /
I
/
/
/
/

Pt.AII PtAII l.UAO/GENEHArlN& CAPACllY Ht.QulHEMI:NT$(~!gANArrs)

MP~F MAXIMUM PLANT Ur~I.IZArIUH FACTuH
ApUF ACTUAl. PLANT uT1LIZATION FACTow
ENt.WG't -- Gt.I~t.WAT10N/A!'INUAL ENEkliY I<Et.lUIN!::1'It:NTS(MILL10NS UF ItILU.."TT-HllUHl»
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TABLE 3.10.
,AHEA: F.l«flAll"~

FAIH~AN~5 Clost: ~ -- MfuIu~ LOAU GI/O~TH

INTEHlIt YEAI/: 1990.
NOTES:O~C. 0, 1918 ~/ U.5.-1994.

(contd)

C 1/ I T CAL
-----------------------------------------------------------------------------------------
I 19'13-1994 / 1994-199!> / li9S-lQ911
/ Pt.AIC loil'uF AI'Ui' EI~EKGT / PEAK MPljF Al'lIF EiliEIIGT / PtAK MP,jf .puF ENt~.. y
1------ -------- /------ -------- /------ --------

---------------/ / /
PtEI~UlJ.l~ .... i:.:~;5 1 .511'1. 17(,'1 • / "05. 1711. / Qo2J. 'Ib.,,,.
---------------i / /
I/ESvvI<CES 1 / /

Ex I:.IV.(, / / /
HYI;i/IJ / 1J. .51) .50 0. / 0. ,.50 .50 O. / 151. .50 .50 ';)7~.

F.oA:1/eLEC / 2111., .15 .73 1377. / 02111. • 75 .58 IUdll. / 2111. .75 .113 HI5J •
CO..,;. TU'lbII,£ / 111<1. .~O .c5 357. I 1114 •. • 50 .10 143. / 1&4. .50 .10 1'13 •.
uh.SF.L / o. .10 ,.00 O. / ./J'. .10 .00 O. / O. • 10 .110 '0 .•

/ / /
TOIAI. / 37'i •. 1735. / . 379. 12c". I 530. 1770.

/ " I
AUhl rIU"IS / / /

I1YtJl<U ./ .. I 151. .50 • 50 574 • / 19. .51) .SO 7"_
i>H.""1/eUC- / I I 2S. .7S .211 43.'
CIJ"''1.TiJ~I1IM' / / /
OIt.Sr.L / / /

I / I
llt;TIRt.:1!::IIIS / / /
"Ill .... / / I
ST~A .. /t:LEC / / / c5. .IlU .uo u.
CO",... IIIII.;{10<£ / -. / /
OI~SEL / I r

I / /

---------------/ / /
,.wuS:' iiI'. <lOljI/CES/ .51'1. 173~. I 530. 1804. / 5'19 • 18117.

/ I I
~.lP wES. "ARGIN/-1I •.0ct> I 0.3116 I o.c.. lt

I 'I I
.. t:.:.., .. vE kEy • I 1~. / 61. ; 11,.

/ I /
LiljSf.S' I 19. 2t>. I 20. 27. I 21. 21l.

/ I / '.
tiE r '1E5Ul/IlCES / i!~i!. 1709. / 42"'. 1777 • I '441,$. 1·<1:19.

I / I
11I ... ·,::.FfHEU I 10' • / O. / O.

I I I
I I /

SURPl.US I O. O. I 24. o. I 20. II.

PEAl( PtAII L(JAU/GENE~ATING CA .. ACITY ilEIWIREI-lENTS(I'IEGA ..... TTSl
HPuF I'I~XIMUM PLA~T UTIl.IZATION FACTUR
"PUF ACTUAL PLANT UfII.IZATION FACTUI/
f.hEIiGY -- GtNtRAfION/ANNUAL ENEHGT kEauIREMENTS(MIl.LION5 OF'KILOftATl-~UUI/::'l
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TABLE 3.10 . (contd)

... "" ... : ..,CnO........E
"'''CrilJ'''''C.E C"':;~: 2 -- MEUluM LO"'O Gko.. rl1
IlIjr"lnI~ TEMH 1990.
NtJTESWEC. 0, 19711 'Il/ .U.5.-19911.

C I< I T I C ... L. P E R 1 0 0

-----------_.._--------------------------------------------------------------------------
/ 19'10-1997 / 19'f7-19911 / 1998-1999
/ """'i( I1PUF "PUF E"Ew"T I PE"'I( Mi'UF "'PIJF ENE"lGY / Pt. ..... Mi'UF ... PuF ENfwGY/------ -------- /------ -------- 1------ --------

---------------/ / /
WfCJU l"f04I'.'~ r:l / 1'179. IIll71. / Z10.5. 94.$1. / ZZi!I:I. 99'11.

---------------1 / /
IlE:>OuIiCES / / 1

Ext:.r I,ll; 1 / /
ri1~RO / 1j78. .:>0 •~o 3.544. / 871:1. .50 • 50 3,544 • / 1118. .~o) .50 .5.544 •
:Oli: ... r4/ELEC / 1"4~. .75 .4Z. 5,S00.. / 1445. • 75 • 47 ~'jj4 • / 144~. .75 .J2 "\l2~ •
CO:'rt. Tu"l~ rilE / 545. .50 .10 294. / 335. .50 . • 10 Z94 • / 335. .'i0) .10 215 •
IIIt-SEL / J. .15 • 00 a_ / II. .1S .00 O. / o. .15 .00 II.

/ I /
rO!"'L I 2871. 90~". I Z&59. 9572. I 2&59. 71048.

I I /
"'ClliI T! I,,,S I I /
",(two / I / ,,54. .:i0 • 50 2"93 •.
!>TE ...... I ..LEC / / I
l;U ...., •.Turil:S HIE. / / - /
,,1 t.Sfot.. / I /

/ / /
IlfT1~r:r·ENTS I / /

HTUI<O / I /
:,rt"'''/ELEC / / I
CClM~. TI'~ilI"'E / 211) • .00 .00 o. I I Ill. .00 .UO o.
oIt.St:!. I Z" .110 .00 O. / /

I I I

---------------/ / I
"fillS:> l'ellUl,wCEsl Zl:lS'f. 9004. / i!b59. 9572.'/ 'si!Cl5. 101"1.

/. / I
C"''' itES. lo! ... ~GHI/ 0.3!l3 I 0~2&4 / iI.479

/ / I
I<ESEhVE I<E~ •. I 390. / 421. / 44t1.

/ / /
L.US5~5 / 99. 133. / 105. 141. / 111. 15u.

/ / /
:·ET kESOUoICES / Zlb". 81171 .. / Zl3.5 •. 9431. I Z7311. _ 9991.

I I' /
'I<AIlSFEIl£O / -Z7. ./ O. I o.

/ I /
I / I

SukPI.US I 15d. O. I 30. O. J 510. O.

PEAi( -- PEA.. L.OAO/GENEHATING CAPACITY WEUlJlkE"'ENTS(MEGA~ArTS)·

/1PUF -- MAXIMUM PLA~T UTILIZATiON FACTUR
APlIF -- ACTUAL. PLANT UTlL.1ZATIU" FACTvl<

·~~EHG1 -- G~NeHAriON/A~~UAL fNf~GY wEnuIHEMENTS(HIL.L.IONS uF ~IL.O~AT1-HOuwSI
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TABLE 3.10. (contd)

A"EA: FA!l<lhN"S
rAlkllANl\:; CASt.: c!. -- '.t:U!UM LUAU GIWWIH
I ... TEI< fit: TEAl<: l'i'lO.
I,OTES:OE.C. 1:1, 1976 ii/ U.S.-19':14.

C I< I T 1 C A L I' E I< I () 0

-----------------------------------------------------------------------------------------
/ 19'1.0-1'191 / lC;97-1'19Cl / 1"198-1'199
/ PEAK .....UF A"uF EJ.EtlGT / I'I::AII MPuF APlJF er,E~GT / I't:.l.I< ... t>"F "'''lJF E~t."GY/------ -------- 1------ .-----.- /------ --------

---------------/ / /
ilE,.UIIIEME·'!IS / "'I.? 1'141. / 401. 2iJ2S. I '180. 211l~.

---------------/ / /
RESOUOlCES / / /

£tI:>llrIG / / /
1'1 YIJ o<n / 170. • ~O .50 048. / 170 • .50 .50 048. / 17u. .~O .50 !I"ll.
SHAI··/t.LfC / 21&. • 15 • 04 Ic!.OO • I 2ll•• .1~ ."5 leW) • / 311:1 • .1':1 .3':1 9.. ~.
C.OI.;d. Tuk6IuE / 1"'~. .50 .10 125. / 140. .50 .10 O. / O. .50 .10 Il.

'ilii:.:>c.L / u. • lu .Oil O• / U. .10 .00 u. / II. .10 .00 tI.
/ / /

TOTAL_ / 549. 1970. / 520. 187&. / "8e. Ib11.
/ / /

AUIJ UIO"S. / / /
rtYIIl'tlj / -: I / 138. .~O .Su 5i!5.
::. It A--./ELl:.C / / 100. .75 • cO 17<; • /
COIoll\.TlJl<tiINE / I I
OIE.SEL / I /

/ I I
kE, TI"E~4t./jT:;' / / /

"TukO / / /
S Tt:A;4/ELEC / I /
tU'1'1. TlI~!HriE / 2". .00 .00 o. I 1410. .00 .00 O. /
:lIE.SEL / / /

/ / /

---------------/ / /
~HUS s-. OlESllUI<CES/ ~2". 1.9711._ / 'Ul&. 20'35. / bc'l. 2157.

/ / /
~AP kES. ~ARGI/j/ 0.lil9- J 0.053 / 0.299

/ / /
1<t::.El<vE liEu. / lilt.- / 92. / "lb.

/ / /
LoOSSeS / 22. 29. / 23. 30. / 24. 32.

/ / J
"ET I<ESOuRCES / "15. 1941 •. / 370. co.n. I 50". i!10~.

/ J I
IItANSFEREO / 21. I O. I O.

/ I /
/ / /

Sl.l~PI.US I o. O. / -'H. o. I i!4I. O.

PEAK Pt.AII LOAO/GE~ERATING CAPACITY ~EQUIW€MENTS(MEGAwAITSJ

MPVF MAXIMUM PLA~T UTILIZATION FACTOH
APUF AtTl.IAL ~LANr UTIL1ZAT10N FACTOH
ENEtlGY -- Gt.NeRArION/ANNUAL ENEHGY "E(jUI~EME~TS(MILLIONS UF KILIJ~AT1-HUUHSl
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TABLE 3.10. (contd)

AkEA: ANC,1fIlUloE
';,.cHUr<AbE c... s.. : 2 -- MEOlUM l.uAO GHowTH
I'HEk r IE rE ... H; 1",*0._-
NuTES;l)"t:. II. 1.. 78 till U.'.-1"94.

C Fe I T I C A l. P E R I 0 0

-----------------_._---------------~----------------_.-----------------------------------I 19.."-2"Ou I 200Q-ZOOl I o!uOl-ZIlOZ
I PEu "PUF APUF ENENGY I PEAK MPU~ APUF E"EHGY I PEAK MI'UF A.-Uf ENEl<IiY

1------ ------- 1----- ------- /------ ---- ____a_e.
----------~----I I I
lcE",Ulf'EM,,:4TS I 2555. 10551~ I 2421. lU805. I 2"9u. 111 75.

---------------/ / /
l<ESOUHCES / I I

EJ IS 11'«. / / I
"YlJjeO / 1')33. .~O .50 51137. / 1017 • .50 • 50 0100 • I 1017 • .50 .50 bl00.
STEAH/EI.EC / 1445 •. .75 • 34 4345. / 1445. .7~ .J7 4747 • / 144')•. .75 • 'Ill SOliO •
COM8. TURD IIIE / 317. .50 .10 20&.' / 230. .SQ • 10 119 • I 136. .5Q .10 103.
vll:'.SEl. I 0. .15 .00 O. I 0.- .15 .00 0. / Q. .15 .00 g.

I I I
TOT"l. I 3295._ 1038&. I 3298. 11020. / 31911. 11343.

/ I /
Al1tlt TlO"jS / / I

rtY!JHIJ / 115._ .~O • 50 323 • I I
SHAM/ELEC / I /
COild. fUl/blllE / I /
(ll~SEL / / /

/ I /
kl:n"t.Ml:I,TS / I /

r11IJf<O / / I
SI~A'4/ELEC / I /
cn.ai. TIJ""INE / 62.: • 00 .00 O. I 100. .00 '-00 0 •. I It•• .110 .00 u.
vltSEL_ / I /

/ I- /

--------------/ I I
ijitOS:; RESO,JkCES/ 329tl. 10109._ / 3198 .. l1Q2D.- / 3180. 11343.

/ I I
CAP HES. MAllGII;1 0.402 / 0;'321 I 0.277

/ / I
icE':;El<VE kEY. / 471 •. / 484. / 498 •.

/ / /
1.0SSES I Its. ISIS. I 121. 103. I- 125. 108._

I I /
Nt.T HESOUIlCES I 271'1. 10551. / 2593. t08b3 • I 2558 •. 11175.. / / I
I IU:IIIoFEIlEO / O. / 0.- / -b.

/ I /
/ / I

SIJllPl.US / 357. 0 •. I 172. 0. / 01. 0.

PEA~ -- PEA~ LOAU/GENEllATlNG CAPACITY ~EQUIHE~ENTS(MEIiAftATTS)

MPUF -- MAXI~UM PI.ANT UTtl.IZ&TI~N FACTUR
APUF -- ACTUAL PL~"f UTILIZAfION FACfG~

E~E~GY -- GtNtHAfION/ANNUAL EN~~&Y kEUUINEMENTS(MIl.LIONS UF KIl.OWATT-~OU~S)
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TABLE 3.10.

A"'tA: ~AlkBANKS

FAJRnA~KS CAS~: l -- MEDIUM ~OAD GRUwTH
I~TEUTI~ fE~~; 19~O.

NOTES:UEC. Qf 1918 ~, U.S.-l~9q.

(contd)

C R r TIC A ~

-----------------------------------------------------------------------------------------, 19lf9-i!OOIl , 2000-cOOl I 2001-2002, PEAK ""P\lF APUF EI',E~GY
, PEAK M!'UF .APtF EI'lE~GY , PEAK MPUF AtoUF ENERGY,------ -------- ,----- -------- ,------ -------

---------------, I ,
REl.IlII~£ ... tNTS I 49<J. 2187 •. , 508. 2229. , 'H8. -2l10.

---------------,
, I

"l:.SlJVIoCCi(S I , I
E;(hl1,,;o I I I

'lfl.lkll , 3011 •. .::SO .50 un. , 3i!&. .50 • 50 12411 • I 32b. .50 .50 12110.
STEA"'ELEC I 5li•• • 15 • .55 9110 • , 31&. • 75 .37 IOe2. I 31b • .75 .38 10104.
r.o...a. TU~d Ii.E , u. .50 •.10 O• I o. .50 .10 O. , o. .50 .10 u.
DIESEl. , 01. .10 • 00 o• I O. • 10 .00 O. I O• .10 .00 o., I ,
TO fAl. , bell •. 2153. , &"1. 22&2. , b'll. l304 •., I I

AIIOI T10:'S , , ,
~f"~'J I 1&. .50 .50 b7. I I " -
STEA,·IIELEC I I I
Co-<.,. Tu.... INE , I I
OlliSEL , I ,, I I

PE TtRE"te;'HS , I I
,""VIIl; , , I
STt::A;.t'ELtC , I ,
Cli"''J. Tu"" 1I,t:. I , ,
f>IE~EL , , I, I ,

---------------, I I
Gre"s:>. ;,e:S1IuilCES' &41 .. 2i!i!0. , &41. 22112. , &41. 2304., I ,
C.....· IoCt.S. "Altlor,." O.ZISS I 0.2&2 , 0.2511

I , I
kESEl(I/l:: IIEII. I IOU. I 10i! .. I 104.

I I ,
LassEs I 25. 53. I 25. 3.5. I 2&. 34.

I I ,
;oE T ",eSUllilCES , 51&. 21&7. I SI". ci!i!9. I 512. Z210.

I I I
llUhSFEREO I OJ. , O. , b·.

I I ,, I ,
SuilPLUS I 11. o. I &. o. I O. O.

PEA~ -- P~AK LOAO'GE~ERATlhlo CAPACITY IItwUIkEMENTS(MEGA~ATTSI

""puF -- MAXIMUM PLANT urI~IZATION FACTu~

APuF -- ACTUAL ~~ANI UTILIZATION FACTuk
t"~"Gt -- Gt;Nr.~AT lON'AN'4UAL ENEHGY HE"'UI ..tl'ltl'trS(/'tILLlOI~:I OF ~ILOillATT-'llJU"S)
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TABLE 3.10. (contd)

AHeA: A.,C"Ol<A ..E
~1,Cri()ol"bE CASe: 2 .. MEoJIUM l.OA!) GROWT(i
IrlTEIi fIe YE"II: 1990.
IlrJltS:Of.C. 1>, 1'1111 </1 U.S.-19'1II.

C H I I I C " l. P E R I 0 0
~-----------------------------------------._----------------------------------------------

I ~Ou2-.H")3 I, i!003-2U04 I 20U4-i!OI)'i
I PEA'" ".,UF APUF E:o<fi<G Y,,'; PE-lK MPUF ~PUF ENERGY I "OK MPUF APUF ENEI<GT,.---- -------- 1------ -------- 1---·_· --------_·_···-····--·-1

rt'll17 •
I I

"E(JIJIRE>4~Nr~ I 25'i~. I 2b21>. 111'1'1. I 21>94. 12\lt.
···_··_------·-1 I I
",E:.OIJilCES. I I I

eArSrII,r. I I I
"TVHU I 1"11. • ~(t..... .511 I>lbU. I h.P. .50 .~O 101&0. I Ibl1. .50 .50 b1l>0.
SH;A'4/ELEC I 1445. _ri • 38 lI/03. I IIlIIS • .7'5 .3& 51iO I. I 184~. .75 .38 0133.
C/J"'l.TlIH"r"E I 11el. ' .511 .10 15. I Ill •. .50 .10 15. I Ill. .50 .10 u.
iJltSEL I Or' .15 .00 O. I O. .15 .00 O. I O. .15 .00 O.

I I I
TOUI. I :nao). 10'159. I 34110. 11970. I 3480. 122'B.

y I I
Allu I 11m,:. I I I

",YufIf'lj I I I
:. rt:A"/~Lec. I 1ll'11I~ ./5 .~o 701. I I
CIJ·.H. JUoiij WE I I I
"IESEt.. I I I

I I I
iiET IkE,HENTS I I I
,If \I il 0 I I I
STc.A;HEl..£C I I I
LtJ~'!I. JtJHr;, (i.e. I IOU. .UO • UII U. I I 10. .01) .110 U•
III:.SEI. I I I

I I I
--_··_---------1 I I
..Rll:;" "'''SOuRCESI 34l'lQ. 11&59. I 34110. 11'1110. I 3402. 12ii!93.

I I I
C;'P ;<ES. MAHGII,' Q.3,,! I 0.32'5 I 0.265

I I I
!<E:;U.vE olEO. I ~Iii!. I 525. I 539.

I I I
LO:;SfS I 1211. 17<!. I 131. 177. I 1.55. IllZ.

I I I
sEi i<ESULlRCE$ I 2641. 11481. I 21124. 117'li. I 2711'l. 12111.

I I I
iRAI';SFERED I o. I I). I O.

I I I
I I I

SUkt>~IIS I 0211.5. o. I 1911. u. I i'). o.

PEAK -- PE.K LQ.oJ/GEN~~ATING C."ACITY ~EQUIKE~ENTS(MEG.wATTS)

MPUF .- MAXIMUM PLANT UTILIZATION FACTOR
A"'UF -- ACTUAl.. P~Ar'H uII~IZ""TI(m F4.CluH
E,.ERGY .- G(NeRATtU~/ANNUA~ ENERGY NEYUIW(MENTS(MILLluNS OF .KIl.U~Arl-MQUR~)
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TABLE 3.10. (contd)

~"tA: FA!I<clAN.. :;
. FAr~~A~"S'C_S~: 2 -- ~EDIUM LOAD GRD~TH
• I ... TEIHl~ TEAll: 1990.

NuTtS:UEC. b, 1916 ~I U.S.-19~Q.

C II I TIC A .L , _•.p E II I iJ D
--------------------_._----------------.-----------_._.-------------------.--------------

O.

.sOe

2431.

.50 .~O 12'10.

.15 • .55 1191.

.50 .11l 0.

.10 .00 O.

i!431.

200"-200':)
MPUF APUF ENERGT

21.

32b •
jell •

0 •.
Q.

/
ENERGY I PEAK

-------- 1------,
2353. I 5'1&.

I
/,
I
I
I
I
I

2388. / 11,;,.
I,,
I
I,,
/,
/- "
I,,

23118.' 71b.
/
, 0.311,
I 1 O'l~,

55. ,
I

2353.' S80.
I,
/
/

O. I

.
.50 .50
.7~ .34
• SO .10
.111 ..00

c!003-i:!UO'l
MPl;F APUF

O.

32&.
3'11.

O.
O.

,
I PEAK

1------,
, 537.
I
I
/
I
I,,
/
/ lIb.
I
I
I,
I
/
I
I
I

II. /
I
I,
I
, 11& •
/
, 0~333'

I
I 107.
I
I - 27 •,
I 5C12.
I,
I
I

O. I

.55.

i!31i!.

2.547.

.00.110

20u2-20U3
",PUF ,APUF f:r.EilbT--------

2.512 •.

• 50 .50 124U.
• '5 • .57 "~H •
.!lO .10 0.·
.10 .110 o.

2171.

.1S •.ao 11S •.

O.

SUICPLUS

TO TAt. .

Ail!J 1 TI 0;,5
.. 1tJ1IO
sn.AlA'ELfC
Cui;!I. TIJ~ljINe.
oIt ..,Et.

FIE TIPE"'t"lTS
" 1 iJ;lO
:>TEA:A't.L~C

CWAIf. TuRclINE
!)!t.SEL

THA"l>FEHE.D

LO~S"S

,
, PEA<,-----

---------------,kEuulkE~EN'~ , '~21w

---------------1IlESOul<CE:I ,
E.1I::'f1t,lO I

"T!,jlll/ I
:'Ti:.~~'iLEC I
CO,AiI. TVltclI NE: I
lil.,.SEL I

I
I It'll.
I
I',
I 10i/.,
/
I
I
/
I
/
/
I

---------------,..'''(is:; I<eSlIUkCEl>/ 'ltb.
I

CAP "t~ •. HANGINI O.3~q

/
I ll}~ •.
I
/
/

hET .E~OURCES , 584.
/,
I,
/

peA~ -- Pt.A~ LOAU/GENENATING CAPACI1T IIE~UIHeHENTS(HEGA~AT15)

HPUI' -- HAXIHU'" pLA .. r UTILIlATlUN fACTUk
A~UF -- ACTUAL PLANT UTILIZATLON FACT~~

ENe~GY -- GEN~R~TIO~/ANNUA~ eNe~6Y ~EQUI~EHfNrS(MILLIDNSOF KILO~ATI-MOURS)
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TABLE 3.10. (contd)

""f A: At.CHOlotA';~

A'ICHlllotAlsE CAS.. : a -- MEOIUM 1.0100 GRUWT,;
I"'T~HIIE Tl:AR: 19~U.

rjUTES:O~C. 0. 1978 'Ill U.S.-1994.

C ~ I T I C A I. I' E lot I 0 D

---------------------------------------------------------------------.-.-----------------
I 120(15-120010 I 120010-12007 I c007-cvUlI
I Pe,AI( ",PUF APut' ENEw';Y I PEAl< "'!'llt' :.I'lIt' EfIoE~GY I !'~h MPuF APUF I::"'~~GY

1------ -------- 1------ .------- 1------ --------
---------------1 I I
WE'J'!1RE'''';NTS I 27,.,3. 12423. I 2t131. 12735. I 2119.~. 13047.

---------------1 I I
..E:'O,,"CES I I I
E~ I .. fl :.G I I I

"'IIMU , lloI7 • .!)O •~o 0100 • I 11>17. • 50 .50 1>1bU. I 11017. .50 .~o blloU •
.. ri:AM/El.iOC I 1845. • /5 • 110 b..5u • I 11:\45. .75 .38 bUloo. I 212115 • .75 .Jlo 70&3.
CO:,"'. TlilliHhE , 0. .~O .10 O. I o. •50 .10 O. I O. .511 .10 O•
uIt:.SEL I 1.1 .. .15- .UO u. , O. • 15 .00 O. / O. .15 .UO O•

I I I
10 fAl. I 3462. labO~. I 34lo2. 1122C!S. I 31:\1012. 13243.

I I I
AuD IT IONS I I I

rtYONll I I I
STEA"/ELEC I I /l00. .75 • 20 701 • I
co..". Illli!! Ihe. I I ,
OIESEL I I I

I I I
RETIREl.II:N1S I I I

"'YUJitrJ I I I
Sn:A14/El.EC I I I
CuI"". Tllloltl I i,E I I - ,
DlIiSEL I I I

I I I

---------------/ I ,
GHU3:> HE:;0..,IoI(;E51 34,.,.2. IC!1I0'l. I 38loC!._ 112'01211. I 311oo!. 1.3.2"3.

I I I
CAi' "loS • .... IoIGINI 0.253 I O.3lo4 I 0 • .33C!

I 1 I
kE:>El<V!i. ;,tt;fll. I 55.3. I Sloll. 1 ~1:\11.-

1 I I
i.O:'SIoS 1 13'i. 186. I 142. 1~1. I 1'15. . 1<;0.

I I I
lIE T HESOUIoICfS 1 2771. 1.2423. I 3154. 112735. I 31H. 13U'I7.

I I 1
TR.,...FE~Eo) I (I. I -10. I -123.

I 1 I
1 I I

SuRPLUS I 11._ O. I 313. O. 1 ZIt>. O.

Pt:AIC PEA~ I.OAU/GENt:K4rING CAPACITY KEQUIkE~ENT~(MEG4~4rTS)

~PUF ~4~lMU~ P~ANT urII.IZAIIuN FACTUM
~I'ut' ACTuA~ ~l.~~r uTILIZATIO~ t'ACID~

E:.EHGY -- GcNtRArlON/AN~UA~ E~~kGY REuUIKEMcNTS(Hll.l.ION& uF ~Il.u~ATT-"~..,H~)
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TABLE 3.10.

AI>(A: F .. I "liANI\ 3
FAIWAANI\S CASe: 2 -- M£~IuM 1.0AO GRO~l"
tr,T£;<I II:' YEM,: 1~90.

'IOI£5:0<;C. b, li1l1 it'. U.3.-1994 •

(contd)

.
C R I TIC A I. P E K 100

--------------------------------------------------------------_._._..--------------------, .:Ou5-.?uOI> , 2000-<,u01 , 2\lu1-.?uOI!
/ I'£Ak ",PuF U'uF £r~E~GY / P€AK ,"puF lPuF Er.E~GY / PEAK ,",PUF APuF ENERGY/----- -------- /------ -------- /------ ---_.-..-

---------------, / /
w€i.ouIREi"<:r.TS / 5'50. 2'137. J 5&'5. 2'176. / 575. 25ZII.

.-----~--------I / /
· ..f~uu ..CE5 / J J

En;:,T It~& / / /
,..YiJi/a / 3Zb. .':10. .50 lZ'lO. I 32b. • 50 • 50 12110 • J 32& • • 50 .50 \2'10 •
~Tel"/ELEC I jCH. ./5 , sa 1234. I j71. .7':1 • .59 lo!1~ •. J j71. • 15 ."l 1.51a •
CO"'". TUlle 11.£ I o. .:>0 .IG o. I G. • 50 .10 O• / O. .50 .10 o.
(/I<;l>EL. / o. .10 .uO O. J O. • 10 .00 O• / O. .10 • 00 O•

I I I
ro TAl. I 7100- 2'1111 ... i &9&. 2515 .. / />9b. Z550.

I I /
AOOITIOhS I I /

·"YiJ .. f) I / /
,src.A"/I:L£C: I / I
CU"',!. TU""I"£ /

. _. '.- I J
ill 1ESEt.. I I I
.> I I J
!'eTI .. e"'..NT:S I / I
',IY1,;" J I I I
,1IltA HELEC J 20. .00 .00 O. / I
: CO"'". TUQ.,zr.E I / -' J'
oIt.:>el.. / I /

I r /

---------------/ / /
.,illJ::'::' "",:'OuRCE:::I &'Jb. ZII1'l. I &'1&. Z51S. I &90. ZS58.

I I I
c!'p· IorES. "AllGll,1 1).i!Si! I 0.23Z / O••Hl

I I /
"ElIE.. \lE wEiI. / 111. / 113. / 115.

I I I .
i"OSSk,:, , 20. .51. I 21l • 37. I 29. 311.

I / /
'iiT ll~sull~CES / '557. Z'l37. I 555. 2<47l!. / 552. 2520.

I / I
litANSF£wEU I u. I 111. I 23.

I / I
I I /

SuRPLUS I 1•. O. I O. O. / O. II.

P€AK PeAK LOAO/GE~fRATI~~ CAPlCIlY ~EyUIR£~ENT5(MEGA~ATTS)

.... ,IF HUlMUM PLAHr ul TLILATIUN FACTlJK
AI'OF ACTUAL PLA~r ullLlZAlION FACTO~

E~EWGY -- GeN~RATIO~/ANNUAl.. ENERGY R£QuIHEMENTS(HILl..IONS ·OF KILO~ATT-"OURS)
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TABLE 3.10.
,1IiEA: A'.CHOkAbE
A,.CI,UilAl>E CA~t.: 2 -- r~EolUM 1.01.0 G~Ol'iTH

I~T~WTI~ rfAW: I~~O.

NUT~I:O~C. h, 1~7~ ~I U.S~-Lq~4.

(contd)

C f( I TIC A I. P E k I u ()

/ 20U8-t!1l(j9 I 2t1(j~-20111 I cul0-2ull
/ PEAt< "'PuF Ar'uF E"E"~T I PEAK M.PUF Aa>UF EI<E~GT I PEAl( ",PUF APUF ENEl<(;T/------ -------- 1------ -------- 1------ -------

---------------/ / I
·JiE~·J ~ioIa '''Eft T~ / Z91ld. 13J5'l. / 3(;31>. 151>71. / 3104. I J'IIlJ.

---------------/ / I
W€~:ilJ ..,:'~ / y /

EJ II/PIG / / /
H~U"O I 1... 11. .50 • 50 1>1&0. I 11>17 • .50 .50 UI>o. / 11>11 • .50 .50 oll>u.

.,; 'J-'~ . IHAJo;/ELEC / 2245. • 15 • 38 7400. / 2.:!4S •. .15 .39 1?1& • / 22.45. .75 .31 n3c! •
COfo\Il. TUH'; 11'£ / ~. .50 ~10 o. I O. .50 .10 o. / O. .5;) .10 ".

.J: 01 .. "EL I I, •. • 1 S- .u;) ·U. / U. .l~ .110 . O. / u. .15 .110 II •
/ / /

TfllAL I 3M•.? 15559 .. / 311l>c .. 13117 1>. / 31l"i. lj4q2.
/ I /

AuO I TIO~IS J / I
ttfui({j / ..1 / I
~.rlA ... /ELEC / I / <100. .75 • iU 111 I •
CO>lIl. TU~l)WE / / /
t.iI~!Jt·L / I' I

/ / I
w"," TII'l£rl£llT:I / I /
:1'iJ~O / / I
s rlA"/lLEC / / /
CG,.tt. Til"''' H.E / I I
lIitSEL / I /

I I I
-------------~-I I /
'-~O~.;j SiF..SUu~CESI 3al>i!. 13~59. / 381>2. 131171>. / "2&C!. 14\93.

I I I
CAl' k£S. ""fiG 11./ 0.301 / 0.272 I 0.373

/ / /

~.~~E""e. ;jEu. / 5q,~. / I>U7. I ,,21.
I I I

I. 'I;' !>E'> / l<1d. 200. / 152. 20S. / 155. 21U.
/ / I

N£T ilESOuwCES / 512G. 13359. / 3103. 13671. / 348&. 139113.
/ / /

TllAN:>FEI'lEO / -34. / -41>. I -58.
./ I I

/ / I
SU....LUS I 110.' o. I 21. o. I 525. 0.' .

PE..... -- PEAt< I.UAu/GENEi<ATIII.. CAPACI TY REQUIHEMENTS(M£GA~ATTS)

,.PUF -- MAXI ....... "L.A. .. / UTIL. IZ AT IlIN FACTUW
M'IlF -- ACTl>AL. Pl.Ai. T UTlLHAT 1011 FAC Tu..
1:1~t.WGT -- GfN..RATluN/AN~UAL I!NE~GT REQU1~E"ENTS(MILL10NS OF KII.UWA TT-"uURS)

•
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TABLE: 3.10.

A"EA: FAr"ljANKS
FAIH8ANI\S CAS~: 2 -- ~EDluM L.OAD GRO~TH

INTF.Rlt~ YEAH: 1'1'111.
HOleS;O~C. G, 1'l1~ H/ U.~.-1~~4.

(contd)

C R I T r C ... L. PER roo
-----------------------------------------------------------------------------------------
/ cO"Il-c?UO'l / 200'1-2010 / aOl0-2ul1
/ PEAl( ,.PuF "PUr E..E//GY / PEAl< ...PuF ApuF E~EilGY / PEAK I4PUF ·VUF ENfioiGY/----- ------.- /------ -------- /------ --------

---------------/ / /
I<EiJIJ LI< t. ...e'H S / 5A4. c?~tll. / 5'14. 2&OJ. / 1003. 2&4:i.

---------------/ / /
i<E':;uui<CES / / /

EX 1~T triG / / /
"yIJI<U / 32&.- •~o .50 12"0. I 32& • .50 •50 124O • / 32il. .50 .SO 1240.
SfEA!4/EL.EC / 371. .15, • 42 1.359. / 371 • .15 • 43 140l! • / 311. .7') .4; 1445.
CO,"6.TURt:lINE / I). .51l .:0 O. / O. • 50- • 10 O• / 0. .~O .10 II •
Olt.SEL. / II. .10 .'I(i O. / o. • 10 • Oli O• I o. .10 .00 0 •.

/ I I
TnrAL / ;''1&. 02599. / 109". io"~. / &/rfb. if'tf~'.,•.

/ I /
AuOL TIDliS I I I

"YIJIW I I /
:; re ...... /ELEC / I I
C.O"'''.Tu~;;I~E / I /
"I::.SEL / / I

/ / /
PE-r LRE1<4i./nS / / I

"YflRIl / / I
Snl.·~/EL.I(C / .,. I /
CO"1b. Tu.."taE / / /
&IeSEL. / - / /

/ / I

---------------1 I /
Gl'OSil RESilURCES/ ~q~. 2599. I b9b •. 2&42•. / &<;&. 2U,.

/ I /
CAl' "ES._ MARGIN/ 0.1'102 / 0.172 I 0.154

I / I
I/ESEK'I£ ;iEIJ. I 117 • I 119. - I 1021.

I / /
L.USStS / 2'1. 38. / 30 •. 39. / 30. 4U.

/ I /
i'4ET ",E;;OU;.lCES I 'iu. 25&1. I 548. 21103. / 54'5. 21145.

/ / /
TRAr.sFEREu / :l". I 'lb. I 58.-

I I /
/ / I

SURPL.US / II. O. I u. Q. / O. 0.

PEAl< PEA ... L.OAO/GENERATlr.r. CA~ACITY HEQulREMENTS(MEGA~ATTS)

"I'UF MAl(lI4UM Pt.A.H UrtL.IlAflClN FAC1Clt<
ApuF ACTuAL. "L."Nr UTIL.lZAflON FACTOt<
ENE~GT -- G~N~~ATI0N/"NNU"L ENERGY REQUIREMENTS(MIL.LIONS OF KILUwATT-HOURS)
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TABLE 3.11. Schedule of Plant Additions - (Megawatts)
Base Cases Without Interconnections

Anchorage Fairbanks
Period High Median Low High ~·1edi an Low

78-79
79-80 114 1 1141 1141

80-81 1001 ..100 1 100 1

81-82 181 18 1 18 1

82-83 5002 3004 1001

83-84 200

84-85 2184 181 18 1 100
85-86 2886 2886 885 100
86-87 400 100

87-88 200 200

88-89 400 147 147 147

89-90 200 200 100 100 100
90-91 327 327 327

91-92 4439 2438 437

92-93 400 400 200 100 100
93-94
94-95 400 3 200 100 100

95-96 400 3 400 200 257 25 7 257

'I 96-97 400 3 400 400 100 100

97-98 400 3 400 200 100 100

98-99 400 3 200 100 100

99-00 400 3 400 400

00-01 4003

01-02
02-03 400 3 400

03-04 400 3 200 200
04-05
05-06 4003 400 400
06-07 4003

07-08 200
08-09 400 3

09-10 400 3

10-11 400

TOTAL 78-11 8,281 4,681 2,681 1,471 871 471

See footnotes next page
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TABLE 3.11.. (contd)

(1) Scheduled Combustion Turbines
(2) Scheduled Combustion Turbines + 400 MW S.T.

(3) Anchorage 400 MW Coal-Fired Units Could be Replaced with Staged BOO MW
Capacity Units

(4) Scheduled Combustion Turbine + 200 MW S.T.

(5) Bradley Lake (70 MW) x 1.15 for Peaking + 7 MW S.T. National Defense
(6) Bradley Lake (70 MW) x 1.15 for Peaking + 200 MW S.T. + 7 MW S.T. National

Defense
(7) National Defense
(B) 200 MW S.T. + 43 MW S.T. National Defense
(9) 400 MW S.T. + 43 MW S.T. National Defense
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TABLE 3.12. Schedule of Plant Additions - (Megawatts)
Cases With Interconnection· Wi.thout Upper Susitna

Anchorage Fairbanks

Period High Median Low High Median Low

78-79
79-80 1141 114 1 1141

80-81 1001 1001 1001

81-82 18 1 181 18 1

82-83 5002 3003 1001

83-84 . 200
84-85 2186 181 18 1 100
85-86 2885 288s 884 100

86-87 -* -*
87-88 400 200 200

88-89 148 148 148

89-90 400 -* 200 -* 100

90-91 200 328 328 328

91-92 44311 2439 438

92-93 400 200 200
93-94 400 100
94-95 -* 100 -*
95-96 4007 400 200 12510 12510 258

96-97 4007 400 200 100 100
97-98 4007 400 200 100 100
98-99 4007 400 100
99-00 400

7

00-01 4007 400 400
01-02 4007

02-03 1I00i 100
03-04 400 200
04-05 200
05-06 4007

06-07 4007 TOO
07-08 4007

400
08-09
09-10 4007

10-11 4007

TOTAL 78-11 8,281 4,281 2,231 1,271 671 471

See footnotes next page
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TABLE 3.12. (contd)

*Interconnection Installed

Defense
Defense
Defense

National
National
Natrona1

200 MW S.T. + 43 MW S.T.
100 MW S.T. + 25 MW S.T.
400 MW S.T. + 43 MW S.T.

(1) Scheduled Combustion Turbine Additions
(2) 100 MW Scheduled Combustion Turbine + 400 MW S.T.
(3) 100 MW Scheduled Combustion Turbine + 200 MW S.T.
(4) Bradley Lake (70 MW) x 1.15 for Peaking + 7 MW S.T. National Defense
(5) Bradley Lake (70 MW) x 1.15 for Peaking + 200 MW S.T. + 7 MW S.T. National

Defense

(6) 18 MW Scheduled Combustion Turbine + 200 MW S.T.
(7) Anchorag&400 MW Coal-Fired Units Could be Replaced with Stag~d 800 MW

Units
National Defense(8 )

(9)

(10)
(11 )
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TABLE 3.13. Schedule of Plant Additions - (Megawatts)
Cases With Interconnection With Upper Susitna
Coming On Line in 1994

Anchorage Fai rbanks
Period Hioh Median Low Hi gh . Median Low
78-79
79-80 1141 1141 1141

80-81 1001 1001 1001

81-82 181 181 181

82-83 5002 300s . 1001

83-84 200
84-85 2188 181 181 100
85-86 2887 2887 886 100
86-87 -* -*
87-88 400 200 200
88-89 1410 1410 1410

89-90 400 -* 200 -* 100
90-91 200 3210 3210 3210

91-92 44314 24312 4310 -*
92-93 - 400 200
93-94 400 200 100
94-95 6773 6583 6443 1323 1513 1643

95-96 893 863 853 4211 4411 4611

96-97 400
97-98 400 100
98-99 6884 6544 1244 1384

99-00 864 854 6454 164 184 1474

00-01 834 100 194

01-02 4009 100
02-03 4009 400 100
03-04 200
04-05 4009

05-06 4009

06-07 400
07-08 400
08-09 4009

09-10 200
10-11 4009 400

TOTAL 78-11 8,221 4,564 2,538 1,360 697 522

See footnotes next page
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TABLE 3.13. (contd)

*Interconnection Installed

(1) Scheduled Combustion Turbine Additions
(2) Scheduled 100 MW Combustion Turbine + 400 MW S.T.
(3) Share of Watana capacity x 1.15 for Peaking
(4) Share of Devil Canyon Capacity x 1.15 for Peaking
(5) Scheduled 100 MW Combustion Turbine + 20n MW S.T.
(6) Bradley Lake (70 MW) x 1.15 for Peaking + 7 MW S.T. National Defense
(7) Bradley Lake (70 MW) i 1.15 for Peaking + 200 MW S.T. + MW S.T. Natioqa1

Defense

(8) Scheduled 18 MW Combustion TJrbine +200 MW S.T.

(9) Anchorage 400 MW Coal-Firecr Units Could be Replaced with Staged 800 MW .
Units .

(10) National Defense

(ll} Share of Watana Capacity x 1.15 for Peaking + 25 MW S.T. National Defense
(12) 200 MW S.T. + 43 MW S.T. National Defense

(13) Share of Watana Capacity x 1.15 for Peaking + 25 MW S.T. National Defense
(14) 400 MW S.T. + 43 MW S.T. National Defense
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4.0 SYSTEM POWER COST ANALYSES

This chapter describes the methodology used to evaluate the annual
cost of power from individual generating facilities (or groups of similar
generating facilities), .the method of computing the average system-wide

· power costs, and presents. the results of the system power cost analyses.
The first section briefly discusses the factors which determine the cost

· of power. The second section descl;'ibes the computational method used to
· compute the annual cost of power. This method is incorporated into .a
computer model titled ECO~T4. A listing of the computer code is given in

Appendix D.

The third section of this cha.pter contains a discussion of how the
system-wide power costs arecol1)puted given the power costs for the'indi
vidual facilities. The results are presented in the last part of the
chapter.

4.1 FACTORS DETERMINING THE COST OF POWER'

Three cost 'categoriesare< evaluated in, this report:l!)interest and
qmortization charges (capital cost); 2) fuel costs; and 3) operating,
maintenance and replacement costs. Of course, there are other cost items
included in the cost of power to the consumer,. such as taxes, .insurance,
distribution and billing charges, but these costs are not evaluated in
this report since they typically do not vary among the three cases
evaluated.

These components of the cost of power are shown in Figure 4.1. The
annual plant capital expenses are fixed by.the initial financing and are
typically constant over the life of the plant. Operation, maintenance,
and replacement fuel costs typically increase over time as affected by
inflation and real price increases. As a result, the total annual cost
of power progressively increases over time.

4.1.1 Capital Costs
The capital costs represent the total cost of constructing a g~ne

rating facility. The capital cost estimates used in this analysis include



TOTAL
'ANNUAL COST

\
COST OF

ELECTRICITY
(MILLS/KWH)

TIME (YEARS)

FIGL:DE4.l. Components of the Total Annual Cost of Power

--
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interest and escalation during construction. It is assumed that the capital

costs are repaid in equal' annual payments over the payback period of the

pl ant. The capital cost estimates used are in terms.of constant October
1978 dollars. "

The total investment cost for the

generating facilities are shown below.

,,
coal-fired,

\
andhydrbel~ctric

\
Total Inve~tment Cost

100 MW Coal Steam Turbine

200 MW Coal Steam Turbine

400 MW Coal Steam Turbine

Watana Dam (795 MW)

Devil Canyon Dam (778MW)

(million $)

245.4
372;0 .

646.8
, 2501 .2

834.0

($/ kW)

2454
, 1860,

1(;17
'3146

1071 .9

SOURCE: Alas ka Power Admi ni strati on, August 197~"

Transmission facility costs are presented in Table 3.7.

4.1.2, Heat Rate

The heat rate is the ratio of the Btu's going into the plant as ruel
, .

to the kWh's of electricity produced. by the plant. The heat rate is

assumed to remain constant for all plant utilization factors over the

1ifetim~.of the plant. The heat rate for new coal-fi-~~d steam electric

pl aMtS! i s ~ssumed to be 10,500 BtU/kWh. . "

4.1:{ Operation. Maintenance. and Replacement Costs'
;-,

The operating, maintenance. and replacement (OM&R) costs include the

administrative ,and general expenses as well as, the interim replacement

costs. All estimates are expressed in terms of Oct.ober i978 dollars.

They are escalated at a rate equai to the"rate of general, inflation.

The OM&R costsforcbal'-fired steam electric and hydroelectric

generating facilities and transmission facilities are shown below.
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100 ·MW Coal Steam Turbine
200 MW Coal Steam Turbine

.400 MW Coal Steam Turbine
Watana Dam (795 Ml·J)

Devil Canyon Dam (778 MW)
New transmission facilities

OM&R Costs.
(million $) ($/14J!yr)

3.76 37.6
5.7 28.5
9.8..24.5

.0.74 0.94
0.73 0.94

2.0

SOURCE: Alaska Power Administration, August 1978.

4.1.4 Financing.Discount Rate

The financi~g discount rate represents the cost of capital to
utility. A rate of 7.0% is assumed in this report. This is assumed to
be an average of all types of financing available.

4.1.5 Payback Period

The length of time over which tbe plant is fi.nanc:ed is the paYback
period. This is assumed to be equal to the plant lifetime except for
hydro projects where a 50-year payback period is assumed·versus at least
a·lOO-year plant 1ifetime' (see Section 3;2;6).

4.1.6 Annual Plant Utilization Factor

'The plant uti] iz~tion factor (PUF) is the ratio of the actual power
production during a year to the theoretical maximum if. the plant was tp
run ~760 hours at 100~ capacity during the year.

The annual plant utilization factor is highly variable depending upon
many factprs(e:g. ,forced'outage rate, costof power from alternative
sources; and power production requirements). Because of this,itis
necessary to explicitly consider the effects of the PUFon the cost or
power over the lifetime of a plant. As pointed out earlier, the PUFs
used i.n the report are determinedby~theload/resource;analyses(see

Section 3.2;6).. . ..

4.1.7 Unit Fuel Costs

Fuel costs for thermal generation plants are expected to increase
over times following paths shown in Figures 4.2 through 4.4 for natural
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gas (Cook Inlet areas), coal and ·distillab1e of1. Although natural gas
is likely to become available in the Fairbanks region in the early to mid
1980's, Federal policies are expected to preclude its use for eower gen
eration except for probing and the cost is indeterment at the present
time.

4.1.8 General Inflation Rate

Because of the uncertainty involved in estimating the future rate of
inflation, two alternative cases are evaluated. A constant dollar case
(0% inflation), and a 5% inflation case.

4.1.9 Construction Escalation Rate

In this analysis, construction costs are assumed to escalate at the
same rate as the rate of general inflation.

where :'

4.1 .10 Fue1 Esca1ati on Ra te

During any year the electrical power production is computed thus:

*,.= (ICAP * PUFi * HPY)/ 1000EPPE

The fuel escalation rate is set to equal the general inflation rate
plus 2%.

4.2. METHOD OF COMPUTING THE ANNUAL COST OF POWER FROM INDIVIDUAL
GENERATING FACILITIES·

ICAP = Installed capacity (MW)
PUFi = Plat utilization factor in yeari (fraction)

HPY = Hours per year (8'760 hours/year)

* Parameters with the subscript i are assumed to vary each year over the
1ifetime of the pl ant ..' Parameters without the subscri pt are assumed to
be constant over the lifetime of the plant.
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The total annual costs (TAC) are composed of two elements: variable costs
and fixed costs. In equation form:

TAC. = VARC. + FIXC,., ,
where:

VARC i = Variable costs in year i ($/Year)
FIXCi = Fixed costs in yeari ($/Year)

The variable costs consist only of the. fuel costs.

VARCi = FUELCi
where:

FUELCi = Fuel costs in year i ($/Year).

In turn, fuel costs are computed:

FUELC i = HEATR * EPPROi *UFUELCi
where:

HEATR =Heat rate (Btu/kWh)
EPPROi = Electrical powerproductioh in year i (MMkWh)

UFUELCi = Unit fuel costs in year i ($/MMBtu)

The· fixed costs consist of two factors. These factors can be writ
ten in the following equation form:

FIXCi = INTAM + OMRCi
where:

.INTAM = Interest and amortization (capital recovery) charges ($/Year)
OMRCi = Operations, maintenance and replacement costs in year i ($/Year).

The interest and amortization charges (INTAM) represent the annual debt
service payments.
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INTAM =CRF * TINVC

where:

CRF = Capital Recovery Factor
TINVC =Total Investment Costs ($)

The capital recovery factor is used to compute a future series of. equal
end-of-year payments that will just recover a present sum p over n periods

. at compound interest (IR). It·iscomputed thus:(l, p.26)

, IR(l + IR)PBPCRF =-
(1 + IR)PBP_ l

where:

PBP = Payback period (years)

The methodology described in this ·sectionis· incorporated into a
computer model called ECOST4.

4.3 METHOD OF COMPUTING AVERAGE SYSTEM POWER COST

Once the costs of producing power from the variousindjvidual gen
erating facilities in a system are known, a method of comparing the total
cost of ~~wer from the three alternative system configurations evaluated
in this report is needed.

To compare the overall cost of power produced'by these alternatives
a relatively straightforward method is used. The costs of producing and
transmitting power for each of the generation and transmission facilities
are added tl1gether for each year during the period 1978-2010 . In equation
form:

n
= L

;=1

where:

~ACj =total annual cost of power production for the system in
year j ($)
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.,' ACij = annual cost of prod·uciilg..or~t;ansmitting power for facility

i during,year j ($)

n = number of generation and' transmission facilities' in system;·:

Li kewi se the amount of power produced by each faci 11ty duri ng each

year is summed to give a system-wide total:

TAPPj

where :

n
= I:

i=l
Pp.,'

lJ

= to1;al annual power production for the system inyear j (kWhs)TAPPj

PPij = power 'produced by eac!1- generating facility i during year j

. (KWHs)

n =number of generating facilities in system

By dividing the total cost by the total generation an average ,cost of power

for the system is obtained for each year.

EPCOSTj

where:

= '. TACj
TAPP,
. J

EPCOSTj = average system-wide cost of power for year j ($/kWh)

By comparing the costs of power, the system producing the lowest cost of

power can be selected.

4.4 RESULTS OF SYSTEM CASH FLOW AND POWER COST CALCULATIONS'

The results of the system cash. flow and power cost calculations are pre

sented in this section. As pointed out earl ier in the report three cases were

evaluated:

Case 1. All additional generating capacity assumed to be'coal-fired

steam turbines without a transmission interconnection between
"

the Anchorage-Cook Inlet. area and the.Fairbanks~Tanana

, Valley load centers.
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Case,2. All additional generating assum~d to be coal-fired steam
turbines including a transmission irceY·connection.

Case 3. Additional capacity to include the Upper Susitna project
(including tra!,!smission interconnection) plus additional
coal as needed. Upper Susitna as:umed to come on line in
1994.

Tables 4.1 through ,4.36 present the cash flow anu power cost calculated
for the 3 cases. The contents of these tables are summarized below:

/

Table
Number

4.1
2
3
4
5
6
7
8
9
10
11
12
.3
1-;

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Area

Anchorage
"
"
"
II

"
II

"
II

II

II

"
II

"
II

II

II

"
Fa i rbanks

"
II

II

"
"
II

"
II

"
II

II

II

II

II

II

Load Growth
Scenario

Low
"
II

II

II

II

Medium
"
II

II

II

"
High

II

II

II

II

II

Low
II

"
II

II

"
Medium

II

II

"
II

"
High

II

II

II

II
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"
2
II

3
II

1
II

2
II

3
II

1
II

2
II

3
II

II

2
II

3
II

1
, II

2
II

3
'II

1
II

2
,- II

3
II

Inflation
Rate (%)

o
5
o
5
o
5
o
5
o
5
o
5
o
5
o
5
o
5
o
5
o
5
o
5
o
5
o
5
o
5
o
5
o
5
o
5
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TABLE 4.1. Anchorage-Cook Inlet Area. Low Load Growth Scenario. Case 1. 0% Inflation

Total Cost
New Hydroelectrtc Transm1 55 fan

_ tlew COill Fir~d Capacity _ Costs Systems total Total Total System
of Existing Investment --oM&R Coal Investment OM&R Investment OII&R loves trnent System Consumptton. Average Power .

..!ill.- CapacHy ~osts_ .CosLs COS~ ~n__ ~ ~~!L- ~ Costs costs. $ MMr.WH Costs , t/KUH

78-79 33.1 --- --- --- --- --- 0.6 0.4 --- 34.1 2376 1.4

79-80 42.2 --- --- --- ._- --- 0.6 0.4 --- 43.2 2568 1.7

60-8\ 48.2 --- -_. -_. --- ..- 0.6 0.4 .-- 49.2 2706 1.8

81-82 52.8 --- --. '-- -.- ..- 0.6 0.4 --- 53.8 2850 1.9

82-83 61.1 _.. --- 3.1 --- -_. 0.6 0.4 -_. 65.3 ,2991 2.2

83-84 62.0 ._. _.. 3.3 --- --- 0.6 0.4 ... 66.3 3132 2.1

84-85 66.7 -_. . _. J.3 --- --- 0.6 0.4 ._- 71.1 32iJ 2.2

65-86 66.7 1.3 0.2 3.6 10.9 0.4 0.6 0.4 12.8 84.1 3433 2.4

8b-'lI 67.2 1.3 0.2 3.7 '10.9 0.4 0:6 0.4 12.8 84.8 3594 2.3

8/-88 66.4 30.0 5.9 6.7 10.9 0.4 17.1 3.6 58.0 141.0 3754 3.7

83-$9 59.0 30.0 5.9 9.6 10.9 0.4 17.1 3.6 58.0 136.6 3915 3.5
89-90 ' 54.5 58.7 11.6 16.6 10.9 0.4 17 .1 3.6 86.7 173.4 4075 4.2

90·91 50.2 58.7 11.6 22.5 10.9 0.4 17.1 3.6 86.7 175.0 4285 4.\

'"'" 91-92 47.1 66.8 13.2 26.6 10.9 0.4 17.1 3.6 94.8 185.7 4495 4.1

'" 223.39.2-~3 42.4 95.5 10.9 34.5 10.9 . 0.4 17.\ 3.6 123.5 4705 4.7

93-94 38.9 95.5 18.9 41.9 10.9 0.4 17 .1 3.6 123.5 227.2 4915 4.6

94·95 39.4 124.2 24.6 50.7 10.9 0.4 17.1 3.6 152.2 270.9 5125 5.3

96-96 34.5 152.9 30.3 5•.9 10.9 0.4 17 .1 3.6 180.9 306 .• 5385 5.7

96·97 ~lJ.3 202.8 40.1 64.1 10.9 0.4 17.1 3.6 230.8 ~67.3 5645 6.5

97-98 25.4 202.8 40.1 69.1 10.9 0.4 17.1 3.6 230.8 369.4 5904 6.3

98·99 27.4 202.8 40.1 74.1 10.9 0.4 17.1 3.6 230.8 376.4 6164 6.1

99-2000 22.6 252.7 49.9 80.4 10.9 0.4 3.3.5 6.8 297.1 457.2 6424 7.1

00,01 12.2 252.7 49.9 83.8 10.9 0.4 33.5 6.8 297.1 450.2 M89 6.9

01-02 11.0 252.7 49.9 06.9 10.9 0.4 33.5 6.8 297.1 452.1 6555 6.9

°l·03 4.8 252.7 49.9 90.4 10.9 0.4 33.5 6.8 297.1 449.4 6620 6.8

03·04 4.8 252.7 49.9 93.3 10.9 0.4 33.5 6.8 297.1 452.3 6686 6.8

~-05 3:6 252.7 49.9 96.6 10.9 0.4 33.5 6.8 297.1 454.4 6751 6.7
0.-06 3.6 302.6 59.7 99:6 10.9 0.4 33.5',', 6.8 '347.0 517.1 6017 7••

06-07 3.6 302.6 59.7 102.7 10.9 0.4 ,·33.5 •. 8 347.0 520.2 ' 6882 7.5

07-OS 3.6 302.6 59.7 105.8 10.9 0.4 33.5 6.0 347.0 523.3 6948 7.5

08-09 3.6 302.6 59.7 IOB.9 10.9 0.4 33.5 6.8 347.0 526.4 7013 7.5

09-10 3.6', 302.6 59.7 112.1 10.9 0.4 33.5 6.8 347.0 529.6 7079 7.5

Ill-II 3.6', 302.6 59.7 115.4 ". Ill.9 0.4 33:5 6.8 i47.0 532.9 ' 7144 7.5

..,..
~ "".'"



TABLE 4.2. Anchorage-Cook Inlet Area, Low Load Growth 'Scenario, Case 1 , 5% Inflation
"

Hew Jlydroelectrtc Transmission
Total .Co~t New Coal Fit'cd capactth-- Costs SYstems Tota.l rotal Total System
of Existing Investment ON&R Coa Investment OM&R Investment OM&R loves trnent System Consumption. Average Power

..1!!L Capact ty Costs fQ.!ts Costs Costs _ f.Qili _COSt5_ Costs Costs Costs, $ IfIK11I1 Costs,' C/KWH

78-79 ' 29,7 -_. --- -_. _.- --- 0.7 0.4 --- 30.8 2376 1.3
79-80 39.1 ... --- --- --- 0.7 0.4 --- 40.1 2568 1.6
80-81 45.7 .'- ._- --- --- --- 0.7 0.4 --- 46.8 2706 1.7
8\-82 47.9 --- -_. --- --- --- 0.7 0.5 -_. 49.1 2850 1.7
82-83 59.5 ... --- 3.1 -.- --- 0.7 0.5 --- 63.9 2991 2.\
83-84. 63.6 --- --- 3.3 --- -_. 0.7 0.5 ..- 60.1 3il2 2.2
64-85 68.7 --- --- 3.3 --- _.- 0.7 0.5 --- 73.3 3273 2.2

, 85-86 68.9 2.0 0.4 3.6 14.8 0.6 6.7 6.5 17.5 90.8 3433 2.6
86-87 69.8 2.6 '0.4 3.9 14.8 0.6 0.7 0.5 17.5 92.7 3594 2.6
87-88 67.1 46.6 9.2- 7.3 14.8 0.6 24.1 5.4 85.5 175.2 3754 4.7
88-89 60.6 46.6 9.7 II. 1 lui 0.6 24.1 5.7 '85.5 173.2 3915 4.4
89'90 56.4 95.7 19.9 20.1 14.8 0.7 24.1 ' 6.0 134.6 231.8 4075 5.8
90-91 52.5 95:7 20.9 28.6 14.8 0.7 24.1 6.3 134.6 243.6 4285 5.7

Co> 91-92 49.8 111. i 24.8 35.2 14.8 0.7 kl 6.6 150.0 267.2 4495 5.9
0

92-93 47.4 168.0 37.4 14.8 O.a 24.1 47050 48.4 6.9 206.9 347.8 7.4
93-94 46.5 168.0 39.2 61.3 14.8 0.8 24. i 7.3 206.9 362.0 4915 7.4
94-95 48.5 230.7 51.6 77.9 14.8 0.9 24.1 , 7.7 269.6 456.2 5125 8.9
95-96 43:8 296.5 67.3 92.2 ,14.8 0.9 24.1 8.1 335.4 547.7 5385 10.2
96-97 36.3 416.7 94.3 108.6 14.8 0.9 24 .. 1 8.5 455.6 704.2 5645 12.5
9F98 37.7 416.7 99.0 122.6 14.8 1.0 24.1 8.0 455.6 724.8 5904 12.3
98-99 37.5 416.7 103.9 138.4 14.8 1.0 24'.1 9.3 455.6 '745.7 6164 12.1
99·2000 31. 7 555.8 136.4 . 156.6 14:8 1.1 68.3 18.4 638.9 983.1 6424 15.3
00-01 i6.7 555.8 143.3 172.0 14.8 1.1 68.3 ' 19.3 638.9 991.3 6498 15.3
ol-iii 15.3 555.8 150:4 186.5 14.8 ,1: 2 68.3 20.3 638.9 1012.6 6555 15.4
02-03 5.4 555.8 157.9 204.8 14.8 1.3 66.3 21.3 638.9 1029.6 6620 15.5
03-04 5.5 555.8 165.8 221.6 14.8 1.3 68.3 22.4 638.9 1055.5 6686 15.8
04-05 3.6 555.8 174.1 240.4 14.8 J..i 68.3 23.5 638.9 1081.9 6751 16.0
05-06 3.7 742.3 219.4 25!L8 14.8 1.5 68.3 24.6 825.4 1334.4 6817 19.6
06-07 3,9 742.3 230.4 280.8 14.8 ,1.'5 M.3 25.9 ,825.4 1367;9' 6802 19.9
07-08 4.0 742:3 241.9 303.6 14;8 '1:6 68.3 -27.2 825:4 1403.7 6948' 20.2
08·09 4.1 742.3 25,1.0 '328.2 14.8 1.7 68;3 .28.5 825.4 1441.9 7013 20.6
09-10 4.2 472.3 266.7 354.6

~

14.8 1.8 68.3 30.0 825.4 1482.7 7079 20.9
10-11 4.4 742.3 280.1 302.9 14.8 1.9 68.3 31.5 825.4 1526.2 7144 21.4

,-



TABLE 4.3. Anchorage-Cook Inlet Area. Low Load Growth ,Scenario. Case 2. 0% InJlation

Ne~ Coal f.!r~d capaC!Mr_
New lIydroelectr1c, .TransmissionTotal f;ost Costs Systellls Total TO,tal Total Sy~temof ExfsUng Investlllent OM&R Coa investiiieor-OH&Jr Investment OH&R Investment System Consumption. Average Powe~.:tlli-. Capact ty Costs ~ ~- ~~- fQU!. Costs Costs Costs Costs. S IlMK~1l Costs. t/KWH

78-79 33.1 --- --- --- --- . --- 0.6 0,4 --- 34.1 2376 .'.479-80 42,2 --- --- --- --- 0.6 0.4 --- 43.2 2568 1.780-81 48.2 --- --- --- --- --- 0.6 0.4 --- ' 49.2 2706 1.88.1-82 52.8 --- --- --- --- --- 0.6 0.4 --- 53.8 2850 1.982-83 6,1, 1 --- :,.•". 3.1 --- ~.-' 0.6 0.4 --- ' 65:3 2991 2.283-84 62.0 --- --- . 3.3 --- --- 0.6' 0.4 --- ' 66.3 3132 2.104-85 66.7 --- --- 3: 3' --- --- 0.6 0.4 --- 71.1 3273 2.285-86 66.7 1.3 0.2 3.6 10:9 0:4 0:6 0:4 12.8 84.1 3433 2.4'86-81 61.2 1.3 0.2 3.1 10.9, ' 0.4 8.6 ' 0.4 12.8 84.8 3594 2.381-88 66.4 30.0, 5.9 6.7 10.9 0.4 17.1' 3.6 58.0 141.0 315~ 3.188-89 59.0 30.0 5.9 9.6 10.9 0,4. 17.1 3.6 58.0 136.6 3915 3.589-90 54.5 58.1 11,6 16.6 10.9 0.4 11.1 3.6 86.1 173.4 4015 4.290-91 50.2 58.1 11,6 22.5 10.9 0.4, 11.1 3.6 86.1 115.0 4285' 4.1c.>, 91-92 41.1 66.8, 13.2 26.6 : 10.9 0.4 17.1 3.6 94.8 185.1 4495 4.10
91,93 42:,4 95.5 18.9 34.5 10.9 0.4 17.1 3.6 123.5 223.3 4105 4.1

-
93,94 38.9 ' 95.5 18.9 41,9 10.9 0.4 17:1 3.6 123.5 221.2 4915 4.694-95 39.4 95.5 18.9, 4.6.3 10.9 0.4 35.9 5:6 142;'j' 252.4 5125 4.995-96 34.5 124.2' 24.6 ?5.3 10.9 0.4 35.9 5.6 171,0 290.9 5385 5.496-91 28.3 152.9 30.3 64.1 10.9 0.4 35.9 5.6 199.'1 321.9 5645 5.891-98 25.4 202.8 ' 40.1 69.2 10.9 0.4 35.9 ' 5.6 249.6 389.8 5904 6.698-99 21.4 282.8 40.1 14.1 10:9 0,4 35.9 5.6 249.6 396.1 6164 6.499-2000 22.6 202.5 40.1 80.4 ' 10.9 0.4 35.9 5.6 249.6 391.9 6424 6.280-01 12.2 252.1 49.9 83.8 10.9 0.4 52.4 8:8 316.0 410.6 6489 1.201-82 ' 11.0 252.,1 49.9 86.9 10.9 8.4 52.4 8.8 316:0 412.5 6555 1.202-03 4.8 525.1 49.9 90:4 10.9 0.4 52.4 . 8.8 316 •.0 469.8 6620 I .•83-04 4.8 252.1 49.9 93.4 10.9 0.4 52.4 ' 8.8 316.8 412.8

,
6686 1.104-05 3.6 252.1 49.9 96.6 10.9 0.4 52.4 ' 8.8 316.0 414.8 6151 1.005-06 3.6 52~.1 49.9 99.6 10.9 0.4 ' 52:4 8.8 316.0 411.8 6011 1.006-01 3.6 252; 7- 49:9 99.6 10.9 0.4 52:4 8.8' ' 316.0 480.9 6882 1.087-08 3.6 252.1 49.9' 105.1 10.9 0:4 52.4 8.8 316.0 484.0 6948 1.008-09 3.6 252.1 49 •.9 108.9 10.9 '0.4 52.4 8.8 316.0 481.1 1013 6.9, 09-10 3.6 252.1 49.9 112.1 10.9 0.4 52.4 8.8 316.0 490.3 1019 6.910-11 3:6 ,252.1 49.9 115.4 10.9 0.4 52:4 "0:8 316.0 493.6 1144 6.9



"

TABLE 4.4., Anchorage-Cook Inlet Area. Low Load Growth Scenario. Case 2. 5% Inflation

Hew Hydroelectric Transmission
Tota1 Cost flew eoa 1 fi red capaC1~ Costs ~m5 Total Totil Total System
of Exlst1ng rrlvestme-nr-OJ.1&R toa lnvestmcntO~'&'R- TiiVes tment -OFf&R Investment Systell c.ol'!sumpt1on. Average Power

~ Capac1 ty Costs Costs Costs Costs Cosh ~!!- Costs Costs Costs. S MMKWII Costs. ¢/KIoiH

78-79 29,7 --- --- --- --- --- 0.7 0.4 --- 30.8 2376 1.3

79-80 39,1 --- --- --- --- 0,7 0.4 --- 40.1 2568 1.6

80-81 45.7 --- --- --- . --- --- 0.7 0,4 --- 46,8 2706 1.7

81-82 47,9 _.- ,--- --- --- --- 0,7 0,5 --- 49.1 2850 L7
82-83 59,5 3,1 0,7 . 0,5

..
63,9 2991 2.1._. --- --- --- -.-

83-84 63,6 ... --- 3.3 _.- --- 0,7 0,5 --. 68cl 3132 7,2

84-85 68.7 -.- , --- 3,3 --- -_. 0.7 0.5 ..- 73.3 3273 2.2

85-86 68.9 2.0 0.4 3.6 14.8 0.6 ,c 0.7 0.5 17.5 90.8 3433 2.6

86-87 69.8 2.0 0.4 3 ' )4;8 0.6 0.7 0.5 17.5 92.7 3f:94 2.6

87-88 6'1'.1 46.6 9.2 7.'.J .14.8 0.6 24.1 5.4 '85.5 175.2 3754 4: 7

. BB·89 60.6 46.6 9.7 11.1 14.8 . 0.6 . 24.1 5.7 85.5 . 173.2 3015 4.4

89-90 56.4 95.7 19.9 '20.1 14.8 . 0:7 24.1 6.0 134.6 237.8 4075 5.8

90-91 52.5 95.7 20.9 20.6 14.8 0.7 24.1 6.3 134.6 243.6 4285 5.7

"" 91-97 49.8 111.1 .74.8 35.7 14.0 0.7 24.1 6.6 150.0 267.7 4495 5.9
0 97-93 47.4 168.0 37.4 48.4 14.8 0.8 74.1 6.9 206.9 347.8 4705 7.4'"

93,94 46.5 168.0 39.7 61.3 14.8 0.8 24:1 7.3 206.9 367.0 4915 7.4

94.-95 48.5 168.0 39.3 71.7 14.8 0.9 63.6 9.7 246.. 4 416.0 5125 8.1

95-96 43.8 233.8 54.4 89.5 14.8 0.9 63.6 10.3 312.2 511.1 5385 9.5

96-97 36.3 307.9 70.8 103.6 14.8 0.9 63.6 10.8 381.3 638.7 5645 10.8

97-98 37.7 479.1 99.1 127.6 14.8 1.3 63.6 11.3 507.5 719.2 5984. 13.7

98-99 37.5 479.1 104.1 138.4 14.8 1.0 63c6 11.9 507.5 800.4 6164. 13:0

99-7030 31. 7 429.1 109.3 156.6 14.8 1.1 63.6 17.5 507.5 818.7 . 6424 17.7

00-31 16.7 575.2 143.4 177.3 14.8 1.1 110.0 27.1 700.0 1055.3 6439 16.3

01-07 15.3 575.2 153.6 136.4 14.8 1.2 110.0 23.2 730.0 1076.7 6555 16.4

07..03 5.4 575.7 158.1 204.9 14.3 1.3 113.0 24.4 703.0 1094.1 6623 16.5

03.04 5.5 575.7 166.1 271.6 .14.3 1.3 110.0 25.6 700.0 1"120.1 6686 16.7

04-05 3.6 575.2 174.4 740,4 14.8 1.4 110.3 26.9 700.0 1146.7 6751 17.0

05-06 3.7 575.2 163.1 259.8 14.3 1.5 110.3 26.2 700.0 1176.3 6817 17.2

06-07 3.9 . 575.2 197.2 280.8 14.8 1.5 110.0 29.6 700.0 1208.0 6882 17.5

07-38 4.0 575.7 701.8 303.6 14.3 1.6. 110.0 31.1 700.0 1247.1 6948 17.9

08-09 4.1 575.2 211.9 323.7 14.3 L7 110.0 32.7 730.0 1278.6 7013 18.2
09-10 4.2 575.2 222.5 35< .6 14.8 1.8 113.0 34.3 700.0 1317 .4 7079 13.6

10-11 4.4 575.2 233.7 382.9 14.8 1.9 110.0 36.0 . 700.0 1358.9 7144 19.0

-----==:---:=====-----:--=--------=------:----:---..-------=~-~_..~----=



TABLE 4.5. Anchorage-Cook Inlet Area, Low Load Growth Scenario, Case 3, 0% Inflation

Ht:!w Ilydroelectr1c Transmission
Total Cost _N~~_Joal f!r~!! Capact.!i'__ Costs Systems Total Total Total System
of Existing Investment OM&R Coal Investment- OM&R Investment OI1&R Inves tment Systelft Consumption. Average Power

..l!!L Capdctty Costs Costs Costs Costs Costs ~.!L- Costs Costs Costs, $ ~!i!L_ Costs. ¢/KWli

78-79 33. 1 --- --- --- --- --- 0.6 0.4 --- 34.1 2376 1.4

79·80 42.2 --- --. -.- --- --- 0.6 0.4 --- 43.2 2568 1.7

80-81 48.2 ..- --- --- _.- --- 0.6 . 0.4 --- . 49.2 2706 1.8

81-82 52.8 --- --- --- --- --- 0:6 0.4 .-. 53.1i . 2850 1.9

82·83 61.1 ..- --. 3.1 ._- -_. 0.6 0.4 --- 65.3 2991 2.2

83-84 62.0 ..- ..- 3.3 --- --- 0.6 0.4 ..- 66.3 3132 2.1

84-85 66.7 --- --- 3.3 ... -_. 0.6 0.4 --- 71.1 3213 2.2

85-86 66.1 1. 3' 0.2 3.6 10.9 0.4 0.6 · 0.4 12.8 84.1 3433 2.4

86-81 67.2 1.3 0.2 3.1 10.9 0.4 0.6 · 0.4 12.8 84.8 3594 2.3

81-88 66.4 30.0 5.9 6.7 10.9 0.4 17 .1 3.6 58.0 141.0 3754 3.1

88-89 59.0 30.0 5.9 9.6 10.9 0.4 17 .1 3.6 58.0 136.6 3915 3.5

89-90 54.5 58.7 11.6 16.6 10.9 0.4 17.1 3.6 86.7 . 173.4 4015 4.2

90-91 50.2 58.7 11.6 22.5 10.9 0.4 17.1 3.6 86.7 115.0 4285 4.1
w

91-92 47.1 66.8 13.2 26.6 10.9 0.4 35.9 5.6 113.6 206.0 4495 4.60w
'92-93 •42.4 66.8 13.2 30.3 10.9 0.4 35.9 5.6 113.6 205.0 4105 4.4

93·94 38.9 95.5 18_9 38.9 10.9 0.4 35.9 5.6 142.3 244.5 4915 5.0
94'-95 39.4 95.5 18.9 20.6 155.9 1'.0 35.9 5.6 287.3 312.3 5125 1.3

95-96 34.5 95.5 18.9 21.6 155.9 1.0 35.9 • 5.6 287.3 368.4 5385 6.8

96-91 28.3 95.5 18.9 21.9 155.9 1.0 35.9 5.6 281.3 368.5 5645 6.5

97-98 25.4 .95.5 lH.9 32.2 155.9 1.0 35.9 5.6 287.3 369.9 5904 6.3

98-99 21.4 95.5 18.9 26.4 155.9 1.0 35.9 5.6 287.3 376.1 6164 6.1

99-2000 22.6 95.5 18.9 '7.9 204.2 1.6 35.9 5.6 335.6 391.7 6424 6.1
lJtl~Ol 12.2 95.5 18.9 8.0 204.2 1.6 35.9 5.6 335.6 38).4 6489 5.9
Ol~O2 11.0 95.5 18.9 8.1 204.2 1.6 35.9 5.6 335.6 380.3 6555 5.6
02-03 4.8 95.5 18.9 9.3 204.2 1.6 35.9 5.6 335.6 315.3 6620 5.7

03-04 4.8 95_5 18.9 10.6 204.2 1.6 35.9 5.6 335.6 316.6 6686 5.6
04-05 3.6 95.5 18.9 12.0 204.2 1.6 35.9 5.6 335.6 376.8 6751 5.6
05-06 3.6 95.5 18.9 13.2 204.2 1.6 35.9 5.6 335.6 378.0 6817 5.5

06-07 3.6 95·.5 18.9 14.6 204.2 1.6 35.9 5.6 335.6 319.4 6682 5.5
01·00 3.6 95.5 10.9 16.0 204.2 1.6 35.9 5.6 ~35.6 380.8 6948 5.5

00-09 3.6 95.5 18.9 17.4 204.2 1.6 35.9 · 5.6 335.6 382.2 7013 5.4
09-10 3.6 95.5 18.9 18.9 204.2 1.6 35.9 5.6 335.6 383.7 7079 5.4

10·11 3.6 95.5 18.9 20.4 204.2 1.6 35.9 5.6 335.6 385.2 7144
..

5.4





..
TABLE 4.7. Anchorage-Co~k Inlet Area, Medium Load Growth Scenario, Case 1, 0% Inflation

Hew Ilydroelectrf.c Transmission
TotalTotal Cost HewCoa1 Fired Capacity Costs . Systems Total Total Systelll

of ExtStlng Investment . OM&R Coal Investment OHIR Investment OM&R Investment System Consumption, Average 1"00000r
2ru:.- Capacity Costs fQ.U! Costs Cosls fQ.tl!. - Costs ~ Costs Costs, $ ''''KWH Costs. UK"'H
78-79 33.1 --- --- --- --- --- .6 .4 --- 34.1 2531 1.3

79-80 42.2 --- --- --- --- --- .6 .4 --- . 43.2 2801 1.5

80-81 48.2 --- --- --- .~-- --- .6 .4 --. 49.2 304.1 1.6

81-82 52.8 --- --- --- --- --- .6 ::4 --- 53.8 3281 1.6
,82-83 61.1 28.1 5.7 6.5 --- --- .6 .4 29.3 103.0 3521 2.9

'83-84 62.0 28.7 5.7 9.2 --- --- .6 .4 29.3 106.6 3761 2.8
84-85 ' 66.7 28.7 5.7 11.8 --- --- .6 .4 29.3 114.0 4001 2.8

85-86 66.7 58.7 11'.6 ' 18.5 10.9 .4 17.1 3.6 86.7 107.6 4329 4.3

86-87 67.2 58.7 11.6 24.19 10.9 ",4 17.1 ' 3.6 86,,7 193.7 4657 4.2

87-88" 66.4 87.4 17.3 29.9 10.9 0.4 17.1 3.6 ' 115.4 233.0 4985 4.7

88-89 59.0 87.4 17.3 36.2 10.9 0:4 17.1 3.6 115.4 231.9 5313 4.4

89-90 54.5 116.1 23,0 46.4 10.9 0;4 17.1 '3.'6 144.1 272.0 '5641 '4.8

90-91 50.2 116.1 23.0 52.9 10.9 0.4 17.1 3.6 144.1 274,.2 6063 4.5

'" 91-92 47.1 152.9 30:3 61.9 10.9 0.4 17.1 3.6 180.9 324.2 6485 5.0
0
In 92·93 42.4 202.8 40.1 70.2 '10.9 0.4 17.1 3.6 230.8 387.5 6907 5.6

93-94 38.9 202.8 40.1 77.9 10.9 '0.4 17.1 3.6 230.8 391. 7 7329 5.3

94-95 39.4 202.8 40,1 84.6 10.9 0.4 17 .1 3.6 230.8 398.9 7751 5:1

95'95 34.5 252.7 49.9 9~ 6 10.9 0.4 17 .1 3.6 280.7 463.7 8311 5.6

96-97 28.3 302.6 59.7 106.8 10.9 0.4 33.5 6.8 ];) •.0 549.0 8871 6.2

97-98 25.4 352.5 69.5 116.9 10.3 0.4 33.5 6.8 396.9 615.9 9431 6.5

98-99 27.4 ~53.5 69.5 126.7 10.9 0.4 3i.5 6.8 396.. 9 627.7 9991 6.3

99-2000 22.6 402.4 79.3 130.5 10.9 0.4 33.5 6",0 446.8 694.4 10551 6.6

00-01 12.2 402.4 79.3 146.3 ' 10.9 0.4 33.5 6.8 446.8 691.8 10863 6.4

01-02 11.0 402.4 79.3 l!I.~. 3 10.9 0.4 33.5 6.0 446.8 698.6 1117,5 6.3

02-03 4.0 ' 452.3 09.1 162.5 10.9 0.4 33..5 6.0 496.7 760.3 11'407 6.,6

03-04 4.8 452.3 89.1 170.7 10.9 0.4 33.5 6.8 496.7 767.9 11799 6.5

04-05 3.6 452.3 09.1 179.4 ,10.9 0.4 33.5 6.. 0 496.7 776.0 12111 6.4

05-06 3.6 502.2 90.9 100.0 10.9 0.4 50.0 10.0 563.1 864.0 12423 6.9

06-07 3.6 502.2 90.9 196.0 10.9 0.4 50.0 , 10.0 563.1 872.0 12735 6.0

07-08 3.6 502.2 98.9 205.9 10.9 0.4 50.0 10.0 563.1 801.9 13047 6.0

00-09 3.6 502.2 90.9 215.1 10.9 0.4 50.0 10.0 563.1 891.1 13359 6.7

09-10 3.6 502.2 98.9 224.6 10.9 0.4 50.0 10.0 563..1 , 901.6 13671 6.6

10-11 3.6 552.1 100.7 234.2 10.9 O.~ 50.0 10.0 613.0 969.9 13983 6.9



TABLE 4.8. Anchorage-Cook Inlet Area, Medium Load Growth Scenario, Case 1. 5%. Infl ation

New ~droelectr1c Transmt ss10n
Iota1 Cost New Coal Fired Capactty Costs SYstems Total Total Total System
of Existing Investment OH&R Coa 1 Investment OI'lAR Investment MAR Investment System Consumption. Average Power

..1m..- ~.lli!L- Costs Costs Costs Costs Costs ~t_s_ Costs Costs Costs. $ "'J~KWU Costs, "!KWH

78-79 29:7 --- --- --- --- --- 0.7 0.4 --- 30.8 2531 1.2

79-80 39.1 --- --- --- _. --- 0.7 0.4 --- 40.2 2801 1.4
80-81 45.7 --- --- --- --- --- 0.7 0.4 --- 46.8 3041 1.5
81-82 47.9 --- --- --- --- --- 0.7 0.5 --- 49.1 3281 1.5
82-83 59.5 34.9 6.9 6.5 --- --- 0.7 0.5 35.6 109.1 3521 3.1
83-84 63.6 34.9 7.2 9.2 --- -- 0.7 0.5 35.6 116.1 3761 3.1
84-85 68.7 34.9 7.6 11.0 --- -.- 0.7 0.5 35.. 6 124.3 4001 3.1
85-86 68.9 71.3 16.4 18.1 14..8 0.6 23.0 4.9 115.1 .224.0 4329 5.2
86-87 69.8 71.3 17.2 25.3 14.0 0.6 23.0 5.1 115.1 233.2 4657 5.0
87-88 67.1 121.9 26.8 32.7 14.8 0.6 23.0 5.4 159.7 292.3 4985. 5.9
88-89 60.6 121.9 28.2 41.6 14.8 0.6 23.0 5.7 159.7 296.5 5313 5.6
89-90 56.4 171 ;0 39.3 56.3 14.8 0.7 23.0 6.0 208.8 367.5 5641 6.5
9~-91 52.5 171.0 41.3 67.3 14.8 0.7 23.0 6.3 208.8 376.9 6063 6.2

'" 91-92 49.8 240.6 56.9 82.2 14.8 0.7 23.0 6.6 278.4 474.6 6485 7.3
0
C- 92-93 47.4 339.5 79.2 • 98.6 14.0 0.8 23.0 6.9 371.3 608.6 6907 0.8

93"94 46.5 339.5 03.2 t13.9 14.8 0.3 23.0 7.2 371.3 628.9 7329 8.6
94-95 48.5 339.5 87.3 130.1 14.8 0.9 23.0 7.6 371.3 659.3 7751 8.5
95-96 43.8 454.0 114.2 153.3 14.8 0.9 23.0 8.0 491.8 812.0 8311 9.7
96-97 36.3 574.2 143.5 180.8 14.8 0.9 63.0 16.0 652.0 1029.5 8871 11.6
97-98 37.7 700.4 175.5 207.2 14.8 1.0 63.0 16.6 718.2 1216.2 9431 12.9
98·99 37.5 700.4 184.2 236.7 14.8 1.0 63.0 17.4 718.2 1255.0 9991 12.6

99-2eOO 31.8 839.5 220.8 269.7 14.8 1.1 63.0 18.3 917.3 1459.0 10551 1'3 .8

00-01 16.7 839.5 231.8 300.2 14.8 1.1 63.0 19.2 917.3 1486.3 10863 13.7

01·02 15.3 839.5 243.4 331.2 14.8 1.2 63.0 20.2 917.3 1528.6 11175 13.7

02·03 5.4 1000.6 207.2 368.3 14.8 1.3 63.0 21.2 1078.4 1761.8 11487 15.3

1000.6
.

405.2 14.8 1.3 63.0 22.2 1078.4 1814.1 11799 15.403-04 5.5 301 .5
04-05 3.6 1000.6 316.6 446.6 14.8 1.4 63.0 23.3 1078.4 1869.9 12111 15.4
05-06 3.7 1187.1 369.0 490.4 14.8 1.5 116.7 34.9 1319.6 2218.1 12423 17.8

06-07 3.9 1187.1 387.5 53H.4 14.0 1.5 116.7 36.6 1318.6 2286.5 12735 17.9

07-08 4.0 1187.1 406.8 590.9 14.0 1.6 116.7 38.5 1318.6 2360.4 13047 18.1
08-09 4.1 1107.1 427.2 648.1 14.8 1.7 116.7 40.4 1318.6 2440.1 13359 18.3

09-10 .4.2 1187.. 1 448.5 710.1· 14.0 1.8 116.7. 42.4 1318.6 • 2525.6 13671 18.5
10-11 4.4 1425.1 517.7 717.3 14.0 1.9 116.7 44.6 1556.6 2902.5 13983 20.7





JABLE 4.10. Anchorage-Cook Inlet Area, 'Medium Load Growth Scenario, Case 2; 5% Inf,lation

New Hydroelectric Transmtssion , /'
Total Cost NPow Coal fired CapacitY Costs ~5tem5 Total Total Total System
of Existing tnvesTni"ii"t1iFl&R toa 1 Investment OIlIe- nves tmentONllr Investment System Consumption, Average Power

~ Capacity Costs Costs Costs Costs - ~ Costs Costs Costs . Costs. $ !'V'IKWH Costs. ¢/KWtl

78-79 29.7 _.- --- --- ._. --- 0.7 0:4 ..- 30.8 2531 1.2
i9~80 39.1 ..- --- --- --- 0.7 0.4 --- 40.2 2801 1.4
80·81 45.7 --- --- --- --- --- 0.7 0.4 --- '46.8 3041 1.5
81-82 47.9 --- --- --- --- --- 0.7 0.5 --- 49.1 '3281 1.5

82-83 ", . 59.5 34.9 6.9 6.5 --- ._- 0.7 0.5 35.6 109:i 3521 3.1
83-84 63.6 34.9 7.2 9.2 --- -- 0.7 0.5 35.6 116.1 3i61 3. 1
84-85 68.7 34.9 7.6 11.8 --- --- 0.7 0.5 35.6 124.3 4001 3.1
85-.6 68.9 77.3 16.4 18.1 14.3 0.6 23.0 4.9 115.1 224.0 4329 5.2
86-87 69.8 71.3 17.2 '25.3 14.8 0.6 23.0 5.1 115.1 2i:i.2 4657 5.0
87-88 67.1 121.9 26.8 32.7 14.0 0.6 23.0 5.4 159.7 292.3 4985 5.9
88"89 60.6 121.9 28.2 41.6 i4.8 0.6 23.0 5.7 159.7 296.5 5313 5;6
89.90 56.4 121.9 29.6 51.5 14.8 0.7 .53.9 9.3 190.6 330.1 5641 6.0
90'9.1 52.5 173.5 41.3 63.7 14.8 0.7 53.9 9.7 242.2 410.1 6063 6.8

'" 91·92 49.8 243.1 56.9 70.3 14.8 cd 53.9 10.2 311.8 507.8 6485 7.80
CD

92-93 47.4 342.0 79.2 98.5 H.B 8.8 53.9 18.7 410;7 647,4 6907 9.4
93-94 46.5 342.0 83.2 113.8 14.8 0.8 53.9 11.3 410 ..7 666.4 7329 9.1
94-95 48.5 342.8 87.3 138.1 14.8 0.9 53.9 11.8 410.7 689.3 7751 8.9
95-96 43.8 465.5 114.2 153.3 14.8 0.9 53.9 12.4 534.2 858.8 8311 10.3
96-97 36.5 576.7 143.5 180.8 14.8 0.9 93.9 20j 685.4 1067.8 8871 i2;0

97-90 37.7 576.7 150.6 207.1 14.8 1.0 93.9 21.9 685.4 1103.8 9431 11.7
98-99 37.5 709.2 184.2 236.6 14.8 1.0 93.9 23.0 817.9 1300.3 9991 13.0
99·2000 31. 7 709.2 193.4 269.7 14.8 1.1 93.9 24.2 817.9 1338.1 10551 12.7
00-01 16.7 855.3 231. 7 . 300.2 14.8 1.1 93.9 25.4 964.0 1539.1 10863 14.2
01-02 15.3 855.3 243.3 331.2 14.8 1:2 93.9 26.7 964.0 1581.7 11175 14.1.
02-03 5.4 955.3 225.5 358.3 14.8 1.3 93.9 28.0 964.0 1592.S 11487 13.~.

03-84 5.5 1024.4 301.5 405.2 14.8 1.3 93.9 29.4 1133.1 1876.0 11799 15.9
04-05 3.6 1024.4 316.6 446.6 14.8 1.4 93.9 30.9 1133.1 1932.2 12111 15.9
05-06 3.7 J024.4 332.4 490.4 14.8 1.5 93.9 32.4 1133.1 1993.5 .12423 16.0
06-07 .3.9 1024.4 349.0 538.4 , 1.4.0 U 93.9 34.0 11 i3.1 2059.9 12735 .lp.
07-08 4.0 1230.0 405:8 . 590.9 14.8 1.6 • 148;9 46.7 1393.7 2443.7 '-13847 18.7
88·09 4.\ 1230.0 427.1 648.1 14.0 . 1. 7 148;9 49.0 1393.7 2523.7 13359 18.9
09·10 4,2 1230.0 448.4 710.1 14.8. 1.8 148.9 51.5 1393.7 2609.7 13671 19.1
10-11 4.4 1230.0 470.8 777.3 14.8 1.9 148.9 54.1 1393.7 2702.2 13983 19.3



TABLE 4.11. Anchorage~Cook Ih1et Area, Medium Load Growth Scenario, Case 3. 0% Inflation

Total Cost
Nel~ Ilydroe1ectr1 c TranslAission

TotalNew Coal Fired ,Capac1!l--:.. Costs _-2Y.stems Total Total System
of Existing Investment OH&R Coal Investment IlM&R Investment lJII&R Investment System Consumption. Average Po~er

..!m.- Capacity Costs _ ~ Costs Costs _Cos t5 Costs ~ Costs Costs. $ I1liKWH Costs. t/KWH

78·79 33.1 ... ... ... 1.0 ... ... ... ._- 34.1 2531
79·80 42.2 _.- ... ._. Lo ... ._. --- '-' 43.2 2801
80·81 78.2 ... . .. '" 1.'0 ... ... . .. .., 49.2 3041
81·82 52.8 ..- _.. _.. 1.0 ... ._. --- ..' 53.8 3281
82-83 .'. 61.1 28.7 5.7' 6.5 1.0 _.. ._. 29.3 103.0 3521
83·84 62.0 28;7 5.7 9.2 1.0 ... . .. . .. 29.3 106.6 3761
84·85 66.6 28.7 5.7 11.8 20.7 ... _.. -.. 29.3 114.0 4001
85·86 66.7 58.7 ' 11.6 18.4 20.7 ... -.. -_. 86.7 lS7.6 4329
d6-aJ 67.1 58.7 \1.6 24.1 20.7 ..- ... . .. 86.7 193.7 4657
87·8tl 66.3 87.4 17.3 30.1 20.7 -.. ... _.. 115.4 233.0 4985
M·89 59.0 87.4 17.3 36.2 10.9 0.4 17.1 3.6, 115.4 231.9 5313 4.4
89,90 54.5 87,:4 ' 17.3' ~2.5 10.9 0.4 35.9 5.6 134,2 254.5 5641 4.5
90·91 50.2 116.1 24.6 . 50.1 10.9 0.4 35.9 5.6 162.9 293.8 6063 4.8

w
91·92 47.1 152.9 31. 9 59.1 10.9 0.4 35.9 5.6 199.7 343.80 6485 5.3

-0
92-93 42.4 202;8 41.7 70.2 10.9 0.4 35.·9 5.6 249.6 ' 409.9 6907 5.9
93·94 38.9 ' 202~6 41.7 77.9 10.9 0.4 35.9 5.6 2~9.6' 414.1 7329 5.6
94-95 39.4 202.8 41. 7 53.3 157.7 1.1 35.9 ' 5.6 396.4 537.5 7751 6.9
95·96 31.5 202.8 41.7 58.6 157.7 1.1 35.9 5.6 396.4 537.9 8311 6.5
96·97 28.3 202.8 41. 7 69.9 157.7 1.1 35.9 5.6 396.4, 543.0 8871 6.1
97·90 ' 25.4 202.8 41.7 79.1 mY 1.1 35.9 5.6 39b.4 ' 549:3, 9431 5.8
98·99 27.4 202.8 41.7 54.5 206.6 1.8 35.9 5.6 445.3 576.3 9991 5.8
99-2000 22.6 202.8 41. 7 60.2' 206.6 1.8 35.9 5.6 445.3 577.2 10.551 5.5
00·01 12.2 202.8 41. 7 66.8 206.6 1.8 35.9 5.6 445.3 573.4 , 10.863 5.3
0\-02 11.0 202.8 41.7 73.1 206.6 1.8 35.9 5.6 445.3 578.5' 11.175 5.2
02·03 4.8· 252.7 51.5 80.0 206.6 1.8 52.4 8.8 511.7 658.6 11.487 5.7
03-04 4.8 252.7 51.5 86.5 206.6 1.8 52.4 8.8 511.7 665.1 11.,799 5.6
04-05 3.6 252.7 51.5 93.4 206.6 1.8 52.4 6.8 511.7 670:8 12.m 5.5
05-06 3.6 252:7 51. 5 100.2 206.6 1.8 52.4 8.8 511. 7 677.6 12.423 5.4
06-07 3.6 302.6 61.3 107.3 206.6 1.8 52.4 8.8 561.6 744.4 12.735 .5.8
07-08 .3.6 302.6 61.3 114.5 206.6 1.8 52.4 8.8 561.6 751.6 13 100 5.8
08·09 3.6 302.6 61.3 121.9 206.6 1.8 52.4 8.8 561.6 759.0 13,359 5.7
09·\0 3.6 302.6 61.3 129.6 206.6 1.8 52.4 8.8 561.6 766.7 13.671 5.6
10-11 3.6 352.5 71:1" 137.5 206.6 1.8 52.4 8.8 611'.5 . 834.3 13.983 5.9



TABLE 4.12. Anchorage-Cook Inlet Area, Medium Load Grow~h Scenario, Case 3, 5% Inflation

New Hydroelectric TranslIltssion
Total Cost New Coal Fired Capacity Costs Systems Total Total TOtil System
of Existing TiWestment OM&R coal loves tment MR tnvestmen~~ Investment System Consumption. Average Power

....Y!!L- Capacity Costs Costs Cost_,_ Costs fQill. Costs fQ!!!. Costs Co~ts·. $ IlIlKWH Costs, (/KWH

78·79 29.7 ._- --- --- --- --- 0.7 0.4 --- 30.8 2531 1.2

79-~0 39.1 -.- --- --- --- 0.7 0.4 --- 40.2 2801 1.4

80-81 45.7 --- --- --- '--. --- 0.7 0.4 --- 46.8 3041 1.5
81-82 47.9 --- --- --- --- --- 0.7 0.5 _L 49.1 3281 1.5.
82-83 59.5 34.9 6.9 6.5 --- --. 0.7 0.5 35.6 109.1 352\ 3.1

83-84 63.6 34.9 7.2 9.2 --- -- 0.7 0.5 35.6 116.1 3761 3.1

84-85 68.7 34.9 7.6 11.8 --- --- 0.7 0.5 35.6 124.3 4001 3.1
B~-d6 68.9 17.3 16.4 18.1 14.3 0.6 23.0 4.9 115.1. 224.0 4329 5.2

86-87 69.8 17.3 17.2 25.3 14.8 0.6 23.0 5. 1 115.1 233.2 4657 5.0

87-88 67.1 121.9 26.8 32.7 14.8· 0.6 23.0 5.4 159.7 . 292.3 4985 5.9
88-89 60.6 121.9 28.2 41.6 iu 0.6 23.0 5.7 159.7 296.5 5313 5.6
89-90 56.4 121. 9 29.6 51. 5 \4.8 0.7 53.9 9.3 190.6 336.1 5641 6.0

90-91 52.5 ·173.5 41.3 6].7 14.8 0.7 5].9 9.7 242.2 410.1 606] 6.8

'" 91-92 49.8 24].1 56.9 76.3 14.6 0.7 53.9 10.2 311.8 507.8 6485 7.8-0
47.4 342.0 79.2 96.5 14.8 0.8 5].9 10.7 410.7 647.4 6967 9.492-9]

9]-94 46.5 342.0 83.2 113.il 14.0 0.8 53:9 11.3 410.7 666.4 7]29 9.1
94-95 48.5 342.0 il7.4 82.1 323.7 2.4 53.9 11.8 119.6 951.8 1751 12.3

95-96 43.8 342.0 91.7 94.9 32].7 2.5 53.9 12.4 719.6 964.9 8311 11.6

96-97 36.3 342.0 96.3 118.3 323.7 2.7 53.9 13.6 719.6 986.2 8871 11.1

97-98 37.7 342.0 101.1 140.2 323.7 2.8 5].9 1].7 719.6 1015.1 94]1 10.6

98-99 37.5 342.0 ·106.2 101.8 446.8 4.4 53.9 14.3 844.7 1109.0 9991 11.1

99-2000 31.7 342.0 111.5 .117.2 448.8 4.6 53.9 15.1 844.7 1124.8 10.551 10.7

00-01 16.7 342.0 117.1 ·137.1 448.8 4.9 53.9 15.8 844.7 1136.3 10.86] 10.5
01-02 15.3 342.0 122.9 156.8 448.8 5. 1 53.9 16.6 844.7 1161.4 11.175 10.4
02-03 5.4 503. 1 160.7 181.4 ·448.8 5.4 104.9 26.9 1056.8 14]6.6 11,487 12.5

03-04 5.5. 503.1 168.7 205.3 446.8 5.6 104.9 28.2 1056.8 1470.1 11.799 12.4

04-05 3.6 503.1 117.1 232.5 448.8 5.9 104.9 29.6 1056.8 1505.5 12.111 12.4
05-06 3.7 503.1 185.9 261.4 440.8 6.2 104.9 31.1 1056.0 1545.1 12,42] 12.4

06-07 ].9 698.9 233.7 29].5 448.8 6.5 104.9 32.7 1252.6 1822.9 12,735 14.3
07-08 4.0 698,9 245.4 ]28.7 448.8 6.8 104.9 34.3 1252.6 1871.8 13.047 14.3
08-09 4.1 698.9 257.6 367.5 446.8 7.2 104,9 36.0 1252.6 1925.0 13.359 14.~.
09-10 4.2 696.9 270.5 40~.9 446.8 7.5 104.9 37.8 1252.6 1982.2 13,671 14.5

16-11 4.4 936.9 330.7 456.3 446.8 7.9 104.9 39.7 1490.6 2329.6 13,983 16.7



•TABLE 4.13. Anchorage-Cook Inlet Area, High Load Growth Scenario, Case 1, 0%' Inflation
New ~droelectrfc

.
Total Cost New Coal Ffredcapac~

Transmission
Costs ~stems Tot.l Tot"l Yahl System·of Existing Investment OM&R oa InvestmentOHlr nvestrn~ Investment System Consumption. Average Power...!!!!:..- Capacfty Costs fill!. CostL-. Costs ~ Costs ~ Costs Costs , $ MHK\ol1l Costs, (/KWH

78-79 33.1 --- --- --- --- --- 0.6 0.4 --- 34.1 26BO 10379-80 42.2 --- --- --- --- --- 0.6 0.4 ".. _-; 43.2 3025 1.480-81 48.2 --- --- ---' --- --- 0.6 0.4 --- 49.2 36Bq 1.381-82 52.8 --- --- --- --- --- 0.6 0.4 --- 53.8 4352 1.282-83 61.1 57.4 11.4 9.8 --- --- 17.1 3.6 74.5 160.5 5015 3.283-B4 62.0 ' 86.1 D.I lB.6 --- --- 17.1 3.6 103.2 204.5 5679 3.664-B5 66.7 114.B 22.8 29.9 --- --- 17.1 3.6 131.9 254.9 6342 4.085-B6 66.7 144.8 28.7 44.8 10.9 0.4 17.1 3.6 142.8 317.0 6849 4.686-B7 67.2 164.7 3B.5 66.2 10.9 0.4 17. I 3.6 192.7 36B.6 7357 5.0B7-BB 66.4 164.7 38.5 73.4 10.9 0.4 17.1 3.6 192.7 375.0 786. 4.B8B-09 59.0 214.6 4B.3 81.2 10.9 0.4 33.6 6.B 259:1 454.B 8372 5.4B9-90 54.5 214.6 48.3 8B.6 10.9 0.4. 33.6 '6.8 259.1 457.7 BB79 5:190-9i 50.2 214.6 4B.3 96.5 10.9 0.4 33.6 6.8 259.1 463.3 95B9 4.8'"
541.0- 91-92 47.1 272.6 59.7 109.9 ' 10.9 0.4 33.6 6.8 317.1 10,298 5.2- 92-93 42.4 322.5 69.5 120.1 10.9 0.4 33.6 6.8 367.0 606.2 11,008 5.593-94 38.9 322:5 69.5 132.6 10.9 0.4 33.6 6.8 367.Q 615.2 11,717 5.394-95 39.4 372.4 79.3 143.9 10.9 0.4 33.6 6.8 416.9 686.7 12,427 5.595-96 34.5 422.3 89.1 161.3 10.9 0.4 50.1 10.0 483.3 778.6 13,477 5.896-97 28.3 472.2 98.9 181. 5 10.9 0"- 50.1 10.0 533.2 . 852:3 14,526 5.997-98 25.4 522.1 108.7 200.1 10.9 0.4 50. I 10.0 583.1 927.7 15,576 6.098-99 27.4 572.0 118.5 217.9 10.9 0.4 50.1 10.0 633.0 1008.2 16,625 6. I99-2000 22.6 621.9 128.3 238.7 10.9 0.4 66:6 13.2 699.4 1102.6 17,675 6.200-01 12.2 671.8 13B. I 256.6 10.9 0.4 66.6 13.2 749.3 1169.8 18,5B4 6.301-02 11.0 671.8 138. I 275.8 10.9 0.4 . 66.6 li.2 749.3 1187.8 19,493 6.102-03 4.8 721.7 147.9 294.6 10.9 0.4 66.6 13'.2 799.2 1260.1 20,402 6.203-04 4.8 771.6 157.7 314.7 10.9 0:4 66.6 13.2 849.1 1339:9 21,311 6.304-05 i.6 771.6 157.7 335.6 10.9 0.4 66.6 13.2 849.1 1359.6 22,220 6.105-06 3.,6 'B21;5 167.5 356.9 19.9 0.4 ' 03.1 16.4 .915.5 1460.3 23,129 6.306-07 . 3.6 ' 071.4 177.3 376.8 10.9 0;4 83. I 16.4 965.4 1541.9 ',24,038 6.407-0B 3.6 871.4 177 .3 401.2 10.9' 0.4 03.1 16.4 965.4 1564.3 24 ;947 6.308-09 3.6 921.3 IB7. I 42·1. 2 10.9 0.4 03.1 16.4 1015.3 1647.0 25,056 6.409-10 ,,3.6 971.2 196.9 447.8 10.9 0.4 83.1 16.4 1065.2 1730.3 26,765 6.510-11 3.6 971.2 196.9 472.0 10.9 0.4 83.1 16.4 1065.2 1754.5 27,674 6.3



TABLE 4.14. Anchorage-Cook Inlet Area~High Load Growth Scenario~ Case 1, 5% Inflation

.:' ':.

New Coal fired capadti
New. Hydroelectric Transmission

Total Cost Costs '. : Systems Total Total Total System
of Exlstin9 Investment OM&R ' Coal Investment OM&R Investment OMiR Investment System Consumption, Average Power

, Year, Capacity Costs Costs Cosli._ Costs Costs Costs Costs Costs Costs, $ MMKWH Costs, IIKWH

78-79 29.7 --- --- --- --- 0.7 0.4 --- 30.8 2680 . 1.1
79~~Q., 39.1 .'.- --- --- -- --'. 0.7 0.4 --- 40.2 3025 1.3
8O~81 45.7 --- --- --- --- --- 0.7 0.4 --- 46.8 3688 1.3
81-82 47.9, --- --- --- --- --- 0.7 0.5

.~ '--~ 49.1 4352 1.1

82-83 59.5 69.8 13.8 9.9 --- --". 21.0 4.4 90.8 178.4 5015 3.6
83-84 63.6 106.4' 21.8 18.6 --- --- 21.0 4.6 127.4 236.0 5679 4.2
84-85 68.7 144.9 30.5 29.9 --- --- 21.0 4.9 165.9 299.9 6342 4.7
85-86 68.9 . '187.3 38.9 44.8 14.8 0.6 21.0 ,5.1 223.1 381.4 6849, 5.6
86-87 69.8 261.1 49.2 69.4 14.8 0.6 21.0 5.4 296.9 491.3 1356 6.7
87-88 67.1 261.1 51.7 80.5 14~8 0.6 21.0 ' 5.6 296.9 502.4 7864 6.4
&1-89 60.6 342.5 70.2 93.4 14.8 0.-6 48.1 11.2 405.4 641.4 8372 7.7
89-90 56.4 342.5 73.7 107.4 14.8 0.7 48.1 11.7 405.4 655.3 8870 7".4
90-9\ 52.5 342.5 77.4 125.4 14.0 0.7 48.1 12.3 405.4 673.7 9509 7.0

w
91-92 49.8 452.1 102.6 145.9 1'4.8 48.1 12.9 515.0 826.9 10.298. 8.0... 0.7

~

13.6 8~ll92-93 47.4 551.0 127.2 160.5 14.8 0.8 48.1 613.9 971.4 11.008
93-94 46.5 551.0 133.5 193;8 14.8 0.8 48.1 14.3 613.9 1002.8 11,717 8.6
94-95 48.5 660.0 161.6 221. 3 14~8 0.9 48.1 15.0 722.9 1)70.2 12,427 9.4
95-96 43.8 774.5 192.2 261.2 14.8 0.9 87.1 22.7 876.4 1397.2 13.477 10.4
96-97 36.3 894.7 225.4 307.4 14.0 0.9 87.1 , 23.9 996.6 ,1590.5 14,526 10.9
97-98 37.1 1020.9 261.5 354.5 14.8 1.0 87.1 25.1 1122.8 1802.6 15,516 11.6
98-99 37.5 1153.4 300.5 407.1 14.8 1.0 81.1 26.3 1255.3 . 2027.7 16.625 12.2
9!i-2000, 31. 7 1262.6 342.8 464.8 14.8 1.1 131. 3 36.2 1438:7 2315.3 17.675 13.1
00-01 16.7 '1438.7 3811.7 526.5 14.8 1.1 131.3 31.9 l!i84.0 2555.7 18,584 13.8
01-02 15.3 1430.7 4011.1 592.6 14.0 1.2 131. 3 39.9 1584.8 2641.9 19,493 13.6
02-03 5.4 1599.8 460.1 667.5 14.8 1.3 13J.j 41.9 1745.9 2922.1 20,402 14.3
03-04 .5.5 1769.0 516.3 746.8 14.8 1.3 131.3 43,,9 1915.1 3228.9 21,311 15.1
04-05 3.6 1769.0 542.2 835.5 14.8 1;4 131.3 46.1 1915.1 3343.9 22,220 15.0
05-06 3.7 1955.5 605.9 930.8 14.8 1.5 184.), 58.4. 2154.6 3754.9 23.129 16.2
06-07 3.9 2151.3 674.6 103!i.9 14.8 1.5 184.3 61.3 2350.4 4127.6 24~O38 17.2
07-08 4.0 2151.3 700.3 1151.5 14.0 1.6 184.3 64.4 2350.4 4280.2 24.941 17.2

,,08.09 4.1 2367.2 706.1 1278.1 14.8 1.7 184.3 67.6 2566.3 4703.9 25.856 18.2
09-10 4.2 2593.9 869.9 1416.3 14.8 1.8 184.3 70.9 2793.0 5156.1 26,765 19.3
10-11 4.4 2593.9 913.4 1566.6 .. 14.8 1.9 184.3 74.5 2793;0 5353.8 27.674 19.3



'"
TABLE 4.15. Anchorage-Cook Inlet Area, High Load Growth Scenario,' 'Case 2, 0% Inflation

New lIydroelectric Transmission
Total Cost· New Coal Fired Capa,ity Costs Systems Total Total Total System
of Existing TiiVestment 'OM&R' Coa1 Investment llMt.'R Investment OM&R Investment 'System Consumption. Average 'Po~r

... Year ' CapacHy Costs Costs Costs Cost.s Costs Costs Costs Costs Costs; $ foVolKWH Costs, t/KWH

78-79 33.1 --- --- --- --- --- 0.6 0.4 --- 34.1 2680 1.3
79:':80' 42.2 --- --- --- --- --- 0.6 0.4 -.- 43.2 3025 1.4
80-81 48.2 --- --- --- --- --- 0.6 0.4 --- '. 49.2 3688 1.3

~'. ~

435281-82 52.8 --- --- --- --- --- 0.6 0.4 .---" 53.8 1.2.
82-83 61.1 57.4 11.4 9.8 --- --- 17.1 3.6 74.5 160.5 ' 5015 3.2
83-84 "62.0 86.1 17.1 18.6 --- --- 17.1 3.6 '103~2 204.5 .5679 3.6
84-85 66.7 114.8 22.8 29.9 --- --- 17~1 3.6 131.9 254.9 6342 4.0
85-86 66.7 144.8 28.7 44.8 . 10.9 0.4 ' 17.1 3.6 142.8 317.0 6849 4.6
86-87 67.2 144.8 28.7 58.7 10.9 0.4 35.9 5.6 191.6 352.2 '7357 4.8
87-88 66.4 194.7 33.5 73.4 10.9 0.4 35.9 5.6 -241.5 420.8 7864 5.3
88-89 59.0 194.7 38.5 ·81.2 10.9 0.4 35.9 5.6 241.5, '426.2 8372 5.1
89-90 54.5 244.6 48.~ 88.6 10.9 0.4 52:4 8.8 307.9 508.5 8879 5.7

Co) 90-91 50.2 244.6 48.3 98.5 10.9 0.4 52.4 8.8 307.9 514.1 9589 SA- 41.1 109.9 52.4 591.8 10.298W 91-92 302.6 59.7 10.9 0.4 8.8' 365.9 5.7
92..93 42.4 302.6 59.7 120.1 10.9 0.4 52.4 8.8 365.9 597.3 11.008 5'.4
93-94 38.9 352.5 69.5 132.6 10.9 0.4 52'.4 8.8 415.8 666.0 11 .717 5.7
94-95 39.4 352.5 69.7 143.9 10.9 0.4 52.4 8.8 415.8 678.0 12.427 5.5
95~96 34.5 402.4 79.3 161.3 10.9 0.4 52.4 8.8 465.7 75(j-,0 13.471 5.6
96-97 28.3 452.3 89.1 Iln.5 10.9 0.4 68.9 12.0 532.1 843.4 14.526 5.8
97-98 25.4 502.2 98.9 200.1 10.9 0.4 68.9 12.0 582.0 918.8 15.576 5.9
98-99 27.4 552.1 108.7 217.9 10.9 0.4 68.9 12.0 631.9 998.3 16.625 6.0

22.6
.

17.675 6. r '99-2000 602.0 118.5 238.7 10.9 0.4 68.9 12.0 681.8 1074.0
00-01 12.2 651.9 128.3 256.5 10.9 0.4 85.4 15.2 748.2 l1(iO.8 18.584 6.2
01-02 11.0 701,.8 138.1 275.8 10.9 0.4 8504 15.2 798.1 1238.6 19.493 6.3
02-03 4.8 7.51.7 147.9 294.6 10.9 0.4 85.4 15·.2 848.0 1310.9 20.402 6.4
03-04 4.8 751.7 147.9 314.7 10.9 0.4 85.4 15.2 848.0 1331'.0 21,311 6.2
04-05 3.6 751.7 147.9 335.6 10.9 ,0.4 85.4 15.2 848.0 1350.7 . 22.220 6.1
05-06 3.6 801.6 157.7 356.9 10.9 0.4 85.4 15.2 897.9 1431.7 23,129 6.2
06-01 ,1.6 851.5 167.5, 378.8 10.9 0.4 85.4 15.2 947.8 15.13.3 " 24.038 6.3
07-08 3.6 901.4 177 .3 401.2 10.9 0.4 101.9 18.4 1014.2 1615.1 24.947 6.5
08-09 3.6 901.4 177 .3 424.2 10.9 0.4 101.9 18.4 1014.2 1638.1 25.856 6.3
09-10 3.6 951.3 187.1 447~6 10.9 0.4 101.9 18.4 1064.1 1721.4 26.765 6.4
10-11 3.6 1001.2 195.9 472.0 10.9 0.4 101.9 18.4 1114.0 1801.7 27.674 6.5



TABLE 4.16. Anchorage-Cook Inlet Area, High Load Growth Scenario, Case 2, 5% Inflation

Total Cost
New·/lydroelectrtc TransQlI sston

New Coal Fired Capacity Costs Systems .. Total Total Total System
of Existing InvestmeiltoH&R . Coal lnvestment OMlR lnvestrnent OM&R Investment System Consumption, Average Power

.1!!L Capacity Costs Costs Costs Costs ~ Costs Costs Costs _ Costs, $ MMKWH Costs, t/KWtI

78~79 29.7 --- --- --- --- --- 0.7 0.4 --- 30.8 2680 1.1

79-80 3~.1 --- --- --- --- --- 0.7 . 0.4 --- 40.2 3025 1.3

80-81 45.7 --- -'-- --- --- --- 0;7 0.4 --- 46.8 3688 1.3

81"82
I

1.147.9 --- --- --- --- --- 0.7 0.5 --- 49.1 4352

82-83 59.5 69.8 13.0 9.9 --- --- 21.0 4.4 90.8 1.78.4 5015 3.6

83-84 63.6 106.4 21.8 18.6 --- --- 21.0 4.6 127.4 236.0 5679 4.2

84-85 68.7 144.9 30.5 29.9 --- --- 21.0 4.9 165.9 299.9 6342 4.7

85-86 68.9 187.3 38.9 . 44.8 14.8 0.6 21.0 5.1 223.1 381.4 . 6849 5.6

116-87 69.8 187.3 40.8 61.5 14.8 0.6 47.7 0.1 249.8 430.6 4357 5.8

87~88 67.1 264.8 58.0 80.5 14.8 0.6 47.7 8.6 327.3 542.1 786'4 6.9

68-69 60.6 264.8 60.9 93.4 14.8 0.6 4'7.7 9.0 327.'3 551.8 8372 6.6

89-90 56.4 350.2 80.8 107.4 14.8 0.7 74.8 14.7 439.8 699.8 8879 7.9
90~91 52.5 350.2 84.8 125.4 14.8 0.7 74.8 15.4 439.8 718.6 9569 7.5

Co)
91-92 49.8 459.8· 110.5 145.9 14.8 0.7 74.8 16:2 549.'4 872.5 • 10.1'98 8.5...

-~
92~93 459.8 115.9 '74.8 549.2 11.00847.4 168.5 14.8 0.8 17.0 899.0 8.2

93-94 46.5 563.6 142.2 193.9 14.8 0.8 74.8 17 .9 653.2 1054.5 11,717 9.0

94-95 48.5 563.6 149.3 221.3 14.8 0.9 74.8 18.8 563.2 1092.0 12.427 8.8

95-96 43.8 678.1 179.2 261.2 14.8 0.9 7U3 19.7 767.7 1272..5 13,477 9.4

96-97 36.3 798.3 211.8 307.4 14.8 0.9 113.8 27.7 926.9 1511.0 14,526 10.4

97-98 37.7 924.5 247.2 354.5 14.8 1.0 113.8 29.1 1053.1' 1n2.6 15,576 11.1

98-99 37.5 1057.0 285.5 407.1 14.8 1.0 113.8 30.5 111l5.6 1947.2 16.625 11. 7
99:2000 31.7 1196.2 327.1 464.1l 14.8 1.1 113.8 32.0 1324.0 2181.5 17',675 12.3

00-01. 16.7 1342.3 372.2 526.5 14.8 1.1 160.2 42.6 1517.3 2476.4 18,584 13.3

01-02 15.3 1495.7 420.9 591.8 14.8 1.2 1(lO.2 . 44.7 1670.7 2744.6 19,493 14.1

02~03 5.4 1656.8 473:!l'" 667.5 14.8 1.3 160.2 46.9 1831.8 3026.4 20.402 14.8
in.~04 !i.5 1656.8 497.2 746.13 14.8 l.3 160.2 49.3 1831.8 3131. 9 21.311 14.7

04'-:65 3.6 1656.0 522.1 835.5 14.8 104 160.2 51.6 1831.8 3246.2 22,220 14.6. : " ~ 2018.3OS--06 ·3.7 1843.3 • 584-.8 930.8 14.8 1.5 160.2 54.4 3593.5 23,129 15.5
06-07 3.9 2039.1 652.4 1035.9 14.8 1.5 16(f,2 57.1 2214.1 3964.9 ?4',038 - 16.5

./:'_

07~08 4.0 2244.7 725:3 1151.5 14.8 1.6 215.2 -70.9 2474.7 4428.0 24,947 17.7

08-09 4.1 2244.7 761.6 1278.1 14.8 1.7 215.~ 74.5 2474.7 4594.7 25.8S6 17.8
0~-1O 4.2 '" 2471.4 844.2 1416.j; ,·14; 8' 1.8 215.2 78.2 '270L4 5046.1 26.765 18.8
10-11 4.4 2709.4 933.. 1 1566.6 : :., 14.8 1.9 215.2 82.1 2939-.4 5527.5 27,674 19.9

:".:'



TABLE 4.17.' Anchorage"':Cook Inlet Area, High, Load Growth Scenario, Case 3, 0% Inflation

New Hydroelectric Transmission
Total Cost New Coal FIred CapacHy Costs Systems TQtal Total Total System
of Existing Investment OM&R Coal !i1YestmentQM1JC Investment ~ Inv~stRJe.!lt System Consumption. Average Power

~ CapacHy Costs Costs Costs Costs Costs Cos~_ ~ Costs Costs, $ MMKWH Costs; tlKIiH

78-79 33.1 --- --- --- --- --- 0.6 0,4 --- 34.1 2680 1.3
79-80 42.2 --- --- --- ._-- --- 0,6 0.4 --- 43.2 3025 1.4
80c81 48.2 --- --- --- --- --- 0.6 0.4 --- 49.2 3688 1.3
81-82 52.8 --- --- --- --- --- 0.6 0.4 --- 53.8 4352 1.2
82-83 61.1 57.4 11.4 9.8 --- --- n.l 3.6 74.5 160.5 5015' 3.2
83-64 62.0 86.1 17.1 18.6 --- --- 17,1 3.6 103.2 204.5 5679 3.6
64-85 66:7 114.8 22.8 29.9 --- --- n.l 3.6 131.9 254.9 6342 4.0
65-86 66.7 144.8 28.7 44.8 10.9 0.4 17.1 3.6 142.8 317.0 6849 4.6
86-87 67.2 144.8 28.7 58.7 10.9 0.4 35.9 5.6 191.6 352.2 7357 4.8
81~88 66A 194.7 33.5 73.4 10.9 0.4 35.9 5.6 241.5 420.8 7864 '5.3
88-89 59.0 194.7 38.5 81.2 10.9 0.4 35.9 5.6 241.5 426.2 8372 5.1

'89-90 54.5 244.6 46.3 88.6 10.9 0.4 52.4 8.8 307.9 508.5 8879 5.7
90-91 50.2 244.6 4tl.3 90.5 10.9 0.4 52.4 8.0 307.9 514.1 9589 5.4

w 91292 47; 1 302.6 59.7 109.9 10.9 ().4 52.4 8.8 365.9 591.8 10,296 5.7...
U1

92-93 ' 42;4 302.6 59;7 120.1 10.9 0.4 52.4 8.8 365.9 597.3 11,008 5.4
,93-94 '38.9 352.5 69.5 132.6 10.9 0.4 52.4 8.8 415.8 666.0 11,717 5~7

94~95 39.4 352.5 69;5 111.7 163.1 1.1 52.4 8.8 568.0 '798.'5 12,427 6.4
95~96 34;5 352:5 69.5 ' 124.2 163.1 1.1 52.4 8.8 568.0 806.1 13,477 6.0
96-97 28.3 402.4 79.3 143;5 163.1 1.1 68.9 12.0 634.4 898.6 14,526 6.2
97-98 25.4 452.3 '89.1 161.2 163.1 J.1 68.9 12.0 684.3 973.1 15,576 6.2
98-99, 27.4 452.3 89.1 143.9 213.8 1.7 66.9 12.0 684.3 1009.1 16,625 6.1
99;2000 22.6 452.3 89.1 158.5 213.8 1.7 66.9 12.0 664.3 1016.9 n,675 5.6
00-01 12.2 452.3 89.1 175.1 213.8 1.7 6lJ.9 12.0 684.3 '1025.1 18,564 5.5
01-02 11.0 502.5 98.9 192.5 213.8 1.7 68.9 12.0 765.2 1101.3 19,49:;) 5.6

02-03 4.8 552.1 108.7 210.1 213.8 1.7 68.9 12.0 834.8 1172.1 20,402 5.7
03-04 4.8 552.1 • 108.7 228.4 213;6 1.7 68.9 12.0 834.8 119'0.4 21,311 5.6
04-05 3.6 602.0 116.5 247.5 21J.6 1.7 85.4 15.2 901.2 1287.7 22,220 5.6

, 05~06 '; 3.6 651.9 128.3 266.9 213.8 1.7 85.4 15.2 951.1 1366.6 23,129 5.9
06.07 3.6 651.9 126.3 266.9 213..6 1.7 65;4 '15.2 951.1 1386.8 24.oJ8 5.6
07-06 3.6 701.8 136.1 307.6 213.6 1.7 85.4' 15.2 1001'.0 1467.2 24,947 5.9

08-09 3.6 751.7 147.9 J28.8 213.8 1.7 85.4 15.2 1050.9 1548.1 25,856 6.0
09-1Cl 3.6 751.7 147.9 350.6 213.8 1.7 85.4 15.2 1050.9 1569.9 26,765 5.9
10-ll 3.6 ' 601.6 157.7 372.9 ,ilJ.8 1.7 101.9 18.4 1117.3' 1671.6 27,674 6.0



TABLE 4.18. Anchorage-Cook Inlet Are~ rligh Load Gro\lJth Scenario, Case 3, 5% Inflation
--_._---~_._-.-

. New Hydroelectric Tr~nsmlsslon

Total Cost Ne\~ Goa 1 Fl n!d gr.ac1 Ey' Costs 5'y'stems Total Total Tota.1 Sys tern
of .Existing Investiij;;-riT--oHfR- -Coa,- lnvcstmen Col,I~1{- Inves COlen r-oH&R Investment System Con'svmptlon. Average Power

~ Capacity_ ~2..U.L._ Costs Cos_ts_ Cos t's Cos ts Cos.ll..-.. yosts _Cos'ts _ Costs, $ ~U1KWII Cos ts I ¢/KWIl

7a~79 29.7' --- . --- --- --- --- 0.7 '0:4 --- 30.8 2680 1,1
79-80 39.1 --- --- --- --- --- 0.7 0.4 --- 40.2 3025 1.3
8e-81 45.7 --- --- .'-- --- --- 0.7 0.4 --- 46.8 36!l8 1.3
81-B2 47.9 --- ...-.'';:' --- --- --- 0.7 0.5 --- 49.1 ' 4352 1.1
82-83 59.5 69.8 1j; 8 9.9 --- --- 21.0 4.4 90.8 178.4 5015 3.6
83-84 63;6 106':4 ' 21.8' 18.6 --- --- 21.0 4.6 121.4 236.0 5679 4.2
84-85 68.7 144.9 30.5 29.9 --- --- 21.0 4.9 165.9 299.9 6342 4.7
85-86 69;9 ' 187.3 38.9 44,8 14.8 0,6 21.0 5.1 223.1 381.4 6849 5,6
66~67 69.8 187;3 40.8 61.5 14.8 0,6 47.7 8,1 249,8 430.6 4357 5.8
87-1l8 67:1 264.6 56.0 80.5 14.8 0.6 47.7 6.6 327.3 542.1 7864 6.9

03-69 60.6 264:8 60,9 93.4 14.6 0.6 47.7 9.0 32].3 551.6 &372 6,6
.,;

69~90 56,4 350.2 30.6 107.4' 14.6 0.7 74,8 14.7 439.8 699.8 Bll79 7.9

w: 90-91 52;5 350.2 84,3 125.4 14.8 0.7 74.6 15.4 439.8 718.6 9589 7.5
.... ! 91-92 ' 49.8 459.8 110: 5 145.9 14.B 0.7 74.8 16.2 549.4 872.5 10,298 8.5c:I':

92'~93 47,4 459.8 115.9 168.5 14 .8 0.8 74,8 17.0 549.2 899.0 11,008 8.2
93-94 46.5 563,6 142.2 193.9 14.8 0.8 74.8 17.9 653,2 1054.5 n.717 9.0

, 94 ....95 48.5 563,6 149.3 171. 3 335.2 2.2 74.8 18,8 973.6 1364.2 12,427 10.9
95-96 " 43.6 563.6 156.6 2.01. 2 335.2 2.3 74.8 19.7 973.6 1397.4 13.477 10:4

96-97 36.3 683.8 168,2 243.1 335.2 2.4 114.8 27.7 i133.8 1595.2 14.526 10.9
97-98 37.7 810.0 222.4 2135.6 335.2 2.5 n4.8 29.1 1260.0 1837.3 15,576 11.8

',' ,

98-99 37~5 . 010.0 233.5 260.9 464.9 4.2 114.8 30.5 1389.7 1964.3 16.625 11.8
99~2000 31. 7. 0'10:0 245.2 300.5 464.9 4.4 114.8 32,0 13139.7 20i 1.s 17.675 '~ 11.4
00-01 16,7 810.0 257.5 359.3 464.9 4.6 ' 114,8 33.6 1389.7 20G1.4 18,584 11.1

01-02 15.3 963.4 30b.5 413.1 464,9 4.8 114.a 35.3 1543.1 2312.1 19,493 11.9,
027 03 5.4 1124.5 347.1 476.1 464.9 5.1 114.8 37.1 1704.2 2575.0 20,402 12.6

03-04 5.5 1124.5 364.4 541.9 464.9 5.3 114.8 38.9 1704.2 2660.2 21.311 12.5

04"05 3.6 1302.1 417.5 616.1 464.9 5.6 16B.5 51.9 1935.5 3030.2 22.220 13.6
• ~: J i

. 05-06 3.7 1480.6 474.9 696.2 464.9 5,9 166.5 54.5 ,2122.0 3%7.2 23,129 14.5

06-07 3.9 1488.6 4913. 7 784.9 464.9 6.2 168.5 ' 57.2 2122;0 3472.9 24,038 14.'4
-',

07-08 4.0 1694.2 563.9 882.8 4G4.9 6.5 168.5, 60.1 2327.6 3B44.9 24.947-, 15.4

08-09 4.1 1910.1 634.5 990.5 464.9' 6.8 168; S' ' 63.1 2543.5 4238.4 25.856 16.4

09-10 4.2 1910.1 666.3 1108.7 464.9 7.1 163.5 66.2 2543.5 ~4396.0 26,765 16.4

10~11 4.4 2148.1 746.3 1237.8 464.9 7.5 222.0 81. 5 2835.0 4912.5 27.674 . 17 .7



.
TABLE 4.19. Fairbanks-T~nana Valley Area, Low Growth Scenario, Case 1, 0% Inflation

New Hydroelectric Transmission
Total Cost New Coal Fi~U Capacl!,y Costs Systems Total Total Total System
of Existing tnvest~nr-OJ1Coa1- lnvestment oor 1nves tment 00ir Investment System Consumption, Average Power

.l!!!L Capacity Costs C0i!l Costs --..fQ!ll.._ ~ Costs ~ Costs Costs, $ HMKWH Costs, ¢/KWH

7~-79 33.8 --- --- --- 0.3 0.2 --- 34.3 778 4.4
79-80 36.6 --- -.- --- 0.3 0.2 --- 31.1 823 4.5
80-81 39.4 --- :--- --- 0.3 0.2 --- 39.9 855 4.7
81-82 41.6 --- ._- 0.3 0.2 --- 42.1 881 4.1
82-83 35.6 '--- ._- 6.9 0.3 0.2 --- 43.1 919 4.7
83'-84 33.1 --- --- 7.2 0.3 0.2 --- 40.8 951 4.3
84-85 30.3 --- -.- 7.3 0.3 0.2 --- 38.2 9a3 3.9
85-86 28.2 --- --- 7.5 0.3 0.2 --- 36.6 1015 3.6
86-87 26.1 ._- --- 1.7 0.3 0.2 --- 34.3 1047 3.3.
87-88 24.0 --- ._- 7.8 0.3 0.2 --- 32.4 1019 3.0
88-'89 22.9 2.6 0.5 7.7 0.3 0.2 2.9 34.2 1111 3.1
119-90 23.1 21.5 4.3 10.0 3.5 1.0 25.0 63.4 1144 5.6
90-91 20.9 27.6 5.5 10.0 3.5 1.0 31.4 68.5 1116 5.8

W- 91-92 2Ll 27.6 5.5 12.4 3.5 1.0 31.7 71.1 1208 5.9
'f

92-93 18.2 27.6 5.5 13.3 3.5 1.0 31.1 69.2 1240 5.6
93-94 18.4 27.6 5.5 14. I 3.5 1.0 31.1 70.1 1272 5.5
94-95 18.5 46.5 9.3 14.7 3.5 1.0 50.0 93.5 1305 7.1
95-96 , 16.9 51.2 10.2 15.4 3.5 1.0 54.7 98.2 1337 7.3
96·97 14.3 51.2 10.2 16.4 3.5 1.0 54.1 97.1 1369 1.1
97-98 3.8 70.1 14.0 111.9 3.5 1.0 73.6 111.2 1401 7.9,
9.8-99 3.8 89.0 17.8 19.6 . 3.5 1.0 92.5 134.7 1433 9.4
99-2000 3.8 89.0 17.8 20.6 3.5 1.0 92.5 135.7 1466 9.2
00-01 3.8 89.0 17.8 20.9 3.5 1.0 92.5 136.0 1470 9.3
01-02 3.8 89.0 17.8 21.5 3.5 1.0 92.5 136.6 1474 9.3
02-03 1.5 89.0 17.8 21.9 3.5 1.0 92.5 134.7 1478 9.1
03-04 1.5 89.0 17.8 22.4 3.5 1.0 92.5 135.2 1482 9.1
04-05 1.5 89.0 17.8 22.9 3.5 1.0 92.5 135.7 1437 9.1
05-06 --,- 89.0 17.8 23.5 3.5 1.0 92.5 134.8 1491 9.0
06-01 -"":- 119.0 17.11 24.1 . 3.5 1.0 . 92.5 135.4 1495 9.0
07-08 --- 89.0 17.8 24.6 3.5 1.0 92.5 135.9 1499 9.1
·08-09 .. 89.0 17.8 24.7 3.5 1.0 92.5 136.0 1503 9.0
09-10 --- 89.0 17.8 25.'1 3.5 1.0 92.5 137.0 1501 9.1
10-11 .-- 89.0 17.11 26.2 3.5 1.0 92.5 137.5 1511 9.1



TABLE 4.20" Fa'irbanks;.Tanana Va 11 ey Area:; Low Growth Scenario. Case i. 5% Inn ation

TotalC~st
New Hydroelectric Transmission

New,Coal Fired capa~ Costs Systems Total Total Total System
of Exfstfng Investment---oM&R Coa Investment OM&R lnvestment bM&R Investment System Consumption. Average Power

.-lliL CapacHY Costs Costs, '~ Costs ~ Costs £ill!. ~!L- Costs, $ -!!:I~ Costs, t/KUH

78-79 30.5, --- --- --- 0.2 0.2 --- 30.9 778 4.0

79-80 33.9 --- --- --- 0.2 0.2 --- 34.2 823 4.2

80·ln 37.4 --- --- --- 0.2 0.2 .....- 37.8 855 4.4

81-82 40.7 --- --- --- 0.2 0.2 "'l-- 41.0 887 4.6

82-83 36.6 --- --- 6.9 0.2 0.2 --- 43.9 919 4.8,

83-84 35.6 --- --- 7.2 0.2 0.2 --- 43.2 951 4.5

84-85 33.5 . .-- 7.3 0.2 0.2 ........ 41.3 933 4.2

85-86 32.3 --- --- 7.5 0,2 0.2 ... _-, ~r ;l lm5 4.0

86-81 30.4 . --- 8.1 0.2 0.3 ..,--- 38.9 J047 3.7

87-68 . 28.7 --- --- 8.6 0.2 0.3 .~ ....- 37.11 1079 3.5

88-89 27.9 4.2 0.7 e.!! 0.2 (l.~ ·Li5 ~2.Ll Hn 3.8

89-90 29.3 3li.() 7.0 12.1 4.5 1.1 4l.1 91.3 1144 1.9

90-9.1 28.4 48.(; 7.4 12.7 4.5 Ul 52.5' 102.8 )116 8.7
Co) i 91-92 30. i 48.0 7.'1 16.5 f".5 10l:.2.... , 1.9 52.5 120B 8.9
CICI'
I,' 92-93 26.7 4B.0 7.4 lB.7 U. 2.0 52.5 IOI.f 1240 8.6

93-94 28.1 48.0 7.8 20.6 li.5 2.1 52.5 lHJ.B IV.? 8.1

94-95 29.5 89~4 n.o 22.6 • C U 93.9 165.1 H05 12~7
, ~.~

95-96 28.8 100.2 11.2 2b..9 4.5 2.3 i04.7 177.6 1337 13.3

96-97 27~1 100.2 18.0 27.9 4,5 2.4 104.1 160.4 1369 13.2

97~98 6.1 \48. i 28.5 33.5 4.5 2.5 152.6 222.9 1401 15.9

98-99 6.4 198,4 39.6 36.1 ~.fi 2.6 202.9 281.9 1433 20.1

99-2000 6.6 1913.4 41.6 40.1 4.5 2..1 202.9 294.0 1466 20.0

00-01 7.0 198;4 43.6 43.1 Ui 2.8 202.9 299.4 1470 20.4

01-02"' 7.3 198.4 46.0 46.2 4.5 2.9 202.9 305.2 1474 20.7

02-03 2.7 198;4 48.4 49.6 4.5 i.o 202.9 306.5 1478 20.7

03-04 2.8 198.4 50.8 53.2 4.5 3.2 202.9 312.6 1482 2l.l

04-05 2.9 198.4 53.6 57.1 4.5 3.3 202:9 319.6 1487 21.5

" 05-06 --- 190.4 56.0 61.3 4.5 3.4 202.9 323.6 1491 21.7

06-07 --- 198.1 " !l8..8 65.8 4.5 3.5 202.9 330.9 ,1495 22.1

07-08 --- 198.4 60.0 70.6 4.5"" 3.7 202.9 337.0 1499 22.5

,,08-09 _...... 198.4 . 56.• 2 75.8 4.5 3.9 202.9 347.5 1503 23.1

09-10 --- 198.4 68.0 81.3 4.5 4:2 202.9 356.4 1507 23.6

10-11 198.4 71.6 87.1 4.5 4.3 202.9 365.9 1511 24.2.



m TABLE 4.21. Fairbanks-Tanana Valley Area, low Growth Scenario, Case 2, 0% Inflation
"'I..,
'"CXl New Hydroelectric Transnllsston
0 Total Cost New Coal Fired CapacHY Costs Systems Total Total' Total System
I

CXl of Extstlng InvestmeiirOMlR .. Coal Inves tmentOMllC Investment OM&R, Investment System Consumptlon, Average Power
0

~ CapacHy ...J9llL- Costs Costs _ Costs Costs Costs Costs ' Costs Costs , S MHKIIK Costs, ¢/KWH
I

",... 78-79 33.8 --- --- --- 0.3 0.2 --- 34.3 778 4.4

79-80 . 36.6 --- --- --- 0;3 0.2 --- 37.1 823 4.5

80-8\ 39.4 --- --- --- 0.3 0.2 --- 39.9 855 4.7

81-82 41.6 --- --- . --- 0.3 0.2 --- 42.1 887 4.7

82-83 35.6 --- --- . 6.9 0.3 0.2 --- 43.1 919 '4.7

83-84 33.1 --- --- 7.2 0.3 0.2 40.8 951 4,3

84-85 30.3 --- --- 7.3 0.3 0.2 --- 38.2 983 3.9

85-86 28.2 --- --- 7.5 0.3 0.2 --- 36.6 1015 3.6

86-87 26.1 --- --- 7.7 0.3 0.2 --- 34.3 1047 3.3

87-88 24.0 --- --- 7.8 0.3 0.2 --- 32.4 . 1079 3.0

88-89 22.9 2.6 0.5 7.7 0.3 0.2 2.9 34.2 1111 3.1

89-90 23.1 21.5 4.3 10.0 3.5 1.0 25.0 63.4 1144 5.6

90-91 20.9 27.6 5.5 10.0 3.5 1.0 31.4 68.5 1176 5.8
w .- 91-92 .21. 1 27.6 ' 5.5 12.4 3.5 1.0 31. 7 71.1 1208 5.9
-0 .

92-93 18.2 27.6 5.5 13.3 3.5 1.0 31.1 69.2 1240 5.6

93-94 . 18.4 27.6 5.5 14.1 3~5 1.0 31.1 70.1 1272 5.5

94-95 18.5 27.6 5.5 14.7 18.8 2.0 46.4 87.2 1305 6.7

95-96 16.9 32.3 6.4 15.4 18.8 ,
2.0 51.1 91.8 1337 6.9

96-97 14.3 51.2 10.2 16.4 18.8 2.0 70.0 113.1 1369 8.3

97-98 3.7 70.1 14.0 18.9 18.8 2.0 88.9 127.6 1401 9.1

98-99 3.7 70.1 14.0 19.6 18.8 2.0 88.9 128.4 1433 8.9

99-2000 3.7 70.1 14.0 20.6 18.0 2.0 80.9 129.3 1466 6.8

00-01 3.8 70.1 14.0 20.9 18.8 2.0 88.9 129.6 1470 6.8

01-02 3.8 70.1 14.0 21. 5 18.8 2.0 68.9 130.2 1474 8.8

02-03 1.5 70.1 14.0 21.8 18.8 2.0 88.9 128.3 1478 8.7

03-04 1.5 70.1 14.0 22.4 18.8 2.0 88.9 126.8 1482 11.7

04-05 1,5 70.1 14.0 22.9 18.6 2.0 /l8.9 129.3 1487 8.7

05-06 --- 70.1 14.0 23.5 '18.8 2.0 88.9 128.4 1491 8.6

06=07 --- 89.0 17.8 24.0 18.8 2.0 107.8 151. 7 1495 10.1
07-06 --- 89.0 1/.8 24.5 18.8 2.0 107.8 152.2 1499 10.1

08-09 --- 89.0 17.8 25.1 18.6 2.0 107.8 152.8 1503 10.1
09-10 --- 89.0 17.8 25.7 18.8 2.0 107.8 153.3 1507 10.2

10-11 _.- 69.0 17.6 26.2 18.8 2.0 107.8 153.9 1511 10.2



TABLE 4.22. Fairbanks-Tanana Valley Area, Low Growth Scenario, Case 2, 5% Inflation

New Hydroelectric Transmlss Ion
Total Cost New Coal Fired Capacity Costs ~stems Total Total Total Systemof Existing Il\lIestniiiiif-oMiR Coal Inllestnlent OM&iC Ilyes tlnenr-1iMllr Inllestment Systelll Consumption, Allerage Power

~ ~~.!.L Costs Costs Costs Costs . Costs Costs Costs Costs Costs, $ . MMKWlI Costs, ¢/KWH

78-79 30.57 --- --- --- 0.2 0.2 --- 30.9 718 4.0

79-80 33.9 --- --- --- 0.2 0.2 --- 34.2 823 4.2

80-81 37.4 --- --- --- 0.2 0.2 --- 37.8 1l5S 4.4

81-82 40.7 --- --- --- 0.2 0.2 --- 41.0 887 4.6
82-83 :J6.6 --- --- 6.9 0.2 0.2 --- 43.9 919 4.8

83-84 35.6 --- --- 7.2 0.2 0.2 --- 43.2 951 4.5
84-85 33.5 --- --- 7.3 0.2 0.2 --- 41.3 983 4.2

83-86 32.3 --- --- 7.5 0.2 0.2 --- 40.3 1015 4.0
86-87 30.4 --- --- 8.1 0.2 0.3 --- 38.9 1047 3.7

87-88 28.7 --- :--- 8.6 0.2 0.3 --- 37.8 1079 3.5

88-89 27.9 4.2 0.7 B.9 0.2 0.3 4.4 42.4 1111 3.8
89-90 29.3 36.6 7.0 12.1 4.5 1.7 41.1 91.3 1144 7.9

90-91 28.4 48.0' 7.4 12.7 4.5 1.8 52.5 102.8 1176 8.7
Co)

91-92 30.1 48.0· 7.4 16.5 4.5 1.9 52.5 108.2 1208 8.9100),
0

92-93
.

26.7 48.0 7.4 ' 18.7 4=.5 2.0 52.5 107.0 1240 8.6
93-94 28.1 48.0 7.8 20.6 4.5 2.1 52.5 nO.8 1272' 8.7

94-95 29.5 48.0 11.9 22.6 36.8 4.0 84.8 153.0 1305 11.7

95-96 28.8 58.8 14.6 24.9 36.8 4.2 95,6 168.1 1337 12.6

96-97 27.7 105.4 24.4 27.9 36.8 4.4 142.2 226.6 1369 16.5

97-98 6.1 153.3 35.2 33.5 36.8 4.6 190.1 269.6 1401 19.2

98-99 6.4 153.3 36.9 36.7 36.8 4.8 190.1 275.0 1433 19.2

99-2000 6.6 153.3 38.7 40.1 36.8 5..1 190.1 280.6 1466 19.1

00-01 7.0 153.3 40.7 43.0 36.8 5.3 190.1 286.2 1470 19.4

01-02 7.3' 153.3 42.7 46.1: 36.8 5.6 190.1 291.9 1474 19.8

02-03 2.7 153.3 44.9 49.6 36.8 5.9 1~0.1 293.2 1478 19.8

03-0·' 2.8 153.3 47.1 53.2 36.8 6.2 190.1 299.4 1482 20.2

04-05 2.9 153.3 49.5 57.1 36.8 6.5 190.1 306.2 1487 20.6

05-06 --- 153.3 51.9 61.3 36.8 6.8 190.1 310.1 1491 20.8

06-07 --- 227.6 69.2 65.7 36.8 7.2 264.4; 406.6 1495 27.2

07-08 --- 227~6 72.6 70.5 36.8 7.5 264.4 415.1 1499 27.7
(,8-09 --- 227.6 76.3 75.7 36.8 7.9 264.4 424.4 1503 28.2

09-10 --- 227.6 eO.l '81.2 36.8 8.3 264.4 434.1 1507 28.8

10-11 --- 227.6 84.1 87.1 36.8 8.7 264.4 443.3 1511 29.4



TABLE 4.23. Fairbanks-Tanana VaHey Area, Low Growth Scenario, Case 3, 0% Inflation

New Hydroelectric Transm1ss ion
Total Cost New Coa1 FIred Capaclli.._ Cilsts Systems. Total Total Total System
of ExIsting Investment OH&R Coal Investment OM&R Investment OM&R InvestllMlnt . System Consumption. Average Power

..!m- Capacity Costs Costs Costs Costs Costs Costs_ . Costs Costs· Costs. $ MMKWH Costs. t/KWH

78-79 33.8 --- -.-- --- --- --- 0.3 0.2 --.- 34.3 778 4.4
79-80 36.6 --- --- --- --- 0.3 0.2 --- 37.1 823 4.5

, 80-81 39.4 --- --- --- --- .-.... 0.3 0.2 --- 39.9 855 4.7
81-82 41.6 --- --- --- --- --- 0.3 0.2 ---" 42.1 887 4.7
82-83 35.6 --- --- 6.9 --- --- 0.3 0.2 --- 43.1 919 . 4.7
83-84 33.1 --- --- 7.2 --- --- 0.3 0.2 --- 4Q.8 951 4.3
84-85 30.3 --- --- 7.3 --- --- 0.3 0.2 --- 38.2 983 3.9
85-86 28.2 --- --- 7.5 --- --- 0.3 0.2 --- 36.6 1015 3.6
85-87 26.1 --- --- 7.7 --_. --- 0.3 0.2 --- 34.3 1047 3.3
81-88 24.0 --- --- 7.8 --- --- 0.3 0.2 --- 32.4 1079 3.0
88-89 22.9 2,6 0.5 7.7 --- --- 0.3 0.2 2.9 34.2 1III 3.1
89-90 23·1 21.5 4.3 10.0 --- --- 3.5 1.0 25.0 63.4 1144 5.6

. 90-91 20.9 27.6 5.5 10.0 --- --- 3.5 1.0 31.4 68.5 1176 5.8
w:

91-92 21.1 27.6 5.5 12.4 18.8 2.0 46.4 87,4 1208 7.2...:l --- ---- 13.3 18;8 2.0 46.4 85.5 124092-93 18.2 27.6 5.5 --- --- E.9
93-94 18.4 27,6 5.5 14.1 --- --- 18.8 2.0 46.4 86.4 1272 6.8
94-95 18.5 27.6 5.5 6.9 36.2 0.1 18.8 2.0 82.6 115.6 ·1305 8.8
95-96 16.9 32.3 6.4 6.5 36.2 0.1 18.8 2.0 82.6 119.2 1337 8.9
96-97 14.3 32.3 6.4 7.3 36.2 0.1 18.8 2.0 82.6 117.5 1369 8.6
97-98 3.8 32.3 6.4 9.6 36.2 0.1 18.8 2.0 82.6 109.2 H01 7.8
98-99 3.8 32.3 6.4 10.1 36.2 0.1 18.8 2.0 82.6 109.7 1433 7.6
99-2000 3.8 32.3 6.4 3.1 '18.3 .0.2 10.8 2.0 99.4 114.9 1466 7.8
00-01 3.8 32.3 6.4 ?7 48.3 0.2 18.0 2.0 99.4 114.5 1470 7.8
01-02 3.8 32.3 6.4 2.7 48.3 . 0.2 18.8 2.0' 99.4 114.5 1474 7.7
02-03 . 1.5 32.3 6.4 2.4 48.3 0.2 18.. 11 2.0 99.4 111.9 1478 7.6
03-04 1.5 32.3 6.4 2.5 48.3 0.2 18.8 2.0 99.4 112.0 1482 7.6
04-05 1.5 32.3 6.4 2.6 48.3 0.2 18.8 2.,0 99.4 112.1 1487 7.5
05-06 --- 32.3 6.4 2.7 48.3 0.2 18.8 2.0 99.4 110.7 1491 7.4
06-07 --- 32.3 ·6.4 2.8 48 •.3 0.2 18.8 2.0 99:4 110.8 .1495 7.4
07-08 --- 32.3 6.4 2.9 48.3 0.2 16.8 2.0 99.4 110.9 1499 7.4
06-09 --- 32.3 6.4 3.1 48.3 0.2 18.8 2.0 99.4 111.1 1503 7.4
09-10 --- 32.3 6.4 3.2 46.3 0.2 18.8 2.8 99.4 111.2 1507 7.4
10-11 --- 32.3 6.4 3.4 46.3 0.2 18.8' 2.0 99.4 111.4 1511 7.4



TABLE 4.24. Fairbanks-Tanana Valley Area, Low G'rowth Scenario, Case 3,'5% Infl ation

New Itydroelectrlc Transmission
Total Cost New Coal F~red Capaci~ Costs Systems Total TotAl Total System
of Existing Investment OM&R Coal Investment OM&R Investment OM&R Investment Sys,te", Consumption, Average Power

..!ill.- Capacity Costs_ ~ Costs Costs Costs Cost_s_ Costs Costs Costs, $ MMKWH Costs.t/KWH

78-79 30.5 --- --- --- --- --- 0.2 0.2 --- 30.9 778 4.,0

7!!-80 ; 33.9 --- --- --- -- --- 0.2 0.2 34.,2 823 ' 4.2

80-81 37.4 --- --- --- --- --- 0.2 0.2 --- 37./t '855 4.4
81-,82" 40.7 --- --- --- --- --- 0.2 0.2 41.0 887 4.6

82-8~. 36.6 --- --- 6.9 --- --- 0.2 0.2 --- 43.9 919 4.8

83-84 35.6 --- --- 7.2 --- --- 0.2 0.2 --- 43.2 9,51 4.5

84~85 33.5 --. --- 7.3 --- --,- 0.2 0.2 --- 41.3 983 4.2
85-86 32.3 --- --- 7.5 --- 0.2 0.2 --- 40.3 10,15 4.0

86.87 30.4 --- --- 8.1 --- --- 0.2' 0.3 --- 38.9 1047 3.7
1l7-88, 28.7 --- --- 6.6 --- --- 0.2 0.3 --- n.6 1079 3.5

88-89 27.9 4.2, 0.7 8.9 --- --- 0.2 0.3 4.4 42.4 1111 3.8

8~-90 29.3 36.6 7.0 12.1 --- --- 4.5 1.7 41.1 91.3 1144 7.9

Co)
90-91 28',1 48,.0" 7.4 12.7 --- --- 4.5 1.8 52.5 102.8 1176 8.7

to) 91-,92 30.1 46.0 10.3 16.4 -~- --- 32.,4 3.5 80.4 140.7 1208 11.6
to)

92 093 26.7 48.0 10.8 16.7 --- --- 32.,4 3.6 80.4 140.3 1240 11.3

93-94 28.1 48.,0 11.4 20.6 --- --- 32.4 3.6 80.4 144".3 1272 11.3

94-95 29.5 48.0 11.9 10.7 76.2 0.3 32.4 4.0 156.6 213.1 1305 16.3

95·96 28.8 58.8 14.6 10.5 76.2 0.,3 32.4 4.2 167.4 225.8 1337 .16.9

96-97 27 •.7 58.8 15.3 12.4 76.2 0.3 32.4 4.4 167.4 227.5 1369 16.6
,',"

97-98 6.1 58.8 16.1 16.9 76.2 0.4 32.4 4.6 167..4 211.,5 1401 15.1

98-99 6.4 58.6 16.9 18.9 76.2 0.4 32.4 4.8 167.4 214.8 14~.3 15.0

99-2000 6.6 58.6 17 .7 5.9 100.6 0.8 32.4 5.,1 199.8 236.0 1466 16.1
00-01 7.0 50.6 11l.6 5,4 108.6 0.6 32.4 5.3 199.8 236.9 1470 16.1

01-02 7.3 58.8 19.6 5.8 100.6 0.9 32.4 5.6 199.8 239.0 1474 16.2
02-03 2.7 58.8 20.5 5.5 108.6 0.9 32.4 5.9 199.8 235.3 1478, 15,,9

03-04 2.8 58.8 21.6 5.9 100.6 1.0 32.4 6.2 199.6 237.3 1462, 16.0

04-05, 2.9 58.8 22.6 6.5 100.6 1.0 32.4 6.5 199.8 239.3 140} 16.1

05-06 --- 5,0.8 23.7 7.1 100.6 1.1 32.4 6.0 199.8 238.5 ,1491 16.0
06-07 --- 58.,6 24.9 7.8 108.6 1.1 32.4 7.2 199.'8 240.8 1495 ' 16.1
07-08 --- 58.8 26.2 8.5 108.6 1.2 32.4 7.5 199.8 243.2 1499 16.2

08-09 --- 58.8 27.5 9.3 108.6 1.2 32.4 7.9 199.8 245.7 1503 16.3
09-10 50.0 20.9 10.2 100.6 1.3 32.4 0.3 199.8 240.5 1507 16.5

10-11 --_. 56.6 30.3 '11.1 100:6 1.4 32.4 8.'1 199.8 251.3 1511 16.6



TABLE 4.25. Fairbanks-Tanana Valley Area, Medium Growth Scenario, Case 1,0% Inflation

New Hydroelectrtc Transm1ss10n
Total Cost New Coal Fired Capac1ty Costs Systems Total Total Total System
of Existing Investment OM&R Coal Investment OM&R Investment OM&R Investment System Consumption. Average Power

-1£!L Cdpaclty Costs ~st~ Costs Costs Costs Costs Costs Costs Costs I $ Ml-1KWH Costs I ¢/KWIl

78"79 33,8 --- --- --- 0.3 0.2 --- 34.2 '804 4.3

'79~80 36.6 --- --- --- 0.3 0,2 --- 37.0 862 ~.3

80-81 39.4 --- --- --- 0;3 0.2 --- i9;8 916 4..3

81-82 41.6 --- --- --- 0.3 0.2 42.1 970 4;3

82-83 35.6 --- --- 6.9 0.3 0.2 --- 43.0 1024 4.2

83.84 33.1 --- --- 7.2 0.3 0.2 --- 40.8 1078 3.8

84-85 30,3 --- ,._-- 7.3 0.3 0.2 --- 38.1 1132 3.4

85-86 28.2 18.9 3.8 9.4 3.5 1.0 22.4 64.9 1193 5.4

86-87 26.1 18.9 3.8 10.9 3.5 1.0 22.4 64.2 1254 5.1

87-88 24.0· 18.9 3.8 12.4 3.5 1.0 22.4 63.7 1315 4;8

88 c 89 22.9 21.5 4.3 13.3 3.5 1.0 25 •.0 66.6 1376 4.8

89-.90 23.1 40.4 8.1 14.5 .3 ..5 1.0 43.9 90.6 1437 6.3.
90-91 20.9 46.5 9.3 15.5 3.5 1.0 50.0 96.8 1505 6.4

w
t-) ,91-92 21.1 46.5 9.3 16.8 3.5 1.0 50.0 98.2 1573 6.2

.W
92-93 18.2 '65.4 13.1 18.2 3.5 1.0 68.9 119.5 1641 7.3

93-94 18.4 65.4 13.1 19.5 3.5 1.0 68.9 120.9 1709 7.1

.94-95 18:5 65.4 13.1 20.7 3.5 1.0 68~9 122.2 1777 6.9

9.5-96 16.9 10. 1 14.0 22.1 3.5 1.0 73.6 127.6 1859 6.9

96-.97 14.3 89.0 17.8 24.0 5.3 1.8 94.3 152.4 1941 7.8

91-98 3.7 107.9 21.6 27.3 5.3 1.8 113.2 167.8 2023 8.3

98-99 3.7 126.8 25.4 28.9 5.3 1.8 132.1 192.0 2105 9.1

99-2000 3.7 126.8 25.4 30.7 5.3 1.8 132.1 193.8 2187 8.9

00-01 ·3:8 126.8 25.4 31.8 5.3 1.8 132.1 194.9 2229 8.7

01-02 3.8 126.8 25.4 33.1 5.3 1.8 132.1 196.2 2270 8.6

02-03 1.5 126.8 25.4 34.2 5.3 1.8 132.1 195.0 2312 8.4

03-04 1.5 155.5 31.1 35.6 5.3 1.8 160.8 230.8 2353 9:8

04-05 -- 155.5 31. 1 37.0 5.3 1.8 160.8 232.2 2395 9.7

05-06 --- 155.5 31.1 38.4 5.3 1.8 160.8 232.1 2437 9.5

06-07 --- 155.5 31.1 39.9 5.3 1.8 160.8 233.5 2478 9.4

07-08 --- 155.5 31.1 41.4 5.3 1.8 160.8 235.1 2520 9.3

08-09 --- 155.5 31. 1 42.8 5.3 1.8 160.8 236.5 2561 9.2

09-10 --- 155.5 J1.1 44.4 5.3 1.8 160.8 238.1 2603 9.1

10-11 --- 155.5 31.1 45.9 5.3 1.8 160.8 239.6 2645 9.1



TABLE 4.26. Fairban~s-Tanana Valley Area. Medium Growth Scenario, Case 1,5% Inflation

New Hydroelectric Transmfsslon
Total Cost New Coal Fired Capacity Costs Systems Total Total Total System
of Exlsttng Investment oMIR Coal Investment OHM Investment M&R . Inves tmlln t System Consumption. Average Power

.1ill..- .J!I!.aflli- Costs f2lli.. Costs Costs Costs . Cos ls Costs Costs Costs, $ HMKWIl Costs, ¢/KWIt

78-79 30.5 --- --- --- 0.2 0.2 --- 30.9 804 3.8
79-80 33.9 --- --- --- 0.2 0.2 --- 34.2 862 4',(f

80-81 37.4 --- --- --- 0.2 0.2
___ i

37.8 916 4.1'
81-82 40.7 --- --- --- 0.2 0.2 --- 41.0 970 4:2
82-83; 36.6 --- --- 6.9 0.2 0.2 --~ 43.9 1024 4.3
83-84 35.6 --- --- 7.2 .0.2 0.2 --- 43.2 1078 4.0
84·85 33.5 --- --- 7.3 0.2 0.2 --- 41.3 1132 3.6
85-86 . 32.3 26.6 5.• 3 9.4 4.4 1.2 31.0 79.2 1193 6.6
86-67 30.4 26.6 5.5 11.4 4.4 1.3 31.0 79.6 1254 6.3
87·88 28.7 26.6 5.8 13.6 4.4 1.4 31.0 80.5 1315 6. I
BO-89 27.9 30.8 7.0 15.4 4.4 1.5 35.2: 87.0 1376 6.3
89-90 29.3 63.2 13.6 17.6 4.4 1.5 67.6 129.7 1437 9.0
90-91 28.4 74.6 16.4 19.8 4.4 1.6 79.0 145;3 1505 9.6

Co)

91-92 30.1 74.6 16.4 22.3 4.4 1.7 79.0 149.5 1573 9.5~

oI:lo
l.IJ 194.492-:lJ 26.7 112.1 23.8 25.5 4.4· 116.5 1641 11.8

93-94. 28.1 112.1 25.0 28.5 4.4 1.9 116;5 200.1 1709 11.7
94-95 29.5 112. I 26.2 31.0 4.4 2.0 U6.5 20,6.1 1777 11.6
95-96 28.8 122.9 29.7. 35.8 4.4 2.2 127.3 223.8 1859 12.0
96-97 27.7 169.5 40.1 40.7 8.5 2.3 178.0 288.8 1941 14.9
97-98 6.1 217.4 51.7 48.5 8.5 2.4 225.9 33406 2023 16.!)

98-99 6.4 261.7 64.1 54.0 6.5 2.6 276.2 403.4 2105 19.2
99-2000 6.6 267.7 67.3 59.9 8.5 2.7 276.2 412.7 2187 18.9

00-01 7.0 267.7 70.7 65.3 0.5 2.8 276.2 422.0 2229 18.9
01-02 7.3 267.7 74.3 71.1 8.5 3.0 276.2 431.9 2270 19.0

02"03 2.7 267.7 77.9 77.6 0.5 3.2 276.2 437.6 2312 18.9
03~04 2.8 365.0 77.9 77.6 8.5 3.4 373.5 561.5 2353 23.9

04-05 2.9 36!l.0 102.1 92: 1 8.5 3.6 373.5 . 574~2 2395 24.0
05-06 - - 365.0 107.2 100.3 8.5 3.7 373.5 584.7 2437 24.0
06-07 --- 365.0 112.6 109.1. 8.5 3.8 373.5 599.0 2478 24.2
07-08 --- 365.0 118.2 118.7 8.5 4.2 373.5 614.4 2520 24.4

08-09 --- 365.0 124.1 129.1 8.5 4.2 373.5 630.9 2561 24.6
09-10 --- 365.0 130.3 140.4 8.S 4.4 373.5 648;6 2603 24.9
10-11 --- 365'.0 136.8 152.5 8.5 4.5 373.5 667.3 2645 25.2

_____..:....-. ~.. w~._.= -,~,



TABLE 4.27. Fairbanks":Tanana Valley 'Area, Medium Growth Scenario, Case 2, 0% Inflation

New IIydroelectrlc Transmission
Tot~l:Total Cost New Coal Fired Capacity Costs Systems Total Total System

of Existing Investment OM&R 'Coar-- Investment OM&R Investment OH&R Investment System Consumption. Average Power
-1ttL. Capacity Costs Costs Costs Costs ~ Costs Costs Costs Costs. $ HMKWII Costs. ¢/KWH

78-79 33.8 --- --. --- 0.3, 0.2 --- 34.2 804 of.3
79-80 36.6 -.- --- --- 0.3 0.2 --- 37.0 862 4.3
80-81 39.4 --- --- -.- 0.3 0.2 --- 39;8 916 4.3
81-82 41.6 --- --- --- 0.3 0.2 --- 42,1 970 4.3
82-83 35.6 _.- --- 6.9 0.3 0.2 _.- 43.0 1024 4.2
83-84 33.1 ._- --- 7.2 0.3 0.2 --- 40.8 1078 3.8
84-85 30.3 --- .-- 7.3 0.3 0.2 --- 38.1 1132 3A

85-86, 28.2 18.9 3.8 9.4 3.5 LO 22.4 64.9 1193 5.4
86-87 26.1 18.9 3.8 10.9 3.5 1.0 22.4 64.2 1254 5.1
87~8a 24.0 18.9 3.8 12.4 3.5 1.0 22.4 63.7 131S 4.8
88-89 22.9 21.5 4.3 13.3 3.5 LO 25.0 66.6 1376 4.8
89-90 23.1 21.5 4.3 14.5 18.8 2.0 40:3 84.2 1437 5.8
90-91 20.9 21.6 6.5 19.1 18.8 2:0 46.4 89.0 1605 5.9

c.J
~ 91-92 2Ll 27:6 5.5 15.2 18.8 2.0 46.4 90.2 1573 5.7-
U'I

92-93 18.2 27.6 5.5 16.0 18.8 2.0 26.4 86.2 1641 5.4
93-94 13.4 27.6 5.5 16.9 16.6 2.0 46.4 89.2 1709 5.2
94-95 18.5 46.5 9.2 19.8 18.8 2.0 65.3 " 114.9 1777 6.5
95-96 16.9 70.1 13.8 22.1 18.8 2.0 88.9 143.7 1859 ' 7.7
96-97 14.3 70.1 13.8 24.0 18.8 2.0 88.9 143.2 1941 7.4
97-911 3.76 89.0 17.5 27.3 18.8 2.0 107.8 158.5 2023 7.,8

98-99 3.7 107.9 21.2 28.9 18.8 2.0 126.7 '182.6 2105 8.7-
99-2000 3.7 107.9 21.2 30.7 18.8 2.0 126.7 184.5 2187 8.4
00-01 3.8 107.9 21.2 ' 31.8 18.8 2.0 126.7 185.5 2229 8;3
01-02 3.8 107.9 21.2 33.1 18.8 2.0 126.7 18&.8 2270 8.2
02-03 1.5 126.8 24.9 34.2 18.8 2.0 145.6 208.2 2312 9:0
03-0'4 1.5 126.8 24.9 35.6 16.8 2.0 145.6 209.6 2353 8.9
04-05 L5 126.8 24.9 37.0 18:0 2.0 145.6 211.0 2395 8.8
05"06 --- 126.8 24.9 38.44 18.8 2.0 145.6 210.9, 2437 8.6
06-07 --- 126.8 24.9 39.8 18.8 2.0 145.6 212.3 2478 8.6
07-08 --- 126.8 24.9 41. 3 18.8 " 2.0 145.6 213.8 2520 8.5

, 08-09 ---- 126.8 24.9 42.8 18.8 2.0 145.6 215.3 2561 8.4
09-10 --- 126.8 24.9 44.3 18.8 2.0 145.6 216.9 2603 8.3
10-11 --- 126.8 24.9 45.9 18.8 2.0 145.6 218.4 2645 8.2



TABLE/4.28. Fairbanks-Tanana Valley Area, Medium Gro~lth Scenario, Ca,se2, 5% Inflation

,. . I New Hydroelectric Transmission
Total Cost New Coal Fired Capacity' Costs Systems Total Total Total System
of £Kistlng Investment---nM&R Coal Investment OM&R Investment OM&R Investment System Consumption. Average Power

..!!!!.- Capactty Costs Costs Costs CostL_ ~osts Costs ~ Costs Costs. S Ml1KWH Costs. ¢/KWH

78-79 30.5 --- --- --- 0.2 0.2 --- 30.9 '. 804 3.8
79-80 33;9 --- --- --- 0.2 0.2 --- 34.2 862 4;0
80-81 37.4 --- --- --- 0:2 0.2 --- 37.8 916 4.1
81-82 40.7 --- --- --- 0.2 0.2 --- 41.0 970 4.2
82-83 36.6 --- --- 6.9 0,2 0.2 --- ' 43.9 1024 '4.3
B3-84 35.6 --- --- 7.2 0.2 0.2 --- 43.2 1078 4.0
84-85 33.5 --- --- 7.3 0.2 0.2 --- 41.3 1132 3.6
85-86 32.3 26.6 5:3 9.4 4.4 1.2 31.0 79.2 1193 6.6
86-87 30.4 26.6 5,5 11.4 4.4 1.3 31.0 79.6 1254 6.3
87-88 28.7 26.6 5.8 13.6 4.4 1.4 31.0 80.5 1315 6.1
88-89 27.9 30.8 7.0 15.4 4.4 1.5 35.2 87:0 ,1376 6.,3
89-90 29.3 30.9 7.3 17.6 29.7 3.2 60.6 118.1 1437 8.2
90-91 28.4 42.3 9.8 18.0 29.7 3.4 72.0 131.8 1505 8.7

c.,)
91~92 30.1 42.3 10.3 20.2 29.7 3.5 72.0 136.1 1573 8.6loo)

0-
92-93 26.7 42.3 10.8 22.4 29.7 3.7 72.0 135.7 1641 8.3
93-94 28.1 42.3 11.4 24.7 29.7 3~9 72.0 :140.1 1709 8.2
94-95 29.5 83.7 20.2 30.5 29.7 4.1 113.4 197 ;8 1777 11.1
95-96 28.8 137.9 31. 9 35.8 29.7 4;3 167.6 268.5 1859 14~4

96:97 27.7 137.9 33.5 40.7 29.7 4.5 167.6 274.0 1941 14,1
97-98 6.1 185.8 44.7 48.5 29.7 4.7 215.5 319.5 2023 15.8
98-99 6.4 236.1 56.8 54.0 29.7 5;0 265.8 388; 1 2105 18.4
99~2000 6.6 ,236.1 59.6 59.9 29.7 5.2 265.8 397:1 2187 18.2
00·01 7.0 236.1 62.6 65.3 29.7 5;5 265.8 406.2 2229 18.2
01-02 7.3 236.1 65.7 71.1 29.7 5.7 265.8 415.6 2270 18.3
02-03 2.7 291.2 81.1 77 .5 29.7 6.0 326.9 494.3 2312 21.4
03-04 2.8 297.2 85.2 84.4 29.7 6.3 326.9 505.7 2353 21.5
04-05 2:9 297.2 89.5 92.1 29.7 6.7 326.9 518.2 2395 21.6
05-06 --- 297.2 93.9 100.2 29.7 7.0 326.9 528.1 2437 21.7
06-07 --- 297.2 , 98.6 109.1 29.7 7.3 326.9 541.9 .2478 21.9
07-08 --- 297.2 103.6 118.7 29.7 7.7 326.9 556.9 2520 22.1
013-09 --- 297.2 108.7 129.1 29.7 8.1 326.9 572.8 2561 22.4
09-10 --- 297.2 114.2 140.3 29.7 8.5 326.9 590.0 2603 22.7
10-11 --- 297.2 119.9 l!il.5 29.7 8.9 326.9 608.2 2645 23.0



TABLE 4.29. Fairbanks-Tanana Valley Area, Medium Growth Scenario, Case 3, 0% Inflation

New HydroelectrIc TransmIssIon
Total Cost New Coal fIred Capacity Costs Systems Total 'Total Total System
of ExISting Investment OM&R Coal Investment OM&R Investment OM&R Investment System Consumption. Average Power

J!!L Capacity Costs Costs Costs -f~ f2llt Costs Costs Costs Costs. $ MMKIIH Costs." t/KWH

78-79 33.8 --- --- --- -_.- --- 0.3 0.2 --- 34.2 804 4.3

79-80
.

36.6 --- --- --- --- --- 0;3 0.2 ---; 37.0 662 4.3
80~81 39.4 --- --- --- --- --~ 0.3 0.2 --- 39.8 916 4.3

"81-82 41.6 --- --- --- --- --- 0.3 0.2 --- 42.1 970 4.3

82-83 35.6 --- --- 6.9 --- --- 0.3 0.2 --- 43.0 ' Hl24 4.2
,83-84 33.1 --- --- 7.2 --- --- 0.3 0.2 --- 40.8 1078 3.8

84-85 30.3 --- -_.• 7.3 --- --- 0.3 0.2 --- 38.1 ni2 3.4

85-86 28.2 18.9 3.8 9.4 --- --- 3.5 1.0 22.4 64.9 1193 5.4

86-87 26.1 18.9 3.8 10.9 --- --- 3.5 1.0 22.4 64.2 1254 5.1

87-88 24.0 18.9 3.8 12.4 -_ .... --- 3.5 1:0 22.4 63.7 1315 4.8

88-89 22.9 21.5 4.3 13.3 --- --- 3,5 1.0 25.0 66.6 1376 4.8

89-90 23~ 1 21.5 4.3 14.5 --- --- 18.8 2.0 40.3 84.2 1437 5.8

Co) 90-91 20.9 27.6 5.5 19.1 --- --- 18.8 2;0 46.4 89.0 1505 5.9
to..) '. 2;0""'l 91-92 21.1 27.6 5.5 15.2 --- --- 18.8 46.4 90.2 1573 5.7

'92-93 18,2 27;6 5;5 16.0 --- --- 18;8 2.0 26.4 88.2 1641 5.4

93-94 13.4 27.6 5.5 16.9 --- --- 18.8 2.0 46.4 89.2 1709 5.2

:14-95 18.5 ' 27.6 5.5 13.6 34.4 0.1 ,18.8 2.0 80.8 120.5 1777 6.8

95-96 ' 16;9 ' 32.3 6.4 13.9 34.4 0.1 18.8 2.0 85.5 124;8 1859 6.7

96-97 14.3 ,32.3 6.4 15.6 34.4 0.1 18.8 2;0 85.4 124.0 ,,1941 6.4

97-98 U 51.2 10.2 10: 7 34.4 0.1 18.8 2.0 104.4 139.2 2023 6;9

98-99 3.7 51.2, 10.2 13.0 45.9 0.2 18.8 2.0 115.9 145: 1 2105 6.9

99-2000 3.7 51.2 10.2 13.6 45.9 0.2 '18.8 2.0 115.9 145.7 2187 6.7

00-01 3.8 51.2 10.2 14.4 45.9 0.2 18.8 2.0 115.9 146.5 2229 6.6

01-02 3.8 51.2 10.2 15.3 45.9 0.2 18.8 2.0 115.9 147.4 2270 6.5
02e03 1.5 70.1 14.0 16.1 45.9 0.2 18.8 2.0 134.8 168.6 2312 ,7.3

03-04 L5 70. 1 14.0 17.1 45.9 0.2 18.8 2.0 134.8 169.6 2353 ·7.2
04-05 1.5 70.1 14.0 18.1 45.9 0.2 'lm8 2.0 134.8 170.6 2395 7.1
05·06 --- 70.1 14.0 19.2 45.9 0.2 18.8 2.0 134.8 ,170.2 2437 7.0

06-07 --- 70.1 14.0 20.2 45.9 0.2 18.8 2~0 134.8 171.2 2478 6.9
07-08 --- 70.1 14.0 21. 3 45.9 0.2 18.8 2.0 134.8 172.3 2520 6.8

08-09 --- 70.1 14.0 22.4 45.9 0.2 10.8 2.0 134.8 173.4 2561 6.8
09-10 --- 70.1 14.0 23.6 45.9 a.2 18.8 2.0 134.8 174.6 2603 6.7
10-11 --- 70.1 14.0 24.7 45.9 0.2 18.8 2.0 134.8 175.7 2645 6.6



TABLE 4.30. fairbanks-Tanana Valley Area, Medium Growth Scenario, Case 3, d% Inflation
., .~. (

New ~droe1ectric Trllns.,t.ss1on tau1 ~ys tem I '. 'Total tost New Coal Fired Capacity' Costs " Systems Total ' Total
of Existtng InvestMent OM&R Coal Investment OM&R Investment OM&R Investment SysteM t-0nsUfllPtton. Average Power

J.!!L. CapacHy Costs Costs Costs ~- Costs Costs ~ Costs Cost.s. ,$ MHKWH Costs. (/KWH

18-79 30.5 --- --- --- --- --- 0;2 0.2 --- 30;9 804 3.8 !

~9~80 33.9 --- --- --- --- . --- 0.2 0.2 --- 34.2 / 862 4:0
80-81 37.4 --- --- --- --- --- 0.2 0.2 --- 37.8 916 4,'1
81-82 40.7 --- --- ---" --. --- 0.2 0.2 --- 41.0 ' 970 4.2
82-83 36.6 --- --- 6.9 --- --- 0.2 0.2 --- 43.9 1024 4;3
83-84 35.6 --- --- 7.2 --- --- 0.2 0.2 --- 43:2 1078' 4;0
84-85 33.5 --- --- 7.3 --- --- 0.2 0.2 ---" 41.i 1132 3:6
85-86 32.3 26.6 5.3 9.4 --- --- 4.4 1.2 31.0 79.2 11~3 6.6
86-87 30.4 26.6 5.5 .11.4 --- --- 4.4 1.3 31.0 79.6 1254 6.3
87-88 28.7 26.6 6.8 13.6 --- --- 4.4 1.4 .31.0 80.6 1315 6.1
88-89 27.9 30.8 7.0 15.4 --- --- 4.4 1.5 35.2 87.0 1376 6.3
89-90 29.3 . 30.9 7.3 17.6 --- --- 29.7 3.2 60.6 118.1 1437 8.2
90-91 28.4 42.3' 9.8 18.0 --- --- .29.7 3.4 72.0 . 131.8 1505 8.7

Co)
91-92 30.1 42.3 10.3 20.2 29.7 3.:5 72.0 136.1' 1573 8.6I\,) --- ---

GO .
92-93 26.7 42.3 10.8 22.4 --- --- 29•.7 3.7 72.0 135.7 1641 8.3
9]-94 28.1 42.3 11.4 24.7 --- --- 29.7 3.9 72.0 140.1 1709 8.2
94-95 29.5 42.2 11.9 20.9 72.5 0.2 29.7 4.1 144.4 211.2 1777 11.8
95-96 28.8 53.0 14.7 22.6 72.5 0.3 29.7 4.3 155.2 225.9 1859 12.1 .
96~97 27.7 53.0 15.4 26.5 72.5 0.3 29.7 4.5 155.2 229.6 1941 11.8
97-98 6.15 100.9 25.7 33.2 72.5 0.3 29.7 4.7 203.1 273; 1 2023 13.5
98-99 6.4 100.9 26.9 24.4 101.8 0.7 29.7 4.9 232.4 295.7 2105 14.0
99-2000 6.6 100.9 28.3 26.4 101.8 0.7 29.7 5.2 232.4 299.6 2187 13.7
00-01 7.0 100.9 29.7 29.5 101.8 0.8 29.7 5.5 232.4 305.1 2229 13.7
01-02 7.:, 100.9 31.2 32.0 101.0 0.8 29.7 5.7 232.4 310.2 2270 13.7
02-03 2.7 162.0 44.9 36.6 101.8 . 0.9 29.7 6.1 293.5 384.7 2312 16.6
03-04 2.8 162.0 47.1 40.6 101.8 0.9 29.7 6.4 293.5 391.3 2353 16.6
04-05 2.9 162.0 49.5 45.1 101.8 1.0 29.7 6.7 293.5 398.7 2395 16.6
05-06, --- 162.0 51.9 50.0 101.8 1.0 29.7 7.0 293.5' 403.4 2437 16.6
06-07 --- 162.0 54.6 55.3 101.8 1.1 29.7 7.3 293:5 411.A 2478 16.6
07-08 --- 162.0 57.i 61.2 101.8 1.1 29.7 7.7 293.5 420.8 2520 16.7
08-09 --- 162.0 60.2 67.5 101.8 1.2 29.7 8.7 293.5 430.5 2561 16.8
09-10 --- 162.0, 63.2 74.5 101.8 1.2 29.7 8.5 293.5 440.9 2603 16.9
10-11 --- 162.0 66.4 82.1 101.8 1.3 29.7 8.9 293.5 452.2 2645 17 .1



TABLE 4.31. Fairbanks-Tanana Valley Area, High Growth Scenario, Case 1,0% Inflation

New Hydroelectric TransRlhs ion
Total Cost New Coal fired capac~ Costs Systems Total Total Total System
of Exhting InvestuH!nt OM&R Coa, Investment OM&R .. InvestmE:nt OMloR Investment Systelll Consumption. Average Power

..lliL . CapacHy Costs fQili. Costs Costs fQili. Costs Costs Costs Costs. S M."lKWH Costs,. (/KWH

78-79 38.8 --- --- 0.3 0.2· --- 34.2 832 4.1

79-80, '36.6 --- --- -.-- 0.3 0.2 37.0 903 4.1

80-8\ 39.4 --- --- --- 0.3 0.2 -,-- 39.8 931 4.1

81-82 41.7 --- --- --- 0.3 0.2 42.1 1059. 4.0

82-83 35.7 --- --- 6,9 0.3 0.2 --- 43.0 1137 3.8
83-84 ,33.2 --- --- 7.2 0.3 0.2 --- 40.8 1215 3.4

8ol·85 30.4 13.9 3.8 9.1 3.5 1.0 22.4 66.7 1294 5.2

85-86 28.3 18.0 3.8 10.6 3;5 1.0 22.4 66.2 1396 4.7

86-87 26.1 37.8 7.6 12.1 3.5 1.0 41.3 88.2 1498 5.9
87-88 24.1 37.8 7.6 15.6 3.5 1.0 41.3 89.7 1600, 5.6

88-89, 22.9 40.4 8.1 17 .2 3.5 1.0 43.9 93.1 1702 5.5
89-90 23.1 59.3 11.9 18.7 3.5 1.0 62 •.8 117.6 1805 6.5

90-91 20,9 65.4 13.1 20.5 3.5 1.0 68.9 124;4 1927 6.5
(.).

91-92 21.1 65-.4 13.1 22.5 3.5 1.0 68.9 126.7 2049 6.2l-.)
-0

9~-93 18.3 84.3 16.9 24.6 3.6 1.0 87.8 148.7 2172 6.8

93-94 18.4 84.3 16.9 26.8 3.5 1.0 87.8 150,9 2294 6.6

94-95 18.5 103.2 20.7 ' 28.8 5.3 1.8 108.5 178,.3 2417 7.4

95-96 16.9 107.9 21.6 31.5 5.3 1.8 113.2 85.0 2585 7.2

96.97 14.4 126.8 25.4 34.8 5.3 1.8 132.1 208.5 2754 7.6

97-98 3.8 155;5 31. 1 39.5 5.3 1.8 160.8 237.0 2922 8'.1

98-99 3.8 184.2 36.8 42.4 5.3 1.8 189.5 274.4 3091 8.9

99-2000 3•.8 184.2 36.8 45,8 5.3 1.8 189.5 286.7 3260 8.8
00-01 3.8 184.2 36.8 48.5 5.3 1.8 189.5 280.4 3396 8.3

184.2
"

0\-02 3.8 36.8 51.5 5.3 ·1.8 189.5 283.4 3531 ,8.0

02-03 1.5 184.2 36.8. 54.3 5.3 1.8 189.5 263.9 3667 7.7

03-04 1.5 212.9 42.5 57.6 5.3 . 1.8 218.2 m.6 3803 8.5
04-05 1.5 212.9 42.5 60.9 5.3 '1.8 218.2 324.9 3939 .. 8.2

05-06 -- 212.9 42.5 61\.3 Ii.3 1.8 218.2 326.8 4074 8.0
06-07 --- 212.9 42.5 67.7 5.3 ,L8 218.2 330.2· 4210 7.8
07-08 --- 241.6 48.2 71.3 7.1 2.6 248.7 370.8 4346 8.5
08-09 --- 241.6 48.2 74.9 7.1 2.6 248.7 374.4 4481 8.4
09·10 --- 241.6 48.2 78.7 7.1 2.6 248.7 378.2 4617 8.2
10-11 --- 241.6 40.2 1l2.6 7.1 2.6 248.7 382.1 4753 8.0



TABLE 4.32. Fairbanks-Tanana Valley Area, High Growth Scenario, Case 1,5% Inflation

NlOW llydroelectr1c Transmission
Total Cost New Coal FIred capac~ Costs ~tems' .Total Total Total System
of Existing Investment ~&R' oa~ lnves tment-OM&lr nvestme~ Investment System Consumptfon. Average Power

~ Capacity Costs Costs Costs Costs Costs Costs Costs Costs Costs. $ I'oMKWH Cos ts I (/KWH
-,-.-

78-79 30.6 --- --- --- 0.2 0.2 ' .'._-- 30.9 832 3.7
79-80 33.9 --- --- --- 0.2 0,2 _.- 34·.2 903 3;8
80-81 37.5 --- --- --- ·0.2 0.2 --- 37.8 .081 3.9
8\~82 40.7 --0:- --- 0.2 0.2 --- 41.0 1059 3.9
82-83 36.7 --- --- 6.9 0.2 0.2 "!"'-- 43..9 1137 3,9
83-64 35.6 --- --- 7.2 :0.2 0.2 43.2 1215 3.6
84-85 33.6 25,4 5.0 9.1 4.4 1.2 29.6 76.8 1294 6.1
85-86 32.4 25.4 5.2 ,10.6 4.4 1.3 29.8 79.4 1396 5.7
86-87 30.4 43.3 11.0 12.7 4.4 1'.3 57.7 113.2 1496 7.6
87-88 28.7 53.3 11.5 17 .1 4.4 l,4 57.7 116;5 1600 .7,3
88'-89 .27.9 57.5 13.0 19.8 4.4 1.5 .61.9 ' 124.1 1702 7;3
89-90 29.4 89.9 20.1 22,7 4.4 1.6 94.3 166.1 1805 9.3
90-91 28.5 101.3 23.2 26.1 4;4 1.7 105.7 185.3 )927 9.6

w
91"92 30.\ 101.3 2049w 24.3 29.9 4.4 1.7 105.7 191.7 9.4

0
92~93 26.8 138.. 8 32.9 34.6 4.4 1.8 143;2 239·.3 2172 11.0
93"94 28.1 pO.8 34.6 39.2 4.4 1.9 143.2 247.0 2294 10.8

,94-95 29.6 180.2 44.5 44.3 8.4 3.6 160,6 310;7 2417 12.8
95-96 . 28.8 191..0 40,9 51.0 6;4 3;8 199.4 331.9 2505. 12 ..8
.96-97 25.7 237.6 57.9 56.9 8A 4.0 246,0 392.5 2754 14.2
97-98 6.2 310.2 75.2 70,0 ,8.4 4.3 316.6 474.3 '2922 16,2
98"99 . 6.4 386.4 94.0 79.3 8.4 4.6 394;8 .579.2 3091 18.7
.99-2000 I 6.7 386.4 !l8.7 89.3 .8.4 4.8 394.8 594.3 3260 18.2
00-0\ 7.0 386.4 103.7 99.5 8.4 5.1 394.8 610.1 3396 17.9
0.1.-02 7.3 386.4 108.8 110.7 8.4 5.3 394.6 626,9 3531 17.7
02-03 2.7 386.4 114.3 123.1 8.4 5..6, 394.8 640.5 3667 17 .5
03-04 2.8 483.7 139.3 136.6 8..4 5.8 492.1 77.6.6 3803 20.4
04-05 ,2,9 433.7 146.3 151.5 8.4 6.0 492.1 798.8 3939 20.3
,tl5"06 -.-.•. 433.7 153.6 \67.6 8•.4 6.3 492.\ 819.6 4074 20; 1
06-07 4Q3.7 161.2 185.3 8.4 6.7 492; 1 845:3 4210 20.1

'. ~

07-08 --- 602.0 192.8 . 204.7 16.,S 10.2 618.5 1026.2 4346 23.6
Oli~09 --- 602.0 202.5 225.9 16.5 10.5 618.5 1057.4 4431 23.6
09-10 --- 602.0 212.6 248.9 16.5 10.9 618.5 1090.9 4617 23.6
10-11 --';' 602.0 223.2 274,0 ,16.5 11.4 618.5 1127.1 4753 23.7



TABLE 4.33. Fairbanks-Tanana Valley Area, High Growth Scenario, Ca~~ 2, 0% Inflation

New Hydroelectric Transmissfon
Total Cost ·New Coal Fired Capacity Costs Systems Total Total Total System
of Exlsting InvesJment OM&R Coal Invi!stment OM&R Investment OM&R InVllS blCnt Systllm Consunlp tlon. Averagll Power

..lli.L Capac1ty Cosh Costs Costs Costs Costs Costs Costs Costs Costs. S MlmlH Costs. t/KWH

78-79 33.8 --- ,- ...- --- 0.3 0,2 --- 34.2 832 4.1
79-80 36.6 --- --- --- 0.3 0.2 -.-- 37.0 903 4.1
80-81 39.4 --- --- _._- 0.3 ' 0.2 --- 39.8 9,81, 4.1
81-82 41.7 -.-,- --- 0.3 0.2 --- 42.1 1059 4.0
82"83 35.7 --- --- 6.9 C).3 0.2 --- 43.0 11 37, 3.8,
83-84 33.2, --- _._- 7.2 0.3 0,2 --- 40.8 1215 3.4
8-1-85 30.4 13.9 3.8 9.1 3.5 1.0 22.4 66.7 1294 5.2
85-8§, 28,.3 18,0 3.8 10.6 ~.5 1.0 22.4 66.2 1396 4.7
86-87 26,1 18.9, 3.8 12,.1, 18.8, 2.0 37.7 81.8 1496 5.5
87-88 24.0 16.9 3.8 13.7 18,.8 2.0, 37.7 81.3 1600' 5.1
88·89 22.9 21.5 4.3 15.0 18.8 2.0 40.3 64.6 1702 5.0
69"90 23.1 21.5 4.3 15.4 18,.8 2.0 40.3 85.2 1805 4.7
90-91 20.9 27.6 5.5 14.1 18.8 2.0 46.4, 89,0 1927 4.6

w
91·92 21.1 27.6 5.5 15.2, 18,.8 2.0 46.4 90.2 2049 4.4w....
92-n 18.2 6,5.4 13.1 20.2 . 18.8 2.0 84.2 137.8 2172 ' 6.3.
93-94 18.4 84.3 16.9 26.3 18.8 2.0 103,.1 166,8 22~4 7•.3
94,-95 18.5 84.3 16.9 28.8 1a.8 2.0; 103.1 169.4 2417 7.0
95-96 16,;9 107.9 21.6 31. 5, 20.6 2.8 128.5 201.3 2585 7.8
9,6-97 14,3 126.8 25.4 34.8 20.6 2.8 147.4 22~.8 2754, 8,.2
97-98 3.7 155.5 3L1 39.5 20.6 2.8 176.1 253.4, 2922 8.7
98·99 3.,7 155.5 31.1 42.4 20.6 2.8 176.1 256.3 3091 8.3
99-2000 3.7 155.5 31.1 45.8 20.6 2.8 176.1 259.7 3260 8.0
00"01 3.8 155.5 31.1 48.4 -20.6 2.8 176.1 262.3 3396 7.7
01-02 3.8 155.5 31.1 51.5 20.6 2.8 176.1 265.3 353'1 7.5

02-03; 1.5 155.5 31.1 54.3 20.6 2.8, 176.1 265.8 3667 7.2
03-04 l.5 184.2 36.8 57.5 20.6 2•.8 204.8 303.5 3803 8.0
04-05 1:5 212.9 42.5 60.El 20.6 2.8 233.5, 341.2, 3939 8.7

" .
05"06 212.9 42.5 64,,2 20.6 2.8 233.5 343.1 4074 8.4
06~07 --- 212;9 42.5 67 ..7 20.6 2.8 233.5 346.5 ',' 4210 8.2

07-08 --- 212.9 42.5 7L3 20.6 2.8 233.5 350.1 4346 8.1
20.6

..
, 08·09 --- 212.9 42.5 74.9 2.8 233.5 353.7 4481 7.9

09-10 --- 212.9 42.5 .18.7 20.6 2.8 233.~ )57.5 4617 7.7
10-11 --- 212.9 42.5 82.5 20.6 2.8 233.! 361.4 4753 7.6



TABLE .4.34. fairbanks-Tanana Valley Area, High Growth Scenario, Case 2, 5% Inflation

New Hydroelectric TranHilssion
Total Cost ~_Coal Fired Calli.ig Costs Systelll$ Total Total Total System
of Existing nves tIIIe/i'tliH&R 'Coa,-- Investment OI't&R 'Investment l»l&R Inves tmel,t ,System Consumptfon. Average Power

Yellr Capil~ Costs.. ,: Costs: '. Cos ts _ Costs_ Costs Costs Costs Costs Costs. $ MMKWH Costs. t/KWK
~

.~ 30.6 --- --- ,--" ,0.• 2 0.2 --- 30.9 .832 3.7
11\;11I Ja.g. -:""",.,. --- --- 0.2 0.2 --- 34.2 903' 3.• 8
8lIlIIIliI 3'4..'5 --- --- --- 0,2 0.2 --- 37.8 / 981 3.9
JnIJ.82 ~'1: -_. --- --- 0.2 Q-.2 --- 41.0 1059 3.9
82fl.83 ~.7 -.-- ......;).;;,,'i 6.9 0.2' 0.2 --- 43.9 1137 3,9
83-84 35.6 --- --- 7.2 0.2 0.2 --- 43.2 1215 3.6
84-85 33.6 25.4 5.0 9.1 4.4 1.2 29.8 78.8 1294 6.1
85-86 32.4 25.4 .5.2 .10.6 4.4 1.3 29.8 7904 1396 5.7
86-87 30•.4 25 ..4 5.5 12.7 26.3 2.8 51.7 103.3 1498 6,9
87-88 28.7 25.4 5.8 14.9 26.3 2.9 51.7 104.1 1600 6.5
88-89 27.9 29.6 7.0 1,7.2 26.3 3.1 55.9 111.2 1702 6.5
89-90 . 29.3 29.6 7.3 18•.7 26.3 3.2 55.9 114.6 1805 6•.3
90-91 28.4 41.0 9.8 18.0 26.3 3.4 67.3 127.1 1927 6.6

Co)
91-92 30.1 41.0 10.3 20.2 26.3 3.6 67.3 131.5 2049 6.4Co)'

1'00)1
92-93 ,26.7 116.0 25.6 28.3 .26.·3 3.7 142.3 226.,8 2172 10.4
93-94 28.1 155.4 34.7 33.4 ~6.3 3•.9 181.7 286.9 2294 12.5
94-95 2.9.5 155.4 36.4 ,.44.3 26.3 4.1 181.7 Z96.2 2417 IZ.3
95-96 28.8 209.6 48.9 51.0 30.4 6.0 240.0 374.8 2585 14.5
96-97 27.7 256.2 60.3 58.9 30.4 6.3 286.6 439.8 2754 16.0
97-98 6.1 3Z8.8 77.7 70.7 30.4 6,,6 359.2 519.7 2922 17.8
98-99 6.4 328.8 81.6 79.3 30.4 6.9 359.2 533.5 3091 17.3
99-2000 6.6 328.8 85.7 89.2 30.4 7.3 359.2 548.1 3260 16.8
00-01 7.0 328.8 89.9 99.5 30.4 7.7 359.2 563.3 3396 16.6
01-'02 7.3 328.8 94.5 110.6 30.4 8.1 359.2 579.7 3531 16.4
02-03 2.7 328.8 99.2 123.1 30.4 8.5 359.2 592.7 3667 16.2
03-04 2.8 426.1 123.4 136.6 30.4 8.9 456.5 . 728.2 3803 19.2
04-05 2.9 528.3 149.9 151. 5 30.4 9.3 558.7 672.3 3.939 22.1
05-06 --- 528.3 157.4 167.6 30.4 9.8 550.7 893.5 4074 21.9
06-07 --- 528.3 165.3 185.3 30.4 10.3 558.7 919.6 4210 21.8.
07-08 --- 528.3 173.5 204.7 30.4 10.8 558.7 947.7 4346 21.8
08-09 --- 528.3 182.2 225.8 30.4 11.4 558.7 978.1 4481 21.8
09-10 --- . 520.3 191.3 248.9 30.4 11.9 558.7 1010.8 4617 21.9
10-11 --- 528.3 200.9 274.0 30.4 12.5 558.7 1046.1 4753 22.0



TABLE 4.35. Fairbanks-Tanana Valley Area; High Growth Scenario~ Case 3~ 0% Inflation

New Ilyd,'oelectrlc Transmlsston
Total Cost New Coal Fired Capacity. Costs Systems Total Total Total System
of blstlng Inves'tmeiit(ii.i&R Coal Investment oMIR Investment OH&R Investment System Consumption, Average Power

..1!!L Capacity Costs C(.l&fs Costs Costs ~ Costs Costs Costs Costs, $ MMK't1H Costs, t!KWII

78-19 38.8 --- --- --- --- --- 0.3 0.2 --- 34.2 832 4.1
19-80 36.6 _.- --- --- --- --- 0.3 0.2 --- 31.0 903 4.1
80-8\ 39.4 --- --- --- --- --- 0.3 0.2 --- 39.8 931 4.\
8\-82 41. 1 --- --- --- --- 0.3 0.2 --- 42.1 1059 4.0
82-83 35.1 --- --- 6.9 --- --- 0.3 0.2 --- 43.0 1131 . 3.8
8l-84 33.2 --- --- 1.2 --- --- 0.3 0.2 --- 40.8 1215 3.4.

3.584-85 30.4 13.9 3.8 9.1 --- --- 1.0 22.4 66.1 1294 5.2
85-85 28.3 18.0 3.8 10.6 --- --- 3.5 . 1.0 22.4 66.2 1396 4.1
86-1l1 26.1 18.9 3.8 12.1 ........ --- 18.8 2.0 31.7 81.8 1498 5.5
87-'88 24.0 18.9 3.8 13.1 --- --- 18.8 2.0 31.7 81·i 1600' 5.1
88-89 22.9 21.5 4:3 15.0 --- --- 18.8 2.0 40.3 84.6 1702 5.0
89-90 23.1 21.5 4:3 15.4 --- '--- 18.8 2.0 40.3 85.2 1805 4.7
90-91 20.9 21.6 5.5 14.1 --- --- 18.8 2.0 46.4 89.0 1921 4.6

w
91-92 21.1 27.6 18.8 2.0 2049w 5.5 15 ..2 --- --- 4[:.4 90.2 4.4w

18.292-93 65.4 13.1 20.2 --- --- 18.8 2.0 84.2 131.8 2172 6.3
93-94 18.4 84.3 16.9 26.3 --- --- 18.8 2.0 103.1 166.8 2294 1.3
94-95 18.5 84.3 16.9 22.6 29.0 0.1 18.8 2.0 132.1 192.2 2417 7.9
95-96 16.9 89.0 17.8

.' ...
24.4 29.0 0.1 18.8 2.0 136.8 198.0. 2585 7.7

96-97 14.4 89.0 . 17.8 27.4 29.0 0.1 18.8 2.0 136.8 198.5 2754 7.2
97-98 3.8 89.0 17.8 32.0 29.0 0.1 111.8 ?O 136:~J 192.5 2922 6.6·
98-99 3.8 89.0 17.8 28.4 .38.7 0.2 20.6 .2.8 148.3 201.3 3091 6.5
99-2000 3.8 89.0 17.8 30.6 28.7 0.2 20.6 2.8 148.3 203.5 3260 6.2
00-01 3.8 107.9 21.6 33.0 38.7 0.2 20.6 2.8 167.2 228.6 3396 6.7
01-02 3.8 126.8 25.4 35.7 38.7 0.2 20.6 2.8 186.1 254.0 3531 7.2
02-03 1.5 126.8 25.4 38.3 30.7 0.2 20.6 2.8 186.1 254.3 3661 6.9
03-04 1.5 155.5 31.1 41.2 38.7 0.2 20.6 2.8 214.8 291.6 3003 7.7
04-05 1.5 155.5 31.1 45.6 38.7 0.2 20.6 2.8 214.8 296.0 3939 7.5
05-06 --- 155.5 31.1 47.2 38.7 0.2 20.6 2.8 214.8 296.1 4074 7.3
06-07 --- 155.5 31.1 50.3 38.7 0.2 20.6 2.8 214.8 299.2 4210, 1.1
07-08 --- 155.5 . 31.1 53.5 30.7 0.2 20.6 2.8 214.8 302.4 4346 7.0
06-09 --- 155.5 31. 1 56.0 30.7 0.2 20.6 2;8 214.0 305.7 4481 6.8
09-10 . --- 184.2 36.8 60.2 38.7 0.2 20.6 2.8 243.5 343.5 4617 7.4
10-11 --- 104.2 36.8 63.7 30.7 0.2 20.6 2.8 ' 243.5 347.0 4753 1.3



TABLE 4.36'.' fairbanks-Tanana Valley Area, High Growth Scenario, Case 3, 5% Inflatiori'

New Hydroelectric Transmission
Total Cost Hew Coal fired Capacity Costs .----2.Y.:>'t.ems Total .Total Total System
of Existing Investment OM&R Coal Investment oM&"ir Investment OM&R Investment System Consuntp11on ~ Average Power

Year CapacHy Costs ~ Costs Costs £WI. Costs Costs Costs Costs. $ MMKWH "Costs. tlKWII

78-79 30.6 --- --- --- --- --- 0.2 0.2 --- 30.9 832 3.7

79-80 33.9 --- --- --- -- --- 0.2 0.2 --- 34.2 903 i.8
';...

0.2 0.2 37.8 981 3.980-81 37.5 --- --- --- --- --- ---
81-82 40.7 --- --- --- --- --- 0.2 . 0.2 --- 41.0 1059 3.9
82-83 36.7 --- --- 6.9 -;.. --- 0.2 0.2 --- 43.9 1137 3.9,

35.683~84 --- --- 7.2 --- . --- 0.2 0.2 -'-- 43.2 1215 3.6
84-85 33.6 25.4 5.0 9.1 --- --- 4.4 1.2 29.8 78.8 1294 6.1
85-86 32.4 25.4 5.2 10.6 --- --- 4.4 1.3 29.8 79.4 1396 5.7
86~87 30.4 25.4 5.5 12.7 --- --- 26.3 2.8 51.7 103.3 1496 6.9
87~88 28.7 25.4 5.8 14.9 --- --- 26.3 2.9 51.7 . 104.1 1600 6.5
88-89 27.9 29.6 7.0 17.2 --- --- 26.3 3.1 55.9 111.2 1702 6.5
89-90 29.3 29.6 7.3 18.7 --- --- 26.3 3.2 55.9 114.6 1805 6.3
90~91 28.4 41.0 9.8 18.0 --- --- 26.3 3.4 67.3 127.1 1927 6.6

....~ .91-92 30.1 41.0 10.3 20.2 --- --- 26.3 3.6 67.3 131.5 2049 6.4
.::)~

92-93 26.7 116.0 25.6 28.3 --- 26.3 3.7 142.3 226.8 2172 10.4---
93-94 28.1 155.4 34.7 38.4 --- --- 26.3 3.9 181. 7 286.9 . 2294 12.5
94-95 29.6 155.4 36.4 34.8 61.0 0.3 26.3 4.1 242.7 347.9 2417 14.4
,; ..,

28.895-96 166.2 40.3 39.5 61.0 0.3 26.3 4.3 253.5 366.7 2565 14.2

96-97 27.7 166.2 42.3 46.4 61.0 0.3 26.3 4.5 253.5 374.7 2754 13.6
97~98 6.2 166.2 44.5 56.7 61.0 0.3 26.3 4.7 253.5 365.9 2922 12.5
g~-gg 6.4 166.2 46.7 53.1 85.7 0.7 30.5 6.8 262.4 396.1 3091 12.8
99-2000 6.7 166.2 49.1 59.6 85.7 0.7 30.5 7.1 282.4 405.6 3260 12.4
.. ',(

340.6 486.1 14.300-01 .7.0 224.4 62.4 67.8 85.7 0.0 30.5 7.5 3396
01~02 7.3 282.6 77.0 76.7 85.7 0.8 30.5 7.8 398.8 568.4 3531 16.1
02-03 2.7 262.6 80.9 86.7 85.7 0.8 30.5 8.2 398.8 578.1 3667 15.8
03-04 2.8 380.0 104.2 97.7 85.7 0.9 30.5 8.6 496.2 710.4 3803 18.7
04-05 2.9 380.0 109.5 113.6 85.7 0.9 30.5 9.1 496.2 732.2 3939 18.6
05-06 --- 380.0 114.9 123.0 85.7 1.0 30.5 9.5 496.2 744.6 4074 18.3
06-07 --- 3110.0 120.7 ·137.6 85.7 1.0 -30.5 10.0 .496.2 765.5 4210 18.2
07-08 --- 380.0 126.7 ,153.7 q5,1 1.1 30;5 10.5 496.2 788.2 4346 18.1 .

08-09 --- 360.0 133.0 171.3 65.7 1.1 30.5 11.0 496.2 812.6 4481 18.1
09-10 510.4 165.5 190.5 85.7 1.2 30.5 11.6 626.6 995.4 4617 21.6
10-11 510.4 173.7 . 211.5 85,7 1.3

':. '
12.2 626.4 1025.3 475j 21.6--- 30.5



All entries in the tables ar¢. in millions of dollars unless noted. The first

column is thetc:tal cO,st of the existing capacity. This includes investment,

OM&R, and fuel costs except coal costs after 1982-1983 a·s noted below. This

column includes the cost of the combustion turbine units planned through 1984

in the Anchorage area. The cost of existing capacity is assumed to be the

same for all load growth scenarios and system configurations. This assumption

is warrented in this case for two reasons. First, an examination of the load

resource analyses for the alternative load growth scenarios and cases reveals

relatively little variation in the plant utilization factors among the various

scenarios and ·cases. Second, the. cost of operating the existing capacity is a

relatively small part of the overalf system cri~ts in the 1990-2010 time period

which. ;'s of primaryi nterest in this report.

The next three columns present the costs for the new coal-fired capacity.

The investment cost is the total of a11 the i ndi vi dua1 plant investments. The

OM&R costs are the sum of ail theOM&R costs of the individual plants. Entries

in these two columns begin the-same yea.r as the first coal-fired plant comes

on line. The coal costs include the coal costs of the new coal-fired capacity.

In addition, the coal costs of the existing capacity are included in this

column after 1982-1983. (It is subtracted out of the existing capacity after

1982-1983.)

The next two columns present the costs for any new hydroelectric capacity

that is added. These a~e the Br~dley Lake project, the Watana dam and the

Devil Canyon dam. As pointed cut earl ier the Watana,ar;td Devil Canyon costs

are divided between the Anchorage-Cook Inlet area and th~ Fairbanks-Tanq.na

area inproportion to their relative energy consumption in 1994.

The transmission system costs are shown in the next two columns. These

columns contain the>lnvestment andOM&R costs for all the transmission lines

required. The total investment cost column represents the sum of the new coal

fired capacity ·investmentcosts, the hYdroe1 ectric capacity inve.stment· costs,

and the, transmi ssionsy~tem investment cos Fs .

'The total sy'stem'costisthesum of all the costs (not including the new

inve'stment cost cOlumn).::' The total system consumption figures are the same as
. ' ~.
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the energy' demandfo'recasts presented in Chapter 3.' The average cost of power

in the total system costs divided by the total system consumption.:'

The costs of power for the 5% inflati~n cases are presented in Figures 4.5
'. . . )

through 4.10. While the powe'r costs are different (lower) for the 0% inflation

cases. The relationships among the various cases are the same forbothinfla

tion rates.

For the Anchorage-CoQk Inl et load centerconstruct,ion of the interconnec

tion (Case 2) reduces the cost of power compared to the case without an inter..

connection (Case 1).In general , construction of the interconnection also

reduces the total investment costs.

For the Anchorage-Cook Inlet area inclusion of the Upper Susitna project

into the system (Case 3) generally raises the cost' of powe~above Ca,ses 1 and

2' during the first 2 to 4 years after the Watana 'Dam comes online' but results

in lower power costs during the 1996-201 0 time period. This reduction in the

cost of power is signiJica,nt in most case~. The addition of the Upper Susitria

project appears to slightly increase the total investment costs for the

Anchorage-Cook Inlet area although this varies from year to year ..

For the Fa i rbanks -Tanana' Va 11 eyl oa~ center construction of the inter

connection (Case 2) again generally reduces the cost of power compared to the

case without an interconnection (Case 1). In general, construction of the

interconnection also reduces the total investment costs.

For the Fairbanks-Tanana Valley load center inclusion, of the Upper, Susitna

project (Case 3) genera11 y rari ses the cost of power aoove Case 2 for· about
2 years after the Watana Oamcoines on line but, as with the Anchorage-Cook

Inlet area~results in- lower power costs during the 1996-2010 time period.

The addition of the Upper Susitna project appears to;sl ight1y lower the total

investment cost.

In'some of the 'scenarios it 'is'difficult to determine which case results

in the lowest total investment or the lowest cost of power :over the entire

1978-2010ti.me period by looking, at the t~blesorfigur~s. One method of com

paring investment or cost over aperiodqf years is to co~pute the pre~ent

worth. In equation form:
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where:

PW =
nl
L APC. *-~

i =n 1 (1 +r) i

PW = Present worth of the cost of power
APe i =Average power cost in year .i

r = Discount rate
n = Total number of years.

Using this formula the total investment cost and the average power cost over a
period of years can be more easily compared: A 7% discount rate is used in
thes"e analyses.

The results for each of the load growth scenarios for both of the load
centers are briefly discussed below.

Anchorage-Cook Inlet - Low Load Growth

The present worth of' the total investment and the present worth of average
power costs are shown below.

Reference P.W. Total P.W. Average
Case Table No. Investment ($) Power Costs (<i:/kWh)

1 2 2329 78
2 4 2251 76
3 6 2504 70

Case 3 results in the lowest cost of power followed by Case 2 and Case 1.
Case 2 gives the lowest overall investment costs while Case 3 results in the
highest-investment costs.

343



Anchorage-Cook Inlet - Medium Load Growth

Case

1

2

3

Reference
Table No.

8

10

12

P.W. Total
Investment ($1

3920
3930
3920

P.W. Average
Power Costs (t/kWh)

83

83

77

The present worth of the total investment is almost identical for all
three cases .. The present worth o~ the cost of power is the same for Cases 1
and 2,. while the present worth power cost for Case 3 is lowest.

Anchorage-Cook Inlet -High Load Growth

Case

1

2

3

Reference
Table No.

14

16

18

P.W. Total
Investment ($1

7053
683t

7084

P.W. Average
Power Costs (¢jkWh)

86
85

83

Again Case 3 results in thel'owe'st present worth for 'thecost'bf power.
For this scenario Case 2 results in the lowest present worth investment with
Cases 1 and 3 slightly, higher.

Fairbanks-Tanana Valley - Low Loa.d Growth

Case

1

2

3

Reference
Table No.

20
22
24

p.w. Total
Investment ($)

666
699
742

P.W .. Average
Power Costs (t/kWh)

110

113

104

Case 3 gives the lowest cost of power while Case 1 gives the lowest
investment cost. Case 3 results in the highest present worth investment cost .
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Fairbanks-Tanana Valley ~Medium Load Growth

Reference P.W. Total P.W. Average
Case Table No. Investmen t ,,( $) Power Costs (.¢! kWh)

1 26 1128 117
2 28 1042 111
3 30 ~70 99

Again Case 3 results in the lowest present worth cost of power. In this
scenario however, Case 3 also gives the lowest present worth total investment
costs '.

Fairbanks-Tanana Valley - High Load Growth

Reference P.W. Total P.W. Average
Case Table No. Investment ($) Power Costs (t/kWh)

1 32 1642 115
2 34 1587 110
3 36 1527 103

Again Case 3 results in the lowest present worth cost of power and the
lowest present worth total investment.

345



REFERENCES - CHAPTER 4

1. Taylor, G. A., Managerial and Engineering Economy, D. van Nostrand'
Company, Inc., Princeton, NJ, 1964.

346



· .-,.... r.= 1 \ f'-n
R~:"L.F..EDEMl:!ENERGY REGULATORY COMMiSSiON
t ~,,;,i;:,"-u;::, .

\.1!..~;-:2(; .... , j-".;c.;";:)"C.j REGIONAL OFFICE
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March 6, 1979

Mr. Robert J. Cross
Administrator
Department of Energy
Alaska Power Administration
P. O. Box 50
Juneau, Alaska 99802

Dear Mr. Cross:

This will respond to your letter of February 2, 1979, requesting our
informal review and comments on your Upper Susitna Project Power
Market Draf.t Report;

Although we were unable to make an in-depth review of the draft report
due to time and staffing limitations, we do wish to make the foLloWfn,g
comments:

Page 9, second paragraph, third sentence. FERC estimated costs are as
of Jul 1, 1978, not October 1978 as stated.

Page 95, secc~d paragraph, last sentence. The San Francisco Regional
Office of FERC did include cost adjustments for Alaska conditions in
its power value study as it routinely does for all studies in Alaska.

Page 95, last paragraph, last sentence. The investment cost estimates
of the Fairbanks plant are $1475/kW (@ 5.75% financing) and $1510/kW
(@ 6.875% financing). Cost estimates of the Anchorage-Kenai area
plant are $1240/kW (@ 7.94% financing) and $1220/kW (@ 6.875% financing).

Page 96, Oil and Natural Gas. Our thoughts on this subject were stated
in our October 31, 1978, le~ter to the District Engineer, Alaska District,
Corps of Engineers. In that letter we stated that oil-fired combined
cycle and regenerative combustion turbine plants were significantly
less costly than alternative coal-fired plants for the Upper Susitna
River Basin. We are not able to state, however, which alternative is
the more probable source. The determining factors would be the Alaska
fuel situation and the interpretation of the Fuel Use Act.
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'Whj:'le'the' 'Fuet Use Act prohibits the use of oil or natural gas as
lprima'rY,,'fuelfor electrical generation, the Department of Energy,
;Et61lQuif8"Reg-u'latorY"Admfnlstration (ERA), is promulgating regulations
whieif'td.llprovide for various exemptions •.. The' regulations are ex
p~bt~dtobe'~i$sued in May. We suggest that you coptact ERA on this
mat~¢r. .

Page'105, item 5. The retirement schedule for combustion turbine is
, sta~ed._to be 20 years. Most studies in the Continental United States
use 30 years.

Pages 159 and 160, Assessment of Feasibility. A cost estimate of
Copper Valley Electric Association's purchase of Upper Susitna power
would be useful to this discussion.

Appendix, page 21, 3.2.4, Transmission Losses. The 1.5% for energy
loss appears to be lowo

We appreciate the opportunity to review and comment on your draft
report.

. Sincerely,

~~"'-<.~

.:u[~~e~le~t
Reg10nal Eng1neer

;.
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February 27, 1979

Mr. Robert Cross
Department of Energy
Alaska Power Administration
P. O~ Box 50
Juneau, AK99802

Dear Mr. Cross:

r."" ~CE--f\./r.;-D.0- lV'
,.. : ~.,,; .., {:) :.:\11 I"';;;' ka .. _ ..... It,..Ij', -\JC; ....) ' .

• IIJ .
""'.'-"r.. .tJ .~anelle... '~ i"; ,.{ 1 Q' • ·19...-:: . . . .

....... 'oJ -v v' .!...~~,!

:1 .~ ,"',,_ ...... ,_. -~. __' Pacific Northwest Laboratories
'; 'l'~' ~,-i i. ';i·i:..J~:-I{(Jl .. ' ..', " " .~\:" p" '''-R-'''' PO B 999"!-f-i\Jf\,"'; Li t't"L: AOr,t . . ox

. ,'Richland, Washington 99352
Telephone.(5091942-4745
Telex 32·6345

Thank you for the opportunity to comment, on your Draft Power Market Analysis.
Both Ward Swift and I read it over and came up with only a few minor comments.
The primary focus of our review was the consistency between the body of the
report and our background analys~s presented in Appendix 3. ~

1. Page 4, 2nd paragraph- The alternative on~1.ine dates of 1990, 1992,
and 1994 seem to refer to the inferconQ~ction<;)n-line dates for high,
medium, and low load growth casesresp~ctively. I believ~·those dates
should be 1986, 1989, and 1991.. This would beconsi,stent with the
dates given in the last line tin page 109.

2. Page 8, ~ble at bottom - It appears that the costs of power listed
for Case should be the same numbers listed for the Case 1 of the
combined Syst~l in the table at the top of page lll.(i.e., the costs
of power should be 6.6, 6.9, and 7.5¢/KWh rather than 7.0, 7.0 and
6.6¢/KWh for the high, medium, and low load growths respectively).

3. P-age 17, Installed name plate capacities - As pointed out on page 19
the totals differ from those used by us in Appendix 3. Most of the
differences are relatively minor. The only major difference seems to
be the capacity listed for the Chugach Electric Association. As you
indicate these differences are due to recent changes in plans to
install new capacity. The difference would have a minor impact on the
1978 through 1985 results and practically no impact on the results
after 1985.
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4. Pages 52, 59, 80, and Appendix 3 page 8 - Annual Load.Factors - On
page 42 and Appendix 3, pa·ge 8, both reports are generally in agree
ment that the annual load factor is presently between 46-52%. In
Appendix 3 we go on to say that it appears the annual load factor
wilJremain in the 50-52% range during the time horizon of the re
port. On page 80 it is stated that for planning purposes it is
assumed that the-annual system load factor will be in the range of
55-60% by the latter part of the century.

If the load factor is defined as:

ALF - GEN- cAp * 8.760

where:

ALF = Annual load factor (fraction)
GEN = Generation (MW)
CAP = Capacity (GWH)

and use data for the year 2000, .low load growth as presented on page 59 we
compute an annual load factor of 51%.

i . e.

6424
ALF = 1448 * 8.760 = .51

This is lower than the 55-60% mentioned on page 80.

5. Page 95, Healy II plant costs - It would be good to poil')t out tha~ the
GVEA estimate. is probably in terms of 1985$.. .

6. Page 101-102, Conclusions - I think your summary of the alternatives
available to Alaska is good.
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1. Cover Sheet, Appendix 3 - Enclosed are different cover pages for our
report presented in Appendix 3 and the Appendices to our report.
Please replace the cover pages you presently have.

Thank you for the opportunity to comment on the report.

Sincerely,
~cJi1 (;heoM&J

J. Jay Jacobsen
Energy Assessment Unit
Energy Systems Department

JJJ:tw
Enclosures
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19 MAR 1979

Mr. Robert J. Cross
Administrator
Alaska Power Administration
P.O. Box 50 '
Juneau, Alaska 99802

Dear Mr. Cross:

I am writing to advise you of actions taken in response to your comments
on the draft Susitna Supplemental Feasibil ity Report and al so to comment
on your draft Power Market Analysis.

Your letter of 26 January 1979 transmitting your comments on our draft
report trrived during the final report printing. Any delay at that
point Vi 'ld have caused us to miss our deadline which I was unwi.ll ing
to perml~ except under extreme circumstances. On the verbal assurance
from your staff that there was nothing of such gravity that the integ
rity of the report would be jeopardized, the decision was made to pro
ceed with the printing as scheduled.

I regret that your written comments did not arrive sooner, because the
report would have benefited from their incorporation. I am especially
sensitive to your contention that insufficient credit was given where
APA materials were used. In the future, my staff will be more careful
in this regard.

Our review of your excellent draft Power Market Analysis has resulted
in only one comment. On page 4 you note that the more costly gravity
structure for Devil Canyon is IIcurrently proposed II by the Corps. This
is inaccurate in that the gravity structure was presented to insure that
estimated costs were sufficient to cover a range of possible foundation
conditions at the Devil Canyon site. With appropriate word changes to
correct this matter, we find nothing else requiring alteration.

Since the Main Report and Appendix Part 1 are already in Washington, please
transmit 20 copies of the final Appendix Part 2 to HQDA (DAEN-CWP-W),
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Washington D.C. 20314; 2 copies to Division Engineer, North Pacific
Corps of Engineers, 210 Custom House, Portland, Oregon 97209, ATTN;
NPDPL; and the remaining 138 copies to the Alaska District, AnN:
NPAEN-US.

If you have any questions, Mr. Chuck Bickley at (907) 752-5135 can pro
vide assistance.

~ince~S'<Q.JL .

~LE. T. stfrfti?' ~---
Lt Colonel, Corps of Engineers
Acting District Engineer
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DEPARTMENT OF THE ARMY
ALASKA DISTRICr. CORPS OF ENGINEERS

P.O.80X7002

ANCHORAGE..... LASI'J.<:>!).:

REPL Y TO

ATTENTION OF,

~,!PAErl-PL-R

19 MAR 19i9

Mr. Robert J. Cross
Administrator
Alaska Pc~er Administration
P.O. Box 50
Juneau~ Alaska 99802

I am writing to advise you of actions taken in response to your comments
on the draft Susitna Supplemental Feasibility Report and also to comment
on your draft Power Market Analysis.

Your le"::ter of 26 January 1979 transmitting your cOll1llents on our draft
repc"'t j~rived during the final report printing. Any delay at that
point wDuld have caused us to miss our deadline which I was unwilling
to per, it except under extreme circumstances. On the verbal assurance
from y, . staff that there \vas nothing of such gravity that the integ
rity of~.le report would be jeopardized, the decision was made to pro
ceed with ':'1; ::"'inting as scheduled.

I regret that your written comments did not arrive sooner, because the
report would have benefited from their incorporation. I am especially
sensitive to your contention that insufficient credit was given where
APA materials were used. In the future~ my staff will be more careful
1n this regard.

OUr review of your excellent draft Power Market Analysis has resulted
in only one comment. On page 4 you note that the more costly gravity
structure for Devil Canyon is "currently proposed ll by the Corps. This
is inaccurate 1n that the gravity structure was presented to insure that
estimated costs were sufficient to cover a range of possible foundation
conditions at the Devil Canyon site. HUh a'ppropr1ate word changes to
correct this matter, we find nothing else requ.iring alteration.

Since the Main Report and Appendix Part 1 are already in Washington
transmit 20 copies of the final Appendix Part 2 to HQDA (DAEN-a~p-~J
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Uashington D.C. 20314; 2 copies to Division £nginee~, 710rth Pacific
Corps of Engineers, 210 Custom House, Portland, Oregon 97209, ATTN;
N?OPL; and the remaining 133 copies to the ~laska District, ATTN:
NPt'\EN-US.

If you have any questions, Mr. ChUCK Bickley at (907) 752-5135 can pro
vide assistance.

Sincerely yours.

~{LTC. Vemelle T. Smith

VERNELlE T. SMITH
It Colonel, Corps of Engineers
Acting D1strictEngineer
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March 1, 1979

Robert J. Cross, Administrator
Department of Energy
Alaska Power Administration
P.o. Box 50
Juneau, Alaska 99802

Dear Mr. Cross:-

This letter resporjs to your letter of February 2, 1979, which
requested informal comments on the draft Power Market Analyses
of the Upper Susitna River Project.

Mr. Stahr is out of town and I am writing without knowledge of his
personal opinion and comments. The Municipal Light and Power's
staff comments appear in the two attached memorandums. Mr. Stahr
may forward more comments upon his return.

Thank you f~r the opportunity to review the draft. If you have
any questior.s or want more comments please do not hesitate to con
tact us.

Very truly 'lrs,

~~~.-
Max Foster
Revenue Requirements Supervisor

MF:bw

Enclosure
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OFFIC~·,;~F·I:i'.~~;7GO"~ERNOR
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OIVISION OF POLICY OEVELOPMENT ANO PLANNING

MaI:ch 23, 197::.:

Mr. Jim Cheatham
U.$. Department of Energy
Alaska Power Administration
P.O. BoX; 50
Juneau, AK 99801

JAY S. HAMMOND
GOVERNOR

--.,---,-......
POUCH AO-JUNEAU 99811 INIT tJnll:
PHONE 46~'3577

..
S~bject: Power Market Analysis - Draft on the Vpper Susitna River

Project.
State I.D. No. 79020902

Dear Mr. Cheatham:
.-

The Alaska State Clearinghouse has completed review on the subject
project.

The State Clearinghouse hasI1-o cQmment on this project.

This letter wL satisfy the review requirements of the office of
Management and l....ldget's Circula~ A.-95.

JM/cz

h~:~
S'tate-Federal Coordinator
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Municipality of Anchorage
MEMD.RANDUM

L",fE: February 15,1979

TO: Thomas R. Stahr, General Manager

FROM: H.C. Purcell, Assistant Chief Engineer

SUBJECT: DOE APA UPPER SUSITNA RIVER PROJECT POWER MARKET ANALYSES

I have "reviewed the January 1979 draft of this report and find nothing controver

sial in it. There is an error, and there are a few points I will comment on,

none of which, however, affect the conclusions reached.

On page 33, Table 5 shows AML&P generation in 1965 as 156.2 GWH. This results in

area growth 1964-1965 of 34.4% and 1965-1966 growth of -0.6%.· AML&P generati on

in 1965 was actually 101.5 GWH. This changes the area total in 1965 to 407.0 GWH,

1964-1965 growth to 18.5% and 1965-1966 growth to 12.7%.

an pages 37 and 38, the report states "... correlations with weather ... seem

ed indeterminable or of little significance." and "Energy use and weather com

parisons were incG ..clusive." This does not agree with my work or with plain common

sense. Growth between 1973 and 1977 is used to forecast energy requi rements. In

three of these four years, 1974, 1976 and 1977, the weather was warmer than normal.

Ignoring the influence of weather depresses the growth rate. However, this does

not affect the report materially, since it winds up using three different growth

oates (low, medium and high) in its market analyses. .

It is interc_,ti 19 that the situation hasn't changed in twenty years. Page 98 lists

six major hydr: projects with much better economics than the Upper Susitna. But

they all remail tied up by "major environmental and land use problems.",

On pages 100-102 the report brushes off exotic energy sources as "not realistic.

planning alternatives .. ," I applaud this, but suspect that much more work will

have to be done to convince the vocal proponents of "natural energy."

On page 104 the r~portspecifies "System reserve capacity of 25 percent for non-in

terconnected load centers and 20 percent for. interconnected systems." I checked

these numbers against the PROBS runs I made iriconnection with DOE regulations on

transitional facilities. For the Anchorage area at present, PROBS showed a loss

of load probability of 0.2 days per year with a peak load of 466.3 MW. On the

same basis, 25% reserve capacity would correspond to. a peak load of 468.8 MW. 25%

reserve capacity would result in LOLP only slightly over 0.2 days per year. With

- the larger interconnected system ten or twelve years in the future, 20% reserve

capacity wi 11 probably provi de reasonable lOLP.

Page 34 of the Battelle Informal Report schedules a 200 MW steam plant to be on

line in 1982, three years hence. Yet Battelle page 22 says "the 5 to 6 year sche

duling period [from final site selection to commercial operatio~ appears reason

able." Either CEA is about to break ground for its coal-fired steam plant or .

Battelle's dates are inconsistent. Again, however, it doesn't really matter. The

~elative economics of Susitna vs. coal-fired steam would not be affected.
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·Municipality ofAnchorage
MEMORANDUM

DATE:

TO:

FROM:

. March 1, 1979

Thonias R. Stahr, General Manager, !1L&P

!1axFoster, Revenue Requirements Supervisor, r·1L&P

SUBJECT:
DOE-APA Upper Susitna River Project
Power Market Analyses

This memo comments on the Alaska Power Administration's Upper
Susitna River Project Power Market Analysis draft dated January
1979. My impression is that the demand projections for the
Anchorage area are conservative. I also think that the installed
cost of coal plants is conservative. The Susitna project costs are
probably the most reliable cost estimates appearing in the report.
I am not happy w~th the methodology developing the cost of coal. 'I
think coal could actually cost much more than $1.00 to $1.50 per
million BTU. The inflation rates used in the analysis (0% and 5%)
seem low in light of recent trends.

Significantly, despite the conservative assumptions contained within
~~e report, the Susitna project represented the least cost option in

ery case,

My page by pag~ review of the report elicited the following
comments':

Page 37 - 'he lack of correlation to weather and price disburbs
me. It may indicate improper equation specification caused by
omitting important variable or failing to insert dummy
variables in the regression equations to correct for cyclical
abnormalities. Addit~onally., it seems to me demand projectio)1s ,
Qy. 'rate class 'would be more statistical,ly pignificant. carf"'-la-u.,,'1/ f.,.~
~-n ...c.r l':r STt~\'3 ol'l. a. Mtr.t-F(..1 Iy Jc'-(c-/Jt:c./ hq.fo I/I"_""£. rl~T c/'·#(Ioft<.d.1f7.

Page 77 - The shape of the Anchorage Area load duration curve
suggests that a heavy proportion of generation for the area
could be large base load increments. This is very favorable
for hydroelectric development.

Page 94 - I don't like the treatment of 0 & M costs. How does
this relate to prosent actual Anchorag~ labor costs and trends?
I think the prices should be measured directly, not arbitrarily
increased.

Page 150 - The pipline terminal's 37.5 MW generation plant is
not interconnected ·with CVEA. It is not a cogeneration_
fa c il ity • -r;, fe, ( e. Y1 er9)" -FO C! /;-l-'I y~ -f h.c r -fJ.r CJ.-~1. '5
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Appendix 3, Pages 66 to 75 - Where is the present ,worth or
anntlalized cost of power computed? This is a major change from
the earlier ECOST2 model. I think the present worth analysis
is an im'po~tant part of any power cost analysis.

In general, the analysis seems complete. The conclusions echo those
of previous studies. From an economic prospective, the Susitna'
Project is unquestionably justified •. It~ time to stop .revising

..feasibility analyses and get on with lrcens~ng and construction. /h-/Ie.

l-IF:bw
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SECTION H

TRANSMISSION SYSTEM

None of the OMBcomments were directed at the
engineeri"ng aspects of the transmission system.
There are therefore no changes made to this
section. Costs of transmission have been up
dated and appear in Section B, Project Description
and Cost Estimates. The economic justification
for the transmission interti~ is discussed in
Section G, Marketability Analysis.
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SECTION I

ENVIRONMENTAL ASSESSMENT FOR
"TRANSMISSION SYSTEMS

This section has not been supplemented because
no changes were made to.the transmission plan.
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SOUTHCENTRAL RAILBELT AREA, ALASKA
UPPER SUSITNARIVER BASIN

SUPPLEMENTAL FEASIBILITY REPORT

APPENDIX- PART I

Section A - Hydrology
Sect"ion'B - Project Description and Cost Estimates
Section C - Power Studies and Economics
Section D- Foundations and Materials
Section E - Environmental Assessment
Section F - Recreational Assessment

Prepared by the
Alaska District, Corps of Engineers

Department of the ArmY

February 1979
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SECTION A

~IYDROLOGY

The 1976 Interim Feasibility Study was based on
25 years of historical streamflow records. Data
through 1977 has been added, extending the period
of historicaJ streamflow to 28 years. The annual
runoff for the additional 3-year period was 96
percent of the long-term"average.

Power capabilities of the hydroelectric projects
were reevaluated on the basis of the extended
period of record. The results of this analysis
appear in Section C, Power Studies and Economics.

366



rJ."'

I

SECTION B

PROJECT DESCRIPTION AND COST ESTIMATES

TABLE OF CONTENTS
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SUMMARY OF CHANGES
General
Watana
Devil Canyon

WATANA
Dam
Spi 11 way
Outlet Works
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Penstocks and Waterways
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LIST OF PLATES

Number Title

B-1 Selected Two-DamP1an- General Plan
B-2 Watana Dam - Detail Plan
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B-5Watana Dam - Profiles, Sections, and Details
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B-7 Devil Canyon Dam - Concrete Gravity Dam - Detail Plan
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and Sections

LI ST OF FIGURES

B-1 Construction Schedule
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SUMMARY OF CHANGES

GENERAL

Field surveys during 1978 revealed that topography for Watana dam
shown in the 1976 Interim Feasibility Report was 15 feet higher than
actual conditions. Data in this report has base elevations corrected
to the 1978 topography. Only plates or text revised for thi's submittal
will reflect the new elevations which are 15 feet lower. The top of
dam is now shown at elevation 2, 195 feet and normal pool at elevation
2,185 feet.

Quantities and cost estimates have been revised and updated to
October 1978 levels. The cost for Watana dam and reservoir (first-added)
is $1,765,000,000 versus $1,088,000,000 in the 1976 report. The cost
for Devil Canyon dam and reservoir (second-added) is $823,000,000
(concrete gravity) and $665,000,000 (concrete arch) versus $432,000,000
(concrete arch) in the 1976 report.

A construction schedule reanalysis resulted in the extension of the
construction period from 10 to 14 years. Initial power-on-line is
anticipated in 1994.

WATANA

The main dam cross section was revised to best utilize materials as
determined in 1978 field investigations. A grouting gallery was added
under a portion of the dam.

The spillway was moved laterally and revised to take better advan
tage of rock1ines and to discharge directly into TsusenaCreek at stream
level.

The outlet works were revised to improve hydraulic layout and
access into the intake structures.

The diversion tunnel portals were relocated in better rock based
upon information obtained from the exploration· program.

The power intake selective withdrawal system was revised to be more
comparable with those currently in use at other projects.

Rock excavation quantities in the 1976 report were based on a con
tinuous cut slope. Foundation explorations concluded that the rock cuts
should be terraced. Data in this report is based upon rock cuts that
are compatible with this latest field information.
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Asa result of new and more accurate topography, the length of the
dam has changed; therefore, total embankment quantities have increased.

DEVIL CANYON

A gravity dam was evaluated and is presented with an overdam spill
way, and the diversion structure modified to be more compatible with a
gravity structure.

Elevator access was provided to the powerplant instead of a road
access tunnel.

The power intake selective withdrawal system was revised to be
more ccmparable with those currently in use at other projects.

The .general plan showing the locations of the two dams is on Plate
8-1.
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WATANA

DAM

The crest length of the dam has changed from 3,450 feet to 3,765
feet, based upon new topography.

As a result of explorations in the river bottom, the foundation
excavation has been revised. The river alluvium will be removed to
bedrock under the dam. A grout gallery, excavated into rock, has been
added to insure adequate treatment of the permanently frozen bedrock.

The 1976 Interim Feasibility Report presented an earthfill dam
utilizing local gravel deposits for shell material. Explorations have
revealed that there are insufficient gravel deposits within economic
haul distances. Since a large amount of sound rock will be generated
from spi 11 way excavation and an excel 1ent quarry source is avai 1abl e
immediately adjacent to the damsite, the design has been revised to
substitute rockfi 11 for gravel in the upstream and downstream shell s.
Field explorations revealed an abundance of glacial till in the area
suitable for use as tore material. For this reason, a semipervious
zone has been added to use the less expensive glacial material rather
than quarried rock. The filters have also been revised to take advan
tage of adeqUate quantities of gravell~ sand and the readily available
rock quarry (see Plate B-3). The gravelly sand from Borrow Pit E, near
the mouth of Tsusena ~reek, will be used for the fine filter, and rock
fill, in the smaller sizes from the quarry, -will be used for the coarse
filter. Details of the revisions are discussed in Appendix D, Founda
tions and Materials.

SPILLWAY

The saddle spillway centerline has been moved approximately 800
feet southwest (see Plates B-2 and B-5). The foundation explorations
more definitely located top of rock in this area; therefore, the spill
way was relocated to insure construction in rock. Crest gate widths
were reduced from 59 feet to 55 feet after additional hydraulic calcu
lations. The concrete lined downstream channel section was lengthened
from 150 feet to 800 feet to protect against rock plucking caused by
high water velocities. The length of channel divergence was revised
from 930 feet downstream of the crest to 1,360 feet to improve hydraulics.
The spillway channel slope was revised, requiring excavation its full
length, so that it emerges at the Tsusena Creek level to reduce environ
mental damage expected from the 400-foot vertical water drop over natural
terrain with the original spillway design. This substantially increases
excavation; however, almost all of the material will be used in the dam
embankment.
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OUTLET WORKS

The intake structures were moved, shifting the high level intake
structure away from the dam embankment, realining both intake tunnels
to improve connections to the diversion tunnels and changing the access
shafts from within the embankment to tunnels through the right abutment
rock upstream of the dam (see Plates 8-4 and 8-6). This improves access,
eliminates problems associated with a structural shaft in the embankme~t,

and reduces susceptibility to damage from seismic events. The high level
intake invert was raised to restrict operating heads on gates to under
250 feet.

DIVERSION FEATURES AND OPERATION

The two diversion tunnels were lengthened, both upstream and down
stream, to locate the portals in better rock as a result of exploration
data obtained in 1978. The roller gates for controlling the diversion
tunnels have been deleted because stream regulation is not required
during diversion. Wheeled bulkhead gates will be used to close one
tunnel at a time duriong periods that Glosures are required. Thediver
sion tunnel inverts have been raised to reduce cofferdanming and
dewatering requirements at tunnel portals. Cofrerdamheight will.
remain unchanged since there is outlet. control of diversion tunnel
flows up to cofferdam design flood. The scheme of tunnel plugging
and water control during pool fill ing has not changed. See Plate 8-6
for plug and fill valve details.

PENSTOCKS AND WATERWAYS

The selective withdrawal system, designed to select water at elevations
within the reservoir which will allow meeting downstream water quality
requirements, has been revised to be more comparable with those currently
in use on other projects. This revision requires a larger concrete
structure on the upstream face of the dam to accommodate the gates,
trashracks, bulkheads, and operating equipment.
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DEVIL CANYON

MAIN DAM

Aconcrete gravity dam (see Plates B-7 andB-8) is substituted in
this report for the double curvature thin arch structure of the 1976
Interim Feasibility Report~ The thin arch dam's structural integrity is
dependent on the adequacy and integrity of the rock abutments. Founda
tion investigations to date ha.veraised no doubts ,concerningthe abut
ment rock structures but are inadequate to clearly establish abutment
conditions. The necessary horizontal drill holes at the vertical canyon
walls were estimated to be so costly that to proceed in the summer of
1978would have prevented obtaining other required foundation data at
Wataria damsite with the funds available. A careful reevaluation of the
situation indicated a study of the more conservative and technically
feasible gravity structure should be made. .The concrete gravity struc
ture is economically feasdb1e. The required foundation investigations
will be conducted during the preconstruction advance engineering and
design period and the less expensive arch structure will be constructed
if adequate foundation conditions exists.

The gravity section will be 650 feet high from bottom of excavation,
based on indications that the rock is fractured near the surface. The
crest remains at elevation 1,455 feet. The concrete crest length will
be 1,590 feet and the earthfil1 portion will have a nO-foot crest length.

No field explorations were conducted at this site under the 1978
program except for three refraction seismograph lines. This information,
combined with the borings data collected by the Bureau of Reclamation
that was discussed in the initial report, is the basis of the foundation
design for the site.

SPILLWAY

The gravity dam will have a central gated overdam spillway discharg
ing into tne existing river channel.

DIVERSION STRUCTURE

The diversion tunnel has been lengthened from 1,150 feet to 1,230
feet because of the longer gravity dam base length. Since flow regula
tion during diversion is not required, the intake gates have been replaced
with wheeled bulkhead gates. Regulation of Watana reservoir to release
water into Devil Canyon reservoir will be utilized to fill the reservoir
to the low level outlets in a ·matter of hours after diversion tunnel
closure. Proper timing will allow maintaining of downstrea~ flows with
minimum interruption.
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POWERPLANT

The access tunnel to the powerplant has been replaced with a housed
vertical entrance shaft and elevator. This shaft will be 20 feet by 30
feet wide by 548 feet deep and will house an elevator capable of lifting
the largest items required in the powerhouse. The l85-foot long access
tunnel will connect the acCess shaft to the powerplant. The elevator
wi 11 provide equipment, personnel, and vehicular access to the power
plant level at elevation 907 feet.

PENSTOCKS AND WATERWAYS

The selective withdrawal system has been revised to be more compar
able with those currently in use at other projects. The system has
been designed to select water at elevations within the reservoir which
will allow meeting downstream water quality requirements. This revision
required a larger concrete structure on the upstream face of the dam
to accommodate the gates, trashrack, bulkheads, and operating equipment.
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CONSTRUCTION SCHEDULE

GENERAL

The construction period has been reanalyzed and extended from 10
to 14 years. The Watana dam and powerplant will take 10 years to con
struct, an increase of 4 years over the previous schedule. The Devil
Canyon project construction will require 8 years rather than the pre
viously reported 5 years. There will be 4 years of overlapping con
struction to meet power-on-line.dates. The schedule is portrayed
graphically on Figure B-1. .

DIVERSION PLANS

The Watana diversion works construction and stream diversion period
has been extended to 3 years, from the previously reported 2 years,
because the construction access to the tunnel portals requires extensive
rock cuts and additional time. The start of constructiori of the diver
sion works for the Devil Canyon dam has been delayed from the 5th to
the 7th year of Watana construction because it is dependent on stream
regulation by the upstream Watanadam.

MAIN DAMS

Foundation preparation at Watana is delayed to the 4th year as a
result of the extended diversion requirements which de1a~ the start
of cofferdam construction. Watana embankment construction is scheduled
to begin in the 5th year and continue into the 10th, now requiring 6
years instead of the previously reported 3 years, based on construction
seasons of 5 months with daily placement rates of 80,000 cubic yards.
Water impoundment starts in the 8th year with power-on-1ine in October
of the lOth year. The reservoir filling would continue beyond the power
on-line date and is dependent on inflow and power generation.

Foundation preparation for Devil Canyon dam would start in the 9th
year, a delay from the earlier reported 7th year of Watana dam construc
tion. Concrete placement and dam completion would start in the lOth year,
requiring 5 years, an increase of 2 years over the earlier schedule.
Impoundment would begin in the 13th year with reservoir filling completed
by October of the 14th year.

POWER-ON-LINE

The scheduled power-on-1ine dates are 1994 for Watana and 1998 for
Devil Canyon compared to those previously scheduled in 1986 and 1990,
respectively. These dates include the result of the changes in scheduled
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Congessional construction authoriz.ation from JUly 1980 to October 1984
and the reanalyzed construction schedule. The construction schedule
in the 1976 report was based on an authorization for construction, while
the Chief of Engineer's Report recommended authorization for Phas~ I
AE&D. This recommendation incorporated 4 years for study prior to
seeking con~truGtion authorization.

TRANSMISSION LINE

Transmission line construction is scheduled to be completed in 1991,
making it available to tie the Anchorage and Fairbanks areastog~ther
in advance of Watanapower-on~line.
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COST ESTIMATES

DETAILED COST ESTIMATES

Tables B-1 and B-2 present the cost estimates for Watana and Devil
Canyon.

The estimates are presented in as much detail as possible based on
the concept drawings. Unit cost for a major items also includes minor
items that will appear as bid items as the design progresses.

Extensive use has been made of bid abstracts from similar projects
constructed in the western United States and Canada. All abstracted
costs have been escalated to the October 1978 level and an additional
factor applied to reflect the higher cost of construction in Alaska.

The Alaska Power Administration (APA) prepared the transmission
line cost estimate and have updated the estimate to the October 1978
level. The transmission line cost estimate includes all structures,
equipment and transformers for the sWitchyards and substations for
Watana, Devil Canyon, Fairbanks, and Anchorage. The transmission line
cost is shown in Table B-1, Watana.

The transformers listed under "Switchyard" in Tables B-1 and B-2
are located in an underground transformer chamber adjacent to the power
house. The cables listed connect the transformers to potheads located
in the switchyard.

The APA estimate did not include earthwork for the switchyards.
This costi~ shown under "Switchyard" in Tables B-1 and B-2 •..

The following lists the estimated January 1975 cost and the October
1978 cost.

Watana
Devil Canyon
Thin Arch Dam
Concrete Gravity Dam

Jan 1975
1$1,000)

$1,088,000

432,000

Oct 1978
\$1,000)

$1,765,000

665,000
823,000

The project cost used in the economic analysis includes Watana and
.the concrete gravity dam plan at Devil Canyon." The total cost is
$2,588,000,000.
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CONTINGENCIES

Watana Dam

The total estimated contingencies for Watana dam are $245,917,000,
or 18 percent of the estimated Watana construction cost. The main dam,
the largest single feature of Watana project, has a contingency of 15
percent, or $58,178,000. This is a relatively uncomplicated e~rth and
rockfill structure. The 1978 exploration program established founda
tion conditions and sources of suitable embankment materials in suffi
cient quantities to construct the dam. The overburden is minimal and
foundation rock exposed over much of the site. Radical chan~es in
foundation conditions and borrow sources are not anticipated.

The design approach for the spillway is conservative for a rela-'
tively uncomplicated structure. Fifteen percent contingencies, or
$20,528,000, were estimated.

The outlet works estimate includes 20 percent contingencies, or
$7,016,000. The estimate includes 100 percent lining of the diversion
and outlet tunnels. If rock quality is good, some of the lining may
be deleted.

The power intake works estimate includes 20 percent contingencies,
or $40,772,000.

The powerhouse estimate includes 20 percent contingencies or
$13,294,000. The underground powerhouse interior feature requirements
are known from comparison with other projects and a careful review of
this item.

Turbines, generators, accessory electrical equipment, and miscel
laneous powerp1ant equipment are estimated with 15 percent contingencies.
These are known features with quantities and basic costs furnished by
experienced powerhouse design personnel.

The tailrace tunnels are assumed to be 100 percent concrete lined.
If the rock quality is good, some of these lining requirements may be
deleted. Contingencies for this feature are 15 percent.

Twenty percent contingencies were used for transmission facilities.
The transmission system estimate was prepared by the Alaska Power
Administration with consultation ~ith Bonneville Power Administration.

Contingencies of 20 percent were used for roads and bridges.
Assumptions on foundations assume extensive tundra removal and replace
ment with nonfrost susceptable fill which requires large borrow quantities
for replacement.
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The construction facility requirements have been reviewed and com
pared with facilities required for similar structures on similar projects
such as Dworshak, Mica and Oroville. The Trans Alaska Oil Pipeline
construction camp experience was also reviewed. Diversion tunnels are
assumed to be fully lined and rock support assumptions during tunneling
have been conservative. Careful analyses of means of diversion and
procedures have been made. Contingencies for construction facilities
are 20 percent. .

Devil Canyon Dam

The total contingencies used for the Devil Canyon gravity dam
estimate are $120,Ei51,000, or 20 percent of the Devil Canyon construction
costs. Contingencies for all features are the same percentages as for
Watana dam for the same rea~ons, except that contingencies for th~ main
dam, spillway, and auxiliary dam features have been increased to 20
percent.

Twenty percent contingencies were used for the main dam. Assump
tions on foundation excavation and preparation for a gravity dam are
conservative. Both abutments are exposed rock. The concrete gravity
structure is relatively simple with known features. Aggregate locations
and quantities available have been established.

The auxiliary earthfill and concrete dam was estimated at 20 per
cent contingencies. The borrow source is known, partially explored,
and quantities determined. This is a simple, uncomplicated structure.
Foundation excavation and preparation assumptions are conservative.

The total contingencies for the thin arch dam alternate are
$103,756,000 or 21.2 percent of the updated total estimated construc
tion cost of $665,000,000.

In general, the contingencies used for this project are based on
intensive study and comparison with cost histories and experience with
other projects.

The Office of Management and Budget (OMB) has questioned the con
tingencies used based on a 36 percent overrun on the Snettisham project.
The project cost estimate for the Snettisham project was $41,500,000 for
fiscal year 1967, the first year of construction. This estimate included
the Long Lake phase of project development, camp facilities, the trans
mission system, and related features. The Crater Lake phase of project
development was added in fiscal year 1973, but design and construction
were subsequently deferred. .
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The estimate submitted to Congress for fiscal year 1976 was
$98,540,000, of which $22,132,000 was a price level adjustment, reflect
ing a 35 percent cost overrun; however,. with deferment of the Crater
Lake phase, total expenditures through fiscal year 1978 are $81,386,975,
an actual cost overrun of $17,754,975, or 22 p~rcent. This cost overrun
includes the temporary repair and subsequent permanent relocation of a
failed portion of the transmission line. Environmental considerations
dictated its original location in an area of unanticipated and unknown
extreme winds and ice conditions not previously encountered on any trans
mission line in North America. The increased cost for the transmission
line temporary repairs and permanent relocation was $9,976,000 of the
overrun, reducing the remainder of the overrun to $7,778,985 or 10 per
cent. This information is reflected in the General Accounting Office
Report to Congress on FinaticialStatus of Major Civil Acquisitions 
December 31, 1975, dated 24 February 1975.
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T/\I~L[ IJ-l--UETAILIO COS"I EST H1AT[- -COli Li lIued

HATANA DAt~ ABO RESERVOIR

Cost
Account Unit Total
Number Description or Item Unit" Quant Cost Cost

($) ($1,000)

04 DAMS
04.2 SPILLWAY

Rock CY 10,533,000 8.00 84,264
Concrete

Mass CY 16,900 100.00 1,690
Structura1 CY 9,750 500.00 4,875
Lining CY 15,600 450.00 7,020
Cement Cwt 182,500 8.00 1,460
Reinforcement Lb 1, J23,000 .. 55 618
Drill &grout for
anchors LF 17,200 20.00 344

Tainter gates 1200000#
, gate hoi sts EA ;3 1,250,000.00 3,750
StO(:'lbgs (400000# ) LS 1 600
Spillway bridges

(55 1 L by 26 1 W) (3EA) LS 500
Drainage LS 2,000
Mob-Prep LS 6,517

Subtotal· J36 ,854
Contingencies 15% 20,528

TOTAL, SPILLHAY 151,000

04.3 OUTLET WORKS
Excavation

Common CY 35,700 15.00 536
Rock CY 115,400 50.00 5,770

Tunnel 25 ~

45° slope CY 29,400 190.00 5,586
Vertical CY 1,880 140.00 263
Horizontal CY 4,250 125. 00 531

Concrete
Lining
45° slope CY 6,000 600.00 3,600
Rebar LB 322,000 .55 177
Vert.i ca1 CY 350 500.00 175
Rebar LB 14,100 .55 8
Horizontal CY 820 ·300.00 246
Rebar LB 33,100 .55 18
Structural CY 9,600 600.00 5,760
Rebar LB 900,000 .55 495

Rockbolts
In vertical face
Dri 11 &grout bolts

(92,200 LB) LF 21,400 20.00 428
383 .

69-738 0 - 80 - 25
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T/\BI:EB"" 1""-()[T/\ WED COSt LSTI M/\TE --COllI. i lllH'd!!Iil

;;"111ii

WI\TANADI\t1 Ar~[) RESERVOI Rj:i[1
:11

IIII Costiili!
Iii ACCQI.,mt Unit TotalNumber Description or Item Unit Quant Cost Cost

($) ($ 1,000)

04 DAMS
04.3 OUTLET WORKS

45° Slope LF 4,800 20;00 96
Horizontal LF 4,400 20.00 88
Tainter gates (4 ) LB 496,000 3.00 1,488
Slide gates (4)' LB 2,200,000 3.00 6,600
Trashracks (2) LB 64,800 2.00 130
Cement Cwt 110,700 8.00 886
Elevators (50-ton) LS 2 250,000.00 500
Mob and Prep work LS 1 1,700

SUbtotal. 35,081
Contingenci es 20% 7,016

TOTAL, OUTLET WORKS 42?000

04.4 pm~ER INTAKE WORKS
Mo~_and Prep Work LS 1 9,700
Intake structure
Excavation (rock) CY 222,000 30.00 6,660
Foundation preparation SY 3,700 50.00 185
Mass concrete CY 39,500 100.00 3,950
Structural concrete CY 102,900 500.00 51,450
Cement Cwt 555,600 8.00 4,445
Restee1 LB 9,372,000 .55 . 5,155
Emb. metal LB 35,000 4.50 158
Trash rack LB. 938,000 2.00 1,876
Stai rs LS 1 100
Elevator LS 1 300
Bulkhead gates LB 3,860,000 2.00 7,nO
Stop10gs· 1 LB 1,594,000 2.00 3,188
Electrical and
mechanical work LS . 1 2,250

Truck crane LS 1 300
Bridge LS 1 3,500
Trash boom LS 1 425
Tunnel excavation CY 95,100 175~00 16,643
Concrete CY 35,200 350.00 12,320
Cement Cwt 140,800 8.00 1,126
Resteel LB 483,000 .55 266
Steel 1i ner LB 24,350,000 2.70 65,745
Bor:netted gates EA 3 1,800,000.00 5,400
Log Boom LS 1. 500

.. :.",-

384



T/\BLL' B- (_·-!JUJU LL!J CUS I LST 1M/\ IL--Coll Li lIueu

WATANA DAM Arm RESERVOIR

Cost
Account
Number Description or Item Ur.i t Quant

Unit
Cost
($)

Total
Cost
($1,000)

04
04.4

07
07.1

DAMS
POHER INTAKE WORKS (Cont'd)

Electrical and
mechanical workLS

Subtotal
Contingencies 20%

TOTAL, POWER INTAKE WORKS

TOTAL, DAMS

POWERPLANT
POWERHOUSE

Mob and prep work LS
Rock excavation, tunnels,
P.H. chamber, trans-
former chamber, etc CY

Concrete CY
Cement Cwt
Reinforcement LB
Architectural features LS
Elevators LS
f4echanc.i a1 and
electrical work LS

Structural steel LB
Misc. Metalwork LB
Draft tube bulkhead
gates - guides LS .

Rock bolts LF
Steel sets LB
600 ton bridge crane LS
30 ton bridge crane LS
Airshaft (transformer
chamber) 31 DIA 880 1 LS

Subtotal
Contingencies 20%

TOTAL, POWERHOUSE

385

1

202,000
57,600

261,000
6,912,000

1
1,250,000

150,.000

1
8,445.

102,000
1
1

1

.75.00
500.00

8.00
.55

2.00
4.50

30.00
2.00

500

203,862
40,772

245,000

8~O,OOO

3,000

15,150
28,800
2,088
3,802
1,500

600

5,000
2,500

675

750
253
204

1,000 ~,

250

900

66,472
13,294

80,000





T/\BLL B- 1- -DEl/\ l LUJ CUS I l. STl MAlT- -COil Li Ilued

WATANA DAt4 ANO RESERVOI R

TOTAL, SWITCHYARD

TRANSMISSION FACILITIES
T-ransmi ssion facil ities LS

Contingencies 20%

TOTAL, TRANSMISSION FACILITIES

TOTAL, POWERPLANT

ROADS AND BRIDGES
Permanent Access Road - 27 miles
(Highway No. 3 to Devil Canyon)
Clearing and grubbing AC
Excavation

Rock CY
Common CY

Embankment CY
Riprap _ CY
Road surfacing (crushed) CY
Bridges LS
Culverts and guardrail LS
Permanent Access Road -·37 miles

(Devil Canyon toWatana)
Clearing AC
Excavation

Rock CY
Common CY

135 . 1,500.00

Cost
Account
Number

07
07.5

07.6

07.7

08

Description or Item

POWERPLANT (Cont'd)
TAILRACE (Cont'd)
Cofferdam

Subtotal
Contingencies 20%

TOTAL, TAILRACE

SWITCHYARD
Transformers
Insulated cables
Earthwork

Subtotal
Contingencies 20%

Unit

LS

LS
LS
LS

Quant

1
1
1

200,000
60,000

890,000
2,700

216,000
1
1

195

300,000
90,000

Unit
Cost
($)

20.00
3.00
3.50

30.00
15.00

1,500.00

20.00
3.QO

Total
Cost
($1,000)

2,000

49,826
9,9G5

60;000

5,434
2,832
J,300

9,566
1,9; 3

11 ,000

255,000
51 ,000

306,0t30

5"j 1,000

203

4,000
180

3,115
81

3,240
15,000
1,250

293

6,000
270

387.



TABL.L B-l--U[lAlU:U CUS': LS TlMl\Tl--Cull Li Ilued

~iATANA DAr1 Arm RESERVOI R

Cost
Account
Number Description or Item Ur.it Quant

Unit
Cost
($)

Total
Cost
($1,000)

08 ROADS AND BRIDGES (Cont'd)
Embankment CY
Riprap CY
Road surfacing (crushed) CY
Bridges LS
Culverts and guardrail LS

Permanent on-site roads
Power plant access
tunnel LS
Power plant access road LS
Dam crest road LS
Mob and prep . LS
Spillway access road LS
Switchyard access road LS
Road to operating
facility LS

Power intake structure
access road LS

Airstrip access road LS

S'ubtotal
t6ntingencies 20%

1,244,000
3,800

304,000
1
1

1
1
1
1
1
1

1

1
1

3.50'
30.00
15.00

4,354
114

4,560
5,000
2,250

15,459
1,971·

125
3,500

560
300

300

375
650

73,150
14,630

14

TOTAL, ROAQ AND BRIDGES

RECREATION FACILITIES
Site D

Camp units (tent camp) EA
Vault toilets EA

Subtotal·
. Contingencies 20%
"Total 'Site 0

10 3,000.00
2 3,000.00

38 •.000

30
6

36
7

43

Site E
Trail· system

Contingencies 20%
Total Site E

MI 12 15 •000 . 00 180
36

216

19

TOTAL, RECREATION FACILITIES
"

BU! LDI NGS; GROUND, AND UTI LITI ES
cLivin~ quarters and

O&M facilities LS

388
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l"I\ULl U-1-':'UETl\lLElJ COSI. ESTlMATE--Cunt.inued
" -

WATANA DAM AND RESERVOIR

TOTAL CONSTRUCTION COST

Cost
I\ccount
Number Description or Item Unit Quant

Unit
Cost
($)

Iota l'
Cost
($1,000)

1,619,000
ENGINEERING AND DESIGN 4%

SUPERVISION AND ADMINISTRATION 5%

TOTAL PROJECT COST
WATANA DAM AND RESERVOIR
ELEVATION 2185
(First-Added)

390
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TABLEB-2--DETAILED COST ESTIMATE·

DEVIL CANYON DAM AND RESERVOIR, ELEVATION 1450; GRAVITY DAM

OCTOBER 1978 PRICE LEVEL
(SECOND-ADDED)

Cost
Account
Number Description or Item Unit Quantity

Unit
Cost
($)

Total
Cost

($1,000)

CY 476,400 20.00 9,528
CY 89,400 5.00 447
CY 256,100 80.00 20,488
CY 2,138,000 75.00 160.. 350
CY 8,883 475.00 4,219

CY 18,600 ... 450.00' 8,370
LS 1 8,000
LS 1 900
Lb 3,255,000 .55 1,790
EA 2 1,500,000.00 3,000
LS 1 700

LS 1 1,000

01

03

04
04.1

:'.:

LAND AND DAMAGES
Reservoir
Public Domain
State &Private Land
Mining Claim

Subtdta1"
Contingencies 20%
Government Administrative, Cost

TOTAL, LAND AND DAMAGES
Constructi on Cost
Economic Cost

RESERVOIR
Mob-Prep Work
Clearing.

Subtota1
Contingencies 20%
TOTAL,· RESERVoIR·

DAr~S

MAIN. DAM
Excavation Rock
Excavation common
Exterior mass concrete
Interior mass concrete
Structural concrete

(dam structure)
Concrete (spi llway)
Post cooling
-Instrumentati on
Pier &spillway rebar
Tai ntorgates
Bridqes

. Prevention or water
•. pollution

AC 1,920 800.00

(0)
14, 160

8

14,168
2,834

558

18,000
18,000
18,00C

77
1,536

·1,613
323

2,000
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TABLE B-2:...-~ETAILEO .cOST ESTIMATE::..::..Conti nued, -~.. . .. " .... .

DENI4·'~!\N'(or~"IJl\M..l\NUR[SEHVOIR, ELEVATION 1450, GRAVITY UAt1

Cost
Account
Number Description or Item Unit Quantity

Unit
Cost
($)

Total
Cost

($1,000)

LS

.cY
CY

CY
CY
Cwt
Lb
Lb

4 1,350,000.00
1,845 .' 20~00

891,560~.55

4,496

. 540
6,020

1,000
1,000

750
600
686

1,500

1,500
11

2,224
3,500
1,838

1,676
2,363

5,400
37

490

1,400
1,000

2,750
59,528
15,400

730
5,215

592
1',363

21,560

323,445
64,689

388,000

A.50
5.56

'50'.00
35.00

-500.00
~'55

400.00
20~00

8:00

75:.'00
175.00

ioo.OO
500,.00

R.OO
.55

2.25

1

1
1
1
1
1
1

1
2,500

400,000
70,000
52,500

3,352
4,296,115

3,500
50;0'00

1
7,441,000

1

7,200 '
34,400

7,300
'10,430

74,000
2,478,000
9,582,270

DAMS
MAIN DAM (Cont'd)
Scaling canyon walls LS
Stoplog, complete LS
Gantry crane LS·
Elevator LS
Stairways LS
Rock bolts LS
Electrical and
mechancial work LS

Miscellaneous metalwork Lb.
Foundation treatment LF
DrillfngCand grouting LF
Drilling drainage holes LF

Concrete for parapet
and overhang CY

Resteel Lb
Slide gates, frames,
guides and operators Sets

Chain'link fence LF
Reste~l forsluce conduits Lb
Exploratory tunnels
(excavation) CY

Rock bolts LF
.contraction joint &cooling
system grouting LS

Cement Cwt
Mob and Prep LS

Subtotal
Contingencies 20%
TOTAL,' MAIN DAM

POWER INTAKE WORKS
Mob and Prep
Excavation
Open cut
Tunnels

.conCrete
Mass
Structural and backfill
Cement
Reinforcing steel

PenstoCks'

04
04.1

04.4
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TI\13LE B-2--DETAILED COST !:'STIMATE--Continucd
j "

UEVIL ,CI\NYOr~IJf\M,I\NU RESEIWOIR,ELEVI\TION 1450, GRAVITY [JI\M

Cost
,Account
'Number Oescri ptiOll or Item Unit

Unit
Quan t ity r Cos t

($)

Total
Cost

($1 ,000)

04 DAMS
'04.4 POWER INTAI~E WORKS (Contld)

Bonnetted gates and
control s EA 4 1,80C ,000.00 7,200

", Stop1ogs, (936000#) LS 1 1,875
Trashracks(421,000# each) EA ::2 1.50 1,263
Intake selector gate tower
Excavation rock CY 7,400 ' 50.00 370
Concrete structural CY 47,100' 500.00 23,550
Cement Cwt 188,400, 8.00 1,507
Reinforcement Lb 7,065,000 .55 . '3,886
Selector gates(1,500,000#) EA ; 4 3,375,000.00 13,500

94,417
18,883

,113,00Q;,

04.5

Subtotal
Contingencies 20%
TOTAL, POWER INTAKE WORKS

AUXILIARY DAM (EARTH FILL AND CONCRETE)
Mob and Prep LS
Excavation

Dam foundation CY
Foundation prepareation 8Y

Dam embankment CY
Dri 11 i ng and grouti ng: LF

1

100,000
2,100

835,000
8,800

6.00
50.00
6.00

60.00

312

600
105

5,010
528

07
07.1

Subtota1
Contingencies 20%
TOTAL, AUXILIARY DAM

TOTAL, DAMS

POWERPLANT
POWERHOUSE

Mob and Prep work
Excavation, rock
Concrete
Cement
Reinforcing steel
Architectural features

LS
CY
CY
Cwt
tbs
LS'

39,3

1
208,400
22,000
88,000

5,400,000
1

6',555
1,311
8,000

509,000

2,000
75.00; 15,630

500.00 11 ,OQO
8" 00 704

"i)il .55 2,97"0
1,500



"TABLE B--2--DETAILED cost ESnt4ATE--Continued

, 'DEVIL CANYor~ DAM AND RESERVOIR, ELEVATION 1450, GRAVITY DAM

Cost
,Account Unit Tota 1Number Description or Item Unit Quantity Cost Cost

($) ($1,000)07 POWERPLANT
07.1 POWERHOUSE (Cont'd)

Elevator LS 1 200Mechancial and
electrical work LS 1 4,812

Structur~l steel Lb 1,200,000 2.25
Miscellaneous metalwork Lb 150,000 4.50 675

Subtotal 42,191Contingencies 20% 8,438, TOTAL, POWERHOUSE 51,000
07.2 TURBINES AND GENERATORS

Turbines LS 1 20,250Governors LS 1 1,053Generators LS 1 22,950
Subtota~ 44,253•......Contingencies 15% " 6,638 ,'.
TOTAL, TURBINES AND GENERATORS ': 51 ,0Ob

07.3 ACCESSORY ELECTRICAL EQUIPMENT
Accessory Electrical

Equipment LS 2,512
Contingencie$ 15% 377
TOTAL, ACCESSORY ELECTRICAL EQUIPMENT 3,000

07·4 MISCELLANEOUS POl~ERPLANT EQUIPMENT
Miscellaneous ' Powerplant "

'1 Equipment LS 1 1,798 '
Contingencies 15% 270
TOTAL, MIS~ELLANEOUS POWERPLANT EQUIPMENT 2,000

07.5 TAILRACE
Mob and Prep LS 1 766
Excavation tunnel CV 74,500 85.00. 6,333
Concrete, CV 17,500 300.00 5,250Cement Cwt 70,200 8.00 562
Resteel Lb, 3,029,000 .55 1,66~
Draft tube bulkhead
gate and gUides LS 1 700

Tailrace tunnel
stoplogs (370,000#) LS 1 800

Subtotal
'i)il 1'6',077

Contingencies 20% 3,215
TOTAL, TAILRACE 19,000
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TABLE'B-2--DETAILED COST ESTIt4ATE--Continued

DEVil CANYON DI\MI\ND RESERVOIR t ELEVATION 1450 t _GRI\VITY ()I\f~

Cost
Account
Number

14

Description or Item·

RECREATION FAC I LI TI ES
Site B ,(Cont'd)
Comfort stations
Power
Sewage

Subtotal
C6ntingencies 20%
Total Site B

Unit

EA
LS
LS

Quanti ty

2
1
1

Unit lota1
Cost Cos t .
($) ($·1,000)

60,000.00 120
40
75

510
102
612

19

Site C
Trailhead picnic 'area
access road

Picnic units w/parking
Trail system
T~o-vault toilets

Subtotal.
Contingencie~. 20%
Tota1, Site C

Mile
EA
'Mile
EA

.. 2; '150,,000.00
12 3 t OOO.00
30 15,,000. 00
2 3;'000.00

30
36

450
6

522
104
626

1, 000.

20

396

1

1
1

2

1

2,500

300
70

220
3,000.00 6

3,496
699

4,000·

2,200
440

3,000



TABLE 13-2--IJETAILED COST ESTIMATE--Conti nued

DEVIL CANYON DAM AND RESERVOIR, ELEVATION 1450, GRAVITY DAM

Cost
Account Unit Tota1
Number Oeseri ption or Item Unit Quantity Cost Cost

($) ($1,000)

50 CONSTRUCTION FACILITIES
Mob and Prep work LS 1 1,885
Coffer dams
Sheet pile Ton 1,024 1,500.00 1,536
Earth fi 11 . CV . 38,000 15.00 570
Pumping . LS 1 3,500

Remove Coffer dams LS t . 600
Diversion workds
Tunnel excavation CV 35,700 100.00 3,570
Concrete CV 9,200 300.00 2,760
Cement Cwt 36,800 8.00 294
Reinforcement Lb 1,564,000 .55 860
Steel sets Lb 15T,000 3;00 . 471
Rock bolts EA 1,150 300.00 345

Tunnel Plug
Concrete CV 1,100 600. 00 _ 660
Cement Cwt 4,400 8.00 35
Reinforcement Lb 187,000 .55 103

Diversion Intake Structure
Excavation rock CV 104,000 30.00 3,120
Concrete structural CV 3,800 500.00 1,900
Cement Cwt 15,200 8.00 122
Reinforcement Lb 380,000 .55 ~209

Bulkhead Lb 960,000 1.50 1,440
Approach Channel Lining
Concrete CV 1,600. 300.00 480
Cement Cwt 6,400 8.00 51
Reinforcement Lb -80,000 .55 44

Diversion Outlet Structure
Excavation Rock CV 274,000 50.00 13,700
Concrete CV 1,100 500.00 550
Cement Cwt 4,400 8.00 . 35
Reinforcement Lb 110,000 .55 61
Stop1ogs Lb 100,000 1.50 150

Outlet Channel Lining
Concrete CV 900 500.00 450
Cement Cwt 3,600· 8.00 29
Reinforcement Lb 45,000 .55 25

Subtotal 39,555
Contingencies 20% 7,911
TOTAL, CONSTRUCTION FACILITIES 47,000
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TABLE If-2-:-DETAILED COST ESTIMATE--Continued

DEVIL,CANYOI{ DAM AND RESERVOIR, ELEVATION 1450, GRAVITY DAM

TOTAL, CONSTRUCTION'COST

ENGINEERING AND DESIGN 7%

SUPERVISION AND ADMINISTRATION 5%

TOTAL PROJECT COST
DEVIL CANYON DAM AND RESERVOIR
ELEVATION 1450, GRAVITY DAM
(SECOND-ADDED)

Cost
Account
Number

30

31

Deseri ption or Item Unit. Quantity
Unit
Cost
($)

Total
Cost

($1,000)

735,000

51,000

37,000

823,000·

398
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SUMMARY OF CHANGES

This section updates benefit calculations and the determination of
the project's economic justification presented tn the 1976 Interim
Feasibility Report. Economic trends and power usage continue to indi
catethat significant amounts of new generation w.i1l be required in
the railbelt area of southcentral:"Alaska. A new load forecasting
methodology ·and the three additional. years of historica·l data result
in slightly decreased peak load projections. The estimated costs of
both the hydroelectric project and the coal-fired alternative have risen
significantly since 1975. Under the base case set of assumptions, .
hydroelectric development in the upper Susitna River basin continues·
to appear economically justified. The 1978 updated benefit-cost ratio
of the proposed dev,elopment is l.4 comllared to the .earl ier estimate
of 1. 3.
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STUDY AREA ECONOMY

SUMMARY OF CHANGES
~>

the economic base analysis presented in the 1976. Interim Feasibility
Report was based on the market area's economic performance through 1974.
Fears of a severe post-pipeline depression in Alaska have been largely
dissipated by the sustained performance of the State1s economy in the
2 years since the pipeline phased down in 1976. In 1977, higher pro
duction levels were reached in t.he forest products, fisheries, and .'
agricultural indu'stries when compared to 1976. The State's financial
institutions reached record high levels in 1977 in deposits, loans,
and total assets. In addition, more houses and commercial and indus
trial buildings were constructed in 197T than during any previous year.
In fact, by excluding contract construction employment (under which
pipeline workers were classified), there appears to have been a net
increase in 1977 of 1,500 nonagricultural jobs in Alaska.

INTRODUCTION

The discussion that follows both augments'and updates the economic
base analysis of the 1976 report. It is based on three primary sources.
One is a detailedana1ysisof the southcentral Alaska economy between
1965 and 1975. This work was done by the Institute of Social and
Economic Research of the University of Alaska for the Southcentral
Level BStudy. Two other reports, one by the State's Department of
Commerce and Economic Development and the other by the Department of
Labor, provide information on the performance of the economy since
1975. Some of the population and income estimates through 1974'presented
here differ from the estimates reported in the 1976 Interim Feasibility
Report. These differences result from' recent effortS by the State and
others to develop a consistent data base.

HUMAN RESOURCES

The rapid economic growth in the Rail belt area of Alaska and in
Alaska as a whole has resulted insubstantial immigration of people
seeking jobs in the Alaskan economy. TableC-l summarizes population
growth in the study area and in the state as a whole. '
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STUDY AREA POPULATION AS PERCENT OF TOTAL

Year

';'J96(f
1970
1973
1974
1975
1976

Total Alaska

226,167
302,361
330,365
351,159
404,634
413,289

Study Area

149,186
209,178
234,768
245,846
290,522
301,250

Percent of Total

66
69
71
70
72
73

Source: State of Alaska Department of Commerce and EconomicDevelopment, The Alaskan EcononlYt Year-End PerformanceReport 1977.

There are two major economic motivating factors which explain thelarge population increase. One is the fact that real incomes havebeen rising in Alaska faster than the rate in the U.S. as a whole.This is an indication that Alaska has been a region of improving etonomicopportunity in comparison to nationwide averages. In addition, individuals see explicit opportunities in the growth in employment. JjThe Alaska Department Of Labor estimates that net migration accountedfor a 73,000 increase in resident population between 1970 and 1975,about 72 perc;ent of the increase, while natural increase accounted foronly 29,000, or. about 28 percent of the total.

EMPLOYMENT

Employment shares of major industriaL categories, are presented inTable C-2. As can be' seen, some significant· changes in employmentpercentages have taken place over the past 5 years.' In 1973, government claimed by far the largest share (38 percent) of total employmentwith services and retail trade a distant second at 14 percent. By 1978,Government's share declined to 30 percent. Manufacturing is the onlyother sector to show a significant decline - its share drops from'8.5percent to 7 percent. Mining, constructi-on, and services show thelargest gains.

11 Institute for Social and Economic Research, University of Alaska,Southcentral Alaska's Economy 1965-75, draft report.
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1978 (Projecti on)

3.06
7. 11

30.49
10.02
14.02
3.40

'4.87
2.46
2.46
0.78

3.86
2.40
2.40
0.92

TABLE C-2

INDUSTRY EMPLOYMENT SHARES
(Percent)

1973

1. 79
8.50

37.75
7.09

13.60
3.10

Industry

Mining
Manufacturing
Government
Construction
Retail Trade
Wholesale Trade
Finance, Insurance and

Real Estate
Transportation
Communications
Public Utilities

Source: Alaska Department of Labor, Alaska Economic Outlook
to 1985, July 1978.

Data for 1977 indicates that while the mid-year completion of the
trans-Alaska oil pipeline had an impact on the State's economy, it has
not been as severe as expected. As a result of the large decrease in
contract construction employment, total nonagricultural employment
declined accordingly. The decline in nonagricultural employment,
however, was less than that of contract construction, indicating a
previously unexpected economic stability.

PERSONAL INCOME

Total personal income is defined as the sum of wage and salary
income, proprietor's income, dividends, interest and rental income,
and transfer payments. Subtracted from this are personal contributions
for social insurance. Once total personal income is compiled, it is
then adjusted by the residency of the worker.

From statehood in 1959 through 1973, there has been stable growth
in the State's personal income, paralleling the national trends.
Alaska's per capita income estimate increased 86 percent from $2,498
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in 1959 to $4 , 644 in 1970 while the· u. S... average rose 83 percent from
$2,167 to $3,966 respectively'~~ring"thi~ same tim: pe~iod. T~i~
trend continued through 197~w,th Alaska s per caplta lncomerlslng
an additional 28 percent while the:nationa1 level rose 27 percent.

r~"\SiriceT971 per capita income in Alaska has demonstrated a phenome
nal rate of growth. In 1974 it increased 17 percent to $7,117 while
in 1975 the reported increase was 33 percent to $9,440. During 1976
the annual rate of increase slowed considerably to 10 percent, boosting
per capita income to $10,415. Correspondingly, on the national level
it increased 9 percent in 1974, 8 percent in 1975, and 9 percent in
1976.

Clearly, Alaska's resident personal income has increased substan
tially the past few years. The State's economy has received a tremen
dous boost from construction of the oil pipeline, Native land claims,
outer continental oil development, and government expenditures. With
the completion of the oil pipeline, personal income of Alaskans is
initially declining in real terms. As additional projects come on
line in the future, the rate of growth in real personal income will
again turn positive.

TABLEC-3

TOTAL PERSONAL INCOME IN ALASKA, 1970-1977

Year

1970
1971
1972
1973
1974
1975
1976
1977

Personal Income
"(In billions of $)

1.3
1.5
1.6
1.9
2.4 .
3.3
3.8
3.9

Source: Alaska Department of Commerce and Economic Development,
The Alaska Economy, Year-End Performance Report 1977.

AGGREGATE ECONOMIC PERFORMANCE

It has gen~ally been assumed that there existed a direct cause
and effect relationship between pipeline constructjon and the State's
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economic expansion. Preliminary data for 1977 indicate that while
pipeline construction employment declined during the year, -it did not
trigger massive layoffs in other nonpipe1ine sectors of the State's
economy. Indeed, even with an annual average loss of 11 ,300 construc
tion workers, total employment in Alaska for 1977 declined by only
about 9,700 workers, or less than 6 percent, from the historic high
level in 1976. Refer to Table C-4. .

Obviously, there have been other factors Which have contributed
significantly to the State's recent economic expansion. By the end of
September 1977, over $348 million had passed through the Alaska Native
Fund to the Native corporations. Of this amount, a considerable por
tion had been invested in Alaska businesses and industry. In addition,
public sector expenditures by Federal, State, and local governments
have demonstrated dramatic increases in recent years, and mineral
exploration activity has continued at a strong pace~ These and other
sources of nonpipe1ine economic stimulation have occurred during the
pipeline construc.tion time period and they appear to have played a
significant role in expanding and strengthening Alaska's economy.

The forest products industry, after considerable expansion in 1976
from the previous depressed levels, maintained a stable high level of
activity in 1977. Pulp and lumber production remained constant in
1977 although the production of wood chips declined significantly as
a result of world market conditions~ Japan, the major purchaser of
Alaska's forest products, continues to be hampered by the slow recovery
of its national economy, especially in its residential housing sector.

The State's commercial fisheries industry greatly surpassed all
expectations during 1977. The salmon harve~t was the highest since
1970 with strong returns of pink salmon to the southern portion of
southeast Alaska and with good returns to most other areas of the
State. Generally, the shellfish harvest and prices paid to fishermen
were higher than in 1976.

As a result of the overall increases in 1977' s fin and she·ll fi sh
harvest, higher employment levels were stimulated in the State's fish
processing sector.

Investment in hard rock mineral exploration increased substantially
during 1977 to an ~stimated record high of $60 million. Oil exploration
continued with 33 wildcat and step-out wells drilled in 1977, represent
ing nearly a threefold increase in activity over the 1976 total. Major
oil discoveries were announced.in'1977 at Point Thompson and Flaxman
Island (located east of Prudhoe Bay), indicating the possibility of
additional North Slope oil and gas fields of significant scale. In
October 1977, the Lower Cook Inlet lease sale was held in Anchorage.
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TABLE C-4

ALASKA ECONOMIC .INDICATORS

.Iioo-OCI

1970 1971 1972 1973 1974 1975 1976 1977e

Resident Population (000) ..•••. 302.4 312.9 324.3 330.4 351.2 404.6 413.3 N.A.
Civilian Labor Force #(000) ~ •••. 87.2 92.9 98.6 103.8 119.5 148.5 158.0 158.9
Employment #(000) .••••••••• 81.1 85.4 90.5 95.2 110.3 138.5 145.0 136.4
Nonagricultural Employment (000) ••. 92.5 97.6 104.2 109.9 128.2 161. 3 171. 7 162.0
Number Unemployed #(000) .•••••• 6.0 7.5 8.0 8.6 9.2 10.0 ''13.0 20.5
Wage &Salary Payments ($000,000) .• $1,253 $1,359 $1,471 $1,621 $2,167 $3,449. $4,247 $3,737
Resident PersoYlal Income *($000,000). $1 ,412 $1,563 $1,698 $2,006 $2,429 $3,443 $3,979 $4,000
Anchorage CPI (1967 = 100).••••• 109.6 112.6 115.9 120.8 133.9 152.3 164.1 175.7
Percent Change in CPI • . • . . • . . 3.5 3.0 2.7 4.2 10.9 13.8 7.8 7.1

N.A. = Not Available
e = Estimate
# = Current Population Survey Basis
* = Place of Residence Basis

Source: Alaska Department of Commerce and Economic Development, The Alaska EconomY, Year-End Performance
Report 1977.
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Although drilling results in the Gulf of Alaska have been disappoint
ing to date, other oil and gas exploration activities are continuing
on the National Petroleum Reserve Alaska (old PET-4) and on Native
corporation lands.
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PRESENT AND HISTORICAL POWER·REQUIREMENTS

This section presents the existing and planned generating capacities
of the rail belt area as of 1977 along with generating resources that
are planned for the near future. Also shown are the historical net
generation estimates through 1977.

TABLE C-5

SUMMARY OF EXISTING GENERATING CAPACITY

Installed Capacity (MW)
Gas Steam

Hydro Diesel Turbine Turbine Total

Anchorage-Cook Inlet Area:
Ut i 1ity Sys tern 45.0 27.5 435.1 14.5 522.1
National Defense 9.2 40.5 49.7
Self-Supplied Industries 11.3 15.2 37.5 64.0

SUBTOTAL 45.0 48.0 450.3 92.5 635.8

Fairbanks-Tanana Valley Area:
Utility Systems 35.1 203.1 53.5 291.7
National Defense 14.0 63.0 77.0

SUBTOTAL ---0 49:T 203.1 116.5 368.7

TOTAL 45.0 97.1 653.4 209.0 1004.5

Source: Alaska Power Administration, "Power Market Analysis," January
1979. Anchorage-Cook Inlet figures include the Va1dez
Glennallen area which totals 56.8 MW.

The total 1977 installed capacity of 1,004.5 MW represents a 45
percent increase over the 692 MW of installed capacity that existed
in 1974.
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Installed Capacity (MW)

TABLE C-6

NEAR-TERM PLANNED RESOURCES

Gas Steam
Year Turbine. Turbine Total

66.7
113.7
100.0
18.0

100.0
400.0 418.0
400.0 816.4

104.0 104.0

504.0 920.4

66.7
113.7
100.0
18.0

100.0
18.0

416.4

416.4

1982

1978
1979
1980
-1981
1982
1984

TOTAL

SUBTOTAL

~nchorage-Cook Inlet
Utilities

Fairbanks-Tanana Valley
Utilities

Source: Ba ttell e Pacific Northwest Laboratories, "A1askan El ectri c
Power: An Analysjs of Future Requirements and Supply Alter
natives for the Railbelt Region," March 1978.

TABLE C-7

HISTORICAL NET GENERATION (GWH)

Anchorage-Cook Inlet Area Fairbanks-Tanana Valley Area
Year Util Nat. Def Indu . Util Nat. Def Indu Total

1970 744.1
1971 886.9
1972 1,003.8
1973 1,108.5
1974 1,189.7
1975 1,413.0
1976 1,615.3
1977 1,790.1

156.2
161. 2
166.5
160.6
155. 1
132.8
140.3
130.6

1.7
25.0(e)1I
45.3
45. 3(e)
45.3
45.3(e)
45.3(e)
69.5

239.3
275.5
306.7
323.7
353.8
450.8
468.5
482.9

203.5
201.4
203.3
200.0
197.0
204.4
217.5
206.8

1,344.8
1,550.0
1,725.6
1,838.1
1,940.9
2,246.3

-2,486.9
2,679.9

11 (e): estimated industrial load, revised by APA, January 1979.

Source: APA, Upper Susitna Project Marketability Analysis,
November 1978.



FUTURE POWER NEEDS

SUMMARY OF CHANGES

The forecasted demand for electrical power presented in this section
constitutes a downward revision from those estimates used in the 1976
Interim Feasibility Report. The cumulative changes are due to the use
of a different forecast methodology, 3 additional years of historical
data, and generally more conservative economi c dev,e1opment assumpti ons.
The extent of change in the forecasts, however, is not great. For
instance, the midrange forecast of peak load for the year 2000 has been
revised to 2,852 MW, a 10 percent decrease from the earlier estimate
of 3,170 MW (refer to Figure C-1). The most noticeable change occurs
in the high range forecast which was reduced 36 percent in the year 2000.

Additionally, the revised forecast has been extended an additional
25 years to 2025 in order to facilitate longer range planning.
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FORECAST METHODOLOGY

The Alaska Power Administration (APA) has used a simplified end-use
model to forecast future power requirements, augmented by trend analysis
and an econometric model. Total power demand has been categorized into
three primary end uses: the residential/commercial/industrial loads
supplied by electric utilities, the national defense installation sector,
and the self-supplied industrial component.

Those factors in each category that best explain historical trends'
in energy use were identified. In the utility sector, those explanatory
variables are population and per capita use. Population was forecasted
with the help of a committee of experts using a regional econometric
model, while per capita use eStimates ar& an extrapolation of past
trends adjusted to account for anticipated departures from those trends.
National defense needs are assumed to depend on the level of mil itary
activity and the number of military personnel in the study area. Future
self-supplied industrial power requirements are based on explicit assump
tions regarding future economic development and the energy needs associa
ted with such development.

POPULATION AND ECONOMIC ACTIVITY FORECAST

The most important sector in terms of magnitude of electrical .
energy use is the utility sector, and population is the key factor in
this sector's future power requirements. Population forecasts in turn,
are highly dependent upon assumptions of'future economic activity.
Economic activity assumptions are also important because they have a
direct impact on energy requirements in the self-supplied industrial
sector.

The population and economic activity assumptions used in this fore
cast are based on a draft report of the Economics Task Force, South
central Alaska Water Resources Study, dated September 18, 1978. The
report is entitled, Southcentral Alaska's Economy and Population,
1965-2025: A Base Study and Projection.

The report was a joint effort of economists, planners, and agency
experts who were members of the Economics Task Force of the Southcentra1
Alaska Water Resources Study (Level B), being cOhducted by the Alaska
Water Study Committee, a joint committee of Federal and State agencies,
the Alaska Federation of Natives, the Alaska Municipal Leagu.e, the
Munic.ipality of Anchorage, the Southcentral region borough governments,
and regipnal Native corporations.

The projections reported relied on two long-run econometric models
devised by economists from the University of Alaska Institute of Social
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and Economic Research and from the MIT-Harvard Joint Center for Urban
Studies. Funding was provied by the National Science Foundation1s Man
in the Arctic Program (MAP). The two specific models used here were
modifications of the Alaska State and regional models developed under
that program. The models produced estimates of gross output, employ
ment, income, and population for the years 1975-2000. Population and
employment were disaggregated and extrapolated to.theyear 2025 by ISER
researchers under Economics Task Force direction, and using Task Force
concensusmethodology. The data required to run the model were provided
by various members of the Economics Task Force, the assumptions were
reviewed by the Task Force, and the model outputs and tentative pro
jectionswere reviewed. for internal consistency and plausibility by
ISER researchers and by the TaskForce.

The use of the econometric model requires a set. of assumptions
related to the level and timing of development. The assumptions pri
marily consist,of time series on employment and output in certain of
the export-base industries and in government. Because of the importance
of these assumptions to the electrical energy load forecast, they are
presented here in full on pages C-13 through C-3l from the Economic
Task Force Report.

Assumptions Used to Produce Economic and Population Projections, 1975
2000

The critical assumptions are organized into two scenarios which
consist of all low-range assumptions taken together and, alternatively,
all high-range assumptions taken together. The scenarios ~ere intended
to show a "reasonable" high and reasonable low development series of
specific projects which together would offer about the broadest range
of employment and population outcom~s which could be foreseen. This
does not mean that the Task Force predicts that all or any of the
projects assumed will actually occur; on the contrary, there is a highly
variable degree of uncertainty with respect to the level and timing of
all developments in the scenarios. However, some projects were subjec
tively rated more likely than others, some unlikely, and some very
unlikely. Task Force consensus assigned most of the more likely projects
to the low development scenario, some of the less likely· to the high
development scenario, and the remainder were assumed not to occur within
the time horizon of the study.

The resulting low and high scenarios should not be considered synonyms
for the terms "minimum" and "maximum" developmenr:- The Task Force did
not feel competent to say what the theoretical minimum or maximum
possible level of economic development in Southcentral Alaska might
be, since this could be influenced by Government policy at Federal,
State, and local levels and by market developments beyond the power
of anyone to predict at this time; nor would that exercise have been
of much use to planners.
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In the low case,public priority is given to "national" and "public"
interest in esthetic, recreational, subsistence, and wilderness values,
tending to reduce the amount of land available for crops and reducing
the access and'usability of land for agriculture. In addition, public
agricultural agencies and institutions which support agriculture are
allowed to atrophy. In this case, and with market conditions continuing
to be unfavorable to Alaskan agriculture, the southcentral industry out
put and commercial employment drops to zero as the land is subdivided
for homesites and recreational use. Value of commercial output drops
to zero by 1991, with only "amen ity" (part-time, partly subsistence)
output remaining.

Forestry: Aggregated in State statistics under Agriculture-Forestry
Fisheries, this isa tiny sector which employs about 22 people statewide.
Virtually all employment in logging occurs in lumber and wood products
manufacturing. Value added is likewise negligible. In the high case,
this sector grows in proportion to growth in lumber and wood products.
In the low case, it stays at cu.rrent levels.
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Fisheties: The fisheries sector primarily consists of persons
actually engaged in fishing, but it is troublesome for several reasons.
It is difficult to count fishermen since this is an industry in which
proprietors do much of the work, often with unpaid family help, the
work is seasonal in nature, and many out-of-state persons take part.
This causes the State's emp1eyment stattstics, based on employment
covered by unemployment insurance, to be misleading. Likewise, multiple
licenses and unfished licenses make ftsherman licenses a misleading
indicator. Area-of-catch stat1'stics collected on fish landed in AlaSka,
together with independent data on crew size, by gear type, gtve a
pretty good picture of total persons actually engaged in fishing. For
southcentra1 Alaska (but including the Aleutian chain), annual average
employment on this basis is about 2,000 pers'ons, while it was 4,359
statewide in 1975. In the high case~ it is assumed that iii existing
fisheries, expans1'onof ftshing productivity would be offset by limited
entry and labor-saving improvements in the fleet, leaving employment
constant at existing levels desptte a fourfold increase in the salmon
catch. However, given very favorable conditions, major development of
the American trawl fishery off Alaska's coast could result in 100 per
cent replacement of the fore,~gn fishing effort inside the 200-mile limit
by the year 2000, employing about 17.5 thousand persons in fishing state
wide and 8.7 thousand (or 50 percent) in southcentra1. This was consid
ered to be a very speculative development; consequently, no bottomfishing
development was considered in the low case, while existing fisheries
just maintained current employment.

Output level of existing fishertes in the high case expands consider
ably, since the State is assumed to undertake an aggressive hatchery
and habitat improvement program, together with the 200-mi1e economic
zone. The combined effect is assumed to be a quadrup1in.gof salmon
catch, while shellfish remain at about existing levels. The expansion
of the trawl fishery was assumed to result in a southcentral catch of
1.85 billion pounds per year, worth $361 million.e~<vesse1 in the high,
case. In the low case, all fisheries maintain their.approximate 1975
levels.

Mining, Including Oil and Gas: The mining sector is dominated by
employment and output in oil and gas, with lesser amounts in coal,
sand, and gravel, and a few persons engaged in precious metal exploration
and extraction. For the State as a Whole, oil and gas developments are
expected to dwarf all other considerations in this industry. Within
southcentra1 Alaska, an important local issue 1's the development of
the Beluga coal field.

The developments in mining in the high case are assumed to be as
follows: There is a small f1'nd of hydrocarbons in the Northern Gulf of
Alaska, but no important production. If the mean expected reserves are
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foun~, peak production would be a~out 932 thQ~sa~d barr~lso.f oil per .
day 1n 1985, and peak gas productlon of 0.5 bllllon CUblC feet per day
in. 1987. The Sadlerochit, Kuparuk River, and Lisburne formations at
Prudhoe Bay all comb.ine in the high(casefor a 1,785 millionbarrelsl
day flow of oil in 1985. In addit-tOn, the joint State/Federaloffshore
lease sale is assumed to contain oil and gas resources equivalent to
total reserves of 1. 9 bi llton barrel s . There are also· two lease sales-
in the Northern Gulf of Alaska (Sale 55) and Western GUlf/Kodiak area
(Sale 46)--which result in moderate sized oil finds.· Peak oil produc
tion in the Northern-Gulf is~about 0.550 milHon barrels per day in 1986,
and 0.515 million barrels per day in 1992 in the Western Gulf. Daily
gas producti on peaks at 1. 0 bcf/day in the Northern Gulf and 0.26 bcf/
day in the Western Gulf. Coal production in the high case would begin
in 1983, with full-scale mining of 730,000 tons of coal per year by
1984 to feed a mine-mouth powerplant, twice that amount by 1986 to feed

. a second plant, and development of 6 million tons/year exports by
1990~ In the high case, employment peaks at slightly over 9,000 in
1984, subsequently declining to 8,200 in 1995, while out.put rises to
$3.·2 billion (constant 1958 dollars.!.!), tailing off to $2.6 billion.

Low case oil and gas development basically consists of development
at or around Prudhoe Bay. There is exploration in all the areas noted
in the previous case, but exploration turns up far fewer prospects
worth developing. While the Kuparuk and Lisburne are developed in this
case and there is a joint offshore sale, the Beaufort sale turns up
only 0.8 billion barrels of reserves instead of 1.9 billion. The lower
Cook Inlet turns up only a small find, while the northern and western
regions of the Gulf of Alaska are dry and result in "exploration only"
employment. Beluga coal is not developed in the low case. As a result
of all this, statewide peak employment in mining rises to about 7,000
in 1984, dropping to less than 4,800 by the end of the century.

Within the region, exploration plus development of oil and gas
employ· almost 4,800 persons by 1984 in the high case, declining to·
almost one-fourth that number by 1993. Beluga coal adds-about 220
workers by 1990, the Hrst year of .coal export. In the low case, the
peak employment is only 2,700 persons in 1984, the peak year, declines
sharply thereafter, and levels off at 1,200 after 1987•

. Food Manufacturing: The food manufacturing industry in Alaska is
dominated by seafood processing, a situation which i~ not expected to
change in the near furure. In the high case, the projected fourfold
increase in the output of the salmon fish~ries implies about a doubling

.!.! The 1958 base year was used for convenience since U.S. Department
of Commerce estimates of gross product were in terms .of 1958 dollars
when the study began.
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in employment required to process the salmon. Since it was the con
sensus of the Task Force that shellfish are at or near maximum sustained
yield, the overall processing .plantemployment for existing fisheries
is projected to increase about 25 percent. Also in the high case, by
the year 2000 the 100 percent replacement of foreign bottom fish effort
off Alaska results in a catch of 3.7m11lion metric tons per year,
requiring estimated total processing employment of about 12,000 and
short-term (5-month) seasonal employment of 21,21l--for an annual
average of 21,000 by 2000. However, we assumed that only about one-third
of total catch would be processed in Alaska shore-based facilities,
resulting in total Alaska shore-based employment of 3,759, half of
whom are employed in southcentral, and affect the local economY. The
remainder of the 21,000 work on processing vessels near Shore and off
shore, but their incomes probably would affect the Anchorage economy
and the statewide economY to some degree. Output for this industry
was estimated by taking the expected exvessel value and using the historic
ratio of exvesse1 to wholesale value, and the ratio of value-added to
wholesale value. In the high cases, the value of catch in existing
fisheries was assumed to rise at the same rate as total catch, yielding
$145 mi 11 ion in value added in 2000, whi 1e catch if) the emergent trawl
fishery was assumed tO,rise to $722 million (3.7 million metric tons),
yielding 'about $167 million of value added in processing (all value
added in constant 1958 dollars). In the low case, a growth rate of
1 percent per year was projected for total output, yielding $81.5
million per year value-added by 2000. .

Lumber and ·WoodProducts Manufacturing: The two critical assumptions
for this industry are the annual cut of timber in the State, determined
mostly by Forest Service allowable cut and Japanese market conditions,
and whether any dimension sawmills are built in Alaska. In the high·
case, the annual cut by the year 2000 was assumed 'to be 1,260 million
board feet (probably partly from Native 1ands), compared with 660
million in 1970. In the low case, the increase is to only 960 million.
No new mi·lls are built in either case. While not exactly proportional,
the increase in employment is similar: in the high case, statewide
employment rises to 3,834 from 2,176 in 1975; in the lowcase, the rise
is from 2,176 to 3,280. The output of this industry was estimated by
calculating the 1975 ratio of output per employee. This was assumed
to escalate at its 1965-1975 'rate of growth in the high case (about
1.66 percent), but stayed at 1975 levels in the low case.

Since almost all the prime timber likely to be exploited by an
expanding industry is located outside the southcentral region, we
assumed that outside of Anchorage, the employment of firms in this
sector would escalate by about 1 percent per year in the low case, by
2.3 percent per year in the high case, which is about~he same or less
than the statewide rates. Employment was assumed constantin Anchorage.
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Pu1 pand Paper Ma,nufacturing : The growth in this sector is determined
b.y':most of the same factors as lumber and wood products.' In neither
case is there a pulp mill built in southcentralA1aska,'sothere is no
employment or'output ;'n this sector within the region. In the State,
the increase in total cut results in average employment increases of
about 1. 6 percent per year;n the 1ow cas'e, 1.8 percent per year in
the high, resulting in totals of 1,777 and 1,886, respectively. In
the low case, productivity per worker remains at its 1975 value; in
the high case, it increases at 2.76 percent annually, its 1965-1975
rate, resulting in value added of $88.2 mlllion and $93.6 million,
respectively, in the year 2000.

Other Manufacturing: This sector is an odd mixture of a wide variety
of cottageindustrtes, printing and publishing, and consumer goods
manufacture; together with a few major petrochemical plants and refin
eries. The major possibles'ources of new employment in this sector were
assumed to be the Alpetco royalty oil refinery-petrochemical complex,
Alaska Pacific LNG plant, and whatever other LNG orgas treatment
facilities might be as'sociated with gas output from lower Cook Inlet
and the Gulf of Alaska. In the high case, the total operating employment
of these facilities was about 2,000 persons (mostly working for Alpetco).
In the low case, the only source was Pacific LNG, employing about 60
persons.Statewideoutpl,Jt in this sector was more of a problem since
it was unclear how much the output to be added by any of the LNG plants
might be. It.was decided to subsume LNG value-added under mining, and
in thehjgh case, value-added in other manufacturing was estimated as
the existing level of output, plus total revenues of Alpetco, minus
cost of feedstocks, from the Alpetco pro forma financial projections
of March 10, 1978. All the growth was entered outside of Anchorage.
In the low case, the existing level of output was used. .

Construction: For modeling purposes, it was only necessary to
estimate total employment working on major projects exogenous to the
economy, since the rest of construction is projected with the support
sector and output is determined by employment in this sector in the
models. In the high case, the signlficant projects within the region
were assumed to be oil treatment and shipment facilities in the Gulf
of Alaska and Kodiak subregions and the Kenai-Cook Inlet Census Division,
small LNG facilities associated with the Northern Gulf and lower Cook
Inlet development, a Beluga coal transshipment facility, Pacific LNG
and Alpetco plants, and a. new State capital in Willow. Outside the
region-, there is augmentation of TAPS pipeline capacity, the northwest
Alaska gas pipeline is constructed, and field development facilities
are projected for the Beaufort Sea and the Kuparuk and Lisburne form
ations. Statewide, total exogenous construction employment peaks at
a total of about 14,000 in 1981, declining rapidly thereafter to less
than 1,000 by 1991. In the region, the peak employment is a bit less
than 7,000 in 1981.
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The level of construction employment was considerably less in the
low case, both because of fewer developments in oil and gas, and because
several projects needing State support do not occur, e.g, A1petco and
the State capital move. In this case, the northwest Alaska pipeline
is constructed, but the oil finds at Prudhoe Bay offshore areas are
relatively small, as are those in lower Cook Inlet. The Kuparuk and
Lisburne formations are developed, and the Pacific LNG plant ;-s built.
However, there is no new substanti,a1 augmentaUon to fish processing
in the form of new plants to process bottom fish. In the 10w case, state
wide peak employment in exogenous construction is about 9,500, while
in the region it is about 1,800.

Federal Government: Federal Government employment has been growing
very little over the last 10 years, with civi'lian increases about offset
by decreases in mn itary employment. The rate ofcivi 1ian increase has
been about 0.5 percent per year, and lacking the boost of any massive
deve1~pments requiring Federal support, and lacking a new State capital,
the likely rate of increase in Federal civilian employment for the low
case is assumed to remain at 0.5 percent, increasing employment from
18,000 to 21,000 statewide, and from 10,900 to 12,250 in the region by
2000. In the high case, general development results in a doubl iog of
the average rate of increase to about 1 percent per year in Federal
Government in most of the State, and 1.2 percent per year in south
central to reflect the State capital move. This increases statewide
Federal civilian employment from 18,000 to 22,000, and regional employ
ment from 10,900 to 14,500. Federal military employment is assumed to
remain constant at 1975 levels in both the State and region.

State Government: State Government employment went through several
revisions because of concern about State budgets. Historically, the rate
of growth in this sector averaged 8.5 percent per year, a rate which
most Task Force members believed was unlikely to continue. On the other
hand, in the high case bottomfish development, major oil 'development,
and t~e moving of the State capital to Willow were likely to result in
fairly substantial increases in State employment. In the high case,
it is assumed that 2,750 positions were transferred from Juneau to
Willow and that total State Government employment would increase from
14,700 to about 39,000 in the year 2000, declining from around 7.6
percent of civilian wage and salary employment to about 7.2 percent.
In the region, State employment bulks fairly large because of the State
capital move, with the total from Anchorage and other southcentra1
combine(j moving from 5,400 to 14,900, or from 5.2 per.cent to 13.1 per
cent of total employment.

In the low case, it was assumed that government growth was restricted
by lower development needs, by fundi'ng constraints or pl\blic opinion,
and by the fact that the State capital did not move. Before 1985, State
Government employment growth was held to about 2 percent per year, with
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zero growth thereafter. State employment as a result goes from 14,700
in J975 to 19,159 in 2000, about 6.4 percent of civilian employment in
the latter year. In the region, total State employment rises from 5,400
to 7,140 in 1985-2000, about 6.1 percent of civilian employment in 1975
and 3. 1 percent in the year 2000.

Local Government: Local government was assumed to be influenced in
the future by many of the same factors influenclng the 'rate of growth
inState employment. The historic rate frem1965 to 1975 was 10.5 per
cent (10.1 percent in southcentral), partly a result of development of
school systems and the transfer of State-operated rural schools inthe
unorganized boroug~ to local control. Due to increasing numbers of
functions being performed a't the local level and rural development in
the high case, statewide growth was expected to be faster than in
southcentra1, where local governments are already well organized. Due
to the moving of the State capital and due to local government response
to fishing and oil, local government employment was projected to sustain
about a 4 percent per year growth rate outside the region and about 3.4
percent withi!] the southcentra1 region. This meant a statewide increase
in local employment from 14,200 inJ975 to 34,900 'in 2000. In the low
case, since the State capital does not move and State-local transfers
are expected to be sharply cur.ta11 ed after 1985, the assumed rates of
growth are about 2' percent until 1985 and about 1 percent thereafter.
Total employment in local government goes from 14,200 in 1975 to 20,100
in 2000. Within the region, local government in the high case grows
from about 8,100 to about 18,600. In the low case, regional'local
government employment grows from 8,100 to 11,300.

Miscellaneous Assum tions: In the model, Alaskan wage rates are
determ1ne in most 1n ustr1es as a function of Alaskan prices and u.S.
average weekly wages in the private economy, deflated by the U.S.
Consumer Price Index for Urban Clerical lA/orkers. (Both the latter
series are published by the Bureau of Labor Statistics.) Alaskan prices
are in turn determined asa function of U.S. prices and local demand
conditions, reflected by changes in employment. Finally, migration to
Alaska is calculated as a fUf)ction of the change in employment oppor
tunities and relative per capita income in Alaska, compared to the
rest of the country. In order to project a "high" and 1I10w" scenario,
the economics Task, Force ,reexamined the assumptions usually used to
run the model for impact-assessment purposes in Alaska and concluded
that "high" or "low" groWth could occur because of movements of the
economy outside the State as well as inside the State. In particular,
the rat,es of grO,wth of U. S. disposabl e P,erson,a,l income per caPi, ta, (2.,0
percent) and wages (1.2 percent) appeared a bit optimistic for the low
case. Therefore, in the low case, "pessimistic".forecasts by Data
Resources, Inc. were used: l.0 percent per a'nnum average increase in
real wages,and 1.77 percent average increase in real disposable per
sonal income per capita. These two changes had little influence.
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, Government expenditures other than wages and salarfes:directly
influence output in the construction sector. To avoid having to make
a series of complexassumptfons of doubtful validity concerning govern
ment capital spending programs, the Task Force assumed other Government
spending increased proportionately to Government employment.

Finally, the TaskForce recognized that some of the 'service, pub-
1icutil ities, and transporati'on employment in the ,southcentral area
would not be local-serving employment at all. Particularly, employment
in these sectors for Alyeska Pipeline Service Company and Beluga coal
extraction would be essentially exogenous to the local economy. Con
sequently, an exogenous component was added for employment in these
three sectors to adjust for the employment by Alyeska and by Beluga.

These assumptions are summarized in Table C-8.

Assumptions Used to Est.imate Employment and Populations, 2000-2025

The Task Force was charged with estimating total employment and
population after the year 2000, but the econometric models' results
were dOUbtful that far in the future. The Task Force instead developed
sorne educated guesses concerning the Alaskan economy in the post-2000 ,
period, and these were used to extrapolate the year 2000 results to
2025.

Basically, the same methodology was used as above. The basic sector
employment was projected by individual industry, a relationship between
nonbasic and basic employment was assumed, and then a relationship
between population and employment assumed and projected.

Basic employmemt was projected as follows: Since there were no
significant additional prospects for oil development in southcentral
Alaska after 2000, this sector was assumed to stabilize at its year 2000
level, replacing old fields with some additional development. This
was true in both cases. Exogenous construction tends to follow oil
development. so it, to,o, was left at its year 2000 level. Federal
civilian employment continued to grow to serve the expanding post-2000
population; by 1.2 percent per year- in the high case and 0.5-:0.6 percent
in the low case.· State and local government continued to grow at the
rates projected for their respective cases from 1975 to 2000, with
fairly rapid expansion in the high case, and virtually no expansion in
the low case. Agriculture continued to expand after 2000 in the high
case, with some significant opening up of lands. There was no post-2000
development in the low case. Since manufacturing offish products,
lumber, wood, and pulp ~as assumed to fully utilize the available
resources (as in the high case}, or Hs growth was restricted by
external -institutional market factors (as in the low case), the level

432



SECTORS

Exogenous
Construction
Employment

TABLE C-8 .

DEVELOPMENT ASSUMPTIONS

HIGH

1•. Oil treatment and shipment facilities:
Gulf of Alaska
Kodiak
Kenai -Cookln1et

2. Small LNG faci1ites in:
. . Lower Cook Inlet

North Gulf of Alaska

LOW '

itM

3. Beluga coal developed and tranship
. .Ilo! facility
~I

4. State capital built at Willow

5. ALPETCO built on Kenai Peninsula

6. Pacific LNG built on Kenai Peninsula

7. North~est Gas Pipeline built

8. TAPS expanded

9. Faciities developed for Kaparuk and
Lisburne at Prudhoe Bay

10. Major Beaufort Sea oil discovery

11. Peak employment of 7,000 in 1981 in
Southcentra1, 14,000 Statewide

Pacific LNG built on Kenai Peninsula

Northwest Gas Pipeline built

Faci1ites developed for Kaparuk and Lisburne
at Prudhoe Bay

Sma11 oil find offshore

Peak employment of 1,800 in Southcentra1,
9,500 Statewide



TABLE C-8 (cont)

SECTORS

Agriculture
Employment

Agriculture
Value of
Output

Forestry
.Employment

'"~; Forestry

I
· Value of
Output

HIGH·

1. Major development: 800 man-years by
2000 in Southcentral, 4,600 Statewide,
6,400 by 2025

1. 1958 dollars: 8.5 million in Southcentral
by 2000, 51 million Statewide

l~ Essentially none

1. Negligible increase

LOW

Zero·employment by 1990

Amenity only

Essentially none

Negligible increase

Fishery
Employment

Fisheries
Value of
Output

1. 'Noincrease in existing fisheries

2. 17,500 increase in bottom fishing
Statewide, 8,750 in Southcentral
by 2000

1. Salmon quadruples by 2000

2. No increase in shellfish

3. Bottom fish: 722 million 1958 dollars
Statewide by 2000, 361 million South
central

No increase in existing fisheries

No bottom fish development

No increase in salmon

No increase in shellfish

No bottom fish development



TABLE C-8 (cont)

SECTORS . HIGH

Pu1 p and 1- Employment increases by 1.8% per year,
Paper to 1,886 by 2000 Statewide
Manufacturing
Ernp.1 oyment 2. No employment in Southcentra1

3. Value added of $93.6 mi 11 ion by 2000

Pulp and 1- Real output per employee grows at
Paper Value 2.76% Statewide

~
of Output

t: 2. Employment does not grow in Southcentra1

Outer 1- Dominated by petro1~um industry
Manufacturing
Employment

2. Increases reflect employment by
ALPETCO, Pacific LNG, and two small
LNG plants

3. Total employment of 2,000

Other 1. Existing level, p1usadditons from
Manufacturing ALPETCO
Value of
Output

LOW

Employment increases by 1.6% per year, to 1,777
by 2000 Statewide

No employment in Southcentra1

Va1ue added of $88.2 mill ion by 2000·

Real output per employee remains constant

Only increase is for Pacific LNG, employing
60 ·peop1e

Existing level of output··



SECTORS HIGH

TABLE C-8 (cant)

LOW

1. 'Annual cut by 2000 is 1,260 mi 11 ion
board feet

3. Statewi~e rises to 3,834

4. Other Southcentra1 emp1oym~nt increases
2.3% per year

5~Emp1oyment constant in Anchorage

Lumber
and Wood
Products
Manufacturing 2.
Employment

No new mills,

,Annua1 c~t by 2000 is 960 mi 11 i on board feet
\

No new mills

Statewise rises to 3~280

Other Southcentra1 employment increases 1%
per year

Employment constant in Anchorage

.a:.
Co)

0-
Lumber and
Wood Products
Value of
Output

Food
Manufacturing
Employment

1. Real output per employee grows at
1.659% per year

1. Fourfold increase in output of salmon
fisheries

,,2. Doubling of salmon processing employment

3. Existing fisheries plant employment
increases 25%

4.' By 2000,100% replacement of fqreign
bottomfish effort' '

5. 3.7 million metric tons/year catch by
2000

O~tput per employee does not grow

Existing fisheries stay at existing levels

No bQttomfish development '

_. ._.___________ f"" -ASiA! ~'f%1st¥Jti·+~±&N&tf: t1



TABLE C- 8 (cont)

SECTORS

Food 6.
Manufacturing
Employment
(cont) 7.

8.

9.

~
Co)

~ Food l.
Ma nufacturi ng
Valu.e of
Output 2.

HIGH

Total processing employment of 12,000
. by 2000

Short-term (5-month) processing employ
. ment of 21,211

Annual processing employment average of
21,000 by 2000

Total Alaska shore-based employment of
3,759, 1/2 in Southcehtral

Existing fisheries value added (1958 $)'
$145 million by 2000 . .

Trawl fishery catch rises to 3.7 million
metric tons, $722 million, $167 million
value added in processing

LOW

Growth at 1% per year for total output,$81.5
million per year value added by 2000

No enhancement of fisheries output

Mining Oi.l
and Gas
Employment

1. Development of Kaparuk River sand and
Lisburne formation, 1.785 mill ion
barrels/day in 1985

2. 1.0 billion barrels developed offshore
Prudhoe Bay .

3. North Gulf of Alaska.: .550 million
barrels/day in 1986

Development of Kaparuk River sands and Lisburne
. formation

0.8 billion barrels developed offshore Prudhoe
Bay .

No find in North Gulf of Alaska



:~SECTORS HIGH;·

TABLE C- 8 (cont)

LOW

,j:o,
Co)

OIl

Mining Oil
and Gas

.... ~lJlpl oyment
.' (cont)

4. West Gulf/Kodiak Area: .515 million
barrels/day in 1992

5. 1.0 BCF/day gas production in North
Gulf of Alaska .

. ,
6. .26 BCF/day gas production in West

Gu1f/Kodiak Area

7. Coal production begins in 1983:
730.000 tons/year by 1984 to feed
mine mouth plant; 1.460.000 tons/year
by 1986 to feed second plant; 6 million
tons/year exports by 1990

8. 9.000 employed in 1984 Statewide
8.200 employed in 1995 Statewide

9. North Gulf of Alaska: 932.000 barrels
of oil per day by 1985.0.5 billion ..
cubic feet per day in 1987

10.4.800 employed regionwide by 1984,
declining theraafter

11. 220 employed by Beluga coal by 1990

No find in West Gulf/Kodiak Area

No gas production' in North Gulf of Alaska

No gas production in West Gulf/Kodiak Area

No Beluga coal development

7,000 employed in 1984 Statewide
4,800 employed in 2000 Statewide

2,700 employed in 198~regionwide

declines sharply thereafter

Value of 1. Present levels plus 9utput of Beluga
Hard Mineral coal
Production

Present levels



TABLE C-8 (cont)

SECTORS HIGH LOW

Value of
Oil and' Gas
Production

1. Production is multiplied times estimated Production is multiplied times estimated
wellhead values of $17 .OO/bbl ($l.80/MCF 1/ wellhead values of $7.50/bbl (l.40/MCF for
,for gas), new fields only in Southcentral - gas), new fields only in Southcentral JJ

2. Prudhoe and other North Slope production
starts at $5. 32/bbl and 25¢/MCF in 1977,
with oil rising to $29.28 by 2000 JJ

Prudhoe and nther North Slope production
starts at $5.20/bbl and 25¢/MCF in 1977,
wit~ oil rising to $29.28 by 2000 JJ

Federal l.
Government
Employment

2.
t
-0

Total Local l.
Government
Employment 2.

3.

Rises at 1.2% per year in Southcentral,
10,857 to 14,500 by 2000

Rises at 1% per year outside Southcentral

4% growth rate outside the region

3.4% growth rate within Southcentral
region

Statewide increase from 14,200 to 34,900
in 2000

Rises at 0.5% per year in Southcentral"
10,900 to 12,250 by 2000

Rises'at 0.5% per year outside Southcentral

2% growth iate until 1985, 1% thereafter

Statewide increase from 14,200 to 20,100
in 2000

4. Southcentral region increase from 8,100
to 18,600

Southcentral region increase from 8,100
to 11,300

Proportional to increase in wages and
salaries of Government workers

Total Local 1. Proportional to increase in wages and
and State salaries of Government workers
Government
Expenditures

JJ Estimates are in current dollars incorporating a 5 percent annual .rate of inflation.



SECTORS

TABLE C-8 (cont)

HIGH LOW

~

8

Total State
Government
Employment

1. 2t 750 positions transferred from Juneau
to Willow, 1982-1984

2. Total employment increases from 14,700
to 38,000 in 2000

3. Declines from 7.6% of civilian wage and
salary employment to about 7.2% by 2000

4. Southcentra1 employment increases from
5,400 to 14,900, or from 5.2% to 13.1%
of total employment

5. Statewide rate of employment growth is
about 5.4% per year

Total employment increase from 14,700 to
19,159 in 2000

Declines to 6.4% of civilian employment by
2000

Southcentra1 employment rises from 5,400 to
7,140, from 6.1% of civilian employment to
3.1% by 2000

Before 1985, government employment growth
held to 2% per year, with zero growth
thereafter

Value of 1.
Facilities
Oil and Gas
Production t

Transportation
;;:;

Va1~e of 1.
Fad 1ities t

Mari1Jfacturi ng

Based on Dept. of Revenue~ Alaska's Oil
and Gas Tax Structure, F~bruary 1977,
Page IV, 23,.thru 1985, declined at 5%
per year thereafter

. . ' .. :~.

Includes estimated value of LNGa;hd
Petrochemical facilities for local
property tax

Based on Dept. of Revenue, Alaska's Oil and
Gas Tax Structure, February 1977, Page IV,
23 t thru1985, declined at 5% per year
thereafter

Includes value of Pacific LNG facilities

'i,'~,;",;,';;;;.:L,~~Jii1ii1· Wiji! ":'1#&.



TABLE' C..;g'(cont)

oI:lo
oI:lo-

SECTORS

Exogenous
Transporation
and Services
Employment

Rate"bf .
Growth of
Disposable
Personal
Income Per
Capita and
Wages

HIGH

1. Estimat~d A1yeska eiTlp10yees in these
sectors, plus 40 workers at the Beluga
coal transshipment facilities

1. Income -' 2%'

2. Wages - 1-.2%

LOW

A1yeskaworkforce only

Income - 1.77%

Wages - 1.0%



of employment in these industries was held constant at the year 2000
level. Fishing itself was assumed to replace 10 percent of the foreign
bottomfishing effort after 2000 by the year 2025 in the low case, but
there was assumed to be no change in the traditional fisheri~s beyond
their year 2000 level. In other manufacturing, the year 200D employment
level was sustained, except that nonpetrochemical "other" manufacturing
was projected to double after the year 2000 to serve local markets in
the high case.

In projecting the nonbasic/basic ratio, somewhat different pro
cedures were used for Anchroage and the rest of the region. In Other
Southcentral, the year 2000 regional ratio of nonbasic to basic employ
ment was multiplied times regional basic employment each year out to
2025 and disaggregated, using year 2000 proportions, which permitted
proportional growth in the nonbasic sector in each subregion after the
year 2000. In the high case, the nonbasic/basic ratio was assumed to
converge to the existing 1975 U.S. ratio by 2025, but it was found to
be already there by 2000. In Anchorage, it was recognized that much
of the "support sector" employment in fact serves statewide needs in
transportation, financial services, etc. Therefore, an estimate was
made of local-serving nonbasic employment by multiplying the statewide
nonbasic/basic ratio by local basic sector employment. The remainder
was designated "statewide-serving" nonbasic employment, which was
assumed to grow at the same rate as basic employment because Anchorage
statewide services in both the basic sector and this part of the non
basic sector can be assumed to grow in response to similar statewide
demands for central offices and general support services. With the
Anchorage economy relatively mature by that time, it is more difficult
to argue that statewide-serving nonbasic firms would continue to grow
faster than their counterparts in the basic industries after 2000 than
before 2000.

Finally, civilian non-Native population not employed in exogenous
construction was estimated using year 2000 population/employment ratios
at the regional level and allocated to subregions using yea~2000 pro
portions. Any assumption other than proportional population growth
among subregions after 2000 was judged too difficult to defend, since
so little is known about the character of Alaska's economy at that
point. To this was added exogenous construction employment ,(no growth) •

. Native population (2 percent growth per year), and military' (no growth).

FORECAST RESULTS

The Level B population forecast for the Anchorage-Cook Inlet sub
region was adopted by APA for estimating power requirements without
any modification. APA applied projected statewide growth rates to the
Fairbanks-Tanana Valley area to develop population forecasts for that
region. The resulting population projections upon which the load
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forecast is based are presented in Table C-9. The figures include
national defense personnel. Actual population growth will likely fall
within the limits established by the high and low forecasts. The APA
population and load forecasts are discussed at length in Section G,
Marketability Analysis.

TABLE C-9

POPULATION ESTIMATES

Anchorage-Cook Inlet Fairbanks-Tanana Valley
Year Low High Low High

Statewide
Low High

1980
1985
1990
1995
2000
2025

239,200
260,900
299,200
353,000
424,400
491,100

247,200
320,000
407,100
499,200
651,300
904,000

60,390
68,010
74,660
82,130
89,700
99,040

62,020
77 ,350
95,370

114,360
139,760
179,240

500,225
563,303
618,397
680,286
743,034
820,369

513,766
640,718
790,042
947,312

1,157,730
1,484,784

UTILITY SECTOR

The midrange net generation forecast from 1977 to 1980 was based
on the average annual growth rate between 1973 and 1977. This rate was
adjusted upward and downward by 20 percent to establish the 1980 high
arid low forecasts respectively. Beyond 1980, the high and low case net
generation is estimated by multiplying forecasted population by pro
jected per capita use. Between 1973 and 1977, per capita use ofe1ec
tricity grew at an annual rate of 3.8 percent in Anchorage and 9.4
percent in Fairbanks. The lower Anchorage growth rate was adopted as
the basis of the per capita use trend. Increasing electrification is
assumed to be partly offset by increasing effectiveness of conservation
Jrograms, resulting in a gradually slower rate of growth in per capita
Jse. The future rate of growth in per capita use was projected to
decline as shown in Table C-10•.

In order to test the validity of this methodology for estimating
per capita power consumption, compa·rab1e regions in the Pacific North
west were examined. ihe Eugene metropolitan area, Oregon, (population
150,450) as we1l·as the Richland-Kennewick SMSA, Washington, (population
100,100) were selected on the basis of their similarity in population
and cOl11llercia1/industrial characteristics to the rai1belt area (i.e.,
substantial population coupled with relatively little heavy industry).

In the period from 1970-1977 per capita electricity use increased
by an average of 5.. 4 percent and 7. 1 percent for Eugene and the Richland
Kennewick SMSA, respectively. This compares to a 3.8 percent per capita
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growth rate for Anchorage (1973-1977). Furthermore, the power sal es
anticipated by the utilities which serve Eugene and the Richland
Kennewick SMSA, coupled with the population projections for these two·
regions, reveal an ever increasing rate of per capita consumption.
Clearly, these utilities make little or no provision for energy'con
servation.

In 1977, per capita use in Eugene and the Richland-Kennewick SMSA
was 13,424 kWh and 17,297 kWh, respectively. These current rates me~t

or exceed the high forecast for Alaska in the 1980-1985 period. With
out doubt, Alaska holds aconsfderable potential for increasedelectri
fication.

Pacific Northwest current per capita consumption \excluding aluminum
and others that buy at bus bar) is 13,550 kWh/yr.

TABLE C-10

PER CAPITA USE PROJECTIONS

Low Mid-Range High
Rate Forecast Rate Rate Forecast

Period (%) (KWH/Cap) J!L ill.. (KWH/Cap)

19aO-1985 .<2.5 11 ,000 3.5 4.5 13,800
'1985-1990 2.0 12,400 3.0 3.5· 16,300
1990-1995 1.5 13,100 2.5 3.0 18,900
1995-2000· 1.0 13~800 2•.0 2.5 21,400
2000-2025 0 13,800 1.0 2.0 35,000

With the high and low population forecasts and with high, mid, and
low per capita 'use assumptions,. six different net generation forecasts
were calculated. From these, the high population-high energy use and
the low population-low energy use combinations were used for the hig~

and low range net generation forecasts. The midrange utility sector
forecast came from averaging the high population-low energy use and the
low population-high energy use forecasts.

The resulting forecasts are shown in Tabl es C-12 throughC-14.
Peak load forecasts were calculated from projected net generation using
a 50 percent load factor.

NATIONAL DEFENSE SECTOR .

The forecast for this relatively minor sector is. based on historical
data from Army and Air Force installations in the raHbelt area. Zero
growth is assumed for the midrange forecast. For the high range, growth
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at 1 percent per year is assumed, while the low range forecast is based
on a decline of 1 percent annually (see Tables C-12 through C-14).

SELF-SUPPLIED INDUSTRIES SECTOR

This category of load is comprised of those existing industries
that generate their own power, along with all similar type facilities
expected to be constructed in the future. I.t is. likely that such
industries wouTdpurchase power and energy if available at reasonable
cost. The specific assumptions for this sector are based on Battelle's
March 1978 report entitled Alaskan Electric Power, An Analysis of
Future Requirements and Supply Alternatives for the Railbelt Region.

The high range of development includes an existing chemical plant,
LNG plant and refinery, along with a new LNG plant, refinery, coal
gasification plant" mintng and mineral processing plants, tiinber
industry, capital.city,and some large energy intensive industry. This
set of assumptions coincides with the Level B Study Task Force high case
development assumptions with two exceptions. Coal gasification and an
energy intensive industry were included by APA because informed judge
llJent indicates their definite potential. Their impact on population
and economic activity is relatively minor but their effect on peak load
requirements could be substantial.

The University of Alaska and Battelle completed a study entitled
Energy Intensive Industries for Alaska in September 1978. The study
evaluatecianumber of energy intensive industries that might be attracted
to the State as a consequence of the availability of its la'rge and
diversified sources of primary energy. For a number of economic reasons,
it was concluded that the availability of energy resources per se would
not be sufficient to overcome the higher capital, operating and market~

ing costs for a world scale primary industry located in the State.
However, it was also concluded that of all industries examined, the
primary aluminium metal industry appeared to be the most likely to
succeed in Alaska. It was further .conc1uded that a large e1ectro-
process industry would have important implications to Alaska's electric
power supply planning. The vi'abi1ity of such an industry is contingent
upon the availability of low cost hydropower. For these reasons, the
development assumptions for the high range case include some large
energy intensive industry.

The assumed peak load requirements in the year 2000 are presented
in Table C-ll. The mi drange forecast is the same as the hi gh range
e~cept that the large energy inte~sive industry (aluminium smelter) is
excluded. The low range further"excludes the new capital city. There
is also some reduction of peak load requirements of the mid and low
range case.s. The 'resul ting forecast is shown on Tables C-12 through
C-14. .'
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TABLE C-11

SELF-SUPPLIED INDUSTRY SECTOR ASSUMPTIONS, 2000
(High Range)

Type of Load

EX';sting Facil ities:
Chemical Plant
LNG Plant
Refinery
Timber

New Facilities:
LNG Plant
Refinery
Aluminium Smelter
Coal Gasification Plant
Mining and Mineral Processing
Plant

Timber
New City

Total Peak Load

Load (MW)

26.0
0.6
? II
&;. • ..,.

5.0

17.0
15.5

280.0
250.0

50.0
7.0

30.0

683.5

TABLE C-12 .

TOTAL POWER AND ENERGY REQUIREMENTS

Anchorage-Cook In let Area and Fa; rba~ks-Tanana Valley Area Combine.d

Peak Power.

1977. 1980 1985 1990 1995 2000 ·2025
~J1 MW MW .' MW MW MW MW

TOTAL ..
High 890 1,673 2,360 3,278 4,645 .10,422
Median 650 829 1,162 .1,592 2,134 2,852 4,796
low 769 961 1,177 1,449 1,783 Z,146

Annual Energy

GWH11 GWH GWH GWH GWH GWH GWH

TOTAL
High 3~928 7,636 10,684 14,844 20,936 47,054
Median. 2,681 3,663 5,133 7,078 9,528 12,738 21,57a
Low 3,391 4,256 5,219 . 6,430 7,890 9,630

11 Thousand KW =MW
Million KWH =.GWH

Source: Alaska Power Administration, Department of Energy
._-
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TABLE C-14

FAIRBANKS-TANANA VALLEY AREA POWER AND ENERGY REQUIREMENTS

Peak Power

1977 1980 1985 1990 1995 2000 2025
~1.1 MW MW MW MW MW MW

UTILITY
High 158 244 358 495 685 1,443
Median 119 150 211 281 358 452 689
Low 142 180 219 258 297 329

NATIONAL DEFENSE
High 49 51 54 56 59 76
Median 41 47 47 47 47 47 47
Low 46 44 42 40 38 29

TOTAL
High 207 295 412 551 744 1,519
Median 160 197 258 328 405 499 736
Low 188 224 261 298 335 ·358

Annual Energy

Gl~H 1.1 GWH GWH GWH GWH GWH GWH

UTILITY
High 690 1,070 1,570 2,170 3,000 6,320
Median 483 655 925 1,230 . 1,570 1,980 3,020
Low 620 790 960 1,130 1,300 1,440

NATIONAL DEFENSE
High 213 224 235 247 260 333
Median 207 207 207 207 207 207 207
Low 203 193 ' 184 175 166 129

TOTAL
High 903 1,294 1,805 2,417 3,260 6,653
t4edian 690 862 1,132 1,437 1,777 2,187 3,227
Low 823 983 1,144 1,305 1,466 1,569

J/ Thousand KW = MW Million KWH = GWH

Source: Alaska Power Administration, Department of Energy
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CREDIT FOR ENERGY AND CAPACITY

At the end of its economic life, the facility is retired from
service.

35
35
20
20
50 ]j

Years~

Coal-fi;red Thenna1 Generation
Oil-fired steam Generation
Gas-fired Combustion TU'rbine
Oil-fired Combustion Turbine
Hydroelectric Generation

Generating p1antavailabil ity can be expressed in tenns of plant·
utilization factors (PUFls), which are primarily dependent upon plant
type and plant age. For' new capacity and most types of existing
capacity, the following. maximum PUFIS are assumed:

The amount of project power for which benefit can be claimed
depends on both the projectls capability and the market requirements.
The latter, in turn,isa function of total loads and the mix of avail
able generating resources. The determination of this "usable" energy
and capacity from the Susitna project is based on a load/resource
analysis conducted by Battelle Pacific Northwest Laboratories for APA.

The load/resource analysis matches forecasted electric power
requirements with appropriate generating capacity additions. The
computer aided analysis schedules new plant additions, keeps track of
older plant retirements, and computes the loading of installed capacity
ona year-by-year basis over the period 1978 to 2011.

The analyses are based on the load forecasts and the existing and
planned generating resources described in the previous sections.
Reserve margins of 25 percent for noninterc6nne~ted load centers and
20 percent for the interconnected systems are assumed. The results of
the load/resource analysis are in tenns of net deliverable capacity
and energy'after deductions for anticipated transmission losses •. The
load/resource analys,is methodology recognizes construction schedule
constraints by not allowing call-up of new generation or transmission
capacity that could ,not be made available. For purposes of this
analysis, the following economic facility lifetimes have been assumed:

]j While the payback period for financial calculations is 50 years,
the phys·ica1 life of a hydroelectric project is typically in excess
of 100 years. The effect of this discrepancy is insignificant
because there are only 53 MW of hydro capacity.



Hydro
Stream Electri·c
Combustion Turbine
Diesel

.. Maximum PUF

0.50
0.75 .
0.50
0.10

Plants are allowed to run at the maximum PUF from the start, except
for new coal-fired steam electric plants which generally experience
lower plant utilization in the first few years and also toward the
end of their economic lives.

Hydroelectric generation systems, as a result of their storage
ability and conservative ratings, can make additional power available
for peaking and it is assumed they can be scheduled .at 115 percent of
design capacity for this service, except durin.g the critical hydraulic
period when·head limits plant output.

The results of the base case are presented as Exhibit C-l. In
those years when Susitna hydropower is available, the total system's
surplus capacity in any given year is subtracted from Susitna hydro
capability in that year to give the actual amount of Susitna capacity
that is usable. The remainder of the Susitna capacity is considered
temporarily surplus to the needs of the market area and no capacity
benefit is claimed. For instance, refer to Exhibit C-l, Watana POL in
1994 and the midrange load forecast. In 1995-96 (Pages C-1-13 and
C-1-14), adding Anchorage and Fairbanks, Watana is on line with 703 MW
dependable capacity and 808 MW overload capacity. The combined Anchorage
and Fairbanks surplus peak capacity in that year is 543 MW. 1/ There
fore, only 26.5 MW, or 808 less 543, is usable Susitna capacity. Although
no benefits are claimed for the hydro capacity that appears surplus to
the needs of the market area, that capacity in actuality··would be
utilized to generate power. This would result in older thermal genera
tion being placed in a cold reserve status. This, in turn, extends the
useful life of these temporarily· retired plants and postpones· the need
for future capacity additions. Though real, the monetary benefits
attributable to this postponement of new capaicty are minor and has
been ignored in. this analysis.

For both the medium and high range load growth cases, additional
coal-fired generation would have to be installed after Watana completion

y The load resource analysis shows 101 MW surplus in Fairbanks, but
this must be adjusted down by 25 MW to account for the 25 MW steam
plant that comes on line subsequent to Watana.
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but before Devil Canyon power would be available. Unfortunately, due
to construction timing requirements, Devil Canyon cannot be advanced
in order to postpone the coal~fired addition.

Once the Susitnaproject's dependable capacity is fully absorbed
by increasing peak load requirements, there is the opportunity to
capitalize on the-hydroelectric projects' capability to produce addi
tional peaking capacity on an intermittent basis. This additional
capacity is available when the net power head exceeds the critical head.
(The critical head is where rated capacity is available at full gate
opening.) The amount of additional capacity increases with head until
the full 15 percent overload is reached. This occurs at full gate and
average head (where generator output is maximum), which is at about
630 feet for Watana and 545 feet at Devil Canyon, as can be seen on
Figure C-2. Figure C-3 shows that the head at Watana exceeds 630 feet
about 75 percent of the time. Because the power pool at Devil Canyon
is almost never drafted, Devil Canyon head is sufficient to produce
15 percent overload essentially 100 percent of th~ time.

Since this interruptible capacity cannot be guaranteed, its value
is typically less than that for dependable capacity. In keeping with
accepted practice, interruptible capacity, when needed to meet peak load
requirements, is valued at 50 percent of dependable capacity~ 11 For
purposes of benefit ca·1cu1ations, Watana is credited with 15 percent of
its at~marketdependab1ecapacity, or 103 MW of interruptible capacity.
(Since the full amount is available only 75 percent of the time, the
figure is adjusted downward to 77 MW.) The comparable figure for Devil
Canyon is 100 MW,which brings the combined project's interruptible
capacity to 177 MW for benefit calculation.

Again referring to the load resource analyses in Exhibit C-1 (Pages
C- 1-13 ,through C- 1-18), it can be seen that the Sus itna .project 's energy
is fully utilized as it becomes available. There is no surplus energy
because thermal plant utilization factors are reduced to take advantage
of the less expensive hydro energy. Therefore, unl ike, Susitna capacity
benefits which are only claimed through assimilation into the system,
all S,usitna ene.rgy is useful· and benefits can be claimed for all of it.

The value of this hydro energy depends upon the type of generation
that would otherwise be producing the energy in the absence of the
hydroelectric generation. Part of the hydro energy goes to meet the
growth in demand for energy over time. In the absence of the hydro
electric project, this load growth would be met by new coal-fired

11 Department of the Army, Office of the Chief of Engineers, Digest
of Water Resources Policies, p. A-129.
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Figure C-2
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generation, and the value of this portion of the hydro energy is there
fore the cost of coal-fired energy•. The remainder of the hydro energy
displaces more costly thermal generation. While the existing thermal
plants continue to provide peak load capacity, the utilizafion of the
plants decline. This displaced energy is comprised of several types of
generation: coal-fired steam, oil-fired and gas-fired plants, and
diesel plants, each having its unique energy cost. The value of the
hydro energy produced in any year, then, is a composite value deter
mined by the relative shares of generation type that would be pro
ducing energy in the absence of the hydro.

The load-resource analysis shows that.the great majority of the
displaced generation is coal-fired, since the plant utilization factors
of the diesel, gas, and oil-f'tred plants were already reduced prior
to Susitna hydropower availability. This results in a composite energy
value that. in the most extreme year, is only 5 percent greater than
the coal-fired energy value.Wi.thin 12 years after ·power-on-line, all
Susitna energy goes toward meeting load growth and is therefore valued
entirely at the coal-fired value. Because the effect on project justi
fication is so minor over the lOO-year economic life, the benefit of
the hydro energy has been calculated using the coal-fired energy value;
not the slightly higher composite energy value.

The usable capacity and energy for the inidrange forecast with
interconnection in 1991, Watana power-on-line in 1994 followed by Devil
Canyon in 1998 is presented in Table C-15 and is portrayed graphically
on Figures C-4 and C-5.The usable capacity analysis results for the
various cases analyzed appear as Exhibit C-3 and are presented graphi
cally in Exhibit C-2. Shown are cases for the low and high-range load
forecasts, as well as for delayed power-on-line dates.
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TABLE: C~15

USABLE CAPACITY·AND ENERGY, BASE CASE

Dependable Interruptible Prime Secondary
Year Capacity (MW) Capacity (MW) Energy Energy

1994 * 27 0 2,997 °**
1995 265 ° 3,058 397
1996 680 0 3,058 397
1997 680 ° 3,058 397
1998 # '950 ,0 6,057 397 **
1999 1,035 0 6,057 785
2000 1,231 ° 6,057 785
2001 1,347 1 6,057 785
2002 ## 1,347 177 6,057 785

* Watana power-on-line with interconnection.
** l:ess than full energy availabe due to reservoir filling.

# Devil Canyon power-on-line.
## Full utilization of Susitna power.
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Figure C-4
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THE SELECTED PLAN

POWER CAPABILITIES

The installed capacities at Devil Canyon and Watana reservoirs
were selected based upon the project firm annual energy produced in
a 28-yearperiod of historica,l streamflow (1950-1977). This period
included three new years of streamflow, in addition to the 25 years
used in the original scoping analysis prepared in 1975. An updated
seasonal load curve prepared by APA was used in the new simulated
operation study.

The addition of the 3-year period of recorded streamflows resulted
in changes to the average annual and firm annual energy capability
amounting to less than 2 percent. The annual runoff for the 3-year
periOd is 96 percent of the long-term average. Therefore, no adjust
ment in the original energy capabilities is considered necessary. The
power generating capabilities for the project are given in Table C-16.

TABLE C-16

AT-SITE POWER CAPABILITIES

Installed Capacity, MW
Peaking Capacity, MW
Dependable Capacity, MW

Average Annual Energy, 103 MWh
Firm Annual Energy, 103 MWh
Secondary Energy, 103 MWh
Average Annual Spilled Energy, 103 MWh
Plant Factor - Percent l/

Jj Based on firm annual energy.

Devil· Canyon·

689
792
689

3,410
3,020

390
31
50

Watana

703
809
703

3,480
3,080

400
44
50

Total

1,392
1,601
1,392

6,890
6,100

790
75
50

The driest year of record was 1969, which was estimated to have a
1,000 year return period based upon a Log Pearson Type III probability
distribution, with an average annual runoff at Devil Canyon of 5,600
cubic feet per second, or 59 percent of average. The second driest
year of record (1950) had a return period of 20 years with an average
annual runoff of 7,340 cubic feet per second. The 100-year average
annual low flow is estimated to be 6,500 cubic feet per second or 68

. -
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TABLE C-17

AT-MARKET POWER CAPABILITY

The 1978 update of the simulated operation study did not result
in any substantial revisions to the overall pattern of project opera
tion. The general criterion as before was to maintain Devil Canyon
reservoir at maximum pool to realize the greatest possible head on

Loss'es At-Market

45 1,347
51 1,550
45 1,347

48 6,842
43 6,057
6 784

1,392
1,601
1,392

6,890
6,100

790

At-Site

SEASONAL RESERVOIR OPERATION

Installed Capacity, MW
Peaking Capacity, MW
Dependable Capacity, MW

Average Annual Energy, 103 MWh
Firm Annual Energy, 103 MWh
Secondary Energy, 103 MWh

percent of average. The 10 month period immediately following the 100
year low flow would likely be the most critical power period to be encoun
tered in the life of the project.

The project dependable capacity is based upon the firm annual
..energy and is equal to the installed capacity. The project firm annual

energy using the 28-year record of historical flows occurred in 1971.
During May of that year total project storage was reduced to its lowest
level of the entire period (230,000 acre-feet or 3 percent of usable

. storage). The annual energy produced by the project in 1971 was approxi-
mately 6,100,000 megawatt hours. '

The maximum peaking capacity for both powerplants is 115 percent
of installed or rated. capacity at 0.9 power factor. This 15 percent
overload capability was assumed to be available only at or near maximum
head on each unit for routing purposes.

The large storage capacity of Watana reservoir provides nearly full
river control. Spills occurred in 8 of the 28 years of record and were
only about 1 percent of the average annual project energy.

The transmission losses have been estimated by APA to be 3.2 per
cent on-peak and 0.7 percent for the long-term average. The at-market
power capabilities are shown in Table C-17.



that reservoir. During the winter 5 withdrawals were made from Watana
storage to meet the system power demand. Devil Canyon storage was
used only after the supply in Watana reserVoir was exhausted.

The general characteristics of theWatana o'perationare shown in
Figure C-6. The pool elevations shown have been adjusted in accordance
with the topographic information obtained in the 1978 field surveys
at the Watana damsite. rnyears of average streamflow the maximum
drawdown on Wataha reservoir waS about ,100 feet. The reservoir reached
minimum active pool (elevation 1,940 feet) on only two occasions in
tha 28-year peri6d.

In the simulated operation, one criteria was to fill Watana reser
voir on September 30 each year. This was not possible, however, in
13 of 28: years of record. In such years of reduced· streamfl ow'~it
proved to be inefficient to draw>the Wat-ana pool to a low level on
September 30 in order to meet the system load requirement. If the
reservoir was consistently drawn below elevation 2,100 feet (storage =
6,700,OOO.acre-feet) on September 30 each year, the resulting head
loss was of such magnitude that the project was unable to recover
sufficiently to meet minimum system load requirements, even in years
with above average runoff. The minimum September 30 carry-over for
Watanareservoir was therefore set at 6,700,000 acre-feet for the
updated 1978 simulated operation studies. The generation and water

. storage levels for Devil Canyon and Watana reservoirs for the entire
28-year period of record are shown on Plates C-l and C-2.

The spring and summer filling operation for Watana reservoir in the
operation studies was gui'ded only by a fixed flood control rule curve.
In later scoping studies.this operation could be improved somewhat
through the use of a variable rule curve based upon both 7-day and
seasonal volume forecasts.

In the simulated operation, only the releases necessary f6r~·minimum
generation requirements were made until the month when the reservoir
would fill or encroach the flood space. Only during that month could
the excess runoff be used to generate secondary,energy. The method of
operation results in unnecessary spillage of water•.

In order to obtain a more realistic estimate of the spill frequency
at Watana reservoir, a separate study was conducted. In this study
the daily inflow to Watana reservoir was estimated usihg the records
from the stream gage at Gold Creek. It was assumed that the full
hydraulic capability of the Watana turbines could be used for 15 days
in· advance of the spills observed in the other simulation study. In
addition, for 5 days in advance of the spilTs',theoutlet tunnel with
discharge capacity of 30,000 cfs was used to maintain the pool below

460



-3,400

I
SEP

uJ

-4,000 :i
.r
v
ן

m

-8,200

-7,000 I

W
W
l1.

-'- 5,900 ~

0::
()
<l:

-4,800 g
.Q

-----9,624

I
AUG

I
JLY

I
JUN

I
MAY

I
APR

I
MAR

MINIMUM LEVEL

I
FEB

I
JAN

I
DEC

I
NOV

MAXIMUM LEVEL

1,905- I
OCT

2,065-

1,945 - MIN. POWER POOL .---

2,105-

2,145-

2,185 -''''---~----- MAXIMUM WATER SURFACE --'-'----

NOTE: DATA FROM. OPERATIONAL STUDY OF
AVERAGE MONTHLY STREAMFLOW FOR
PERIOD OF RECORD 1950 -1977 WITH
JAN 1976 SELECTED PROJECT PLAN.

Figure C-6

OPERATING LEVELS

WATANA RESERVOIR

ALASKA DISTRICT, CORPS OF ENGINEERS

ANCHORAGE, ALASKA

OCTOB~R 1978

461



the crest of the spillway as much as possible. When the inflows
exceeded the discharge capacity of both the powerplant and the outlet
works and the reservoir reached full pool, the spillway, of course,
had to be used.

The results of the study are shown in Figure C-7. The curve on the
right indicates the frequency of spills if the outlet tunnel is not
used; the curve on the left assumes both the powerplant and the outlet
tunnel are used. The curve illustrates that the spillway at Watana
reservoir would be used approximately once in 10 years.
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ECONOMIC ANALYSIS

. COSTS - THE BASE CASE

Adetailed construction cost estimate for Watana, Devil Canyon,
and the connecting transl11i'ssion systems is presented in SectionB,
Project Descrip~Jon and Cost ES,timates. It i~ expected that construc
tion will begin'in 1984, the transmission intertie would be complete
in1991,Watanawould be complete in 1994, and Devil Canyon would be
complete in 1998. Total estimated first cost of Devil Canyon and
Watana plus thetransmtssion system is $2.588 billion.

Interest During Construction (IDC)

The interest charged on money expended during the construction period
is considered an additional cost of the construction phase. Simple
interest is calculated at 6-7/8 percent for each year's expenditure
and added to first cost to establish the investment cost.

System Annual Costs

Expenditures and IDC made after the October 1994 POL date of Watana
are discounted to 1994. The resultant total investment cost is then
transformed into an equivalent average annual fixed cost by applying
the appropriate capital recovery factor associated with the 6-7/8 per
cent interest rate and lOO-year project life.

Annual Operations, Maintenance, and Replacement

Operations, maintenance, and replacement costs estimated by APA
are added to the average annual costs to obtain a total average annual
cost of $228 million. See Table C-18.

HYDROPOWER "BENEFITS

Power Values and Alternative Costs'

The power values and alternative costs for use in power benefit
calculations were;developed by the San Francisco Regional Office of
,theFeder~lJnergyRegulatQrYCf;>mmission (FERC), an agency of the
Department of Energy. A copy of the letter forwarding the power values
is ificludeq in Exhibit C-7. The method of analysis used by theFERC
staff jn.develQping the power values is explained in H1droe1ectric
Power Evaluation, by the Federal Power Commission (FPC , dated March 1968.
The calculations were based on a 50 percent Plant factor for the
upperSusitna basin projects. Based on future load estimates, FERC
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TABLEC-18

ANNUAL COST COMPUTATIONS
(i n, thousands of do1H.rs )

Devil Canyon Gravity Dam,Watana

Accumulated
Year Expenditure Expenditure IDC

1984 30,500 1,048
1985 107,000 :' 30,500. 5,775
1986 114,000 . 137,500 13,372
1987 159,000 251,500 22,756
1988 218,500 410,500 35,733
1989 214,000 629,000 50,600
1990 248,000 843,000 66,48J
1991 . 258,000 1,091,000 83,875

~ 1992 223,000 1,349,000 100,409
U'I 1993 161,000 1,572,000 113,609

1994 32,000 1,733,000 120,244
1995 1,765,000 1,765,000 613,902
1996
1997
1998

Expenditure

39,000
98,500

117,000
137,000
144,000

. l58,.000
129;500

.823,000

Present Worth
of Expenditure

39',000
98;SOO

11T,000
128,187

.126,070
l29,428
99;258

737,443

Accumulated
Expenditure

39,000
137,500
254,500.
391 ,500
535,500
693,5.00
823,000

IDC

,1,341
6,067

13,475
23,581'
38,191
43~622

53,505
179,782

Present.. Wortt
of IDC, .

1,34"
6,067

13,475
22,064
33,436
35,734
41,010

153,127

Construction Cost
I.D.C.
Investment Cost

Interest and Amortization
Operation, Maintenance, and

Replacement
Average Annual Cost .

Wa,tana

$1,765,000
'·613,902
$2,378;902

$ 163,761

2,620
$ 166,381

Devil Canyon

$737.,443'
153,127

~$890,570

$ 61,307

700
$ 62,007

TQta1Watana&Devil Canyon

$2,502,443
767~b29 .

$3,269,472' .

$ 225,068

3,320
$-- 228,388



assumed that the output of the proposed hydropower project would be
utilized between the two major rail belt area load centers in the ratio
of 80 percent to Anchorage-Kenai and 20 percent to ,Fairbanks-Tanana
Valley. '

Power values are provided for two generation alternatives 'at each
of the load centers. An oil-fired combined cycle plant located near
Anchorage and a mine-mouth coal-fired steam-electric generating plant
1ocated near the Beluga .. coa1 fi el ds ·are cons idered asa1ternati ves to

'hydropower for the Anchorage-Kenai area. For the Pairbanks load center,
an oil-fired regenerative combustion turbine plant near Fairbanks and
a mine-mouth, coal-fired 'steam-electric plant near Healy are suggested
as the proper alternative power sources. FERC notes that the agency is
unable to state that either is the most probable source, despite the,
oil-fired alternatives appearing less expensive.

Whereas in 1975 FPC presented gaS-fired generation as, a possible
alternative, it is no longer considered a viable option because of
national policy and, specifically, the National Energy Act.

The Anchorage areacoal-fired,powe'r values are based on a two
unit, 450 MW plant with a service life of 30 years. 'The heat rate is
10,000 BTU/kwh and the annual plant factor is 55 percent. The invest
ment cost estimate is $1,240 per kilowatt, while the cost of fuel is
estimated at $1.10 per million BTU. Included in the estimate are
baghouse filters and 502 scrubbers at $187 per kilowatt a,nd cooling
towers at $35 per kW. These are July 1978 costs, and neither infla
tion nor fuel cost escalation are considered.

Th: coal-fired alter~ativ: at Fairbanks is a ~wo unit 230 MW plant,
also wlth a 30 year serVlce llfe. Its heat rate l5 10,500 BTU/Kwh and
has a 55 percent plant factor. The estimated investment Cost is $1,475
per kilowatt and the fuel cost is assumed to be $.80 per million BTU.
Included in this estimate are electrostatic precipitators and 502
scrubbers at $357 per kW and cooling towers at $44 perkW. Again,
these are the costs as of July 1978.' ,

Financing for the Anchorage alternative is a combination of 75
percent REA and 25 percent municipal. In Fairbanks, the assumption is
that financing woul~ be provided by the Alaska Power Authority.

'The composite capacity value of the coa.l-fired alte'rnative is
$186.58 per kilowatt-year. The corresponding energy value is 12.76
mills per kWh. This and other sets of power values are shown in more
detail in Exhibit,C-4.
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Natural Gas Alternative

In not providing power values for a gas-fired thermal alternative,
FERC indicates its agret{mentwithAPA and the Corps of Engfnee'rs that
natural gas is not an appropriate long-term alternative to hydropower

, in the Anchorage area. This is in keeping with the National Energy
Act which prohibits such use in base-load plants with very limited
e~ception~ ,.'

The strongest argument against the use of natural gas for electrical
generation is the national energy policy, but limited Cook Inlet supplies
offer additional rationale. Since'the Office of Management and Budget
specifically commented on the Cook Inlet gas supply situation, updated
information has been gathered. .

The estimated Cook Inlet natural gas balance through the year 2000
is presented in Tab1e.C..19. The ·reserve estimates are based on an
analysis entitled "Estimated Recoverable Gas Reserves from Gas Fields
in the Cook Inlet Area" by the S.tate Division of Oil and Gas Conser
vation, April 13, 1978. Division analysts believe that more detailed
study would 1ike1y result in as nlucn as a 20: pe'rcent increase il1 the
estimate for three fields. 1/ This correction would result in an
increase of 436 BCF over the 13 April 1978 estimate of 3,776 BCF. Not
included in the Divisionis estimate are approximately 216 BCF ofKenai
Field gas that has been leased for reservoir pressure maintenante.
This gas will be returned in future years and will be available for
sale. The adjusted estimate of recoverable Cook Inlet gas reserves is
therefore 4,42.8 BCF. The Alaska Division of Mineral and Energy Manage
ment estimates potential additional resourtes of about 7 tri11ion~ubic

feet; such estimates are speculative with little agreement among experts.

Approximately 3,698 BCF, or 84 percent of those reserves are
presently committed to Alaskan and export uses. Table C-20presents
the estimated reserves and commitments by field. The Pacific Alaska
LNG contracts, amounting to 952 BCF, have lapsed as a result of fai.1ure
to gain FERC approval of the project. The approval has been delayed .
largely due to the PALNG's inability to gain gas committments suffi
cient to operate at required scale. PALNG continues to explore for
gas in Cook Inlet and eventual FERC approval is anticipated. PALNG
expects the lapsed contracts to be readily reinstated with an extended
deadline for project approval and some renegotiation of price. The
PALNG lapsed contracts are therefore considered committments for this
analysis.

1I Conversation with staff of the Division of Oil and Gas Conservation,
27 September 1978.
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There has been an unwillingness on the part of natural gas oWners
to enter into contracts for the provision of gas during a period of
rapi dly ,e,Scal atinggas pri ces and great uncertainty regarding gas
pri ce deregulatlon. Additional commitments are anti cipated 'as the
pricing str~cture stabilizes.

In .1976,.34 percent of Alaska's total energy consumption was pro
vided by' Cook inlet natural gas. The uses are detailed in Table G"'21.
In the same year, 54 percent of Alaska's electrical generation was.
provided by Cook Inlet gas. NaturaJgasisexported in large quantities
in the form of both LNG (liquifi"ed. natural gas) andammohia-urea

.fertilizer.. COlJlparing pons,umptionin 1976 with the previous year,
natural gas,use 'was .up·12, percent with the largest increase, 18 percent,
in e1ectricity generation.

Projections of natural gascpnsumption levels between 1980 and 2000
were developed ina study fOftheA1aska Royalty Oil and Gas. Development
Advisory Board and the1978..Alaska State Legislature..The report, pub"
1ished in January 1978, is entitledOil and Gas Consumptiotlin Alaska,
1976-2000. A<base case projection of gas,dernandsis presented and
possi~le departures frOm the,basecas~are analyzed. Over the entire
period, natural gas. use is forecasted to grow at2 percent annually.
This low.rate is a~tributable to the.base case assumptions of prohibi
tion on the use of gas inl1ewelectricity generating facilities in the
mid-1980's and only moderate increases in industrial use. Asa result,
use of gas in 1980 is 238 billion cubic feet, up from 165 BCFih 1976.
By 2000;ts has risen to 267 BCF, reflecting the fact that most of the
growth il)naturalgasconsumpti.on is assumed to occur in the near
terniand 'in the industrial s~ctor. ":8

the forecast shows gas use in space heating to be the most rapidly
growing demand throughout the period at 5 p~rcent.. Gas use inelec
tricitygeneration remains essentiaUY'constant, while :industr;al use
of gasri.ses sha,rply in the ·near fut.ure, but further increases are
assumed to be zero because of supply constraints. ' The base case
assumes population growth of about 3 percent annually, per capita'
demand somewhat moderated by high energy pdces,and no significant
new industrhlconsumers of:. large amounts ,of gas.

The sensitivity of the projection to changes in.several of.,the
assumptions was tested.· .All resulted inincrea·sed demand relative to·
the ba.se case,.., Two of the possible sGenariosareof special interest
and ~ppear in Table C-19.

One possibility is the continued use of gas in new electricity
generating units in Anchorage after the mid-1980's. By 1990 this
would add about 23 BCF annually to gas demands for electric power'"
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essentially doubling gas use by that sector. This would add 10 per
cent to total gas requirements in that year and increase the overall
growth rate in gas consumption from 2 percent up to 3,percent for the
projection period.

The active proposal to liquify Cook Inlet natural gas for transport
to California' is a second scenario of interest. As noted ear1ier t

required FERC approvals have yet to be given t but PALNG continues to
actively explore for additional Cook Inlet gas and to plan for con
structionof facilities beginning in 1980. This proposal would
require about 80 BCF annually in its initial phas~. Wereadequate
reserves availab1e t this would be essentially doubled to 161.6 BCF
annuallY. Over a period of 15 years (assuming a start in 1985) such
a project would thus require from 1t 200 to 2t 424 BCfof Cook Inlet gas.

Another source of Cook Inlet gas demand forecasts is Natural Gas
Demand and Supply to the Year 2000 in the Cook Inlet Basin of South
Centra1 Alas ka t a November 1977 report compil ed by the Stanford
Research Institute (SRI) for Pacific Alaska LNG Company. The SRI
forecast is somewhat higher than that previously discussed•. This
difference is accounted for primarily in the industrial component t

where SRI does not 1imit growth as was done in the 1978 b,ase case
forecast to accommodate anticipated supply constraints. The SRI
interl11ediate forecast is presented along with the other three scenarios
in Table C-19.

Suinming the annual estimates of Cook Inlet demand'requirements
from 1976 .to 2000 results in total estimated requirements of 5t 2l1 BCF
in the base case. The addition of Pacific Alaska LNG increases the
forecast to 6t 411 BCF or 7t 635 BCF depending on the scope of the opera
tion. The addition to the base case of new gas-fired electrical gen
eration increases the forecast to 5 t 743 BCF. The SRI intermediate
forec'ast of total demand over the period is 8t 232 BCF t which includes
full scale PALNG t but no new gas-fired generation.

Estimated proven Cook Inlet gas reserves are inadequate to meet the
requirements in all forecasted cases. The deficit through the year 2000
varies from a 'low of 783 BCF in the base case to 3,804 BCF in the SRI
intermediate forecast (see Table C.,.19). The use of Cook In1et.gas for
new gas;'fi.redelectrica1 generation after 1985 would increase the year
2000 deficit by about 532 BCF.

>:'

There may or may not be sufficient undiscovered gas reserves in the
Cook Inlet area to meet the anticipated deficit. Estimates of undis
covered reserves'range from 6-29 trillion cubic feet. Because the Cook
In1.et gas supply has historically far exceeded local demand and because
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TABLE C-19

COOK INLET NATURAL GAS ~ALANCE
1977 to 2000 '1/

(Billion Cubic Feet)

Base Case

LNG to California
. (80 BCF/161

BCF Annually) ,

New Gas Generation
in Anchorage (79 BCF

Annually in 2000)

SRI
Intermediate

Case

Demand

(A) Estimated Requirements 5,211, 6,411/7 ,635 Y 5,743 Y 8,232 Y
(B) Committed Reserve §j 3,698 3,698 3,698 3,698

011>
~ (C) Remaining Requirements§! 1,513 2,713/3,937 2,105 4,5340

SuEEll

(D) Estimated Recoverable
Reservesl/ 4,428 4,428 4,428 4,428

(E) Unconmitted Reserves§! 730 730 730 730

(F) Undiscovered Reserves 21 ? ? ? ?

Balance

(G) Deficit (Not Including
Possible Undiscovered
Reserves)!.Q/ . 783 1,983/3,207 1,375 3,804

::-..~

',", """'k;"i';"i" ..¥i!ik~w':m('2d



NOTES TO TABLE C-19:

l! Based on "0il and Gas Consumption in Alaska, 1976-2000," January
1978 by the Division of Energy and Power Development and the
Division of Minerals and Energy Management, Table IV.l, with
modifications explained below.

2/ Base case requirements plus additional LNG export from 1985 to
2000 of either 80 BCF annually or 161 BCF annually.

3/ Gas use in new gas-fired electrical generation increases from zero
in 1985 to 79BCF annually in 2000.

y Intermediate case without additional gas'-fired electrical generation
from "Natural Gas Demand and Supply to the Year 2000 in the Cook
Inlet Basin of southcentral Alaska," November 1977 by the Stanford
Research Institute for Pacific Alaska LNG Company, Table II.

§j See Table 2.

§j (C) =. (A) - (B)

7/ See Table 2.

W (E) = (D) - (B)

9/ Estimates range from 6 to 29 trillion cubic feet but are too
speculative for purposes of power planning.

10/ (G) = (A) --(D) or (C) - (E)
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TABLEC-20

COOK INLET NATURAL GAS RESERVES AND COMMITTMENTS

Field

Beaver Creek
Beluga River
Bi rch Hi 11
Falls Creek
Ivan River
Kenai
Lewis River'
McArthur River
Nicolai Creek
North Cook Inlet
North Fork
Sterl ing
Swanson River
West Forelands
West Fork

TOTAL

NOTES:

Source JJ

. PALNG
DOGC, PALNG

PALNG
DOGC
PALNG
DOGC, PALNG

DOGC

Committed
("BCf)

112
1,003

101
1,708

22
87

666

3,698

Total Reserves 2/
(BCF)

239
1,057

11
13

101
1,785 3/ 4/

90 - -
140 3/

17 -
912 3/
,12 -
23
o

20
8

4,428

}j DOGC is short for "Summary of Gas Sales Contracts, Cook Inlet Area,
March 15, 197611 by the Division of Oil and Gas Conservation.
pALNG refers to data provided by Len McLean of Pacific Alaska LNG
Company in un interview on 4 October 1978.

2/ The total reserve estimates are taken from IIEstimated Recoverable
Gas Reserves from Gas Fields in the Cook Inlet Area,1I April 13,
1978 by the State Division of Oil and Gas Conservation. The report
was augmented by information provided by Lonnie Smith, Chief
Petroleum Engineer, DOGC, in an interview on 28 September 1978.

~ Includes a 20 percent increase over estimate contained in April 13,
1978 DOGC report on the basis of new information available to DOGC.

4/ Includes 216 BCF leased for reservoir pressure maintenance that
was not included in the DOGC report.
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TABLE C-'21

1976 ALASKA GAS USE Y

Use

Final Consumption (Heating)

Electrical Generation

Extractionanq Processing Uses

,Exports

TOTAL

NOTES:

Quantity (MMCF)

,16,804

29,284

137,880 Y
,,87,765 3/

27L733

l! Source is 1I0il and Gas Consumption in Alaska, 1976-'2000,11
January 1978.

2/ 26,798 MMCF product i onre1ated; 111,082 MMCFrei nj ected, much
of which can be eventually recovered.

3/ 63,509 MMCF for LNG; 24,256 MMCF, for ammonia-urea,.
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until recently there has been no substantial export market, the Cook
Inlet area has not yet been extensively explored for natural gas.
Despite the possibilities, the specu'lative reserves are inappropriate
for consideration in power planning. Regardless of availability, how
ever, the worldwide competition for natural gas will escalate the price,
of gas to levelswhi.ch will likely make new gas-fired base load genera
tion uneconomic in the face of large available supplies of coal and
hydropower potential.

Oil-Fired Generation Alternative

As noted previously, FERC provided power vpluesbased on both oil
fired and coal-fired generation for both Anchor~ge and Fairbanks. The
National Energy Act generally prohibits the use of oil as fuel in new
large-scale base load generating plants. The act also includes, however,
several proVisions under which a utility may be exempted from the restric
tions on use of oil. Under the law, companies may be exempted from the
fuel-switching requirement for new pl ants if they can prove it would
be overly costly, environmentally unsound, or impossible because of
insufficient or unavailable supplies of coal or other fuels at the
plant's location.

Proposed regulations to implement the coal-conversion portion of the
energy bill have been issued by the Department of Energy. 11 To gain
an exemption on cost grounds, for instance, a company would have to
prove that a coal or alternate fuel plant was much more expensive
than the oil or gas plant. Under the proposed rules, coal plants
costing 30 to 80 percent more than oil or gas plants would not neces
sarily be considered too costly to avoid mandatory conversion. Based
on the FERC-provided power values, annual costs for coal-fired genera
tion are approximately 40 percent higher than for oil~fired. This
i~ based on a 50 percent plant utilizatioQ factor and includes capital
expenses as well as the costs for operation and fuels.

To gain an environmental exemption under the proposed rules, com
panies would be required to produce decisions from the Environmental
Protection Agency or State agencies proving that coal plants would be
environmentally unacceptable. Although some proposed plant sites in
Alaska are extremely sensitive, such as at Healy adjacent to Mt. McKinley
Park, there is no evidence that acceptable sites cannot be found.

To gain an exemption based on fuel availability at a plant's
location, a utility would have to show it fully considered a range of
alternative sites, including sites outside the utility's traditional
service area. The substantial proven coal resources at both Healy
and Beluga argue against using this rationale in seeking an exemption.

11 As reported in the Wall Street Journal, November 14,1978, P 14.
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To gain an exemption based on an inability to raise capital t a
company would have to show that the added ca.pital needed to burn coal
j)ralternate fuels t instead of oil or gas t equals 25 percent or more
of the annual average capital budget. -

In writing these regulationstitis clear that the administration's
\:intent is to severly limit the scope of exemptions and place a heavy

burden of proof on utilities seeking an exemption. Based on the proposed
regulations t It would appear that railbelt utilities would have>a
difficult time obtaining exemption for new base load plants. TheAlaska
Power Administration t Department of EnergYt agrees with this assessment.
The APA Administrator t Robert J .. Cross t writes that "(APA's) finding is
that exemptions don't seem all that permanent or pertinent in terms of
a large new hydro project coming on line in 1992. I just don't see the
logic of the oil assumption in benefit determinations for lOO-years of
power froma major new -hydro proj ect. II JJ A1so agreeing that oil is an
inapproprtate alternative for benefit calculation is the State's Alaska
Power'Authority. -The Power Authority's Executive Director, Eric P. Yould,
states that, "oil-fired generation for the rail belt area may not be accept
able either for legal and regulatory/reasons orfrorrt the standpoint of
fuel availability." 2/ He-notes further that Golden Valley Electric
Cooperative at Fairbanks recently analyzed the coal versus oil-fired
generation question. GVEA has determined that the coal-fired genera-
tion alternative is preferable to oil if capital costs are not pro
hi!>itive. The full text of both .pieces of correspondence are contained
in".Exhibit C-7.

Based on the foregoing, coal-fired generation has been selected
as the most likely and appropriate alternative against which to compare
the Susitna hydroelectric proposal. Coal is therefore the basis for
the base case benefit calculations. Oil-fired generation is addressed
:ih the sensitivity analysis.

Derivation of Power Benefits- The Base Case

Annual power benefits were computed by applying the unit value of
capacity and energy to the usable output of the hydropower project.
Benefits were computed for each year of the lOO-year economic life of
the project and were then discounted to the base date to determine the
combined present worth. The base date in all cases is the power-on
line date of theWatana project. The prescribed Federal discount
rate of 6-718 percen~ was used. The last step of the calculations

JJ Robert J•.Cross, Administrator, Alaska Power Administration in a
memo to FERC dated 9 November 19780

2/ Eric P. Yould,ExecutiveDirector, Alaska Power Authority in a.
letter to Colonel George Robertson dated 17 November 1978.



entailed the conversion of the presentworthvalue:.toanequivplent
average, annual 'benefit, again using the 6-7/8 percentdiscounfcrate. '
The. results of the computer-aided calculat.ionsare shown in Exhibit C-5.

For the base case, whi"ch i ncl iJded coal-fired power values, the
median load forecast, power-on-line, dates of 1994 and 1998 for the,
two stages of development, transmission line complet.i-on i"n 1991, publicI
non-Federal financing of the thermal a1ternati've, arid stable prices,
the average annual power benefits are estimated at $289 mi11io",. For
Wa tana .a1 one. the correspond; ng fi gure is $158 million.;

OTHER BENEFITS

Recreation

_ Recreation-day values for 1978 were r.esearched in. order to check
the need for changing the values as originally reported in the,1976
Interim Feasibnity.Report. A review of other projects such as the
Chena Lakes Project at Fairbanks indicated .that the former values. are
typical of 1978 visitor-day recreation va1ues.andremain unchanged.
Therefore, the average annual benefit for recreation is $300,000.

Flood Control'

" The extent of damage. prevention from downstream flooding remains
unchangedA The dollar value of those losses has been adjusted to
reflect the time elapsed since the original estimate. The annual
benefits for .f1ood control are $65,000. .

dEmployment

When otherwise unemployed labor resources are used in theconstruc
tion of a project, the economic cost of those resources is less than
the preva i1 i ng wage rate. Conceptually, thiS: adjustment can be made
either by an appropriate reduction to the project's cost or by 'i:fn
increase in p·rojectbenefits. The latter approach has been adopted by
Co~ps of Engineers regulations.

The labor area for this 'project is to be Anchorage and Fairbanks.
The proposed project will be located in an unpopulated area and will
draw heavily from these two population centers. A1aska.isdesignated·
by the IJ.S. Depa.rtment of Labor as an area., of substantial and persistent
unemployment. .

The present labor force in the Anchorage/Fairbanks area is 114,800,
with approximately 1?,534 in the construction industry••With an .
average)0,443unemp1oyed, approximately 25 percent or 2,610 are
construction 1abor~ The possibility of a gas pipeline project and the
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capital relocation will affect the availability of otherwise unemployed
workers to the SusitnQ project. The adjustment depends on whether
these projects occur prior to or concurrent with the Susitna project.

During the oil pipel ine construction a preferential hire 1aw' was
in force which directed pipeline contractors to hire qualified Alaska
residents in preference to nonresidents. The Alaska Department of
Labor reports that during construction of the oil pipeline the average
percent of manpower requirements drawn from within Alaska was 40 to
50 percent. The proposed upper Susitna hydro project is much smaller
than was the oil pipeline project. It is thought that an 80 percent
local hire goal could easily. be met. The proposed gas pipeline project
is planned to ·begin in the early 1980's and completion is anticipated
beforeSusitna construction begins.

Estimated yearly manpower expenditures for construction of the Devil
Canyon and Watana dams and the transmission line are shown in Table
C.. 22. These figures were derived by estimating the labor cost associated
with each major feature of the project, net of contingencies. Overall,
38 percent of project costs are estimated to be labor expenses.

TABLE'C~22

MANPOWER EXPENDITURES
($1,000)

Percent
Year Skilled Unskilled Total of Total

1984 8,307 2,077 10,384 1.2
1985 28,378 7,094. 35,472· 4.1
1986 30,454 7,614 38,068 4.4
1987 42,221 10,555 52,776 6.1
1988 58,140 14,535 72,675 8.4
1989 57,448 14,362 71 ,810 8.3
1990 66,446 16,6"1 83,057 9.6
1991 69,214 17,304 86,518 10.0
1992 69,906 .17,477 87,383 10.1
1993 69,214 17,304 86,518 10.·0
1994 AO,144 10;036 50,180 5.8
1995 36,683 9,171 45,854· 5.3
1996 38,760 9,690 48,450 5.6
1997 42,221 10,555 52,776 6.1
1998 34,607 8,651 43,259 5.0

692,143 173,036 865,179 100.0
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iIi Approximately 6 percent of these labor expenses are attributable to
the contractors' supervisory and managerial functions. Of the remaining
$813 million labor costs, 80 perc,ent are expected to be paid to locally
hired labor. ,Of this total an estimated 20 percent or $130,000,000
will be. tor unskilled labor, while 80 percent or $521,000,000 will b~
for skilled labor. Following the recommendations of Draft ER 1105~2-354,

the proportion of labor costs claimed as employment benefits for skilled
and unskilled categories are 40 percent and 55 percent respectively.

Using an interest rate of 6-7/8 percent, each year's benefits are
present-worth to POL Then, using the summation of all years, the
appropriate capital recovery factor is.appl,ied to obtain the annual
employment benefit for each category of workers (skilled and unskilled).
The annual s·killed labor benefit is $17,562,000 and the annual unski-lled.
labor benefit is $6,037,000. Thus, the total employment benefit for the
Susitna project is $23,E99,000.

Similar procedures have been applied to the coal-fired and oil-fired
generation alternatives to estimate their respective employment benefits.
This is in keeping with Draft ERll05-2-354 which directs that employ
ment impacts of each alternattve plan are to be assessed. The estimated
1abor porti on of the total project cost was cal culated using FERC., invest~
ment cost data and labor percentages for the planned Healy II coal,:"fired .'
plant. At a composite (Anchorage-Fairbanks) investment cost of $1,,287 " ..
per kilowatt, the total cost of coal-fired plant construction, equivalent
in output to the Susitna project, is $2,060,487,000. This total amount
was scheduled over the planning period to reflect capacity additions
indicated by the load-resource analysis medium range case.

According to Stanley Consultants, the' engineering firm that has'
developed the plans for Healy II on behalf of Golden Valley Electric,
approximately 40 percent of construction costs are payments to labor. 1/.,,;;:,
Using the same proportion of skilled and .unskilled labor as was used 
with the hydro project calculations and the same discounting procedures,
the average annual equivalent employment benefit for:the.coal-fired
generation alternative is $19,635,000. 2/ The comparable figure for
the oil-fired alternative is $5,203,000~ These estimates are presented
for rough comparison only since they do not reflect a detailed study
of labor requirements for thermal plant construction.. Since, on average,
a more skilled workes is required for construction of the thermal plant
and since such a worker would probably-not be available locally, the
thermal alternative employment benefit estimate is Probably somewhat
overstated. .

"." " ..;

1/ Per conversation with Stanley Consultants, 20 December 1978.
2/ This amount incorporates a 20 percent reduction to, account for" ,

contingency factors in the cost estimates, thus insuring ~9mparability

with the hydro project.
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The thermal alternatives are procedurally defined to have power
benefits equal to plan costs. The crediting- of employment benefits,
therefore, results in the thermal alternatives each having positive net
benefits equal in magnitude to the employment benefit.

Intertie Benefits

The original feasibility report discussed the value of intercon
nected load centers made possible by the construction of a transmission
line between Anchorage and Fairbanks. It was noted that intertie
benefits arise from two aspects of interconnection, shared reserves
and energy transfer.

The load-resource analysis has demonstrated that capacity additions
can be postponed as a result of -reduced reserve requirements in an inter
connected system. Since the reserve margin effectively increases the
amount of generating capacity in place at any given time, it contributes
costs to the system. Therefore a reduction in that reserve margin
will reduce cost. Realizing that a more refined analysis of desired
reserve margins will be needed at a later date, APA now estimates that
a 25 percent margin would be required without interconnection while
only 20 percent reserves would be needed with interconnected load centers.
These estimates are based largely on the experience in other market areas.

The flexibility afforded by the transmission line decreases as the
line becomes loaded with Susitna power. The reserve reduction capability
is limited by the unused portion of the line segment with the least
capacity - that porti.on from Devi 1 Canyon to Fairbanks. When the 1i ne
is completed and before Watana power production begins, a full 300 MW
capacity is available in the line •. 1/ This is reduced as time goes
on by the amount of Susitna 'capacity allocated to the Fairbanks load
center. The capacity savings due to interconnection for each year,
then, is the lesser-of unused line capacity and the 5 percent reserve
differentiql applied to the total peak load requirement. This is
shown graphically in Figure C-8, and the results are presented in
Table C-23. Each year's capacity saving is val ued at the capacity
value of a coal-fired steam plant as provided by FERC, $170 per kW.
The values are discounted at 6-7/8 percent to give the present worth
as of the Watana power-on-line date. The lOO-year capital recovery
factor is then applied to the summation to give the equivalent annual
capacity benefit from interconnection.

~

1/ This figure is not an absolute maximum capacity, but rather a
reasonable limit for the Devil Canyon-Fairbanks segment based on
acceptable line loss.
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Figure C-8
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TABLE C-23

INTERTIE CAPACITY BENEFITS

Capacity Capacity Present
Year Saving Value Worth

.(MW) ($1,000) ($1,000)

1991 90 15,300 18,700
1992 96 16,300 18,600
1993 101 17,200 18,400
1994 107 18,.200 18,200
1995 114 19,400 18,200
1996 121 20,600 18,000
1997 128 21,800 17,900
1998 30 5,100 3,900

1999 through 2041 12 2,000 27,300

Total ($1,000) $159,200

Annual Benefit ($1,000) $ 10,959

The other aspect of interconnection discussed in the original
feasibility report was the capability for transfer of energy from the
low energy cost producing load center to the high cost area. The
transfer allows a cost saving equal to the differential cost of energy
production for the amount transferred. Estimates in 1975 indicated
that energy could be transferred from Anchorage to Fairbanks for a
cost saving of 2.48 mills/kWh. The 1978 estimates by FERC indicate
that coal will be cheaper in Fairbanks than in Anchorage with the
result that Fairbanks energy would be 2.65 mills/kWh cheaper than that

, produced by coal plants in Anchorage. This reversal in 3 years high
lights the volatility of this cost differential. For instance, if new
coal plants had to be located at some distance from the Healy coal
fields due to their proximity to Mt. McKinley National Park's clean air,
the additional cost for transporting the coal would essentially eliminate
any energy cost differential. therefore, although the opportunity
remains to take advantage of energy cost differentials through the
transfer of energy, no energy transfer benefits are claimed because of
the possibility that energy production costs in the two load centers
might well be almost equal.

PLAN JUSTIFicATION - THE BASE CASE

A summary of project costs and benefits for the proposed two stage
development as well as for Watana alone are presented in Tables C-24
and C-25. The base case set of assumptions applies.
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TABLE C-24

AVERAGE ANNUAL COSTS'

Development

Watana
Watana and Devil Canyon

fnterest &
Amortization
---cll~OOO)

163~761

225,068

0~r4& R . Total (Rounded)niT ~ 000 ) . ($1 ~ 000 ) .

2~620 166~381

3~320 228~388

TABLE C-25

AVERAGE ANNUAL BENEFITS

Watana Watana and Devil Canyon
($1 ~OOO) ($1,000 )

Power 163~958 288,700
Recreation 100 300
Flood Control 65 65
Intertie 10~959 10,959
Employment 18,654 23,599 .

Total 193,736 323~623

Benefits and costs are comPCired in Table C-26.

TABLE C-26

PLAN' JUSTIFICATION

Annual Costs ($1,000)
Annual Benefitis ($1,000)
Net Benefits ($1~000)
Benefit Cost Ratio

Watana'

166,381
193,736
27,355
1. 16
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Watana and
Devil Canyon

228~388

323,623
95,23,5
1.42

Devil Canyon
Last Added

63-,007
129,887
67~880

2.09



These figures indicate that, given the base case assumptions, the
Watana-Devil Canyon system is economically justified; the Watana
project first added is economically feasible by itself; and Devil
Canyon ,is incrementally justified qn a last added basis.,

SENSITIVITY OF· PROJECT JUSTIFICATION

.' This· section presents the results of vadous s'ensitivity tests
conducted to determine the impact on the project's economic justi
fication of possible departures from the basic set of ~ssumptions

that underlie the calculation of benefits and costs. Each test was
conducted using the same procedures as described earlier in this
section, but with certain specific assumptions altered as outlined in
the following paragraphs.

Comparability Test

The power va1ues for the base case are computed using the most
likely means of financing the various thermal alternatives. These
included municipal, REA, and Alaska Power 'Authority financing. This
test examines project justification when the power values are calculated
on the basis of thermal alternative financing at the same rate applied
to the hydropower alternative, the Federal discount rate of 6-7/8 per:"
cent. Using power values based on Federal financing, the average annual
power benefits are $264 million, a decrease of 9 percent. The hydro
project costs and nonpower benefits are already based 'on the Federal
discount rate and therefore remain unchanged. The effect on project
justification is noticeable; net benefits fall from $95 million to $71
million, while the justification ratio becomes 1.31.

With Federal financing, Watana alone offers net benefits of $14
million and a justification ratio of 1.08.

Alternate Discount Rates

The rate at which future project benefits are discounted and at
which interest during construction is calculated can affect the com
parison of projects. The discount rate to be used in the evaluation
of Federal water resource projects is established annually and is
pegged to the interest rate on long-term government bonds. This serves
as an approximation of the opportunity cost of Federal funds. The
established rate has risen to the current value of 6-7/8 percent,
reflecting thQ influence of inflation.

In order to determine the magnitude of impact a different discount
rate would have on the project's economic justification, benefits and
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costs were recalculated using interest rates lower and higher than the
established rate. With a discount rate of 5 percent, annual costs
decline while benefits i ncrease.Net benefits rise from $95 million
in the base case to $180 mUlion, and the benefit-cost ratio becomes
2.14. With an 8 percent rate, the effects 'are reversed. Net b~nefits
fall to $42 million wi'th a benefit-cost ratio of 1.15•. Refer to Figure
C-9. tt can be concluded that the project's economic justification is
sensitive to changes in the discount rate. The effects would be dampered,
however, if the costs of the alternati've generation mode were similarly
calculated using the alternate rates.

FiQure C- 9
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Variations in the Load Forecast and Project Timing

'.' The base case set of, assumptions incorporates the mid-range load
forecast because it has been jUdged to ,reflect the most likely future
power requirements. The actual demand for e1ectrica,1 power, however,
will almost ~ertain1y depart from the mid~range forecast, and it is
important to determine how such departures can effect the viability of
the project. A s i gn1 fi cant depa'rture on the 1ow side could have several
results. The first, and most likely, would entail a planned delay in
the start of project constructi'on when it became apparent that the load
was not growing as rapidly as expected. Another possibility would be
that the departure from anticipated growth only becomes apparent after
construction has a1ready begun. In this case, the construction period
would be stretched out so that the project is not completed until the
project's power is needed. A third possibility wQu1d be to postpone
or cancel other generating resource additions with shorter lead times.
The last and potentially most damaging possible circumstance would .
entail the sudden slackening of load growth immediately after the project
was completed.

"J

If, on:the other hand,' the load requirements grow more rapidly
than expected, Susitna power would be needed earlier than presently
planned. The Watana project, however, probably cannot be completed
any earlier than the planned 1994 power-on-line date, and the Devil
Canyon project cannot be completed earlier than 4 year~ after Watana.

To assess the impacts of these various circqrostances, the 10ad~

resource analysis was conducted using the low and high range forecasts.
With the low range forecast, the initial project continues to be required
as soon as it is available, ie.,1994. A coal-fired steam plant addition
in 1997 is no longer needed, but Devil Canyon is still required in 1998.
The net effect is that Susitna capacity is absorbed at a slower rate,
and power benefits fall 3 percent to $280 million. Net benefits become
$87 million and the benefit-cost ratio is 1.38.

As noted above, the most damaging possibility in terms of project
economics would occur if there was a sudden decrease in the rate of load
growth immediately after power-on-line. This would mean that Susitna
power would be needed less rapidly, and less Susitna capacity would
be usable in the early years. In the base case, Susitna power is fully
absorbed in the rai1be1t system by 2002. The annual growth rate in
peak load during the period between power-on.:line and 2002 is 4.6 per
cent. In the 10w~10ad growth case, Susitna power, is absorbed over a
longer period, between 1994 and 2010. The annual growth rate in peak
load for this case is 1.9 percent. Additional cases were analyzed to
determine how sensitive project justification was to the post-POL rate
of load growth. At zero rate of load growth after 1994, the project
offers net benefits of $26 million and a benefit-cost ratio of 1.1.
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This test was premised on the low-load forescast prior to power~0n--1ine.

The Devil Canyon phase was constrained to come on line in 1998 even
though in practice the sudden stabilizing of demand would have suggested
postponing Devil Canyon completion. Under this test, the entire market
area energy req.uirement, with the exception of energy from existing
hydro sources,lsprovided bY,Susitna after. Devil Canyon completion.
With thisassumption.of.no load growth, Susitna capacity is credited
with benefits only as thermal' plants reach thei<rretirement age.

Despite the greater peak load requirements of the high range fore
cast, there is no opportunity to advance project construction' since the
projects cannot be brought on line prior to 199.4 and 1998.

Using the high-range load forecast'resultsin more rapid'utilization
of Sus i tna power and an increase of $12 mill ion in net benefi ts.. The
benefit-cost ratio becomes,l.47.

Construction Delays

The base case analysis is predicated on a l4-year combined con
struction schedule. Watana construction is planned to take 10 years
and Devil Canyon 8 years. ,There is overlapping construction to meet'
load requirements.' '

Construction delays are possible for any of a number of reasons.
Project economics have been analyzed to assess the impact such delays
'wou1d have on project justification. A 2-year construction delay .
was adopted for analysis. The effect of the delay is to postpone.
power-on-1ine and increase interest during construction. If fossil
fuel costs are escalating, the delay also increases, the value of power
produced. With stable prices, a'2-year construction delay causes annual'
costs to rise to $245 million arid net benefits to fall to $75 million,
with a benefit-cost ratio of 1. 31. It wou1 d require a delay of at least
9 years before the Susitna project's net benefits would fall as low as
those of the coal-fired alternative. '

Alternate Investment Cost Estimates for Coal-Fired Plants

The Alaska Power Administration has provided independent estimates
of coal-fired generation costs that serve as useful comparisons to·
thos·e estimates provided by the Federal Energy Regulatory Commission.
APA data primarily reflects experience in the lower 48 states with
adjustment to reflect Alaska price levels, smaller sized plants, and
construction conditions. The basic reference is the Comparative Study
of Coal and Nuclear Generation'Options in the Pacific Northwest, June
1977 by the Washington Pub1 ic Power Supply System (wPPSS).

APA's estimate is premised on powerp1ant locations near mining
operations at Beluga and Healy. Plants of 200 MW and 500 MW are
examined. The investment costs, which include construction and interest

486



during construction assume that flue gas desulpherization would be
required. Mid-1976 costs from the WPPSS study were increased to
bc~ober 1978 using the Handy-~hitmanSteamplant cost trends and a 1.8
Alaska factor to account fartost differentials. The resulting,corn
pOsite i livestment co'st estimate of $1,644 per ki lQwatt for the 450 'and
230 MW plants in Anchorage and Fairbanks respectively was used· in the
calculation of power values in 1leu af the FERCcomposite estimate of
$1,299 per kilowatt. This resulted in an increased capacity value.
See Exhi hi t C-4. ' Using the adj usted val ue resultsi'n a $40 mi 11 ion
increase 'in the power benefit. Net benefits rise to $135 million, and
the benefit-cost ratio becomes '1.59 •. .. .

On-Fired Thermal Alternative

Asdi scussed in a previous section, oil-fi.redgenerati on is not the
most appropriate alternative for derivation of power values. National
energy pal icy priorities strongly suggest that coa1':'firedgeneration
is the likely and ploper alternative to hydropower in themid-1990's
and beyond. Since Joil-fi'red power values were provided by FERC along
with coal values, however, and since the Office of Management and
Budget raised questions specifically addressing'the, sensitivity of
project justification to oil prices, power'benef.its were also ca1cula
ted using 'oil-fired power values.

In Anchorage, FERC'reports that the likely oil-fired alternative
is a combined cycle plant consisting of four' units of l05MW each.
The service life is 30years, and the heat rate is 8,350 BTU/kWh. The
investment cost is estimated at $360 per kilowatt, while the oil fuel
cost is $3.00 per million BTU~ '

For Fairbanks, the oil-fired alternative is a regenerative com
bustion turbine with four 60 MW units. The service life is again 30
years, while the heat rate in this case is 10,000 BTU/kWh. The invest
ment cost is $265 per kilowatt, and fuel is estimated at $2.00 per
million BTU. .

The composite railbelt oil-fired pOwer values with publiC, non
Federal financing are $43.95 per kilowatt and 26.92 mills per kilowatt
hour. Power benefits amount to $212 million which is 27 percent less
than the base case. The' corresponding benefit-cost ratio is 1.08, with
net benefits of $18 million. '.

487



Inflation

, The economic 'evaluation procedures normally followed in Federal
water resource studies ignore,the effects of inflation and escalation. 11
The imp1icitassumptiol1 is that price level changeswillimpactequar1y
on all a1ternatives,beihg compared. In time of relatively stable
prices, this is a reasonable simp1if;Ying assumption~

Ever since the 1930's, however, there has been an accelerating
rise in costs in the United States. Nationwide, the annual increase
in construction costs from 1970 to 1976 approximated 10 percent. "The
Anchorage composite consumer price index has increased at an annual
rate of 4 percent since 1960 and at almost "7 pe~cent since 1970. In
spite of possible temporary periods of price stability, it appears that
substantial inflation may become a regular aspect of the economic scene.
The extent and persistence of inflationary trends indicates the need
to examine their effect on the comparison between hydroelectric and
thermal generation.

Inflation does not affect hydro and thermal alternatives equally
because there is a differential susceptibility to rising prices. The
extent of these differential impacts is determined by adjusting the
capacity and energy values as well as the hydro project costs to account
for inflation. A distinction has to be made between interest and
amortization costs on the one hand and all other charges on the other.,
because the affect of inflation on these two categories of expenditure
is quite different. The latter category is addressed first.

A multipl ieris developed for adjustment of annua.l charges associated
with operating costs, fuel costs, insurance, interim replacements, and
taxes. Expenditures for these items are continually susceptible to
rising prices. Theihitial annual expenditure associated with these
cost components in the base year is the value used .in the standard
method of computing power values. With inflation, a higher figure
must be used, since the annual expenditures increase from year to
year. The assumed rate of inflation, the duration of the assumed
inflation, and the discount rate together determine how large the increase
will be. The appropriate adjustment multiplier is found by computing
the sum of the present values of the inflated payments, and dividing
that by the sum of the present values of the yearly payments without
inflation. The resulting quotient is the multiplier by which the
fixed initial payment of the standard method must be adjusted to take
inflation into account.

lJ Throughout this report, lIinflation ll refers to increases in the
general price level, while lIescalationll refers to real price changes
or changes over and above increases in the general price level.
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For this analysis, inflation is assumed to prevail for a period
ot15 years beyond the initial project's power-on-line date. This
period of inflation is assumed to be followed by a period of stable
prices to the end of the 100 year economic life of the project. 1/
Inflation rates of 3 and 5 percent have been adopted as reasonable
values with which to explore the magnitude of inflationary impact. The
corresponding annual expenditure ~ultipliers for a discount rate of
6-7/8 percent are 1.34 and 1.64.

·The second type of cost to examine is the interest and amortization
charge. During the life of a hydroelectric project, an alternative
thermal plan with a life of only _3D to 35 years will have .to be replaced
at least twice. Each time it is replaced, its cost will have risen
in keeping with the compound rate of inflation. The multiplier
reflecting the increase in, these capital expenditures resulting from
i-nflation is found by diviaing the present worth. of the interest and
amortization with inflation affecting future replacements by their
present worth without inflation. Again, inflation is confined to the
first 15 years beyond power-onfHne with stable prices assumed there
after. The multipliers are lob8 for 3 percent inflation and 1.15 for
a 5 percent rate.

TABLE C-27

INFLATION ADJUSTMENT MULTIPLIERS
(6-7/8 percent discount rate, 30 year ,thermal plant
life, 15 year period of inflation)

Inflation Rate
3% 5%

Cos t .Category
, Variabl e Costs
Capital ~xpenses

1.34
1.08

1.64
1.15

These multipliers are then applied to the various cost components
of the power values and to the elements of the hydro project cost as
shown in Exhibit C-4. Note that the multiplier for interest and
amortization of the hydro project is unity. This occurs because the
hydro project does not have to be replaced during the period of analysis
and is therefore not susceptable to inflating prices.

1/ .Inflation in the years prior to power-on-l ine is ignored because
there is little differential inflation impact before costs are
actually incurred. Battelle in Alaskan Electric Power, March 1978,
page 6-3, reports that prices for thermal powerplants have risen
since 1970 at almost exactly the same rate as that for hydroelectric
facilities.

489



Fuel Escalation

In deri vi ng. power values for use in benefit analys1S,· FERC uses
present day costs for the fuel requirements of the thermal plant. Even
after inflation is taken into account, this procedure is not equitable
in a period of substantial fuel cost escalation, when fuel prices
rise faster than the general price level. Whereas a hydro development
will continue to produce its energy from fall1.n9 water without cost,
a thermal plant depends on fossil fuels that are susceptible to real
price increases as well as to inflationary trends. Depleting supplies,
intensified environmental controls, carteltzedproduction, and the
need to go further and deeper for supplies,all tend to boost prices
at rates higher :than~inflation. .

Fuel 011: Asa practical matter the world oil market is controlled
by the Organization of petroleum .Exporting Countries (OPEC). The OPEC
cartel pricing strategy appears to be based on their perception of the
marginal costs of production of their nearest competitor•. This policy
is intended to maximize their long-term profits. 11

In the future OPEC's most probable strategy (assuming the cartel
can be sustained and no other super-giant oil fields are found or
alternative lower cost technologies are developed) will be to escalate

. its prices paralleling the market rate of interest occurring in its
western world market area. The market rate of interest sets the basis
from which OPEC can measure its opportunity cost and escalates at
approximately 3 percentage points higher than the general inflation
rate as measured by the GNP deflator. Thus fora general 5 percent
per annum inflation rate, the OPEC oil price increase rate would be
expected to be about 8 percent per annum.

If Mexico enters the continental market as a major.source, it will
probably shave prices slightly to gain market entry by 'diSplacing
Middle East crude, but then generally trade at OPEC's world market
pri ceo

Another possibility is the collapse of the OPEC cartel. Iran and
Saudia Arabia, the largest oil producers in OPEC, are committed along
with many other OPEC nations to rapid economic development programs.
These programs are dependent upon oil export.revenuesfor their fund
ing. Under the umbrella of OPEC's pricing policy:; there is opportunity
and strong incentive to develop substantial new productive capacity
both within and outside the cartel. The increase in capacity imposes

11 This discussion of fuel price behavior is based largely on a March
1978 report by Battelle Pacifi~ Northwest Laboratories entitled,
Alaska Electric Power, An Ar'lalysis of Future Requirements· and Supply
for the RailbeltRegion and on discusstonswith Ward Swift of Battelle.
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downward pressure on prices. ToSoffset this pressue and maintain the
cartel price, production must be cut back somewha,t; principally this
will fall on the largest producers; Iran and Saudia Arabia in this case.
Thus they are caught 'in a dil emma between a declini ng market share
and the need for export earnings for developmental programs. This
situation could lead to price wars to regain market shares and thus ,;
the co11 apse of OPEC as an effecti ve cartel.

Price cutting has a theoretlcalfloor -the marginal cost of,
produdng the level of output demanded at such a market price. This
would likely be determined by Mexico, the North Sea producers and the
costs of increased production in Iran. All of the conditions con- '
tributing to the initial cartelization would still be present, a highly
concentrated market and very inelastic commodity demand. Thus a
collapse might only be temporary and under this scenario, world prices
could'become rather volatile. '

Given the many vested (U.S. and foreign) i"te~ests in maintaining
oil prices, a major downward break in oil prices is not likely. As a
case in point, if Saudi Arabia went back topre-1973 prices, andcould
satisfy demand, (not likely at those prices) both North Sea and North .
Slope production could be shut in.

_ Given that scenario and without governmental intervention, U.S.
:- and other nations' dependence on foreign oil would increase markedly,

domestic exploration and field development would be severely cut back,
and consumption would increase. Although existence of contingency
policies to respond to such a case are unknown, it is hard to visualize
that very rigorous governmental intervention would not occur either
through import quotas or duties that would maintain the economic
viability of the domestic industries.

In 1977, the domestic refinery acquisition cost of domestic crude
was about 35 percent less than that of foreign crude ($9.20 per bbl
versus $14.10 per bbl). A price decline of greater than 3& percent
is deemed highly unlikely for the reasons outlined above.

Coal: Coal prices in Alaska appear much more predictable due to
the absence of regulation and the currently limited i'nfluence of
marketabi 1ity factors. .

Two sources of' coal supply for the rail belt region are most per
tinent to this analysis:

'l.:The"Healy coal field is currently being mined by the Us1belli
", Coal Company at about 700,000 tons/year with plans for expansion to
1.5~illion tons per year. This mine currently supplies the Golden
Valley Electric Association (GVEA) plant located at Healy and the
Fairbanks Municipal Utility System in Fairbanks.
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2. A potential future coal source is the Beluga field in the Cook
Inlet region. The latter field is known to contain very substantial
reserves but the new mine development r~quired will be costly due to
1ack of transpo,ration facilities and mine supporting infrastructure.

The Healy coal field is the obvious supplier for future interior
generation based on coal. Recent CCilst of coal delivered by truck to
the GVEA Healy plant is'$0.80/MMBTU and by rail at Fairbanks, $1.15/
MMBTU. Jj Although the Healy site may be able to expand to perhaps 200
MW capacity, its location 4.5 miles from Mt. McKinley National Park
may restrict further development due to air quality considerations.
Thus further coal fired expansion in the upper rail belt most probably
will necessitate plant location in the Nenana area ~long the rail
line. In this case, additional costs above mine mouth costs, will
be incurred including tipple costs (approximately $0.11 perMMBTU
currently) and Alaska Railroad tariffs. The latter may be reduced if

" unit trains were to be employed.

TheUsibelli. Coal"Mine, Inc. has indicated that they expect their
prices to rise at about 7 percent per annum. This pricing schedule
appears reasonable ifit is assumed that a 5 percent per annum general
inflation rate continues and a 2 percentage point markup escalation

. is appropriate for the resource owner.

The Beluga/Susitna coal field is an'obvious source of supply for
coal fired generation. The reserves are very large and capable of
supporting a world scale mine for export and mine mouth power generation.
The coal is subbituminous (Rank C) and of relatively low heating value
(7,100 BTU/lb) at run-of-mine but quite low in sulfur (0.15 percent
typical). Coal preparation including washing and drying could raise
the heating val ue to 9,000 STUll b. Some of the coal wi 11 be of too

- low a quality for export but would nevertheless be suitable for mine
mouth power generation.

Fuel Cost Assumptions

To calculate the impact of relative changes in the price of fuels
on project feasibility, adjustments are made to the power values
upon which the calculation of power benefits is based. 'The period
from 1978 to the initial project power-an-line date is looked at
separately from the period after POL. For the initial period, the
estimated 1978 fuel price is compounded at the assumed annual escala
tion rate to give the anticipated constant dollar fuel cost at the
time of power-on-line. The energy and capacity values are then recal
culated using standard FERCprocedures. For the post-POL period, a
multiplier is used to adjust the energy value using procedures identical
to those used to adjust for inflation. The period of escalation is
limited to the years prior to the 30th year after power-on-line.
Thirty yea"rs corresponds to the service 1ife of the inHial thermal
plant. .

11 September, 1978
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Three sample cases are analysed. First, for both coal and oil,
there is an assumption that fuel costs' escalate at 2 percent per year
between 1978 and the 30th y'ear after power-on-line, after which there
is no additional escalation. The 2 percent rate is selected as repre
sentative of long-term real price increases artsing from depleting,
more distant sources, increasing environmental. safeguards in extra
ction, processing and handling, and anticipated producing nation pricing
policy. (Refer to the previous discussion of fuel price trends.)

. The second case looks at no escalation prior to power-on-line
followed by a 3D-year period of 2 percent annual escalation. This case
is designed to reflect the possibility of a near-term softening of the

-market for oil due to slackening ~efu~ridor increased supply in the
short-term.

." .'

The final case explores the impact of real oil price'decl ines prior
to power-on-line. An immediate 35 percent drop in price is assumed,
with no change in price thereafter. This scenario is included to show
the possible effect on project justification of a breakup of the OPEC
cartel. Exhibit C-4 shows how these various adjustments are made to
the energy value provided by FERC.

Test Results

The results of the sensitivity tests for inflation and escalation
are presented on Figures C-10 and C-ll. Two percent annual escalation
in the price of coal results in a 55 percent increase in net benefits
and the benefit-cost ratio becomes 1.64. In the most extreme coal-fired
case, 2 percent fuel escalation with 5 percent inflation, the benefit
cost ratio rises to 2.17. The worst case analyzed in terms of project ..
justification is with the oil-fired alternative and a sudden 35 pe·rdent'
drop in oil prices. The resulting ben~fit-costratio is 0.85. -',

Summary

In summary, it has been shown that the benefit-cost ratio is sensi
tiveto the source of financing, to the discount rate, to the type of
alternative generation, to construction delays, and to inflation and
fuel cost escalation. It is relatively insensitive, on .the other hand,
to variations in load requirement forecasts. Under the full range of
forecasts, Susitna hydropower is needed as soon as it is available.

Despite the sensitivity of project economics to many of these
parameters, the degree of sensitivity is not sufficient· to make the
project uneconomic, except in one case. Only if oil-fired generation
were to be considered the appropriate long-term alternative to hydro
power and if the price of oil were to suddenly fall drastically as a '
result of world market forces would net benefits ofSusii'tna hydropower
development be less than those of the thermal generation' alternative.
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O.
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I~.
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17.
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711~.

9l8.

-35.

1I.~Sl
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SUilPLUS

10lAL

AODITlO',S
HTuRy .
:.TH"/E.LEC
Clll·\,8.TUl(dINE
OIt:SEL

RET1REMEt: S
HYDRO
:.Tt.'''1/ELfC
CO"d. TU~i:lhE
lJltSEL '

I<Ewlll Q E'!f.,lfS

kESOUfolCES
t 1lI:; TING
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TRA"'SFEilED

----.-----------1

LOSStS

1
I
I
1
I

I~
I
I
I
I
I
I
1
i
I
I
1
I
I
I--------..------1

bHUS~ ~r,O~RCESI

1
CAP, l<E'S.MAR6111,f

1
I
I
1
1

'.ET l<ES!llJilCES I

1
I'
1
1
I

,RESERVE REioI.

ur
g

Pi~K -~ PtA~'LOAO'~t~f~ATING CAPACITY REQUIREME~T~(kEGANA'TS)
MPUF -- MAXIM~MPL.~l UTILJZAIIUM FACTOR
APlfF -- ACTuAL PL.\.''''t. uTlLIZAT!ON,fACTuR
ENEH6Y -- GtNtRAT~O~/A~NUAL E~ERGY HEYUIRlMEN1S(MILLltiNS OF KlLO~ATT"HO~QS)

"·;':.';;~;i:,,;;',;~,~};i.';;ji\6j_i~~i,,'fi ~J,ik.~&ijYii1f'"tNr ."



&~E&: FAI"I.'U'4S
f .....~A:;"S·.r... st::: ~ -- ~·EOI"'i4 ,"OAU'GRe,,1N
1.,Tfitllc.rEAR: Iq"Z.
NOI fS: ':\lV .50, 1918 ., u.i.-1994.

C It I rIc & L fEll 100--_.------_..-...-..••.....•••._-_..._--------_...._---_._-------_._--~..-----.------_._.
I 1901-1"~i! .1 19&i-1983 I UiS}-1984

I PEAK ;"PuF APlIF E.~E"6Y I PEA ... IolpuF APUF E'-ERG\' I PEAK ,:P\lF &PlIF ENEiI..\,

,:._---- ---- ---- ~-.~---- .I-~---- ..... ---- -------- 1------ .-_. -_.- .----.-.
.-------..------, I .,
wEQUi;'E"'Eo·,TS I ii!l. "1ii. / . e33. ·llli". / 24S. lli1a.

---------------, / /
ICE&')I'f<CES I / /

E.• I"Tlr~G / / /
"Y",RO / \I. .!:l0 .,0 O. / O• • 510 .'510 o. I o• • 50 .510 (I •

SlEA"/ELtC / 11 b. .7'5 • 15 Ii!>. / 11(1 • .75 • 7'5 723. / ltv • • 75 .75 723 •
.co-.ri. Tuh"IhE / 20'0. .~o • 1 01 e&o2. / 20... .50 • 17 317. / 209 • .50 • 21 371 •
ulESEL I 4t>. .10 • IIV (I. I 4& • .10 .00 O. I 4&•. • 10 .00 O•

/ / i
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/ I /
AOO1TIOI~S / / I

"\'LI~O I - - - - / - - - - /

l>lCAM'E,L.EC . / - - - - I - - - - /

CO-lEl. TU~~ HIE' / - - - - / - - - - /

U'I OIESEL / - - - - / - - - - /

0 .~ .. / / I
U'I R{TIREMEI\.S I , ·1

'HOkO 1 - - · · I · - · . 1 .
"TtAI./t:LEC I - - - _.

/ · . · . I
l.(J'·lb. TuRtiI ..d' / - - · · 1 · . · - , 5. .00 • 00 o•
lJItSEL / . - · · 1 · - - - , - - - -

I I I

.~-~------------I 1 ,
·GRUSS RESOURCES' 3&5. 9851. I 5&5. 10]9•. / 360. .1094.

. , I I I
~A~ ~~S. ~4RGIN/ O.&~l 1 O.5&b I 0.4&1

I I I
. ICE.SEt<VE REQ.· I 55. , 518 • I 61.

I / ··1
LOSSES ~ U. 15.• I I·Z. 15. I 12•. 16.

I I /
I~e'i ",E;jIJlJ.QC-E& .' .~~9 • •7"." ~ 295 • 1024. I 28&. 1018.

I I /
lRA~l>FERED I O. I II. I o.

I I' I
I I I

SUlo/PLUS 1 16. 0. I 6i!. O. I 41. O.

PEat( •• ~EAK LOAlJ/(gNERA TIf';G CAPACI TY REIJUIRE~oEr ... TS (ME6&/1& TTS)
~PUF -- MAXIMUM PLA~T UTILIZATION FAC10R
APIIF .- AC1UAI. PlA.;jl ullLllATION FACTUI(
E,;EwGY -- Gt. Nt. IU T IO·... /.N.WAL E"EkGY ckEQUII(E,MEIHS(MILLlQNS OF KILOIiA TT-HO,;"S)
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.S&
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o.

5Z.
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1
1
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I
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I
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1,
I,
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.00 .00
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1
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1
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1
I
I
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1
1
1
1
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1
1
1
1
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U. '1,
1,
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------_.. ,.._._--
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1,
1
1
1SuRPLUS

TOTAL

RET1l<Er~eN. S
"'O~O
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----------~---,-I
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1
1
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1
1
1
1
I
1
1
1
1
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~

PEAK .- PEAl<. lOAO/-s.:t~RA T1NG CAPACITY kEQliIR£ME~TS (MEGAL'l' TTS)
~PUF -- MAX1~UM pl.~T OTTLIIAIIU.. FACTOR
APUF ... ACTllAl PLA··iI UTILIZATION .FACTOM
E.jENGr -- Gl:r~tHArlO'\.'....l'llJAL Ei~ENG'fiEQUIREMENTS(MILLIONS OF KIL01lAn.hQullS)
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0.523
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I
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I
I
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I
I
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I
I
I
I
I
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I
I

Ull. I
I
I
I
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I
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I
I
I
I
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•50
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.50
.10

.lS
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o•
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2i?
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,
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/
/
/

fl. /
725. /
<li&. /

o. /
I'

1149. I
I
/

- I
I
/

• I
I
I
I
I
/

u. /
I,

1149. I
I
I
I
/
I

U. I
I

lUc. I
I

I
I
I

O. /

___a_ea. , ._ /------ .--- ---- ._._--••

•~o
.7'5
.~4

•.UU

.vo.011

.~O

.75

.~U

.lll

1904-19S~ I l~a5-19&6 ~ l~86·1~87
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o.
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24.

&5.

i!58.

\/.
110..
20<1.
·qb.
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c?5~.

33&.

0~3110
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·COM". TlJR~ !tjE
Ol£SEL
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I
I
/
/
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/
/
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/
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/
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/

6NUS~ ~ESOuilCESI

/
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/
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I
lOSSES' /

.. ' /
NEl kESOURCE'S ./

./
lNAfol:iFEREO I

/
I

SuNPLllS /

--_·'··-_···..---1

--·--.----~ ..--~I

UIo
......

'~~AK-~ PEAK LOAD/&E~ERATJ~~CAP~~ilY kEQUIREMENTS(MEGAWA1TS)
MPlJF -- MA_IMUM PLANT UTiLIZAfluN FACTOR
APUF -- "CT~AL PL.NT UTILIZ.TIO. FACTOR
E~ERGY -- .GENtW.1Ju~/A"~UAL E~£RGY RE~UlkEMEN1S(MlLLIO~SOF KJLOWATT-hOU~S)



bE A: A'.ChO,,".E
,,~c~n~abE C~St: .~ -- ~EOlu~ LOID 6~O~T"
J"'ltJIJ lr fEAa: l""~.
~OTtS:~UV. 3u. 1978 ., u.S.-1994.

C"ITICAL P E ic J 0 0
--------.-------------------------------------------------------------_._--------~-_.-...
1 1",07-a 98e 1 1988-1989 1 19~9-1990

1 I'EAI\ ";PuF "'P;JF [,.EIfGy I'PEAK :"PuF· APuF E...ERGy 1 Pt;AK "PliF APuF [NERGY,------ ---- '._- _._._~_. ,------ ---- ---- -------- ,------ .-.- ---- .._....-
-.--------------1 1 1
..E"IJl~i"iEi.'S 1 11211. <198:'. 1 1192. 5J • .5. 1 lC&4. 5&41.

---~-----------i . I ,
w£lo(luRCEO) I I I

E.1;)TINb I I ,
HYUt<U I 134. .~u _50 5111. i 13Ci. .50 .50 510. , 134. .50 .50 510.
,:'TU·uELEC 1 lI'itl. • 75

__ 3
~1I13. 1 1043. .75 .58 .5254. I b4$ • .75 .bb 3145.

(;O~l!:l.TURtlll,E , tl55. • ;0 • ~4 1780. 1 855• .50 .i3 1&28. I 7'U. .!»" .1f• Ilch>'
ult.SEL I s. .15 .00 o. I 5. .15 .00 o. I 5. .15 .00 . o., I I
TOTAL I 1452. 4109. I Ib37. 539.5. I 1573. 5375.

I I I
ADDITJONS, I I I

"TuRU , . · - · I · · - - ,
STEA,"'ELEC I 20u. .75 .o?O 350. , · · · - I lOO. .75 .20 350.
co...~. TUR" II,E I - · - - I · · - - ,

VI DIESEL I . - - - I · · · - I
0 I I ICO

~ETJIlE. _NTS , I I
"TuRO I - · - - I · · - . I
SJEAMfLEC 1 15. .lJO ."'" u. I · · · . I
COMB. TUH~ It.E i - - - · , bll. ~OO .00 o. I -UlfSEL I - · - · I - - - - I

1 I ,
---------------/ I I
GROS~ HESOURCE&I llo31. 5060. I 1573. 5393. I 1773. 5U••

I I ,
LAP MES. MAQGIUI 0.4&2 I 0.310 I 0.403

I 1 I
io'E&f:RVE HEW. I 280. I 298. I 31.&.

I I I
LOSSES I 5b. 75. I 60. 80. I 63. '5.

I I I
'f T RESOUtfCE~ : 1301. 49&:::'. I tillt. 5313. I U ..... 5641.

I I I
THANSFfREo I II. I o. I O.

I I I
I I I

SuHPLUS I 181. O. I 24. O. I 130. O.

PEAK -- PeAk LOa~~GE~~~ATING CAPAC ITT HEQUIHEME~TS(MEGA~ATTS)

~'''"F -- ",a III MUM Il'iLhT UTILIZAJIO'" FACTOR

::~~G;- _:L~~~~R=~~~,~/~~~~~~A ~~~~G~AG~~~~JRE"'ENrS (MILLIONS OF KILO"'" TT-HOU~S)
,~.



A"'~A: FAIl<ttA""S
~'I~RA~~S C.5~: 2 -- ~EDlu~ LOA~ GRowl~

l.iC:HII~ ',b.N: 1<>4~.,

~OTE~:~uv. )6, 1~?e,./ u.S.-1~94.

CRITICAL P E H 100
--------------------_._-----------.----.~--~-----------._--,~--,~------_._._--------.__.--..
I
I PEA"

1-----
---------------1~EwUlkE~E~IS f JO~.

----·~----- ....----I
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22.

o.

,-

1437.

un.

u.
1105.

17l1.
o.

1459.

1437.

ENERGY--.-.

.75 .20

.50 .50

.75 .59
• Soil .10
.Iil .00

U89-199u
... DuF APoF

1&.

82.

~3.

o.

328.

IOU.

It.
2110.
20Q.

O.

419.

519.

421.

0.582

I
137&. I

I
I
I

O. I
1194. I

1711. I
O. I

I
1372. I

I
I
I

25. I
I
I
I
I
I

O. I
- I
O. I

I.
I

1397. I
I
I
I
I
I

21. I
I

137&. I
I
I
I
I

O. I

I
E~E!OIGf I PE .. K

-------- 1------

.75 .20

.00 .00

.lIO .00

.50 .50

.75 .&8

.50 .10

.10 .00

l"bb-lC/1l9
MPLIF "PlIF

O.

9.

14.

22.

II.

79.

1&.

u.
2111.
C!04.
22.

I
I PEh

1------I
I 314.
I
I
/
I
I
I
I
I
I 43&.
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I 419.
I
I 0.334
I '
I
I
I
I
I 325.
I
I
I
I

O. I

lO.

U15.

O.
1139.

19t>.
. u~

1335.

1335.

131 ~.

E;.£~Gf--------

.50, .5ii

.15 .,."t?
• Soli .11
.10 _"U

1907-1"'1111
Hl"uF "P,Jf'

o.

,.

IS.

75.

4&.

u••
21\1.
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22.

43t>.

43&.

14~.

0.452

/
I
I
I
I
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A001110...5
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STE.A,VELEC
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OI~SEL
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CO:·i~ • TUQt:l 1I.f
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I
I
I
I
I
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I
C"~ W,Es., "4"~GI1Ij1

I
I
I
I
I
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o
0()
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l'lf'lIf -- MAX1MII... f>L ....HUTILJl .. TJON F~CTOR

.. "lIF -- "CTU.LI"L"r4T uTILIZAl1();fl FAClOW
EI.E~G'f -- 'GI:Ni.Jl,Alio,./ANllUAL EI'oEkGY kEtiUlkEMENTS(MILLIONS IlF KILOWATT-t<OuR5)



• ..Eu'''C''''••bt
A••CH(Il....E CASt.; i! -- I'lEulu"l LU.II GWOllll.",
j~Tt~llt. ytAR: l~~l.
"'",Tc;S;r.uv. lO,l<;Ol8.' II.S.-199••

Cr.ITICAL P to: Ii 100

---~-----------------------.__._---_._._-~-------------------_._~_._-- .._----------_._---,
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.00
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.00

O.
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14.
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I,,,,
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I
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I
I
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I,,,,
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O. I
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I
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I
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9'1.1
I
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I

O. I -l3.
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ll0S.

o.
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.b8
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• 00

.20

.00

.00

.00
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.00
• 00
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41.
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I
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511i. I
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I
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I
I
I
I
I
I
I
I
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1
I
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I
I,
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•~u
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AuOUIO"S
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I
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I
•

---------------/
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A,;Ea: FAIiceAlllt(S
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Year

EXHIBIT C-3

USABLE CAPACITY SUMMARY

TABLE C-3-1 .

USABLE CAPACITY SUMMARY
(Dependable Capacity Only)

9411, Low?! 94, Med 94, High 96, Med

1994
1995
1996
1997
1998
1999
'2000
2001
2002
?003
2004
2005

NOTES: 1/
2/
*

0 27 99
214 265 533
533 680 680 160
680 680 680 476

*858 *950 *1,151 674
1,023 1,035 1,347 680
1,143' 1,231 *731
1,178 1,347 847
1,321 1,069
1,339 1,167
1,347 1,28i

1,347

Watana power-on-line and int~rconnection date.
Low, r1edium or High load forecast. .
Year of Devil Canyon power-on-line.

528



--------------------------------------~.

TABLE C-4-1

COAL-FIRED, FERC VALUES
BASE CASE AND FUEL ESCALATION TO POL

(B)
(A) Fuel
Base Escalated

Item of Cost Anchorage Fairbanks Case Jj "to 1994 @ 2%

Interest & Amortization, 110.77 X .80 = $ 88.62 99.64 X .20 =$19.93 $108.55 $108.55
Interim Replacements, Insurance,
, and Taxes 9.26 X .80 = 7.41 8.33 X .20 = 1.66 9.07 9.07

Annual Carrying Cost of Fuel
III

Inventory .91 X .80 = .73 .48k .20 = .10 .83 1.20
w .Fixed Operating Costs ' -. 14.69 X .80 = 11.75 16.29' X .20 = ' 3.26 15.01 15.01-0

Administrative & General 5.65 X .80 ::: 4.52 6~68 X .20 = 1.34 5.86 5.86
Transmission Cost 30.25 X .80 = 24.20 30.50 X .20 = 6.10 30.30 30.30

1,;

Total Capacity Cost ($/Kw) $137.23 $32.39 $169.62 $169.99
with Hydro Adjustment 186.58 186.99

Energy Fuel (mils/kWh) 11.00 X .8b ~ $' 8.80 8.40 X .20 = $ 1.68 $ 10.48 $ 14.39
Var·iable O&M , 1.64 X .80 = ,,1.31 1.82 X .20 = .37 1.68 1.68
Transmission Cost .65 X .80 = .52 .42 X .20 = .08 .60 .60

Total Energy Cost (mil/Kwh) $ 10.63 $ 2.13 $12.76 $ 16.67

-g
o
::E:
m
::c
<
:t:o m
r ><c: ::J:

m -OJ'
-n :t:o ......r

n nc: I
r ..j::o

==i-o:z
(I)

, .
11 Base case is a composite value based on the weighted average of. Anchorage and Fairbanks values.

The 80-20 proporti9n is derived from the relative ,future estimated electrical needs of Anchorage
and Fairbanks. "
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TABLE C-4-3



TABLEC-4-4

OIL-FIRED, FERC VALUES

(K) (L)
Fuel Escalation No Inflation,Item of Cost to 1994 No Escalation

Interest &Amortization 29.22 29.22
Interim Replacements,

Insurance &Taxes 2.55 2.55
Annual Carrying Cost

of Fuel Inventory 2.52 1. 75
UI

Fixed Operating CostsCo)..,
Administrative &General 2.98 2.98

'Transmission Cost 5.36 5.36
Total Capacity Cost ($/Kw) 42.63 41.86
with Hydro Adjustment 44.76 43.95

Energy Fuel 33.28 . 24.24
Variable O&M 1.70 1.7Q
Transmission Cost .98 .98
Total Energy Cost (mil/Kwh) 35.96 26.92
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TABLE C-4-6
OIL-FIRED, FERC VALUES, FUEL ESCALATION AFTER POL

(T) (U)
(S) With 3% With 5%

Without Inflation &2% Inflation &2%
Item of Cost Inflation Fuel Escalation Fuel Escalation

Interest &Amort1zation 29.22 S X 1.08 = 31.56 S X 1.15 = 33.60

Interim Replacements,
Insurance &Taxes 2.55 S X 1.34 = 3.42 S X. 1.64 = 4.18

Annual Carrying Cost
of Fuel Inventory
(2% Esc after POL) L X 1.32 ::; 2.31 SX1.34= 3.10 S X 1.64 ::; 3.79

UI
Fixed Operating CostsCo)

~

Administrative &General 2.98 S X 1.34 = 3.99 S X 1.64 = 4.89

Transmission Cost 5~36 5.36 5.36

Total Capacity Cost ($/Kw) 42.42 47.43 51.82

with Hydro Adjustment 44.54 49.80 54.41

Energy Fuel
(2% Esc after POL) L X 1. 32 = 32. 00 . S X 1.34 ::; 42.88 S X 1.64 = 52.48

Variable O&M 1.70 S X 1.34 = 2.28 S X 1.64 ::; 2.79

Transmission Cost .98 .98 .98

Total Energy Cost (mi l/Kwh) 34.68 46.14 56.25





UI
W
0.[

Cost. Item

Interest and Amortization

Operation and Maintenance

Replacement

Total

'TABLE C-4-8

HYDROPOWER COSTS WITH INFLATION
($1,000)

No Inflation 3% Inflation 5% Inflation---
216,671 X 1 =216,671 X 1 = 216,671

2,890 X 1.34 = 3,873 X 1. 64 = 4,740

430 X 1. 34 = 576 X 1.64 = 705

219,991 221,120 222,116
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J272.4 41755.9 785.0 42a.l 5411.7 50.4 183000.1
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4~2.9 1:o2~q.1 0.0
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CAPACITY ENE~GY SECO~DARY I~rE~EST

1 .03.95· 26.92_ 2&.92 D.Q6875

SYSTE~ DF DEVELOPMENT'lEIj SUTE" ... ----.--------

_ l:)_Ij,._~L't~[l._AL T.~..'!ATHL-

..E., SYSTE14
._.. ..._ - _ __ _ .. _ _.. .·_0__ '.-.· • .•_ _ , ~ _

.._--_.._.- .~_ .... ' ..__.....__... __._----..-.. _._._' _.... _•.. _._,._... _.-

" •. ;'~·.'~ ..,d,~,~



ft'T~.' 'LO~E • OIL.

(~., )

IQqU 0.9357 ~27.0

11q5 0.~755 2b5.0
191& 0.~192 &~O.O

----i-QQ-7----o.fi.-bS---b-!.0-;O----

DfH::SE'.T
"'JQT~ "A~~ETA9LE

----YEA,;---"ACW"·- --C-''''"cJT'

~ ~::SEI\ T
.. 'r" C'~

C:':CITv

( ...)
25.3

232.0
;,;; 7.0
521.2

~AP~ETAHLE P~E5E~T Fl;;"! "AR!(ETA~ E P~E5E~T SECO~DARY hTERRUP
CA;>AC [TV FIR" --lliJl:T~ FIQ~ E'.EQGY 5~CO'IC -'1' ...O'lr-t 5E:: E~~":;Y C":>ACITY TOUL
"['ifF ITS E"ERGY E~E~GY 5E',!:F"I TS l:.'iEi>uy I:.i'iEq~y 9~ .. E:F"I TS BE'IEFI TS--lfE'4EFTiS-

.-.---.- ......".- .-.-.-.- .-.-..-- -------- .-._..... --.- ..... .......- ........
(HOllO) (Ii,.;rl) (GMf) ('1000) (Go\rl) (G,,") (1000) CSIOOO) (stOOO)

II 1I) .3 29'17.0 2!/Iu.2 75"6Q~J o•., 0./1 0.0 0.0 71>599.7
1019c.S 3056.0 2&77.2 721171.0 3cH.0 31&7.0 935&.5 0.0 911>24.0
211Uj\I.e 305a.O 2505.0 b7"3<l.1OI

_0 ••
3Q7.0 325'.'2 8754.0 18.0 1001>89.0

,2291)&.7 305'l~0 23 11 3.9;- b309h.9 397.'0 30'1.3 8191.5 1291>.9 951192.0
58095.2 Z76G92.o. 21>302.0 131 11.9 3&111104.7

___________• .~__._.__ 4 .~

1883l.5 1386027.5
201117.11 1751032.1

1380.9 120539.69998.9

111'19117.1
.11152119.1>

IlOl!.';397.0

82215.b

311035.0 91&2Z2.0
\ t94311l.1

3058.03321>25.8
391321.0

lI>938.l·0.0&88 AVA~~ BE'4EFI1S =CIlF=

--'--llrQ~------~--- .-.~---.

20q~ 11.1298 b'lU.O 7~1>8.3

PRESE~T 1l0QTH ijENEFITS

._- ----_._------_._---j-_.- .

UI.c.
0()

CAPACITY VALUE = 43.95~~O~/KN.Y~

E~ERGY ~ALUE = 20.92000~ILLS/K~~

SECIl'j()4~Y ~ALUE= ?0.920I)OY,ILLS/K ... ~
~_E~J.E RE S_t5!:tE ; __0_..l!.~.~.u . . . _
1

CAP~CITY E~EQGY SEC1,DARY I~lEqEST

\ H.95 lo.92 26.92 0.00875
1._ _.... _._

SYSTE~ JF OEYELQPMENT
·'IEw SVSTE'-l

-~~A-TA:~A -A"Lu'-N-E-.-!J.,-l-L---'-----'--------
~EW SYSTE" _

CAPACITY ENERGY SECO~DA~Y TOTALS···POWER VALUES & INTEREST

----------.---- -----20-938;"---8-221b.---99-ii-q;-i"2-0511 O.

_. • 0·,__ .". .0._ •.•••, •••••• _. • •

- -_._ __ _._.- -_..._- _.._.- - .__ ._------_ ..

.__ .- - ..• -- _.. ,-" .. ---_._ __._ -

----_.....,-----._---_.----------------



_._- --- -, .._---,._-- ._._-_._._---. __... ~ ..-'-.._..__ .-._... _-_._.-.'_._---_ ... _-~ ....__ .__ ..__._---"._----- ._.-

8ASE :\S~ ftlT~ 3% I~FLATION

PQESf"jf
AJ~r~ ¥AR(Er4'~E

, ---yEA-~--F..CTO;C--t4PA::ITY

P~~SE~T ~AQ~Er~~LE ~RESE'T FIQ~ ¥AR~ETA~LE P~ESE'T SECO~DARY I~'ERq~~
~r_ -~ OF ~APACIT, FI~~ ~~~T~ FIR¥ E~EPGY S~CO~~AR' ftu~r~ ~EC E~E~GY CAPACITY TOTAL
C4-':ITY"E."'E.FITS i::-"Ei<GY' E\ENGY' '-- 6£,~EFITS E.~.Eo(G'-·--· E'.t:'iGy iiE';HIfS· -9E'II::FITS--Sl;.EFIfs.-.._-.. •....... ......-. ... ---_. .__..... .---.... _..-.-.. .-.....- •....... --...... ---_.-.. .._..... .---_...

(".'0) (-.) Ul0('0) (G,,'l) (Go,,) ($1<)00) (Gil") (G""i) ('1000) (51000) (510aO)
19~~ (l.~357 27.0 ~5.3 52~~.7 2Q97.0 2900.2 q73~3.1 0.0 0.0 0.0 0.0 52611.8
19~5 0.~755 2b5.0 ?~2.0 q~200.9 3056.02677.2 q5218.0 397.0 3~7.6 5870.4 0.0 99289.7
t99b (l.~192 ~60.0 ~,'.0 115729.1 305h.0 2505.0 42309.b 397.0 325.2 5092.8 , 0.0 Ib3531.0

----I qli7--0-~1'->b-5----6-'6.-0----:: ,; 1. c!- -i o!!Z13<i • ..,-- '-3I)o;6~-0----23<i ~~-9-- ---3956 t ~-q-------397 ;0-- ---3-0"-'-3 -----5n9~·4--- -0 ~-01530Ti;"9
19qD 0.7172 950.0 t'I.3 Iq15q6.4 b057.0 0343.9 73366.0 397.0 264.7 4601.8 0.0 219725.2
19H 0.,->710 lO'\5.0 ,. '''.5 100293.1 b057.040h4.4 b8bU8.0 78';.0 52&.688:<17.0 0.0 221836.5
20JP ~~.bi7q 1231.~ 77i.q !b057~.~ &~~7.0 3~03.0 64232.4 7135.C ,4q2.9 ~324.7 0.0 233135.5
2001 6.5~7~ 13u7.G il1.3 Ib4Uo7.!' &057.0' 3';S6.3 60100.S 765.0 4bl.2 7789.2 61.0 232357.8
.!OOZ O.S~cH 1307.0 , 7.0.u 1';3831.2 bo57.0 332<1.4 5&230.4 76-5.0 03t.5 72813.1 10lGb.9 227460.6---.----- ----.--~-.,---------- ---- Touifzl.r -------------------jf970b"2;7-----·------- -----53b,-<)~-3--IOI6!l.(j--ib02jf6-i;r

UI
UI
o

2003
-----·-20'l~----7;(1766----n4t;6---Tc7'lii~_S_--22322"'7T~r-&o!)'i-;o-----4il3rlj-.[-ni>n2i~"4--n5;(I--62-6T;6-10S''7iSe;-Cf-nib-b-IJl";fJro-o17!.T"

PilESE'H h')I<T .. BEI,EFITS 3274]<13.0 1313090.1 15931>9.2 15b831.74<103b811.0

__.0.97.0.8
__________-'-- -_1_0_7_9_6Y! _ H 7565::_

__. ~9_039,2. !L.. . __._ __ _ __ 225/l 11 <!.5. _CRF=0.0688 AV AN'l_BE'IIEFP_S =

• •••__ •• •__• ._. .. _ •• _ ••••. - __•• . ._ •• ,_.,'". ..... 0 __._•••- ._••__ • __ .• _

CA?ACITY V.L~E 207.76000f./(1-YR
E~ERGY VALUE 16.89000~ILLS/K~H

SECU~~A~V VALUE 1,->.d9000~ILLS/~fiH
- INTEREST RATE - G.06875 - ,--.------
1

- CAPACfi'-''--E""~~GY--SECO'lDARY It.lTE"1EST
t 2~7.7b 1".R9 I/),R<I. ~.Ob1l75 . .. _. __'_ . _

,SYSTE"1 OF DEVELOP~V(L . ----------------- _
>fEll! SYSTE"!

,--.!!!.5.LG.A.S;....!!U!Ll,LI.!if.h.nIo.~'--_~ ..,. -,--_
~E ... SYSTE"1

__CAf>AC; II'!' ENERGY SECONDARL_r_oIAI,.S-~ ..POl'4ER V_AL_\lES '_I_III rEREsI

2l5/l.().~.q.z..L-lOq7lo._-ll1~ _

---- ,._, ._.-.- ,- -'---'''' _.__..- ._- .._--.-... , ... -----_._- --'" ,.._-_ .

._----_.-. _..._....- --._---- •....__.
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I
BASE :'SE -IT" 5l l~FLATIO~

PQES(~T P~:!E T~ ~AR~ETAaLE PRESENT FIQM ~AQKETABLE

hJ~T~ wAQ~ETA~LE ~,.-~ F CAPACITY Flp~ ~OQT~ FjQ~ E~(PG' SECO~0Ac,
-----yE-':i --FACTOl;-' -tip.\C"1 ,,- - 'cA" "C I Y- ·"'E '.f.F" nS'- EI.ERGY -. E"ERGY'" - !'IE-,En 15 EI.t.;;l,; 1 -.

P~ESE~T SEC3~DARY

~ORT~ SEC E~E~r,y

ENfQ~Y BE~tFITS

I\lTE~QJP

C4 P 4ClfY TOTAL
BE liE FIT S"--13E ',E,,'fnr

.-.----- --.-...- .-_..... --...--- -_.._--- ---.__.- ._._-_.- -----_.- -------- ~....-.._._-._.. ._...._. .-...._-
(""')

'19'l~ O.H';7 27.0
1995 0.A755 205.0
19'1b 0."'1'12 0/10.0
19'17-- '0.7605 6"0.0
19'1~ 0.7172 9';0.0
19qq 0.&71.) 1035.0
200~ . 0.b279 1231.0
2001 .. 0.SIl 75 13'17 .• 0
2002 0.50197 '1347.0

(. ,) (S!(lOl) (10 ... 1'1) «(;hH) ('1000) (10 ..... ) (G"Jo1) ($1000) (Uf)I)/) (S1000)
25.3 5715.3 2997.0 2904.2 5702&.5 0.0 0.0 0.0 0.0 03339.8

?j2.o 52407.5 3058.0 2b77.2 55017.0 397.) 347.6 7142.5 0.0 114627.0
~~7.0 125972.9 305~.0 2505.0 Si477.9 397.0 325.2 6&~3.0 0.0 184133.8
"21.2 1171!&9.~ 30<;9.0 - 2343.9 4816b~5·-·--3cH.J-----31)1.-.-3---b2·B;C------0~0-·172289;o_

~Ml.3 154077.0 b057.0 4343.9 e92bb.b 397.) 26~.7 5950.9 0.0 249195.1
ft~~.5 1~700S~3 &057~0 aO&4~~ 83524.3 7!5.D 5i6~5 10824.9 0.0 2~1414.5

772.9 174792.1 &057.0 3~03.0 751S1.Q 7~5.' a92.9 10128.b 0.0 263072.0
7"'.3 '1189<;9.7 0057.0 -SS58.3 73124.1 785.~ 4&1.2 9477.0 b&.ll 2&1027.2
7JO.4 107~47rb &057.0 3329.a b8Q20.2 7~5.~ 431.5 '~b7.. 11001.& 2<;573&.8

-.---.----....--------.. -...- ---tn436S~T---·_··--------------·-1I01l7T4_;3------·__r-- .. -- bS227;5'-·-'110"!!".0 1815'Q35";r

CRF.=. . .. 0.P&88 AV 4"'~. IlE;\iEFITS = _ .295358 •.5_.. __._

755.0
Ul
Ul-

2003
209" .7.91~b' 13Q7.0

P~ESEIH N3QTH BEIIIEF I.U!
10744.5 2Q298&2.5

3564227.5
b057.0 48314.2 9925S7.5

1597&31 .• 8._.

__1 0_997.~. 7 _. __ .__ .

62&1.& J28676.4 1596Q~~8 37110112.2
193903.9 170713.6 552&477.3

133.48.2 .. 11751 •.8 3801138.1.

'. 1

.__.-_..-------_.":--. - -_...-...-.....-..._---_.._- ... --~.-_._--_. --_.- --_.

C4PACITJ V4LUE 22b.15000$/K~.YR

E~ERGY VALUE 20.55000~ILLS/K~H
SECO~04~Y VALUE 20.55000~ILLS/K~H

INTEREST R4TE 0.06675' - .
.1.. .~. . . . _

CAPACITY t.NERGY SECONDARY INTE~EST

I 22&.15 20.55. _.. 20.55 Ill. 0.&875

.,_._.0 ... . .. _.. "... .__.. ..__.._.__ ... ,..0_.".

-"._. -_.,...._.. __ .-...._"--_ .._-
SYSTEM OF OHELOP'lENT. . . CAPACITY ENERGY SECONDAQX _TOI.AL~···eOWER VAt.UES_~_J~JE_R~S.l

~Ew SYSTE~' ...----.-.--------------.--.------.--. ----------.------...--- _ ........ - . -- .' . ... ~

._~~g_ .~~A.SL!I!..P!2.~ INFLAtION 2453~.!h_l099_~Q.._l__~_~ .._Jlt0Il35J, _
''4Ei'! S'fS TEll

.. -----_.._-_.._.._ .._-- -------_...•--._. -
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.. -_..--,------ ---,-,-------.. -_.__._--_._------------------_.._-,_..__. --~-_ .._---_._..,_. __ ._-",,-,_ ..• _-_ ... _-, -_._."-
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8'5c-CAn~ 21 ESCALATION

...---.-.._-----~----_. ._...._---_ ..-..._. ------ _.. -.. _. -_._.

PRESENT PRESE~T MARKETABLE PRESENT
"OkTH-"rAHKETA8LE-wOIHH 01' CAPACITY I'IQM "ORr" 1'11111

YEAR FACTOR CAPACITY CAPACITY BE~tFITS ENERGV ENERGY

FIR" MARKETABLE
E~ERGV SECONOARY
BE~IEFITS ENERGY-----------

PR~~ENT SECONDARV
"ORTH S~C ~~fRGY

ENERGV BENEFITS

II'HERRUF
CAPACITY

5EIliEFITS----
TorAL

Bfll;EF iTS

"

"

(Mi't) (foI\l) (S1000) (G ..H) ·lr,\'IIo') (SIOOO) lG;o,H) lGw'lH) ($1000) Ul000) (SIOO~)
19lf4:--1f.~3'S1----27.0~----~5:)-- 4734.&-----2'1'17 :O----2&04:c--5Cl&45.b------ 0.0 ---- U.O - --- 0.0--- -- -0.0 &103/1;,.1
1'l95 0.8755 265.0 232.0 43479.7 3058.0 2&77.2 56'144.& 3Cl7.0 - 347.& 73'12.7 O.i) 107il17.1

,,---;194';- --O:f.l'12 -- - -&80."----557 •.0 ---iOIl3'13.5----3056:-0 ---C505.'P-----5328l".S------ 3Q7.1i -----)25.2 - -- &'117 .2----- -0.0 1&.G5'l2.2
1'1'17 0.7&b5 680.0 521.2 '17&7&.1 3058.0 2343.9 4'1854.1 397.0 304.3 6472.2 0.0 154UOa ••

" 19'18 n.7172 950.0 &81.3-----:rc7b1J-3.8 6051.0 434.3.9 923'14.1 3'l1.o 284.1 6055.'1 0.O---C?26133.S-~-
_ l'1Cl9 0.6710 1035.0 6Cl4.5 130159.& 6057.0 40~4.4 8&450.7 78S.0 52&.8 11204.2 0.0 227814.5

"---200If--- - () :&27.9-:-- -12'31-:-0 ---'17 2:'l- -- 1448I1Cl.o--'--60S'-'-O---3a"ll3 ~if-- -- 80889.5-- -- -·785.0----------4'12". Q---10483. 5 -- - O. C' 23&??~.8

~ 2001 0.~875 13117.0 7ClI.3 148303.5 6057.0 3558.3 7~&8&.1 78~.0 G~1.2 Q809.1 55.0 ~33e5~.7
" 2002 0.5497 1347.0 74u.4 13&1&3.5 6057.0 - -- 3329.11- 70817.4 --185.0 -431:5 Cl118.1 911.7.0 22787~.'l

94004&.0 &25963.5· &7512.8 917"2.·0 1642t>c;4. G

..

"

"
UI
UI
~

: : <l--------2l1(l3 -
• 209~ 7.97bb 1347.0
~Rrrrnl<'rFitlt:NFFTTS---

107411.5 2013&21.6 6057.0 48314.2 10i7643.1 - 185.0 6261.& 133184.8 132298.1 330~74~.3
2Q53667.6· i653601.3 2006QI.6 14!ll"TU"";rZlll4Q4112.r;--

CRF= 0.0688 AV ANN BENEFITS = 203328.0 113833.0 -13il1s:Q Q738.7 34071~.~

--·----CiPACfT-'j" "ENERGTSEctiNOARY INiERRUPTAbLrroi ALS

203328. li3833;--13al&.----(j73q-.------------31i07T&-~··

CAPACITY ENERGY SECONDARY INTEREST
" 1 11l7.41 21.27 21.27 0.06875 --------

\.. 1) __1__.. .. ... ,...;'- ..., .. _ .. . .. '.. _
g SYSTE~ OF UEVELDPMENT
,,_NEW_S_!.~.T_~_._ ___
~ BASE CASE WITH 2% ESCALATION
" NEw SVS':'EM
~

~ --------------- --~------------
10

,,----_ ....- ------- ._--..,-----,----------,---_ .. _.__ ._----- ._--------_._-.._-----_.. -----_._..

"
,,--------~-------------'--------------------------------------------'------_...
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II

---------..-··---···-T·
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10

------------ _.
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"-'-~ --"' ~_---""'.'.: ,.. c-r= - . '" . . _

---_.-'-'._'-- .......... _--_._- ..-.._...- --_.-

8ASE CASE WITk 2% ESCAIoAf ION AND 31 n,FLA Tllm-

----_._-.__ . -_...._,-_.-----_.-..,--._--_.-

r~iA._

FtJ ~FlTS

( <; 1 'j I; ~)
~41~~~.O

1 ~ iI 0; ~'J •Ii
1"1'>37\).1
le!7'!.,.i
27~2t\S.(,

27(Jq(~Le • .7
;. "=' ;;;';'-'0. 7

tf. I~' f t .. I.J .' 3
27IJ~e."

1'17Q4~I.Q

PRESENT PRESE~T ~ARKETABIoEPRESENT FIR~ MARKETAPIo€ PRESENT SECO~DA~y I~TERRU~

-'- wD~Trt'··iURi(EfABL:E"-··ilOpfHOF CApiCtT'r- FlpMilORTH FIR" Efo;E,cGY ·seCONDAPY. ioORTH'SEC ENEIlGY'" CAPACtTY
YEAR nCTO~·CAPAClTY CAPACITY BENEFITS ENE~'G.y ENERGYB~~EF'ITS ENERGY . ENERGY 6H'EF!!~._~!tE!.n!'-------- ----.--- .----.-- _.------ ...._---- -------- -------- -------- ------.- --------- -------- .----.--

(:.l~) (~f\\) (SlOOO) (GwH) (G\';") (SI00U) (G.... ) ti;~",) (51110U) (SI00',»
lClClIj-"·--O.9357--'--·-· 21.6 -.. 25.3 5273.4'-" 2,.'H.o-·2604.2 7'135'1.2 .. V.·ll 0.0 o.if o.n

_ 1'1'15 0.8755 2&5.0 232.0' 48426.3 3058.0 2&77.2 7~7&5.5 3'17.0 347.& '1&3b.l 0.0
--._-.--1996·:--0-.6192-·--· 1080.0'- 557.0 116275.0 3058.0'" 2505.0 708 th.t·-- 3'17.0 325.2' '1203.4 0.11
.' 1'197 . 0.7&"5 bIlO.O, 5'<'1.21087'15.3 3058.0 2343.'1 66331.4 31l7.0 304.3 86t1.4 0.0

1998 O. 7172 1150.0 ti1lr:T11jC!21b~lP57.0 43l1T;1J-f2.2'Hf·.6 3,.7 .Oll!1l~-'lO~7;q-.-... -- \l.v
lCj'l'l 0.1>710 1035.0 &1l4.5 U'l'171.·7 &057~0 '10&4.4 11':0?3 .. 7 7 A5.0 5<'&.6 111'107.3 Q.IJ

"2UOO 0~&279 1231.0 . 772.9 IbI335.~ b057.0·· 3B03.0 107b2q~~. 7AS~O. 4'12~Cj 131l1l1.4 o.n
'i!OOI 0.~l\75 134'7.0 7'11.3 1&511.'i!.& &057.0 351;11.3 lU('701.3' HI~.O 1I&1.,! 13u';I.1 61.3
'200~ O.54'l7"-·134T.O··--·740~4 15455b.8"· "6057.0 ---. '33?Q.4 Q4223.4 ""7115 .. 0 431.5 12211.6 IOISII.e

___--'-~ ."_'_ 1::..:0:...1I:_7037. 0 8~~.!~2. 3 .. .~~..2_b_._7__...1021 'j. q

.. - -_ ....._._._._-_._---"-_...-_.---- _... ,---------- •..__.,-- -_._-------_ ..._-_...•

Ul
Ul
Co)

2003-- -'
20'111 7.'17b&

PRESENT"~ORTH ~ENEFITS

1347.0 10744.5 2242801.2
32119836.2

&057.0 48314.2 13&72'12.8
. 22001A5.1

785.0 62(,1.& ,;H7204.0
2b7030.7

1473'j5.~ 3q34n~3.o

1~7571.~ SqI4~b~.~

CRF: O~ 0&8-8--4'" -ANNBE(ijEFTfS=--'''''2-i&lIb9~7 1511.-5-&:'2----··-------·-·-·· 'i:8382~2 10e1l7.1 ",,71 ~.,.?

C~PACITY VALUE : 208~74000S/KW-YR

ENEPGY.VALUE = 28.3000IlMllolS/I<\'iH
-'SECOND ARy'iiiiJjE:'-' 28 ~30iloOMiIoLSiK'WH'---'-

!NTEREST RATE = 0.0&875
1

---._._----_. .._---'-._---_._----_.- "- -----' --.--_.._-_._...._-_.

CAPACITy ENERGY SECONDARY' IrITERESi-T;;-:;;;--__-'-- -:--_--'- --'_-:--~-

1 208.74 28.30 28.3~ 0.0&875
1

---s·ys·tEIi·tji=·-OEi,iElilp;.;EN'f--~---..-----·----·---------·--------------CA·PAfi'TY·fNEi'<GY·SECoNDArf·(-XNTER·RiipTABlF. TOTALS
NE" SySTEM .

BASE-EA·~fE- WlTH-2i ESC ALA HON AND 3:11 INFlA HON 226-470~r4S~T8382·.-Toijlrr:----... 407155.
NEw SYSTEM .

----_.----- ..._.._--_....._---- _._-- ._.- ---_.-._.- --- ._--_._------ --...... ---_._--- _.__._ .. ---_.- ."-,._-,.. _-_.__ .- _ -.' . __ .

--_..._-_...._-------_. ------------_ ..._.. -------------_.- -_.. -. _.._--.- ,"--,"._-,._---

___ ---0'''-'---'---- ..__ . __.." ,_. . . ..__.. __., . .__ ., ._.__..... _... ..... "_.- .....,.'--_." ...._.... _._..__....

~----~----------------------------------------- ---_..._.._._.



._-_._----_ .. _._...._~ ..__ ..-

BASE CASE wITH 2 X ESCALATIO~ AND 51 INfLATION

INTERRI:P
CAPACITy TI"l AL

BENEFITS eE~~FITS
--' -------- -------- -------- -~------ --------~

PRESENT PRESENT MARKETABLE PRESENT FI~~ MARKETABLE PRESENT SECONOARY
wO~TH M~~~ETA~LE WOkTh OF CAPActrf FIRM wORTH FJ~~' ENE~GY ·sECDNQARY ftORT~ SEC E~EPGY

. YEAIi FAC TOR CAPAC ITY CAPAC ITY SENfF ITS ENEQGY., . ENERGy 8ENEFt~~~E:RG!_~~~~~~!F ITS-------- -------- ---_.._- -------- -------- -------- -------- -------- -------- -------- -------- -------- --------
O~\'I) 0·111) (51060) (G~,H) (Gw"') (S100U) (Gil"') (Gil"') (SnOO) ($1000) (Sl "00)

fCf·Hi---··()-:'93~;r·--'i!7·.O·--·-25~ 3-'- 5747. 4---2~C17.0"-' 2lioil~C!"" 9&745.3 .-.--- . 0.0-'-" - 0 '-0'- ... ... ,j.O··-·- ..- 0.0 1':?"~2.1>
1995 0.8755 265.0 232.0 527~0.7 3058.0 2&77.2 923&4.3 397.0 347.b 11991.1 0.0 157:~~.1

----t99El··--·0.819i! _. El80.0·-~·-'·S57.0-12El724.9 3058.0-'" 2505.0 8&1122.8 ... 397.0 ·--)i!5.2" '11219.7 - ... '.1.0 22>l3d ...
_~9970.7&~5 &80.0 521.2 118573.0 305d.0 2343.9 en&63.4 ,397.0 304.3 101198.0 0.0 2Uq~3>l.1I

1,,<18 0.7172 '150.0 &81.3 15il<)Cl7.4 6ii'iT:o 4343.'1 14'1ii63.b3qt:"~6'·11.7 '1622.7 ·Ci·~o-3i4b83.b
1~99 0.&710 10~5.0 &911~5 1580U2.9 b057.0 40&4.4 1110223.2 785.0 52b.8 18173.2 0.0 !16!CQ.l

--20.00- - - O. &27'l '-1231.0-'-'- 77 2.-q-:--175~35.5--':1>057. 0---'3603. O' B 1203.0'~-1il5. b' - ..... Qlli!. 9- 17u04.2 11.0 3<'''''''2.7
20'01 0.5875 1347.0 7'11.3 Ui01l28.0 6057.0 3558.31227&3.0 :785.0 4&1.2 15910.3 1:>1:>.8 ~1671-r..2
:1002 .' 0.'51197 1347,.0 7110.11 1'0811'17.2 bU57.1l 332".4 11466&.0 '71'5.0 . 431.5' 1"68b." 11ll,,7.2 3uQ""7.3

11 11113&." 1 III S31.~. 109.~0~~__!.lX!4. 1 2;>71 v'1 1.1-

UI
UI
~

'2003
?O1l4 7.q7~6 1$47.0 107114.'3 24443&7.&

.. PRESENT WORTH BENFFITS ...... ------·-·~5ii'5S(l'4:4
60'37.0 118314.2 1&&&841.0 78S.0 &2&1.& 21602&.1 I&QS4~~~ 4"87~~3.5

i!68'2"fS'S.6 325532.1 J7IT3;>;·B-67&1l'1;>'5.u

CI.t. o.o~n" A~ ANN ~kNL'tT' B i!4"II"J.~ 10"&37.11 i!;>""'1.4 11~~· •• q qL~fl~l.H

CAPACITY VALUE =
ENERGY VALUr 
~H CllNIlAIlY VALllr.-

INlfl'l :.T Ij~H ::
1

227.50000"S,·KW-YR
311.~OOOOMJLLS/KWH

J4.SUOOOMILLS/KWH
11.(11)117"

' -~. - '. -"-' .._-- .

CAPACITY ENERGY SECONDARY INTE~lS~T~~~_~~~~~~~~~~~~~~~_~~~~~~~~_~ __~~_.
1 227.50 311.50 311.50 0~OEl875

CAPAciTrENEifGYSECO~DARY'lNTERRUPTABLE--tOTALS

'---~~-----~21i6823.-18463r.-·2~-41i~il2~-- ----"i'-65&'12.··

1'-sys:,'e;;i "OF OEVELO"MEfif--·---·----..-----.- .-----.-,
NEw SYSTEM

-BASCc-A·SC~nH-2--xE-5CALATiON AND 5xiNFLATloN
NEw SYSTEM

. ---------.._----"-.

-------_._.__._-_ _.- --- "--'-'" .

~>" ..;~.';:"""L".i.i:~':'''",,ii;;j;:::'';;J;,;~~ili~



QIL F~~ED ~ITH 3'-I~FLATIJ~

PNESE IT- P"~S~"T "ARKEU6LEP,"ESEOIT FIPU _"'AR!\~TAt'LE pqESE\lT 5ECJ~f)a.RY I .. TEll;luP
'PT'" "!AIl'<£T.A:OLE ,,::~ .'., C)~ CAPACITY FIll'! - "'O~T"_ FII('" E"EIlr,y SECO'd)A~Y h01'T-I SEC EfiERGY C'''ACHY TOTAL

- ---YTA~--·F.\CTjP.-·--CAP4CiTY-- CAP:-cnY --&E,'<EF IT~f --E'<E~GY- . - e'-"lfRGY- --- -BE-,EF r"fs E/',ud;y· -- E';~'lGv . BE 'IEF its- ·f.!E'IEFI T5·· ---·BEr~Ents
_ -.~ .•...... --...... .-._---- -_._--.- -----... -------- -_.-.--- ._.---.. .-.--_.. -------- - .-------

("'h) ("~) (~IOIjO) (r.",,) (G"H) - (SIOOO) (G"H) (1;,.,;) (UOOO) (S1000) (HOOO)
19q~ 0.HS7 27.0 25.3 123~.1 2997.0 2801l.2 10fl635.1 0.0 0.0 0.0 ('1.0 1098n.3
19~5 0.~755 ?&5~0 232.~ 11370.5 3056.0 2&77.2 10~71S.8 397.0 3117.& 134b4.7 0.0 128551.0
19q~. O.~192 bSD.n ~~7.02730~.2 30S~.O 2505.0 970~•• 0 397.0 325.2 12596.6 0.0 13&9112.8

- ----rc~1f1:---o~..,i,b-5--·i)80-~·0----';>.21.-r----i55i1ij .-(---3,,5<1.0-·- 23113.Q·--·-9080(~4---397~o ---3nll~·3 --rr7e8-~1- -_·O~·O- --128133.-&-
19q~ 0.7172 9S~.0 b61.3 33390.9 &057.0 Q3113.9 1&62~1.& 397.0 28Q.7 11029.8 0.0 212702.3
19~9 0.D710 _103S.0 b'''''l.';> 311038.3-- b057.0 QObll.4 157aS&.4I 7il5.0' 5?~.~ 20aO&.7 0-.0 211"01.5
20~J 0."279 1231.0 77_2.9 371'!rlO.0 b057.0 3803.0 11I73n.7 7~!>.0 1l'l2.9 190941.0 0.0 204301.&
20d1 O.S~75 13Q7.0 7~1.3 le7~3.2&057.o 3556.3 1378S0.~ 78S.0- 4&1.2 17dbS.7_ 1_.1I 19a513.7
2002 n.5~97 1347.0 7~O.4 3&26&.3 &057.0 3~29.Q 126982.9 785.0 1I31.5 lb71&.5 23e~.2 184371.9

---------------------·--------------·2I1SA33-~S-------------.--- -- ---·---iI40095~3------------_·-----··- .--- 122'1oLj.F-·~ '2H8;-6··T5H2~f~"

tiM

2003
20Q4 7.97&& 13117.0 _107-4.5 52&58&~&

pqESE~T "ORT~ ijE~f.FITS 7721l20.1

. 20.7.329.0 __ ._. __ __

311597.& 2&751153.0
3099&.2 4I18&7all.5

VI
VI
VI

____ . CRF= O.Obal'! AV A~~8E~EFITS = 53172.8 _

&057.0 1183111.2 1871&93.11
3011768._7_

785.0 &2&1.& 242575.11
3&5539.&

. 251&3.4 2511&.8 286212.0

4I9.01000S/~~·'(R

38~7acioO~ILL5/~~H
3A.711000~1~L5/~~H

0.0&675

CAPA.CITYENE:FlGY SECONDARYTOTAL5·.~POi'lER VALUES_. &. INTERESJ

------._----------- .-------
CAPACIHVALIJE
1:,.~'lGY VAL'J£
SI:CO~i)ARY VALUE
INTEREST run

1
--c~pici-iy-Tr~ERify--S-EcQii6ARYlNTfRe-sT

, _ 1 n.n ~~.711 38.7a 0\._116875
- 1

SY5TI:~ JF DEVELOPMENT-NE'" SY5T£"1 -. ------- ...---- --- ------------.-.---.--------..------.----.. ---.---.--

_qtL_-"-IJ~EL~FH 3~_ INFLATION _ _----ntU..__~Ql~29. ~_H~J..• ....?8_8_?J...? __L. ~-
"4Et'/SYST£'l

:~ ~- --~,- __. -._--------, .-'- . _ _.~ - ._-~'- _ _-;--. __ ..- _._.
:~ :5 _".
:-----
;'.

": -_.

____...•. 0_- ._. ,...._0•••--:- ••._. __._ •• __•••• .0__ ,.

,-,---,,-_.-_.__ .- ..-" --_..

-._-----_._- -_._--- --'-"---'--'

-_._.....- ~.- ... -_. .- .._. _.... ~_._.__ ..• __ ...-



-c_........:_:.. ~"""""""""~.c;7";'"'-=_~.~~.--:-=~.--:-":..::=~.: ...::::~: .. _

._----_ .._._-_._----_. ---
JIL F:R~D rIT~ S~ I\FLATIO~

-"'--,'-- :::;;,.~..o,;::_:::::;;::;"::;:=;-;"~-~'<"""""-"'~C~-:_~07""-·~=':.:':"=2..:..~~j:",~~-~;:,, "·:.:--o·C~",,,"_"-'7;=~ ... ~ __ _~:.c-- ..--,~

I>IlE5E',T
~l~T~ uA~~ETA5L!

---.- Y-Eii~--- f il.C"r"ol--· ·C APAC I t"v

p~·':::SE:,T

.• J:' "":':"'f .. ClF'
C~c ~crrY

~AR~ETAeLE P~ESE~T

CAPACITY FI~v ~DAT~ FIP~

8E'.EF ITS '-E\ERGY E'j:'lGY·

FIll>! !"AIlMETABLE
E\EPGY SECO~DA~Y

tlE;,~F ITS E~E.'1G'

PAESE~T SECJNOAAY I~rERAUP

~0AT~ Sf: E~E'1GY CAPACITY TOTAL
E'.E'lCY BE\EF I TS -BE·'lEFITS -·-·-BEr.EFI"rs-

.~~..~.-.. •.•....• . ..-.'... -_ -_. .- - .._.~--- _.._.-.- .
("'II) ("" (5100C) (G"H) (G ..~) ($1000) (GnH) (Gi";) ($1000)

19~~ 0.enS7 27.0 :?S.3 135,).3 29<17.0 28011.2 122039.2 0.0 0.0.. 0.0
1995 0.e7SS 2&S.0 ?32.0 lZIIO~.~ 305~.O 2&77.2 11&512.9 397.0 3117.& 151Z&.1
19Qo 0.~192 &~O.O ~~7.~ Z9773.. 30~8.0 2505.0 109017.9 397.0 325.2 111153.1

---iij~"r-·--6-.·7&·&5 &6~.0---"· ';~I.Z-·· 2711,)".1 -C"· 305".0 23113.9 10Z005.1 397.0 3011.5 132<1Z.&
19~~ ~.717Z 950.0 b~I.3 3&IIIS.9 6057.0 113113.9 l~qOIl5.3 391.0 2611.7 1239n.8
19H 0.b7111 1035.0t-"4~5 37IZc!.0 &OS7.0 /10&/1.11 176684.5 785.0 52&.8 229ZII.b
2000' ').6279 1231.0 772.9 <11311.7 &057.0 3603.0 165505.9 785.0 '19Z.9 2111119.9
ZOOI 0~5975 13/17.0 7~1.3 42Z96.7 be,)7.G' 3556.3 15 11 859./1 785.0 461.2 Z0070.1
ZO?2 0.5497 13<1j.0 7~~.4 39575.~ . &OS7.0 33Z9.4 1411897.& 1~5.0 <131.5 18779.0

--.-.----------,.--,------- - ····--Z&810<l ~·5---·--·---_·.~. ---121107&.,.9--·-----·-·--··-- --.. -H813b·.J

(S!OOO)
o.J.
0.0
0.0
0.0
0.0
0.0
0.0

15.7
2&00.Z
2b15~ 9

(S1000)
123389.6
1.1111039.&
152944.4
1113105.9
23785109
23&931.1
2282&7.5
217ZII1.8
205852.7

1689b24--,-'-

~ _:-_c._}~~}--7-;9'(bb·--n1l7_;-0--16744 -;·5 --1574292'.ci----liosT;o-"4A3"fli:z-iCo-2635.4--'78"5,·o---b"ib-I-:b__- 27 25-()b~'o----n7:H:rZ41f717.5;-ij·-·
0- PAESE/H. NO~TH dE'lEFITS 84239&.5 13831103.3 410&112.3 1103117.8 11&76789.9

_.._C.IlF= 0.0668 AV .A~"I BE!\IEI'IIS = _ .157989.9._ ..__ .__ ._.. .__ .. _ .. 232910.7.... . ._._._.. _ . .2Q2&8.3. 2777.5 321946 •.3..

53.115QOOS/KN·YR
113.'5Z000~ILLS/K~~

113.S2000~ILLS/K~N
O.0&87~ ..

CAPACITY vALUE =
E~FMGY VALUE =
SECO~OA~Y VALV~=

INTl~E5T ~ATE •
..1_- _. .__. _.

CAPACIfY ENERGY SECO!\lOARY INTE~EST

- 1 53.115 .<l3.5Z 113.52. ill.0&87S

SYSTE~ OF OEVELOP~ENri4Et'I SYSTE\1 . ... ---.-- ..-.---....
OIL FIRE) wiTH 5% INFLATION

-;-~Ei1-SYST.E\1 !~'-----

----,-_._-----

._. ," -.---_... ---'''--'''-'-

__CAf'ACI.T,Y_E~ERG\' SECONOARY J()TALS.···~OWE~ V~LUE:J.& INT~REST

_______~_~~ :.. 579~_j2?9Jl~_8.?&-'t .. ...!?)9't~...._~__~_~ _

•• _. '_' __ '. ,_ _ •••_ •• _ •.. _. - .. __ •. •. .. ••. _p,. • __. __ ••• __ ~ ._,. , .•.•••••••••••' •. • •••• __• ',M ••_
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--------_ ....._•.._._.,-_ .. - _. _._._-_.. - ..__ ._ .. --- ...

-,---'-..._---------.- _.. _-----_.- ..... _, ._._----- ,"

,OIL FIRED lIlTt'! 2X ESCALAUON .__--_----

TuTAL
8E'.EFITS. ...•.•.•.

PRESE~T SECONOARY (~TEqqUp

lIORTrl SEC . ENERGY CAPACITY
ENiRGY BENEFiTS ~E"EFITS.....--. ....-...........•....... .-._.-..----,.r'...-...... ., i

----·-'---·-PRESElllr--· -- -- PRESE..-r· -MARKETABLE -PRESE"-T - F Iq", "'UKETABLE
·.JRT~ "'AR<ETASLE _OQTH OF CAPACITY 1tR'" WORTH FIR'" [HERGY SECO~DARY

--- YEa~ - ---- FAC TOR-CAP_AClT\'" CAPACITY -·BEP.EF ITS ENEqGY EO/ERGY Bf'lEF ITS ENERGY

'-'~I '~"I. '~IVVU' \unnl \v~n, ,.'uvv, ,."~" \~~~I \~IU,VV' ,.,VWUI ' •• VVVI
19~4 0.9157 . 27.0 l5~3 1152.3 2997.0 2804.2 13n704~3 0.0 0.0' 0.0 0.0 t31~5~.5

--~1995-----lJ.8755----265.lJ·----232.0 '··10581,7·---·-30S8.0-··'2677.2 121178S.6 "---391.0 ---- 3117.6 16200.1 ._. O.~ 151'i67.3
- 199&0.8192 680.0 557.0 25110&.3 3058.0 2505.0" 11&7';8.4 397.0 12,~2 151sa.O 0.0 \5H22.&

---I·q9T--0.7(~65·::---'61:l0-.0----·521.2~·--23771.9'-'--3058.0---'-"23113.9 'U921t1.6'·-~··197.0 .----- 3011.3-'-- 1/1182'.9 -.. 0.0 147202.5
1998. 0~7172 950.0 b81~3 31074.4 6051.0 4343.9 ~024&7.8 397.0 284~7 13~10.6 0.0 246~12.8
1"tJ9 . 0.6710 1035.0 b~-~n77.o n~o--iron~l!l9443";'~85'~0-S2-6~45SZ;r-----0"~o--2 :',;,72.9

. 2noo 0.&279 1231.0 172.q 35252.1 &057.0 3803.0 171251.2 785.0 492.9 22972.9 0.0 235482.Z
~---200t "-,O-·~5815'-·--Ulq~o'~---79f~'3'-'31>092.&---._. b057;O-'-'- 35'i8~3 - 1&!l854.1---- --785. 0 .---- 4&1.2- - U1l95~ 1 13.4 22 Sl~'ir:,-.e

2002, . 0.5491 1347.0 .740.4 33710.9 6057.0 3329.4 155115.& 185.0 431.5 20112~4 2218,8 211287.7
----- ...-, "-.'''-''--- .--.--..-..- ... ,.--.-- ·--·--..--.-----22R779~r -- ..... ------.- ..-' -. --1311704.1 -.-._.-- -- .-.. -,-.. . .. 141944.2 2232.2 1750&60, j

'--------'---'-_._~--------_._---------------------_--.:.__._-_ ..-
___.__.. __. .. - _, .__ .. - - ~_._ ..__. .._ - ---_. ..0_-. ---_.__. __.. "__• ," ._ ... _ .. ..__... .__..... _

'I 0744 ~5'- -490055.4-- - 6051~O ·---UT14;22l51926;/j-----785.0 -. '6261.6' 291854 ~4

718834.5 3623&31.1 439798."

2003
209..4 . '7.9766 '13117.0'

PRESE~T~ORTH BE~EFlrS--_.
UI
UI....

CRFa O.Ob88 AV A'l~ 8E~EFITS • 49484.0 2494117.8 30275.4

32197.4 30&1>033,&
~~~2q._~_~~~~o.93_~9 _

.2370.1 311577.2

CAPACITY VALUE. 45.61000S/K~~YR
~ERGY . VlLU~--=4ft.61 OO"""Oii"... T.IL'""'Lc-;S.-'/..K;-:::I'I;;,H,-------------------------·

SECONDA"Y VALUE. 46.61000'lILLS/I(It;t4
--·INlERESt.-RAl'f. • 0~O&e75" -----.. --------.-.--------.-.-.--.-----. -.
\

...~_~..,~!;.uL~~~.~l!y _~~CO_~_I!~~'t J.!"l.T~~~!J.P.LA.lJ_LE TOTALS

___49'!.8..1i.•__.~!±~~~ L_ JO_~I~.,__?31.~.•__:__· __~31sn.

CAP~ClTY ENr.~{jV Sf.C.O~DA~V INTI!REST
1 45.&1 46.61 46.61 0.06875 _. _

1 .
SYSTE~ OF OEVE~OP~ENT

-~Eii'" SYS TE'N - .._- .... -, ...-

OIL FIRED "ITH 21 ESCALATION-'ij'Elf-aYS·t"EM -- -.---._- --, .---.----.

1-'-,-~~----'-'-'----.--------_•...:.::.:-_.__.__'•• _. '. "-_.__. __..:... ••__• .--'- _

I~ . _,_.':'- __"- .,.._0 .:-.__._••._ •• _ •••_.__•• •• • __•. ._••• , ••



____________________________~O~IL~F~I~R~E~O~~~1~T~H_2~%~ESCALATIONAND 31 INFLATION

------.- -'---'PRESENr-- .-.... PRESENT
wORTH ~AR~ETAE\LE WQPfH OF

-----·-·YEAR --'-FACTOR' CAPACITY--'CAPACITV

~AR~ETA9LE PRESENT FIR~ ~ARkETABLE

CAPACITY FIA" WOA1H FIRM El.lfllGY SECO~IDUY

BE~EFITS' E~ERGV ENERGY eE~EF1TS ENERGY

PRESENT SECONOARY
~ORTH SEC EkERGY

ENERGY BENEFITS

INTEIlIlUP
CAPAC ITY

BENEFITS
TOTAL

8E'iEFtTS

•.." ~T----rs-fOoO ,--rGiik) '--(GlliPiY--U1 000 )·-rGf/Fi)·----"{GjiH)---U1000) ----c1fOOO) (st 00 ~)

19~q 0.93~7 27.0 25.3 1294.2 2997.0 2804.2 170l2S.6 0.0 0.0 0.0· 0.0 175519.8
--c-·i99!-"----O~8755-·-j!l.5.0---232.0" lIl1S5.S·- 3058.0 -., 2671.2 110&336.1' "-197.0 . 3117'.& 21590.3 0.0 1996110.0

19'16 0.8192 680.0 5S7.0 285Jb.8 30S8.0 2505.0 15Sbl6.1 397.0 325.2 20205.2 0.0 2011HlI.I
----T9H·-.. O.7665·---680~0--·- .. 521.Z·-·2&701.1--·3056.0 - 2l/l3.9 1115624.5 - 397.0 3011.3 18905.S 0.0 191al.0

1998 0.7172 9;0.0 681.J ']4903.4 6057.0 4343.9 2109884.7 397.0 264.7 176~9.3 0.0 322477.11
19"" 0.6110 1035.0 6911.5 Jt;580-;z----.;0~o-&IOO.·;r-25i'52J~7 '''5;0--52.~'-'12727.6-----0.0· , "J20631.~
2/}00 0.&279 12-31.0 712.9 39595.8 6057.0 3803.0 236279.5 78S.0 492.9 ;;1)622.3 0.0 30&4'17.7

---2001 '--O~587'''--lJ/f.7~0--''--·791'.3-''-·-1ic)539.9--6057 .o--·-·-JS58.3· 221080.2 -.- .. --785.0' ... - :~'.;J ~ '»52.5 13.0 29Q287. 7
,2002 0.5q97 1307.0 740.4 37932.1 10057.0 ~;l9.0 2010858.7· 785.0 431.5 26809.3 2092.2 2740'12.~

. .. -.... 256969.0"- 1828449.2- ---- .-. 197Z0o.0 2507.2 2285131.4

2003
2090 '7.9766' 13117.0'--1'07l1li;5-5501139;3 "--6'O57~0 --118314;2 -3001763.3'" "-785.0

PRESENT NUl/Ttl UENEFIrli 807408.3 11830212.4

UI
UI
C»

CRF. O.Ob~~ AV A•• RENEFITS • 555~t.3 332507.8

6261.6 3890311.9
5862~0.9

40351>.3

3&1&11.7 3977402.2
186~?O.02625~~.6

2662.1 1131107.&

CAPACITY VALUE a 5t.23000S/K~.YR

ENE~ih VALUE - 6Z-~fiooo"lLLS/KWH
SECONDAQY VALUE- b2.13noO~ILLS/KWH
1'111 I.!" 'If "All .' 0./1""1'.,

I
CAPAClfy lNlHGY 9ECONDAHY IN1EMlbT

1 51.23 62.13 62.13 0.06875

.. ,- '-'-'-~",. -- -.__.~...__._----_ .... CAPACITY ENERGY SECONDARY INTERRUprA8LE TOTALS

~.o6~ .• _.__ .. 1131.108.
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TABLE C-6-1

INVESTMENT COST WITH 2 YEARS CONSTRUCTION DELAY
(in thousands of dollars)

Watana Devil Canyon Gravity Dam

Accumulated Present Worth Accumulated Present Worth
Year Expenditure Expenditure IDC Expenditure of Expenditure Expendi ture IDC of IDC

1984 30.500 1.048
1985 107.000 30.500 5.775
1986 114.000 137.500 13.372
1987 159.000 251.500 22.756 .....
1988 214.500 410.500 35.595 ' :z

<:
1989 208.000 625.000 50.119 lTl

(/)

1990 230.000 833.000 65.175 '"
-I
3:

1991 245.000 1.063.000 91.503 ~ IlTl

1992 223,000, 1.308.000 97.591 -I X
::z:

1993 161.000 1.531.000 110.791 n .....
'" 0 tp

0- 1994 32.000 1.692.000 117,425 39.000 39,000 1.341 1.341 (/) .....
.-1 -I'I 1995 25.000 1.724.000 119.384 98.500 98.500 39.000 6.067 6.067 ~·IC(, 1996 16.000 1.749.000 120.794 117.000 117.000 137.500 13.475 13.475 oj 10'\

1997 1.765.000 1.765.000 851.328 137.000 128.187 254.500 23.581 22.064 n'
c=

1998 144.000 126.070 391 .500 38.191 33.436 0

~1999, 158.000 129.428 ,535.500 43.622 35.734 .....
2000 129.500 99.258 693.500 53.505 41.010 0:z

823.000 737.443 823.000 179.784 153.127
(/)

1

Watana Devil Canyon Total Watana &Devil Canyon

Construction Cost $1.765.000 $737.443 $2.502.443
I.D.C. 851.328 153.127 1.004.455
Investment Cost $2.616.328 $890.570 $3.506,898

Interest and Amortization $ 180.106 $ 61,307 $ 241,413
Operation, Maintenance. and

Replacement 2.620 700 3.320
Average Annual Cost $ 182.726 $ 62.007 $ 244.733



TABLE C-6-2

INVESTMENT COST WITH 8% DISCOUNT RATE
(in thousands of dollars)

I
Watana Devil Canyon Gravity Dam

Accumul a·ted Present Worth Accumulated Present Worth
Year. Expenditure Expenditure IDC Expendi ture of Expendjtur_~ Expenditure IDC of IDC

1984 30.500 1.220
1985 107.000 30.500 6.720
1986 114.000 137.500 15.560
1987 159.000 251.500 26.480
1988 218.500 410.500 41.580
1989 214,000' 629,000 58,920
1990 248.000 843,000 77 ,360
1991 258,000 1.091,000 97,600

UI 1992 223.000 1.349.000 116,840 39,000 39,000 1,560 1.560
0- 1993 .161.• 000 1,572,000 132,200 --- 98,500 98,500 39,000 7.060 7,060CD

1994 32,000 1,}33,000 139,920 117,000 . 117.000 137,500 15,680 15.680
1995 1.765,000 1,765,000 714,400 137.000 126.852 254,500 25,840 23.926
1996 144,000' 123,457 391,500 37.080 31.790
1997 158,000 125,425 535~500 49,160 39.025
1998 129,500 95,186 693.500 60,660 44,587

823.000 725,420 823.000 197,040 ]63,628

Watana Devil Canyon Total Watana &Devil Canyon

Construction Cost $1,765,000 $725,420 $2,490,420
I.D.C. 714,400 163,628 878.028
Investment Cost $2.497,400 $889,048 $3,368,448

Interest and Amortization $ 198,442 $ 71,156 $ 269,598
Operation, Maintenance, and
. Replacement 2,620 700 3,320

Average Annual Cost $ 201,062 $ 71,856 $ 272,918

..._.._-_._ ...- ---- --------- ",.



TABLE C-6-3

INVESTMENT COST WITH 5% DISCOUNT RATE
(in thousands of dollars)

Watana Devil Canyon Gravity Dam

$1,765,000
446,476

$2,211,476

$-T14,-0lJ.l
2,620

$ 111 ,421

Present Worth
of IDCIDC

39,000 39,000 975; 975
98,500 98,500 , 39,000 4,413 4,413

117 ,000 117,000 137,500 9,800 9,800
137,000 130,476 254,500 19,575 18,643
144,000 130,612 391 ,500 23,175 21,020
158,000 136,486 535,500 30,725 26,541
129,500 106,540 693,500 37,913 31 ,191
823,000 758,614 823,000 126,576 112,583

,Devil Canyon Total Watana &Deyil Canyon

$758,614 $2,523,614'
112~583 '" 559,059

$871,197 $3,0.82,673

$ 43,894 $ 155,315

700 3,320
$ 44,594 $ 158,635

Present Worth Accumulated
Expenditure of Expenditure ExpenditureIDC

763
4,200
9,725
16~550

25,988
36,800
48,350
61,000
73,025
82,625
87,450

446,476

'Watana

30,500
137,500
251,500
410,500
629,000
843,000

1,091,000
1,349,000
1,572,000 
'1,733,000
1,765,000

Accumulated
Expendi ture

Construction Cost
1. D. C.
Investment Cost

Interest and Amortization
Operation, Maintenance, and

Replacement
Average Annual Cost

Year Expenditure

1984 30,500
1985 107,000
1986 114,000
1987 159,000
1988 218,500
1989 214,000
1990 248,000
1991 258,000

UI 1992 ,223,000
0- ,1993 161,000-0

1994 32,000
1995 1,76.5 ~,OOO
1996

,1997
1998



TABLE C-6-4

INVESTMENT COST WITH ARCH DAM AT DEVIL CANYON
(in thousands of dollars)

Watana Devil Canyon Gravity Dam

.Accumulated Present Worth Accumulated Present Worth
Year Expenditure Expenditure IDC Expenditure of Expenditure EXpendi tOre IDe of IDC

1984 30,500 1,04B
1985 107,000 30,500 5,775
1986 114,000 137,500 13,372
1987 159,000 251,500 22,756
1988 218,500 410,500 35,733
1989 214,000 629,000 5.0,600
1990 248,000 843,000 66,481
1991 258,000 1,091,000 83,875

UI
1992 223,000 1,349,000 100,409 ·32,500 32,500 1,117 1,117
1993 161,000 1,572,000 113,609- 61,000 32,500 4,331 4,331..... 61 ,0000
1994 32,000 1,733,000 120,244 87,000 87,000 93,500 9,419 9,419
1995 1,765,000 1,765,000 613,902 113,000 105,731 180,500 16,294 15,246
1996 122,000 106,809 203,500 24,372 21,337
1997 148,500 121,646 415,500 33,670 27,581
1998 101,000 77,41.3 564,000 42,247 32,381

665,000 592,009 665,000 131,449 111,412

Watana Devil Canyon Total Watana &Devil Canyon

Construction Cost $1,765,000 $592,099 $2,357,099 .
I.D.C. 613,902 111',412 725,314'
Investment Cost $2,378,902 $703,511 $3,082,413

Interest and Amortization $ 163,761 $ 48,429 $ 212,190
Operation, Maintenance, and

Replacement 2,620 700 3,320
Average Annual Cost $ 166,381 $ 49,129 $ 215,510



EXHIBIT C-7

CORRESPONDENCE.

FEDERAL ENERGY REGULATORY COMMISSION

REGIONAL OFFICE

555 BATTERY STREET. ROOM 415

SAN FRANC:aSCO•.CA 94111

October 31. 1978

Colonel George R. Robertson
District Engineer
Alaska District. Corps of Engineers'
P.O. Box 7002
Anchorage. Alaska 99510

Dear Colonel Robertson:

This is in response to your letter of April 14. 1978, in which you
requested updated power values for- use ;nyour studies of the Upper
Susitna River Basin. We regret that we were not able to provide the
values earlier.

Attached Tables I through VI give details of our estimates. At
Mr. Mohn'ssuggestion, an annual capacity factor of 50 percent was
assumed for the Up-per Susitna Basin projects. .

At your request, we have provided a breakdown of our cost estimates
in order that your staff may make sensitivity analyses of the effects
of.possib1e inflation of a" components of the estimates including
fuel {;ost escalation. Power values are prov,ided based on estimated
costs of power from twop.ossible alternative thermal sources for both
the Anchorage-Kenai and Fairbanks areas. An oil-fired combined cycle
plant, located near Anchorage, and a mine-mouth. coal-fired steam
electric generating plant located near the Beluga coal fields are
considered as alternatives to hydro power for the Anchorage-Kenai area.
For the Fairbanks area, an oil-fired regenerative combustion turbine
plant near Fairbanks and a mine-mouth coal-fired steam-electric plant
are believed to be the proper alternative power sources. ~p. combined
cycle plant alternative was not.studied 'for Fairbanks because of its
associated "ice fogging" problems and proximity to populated centers.
Our estimates indicate that the combined-cycle plant near Anchorage
and the regenerative combustion turbine plant near fairbanks,>
respectively, are the least costly sources of power alternative to .
hydroelectric. However, we are not able to state that either is the
most probable source.

As you know, there is significant speculation with respect to the
practical and economic feasibility of the development of a coal mine
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in the Beluga area to serve a relatively small coal-fired steam-electric
plant. To be feasible, it is probable that the field must be developed
to provide coal for export in large quantities, or for added local use.
It is not readily apparent to us that coal will be available near ,term
to fuel a plant in the Beluga area. We have, nevertheless, includ'ed a
power value based on the existence of suchan installation in our
estimates.

Coal is readily available in the Healy field near Fairbanks. Golden
Valley Electric Association, Inc. has contracted for a consultant's
study of the potential of installing additional coal-fired generation
to its system. Coal-fired generation, according'to our estimates,
however, would be significantly more costly than that from a regenera
tive oil-fired combustion turbine.

The National Energy Act generally prohibits the use Of oil or natural
gas as fuel in large-scale base load generating plants. However, the
Act also includes many provisions under which a utility may be exempted
from the restrictions on use of oil. Exemptions may be obtained because
of unavailability of coal, high cost of coal and associated facilities,
site limitations, environmental requirements, and, most importantly,'
if ther~quired use of coal would not allow the petitioner to obtain
adequate, capital. for the financing of such a powerplant. Undoubtedly,
rules regarding 'the above will be prescribed and interpretations of
the Act will be made by proper authority. care should be exercised in
the selection of probable alternative power sources because of these
exemption provisions. We suggest that'inquiries be made of the, inten
tions of local utility officials regarding possible requests for
exemptions to the use of coal in lieu of other- fuels in light of the
high inve~tment ~ost of coal-fired plants.

Pursuant toone of your requests, associated investment costs of
pollutfon control equipment included in the total investment costs for
coa1.-fired plants are giVen below. These costs includeindirects and
overheads as well as interest during con'struction., .

(1)

(2)

Estimates of future loads are supplied the FERC on FPC Form 12E-2 by
the four principal util ities operating in Fairbanks'andAnchorage.
These estimates show that in 1988 approximately 80 percent of the'total
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electric needs of the so-called "railbelt area" ~ill be in the
Anchorage-Kenai area and 20 percent in the Fairbanks area. This
division of requirements would probably be a useful guide in your
allocation of Upper Susitna projects output.

These estimates of power values are subject to the approval of our
Washington Office.

If we can be of further assistance, please advise.

Very truly yours,

Attachments
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TABLE I

Annual Fixed Charge Rates
Anchorage-Kenai Market Area

Generating
Stations and
Substations

\

Steel Tower
Transmission

~ines

Service Life, years

REA Financing

Cost of Money
Depreciation (Sinking Fund)
Insurance
Taxes

Total, Fixed Charges
Use

30

%

8.500
0.805
0.250
0.350
9.905
9.91

6.250
1.210
0.250
1.300
9.010
9.01

7.43
2.25
9.68 .

6.875
1.083

7.958
7.96

50

%

8.500
O.~46

0.100
0.350·
9~096
9.10

6.250
0.317
0.100
1.300
7.967
7.97

6.82
1.99
8.81

6.875
0.257

7.132
7.13

1/ Based on appro:x:imate proportion of total future·
loads in Anchorage-Kenai Market Areq.

2/ Omitted at request" of NPD~ Corps of Engineers.
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Annual Fixed Charge Rates
Fairbanks Market Area

TABLE II

Service Life. Years

Public-nonfederal Financing 11
Cost of Money
Depreciation (Sinking Fund)
Insurance
Taxes

Totaf,·Fixed Charges
. Use

Generating Steel Tower
Stations and Transmission
Substations Lines

30 50

% %

5.750 5.750
1.322 0.374
0.250 0.250

7.322 6.374
7.32 6.37

Federal Financing

Cost of Money
DepreciatiRIJ(Sinking Fund)
Insurance Y .

Tota1, Fbed Charges
Use

6.875
1.083

7.958
7.96

6.875
0.257

7.132
7.13

1/ Alaska PObJero Authozoity financing assumed.

2/ Omitted at roequest of NPD~ Corops of Engineeros.
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TABLE II I

Hydroelectric Plant Power Values At Market
Anchorage-Kenai Area
(Costs as of 7/1/78)

A. Plant Description

Capacity
Unit Size
Service Life
Heat Rate
Fuel Cost
Annual Plant Factor

MW
MW
Years
Btu/kWh
tllo6 Btu
%

Coal-fired
Generating Plant

450
225

30
10 000

110
55

Financing

Pub.-nonfed.l! Federal

B. Investment Cost $/kW 1 240 1 220

$lkW-yr •

. 120.03 97.11
0.91 0.75

14.69 14.69
5.65 5.65

mills/kWh

C. Annual Capacity Cost at Plant

Fixed Charges
Fuel Inventory
Fixed O&M
Administrative and General

Annual Capacity Cost at
Generator Bus

D. Energy Cost

Fuel
Variable O&M

Energy Costs at Generator Bus

576

141.28

11.00
1.64

12.64

118.20

11.00
1.64

12.64



Coal-fired Generating Plant

Fin a n c i "S
Pub.-nonfed. Federal
~-yr~- - - mills/kWh

TABLE II I (cont'd.)

Hydroelectric Plant Power Values At Market
Anchorage-Kenai Area

(Costs as of 7/1/73) .

E. Cost of Thermal Plant Output
at Generator Bus

F. Plant to Market Thermal Plant
Transmission Costs - 230 kV

l. Step-up substation
(a) Fixed charges
(b) O&M and Adm. &Gen.

2. Transmission Lines
(a) Fixed charges
(b) O&M and Adm. &Gen.

3. Receiving Station
(a) Fixed charges
(b) O&M and Adm. &Gen.

4. Losses

~~~
Capacity
Energy

G. Cost of Thermal Power Delivered
at Market

141.28 118.20 12.64



TABLE IV

Hydroelectric Plant Power Values At Market
Anchorage-Kenai Area
(Costs as ~f 7/1/78)

A. Plant Description

Capacity
Unit Size
Service Life
Heat Rate
Fuel Cost, 'Oi1
Annual Plant Fa~tor

MW
MW
Years
Btu/kWh
¢/l06 Btu
%

Combined Cycle
Generating Plant

420
105 '
30

8 350
300

50

Financing

~. Pub. -nonfed.]j Federal

B. Investment Cost $/kW 360 355

$/kW-yr.

mills/kWh

C.AnnualCapacity Cost at Plant

Fixed Charges
Fu~l Inventory
Fixed O&M 2/
Administratlve and General

Annual Capacity Cost at
Generator Bus

D. Energy Cost

Fuel
O&M

Energy Costs at Generator Bus

578

34.85
1.91

3.20

39.96

25.05
1.83

26.88

28.26
1.58

3.20

33.04

25.05
1.83

26.88



TABLE IV (cont'd.)

Hydroelectric Plant Power Values At Market
Anchorage-Kenai Area
(Costs as of 7/1/78)

Combined Cycle
Generating Plant
F 1 nan c 1 n 9

Pub.-nonfed. Federal
- - - $/kW-yr~- - ,- mills/kWh

26.8839.96 33.04
E. Cost of Thennal, Plant Output

at Generator Bus

1.33 1.08
0.28 0.28

0.81 0.65
0.19 0.19

0..19 0.16
0.04 0.04

2.30 1.89
1.02

F. Plant to Market Thermal Plant
Transmission Costs -' 138 kV

1. Step-upsubstation
(a) Fixed charges
(b) O&Mand Adm. &Gen.

2. Transmission Lines
(a) Fixed charges
(b) O&M and Adm. &Gen.

3. Receiv'ing Station
(a) Fixed charges
(b) O&M and Adm. &Gen.

4. Losses
(a) capacity
(b) Energy

G. Cost of Thermal Power Delivered
at Market

1. Capacity
2. Energy

H. Hydro-thermal Capacity and Energy
Value Adjustments

1. Capacity
2. Energy

Y. Value of Hydro Plant Output Delivere~

at Market .

1. Capacity
2. Energy

1/ R~~~ 7b%; MUnicipaZ, 25%.
2/ IncZuded in energy cost.
y NegLigible.

45.10

2.26

47.36

37.33

1.87

39.20

27.90

27.90
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TABLE V

Hydroelectric Plant Power Values At Market
Fairbanks, Alaska

(Costs as of 7/1/78)

A. P1antDescri~tion

capacity
.Unit Size
Service Life
Heat Rate
Fuel Cost
Annual Plant Factor

MW
MW
Years
Btu/kWh
1t/106 Btu
%

Coal-fired
Generating Plant

230
115
30

10 500
80
55

Financing
Pub.-nonfed.17 Federal----..- ........----

B. Investment Cost $/kW 1475 1 510

C. Annual Capacity Cost at Plant

Fixed Charges
Fuel Inventory
Fixed O&M .
Administrative and General

$/kW-yr.

107,.97
0.48

16.29
6.68-

120.20
0.57

16.29
6.68

143.74
Annual Capacity Cost at
Generator Bus

D. Energy Cost

. Fuel
Variable O&M

Energy Co:ts at Generator Bus

580

131.42

mills/kWh

8.40
1.82

10.22

8.40
1.82

10.22



TABLE V (~ont ld.)

Hydroel~ctric Plant Power Values At Market
Fairba~ksj Alaska

(Costs as 0'7/1/78)_______-2.-:..;; ~~....:...:..~ _
Coal-fired Generating Plant

F t na n c i n g

Pub.-nonred. Federal
- -- $/kW-yr. - -- mills/kWh

E. Cost of Thermal Plant Output
at Generator Bus.

F. Plant to Market Thermal Plant
Transmission Costs - 230 kv

1. Step-upsubstation
(a) FiXed charges .
(b) O&M and Adm. &Gen.

2. Transmission Lines
(a); Fixed charges
(b) ·O&M and Adm. &Gen.

3. Receiving Station
(a) Fixed charges
(b) O&M and Adm~ &Gen.

4. Losses
(a) Capac:i ty
(b) Energy

G. Cost of Thermal Power Delivered
at Market

1. Capac:i ty
2. Energy.

H. Hydro..therma1.Capacity and Energx
Value Adjustriients

1. Capacity.
2. Energy

I. Va1ueof H,ydro Plant Output Delivered
at Market

1. Capacity
2. Energy

.131.42

161.78

16.18

177.96

143.74

176.93

10.22

10.64

- 21

10.64

1/ ALaska P(Jb)er Authority financing as8W1led.
2/ NegUgibZe.
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TABLE VI

Hydroelectric Plant Power Values At Market
Fairbanks, Alaska

(Costs as of 7/1/78)

A. Plant Description

Capacity
Unit Site
Service Life
Heat Rate
Fuel Cost, Oil
Annual Plant Factor

MW
MW
Years
Btu/kWh
¢/l06 Btu
%

Regen. Combustion
Turbine Plant

240
60
30

10 000
210

50

Financing

Pub.-nonfed.l! Federal

B. Investment Cost $/kW '265 270

C. Annual Capacity Cost at Plant $/kW-yr.

Fixed Charges 19.40 21.49
Fuel Inventory 1.09 1.30
Fixed O&M 2/
Administrative and General 2.08 2.08

Annual Capacity Cost at
22.57Generator Bus 24.87

D. Energy Cost mi 11 s/kWh

Fuel . 21.00 21.00
O&M 1.19 1.19

Energy Costs at Generator Bus 22.19 22.19
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TABLE VI (cont'd.)

Hydroelectric Plant Power Values At Market
Fairbanks, Alaska

(Costs as of 7/1/78)

Regen. Combustion
Turbine Plant

F i na n c i n 9

Pub.-nonfed. Federal
- - - $7kW-yr.- - - mills/kWh

E. Cost of Thermal Plant Output
at Generator Bus ... 22.57 24.87 22.19

F. Plant to Market Thermal Plant
Transmission Costs -;138 kV

1. Step-up substation
(a) Fixed charges .
(b) O&M and Adm. &Gen.

2. Transmission Lines
(a) Fixed charges
(b) O&Mand Adm. &Gen.

3. Receiving Station
(a) Fixed charges
(b) O&M and Adm. &Gen.

4. Losses

~~~~~~~~~ty

G. Cost of Thermal Power Delivered
at Market

1- Capacity 28.82 31.69
2. Energy· 23.00

H. Hydro-thermal Capacity and Energy
yalue Adjustments

1- Capacity 1.44 1.58
2. Energy -y

I. Value of Hydro Plant Output Delivered
at Market

1. Capacity v 30.26 33.27
2. Energy 23.00

1/ AZaska Power Authority financing assumed.
2/ IncZuded in energy cost.
3/ Neg Zigib Ze.

583



•Department of Energy
Alaska Power Administration
P.O. Box 50 '
Juneau, Alaska 99802 November 9, 1918

FROM:

SUBJECT:

MEXQRANOOM FOR EUGENE NEBLETT, REGIONJ1..L ENGINEER
FEDERlU. ENERGY REmJIATORY COMMISSION

ROBERT. J'. CROSS, ADMINISTRATOR., '~.":/',/~:.::/.<~\L.t£'.... /.J .
.<,,~.;/~, •~

ALTERNJ'.TlVE PCMER SOOBCE'3 FOR THE RAILBEL'1'

Colonel Robertson's offioe sent us aaopy of your OCtober 31 memorand~

explaining your assumptions on likely alternatives to Upper, susitna
power for the Anchorage and Fairl:>a.nks areas.

I am not in tune with the suggestion that oil-fired plant$ may be ,a
realistic alternative for the 1,500 MW Upper Sus1tna Proje9t.,:

Many utilities in Alaska. and other parts of the country will con't:inue
their push for ,mora and more exemptions to allow continued use of oil
andg&S in both existing and new plants. How successful they will be
and for how long is conjecture. I\lEP legislation this year does, as your
letter points out, provide a ranqe of exenptions.

We've looked at the same issues as a part of our report on marketability
of tJ);>per SusitnaPQWer • OUr finding is that the exemptions donIt seem
all that permanent or pertinent in terms of a large new hydro project ""
coming on line in ,1992.

'..

I just dOD' t 888 the logic of the oil assumption inbenefitdetermin.-
atioDa for lOO-years of power from a major new hydro project.

co:L Colonel febertson._.
Robert Vo1k, OPMC
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333 WEST 4th AVENUE - SUITE 31 - ANCHORAGE, ALASKA 99501 Phone: (907) 277-7641
(907) 276-2715

November 17, 1973

Colonel George Robertson
U.S. Army Corps of Engineers
Alaska District
Post Office Box 7002
Anchorage, Alaska 99510

Dear Colonel Robertson:

I have reviewed the material provided by the Federal Energy
Regulatory Commission (FERC), associated with the Upper Susitna
study power values. I feel that oil-fired generation as an
alternative to Susitn~ hydroelectric must be questioned. Oil-fired
generation for new plants in Anchorage and Fairbanks will require
exemptions from the Secretary of Energy from the provisions of the
Powerplant and Industrial Fuel Use Act of 1978. The ability of
Anchorage and Fairbanks to qualify for the exemptions to meet peak
load requirements is doubtful. Due to limited refining capability
in Alaska, distillate fuel oil requirements by 1990 would require
a major expansion of refining capabilities in Alaska. Without expan
sion the utilities will import distillate fuel and pay associated
high transportation costs. Therefore, oil-fired generation for
the railbelt area may not be acceptable either for legal and regu
latory reasons or from the standpoint of fuel availability.

The cost of fuel for oil-fired generation is an area that is
not adequately addressed in the economic analysis of hydroelectric
alterhatives by the federal gover~ment. The provision of power
values by FERC and the subsequent present worth analysis of alter
native power generation is insensitive to National Energy Policy
and the inelastic commodity demand of non-renewable resources such
as distillate fuel. I feel that the economic analysis of the
alternatives must be sensitive to these considerations by
appraising the true costs of energy to the consumer over a fifty
year time frame with the capital intensive nature of facilities,
the economic life of facilities, and the proj~ctedcostof fuel
taken into account. Th~e Golden Valley Electric Cooperative in

. Fairbanks has recently studied the coal vs.oil-fired generation
question for the next addition to GVEAls~ase load capacity. GVEA
has determined that the coal fired generation alt~rnative is pre-
ferable to oil. .. .
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I hop~ these comments will assist the Corps of Engineers in
the application of Upper Susitna power values in the supplemental
feasibility studies currently in progress. Thank you for th~
opportunity to comment.

~~. ~
Eric P. YO"l~
Executive Director
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EXHIBITS

Number Title .

0-1 location Maps and Seismic Refraction Velocity
Profiles, Watana and Devil Canyon Oamsites.
By Shannon &Wilson, Inc. Geological Consultants;
Contract No. OACW85-78-C-0027,November 1978

0.. 2 Report - Reconnaissance of the Recent Geology of
the Proposed Oevil's Canyon and Watana Oamsites,
Susitna River, Alaska. By Kachadoorian & Henry J.
Moore, U.S. Geological Survey, November 1978

0-3 Report - Earthquake Assessment at the Susitna Project
by E.l. Krinitzsky, U.S. Army Engineer Waterways
Experimental Station, Vicksburg, Mississippi,
10 November 1978

0-4 Technical Note - Procedure for Estimating Borehole
Spacing and Thaw Water Pumping Requirements for
Artificially Thawing the Bedrock Permafrost at the
Watana Oamsite. By F.H. Sayles, U.S. Army Engineers
Cold Regions Research and Engineering laboratory,
Hanover, New Hampshire, October 1978

0-5 Open File Report 78-558-A, U.S. Geological Survey 
Reconnaissance geologic map and geochronology,
Talkeetna Mountains· Quadrangle, northern part of
Anchorage Quadrangle, and southwestern portion of
Healy Quadrangle, Alaska by Csejtey, et al 1978
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SUMMARY OF CHANGES

CHANGES TO THE 1976 INTERIM FEASIBILITY REPORT

In 1978,·The Alaska Di stri ct, Corps of Engineers, performed addi
tiona1 field explorations and geo1ogi·c studies to verify the feasibility
of the Watana damsite. As a result of these studies, considerably more
information is now available concerni"ng the site and the regional geology
of the area. Therefore, the entir~·sections on Regional Geology, pages
0-1 through D-9; Watana Site, pages 0-10 through 0-12; and the paragraph
on Seismology at Devil Canyon, page D... 7, of Appendix 0, Foundations and
Materials, of the 1976 Interim Feastbility Report are deleted and replaced
by this supplemental report. No changes to the Vee Canyon and Denali
sites have been made. Plate 0-3, Watana- Site Plan and Centerline
Profile is deleted and replaced with revised drawings. Severa] new
plates sho'winggeo10gic sectfons,borrow areas, and exploration logs
have been added. These are listed in the i"ndex.

CHANGES IN DESIGN

As a result of the additional field exploration and geologic studies,
a more knowl edgeable assessment of the proposed project can now be made.
A summary of the items which reflect changes to the 1976 Interim Feasi
bility Report, or reinforce the basic concepts of that report follows.

1. Nothing was found during this phase of the study to cast doubt
on the feasibility ofa dam at the Watana damsite. All exploration and
geologic studies reinforced the concept that a large earth and rockfi11
or a concrete gravity dam could be built in this general vicinity.

2. Detailed surveys were performed at the Watana site. It was
found that the topography used for the 1976 report was in error by
approximately 15 feet. Therefore, the elevations shown on the plates
or sections in this supplement are 15 feet lower than those shown in
the 1976 report. The detailed survey showed the valley section to be
a little wider than previously assumed and therefore, the crest length
of the dam and the total quantities within the dam are somewhat larger.

3. The explorations at the damsite indicate that the rock is as
good or better than previously assumed. Foundation rock is considered
adequate to support either an earth-rockfi1l structure or a concrete
gravity dam.· To support this conclusion,.the regional and site geology
as well as the rock structure are discussed in much greater detail in
this supplemental report.
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4. The 1976 report recognized thattheWatana damsite is an area
of marginal ~ermafro~t.a~d,·therefore,permanentlyfrozenground could
be ex~ected ln the vlclnlty•. In t~e .1978 exploration program, sped'fic •
10catl0ns of permafrost were ldentlfled and a number of temperature •
measuring dev~ces were installed: The earlier a~sumption that perma
frost does eXls1;: over much of thlS area was confumed; however, it was
determined that,this isa very "warm" permafrost, ranging from 00 C to
_1 0 C. Preniafros t was encountered 'i n bedrock in the 1e'ft abutment of
the dam and its effects on the grouting in this area are discussed in
this supplemental report. Permafrost was also encountered in the imper
vious borrow area; however, because of its marginal temperature, it
tends to be soft and can be easily excavated. A more detailed dis
cussion is contained in the body of this report.

5. The 1976 report envis ioned rather 1arge amounts of gravel a,va il
able for construction of the shells of the dam and limited amounts of
impervious core material. The recent explorations indicate that this
is ,not the case since gravels in large quantities were not verified but
la)rge quantities of impervious core material were discovered near the
damsite. Because of. the apparent shortage of gravel and an excess of
impervious material .. the 'dam section has been completely revised. The
gravel shells have been changed to rockshells~ This change to rockfill
has a11 owed the use of a somewhat steeper slope on the upstream face of
the dam. A large portion of the· rock will come from required ,excavation
of the spillway. The remainder will come from excavation of underground
facilities and access roads and from, a large borrow source on the left
abutment.

6. The foundation excavation has been increased to require the
entire founda,tton of the dam to be stripped to bedrock. The 1976 report
envisioned~xcavationto bedrock under the core and filters only. How
ever, because the evidence of the limited drilling performed is incon
clusive,it was considered adviseable to require removal of in situ
gravels beneath the entire embankment. If additional drilling supports
a less conservative approach, the change can be made under SUbsequent
feature design.

7. The core has been widened somewhat from that shown in the 1976
report and a zone of semjpervious material, approximately of the same
width as the core, has been added. This was done because large amounts
of semi pervious material are available and estimates show that it. can
be placed within the dam at a considerably lower cost than the rock
shell material. The total thickness 'of these impervious and semipervious
zones was determined by considering their effect on total stability of
the dam and the difficulties of placing materials which require careful
moisture control in the arctlcenvironment. Laboratory tests performed
on:t;hese materials indicate that optimum moisture will be a rather,criti
cal factor in their compaction. Therefore, the use of such materials has
been held to within reasonable limits.,
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8. The 1976 report showed a vertical access shaft to the low-level
drain system which passed through the embankment of the dam. This has
now been changed to a tunnel through the right abutment, thereby elimin
ating any structures in the dam embankment.

9. A grout gallery has been added to the lower portions of the dam
to facilitate grouting and to accommodate the process of thawing the
permafrost. Use of the gall ery will all ow embankment placement and
curtain grouting to proceed simultaneously, resulting in a shortened
construction schedule. The gallery will also provide foruread.,;out ll

stations for instrumentation·;n the foundation and lower levels of the
embankment and for general access.

10. The spillway location as shown in the 1976 report has been
shifted southwest to a location whi'ch insures rock cut for its entire
length. The rock and overburden material from this large excavation
will be utilized in the dam embankment.

11. The 1976 report discusses a potential problem of seepage along
a relict channel in the right abutment. The 1978 explorations verified
the existence of this channel; however, studies indicate that it is not
a problem and, therefore, no remedial action is required~

12. The diverison tunnel portals have been shifted to ensure their
location in reasonably sound rock.

13. Professional services of Ellis Krinitzsky of the Waterways
Experiment Station and Reuben Kachadoorian and Henry J. Moore from the
U.S. Geological Survey were obtained by contract to perform seismic
studies and evaluate the earthquake risk at these sites. Their work was
divided into two phases. Kachadoorian and Moore of USGS performed the
field reconnaissance to look for active faults and other geologi:c::haza'rds.
Krinitzsky'swork was aimed at assessing the potential earthquakes:which
could be associated with such faulting. The USGS report recognized that
this is a highly seismic region; however, the geologic reconnaissance of
the proposed Devil Canyon and Watana damsites and reservoirs did not
uncover evidence of recent or active faulting along any of the known or
inferred faults. In their work they did not uncover evidence of the
Susitna Fault, which was previously thought to exjst a short distance
west of the Watana damsite. Krinitzsky's work assessed the possible
occurrance of earthquakes at thedamsite and the nlOtions that are likely
to be associated with earthqauke activity. His findings indicate that
the design of the proposed dams to withstand such activity is wtthjn the
state of the art of seismic design.

14. In the fall ofJ978, the consulting firm of Shannon & Wilson
was engaged to perform refraction seismograph work at both the Watana
and Devil Canyon damsites. This work supplemented thedril'ling infor
mation. The location maps and seismic velbcityproff'es from the Shannon
& Wilson report are included as Exhibit 0-1 to this appendix.
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REGIONAL GEOLOGY

PHYSIOGRAPHY

The area of study is located within the Coastal Trough Province of
southcentral Alaska". The Susitna River is a glacially fed stream which
heads on the southern slopes of the Alaska Range, and flows by way of
a continuously widening valley to the tidewaters of Cook Inlet. Within
the upper 200 river miles, the Susitna passes through a variety of land
forms related to the lithology and geology of the region. From its
proglacial channel in the Alaska Range, it passes through a broad,
glaciated, intermontane valley characterized by knob and kettle topo
graphy and by braided river channels. Turning. westward along the
northern edge of the Copper River lowlands, the river enters a deep,
V-shaped valley and traverses the "Talkeetna Mountains, emerging into
an outwash plain and broad valley which it follows to the sea.

Three regional topographi"c lows, still identifiable today, are the
SusitnaRiver-Chulitna River area downstream of the Devi.l Canyon site,
the middle reach of the Susitna River from Prairie Creek to Watana
Creek, and the Oshetna Ri ver area at the Susitna Big Bend. These may.
represent drainage base levels that existed during the glacial periods.
Whether they were interconnected at one·time is not known since glacia
tion has modified the original drainages. One possible interpretation
is that the ancestral Susitna River may have followed the course of the
present Watana Creek and continued southwest along an ancestral valley
through the area now occupied by Stephan Lake, Prairie Creek, and the
Talkeetna River.

The Susitna River, presently incised 500 feet into that. broad,
ancestral, U-shaped valley, makes two sharp right-angle turns downstream
of Watana Creek in the Fog Creek area and" leaves the ancestral valley
to flow westward into the steep, V-shaped Devil Canyon area. Glaciation
probably blocked its former southwest course forcing the river to find
a new outlet in Devil Canyon. Once established in a westward course,
the Susitna River downcut its channel rapidly and became entrenched in
Devi 1 Canyon.

INFERRED GEOLOGIC HISTORY

The upper Susitna River pasin is a complex geologic area with a
variety of sedimentary, igneous, and metamorphic rock types. These
range from Pennsylvanian to Pleistocene in age and have undergone at
least three major periods of tectonic deformation.
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The oldest outcrops in the area are Pennsylvanian and Permian .aged
metavolcanic flows and tuffs, locally containing limestone interbeds
that have subsequently been altered to marble. This transitional shelf
environment continued throughout the Triassic and· into early Jurassic
times, with alternate deposition of basalt and thin sedimentary inter
beds. Metavolcaniclastics include altered marine sandstones and shales.
This deposition was contemporaneous with a massive outpouring of lavas,
in the eastern Alaska Range, resulting in regional subsidence. .~

The first major tectonic upheaval in the Susitna area occurred in
mid to late Jurassic time and consisted of large plutonic intrusions
accompanied by uplift and intense metamorphism. Erosional remnants
of these intrusives include amphibolites, greenschists, diorites, and
acidic granitic types in the upper Watana reservqir areas. This uplift,
and subsequent erosional period, was followed by marine deposition of
argillite and graywacke in late Cretaceous. These rocks are exposed
in the northwestern half of the upper Susitna basin and include the
phyllites of the Devil Canyon site.

The second major tectonic event occurred in middle to late Cretaceous.
Most of the structural features in the Talkeetna Mountains, including
thrust faulting, complex folding, and uplift, occurred at that time.
As a result of the thrust faulting, Pennsylvani'an and Permian volcanic
flows and tuffs were thrust over the much younger late Cretaceous
argillite and graywacke.

In early Tertiary, approximately 65 mi 11 ion years ago, the north
western portion of the upper Susitna basin was intruded by plutons of
igneous rock. The diorite pluton that underlies the Watana site is .
one of these intrusives. Deposition of undifferentiated volcanic flows,
pyroclastics," and associated near-surface intrusives occurred concurrent
with and following the intrusion of the plutons.

The third major tectonic event was a period of extensive uplift and
erosion in middle Tertiary to Quaternary. Uplift of 3,000 feet has been
measured<in the southern Talkeetna Mountains. The widespread erosion
that occurred during this period removed thick rock sequences from the
Susitna basin area.

Glaciation has been the prime erosion.agent during the past several
million years. At least two, and probably more, periods of glaciation
occurred within the upper Susitna basin area. The central and eastern
portions of the area may have been partially covered by' glacial Takes
during the latter glaciations. Renewed uplift in late Pleistocene
rejuvenated the erosion cycle until the streams, with their increased
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gradients, became incised within glaciated valleys. The area currently
is undergoing continued stream erosion, and is covered in many areas
with a veneer of glacial and alluvial clay, silt, sand, and gravel
depos.i tSf;

REGIONAL TECTONICS

The arcuate structure of southcentral Alaska reflect both the magni
tude and direction of regional tectonic forces caused by the collision
of the North American and Pacific Plates. The Talkeetna Mountains and
adjacent Susitna River basin are believed to have been thrust north
westward onto the North Ameri"can Plate from their parent continental
blocks. It was this thrusting action which caused most of the struc
tural features now seen in the upper Susitna basin.

Two major tectonic features bracket the basin area. The Denali
Fault, about 43 miles north of thedamsites and active during the
Holocene, .is one of the better known Alaskan faults. A second frac
ture, the Castle Mountain Fault, is 75 miles south of the river basin.
The Susitna basin is roughly subdivided by the northeast-southwest
trending Talkeetna Thrust, which roughly parallels the location of the
Susitna Fault, as referred to in the 1976 Interim Feasibility Report.
The Talkeetna River is a surface expression of the southern portion of
both structures; however, Kachadoorian and Moore were unable to locate
evidence of faulting in the Tsusena Creek area and,therefore, expressed
doubt that the Susitna Fault exists. They found evidence of movement
in the Talkeetna River and Watana Creek valleys and postulated that
the Talkeetna Thrust could be a projection of this feature. Such a
projection passes about 4 miles to the south of Watana damsite. The
major alpine orogeny which formed many of the basins' present northeast
southwest trending compressional structures.occurred in conjunction
with the Talkeetna Thrust in late. Cretaceous. Anothercontemporary
zone of intense shearing, roughly parallel to the Talkeetna Thrust, is
located about 15 miles east of the Talkeetna Thrust.

Two poorly exposed normal faults of probable Cenozoic age have
been projected from gravimetric data as occurring in the'Chu1itna River
valley about 15 miles northwest of the proposed Devil Canyon damsite.
These faUlts have the northeast-southwest trend typical of the major
structures within the area. No faults with recent movement have been
observed within the upper Susitna River basin.

SEISMICITY

A seismological assessment of:the basin area was prepared by
Dr. E.L. Krinitzsky of the U.S.Arnny Engineer WaterWays Experiment
Station in the sUll1l1er of 1978, unde,r, contract with the Alaska District,
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Corps of Engineers. Field reconnaissance to look for active, faults and
other geological hazards was conducted by U.S. Geological Survey under
the direction of Reuben Kachadoorian and Henry J. Moore. These reports
are included as Exhibits D-3 and D-2 in this appendix. They recognize
that the Devil Canyon and Watana damsites are in a region of high seis
micity and major faults. However, the geologic reconnaissance of the
proposed Devil Canyon and Watana damsites and reservoir areas by the
USGS experts did not uncover evidence of recent or active faulting along
any of the known or inferred faults. The tectonic framework of the
region is not well understood because of the lack of local seismic moni
toring stations. Present knowledge indicates that historical earthquakes
in the area often have hypocenter depths in excess of 50 km~ Such events
are associated with movement along the Benioff zone and often are not
directly associated with local surface faulting. The Denali Fault in
the Alaska Range, approximately 43 miles to the north, is the dominant
surface feature in this area. The Susitna Fault, previously thought
to exist west of the Watana damsite,was not confirmed in recent geologic
mapping by the USGS team, nor did they find any evidence of faulting
in the river channel at either of the damsites. The results of the
core drilling and geologic reconnaissance at the damsite are strong
evidence that no major faulting exists under the Watana damsite. The
lack of significant shearing in DH-2l,the 600-foot cross river hole,
reinforces this conclusion. .

Krinitzsky'swork assessed the possible occurrence of earthquake
activity based on the USGS field work. He assumes an earthquake of
magnitude 8 along the Denali Fault, however, these motions are not
critical when attenuated to the damsites. To account for the possibility
that a major active fault could exist near the damsites, Krihitzsky has
assigned a "floating" earthquake of magnitude 7 which could occur in
the near vicinity of the dam. This generates the most severe design
motions. The'rational for the '"floating"earthquake and a table of
associated motions is included in his report (Exhibit D-3).This
criteria is within the state of the art for earthquake design for large
dams, and therefore, should not preclude proceeding with detailed
design of the projects.

ROCK AND SOIL UNITS

The proposed Watana damsite and reservoir area isunderlainbya
complex series of metamorphic, igneous, and sedimentary rock. 'Specific
formation names have not been applied to most of these units and they
are instead assigned lithologic descriptions for correlation and mapping
purposes. The distribution of various rock units that underlie the
proposed reservoir are shown on PlateS. Following is a briefdescrip
tion of the various rock units. beginning at the upper end of the res
ervoir and proceeding downstream to thedamsite. Additional informa
tion and descriptive details concerning the rock units are included
in the U.S. Geological Survey's Open File Report 78-SS8-A, Reconnais
sance Geologic Map and Geochronology, Talkeetna Mountains 'Quadrangle,
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The /ypper reaches of the reservoir are underlain by an amphibol ite
unit. These are metamorphic rocks including.greenschists, diorites,
and local marble interbeds. Directly downstream of this unit is a .
zone of granitic types that are exposed north of the river at elevations
above the proposed reservoir level.

The oldest rocks exposed within the area are farther downstream
within the middle reservoir reaches and include both volcanics and lime
stone units. The volcanics consist mostly of metamorphosed basalt
and andesite flows and tuffs that outcrop in the vicinity of Jay Creek
and downstream from Kosina Creek•. The limestone unit consists .of marble
interbeds that occur locally within the volcanics. The volcanics are
overlain farther downstream by a volcanic unit of young~r age consisting
of a series of metamorphosed basaltic flows with interbeds of chert,
argillite, ana marble. This unit is exposed both near the mouth of
Watana Creek and on the higher slopes west of Watana Creek. A much
younger series of interbedded conglomerates, sandstones, and claystones
is exposed along the lower reaches ofWatana Creek directly upstream
fromi ts mouth.

The downstream reaches of the reservoir area are underlain by a
sequence of argillites and graywackes. Exposed Within the immediate
damsite area is a granitic body intruded into these metasediments. It
consists primarily of diorite with upstream and downstreammargins that
include associated schist. gneiss, and composite igneous and metamorphic
rock types. Andesite flows and dikes are associated with this diorite
pluton.

Other granitic intrusives occur east of the reservoir area. Locally,
these intrusives are overlain by a series of younger igneous flows and·
tuffs and related shallow intrusives.

Overburden units in the proposed reservoir area include deposits of
glacial till and drift with associated outwash and lake sediments,
colluvium including slopewash and talus, alluviumand local slide debris.

ROCK STRUCTURE

Rocks within the reservoir area have undergone a complex deforma
tibn sequence, including uplift, intrusion, thrust faulting, folding,
sheiring,_and associated metamorphism•. The most significant str.uctural
fea urewithin the, reservoir area is the Talkeetna Thrust which strikes
nor heastward acro~s t~ lower reservoir area and is roughly parallel
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to the lower reaches of Watana Creek. The Talkeetna Thrust, within the
Watana reservoir'area, has displaced the volcantc unit over the much'
younger metasediments.

Anortheast striking shear zone that dips,steeplysouthea~terly,
and is roughly parallel to the Talkeetna Thrust, crosses the· reservoir
area about 15 miles east"of the Talkeetna Thrust near Kosina Creek.'
Whether this shear zone represents a significant feature is not known.,

The most significant rock structure in the immediate dam area is
the intrusive diorite pluton of Tertiary age. It is observable for.
4 mil~s para11 e1 to the ri ver and ~ mi 1es north and south and i s prob~
ably of great depth. Upstream and downstream border zones developed
with several different metamorphic and igneous rock varieties. Two
distinct northwest trending shear zones have been mapped in the vicinity
of the damsite.One is 3,400 feet upstream and the .other 2,500 feet
downstream from t.he proposed dam axis. Attitudes vary with strikes
ranging from N 40° Wto 60° Wand dips from 70° to 90° eitherSW or, NE.
The two shears can be seen in the right valley wall ,;but not on the left
valley wall. The left wall is obscured by a slide block at the upstream
shear, and the left wall at the dow.nst.ream shear has a rock face that
parallels the shear direction making observations difficult. The up
stream shear zone has been named liThe Fins,1I and has an observable
width in excess of 400 feet. It includes seven near vertical rock fins
averagi ng 5 to 25 feet in wi dthbounded on both sides by a1te,red and
crushed rock. The downstream shear zone, named IIFingerBuster ll ,is some
what less distinct and is partially covered by slope debris. It has an
estimated width of 300 feet. Another northwest trending shear zone,
similar to the two shears mentioned above, occurs downstream from the
damsitein the vicinity of Tsusena Creek. . , '1. •...

Fracture patterns including both joints and local shears have been
mapped within 'accessible areas in the vicinity ,of the darnsite. Details
of this mapping are shown.on Plates D-3 and D-4. Fracturesin~lude both
cooling type jointing arid structural deformation jointing resulting from
the regional tectonic forces of uplift and thrust faulting. Shear,
tens ion, and re1ief j oi nts resu1 t i'ngfrom unloadi ng by erosi on of over
lying sediments and/or melting of glacial ice; are all present within .
the damsite area. A joint diagram plotted on.an equal area stereograph;c
projection is shown in Figure D-6. The dominant fracture orientation
is to the northwest, but fractures strike in several directions. The
major joint sets are N 50° Wand the minor joint sets are N 30° E as
observed within the area.
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DEVIL CANYON

SEISMIC REFRACTION SURVEY

During September 1978, seismic refraction· surveys were undertaken
atWatana and n'evil Canyon damsites by Shannon and Wilson, geotechnical
consultants. At Devil Canyon, the seismic survey consisted of three
lines, each approximately 1,100 feet long. One of these lines was
1ocatednear th.e proposed a1inement of the saddle dam on the 1eft abut
ment and the remaining two lines were located hear an abandoned airstrip
on the all uvi al fan at the confluence of Cheechako Creek and the Sus i tna
River (see Plate D-1). The seismic line near the centerline of the left
abutment saddle dam wasaltned to expand information derived from drilling
accomplished on this site by the U.S~· Bureau of Reclamation (USBR) in
1957. The refraction profile correlated well with the top of rock from
the drilling data (see Sheet No. 10, Exhibit D-l).A lower velocity
zone of rock sandwi ched between competent phyll ite i ndi cates the poss i ..
bility of a shear zone a.t the low point of the saddle. This correlates
with hole DH-6 which indicated shearing in the 20 feet of bedrock pene
trated by the boring •

. The seismic 1ines on the Cheechako Creek aggregate deposit were
al ined t9 estab1ish the depth to bedrock beneath these deposits and
thereby confirm the quantity of material available for borrow. The
velocities for the material in the alluvium indicate tha.t the area is
composed of a layer of sands and gravels or glacial materials several
hundred feetth.ick overlying bedrock. This confirms the existence of
material well in excessof~the requirements for the project.

The location map and seismic velocity profiles from the Shannon &
Wilson report and included in Exhibit D-l to this appendix.

MATERIAL REQUIREMENTS

Co.,crete Requirements

Material requirements for Devil Canyon dam are based on a concrete
gravity dam. Under this proposal approximately 2.6 million cubic yards
of concrete will be required, most of which will be mass concrete. The
remainder will be structural concrete for the appurtenant structures
to the dam, including the powerplant. With stockpile losses, this
amount of concretewt11 require approximately 3 milli'on cubic yards
of processed aggregate •

. The USBR located an extensive deposit of material which will yield
concrete'aggregate of adequate quality in an alluvial fan approximately
1,000 feet upstream of the proposed dam axis. The fan was formed at
the confluence of Cheechako Creek and the Susitna River.
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Thirteen test pits and trenches were dug in the fan area by Bureau
of Reclamation personnel in 1957. About 1,300 pounds. of minus 3-inch
material was tested by the USBR for basic aggregate suttability studies.
An additional 200 pounds of material was collected by Corps of Engineers
personnel in 1975 from the existing Bureau test pits and the riverbank.
This material was tested by the North Pacific Division Materials Labora
tory in 1978 •

If the excavation of materials is confined to that part of the
alluvium located above river level (elevation 910 to 920 feet) with
conservative back slopes through the ridges and benches, approximately
6,000,000 cubic yards of material is available in this location with
all the resulting excavation in the reservoir area. Seismic refraction
surveys indicate that usable gravel exists to approximately elevation
870 feet, so additional material could be retrieved if needed by bailing
from below the water surface. Placement of the coffer dam, sizing of .
the diversion tunnel, and the ability to control the flow in the river
at Watana dam will ultimately affect the method of exploitation of this
source.

The locations of the test pits are shown on Plate D~l and the
detailed logs can be found in the U.S. Bureau of Reclamation's Alaska
Geologic Report #7, Devil Canyon Project, dated March 1960•. Laboratory
investigations of the aggregate samples were reported in USBR Report
#C-932 by their Concrete Laboratory Branch, dated 21 December 1959.

Petrographic analyses of the fi~e (sand sized) particles and coarse
(gravel size) particles indicate that the sands and gravels in the fan
are composed of quartz diorites, diorites, granites, andesites, dacites,
metavolcanic rocks, aplites, breccias, schists, phyllites, argillites,
and amphibolites. The gravel particles are streamworn and generally
rounded in shape. The sand grains vary from nearly rounded to sharply
angular in shape, averaging subangular~ The specific gravity (BSSDJ of
the material ranges from 2.68 to 2.80•.

Results from both labs indicate that the material in the Cheechako
Creek fan is of adequate quality for use as concrete aggregate.

Embankment Material Requirements

The. saddle dam on the left abutment, associated with the concrete
gravity dam, will require approximately 835,000 cubi.c yards of material.
These materia·ls will be obtained from the same sources as discussed in
the Interim Feasibility Report.
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WATANA SITE

SCOPE OF INVESTIGATIONS

Field Reconnaissance

Geologic reconnaissance and mapping of the reservoir area and dam..
site were conducted concurrently with sUbsurface investigations through
out the spring and early sunmer of 1978. The work of the geologic teams
was made easier in the early spring as rock outcrops were not obscured
by the leaves on the trees and the dense. ground foliage. Through the
months of Marth and Apri.l, geologic mapping ~of the lower canyon was done
from the frozen surface of the ri·ver, which allowed access to areas

\ otherwise inaccessible after the ice had melted and high surmner flows on
the river had begun. Within the damsite area the primary purpose·was· to
find, identify, and trace the surface expressions of discontinuities and
shear zones as an aid in directing the drilling program and to provide
preliminary geologic mapping of the site. Within the reservoir area,
the primary thrust of the reconnaissance was toward identification of
slopes, which by reason of shape, structure or overburden mantle could
develop minor slumps and slides as a result of permafrost degradation
or seismic action.

Borings and Test Pits

. During 1978, explorations were conducted in the dam foundation and
relict channel area. Core borings in the valley walls and floor were
used to explore the quality and structure of the foundation rock and to
obtain representative samples for testing. Borings in the relict channel
area were used to define· the depth of overburden, the extent of perma
frost, the location of the water table and to examine, by drilling and
sampling, the nature and condition of the materials.

Shallow auger holes were also used to determine the extent of deposits
in the borrow areas and to verify the existence of quantities necessary
for embankment construction.

Locations of explorations are shown on Plate 0-2. Logs are shown
on Pl ates 0-19 through 0-37; and core photos are shown on Plate,S 0-38
through 0-45.

Test pits were dug in potential borrow areas uti'lizing tractor
mounted backhoes. Bulk sack samples were retrieved from each test
pit for testing later at the North Pacific Oivison Materials Labora
tory in Troutdale, Oregon.
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A total of 27 test pits were dug in four areas as follows:

1. The mouth of Tsusena Creek (Borrow Area IE') - 6 test pits.

2. The glacial till borrow area (Borrow Area 10') - 14 test pits.

3. Upper Tsusena Cree~north of Tsusena Butte, (Borrow Area 'C') -
1 test pit. .

4. Middle Tsusena Creek - 6 test pits.

The locations of Test Pits 1 through 5 and 8 through 21 are shown
on Plates 0-12 and 0-11. The remainder of the test pits are located
in areas which are not presently considered as borrow areas; however,
they may be located on Plate 0-2. The logs of all the test pits are
shown on the appropriate borrow area Plates 0-19 through 0-22.

Seismic Refraction Surveys

A seismic ,refraction exploration program consisting of 22,500
lineal feet of seismic refraction lines was.. completed by Dames and Moore,
Consultants, in 1975. Results of those investigations were presented
as Exhibit 0-1, Section "0, Foundation and Materials, in the 1976 Interim
Feasibility Report. In the fall of 1978, an additional seismic refrac
tion survey was completed by Shannon and Wilson, Consultants, which
includes 47,665 feet of seismic refraction lines. Locations of these
additional seismic explorations are shown on Plate 0-2, and the location
map and seismic veloGity profiles are presented as Exhibit 0-1. The
survey confirmed the findings of the Oames and Moore study. It confirmed
the existence of a buried channel in the relict channel area and in
general supported conclusions relating to shear zones in the abutments
as interpreted from the recent core borings and geologic reconnaissance.
The Shannon and Wilson survey also confirmed the existence of large.
quantities of borrow materials on Tsusena Creek in the proposed borrow
area.

Instrumentation

. Instrumentation conducted under this phase of the Project consisted
of the installation and data reading of groundwater measurement
devices, temperature logging devices, and the recording 'of the ambient
temperature.

Ground' Water: All piezometers installed were of the open well point
type and were filled with diesel oil where they extend through permafrost
zones to prevent freezing. A total of 10 piezometers were;-nstalledat
the following locations.'
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TABLE 0-1

Surface Tip
Location Elevation Elevation Oate;Set . Size

OR-14 2,340 2,·271.0 26 Apr 411

2,340· 2,295.2 19 Aug 1-1/2 11

OR-20 2,207 2,123.8 30 May 1-1/2 11

OR-18 2,172 2,107.0 21 Jun 1-1/2 11

OR-17 2,167 2,136.3 8 Jun 1-1/2 11

OR-16 2,099 2,053.. 8 5 Jun 1-1/211

AP-l 2,202 2,188.6 20Jun 1-1/2 11

AP.. 2 2,200 2,189.0 20 Jun 1-1/2 11

OR-19 2,151 2,109.0 3 Ju1 1-1/2 11

OR-22 2,229 2,005.5 3 Aug 1-1/2 11

DR~26 2,295 2,229.5 11 Aug 1-1/2 11

All locations are shown on Plate 0-2 and Plate 0-11. Plotted data
is shown on Plates 0-16 through 0-18.

Subsurface Temperature: The principal temperature logging device
consisted of a 3/4-inch galvanized pipe, with the lower end capped and
sealed. The pipe was filled with a mixture of ethylene glycol and water
(50/50) or arctic grade diesel fuel. Readings were taken using a digital·
volt-ohmmeter and a single thermister which was lowered into the pipe.

At location OR-26 both a 3/4~inch ga1vahized and a 1-1/2-inch PVC
pipe were installed to determine if readings could be duplicated in a
pipe of larger diameter. A total of 14 devices were installed at the
locations shown in Table 0-2.
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TABLE D-2 .

Date Buried
Location Insta11 ed Length StickUp Depth. Fluid

AP-8 23 Jun 641 4.2 1 58.9 1 Diesel
AP-9 23 Jun 211 3.21 17.81 Diesel
DH-12 ·3 Jul 1291 1.81 127.21 Diesel
DH-23 17 Jul 76 1 0.5 1 75.5 1 Antifreeze
OH-24 1 Aug 86 1 1.21 84.81 Antifreeze
DR-18 21 Jun 251 1 3.1l1 247.6 1 Diesel
DR-19 3 Ju1 831 3.91 79.1 1 Diesel
OR-22 3 Aug 492 1 2.01 490.0 1 Antifreeze
OH-28 30 Aug 124 1 1.01 123.0 1 Antifreeze
DR-26

(3/4" pipe) 11 Aug 681 3.81 64.2 1 Antifreeze
OR-26

(1-1/2" pipe) 11 Aug 99 1 3.41 95.6 1 Antifreeze
OR-14 19 Aug 65 1 2.81 62.2 1 .Antifreeze
DH-21 23 Aug 160 1 2.0 1 158.01 Antifreeze
OH-25 15 Aug 801 4.0 1

76~01 Antifreeze

All locations areshown on Plate 0-2 an~ Plate 0-11. The plotted
temperature data can be found on. Plates 0-13 through D-15.

A second type of temperature logging device, installed at DR-22,
consisted of a multipoint thermistor string. The purpOse of this instal
lation was to act as a check against the 3/4-inch fluidfille~ devices
described above.

Ambient Temperature: The ambient temperature was obtained using
a standard high-lOW Mercury thermometer placed in the shade on the
right abutment riverbank approximately 4 feet above the ground. Prior
to this phase of the project, there was no ambient temperature data
available for this section of Alaska. Data obtained is shown on Table
0-3.
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TABLE D-3

Date High of Low of Date High of Low "F

23 Mar 78· 22 0 23 t4ay 78 60 39
24 Mar 78 24 13 24 May 18 60 32
25 Mar 78 28 19 25 May 78 61 40
27 Mar 78 32 10 26 May 78 41 36
28 Mar 78 26 13 27 May 78 64
29 Mar 78 40 6 28 May 78 36
30 Mar 78 35 6 29 May 78 58 33
31 Mar 78 36 5 30 ~1ay 78 63 36
1 Apr 78 31 5 31 May 78 66 40
2 Apr 78 28 -4 1 Jun 78 54 36
3 Apr 78 28 3 2 Jun 78 58 38
4 Apr 78 36 4 3 Jun 78 68 41
5.Apr 78 36 20 4 Jun 78 68 38
6 Apr 78 33 11 5 Jun 78 57 39

7-8 Apr 78 40 28 . 6 Jun 78 66 44
9 Apr 78 41 10 11 Jun 78 72 44

1o Apr 78 43 13 12 Jun 78 62 39
11 Apr 78 38 20 14 Jun 78 57 40
12 Apr 78 38 15 16 Jun 78 58 34

. 13 Apr 78 40 30 19 Jun 78 52 33
14 Apr 78 44 32 20 Jun 78 61 33
15 Apr 78 40 38 21Jun 78 63
16 Apr 78 39 29 22 Jun 78 46
17 Apr 78 38 21 27 Jun 7·8 55 38
18 Apr 78 43 21 2.8 Jun 78 59 37
19 Apr 78 44 20 30 Jun 78 62 43
20 Apr 78 48 24 1 Ju1 78 57 41
21 Apr 78 44 25 2 Ju1 78 62 43
22 Apr 78 45 30 4 Ju1 78 70 47
23-24 Apr 78 47 32 7 Ju1 78 62 40
25-26 Apr 78 50 26 8 JuT 78 73 43
30 Apr 78 . 59 32 9 Ju'- 78 70 49
1 May 78 60 34 10 Ju1 78 66 42
9 May 78 64 30 11 Ju1 78 71

10 May 78 72 33 12 Ju1 78 50
11,May 78 70 33 14 Ju1 78 59 50
12 May 78 65 40 16 Ju1 78 58 47
13 May 78 72 30 26 Ju1 78 66 45
T4 May 78 72 31 27 Ju1 78 78 40
15 May 78 66 36 28 Ju1 78 74 55
16 May 78 55 32 29 Ju1 78 78 39
17 May 78 60 30 30 Ju1 78 82 46
18 May 78 64 37 31 Ju1 78 84 52
19 May 78 60 37 1 Aug 78 80 58
20 May 78 75 24 9 Aug 78 71 46
21 May 78 70 43 10 Aug 78 68 54
22 May 78 36 11 Aug 78 66 49
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Accuracy of Subsurface Temperature' Data: Resistance measurements '
were obtained using a Keithley.volt-ohm meter, which allowed readings
to the nearest ohm. With a span of 225 ohms per degree centigrade, 1 ~

ohm represents 0.005° C. The temperature data in this report has been
reported to 0.01° C and is reliable to that degree of accuracy. 'To
verify the accuracy of each thermister, its resistance was measured in
an ice bath. It was found that the themi stors are very stab1 e and do
not tend to drift from their original resistance at 0.00° C.

General Comments

The drilling in the permafrost was performed with core drills and
rotary drills, which introduce a large amount of heat into the ground.
Where the permafrost temperature is only slightly be1ow.the freezing
point, this tends to melt the permafrost and makes tdentification very
difficult: Therefore, the drilling operation may or may not reflect
the exi stence of permafrost, and it is necessary to rely heavi 1y ,on the
instrumentation for a true evaluation of the location and depth, at which
permafrost exists. By December of 1978, the temperature logging devices
may not have stabi 1i zed due primarily to the fact. that the dri 11 ing
method used was rotary with dri11i'ng IImudll as the circtJlationmedium,
which tends to thaw the permafrost. Upon inspection of the plotted
data for the locations in ~his area it can be seen that the temperatures
are gradually approaching the 0° C point. Through a continual program,
of monitoring these points, a great deal can be learned about "freeze
back. II

At location OR-26, 3/4 inch and 1-1/2 inch pipes were installed to
determine if convection currents in the pipe would affect the accuracy
of the near surface readings. It can be seen from the temperature
plots, shown on Plates 0-13 through 0-15, that there is a degree of
convection in the upper zones, while with depth the two readings are
very similar. At location OR-22, the string had 14 thermistors ina
150 foot length. The data nbtaihed from this string has not been
included in this report since its reliability is in question. This is
due to damage received during installation as well as the fact that the
thermistors are of a lower quality and adequate calibration could not
be obtained prior to installation. ' At location OH-12. the 3/4-inch pipe
temperature logging device was lost when it was decided that the bore
hole camera should be run in this boring. At location OH-25 no data
is available because the 3/4-inch pipe froze up during installation.

SITE GEOLOGY

Introduction

The river valley at the site has a V-shaped lower or bottom canyon
deeply, incised into an upper, much broader, U-shaped river valley of
considerable extent and width.
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The lower river valley floor ranges from 300 to 600 feet wide and
has side slopes of 35 to 60 degrees' wi th 1ocally sca.ttered. rock outcrops
that rise in near vertical cl iffs •.. The incised portion of the canyon
extends from subriver level upward about 500 feet to approximate eleva
tion 2,000 feet, wher.e it ranges in width from 1,500 to 3,000 feet.
Above elevation 2,000 feet, there is a distinct flattening of the valley
slopes and the area broadens out into a very wtde former river valley.
Width of this former valley base level is from 8 to 10 miles in the
lower reservoir area, narrows to about 1 mile in the midreservoir area
upstream of Jay Creek and widens to more than 20 miles in the upper
reaches of the reservoir.

Foundation Conditions

The site was mapped and explored with 17 core holes, 12 of which
are on the dam axis shown in this report•. Six of the holes are angle
holes, five were drilled normal to the dominant structural trend, and

." ,one drilled across the river valley. The exploration plan with hole
., locations is presented on Plate 0-2.

The river valley is filled with alluvium consisting of gravels,
cobbles, and boulders in a matrix of sand or silty sand. Overburden
depths in the valley bottom range from 40 to 80 feet and may exceed 100
feet ; n places. Overburden depths on the valley slopes range up to 10

, feet deep on the left abutment and up to 20 feet on the right abutment.
However, overburden upstream of the left abutment is more than 56 feet
deep.

Overburden on the valley slopes is mostly glacial debris and talus
consisting of various gravel and sand mixtures and some silts, with
cobbles and small boulders. ThE! underlying rock is diorite, grano
diorite,.and quartz diorite with local andesite porphyry dikes and more
widely scattered minor felsite dikes. Most of the rock, although frac-.
tured, is relatively fresh and ,hard to. very hard with;'n 5 to 40 feet
of top of rock. Overburden and rock stripping depths along the dam
axis are shown in cross section on Plate 0-7. .

Fractures are' closely to moderately spaced at the bedrock surface,
generally becomi ng more wi dely spaced wi th depth. Fracture zones fO.und
at all depths tend to be tight or recemented with· calcite or silica.
The northwest trending joints and high angle shears mapped in the rock
outcrops are found at different depths within most drill holes and
range from single fractures to broken zones more than 20 feet thick~

Broken rock within the shear zones is locally decomposed but consists
mainly of moderately hard to very hard fragments. Many fractures have
thin clay gouge seams and slicken sides. Pyrite and chlorite minerali
zation is found as coatings on many fracture surfaces. Shears are
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spaced from a few feet to more than 100 feet apart, and since the shears
are mostly vertical, greater lengths of sheared material were recovered
in vertical drill holes •. In addition to the shears, primary and rehealed
breccia zones occur in some areas adjacent to the andesite porphyry dikes'.
Most of these rehealed breccias are relatively competent rock, but a
primary breccia zone downstream of the axis on the left 'abutment includes
locally decomposed materials.

Valley Conditions

The river valley bottom was explored with six core drill holes.
Three holes are on the axis and three are about 1,000 feet downstream
of centerline in the toe area. River alluvium varied in depth from 44
to 78 feet. This alluvium consists of gravels, cobbles, and boulders
imbedded in sands with local gravelly or silty sand lenses. The gravels
and larger sizes are mostly subrounded to rounded with occasional large
boulders. Most large si"zes are of dioritic composition,. but metamorphic
and other rock types were also noted. Most of the gravels are fresh,
but a few are coated with plastic fines. Alluvial materials in some
areas were frozen to depths in excess of 50 feet and possibly all the
way to bedrock at the time of drilling.

The bedrock is a diorite that in most holes is very closely fractured
in the upper 10 to 20 feet. Fractures become more widely spaced with
depth; however, local zones of closely spaced fractures occur throughout.
Joints are both open and rehealed or cemented with calcite and silica.
The rock below river level is mostly fresh and hard to very hard. Shear
zones occur in several of the holes and include some thin clay gouge
coatings and slickensides. Softchloritic materials were also encountered
in 'one shear zone, and iron staining with pyrite mineralization is common.
It should be noted that DH-21 was drilled essentially across the river
from the left to the right abutment. No major fault or significant
change in materials was seen although six minor shear zones were
encountered in the hole. Most of these zones are less than 3 feet thick,
whereas, some of the vertical holes penetrated sheared material for
distances of more than 10 feet. This confirms the near vertical nature
of most shearing. Geologic mapping in rock exposures along the ri.ver
bank also indicates the near vertical nature of shearing. An andesite
porphyry dike was penetrated at depth byDH-21. This dike has an
apparent thickness of about 13 feet, and the contacts with the diorite
are tight and contain no notable planes of weakness.

The left abutment was explored with five drillholes, three on the
dam axis and one each upstream and downstream of the embankment. Over
burden depths in the downstream hole ~nd the three axis holes are less
than 10 feet. This overburden consists of small subangular to sub
rounded boulders in silt, sand, and gravel. Overburden in DH-28,10cated
approximately 1,000 feet downstream of the axis at elevation 1,971 feet,
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consists of 6 feet of silty clay overlaying 2 feet of sand. DH~25,
located about 750.feet upstream of the axis at elevation 2,045 feet,
penetrated a vertlcal depth of 56 feet.of glacial and alluvial deposits
and had not yet encountered rock when lt was abandoned. Overburden in
DH-25 consists primarily of gravelly, silty sand with boulders to a
depth of 15 feet, underlain by gravelly, clayey silt. ~ravels are sub
rounded to rounded and the clayey silts are stiff and plastic.

Rock in the three axis holes is a hard quartz diorite, whereas in
DH-28 downstream of the embankment, it is an andesite porphyry. The
relationship between the quartz diorite as a plutontic rock and the
andesite porphyry as a surface flow rock is not clearly understood.
This contact area between the two type rocks. is in the location of the

",. underground powerhouse and will be closely explored duri.ng design inves
tigations. It is assumed the underground powerhouse will be located in
the dioriticrock. Weathering is primarily staining on fracture surfaces.
Fracture spacings vary from very close to moderately spaced; spacing
increases with depth.

Fractured zones, encountered in all holes, are from less than 1 to
more than 20 feet thick and are separated by from 10 to more than 50
feet of relatively undisturbed rock. Many fractures include thin seams
of clay gouge, slickensides, secondary pyrite, and breccia. DH-28,
downstream of the embankment, appears to have been drilled in an andesite
porphyry breccia contact zone adjacent to the diorite pluton. Much of
the core is brecciated, moderately weathered to highly altered, and
recovered in small fragments. Several zones of clay gouge were noted.

Right abutment conditions were explored with six core drill holes
along the proposed dam axis. Three of these holes were angle holes
drilled normal to the dominant structural trends. Overburden depths
within the six holes range from 4 to 20 feet, with the greater depths
in the holes farthest upslope. Overburden consists of ~ravelly sand
with cobbles and small boulders.

Bedrock is moderately hard, but weathered, closely fractured and
locally sheared in the upper 10 to 40 feet. The rock is diorite or
quartz diorite with zones of quartz diorite breccia~ The quartz diorite
breccia is healed, probably formed during emplacement, and 'is not con
sidered a zone of weakness.

Fractured zones encountered duri ng dri 11 i ng are simi.l ar to those
noted on the left abutment. Shears range up to 22 feet thick and are
separated from each other by about 10 to 100 feet of competent rock.
Very thin films of clay' gouge and slickensides occur on some fracture
surfaces. Iron staining occurs on many fracture surfaces and fine dis
seminated pyrite mineralization occurs more widely.
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Relict Channel Area

The relict channel is a suspected ancestora1 Susitna River channel
north of the right abutment under the broad terrace area between Deadman
and Tsusena Creeks. Ground surfaces. within the Relict Channel area are
between elevation 2,100 and 2,300 feet along low elongated ridges and
shallow depressions. This area was ortgtnally explo'red with two seismic
lines and the results presented in the Feasibiltty Report, Appendix 1
as Exhibit 0-1. Subsequent 1978 explorattons include 1,814 linear feet
of drilling, borrow exploraUons· near Deadman Creek and 23,600 feet of
seismic refraction lines. The 11 drill holes ra~ge from 21 to 494 feet,
in depth and weremostlynoncore rotary holes supplemented,with drive
samples and some bedrock coring. The results of these 1978 explorations
confirm the existence of the deeply buri'ed bedrock surface depression
discovered during the 1975 sei'smic investigations. The lowest bedrock
elevation encountered in drilling was in DR-22 at 1,775 feet, MSL or
454 feet below ground surface.

Overburden consists of both glacial and alluvial materials occu~ring

in varying sequences that are difficult to correlate 'with the limited
dril1ing'to date.

Outwash occurs over much of the area, consisting of gravelly,
silty sands 'or. silty, gravelly sands in varying proportions, .with some
local cobbles and boulders and more widely scattered clay lenses.
These materials are mostly loose and the fines are predominantly non-
plastic. '

Glacial till is the most abundant overburden material found within
the relict channel area. These tills occur in three separate sequences
in the deepest dri 11 holes, separated by 1enses of all uvi al,materi a1s.
The near surface tills are normally consolidated while the tills from
greater d'epths, are highly over consolidated and dense. It is quite
probable that this over consolidation was caus'ed by glacial loading in
the geologic past. All of the tills contain fines that arenonplastic
or only moderately 'plastic. Smaller gravel sizes are rounded, while
larger sizes are more subrounded to subangu1ar. Materials are poorly
sorted with 1itt1 e or no i ndi'cati,on of bedding. The till s vary con
siderably in thickness from only a few feet to a maximum of 163 feet
in DR-18.

Apparent river deposi.ted al1uvfa1 lenses which represent inter
glacial periods, separate many of the till units. These deposits consist
of sandy gravels with some silts. Sandy a11uvia1units have a tendency
to cave during drilling and several appear to have relatively high .
permeabilities. Most of these river deposits were less than 50 feet
in thickness but in DR-22, directly above bedrock, the alluvial unit
was 159 feet thick.
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At least two deposits of lake sediments were encountered during
drilling. The larger of these was named "Lake Woller" qnd.occurs in
OR-13, OR-15, OR-26, and OR-27 i,n varying thi,cknesses. Maximum thick
ness is 60+fe~t in OR-l3. Lake Woller deposits appear to be confined
between elevations 2,240 and 2,305 feet. Another apparent lake deposit
was penetrated in DR-18 and OR-20.Maximum thickness of thi:s deposit ,
is 33 feet and appears to be confined between elevations 2,130 and 2~190

feet. Both lake deposits may represent either quiet lake deposition
during an interglacial period, or possibly prog1acial lakes formed
during glacia1 retreats. The lake deposits consist primarily of highly
to moderately plastic c1qysand silts with local gravel and sand lenses.

Spillway

The original location of the Saddle Spillway in the Interim Feasi
bility Report, Appendix I, Plate 0-3, was found to lie directly upon
two adverse structures•. The overburden depths increased from 9 feet
at DR-17on the left side of the proposed a1inement to 231 feet at DR-18
on the right or east side of the spillway. This depth.of overburden
prevailed throughout the length of the spillway, including the proposed
gate structure area.

The glacial tills, clay, and intermittent sand lenses of the over
burden would nave required additiona1'excavation and flatter sides10pes.
Added expense.wou1d also have resulted from increas.ed foundation require
ments for the gate structure and from the full length lining Which would
have been required in the spi11way'channe1. To avoid these disadvantages
a change of the channel a1inement was made. •

The new proposed a1inement lies approximately 800 feet laterally to
the left (southwest) of the original design and will be in rock cut from
inlet to final outlet at Tsusena Creek. This a1inement will also avoid
potential structural problems from the second adverse structure, th~

shear zone titled "The Fins" (Plate 0-4) which will now parallel the
spillway for its entire length. Rock quality is such that excavated rock
will be used as dam shell rock. .

Asa.resu1t of the move, it is anticipated that sound bedrock will
be encountered at a maximum depth of 25 feet at the gqte structure and
will continue down spillway for at least 2,500 feet. As the spillway
dips down to Tsusena Creek, deeper glacial till is again encountered,
so the ffna1section of the outflow may not be.totat1y founded on bed
rock. The plunge pool at Tsusena Creek will be contained by existing
rock cliffs.
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Permafrost ..
The Watana damsitelies within the discontinuous permafrost zone

of Alaska. For this reason it is to be expected that permafrost would
be found duri.ng the exploratory effort, particularly on north facing
slopes and areas where arctic vegetation has effectively insulated the
ground surface. Depths' of permafrost within the discontinuous zone are
variable and often change drastically within short distances depending
on exposure, ground cover, soil characteristics and other factors. .

Permafrost conditions at Watana as indicated by the exploratory
work done to date appear to be typical for the zone. The left abutment
which faces north and is either continuously shaded or receives only
low angle rays from the sun was explored with core dr.illing equipment.
Five holes Were drilled and pressure tested by pumping water into the
drill holes at selected intervals using a double packer. Observation
of drill water returns and pressure tests showed that permafrost exists
for the entire depth of the holes. Holes drilled in the right abutment,
where the sun's rays are most effective, did not indicate any perma
frost.Within the relict channel areas, on the terrace riorth of the
right abutment, indications of permafrost were observed as reflected
by ground water conditions and water table measurements, drill action,
and sampling. Dril,l holeDR-27 was sampled and ice lenses Were rettieved
from a depth of 30 through 36 feet. Permafrost was also encountered
during test pit activities. However, in general, permafrost'in the
spillway and relict channel area, while encountered as near as 1 foot
to the s.urface, is expected to be confined to a relatively shallow layer.
This expectation has been'reinforced by the fact that groundwater has
been encountered at various depths. In order to study the thermal regime
of the permafrost and to more accurately define the lower limits of the
frozen zone, temperature probes were installed at 13 locations. These
locations are shown on Table' 1 under the heading "Instrumentation" and
the graphs of readings taken to date are.shown on.Plates 0-13 through
0-15. It is still too early to reach definite conclusions from the
limited data obtatned since installation due to the fact that heat was
introduced into the regime.by drilling and equilibrium may not yet be
reestablished. However, it appears that the readings do support the
conclusion that permafrps.tis not as widespread or as deep as was previous
bel ieved.

Of equal significance is the fact that the temperature probes
indicate that the temperatures within the permafrost are generally
within 1 degree of freezing. Construction in cold regious'has shown
that, within this range, materials can be excavated ~ith considerably
less dificulty than in areas where the permafrost temperatures are
lower. Particularly in borrow areas, where a rather large area can be
exposed, degradation is rapid and by alternating .from side to side in
the area, the material can be ripped, left exposed to the sun for a
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few hours and then ha~dledi~ t~e normal fashion. ThefragileHat.~,"~e

of th~ pe:mafrost re~1me as 1ndl ca~ed by temperaturestudiesWillb'e'
of prlme lmportance}n .the schedullng relat~d to foundation grouting."
Permafrost barely wlthln the frozen range wl11 be much easier to thaw'
and foundation grouting will be facilitated.

As explorations at the damsite continue, the installation of frost

probes will be expanded to provide detailed knowledge of the extent of

existing permaforst areas as well as their conditfon. A discussion of

design type of probes installed and the degree of accuracy to. be expected

from data readings can be found under UInstrumentation. 1I

Ground Water

Ground water conditions in the terrace area'north of the spillway
ali nement were examined during exploratory dri 11 ing, but the use of '

drilling mud used for most of the rotary drilling made direct water
table measurements difficult. Pervious zones were occasionally encoun

tered where loss of drilling mud was noted. Examples are DR-22 where

mud losses were experienced of approximately 50 gallons per foot of hole

drilled between elevations 2,025 and 2,000 feet and losses of approximately

14 gallons per foot of hole drilled between elevation 1,940 and 1,855

feet. In a very few instances water tables could be measured at the
time of drilling. A notable example of artesian head was measured while

drilling DR~13 and DR-14. In both of these holes the ground water was
under sufficient head to rise from elevation 2,240 and 2,270 feet,
respectively, to elevation 2,300 + feet when the overlying clay layer
was. penetrated by the dri'll. ,- '

A discussion of the overburden units encountered in the terrace
area can be found under the heading IIRelict Channel Area. 1I It will
be noted in that discussion that at least two deposits of lake sediments

were encountered which appear to be rather extensive•. As might be
expected, perched water was encountered above the htgher deposit, Lake
Woller, in some holes because of the impermeability of 'the material.

In the alluvial zones between the lake deposits water Was usually encoun

tered although, as previously noted, in only one instance was this water

under artesian head. Below the lower lake deposit, approximate elevation

2,190 feet, the glacial tills were very compact and can be expected to be

relatively imper.vi.ous~ The over consolidation of these materials as
previously stated is probably due to being overloaded by the weight of

ice in glacial times.

The significance of ground water conditions. in this area lies in
the fact that the deep deposits in the relict channel area will be
under a head of approximately 400 feet from the proposed Watana reser
voir. The decision as to whether or not an impervtouscutoff across
this channel is necessary depends on the pervious nature of the materials
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encountered. While a more detailed prog~am of exploring, sampling,
and testing will be undertaken to ensure that pervious layers will not
present a seepage danger in this area, it is presently believed that
no impervious barrier is 'required. A more detailed discussion of the
rationale in support of this belief can be found under the headi'ng
"Seepage Control, Relict Channel." .

Reservoir Geology

The Watana reservoir includes seven general zones of geology, as
indicated by Plate D-5 (Watana Reservoir Surficial Geology) •. Glacial
fill, outwash, and proglacia1 lake deposits predominate in the mean
dering reaches of the river upstream of the Oshetna River confluence.
The next zone extends downstream 'along the incised channel to Jay
Creek and Kosina Creek, and includes localized sedimentary and alluvial
units with metamorphics such as the Vee Canyon schist~ Thepredominat
ing dior;tic gneiss and amphibolite is laced with bands of mica schist,
pyroxenite, and augen gneiss that are inferred to correspond with contact
and shear zones trending northeast. The area around Jay and Kosina
Creeks and downstream to Watana Creek includes two zones With outcrops
of high grade schist and basalt flows at the river level. The surround
inghills are composed of volcanics with limestone interbeds on the
south, and mixed volcanics and near surface intrusives to the north for
a minimum of 10 miles. TheWatana Creek area consists'of basalt flows
and semiconso1idated predominately clastic sediments overlain by thick
glacial and outwash deposits. This,area also contains the Ta1ke~tna

Thrust as identified by the U.S. Geological Survey. Downstream of
Watana Creek lie the remaining two units, starting with moderately
metamorphosed sediments (phyllite, argillite, graywacke) with two bands
of schist. The final unit,starts just upstream of Deadman Creek and
includes all materials downstream to Fog Creek below the damsite. The
predominate types are the diorites, granites, and migmatites of the
damsite pluton.

The Watana reservoir includes many permafrost areas, especially on '
north facing slopes. Frozen overburden will tend to slough as the
reservoir is filled and the permafrost degrades. Since 'most of the ,
lower canyon elevations are covered with only shallow overburden deposits,
sloughing will be minor and have minimal effects upon the reservoir.
Deep overburden deposits, mostly of glacial origin, occur above approxi
mate elevation 2,000 feet where the slopes flatten out into a broad river
valley base level. Most of these glacial deposits will be stable due to'
the flat topography.

Some rock and overburden landslide deposits have occurred within
the reservoir area. One such sl ide deposit, known as tne"Sl ide Block,"
is located uj)stream of the axis on the south bank oPPos,ite "The Fins"
shear. Several old and potential landslides are identified by Kachadoorian
and Moore in their reconnaissance of the project area.
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In general terms, the geology ;n the immediate damsite is controlled
by the diorite intrusive\ believed to be the top of a stock which uplifted
the surrounding sediments~and volcanics and was later eroded by glaciers.
Subsequent glacial and stream deposition has masked much of the flat
upland areas and stream valleys.

DAM DESIGN

Dam Foundation Treatment

Main Dam: Foundation conditions are more than adequate for con
struttion of ~n earth-rockfi11 dam. The ~nder1ying rock is a diorite
or granodiorite which, in nonfractured fresh samples, had unconfined
compressive strengths that ranged from 18,470 to 29,530 psi. Only the
uppermost 20 to 40 feet of this rock is closely fractured and suffi
ciently weathered to require removal within the core area. Stripping
'depths along the centerline section are shown on Plate 0-7. Stripping
to sound.foundation rock is required for the entire length and width of
the impervious core. Foundation treatment within the rock excava-
tion area will include removal of all Toose and highly fractured rock
and soft materials, cleanup, and dental treatment. _ If there are any
zones where more than an 8 foot width of soft materials is removed, the
dental concrete will be contact grouted to the adjoining rock. Stripping
to rock will also be required under the remainder of the embankment area.
However, in this area excavation will not include removal of the inp1ace
rock. Only the loose and sever1y weathered surface rock will be removed.
Steep or overhanging rock walls will be trimmed to a smooth shape for
proper placement' of embankment materials. Exploratory drilling in 1978
has shown the materials in the river channel to be a well graded mixture
of gravels and cobbles as good, or better, than the materials that
would be used to replace them. As the exploration program continues,
these gravels will be more completely explored and it may be demonstrated
at that time that there is no need for their removal beneath the shell
zones. Should this prove to be the case, the change can be made during
feature design. -" '

Provision has been made for a 6- by 8-foot concrete grouting gallery
with concrete lining to be constructed in foundation rock under the
impervious core. This gallery will begin at e1evati'on 1,900 feet on
the left abutment and will terminate at e1evatton 1,800 feet on the
right abutment. It will provide 'access for drilling and grouting which,
in some areas may be, delayed to allow thawing of permafrost. Access
to the gallery will be provided from the powerholJse on the ,left abutment
and, by adit, from the downstream toe of the right abutment. Grouting
will be on a single line of holes utilizing sp1its'pacing, stage grout
ing techniques. Grout holes will be slanted upstream and may be inclUded
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to intercept the dominant high angle northwest tending fracture system.
Preliminary grout hole depths are estimated at two-thirds the height
of the embankment to a maximum depth of 300 feet with primary spacing
of 20 -feet, secondary spacing of 10 feet, and tertiary spacing of 5
feet with additional holes as required.

Determination of final grout hole depths, spacing, inclination,
grout mixtures, and grouti ng methods will be dependent on the resul ts
of future explorations, permeability studies, test grouting, and perma
frost thawing investigations.

Rock permeability test results are shown on the drill logs presented
on Plates 0-28 through D-37. Coefficients of permeability (K) were
computed iii feet per"minute times 10-4. Permeability coefficients
ranged from 0.0 to 23.1 and average 4.9 for those holes that were tested.

Drill holes in the left abutment area indicated very low permeability
due to permafrost. River section hole DH-l had variable permeability
coefficients that range from 0.48 to 2.52 and averaged 1.98. Drill
water returns in.the river holes were quite variable throughout the
entire hole depths and tended to drop off to low percentages at the
greater depths in the axis area. Right abutment drill holes hadperme
ability coefficients that ranged from 0.0 to 23.09 and averaged 5.47.
DH-10 was the only hole tested that had relativ~ly low permeatiility
coefficients throughout. Drill water returns had similar patterns with
variable percentage losses.OH-7 and DH-9 had 0 percent returns through
out and DH-8 and DH-ll maintained high percentages of drill water returns
throughout.

The existence of permafrost in the left abutment and the possibi
lity of minor amounts in the right abutment necessitates assessment of
the problem of thawing a zone in the foundation bedrock sufficiently
wide and deep to allow proper installation of the grout curtain. In
anticipation of this need, the U.S. Army Cold Regions Research and
Engineering Laboratory was asked to do a desk study on thaWing the per
manently frozen bedrock. The Technical Note which was submitted in
response to the request is included as Exhibit D~4.

Embankment Design

Design of the dam embankment at Watana damsite.has been based on
the availability and proximity of construction materials in addition to
their suitability as engineering materials. As a result of these con
siderations, the embankment contains a central section consisting of an
impervious core buttressed on the downstream s.ide by a semi pervious zone.
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This central section is supported, both upstream and downstream, by
suitable fine and coarse filters and rockfil1 shells. A typical cross
section of the embankment is shown on Plate 0-9.

The impervious core .andsemipervious zone wi 11 be constructed us i ng
the glacial till which is readiTy available in the ,area. The semi
pervious material will be obtained by selecting the coa,rser grained
materials while the finer materials will be placed in the impervious
zone. These materials, as discussed under "Embankment Materia1s," have
been shown by exploration and test to be a well gr~ded mixture, which,
when compacted, has a very good shear strength and a high degree of
impermeability. Tests have shown that this material is quite sensitive
to moisture control; therefore, special attention must be paid to this
aspect of the design and construction. The 14,000,000 cubic yards
required are available within a very reasonable. haul distance and will
only require removal of oversize boulders prior to use.

The fine filter material can be obtained from the gravelly sand
deposit at the mouth of Tsusena Creek. Chart 0-3 shows an envelope of
gradations from this source superimposed onto the envelope for the fine
filter as estab1ishedby engineering design criteria. This comparison
indicates that the Tsusena Creek source can provide material within the
ranges of sizes necessary to protect the core and semipervious zone
against piping or mig'ration of ftnes into the filter material.

Proven sources of gravel which can yield large quantities of material
are scarce within short haul distances of the project. For this reason,
the deds ion was made to use material from the rockfil1 source as a
coarse filter. Chart 0-5 is an envelope of the required gradation
which will provide proper filtering action for the fine filter material.
A curve has been superimposed on this envelope which represents the
materials expected from the rockfill source. As indicated, the rockfil1
will provide the proper filter action. The maximum size material in
the coarse filter and the lift thickness-for placement will, of course,
bel imited to ensure desi-gn criteria ar~ met.

The decision to utilize rockfi11 rather than gravel for the embank
ment shells w~s made when reconna;slanc~and exploration indicated that
dependable deposits of gravels which would provide the necessary quanti
ties could not be verified within reasonable haul distances of the dam
site. On the other hand, rockff11 can be readily obtained as discus led
under "Embankment Materials." Riprap for wave protection can be obtained
from the same source.

It is recognized that the 1 vertical on 2 to 2.25 horizontal side
slopes shown on the typical cross section for the dam are conservative
for a rockfi11 dam, and, if rockfi11 is used, these slopes will be re
fined in accordance with sound engineering practice. Refraction seismic
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lines in the borrow areas show velocities which could represent large
deposits of gravels or glacial materials but rather extensive explora
tions will be required to verify the true nature and quantity of the
materials. Should these explorations reveal that suitable gravel
deposits in the Cirea are sufficiently extensive to provide the large
quantities required for the dam shell sections, the gravel will ~e

used in preference to borrowing quarried rock for rockfill.

Powerhouseatld Underground Structures

An underground powerhouse i"s well suited to meet the restrictions
of subarctic weather and other envi·ronmental factors. Topographically,
the narrow Susitna Canyon is well situated for this type of underground
construction. The diorite pluton that underliesthe.foundation area
is expected to be competent for excavation and support of underground
facilites, but the location and design of the variou~ structures may have
to be adjusted in some areas. liThe Finslland IIFingerbuster ll Shear Zones
shown on"PJatep-3 and discussed in paragraph IIRock Structurellare the
two most significant shears within' the damsite area. Other northwest
trending steep angled minor shears involving displacements of a fraction
of an inch up toa few feet are common in the site area and were noted
in many of the drill holes. These minor shears appear to represent mass
adjustments to regional stress and compensation can be made for them in
design and constructi on of the underg.round structures.

Prior to'powerhouse excavation, exploratory adits located near the
crown of the various chambers will be driven to confirm final design
cri·teria. The chambers will be constructed with straight walls as
required for maximum dimensions, and not notched or cut irregualarly
for support of interior powerhouse facilities. Rock support will include
pattern bolts consistent with wall and crown conditions. Use of steel
channeling and remedial concrete is anticipated in local areas where
fanout may occur or in fracture zones having a substantial width of
crushed rock.' Wire mesh will be utilized where necessary as a temporary
facility prior to placing concrete. A thin layer of wire reinforced
shotcrete may be placed on the main powerhouse chamber walls and crown
as a protective measure against rock raveling. Additional shotcrete
will be utilized, as required, to seal surfaces and retain.rock strengths.
Construction methods in theJarge chambers will include controlled blast
ing and rock removal in lifts from the top downward. Gutter and floor
sloping for drainage will be provided in the interior structures between
chambers.

Intake Structure

Consolidation grouting may be necessary for the intake structur~

foundation and the bridge pier footings. The. higher bridge pier
footings w~ll also be recessed into sound rock. Tunnel portals will

.:,:
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be designed so that there is a minimum of two tunnel diameters of sound
rock above the heading where they go underground. Initial tunnel
support will be by pattern bolts, with steel channeling and wire mesh
where necessary in closely fractured areas. Major shear zones will
require steel supports. Hydraulic and geologic considerations will·
necessitate final concrete)inings for all but the access tunnels, and
steel 1inersfor the penstocks.· Grout ri.ngs will be required in the .
penstock portal areas.

The two diversion tunnels are to be separated by a minimum of four
tunnel diameters to provide greater structural stability. Downstream
diversion tunnel portals will have to be .located to avoid the IIFinger
Buster" shear zone to insure adequate portal construction conditions.

Spillway

d. The gated spi 11 way has been relocated about 800 feet southeast of the
alinement presented in the 1976 report so that it will be constructed
in a through rock cut. The spillway will be unlined beyond the spill
way gate structure and apron. The new spillwayalinement extending
from theSusitna north valley wall to Tsusena Creek and the spillway
gradient are shown on Plates B-2 and B-5. It is anticipated that, with
the exception of minor amounts of waste, all the excavated ·materials
from the spillway will be used in the dam embankment~ The major part
of the excavation is in rock and this material will be used in the
shell sections. The overburden materials are glacial till which, when
separated from the boulders can be used in.theimpervious or semiper
vious zones.

Seepage Control - .Rel ict Channel

The relict channel area is an overburden terrace underlain by a
bedrock depression, and extends northward from the right abutment for
about 6,000 feet•. This terrace is composed of glacial till, some of
which has been reworked by alluvial action. For this reason, consid
eration was given to the possibility of seepage through the area· where
rock contours are below the proposed reservoir elevation. However,
preliminary seepage calculations indicate that even in the relict
channel area, where the head differential approaches 350 feet, and
using a very conservative 'k ' value of 500 feet per day, the seepage
would be less than 0.02 cubic feet per second per foot of width for
a pervious layer assumed to be 80 feet thick. Assuming such a layer
to be 200 fe.et wide, the seepage would be in the order of 4 cubic feet
per second, which is a minor amount. The exit velocities associated
with such seepage wotttd be.too low to cause serious piping or erosion.
Investigations during the summer of 1978 support this conclusion. In
holes DR-13 and DR-14, located in the vicinity of Borrow Area IID,II
ground water was encountered in alluvial layers between elevation 2,240

",:
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and 2,280 feet with an artesian head which exceeded the proposed reser
voir level by 100 feet. In spite of this high head condition, no
evidence was found indicating seepage out of .this layer into either
Deadman Creek or Tsusena Creek. Indeed, it is probable that the effect
of this artesian water, which evidently has its access to the alluvial
layer in the upper reaches of Tsusena or Deadman Creek, would be to
resist flow from the reservoir into the aquifer. Because mud losses
in OR- 22, 1oca ted at the center of the re1i ct channel, indi cated the
possibility of permeable .1 ayers at approximate elevations 1,900 and
2,000 feet, a falling head permeability test was performed at this hole.
The permeabilities calculated from this test are a further indication
the seepage through the terrace would be minor or nonexistent. Conse
quently,it was unnecessary to include any ,cutoff through the saddle
and relict channel area.· .

CONSTRUCTION MATERIALS

Rock Shell Materials: Rock shell materials may be obtained from
two quarry locations shown on Plates 0-10 and 0:-11. - .
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Quarry sites were located on the left abutment of the dam (Quarry
Source 'AI) and in the northwest quadrant of the confluence of Deadman
Creek and the Susitna River "(Quarry Source'BI}.The Quarry Source (A)
on the left abutment is an outcrop of igneous rock ranging in elevation
from approximately 2t300 to 2t630 feet. The total volume ofthe hill
above the surrounding terrain is approximately 200 million cubic Yards
of rock. Development would consist of open faces on the north flank
of the dome with the final 'quarry floor at an elevation of2 t300 feet.
This type of development would maintain the visible profile of the hill
essentially as it is now. The resulting~quarry floor could provide an
ideal site for parkingareas t visitor facilities t and perhapst the
switchyard. --

The material in the hill is a diorite on the western side and a
rhyodacite porphory on the eastern half. The appearance of outcropings
and exposed faces of each material indicates that the hill is composed
of sound rock.

The product of this quarry w,"ll be used for the rockfill shell
zones of the dam and in the coarse filter and riprap. This site
(Quarry IA I) represents the nearest source of adequate quantities of
rock materials for the dam. From the approximate center of the quarry
to the approximate center of the dam is a distance of 4tOOO feet and _
movement of material would be downhill. If properly developed t virtually
all of the material removed from the quarry will be used in the dam
and the oversize material t overburden and weathered waste material can
be disposed of immediately adjacent to the quarry in the reservoir
area upstream of the dam.

The quarry source at the confluence of Deadman Creek and the
Susitna River (Source 'B') could be developed by excavating rock from
the open faces visible on Deadman Creek and continuing the development
of a face to thewestward t maintaining the face between elevation
lt700 and 2tOOO feet. Stripping and clearing would be minimized by
developing a long t narrow quarry paralleling the river and using the
quarry floor as a haul road for the length ofdevelQpment. If exploited -,
in this waytthe quarry could yield 17 tOOO tOOO cubic yards of material.

The rock exposed in this area is a moderately weathered diorite.
The product of this quarry could be used on the rockfill shell sections
of the dam. The distance from the center of the Quarry IB' to the
center of the dam is approximately 2 miles.

The only reason for uti 1i zing this quarry source instead of the
Quarry 'A' on the left abutment would be the lessened environmental
impact since the quarry at Deadman Creek would be entirely in the
reservoir area. However t since the haul distance is greater and the
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net environmental impact of the Quarry IA I on the left abutment is
small, this area is a less desirable source of embankment materials.

Core·Materia1: Impervious and semipervious materials can be excavated
from the glacial tills which are present at the damsite. The most logical
source of gla~ia1 till appears to be in an area denoted as Borrow Area
101 which lies between Deadman Creek and the saddle on th.e north side
of the dam (see Plate D-11). . .

Exploration in this area was accomplished by drilling with a track
mounted, self-propelled auger and a.Fai1ing 1500 rotary drill, by test
pitting with a backhoe, and by use of seismic refraction methods. Five
holes were completed using the air rotary drill, 14 holes were completed
using the auger, 14 pits were completed with the backhoe, and 4 seismic
refraction lines were extended across the proposed limits of the borrow
area. The material in the area is composed of a sur.face layer of natural
ground cover of roots and moss, approximately 2 feet of boulders and
organic silts .underlain by the tills which are classified as gravelly
si1ty sands. .The ti 11 s range from 15 to 25 feet thi ck. and usually over
lie a clay, sandy gravelly clay and silty sandy·gravel. .

Sack samples from the test pits (in Borrow Area D) were tested at
the North Pacific Division Materials Laboratory to determine gradations,
compaction, consolidation characteristics, permeability'; and triaxial
shear strength.

Gradation tests were run on each sample from each test pit. An
envelope of the gradation curves derived from the tests of samples from
Test Pits 8 through 19 is shown on Chart 0-2. Because the range of
gradations of materials from the test pits centrally located'in the area
is 1imfted, a composite sample was formed. Use of a composite sample .
was necessary to provide adequate material for a representative testing
program since retrieval of large bulk samples from the site was not
possible.

The coefficient of permeability (K20) for the minus .l-inch fraction
of the till material, compacted to 95 percent of maximum density with
an optimum water content of 7.5 percent equals 10.90 X10-6 cm/sec.
This relatively. low coefficient of permeability is coupled with an
adequate shear strength at the optimum water content, acceptable con
solidation values even when loaded to 32tons/sq ft and a narrow band
of gradation throughout the central portion of the outlined borrow
area. The shape of the compaction curves indicates that moisture .
content is critical in obtaining maximum densities with a pronounced
peak at the relatively low optimum moisture content of 7.S.percent.
The results of the triaxial compression tests indicate that in the
unsaturated and undrained condition the glacial tills will be sensitive
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to moisture contents higher than optimum but that if placed on the dry
side of optimum they will maintain strength essenttally equal to those
obtained when placed at optimum.

The results of this testing program indicate that the glacial tills
can be placed and compacted to provide a suitable material for both the
impervious and semi pervious zones •. The s'pecifications will need to
provide for close controls of the moisture content and the quality
assurance programs will have to be adequately staffed to provide for
careful checks of moisture content in the pervious and semi pervious ,
fill. Detailed laboratory reports of the tests conducted are included
as Charts 0-6 through D-29.

The materials from Borrow Area 0\ can be used with very little
processing. The ground cover and organic silts and boulders will be
str.ipped from the surface and disposed of as designated near the mouth
of Deadman Creek in the reservoir area. The remainder of the material
can be utilized in the core of the embankment if oversize ,(l2:inch plus)
material is removed by mechanicallY raking in the pit or on the embank
ment fill. Less than 10 percent of the material will be too large to
use in the core. Since removal of only the silty, sandy gravel above
the clays will result in the floor of Borrow Area '0 1 being above
reservoi r elevati on, it wi 11 be necessary to contour and seed the
borrow area after the completion of removal of materials as a restor,a-
tion measure. Approximately 630 acres will be restored. '

Filter Material: The nearest source of clean sands and gravels
for use in the fine filter of the embankment dam is an alluvial deposit
formed by materials washed out of Tsusena Creek and deposited at the
confluence of Tsusena Creek and the Susitna Rive~ on the right bank
of the Susitna(Borrow Area 'E', see Plate 0-12). Haul distance to the
dam ranges from 3 to 5 miles. This area was explored by digging 5 test
pits to a depth of 8 feet using a backhoe mounted on a small tractor.

The material in this area is composed' of approximately 2 feet of
organic, sandy silt overlaying 6 feet of clean, well graded sands' and
gravels having maximum ,siz.e particles of up to 4.inches in diameter.
The materials are sound, well rounded particles. The bottoms of the
test pits indicate the possibility that the materials deeper than 8
feet below the ground surface contain up to 50 percent of boulders in
excess of 8 iQches in diameter and ranging up to,24 inches in diameter.
The 6 feet of material which lies above the boulders, may 'be used in
the embankment with requi'red processing limited to some blending and
removal of material larger than 12 inches to produce fine filter
material. An envelope of gradation curves derived from tests of
samples from TP-l through TP-5 is, shown in Chart 0-1. All of the samples
are from the first 8 feet of material. All of this material lies above

- ,
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the water table and can be taken by front loaders. The quantity of
material available in the first 8 feet is approximately 3.7 million cubic
yards. After the boulders are encountered at a depth of 8 feet, the
oversize material will have to be removed and material below the water
table will have to be bailed from the area. A dike will be maintained
to separate the borrow operations from the river so th~t all turbidity
created by the excavation of materials will be filtered. or settle prior
to entering the Susitna River. In terms of grading, particle soundness
and proximity, this area represents an excellent source of essential
filter materials.

The second area in which clean sands and gravels were located is
in the upper reaches of Tsusena Creek, north of Tsusena Butte (Borrow
Area IC I)•. The materials are sound, well rounded particles and are
well graded with maximum sizes generally less than 4 inches. Consider
able exploratory effort would be necessary to ensure quality and quantity
of materials before this could be considered an acceptable source.
Because of the haul distance of 12 miles, this source wi.ll not be con
sidered unless further explorations and testing indicate that ,adequate
materials may not be obtained from the sources closer to the damsite.

Exploration at Site IC I was accomplished by digging one test pit,
reconnaissance of the area on foot and from helicopter, and with a
seismic survey.

Concrete Ag9regates: Approximately 310,000 cubic yards of concrete
will be require to construct the appurtenant structures for an embank
ment dam at Watana damsite. Most of this will be structural concrete
placed in tunnel linings, the' powerp1ant, gate structures, intake struc
tures, and spillway channel lining. Maximum size aggregate will be 3
inches in all but the smaller structures or those with closely spaced
reinforcing. The most readily available source of concrete aggregate is
available at the confluence of Tususena Creek and the SusitnaRiver
(Borrow Area lEI). The materials from the first 8 feet in the alluvium
can be utilized with only limited screening. As oversize. materials are
encountered at greater depths, the larger particles will be crushed for
use in the concrete aggregate, thereby achieving maximum utilization
of gravels from the area and also to increase the tensile strain resis
tance of the concrete which will lessen problems with thermal cracking
1n the more massive sections. Since Borrow Area E represents the most
economical source of concrete aggregate and the nearest acceptable
source of essential filter material, maximum utilization of the material
in this area is required.

A petrographic analysis of sands and gravels from Borrow Area E
was conducted by the Missouri River Division Laboratory at Omaha,
Nebraska. The results show the material to be approximately 70 percent
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granitic rock with the remainder composed of bas~lt, andesite, and
ryholite. Chert is present in such small quantities as to be nondele
terious.

The quarry site on the left abutment (Quarry Source IA I) is con
sidered an alternate source of concrete aggregate. If material from
the quarry were used in the embankment damaggreg~te could be produced
by placing a crushing and screening plant ih the qu~rryand producing
the concrete aggregate incidental to the production of embankment material.
The concrete aggregates would be produced from the diorites .in the
quarry to avoid the potential of problems caused by the reaction of
the alkalis in the concre.te with the rhyodacite porphory in the eastern
half of the hill.

The materials in upper Tsusena Creek (Borrow Source IC I) would
produce excellent concrete aggregate; however, because of the haul
distance involved(lO miles), it is not anticipated that this source
would be exploited to produce concrete aggregate unless embankment

. materials ,are also taken from th~~ same source.

It is anticipated that because of the relatively small quantities
of required concrete aggregate compared to the large quantities of the
various classes of embankment materials, that concrete aggregates will
be produced incidental to the production of embankment material and
stockpiled adjacent to the batch plants used.

The first concrete required on the project will be that required
to line the diversion tunnels and form gate and trashrack structures
for river diversion. The aggregate for this work could be produced
from Borrow Area E with a resulting haul distance of 2.3 miles.
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NPDEN-GS-L (79-S-404)

WATANA DAM

Composite No. 1

Report of Specific Gravity & Permeability Tests

1. Specific Gravity & 'Absorption (ASTM C127 & C128)

Bulk
Bulk, SSD
Apparent
'70 Absorption

3/4 in. - No.4

2.633
2.671
2.737
1.44

Minus No.4

2.683

2. Coefficient of Permeability (Minus 1 inch material)

Remolded Density = 126.6 P.C.F.
Optimum Water Content = 7.5%
Permeability K20 = 10.90 x 10-6 em/sec.
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'0 5 /0 1$ 2,0 2.5'
WATER CONTENT. PER CENT OF DRY WEIGHT

Standard
COMPACTION TEST

25
ILOWS PER EACH Of 3 LAYERS, WITH 5.5

LI RAMMER AND

12.0 INCH DROP. 4.0 INCH DIAMETER MOLD

SAMPLE ELEV OR CLASSIFICATION G LL PL %> %>
NO. DEPTH NO.4 3,4 IN.

Compo ite No 1 .8i. SAND (8M) 2.68 - -

SAMPLE NO. Coinposite Np. 1
NATURAL WATER CONTENT IN PER CENT

OPTIMUM WATER CONTENT IN PER CENT 9.3
MAX DRY DENSITY IN LI/CU " 128.9

REMARKS PROJECT WATANA DAM

AA8HTO T-99 " i

Method A AREA
'OJ, .

BORING NO. Composite No.1 DATE 14 NOV 1~/8

NPD COMPACTION TEST REPORT

,:::

ENG FORM 2091
1 MAY 63

PREVIOUS EDITIONS ARE OBSOLETE.
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0 5 10 /5 20 '2.S

WATER CONTENT, PER CENT OF DRY WEIGHT

Standard COMPACTION TEST

56 BLOWS PER EACH Of ·3 LAVERS, WITH 5.5 LB RAMMER AND

12,0 INCH DROP. 6.0 INCH DIMIETER MOLD

SAMPLE ELEV OR CLASSIFICATION G LL PL 'Yo> 'Yo>
NO: DEPTH NO... % IN.

Compo site No 1 Gr .Si. SAND (SM) 2.69 13.1 -

/

SAMPLE NO. Comnosite Nb.1 '.
NATURAL WATER CONTENT IN PER CENT

OPTIMUM WATERCONTENT IN PER CENT 7.5
MAX DRV DENSITY IN Ll/CU fT 133.3

REMARKS PROJECT WATANADAM

AASHTO "T-99

Method D AREA

.BORING NO'Composite No.1 DATE 14 NOV lq7~

NPD COMPACTION TEST, REPORT

PREVIOUS EDmoNS ARE OBSOLETE.
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PREVIOUS EDITIONS ARE OBSOLETE2089 (EM 1110.2-1902)
ENG FORM

, JUN 65

( 60 6tJ Itt .! tl j
It-

o'
~-+- H- H--

~ ( .. .+ - t I t' tE-t -t
0'

H~ If I-j• +-

"" E:t ~

D ~()
lj() . I J1 t I, nI ..

-t . j 11..
rot ~D r--t f-i..• • ; t.. • .• t ... ,,~ t• fot 2,0 +> ++ • {1HUl

~ rq •
~ '_ ft

t II

l f~- 111'1-
~'

.g
,t jH J. ~ t

~ () 20 /fa ~" 0 /00

Normal stress, 0, T/sq ft

~ Test No. 1 2 3

c~ 0 Water cont~nt Vo ].7 '1> 7.6 '1> 7.5 '1> '1>- 'ai,
~ .... Void ratio eo 0.329 0.326 0.326
~ -I. +>

'1> '1> '1> '1>
.... Saturation So ,63 62 62~~

" , JJ~, aenSl'ty , 7d 126.3 126.5 126.6rt -2. lb eli ft
Q/

~ Water content Va.': 7.7'1> 7.3 '1> 7.3 '1> '1>E
II;) -3.0 .c: Void ratio e<r.; 0.317. 0.312 P.309-0 Ul

> e Saturation Sa;;: 65 ,~ 65 i 65 '1> '1>
0 5 10 15 20 ~ nnu ~i~ pres-II

UoIII sure. T so ft
Axial Strain. '1> 'aI Water content Vf 7.5 '1> 7.3 '1> 7.3 '1> '1>

Shear Strength Parameters ~ Void ratio ef 0.307 0.289 0.274

•• 33.5 0 Minor pri,CiPa1
°3 4.00 8.00 16.00stress, T sq ft

0.662 Max deviator ;I( ) 12.41 23.46 fl-2.02tan •• stress. T/sq t't °r03 max

c· 0.66 T/sq ft Time to failure, min tf 26 35 32
Rate Of/train, 0.39 0.38 0.39

Method of saturation percent min

None
U1t devi']~~ftl(01-03)Uit 12.29 23".25 41.'77stress. T s

0 Controlled stress Initial diameter, in. Do 5.87 5.87 5.87

IiJ Controlled strain Initial tleigtlt. in. Ho' 12.81 12.81 12.81

TIlle of test Q I TIlle of speciJDen Remq1d ,
"

, Cl&asification Gr. Si. SAND (SM)

Lt r PL PI I 1Gs 2.69

Baarka Remolded at 95% Project WATANA DAM

Standard compaction D~nsity

( 126. 6 P.C.F.) and Optimum Area
~ompOSLt:e l.'\Io.l.

.. Water Content (7.5%) Boring No • Ssmple No. _ __....
Depttl Date14 NUV I~/OVl

NPD TlUAXIAL COMPRESSION Tf,ST REPORT
" -,
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~ 11 ~i t '-1
~ t +k tI •. +

0
~ t l It

~
t '~ , t ·f i~t·

0 0 20 0 ~o go /00

Normal Stress, 0, T/sq ft

+2.0
C) Test No. 1 2 3
~+,.o Water content Yo 3.6 1> 3.5 1> 3.5 1> 1>
C' ';l
~ () 0 .... Void ratio eo 0.326 0.326 0.326

+>
~. .... Saturation So 29 ", 1> 29 1> 29 1> 1>

. - ~

~-I,o
JJry aensl'ty, 7ei 126.5

.
lbi'cu ft 126.6 126.5

l...

3.5. 1>-+-
til Water content Yo;;' 3.6 1> 3.5 " 1>.tI

~

£-2.0 G)
.s:: Void ratio eCT,j 0.312 0.318 0.303~ to

~ G)
Saturation So::: 31 ~ 30 1> 31 1> 1>k-3.0

0 5 10 15 20 e
nnlLL ~i~k pres-ti '110l:I:l sure. T so ft

. Axial Strain, S 'i1 Water content Yf 3.4 1> 3.4 " 3.4 1> ~

Shear Strength Par!!!!!eters
;l

Void ratio'"' ef 0.312 0.307 0.272

•• 35.5 0 IMinor pri,ci~
°3 4.00 8.00 16.00stress. T sq ft

0.712 Max deviator ;I( ) 16.49 28.10 49.64tan •• stress, T/sq ft 111-113 III&X

0.14
T/sq ft T1me to failure, min tf 11 21 30c-

Rate Of/train, 0.43 0.37 0.39lpercent min
Method of saturaticm

None i

~l~e~:;i,}~~ ftl( l1l-a3)ult 14.95 26.25 48.72

0 Controlled stress Initial di!!!!!eter, in. Do 5.87 5.87 5.87

ill Controlled strain' Initial height, in. He 12.81 '·~2.81 12.81

Type of test Q I Type of specimen Remold

, C1&ssification Gr. Si. SAND (SM)
Lt I PL PI I IGs 2.69

RelIarka Remolded at 95% ~ject WATANA DAM
.

Standard Compaction Density

(126.6 P.C.F.) and Optimum Area

Water Content minus 4% (3.5%) -. .'v. ~
Boring No. SlIIIIPle No.

, , Depth
Date 14 NOV l~fHF.l

NPD TRIAXIAL COMPRESSION TEST REPORT

eMG FOIIM
, JUN 6S 2089 (EM 1110-2-1902) PREVIOUS EDITIONS ARE OBSOLET"

TRANS,LUCENT
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f I +> t f • -t t tm
~ '1 ' , '1

~ . tt -. :t~....
~0

l 1t1: U:.
~ 0 0 '1 g ,e. " 20

Normal Stress, 0, T/sq f't
o·
~ Test No • 1 2 3...
£ D.O Water content Wo 11. 2 1> 11.2 1> 11. 21> 1>
~ 'il Voi.d ratio eo 0.326 0.328 0.326
fji -~,'

....
+>.... Saturation So 92 1> 92.) 921> 1>\J ·rnm ~Il

rE.-D,Z E J.I~, aenS1T.y, ?'d 126.1 126.4 126.61b cu 1'1;

d
~ Water content wee: 11. 21> 11.2 1> 11. 21> 1>€

2-0•3 I)
.<: Void ratio eq;; 0.302 0.304 0.303

~
m
I) Saturation .' S<tj 100 ~ 99 j 99 1> 1>k

0 5 10 15 20 ~
.mllLL ~i~Jt pres-Q)

~JlQ sure. T sa 1'1;

Axial Strain, 1> 'il Water content . Wf 11.2 1> 11.2 " 11. 2" j...
s::

Shear StreD«tb Parameters
.... Void ratio 0.301 0.302 0.301lOt ef

•• 1.75 0 I Minor pri?Ci~
°3 4.00 8.00 16.00stress" T sq f't

0.0307 Max deviator ;I( ) 1.15 1.50 1.91taD •• stress, T/sq tt °1-°3 max

C· 0.44 T/sq 1'1;
Time to f'ailure, min tf' 38 38 38
Rate Of'/train, :0.39 0.39 0.39

Method of' saturaticm
Ipercent min

. None .
.

~!~e~:;i~'~~ tt/(01-03)ult 1.15 L50 1. 91
0 Controlled stress Initial diameter, in. Do 5.87 5.87 5.87 .
1iJ Controlled !Itr~ Initial height,ln. Bo 12.81 12.81 12.81

TtPe 01' test Q I Type 01' ~c1men Remold ,"

. C1&ss1tlcation Gr. Si. SAND (SM)

Lt I PL PI I Gs 2.69

Rellarks Remolded at 95% Project WATANA DAM

Standard Compaction Density

(l26.6P.C.F.) and Optimum Area

Water Content plus 4% (11. 5%) Borin8 Ho. ~,om~os~l.e l~O • .L
S8lllP1e o.

Lost water during compaction Depth Date14NUV I~fli~,

NPD '1'RIAXIAL COMPRESSION ~T REPORT-
ING POIlIll
'.IUN 6' 2089 (ElIIll1002-1902) PREVIOUS EDITIONS ARE OBSOLETE

TRANSLUCENT
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•
() 0 10 2.0 30 1./-0 15

Normal Stress, . 0, T/sq ft

~ {l.O
Test No. 1 2 3

c Water content 7.5 1> 7.9 1> 7.8 1> 1>
III

Yo

~ aI Void ratio eo 0.326 0.331 0.331....
VI-O.t +'.... Saturation So 62 1> 64 1> 64 1> 1>
" ~
t D~( l1ennty, Yd 126.6; 126.1 126.2
~ 1b eu ft

E :a Water content Yc 11.2 1> 11.1 1> 10.8 1> 1>
-2 wtJ,'" II

.<: Void ratio ec 0.303 0.300 0.291
~

CI1

II
~ 1> 1001> 1>lot Saturation Sc 100 1000'

0 5 10 15 20 1M 1'1naJ. ~i~Jr. pres-II
III sure T so rt 110 5.04 7.20 5.04

Axial strain. 1> 'il Water content . Yf 11.2 1>11.1 1> 10.8 1> 1>
Shear Streplth Parwters

~ Void ratio.... ef 0.302 0.298 0.290

•• 12.3 0 Minor pri~C1PBJ.
°3 4.00 8.00 16.00stress T sq ft

0.218 Max deviator / ( )
tan. • stress. T/sq ft °1-03'1II&X 3.84 7.59 11.28

C· 1.07 T/sq rt Time to failure. DI1n tf 10 18 19
Rate of/train,

0.10 0.08 0.08
Method of saturatioo

Ipercent DI1n

Back Pressure
~!~e~:;i,}~~ tt/(01-03)ult 2.13 4.92 8.49

0 Controlled stress Initial diameter, in. Do 5.87 5.?7 5.87
(!J CClI1trolled strain Initial height. in. Ho 12 .~n l2.81 )..2.81

T,ype of test R I T,ype of spec1Jllen Remold
. C1Usification Gr. S1. SAND (SM)
Lt I PL "\~" PI I / Gs 2.69

Remarks Remolded at 95% Pro.1e.ct WATANA DAM

Staridard Compaction Density
(126.6 P.C ~'F:) and Optimum Area

Water Content (] .5%) • Boring No. S8lllP1e ~?mposite No.1
Depth

Date14 NOV 978'~1'

NPD TRIAXIAL COMPRESSION TEST REFORT

ING 'ORM
'JUN.I 2089 (EM 1110.201902) PREVIOUS EDITIONS AAE OBSOLETE

TRANSLUCENT
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(J 1I424PI'EVIOUI EDITIONI ARE OSSOLETE. (TRANSLUCENT)
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O.J. 0.2 0.3 0.40.5 J. 2 3 4 5 10 20 25 3"-
.Pressure, p, T/sq 1"t

Type "of Spec1lllen Remold Before Test .. Af'ter Test

Diem 4.445 in. Ht 1.005 in. Water Content, Wo 9.3 '/. wf 9.2 '/.

Overburden Pressure, Po T/sqft Void Ratio, eo 0.366 et 0.313

PreconsoJ.. Pressure, Pc T/sq1"t Saturation, So 68 '/. Sf .79 '/.

Compression Index, Cc 0.06 Dry Density, 7d 122.'5 J.b/tt
3

127.4

Plass1t1cation Si. SAND (SM) ~O at eo = X J.O- em/sec

LL G 2.68 Project WATANA DAMs
, .

PL
D10

Bemal'ks Remolded at 95% Standard Area

Compaction Density (122.5 lloriDg No;
Composite No.1·

P.C.F SlImpJ.e No•

and Optimum Water Content
Depth

. Date14 NOV 1978(9.3% EJ.

Loaded at placement water { "NPDCONSOLIOATION'TEST REPORTcontent with no saturation
','

Chart D-18
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NOTE: NUMBERS BESiDE CURVES
ARE PRESSURES IN T/SQ FT.
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TIME IN MINUTES
..

WATANA DAM

f-IOIIINGNO. 1~:E.osu;e l~O.L I~ . ID~4 NOV 197A
~Po.M-2Oii-- PREVIous-Eo~PD CoNSOLIDATION TEST-TIME CURVES (TltANSLUCENT)

I MAY 63 M.f. OBSOLEtE.

* Gpo. 1...4 or 7111-IIS
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0.1 0.2 0.3 0.40.5 1 2 3 4 5 10 20 25 ?l~

Pressure, p, T/sq tt

Type or SpeC1lllen Remold Betore Test AtterTest

D1aIIl 4.444 in. Ht, 1.005 in• Water Content, Yo 9.3 ~ Yt 11.8 ~

Overburden Pressure, Po T/sq tt .Vo1dRatiO, eo 0.365 et 0.310

Preconsol. Pressu.re, Pc T/sq tt saturation, So 68 ~. Sf 100 '1>

CCIIlPression Index, Cc . 0.06 Dry Density, 7d 122.Sb/ ft3 127.6

Classitication SL SAND (SM) !tea at e . = X 10- em/seco .

LL Gs 2.68 Project WATANADAM

PL D10 :

Remolded at 95%
.

Be_rlts Area

Standard ComD8ctionDensitv Borins No. Samp1~OfeP.0site No.1

(122.5P.C.F.> and OPt:1n1um
Depth

Date, 14 NOV 1978E1

WaterColltent(9.3%) NPD CONSOLIDATION TEST REPORT

PIIEVIOUS E.DITIDNS AilE DBIDLETIE. (TRANSLUCENT')
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Chart D-24
PREVIOUS EDITiONS ARE OBSOLETE. (T'RA"SLUCBNT)
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Pressure, P, T/sq :rt

Type at Spec1lllen Remold Before Test Arter Test

Di_ 4.445 in. it 1.006 in. Water Content, W0 5.3

'"
wf 12.0

'"Overburden "Pressure, Po T/sq :rt Void Batio, eo 0.365 et 0.321

PrecCll1so1. Pressure, Pc T/sq :rt Saturation, So 39

'"
Sf' 100

'"CClll;Press1on Index, Cc
0.10 Dry Density, 7d 122.5 1b/tt3 126.6

Si, SAND (SM) ~ at eo = X 10- em/secClassitication

LL Gs 2.68 Project WATANA DAM

PL D10~.

BeDarks. -Remolded at 95% Area

Standard Compaction Density Boring No. ~le1Po~posite No.1

(122.5 P.C.F.) and Optimum
Depth

Date14 NOV 1978E1

Water Content minus 4% (5.3%) NP£ONSOLIDATION TEST REPORT
~
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EXHIBIT D-2

Reconnaissance of the Recent Geology of the
Proposed Devil's Canyon and Watana Damsites,
Susitna River, Alaska.
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PRELIMINARY REPORT OF THE RECENT GEOLOGY

OF THE PROPOSED DEVILS CANYON AND .WATANA

DAMSI'l'ES., SUSITNA RIVER, ALASKA

by

Reuben Kachadoo.rian and Henry J. Moore

ABSTRACT

At the request of the Corps of Engineers, the U.S. Geological

Survey conducted a reconnaissance of the recent geology of the proposed

Devils Canyon and Watana damsite areas, Susitna River, Alaska.. The

purposes of the reconnaissance were to look for active faults and other'

geologic hazards. Field work by the Geological Survey was conducted

between July 25, 1978 and August 7, 1978 using a helicopter which was

shared jointly and in cooperation with personnel of the Corps of

Engineers.

The geologic reconnaissance of the proposed Devils Canyon and

Watana damsite and reservoir areas did not uncover any evidence for

recent or active faulting along any of the known or inferred faults.

Recent movement of surficial deposits has occurred as the result of mass

wasting processes and, possibly, by seismic shaking and minor

displacements of bedrock along joints.

Landsliding has occurred in the past and future landsliding appears

probable. The occurrence of unconsolidated glacial debris, alluvium,

and Tertiary sediments at elevations below the proposed reservoir water

levels may slump and slide into the reservoirs when they are inundated.

Some of these sediments may ~e permanently frozen and, locally, may be
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ice-rich which increases the probability of slumping and sliding when

the sediments are thawed by the water impounded behind·the dams.

The tectonic framework of the Devils Canyon arid Watana damsite

areas is not well understood. The present knowledge of the area

indicates that tbe seismicity of the region ranges in depth from less

than 10 km to greater than 175 km.

Additional detailed geologic arid seismic studies are necessary in

order to reliably evaluate the potential geologic hazards in the region

of the proposed dam and reservoir sites.
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INTRODUCTION

The feasibility of two dams on the Susitna River, Alaska, is

currently under evaluation by the U. S. Army Corps of Engineers. The

Corps of Engineers has proposed two dams for the purpose of developing

the hydroelectric power potential of the Susitna River: one at Devils

Canyob and the other at the Watana site. The proposed Devils Canyon

site is located about 29 km (l8miles) upstream ·from Gold Creek Station

on The Alaska Railroad. This dam would be 194m (635 ft) high and the

reservoir formed would have a water altitude of 442 m (1,450 ft) above

sea level and would extend about 45 km (28 miles) upstream to the

proposed Watana site. The height of the proposeaWatana dam would be

247 m (810 ft) and its reservoir would have a maximum water altitude of

671 m (2,200 ft) and extend upstream 87 km (54 miles). The total power

produced by both structures would be about 600 megawatts (MW);

approximately 270 MW at Devils Canyon and the remaining 330 (MW) at

Watana· The current proposed locations for the damsites are shown in

Figure 1.

The study of active faults, seismic activity, potential and recent

landslides, and other potential geologic hazards are of particular

concern in the preliminary evaluation of the proposed Devils Canyon and

Watana damsi tes .and their reservoirs. The U. S. Army Corps of Engineers

requested the U.S. Geological Survey to make such a study.

Authorization. for the Geological Survey to make the study is embodied in

a letter from F. R. Brown, Technical Director, Corps of Engineers

Waterways Experiment Stationt6Dr. D~nla:sPeckVChiefGeologist,

Geological Survey (Appendix A) and a proposal letter to 'Dr FEllis
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Krinitzsky, Corps of Engineers, by Reuben Kachadoorian (Appendix B). In

practice, the scope of this reconnaissance was modified to include a

much larger area than that stated in Appendix B.

This report is based essentially on reconnaissance geologic

observations, both on the surface and from overflights, between July 25,

1978 and August 7, 1978. Field work was conducted using a helicopter

which was shared jointly and in cooperation with Corps of Engineers

personnel who were conducting detailed studies at. the proposed Watana

damsite. Unfortunately, adverse. weather significantly curtailed the

number of surface observations during the limited amount of time that

the helicopter was available to us.

Details of. the bedrock geology are beyond the scope of this report

but the geologic map and report of Csejtey and others (978) is included

in this report as Appendix C for the sake of completeness and because we

refer to some of the geologic map units. The geologic map in the report

was important to our reconnaissance and wherever we field checked it, we

found it to be correct and commensurate ·with its scale. It should be

realized that mapping at a larger scale. would permit finer subdivision

of the map units and portrayal in more detail. Additionally, the

definitions of the map units are not directed toward engineering

problems, but rather geologic ones; and, therefore, this fact must be

considered when using the enclosed geologic map. The map should be used

only to determine the gro$sgeo1ogic setting of the proposed Devils

Canyon and Watana damsites.and their reservoirs. The map includes all

of the Talkeetna Mountains,Alaska, Quadrangle,and·small segments of

the Healy, Alaska, Quadrangle, in the. northwest part of the map and the

Anchorage, Alaska, Quadrangle in the south.
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Figure 1 is intended to clarify the discussions and data presented

in this report. It has three parts: (1) a 1:250,000 scale topographic

map of the Healy, Alaska, Quadrangle, (2) a 1:250,000 scale topographic

map of the Talkeetna Mountains, Alaska, Quadrangle, and (3) a

transparent overlay depicting the inferred and actual faults in the

reconnaissance area· The overlay includes the northern three-fourths of

the Talkeetna Mountains Quadrangle and the southern one-fourth of the

Healy Quadrangle. the transparent overlay may be superposed on the

topographic maps to locate the inferred and actual faults and other

items in the text. Additionally, certain features discussed in the text

can be located on the topographic maps by Townships, Ranges, and

Sections. The geologic map in Appendix C also has the same scale as the

topographic maps and transparent overlay.

We must emphasize that the data and conclusions presented in this

report are based on a reconnaissance study of the proposed Devils Canyon

and Watana dam and reservoir sites. To evaluate thoroughly the proposed

damsit~s and their reservoirs additional studies must be made. We

specify some of these. studies later in this report.
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GEOLOGIC BACKGROUND

The geology of the Susitna River area (Csejtey and others, 1978;

Appendix C) is rather complex. Bedrock consists chiefly of tightly

folded, metamorphosed, and faulted volcanic and sedimentary sequences

that range in age from late Paleozoic to late Cretaceous ·and of late

Cretaceous to Early Tertiary granodiorite (55 to 75 m.y. old). These

rocks are overlain by Tertiary volcanic and sedimentary rocks (about 50

to 58m.y. old). Tertiary sediments of possibly late Oligocene age

(about 25 m.y. old) (Wolfe, written communication, 1977) ate exposed in

Watana Creek about 7 km (4.5 miles) upstream of its confluence with the

Susitna River. The Tertiary sediments are gently tilted arid possibly

faulted.

Unconsolidated sediments of late Wisconsin glaciation (8,000

12,000"'yearsago; Pewe, 1975) cover much of the study area. These late

Wisconsin glacial sediments consist of unconsolidated tills, moraines,

sand and gravel deposits and eskers. Glacial scour features caused by

this glaciation are also present. The glacial sediments, in turn, have

been and are being eroded, cut, and modified by theSusitna River

drainage system and by mass wasting. These recent geologic events are

represented by V-shaped valleys, river sands and gravels, terrace

sediments, solifluction, slumps, landslides, talus, lakes, stream

channels, and other features due to mass wasting processes.

The late Wisconsin glaciation (8,000 to 12,000 y. old) covered the

Devils Canyon, Watana dam, and reservoir sites. Kacbadoorian (1974)

reported field evidence from Devils Canyon indicating that the Susitna

River occupies the same channel at the present as it did prior to the
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Late Wisconsin glacial period. Recent discovery of glacial debris on

the floor of the Susitna River Canyon upstream from the Watana damsite

confirms Kachadooria.n.· s previous observation at Devils Canyon.

Of particular interest here are the faults that have been inferred

to exist by various investigators in the area. These faults are shown

in Figure 1 and are listed in Table 1. Table 1 also includes the

designation, type, and the reference from which we obtained the

information about these faults.
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Table 1. Inferred faults in the general area of the Devils Canyon

and Watana damaites, Susitna River, AIaaltaY

.umber Designation leference Type lemarks

1. Zone of intense
IIhearina

2. Talkeetna Thrust

3. Near Watana Creek

4. Near Portage Creek

S. Chulitna River

6. North of VABM Sheep

7. West of VABM Sheep

8. Susitna Fault

9. Near Clarence Lake

10. Near VABM Windus

11. North of VA!Ms Grebe
Ht. Watana

12. East of VABM Sumarti
dason

13. Watana Creek

Csejtey and others, 1978

Csejtey and others, 1978

Caejtey and others, 1978

Csejtey and others, 1978

Csejtey and others, 1978

Csejtey and others, 1978

CSejtey and others, 1978

Anon., 1974a, Turner and
others, 1974; Gedney and
Shapiro, 1975; Turner and
Smith, .1974

Beikman, 1974; Smith and
othera, 1975; Turner and
Smith, 1974

!elkman, 1974; Smith and
others, 1975, Turner and
Smith, 1974

Anon., 1974a; Beikman,
Smith and others, 1975,
Turner and Smith, 1974

Anon., 1974a

Anon., 1974a; Turner aUG
Smith, 1974; Smith'lnd
others, 1975

Thrust

Thrust

Thrust

Thrust

Thrust &
Vertical

Strike Slip

Strike Slip

Strike Slip

High Angle

High Angle

Thrust

Strike Slip

Norlual

Evidence. is stratigraphic"and
petrographic.

Evidence is stratigraphic.

Evidence is stratigraphic.

Evidence is stratigraphic.

Evidence is stratigraphic.

Right lateral with some verticsl
displacement.

'l'wofsults; left lateral and
right lateral.

Ev.idence is topographic lineament;
inferred to be right lateral from
seismic data.

Displscement apparently vertical.

. Displacement apparently vertical.

Evidence is apparently stratigraphic.

Existence is questioned by the authors.

Evidence is stratigraphic.

Alternate trace for num~er 4

Evidence is apparently stratigraphic.

Evidence partly stratigraphic.Complex

Thrust

'l't1rust

16. Cretaceous to recent
chearing

15. North of Denali

~~~~t~y, per~nal c~ ••
1975; Lahr and
Kachadoorian, 1975

Anon., 1974a; !eikman, 1974;
Turner and Smith, 1974

Csejtcy, personal commun.,
1975; Lshr and
Kachadoorian, 1975

JlTraces of these inferred faults are shown in Figure 1 ~nd indicated by corresponding number.
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PROCEDURES

Four kinds of information have been gathered in this preliminary

reconnaissance" (1) ground and aerial observations on the traces of

known-and inferred faults, (2) visual observations of surficial deposits

and landforms made during helicopter overflights and locally

supplemented by ground observations, (3) a comparison of first order

leveling elevations conducted in ,1922 and 1965, and (4) the location of

epicenters and hypocenters of seismic events in the general area.

Additionally, relevant reports in the literature have been consulted for

certain areas where our observations were incomplete due to inclement

weather and lack of'time.

Ground and aerial observations from a helicopter were fntended to

seek or confirm stratigraphic evidence for faults in the general area

and to seek topograpic and geomorphic evidence for recent . faul ting along

the mapped and inferred traces. These fault traces were obtained from

the available literature and unpublished reports (Csejtey and others,

1978 and Appendix C; Anon., 1974a; Gedney and Shapiro, 1975; Turner and

others, 1974; Beikman, 1974; Turner and Smith, 1974; Smith and others,

1975; Lahr and Kachadoorian, 1975).

Visual observations during helicopter overflights involved

searching for scarps, topographic lineations, and offsets of landforms

that might be the result of faulting--particularly active faulting. The

criteria required to establish active faulting and recent movements

were: (1) offsets of glacial landforms, (2) offsets of other landforms

such as stream courses, (3) fresh scarps that were devoid of vegetation,

'and (4) superposition of landforms over preexisting ones. A partial
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list of the kinds of scarps and landforms that one might expect to

observe are listed in Table 2.

First order leveling .elevation data were obtained from literature

supplied by Thomas Taylor, Topographic. Division, U.S. Geological Survey t.

Anchorage, Alaska.

The section on Seismic Activity was written by John Lahr and

Christopher Stephens, Center for Earthquake Studies, U. S. Geological

Survey, Menlo Park , California. John Lahr made .. his unpublished data

available to us.

Our criteria. for designating a fault as active were .. constrained by

the local geology. Much of the area around the Devils Canyon and Watana

dam sites is mantled by late Wisc.onsin (8,000 to 12,000 y. ago) glacial

sediments. In such cases our definition of an active fault necessarily

is one that has moved within the last 8,000 to 12,000 years. In areas

underlain by bedrock, a fault would be considered active if. there were

fresh scarps. Most. inferred fault traces were locally mantled by late

Wisconsin and younger surficial deposits.
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Table 2. Partial list of scarps and landforms that maybe found in a

search for active faults.

Primary

Volcanoes, flow fronts

Rock structures

Joint scarps (mass wasting, rock terraces, shear zones, folds,

foliations, etc.

Glacial features

Moraines (lateral, end, ground), eskers, kames, kettles.

Ice contact features (scours, channels, U-shaped valleys, rock

terraces, roches mountonnee, etc.)

River

Bars, terraces,·· meander scars, valleys

Lake

Wave cut cliffs, bars, deltas, thaw scarps

Other unconsolidated deposits

Soil creep scarps, solifluction lobes, gravity slumps

Rock flow

Landslides, avalanches, rock glaciers

Tectonic

Fault scarps, sag features, offset drainage, etc.

Wind

Sand dunes
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Ground and aerial observations along traces of known

and inferred faults

During this part of our reconnaissance we found no evidence for

active faulting that could be unequivocally related .to the inferred or

actual faults in the gen~ral area. Each of the faults is discussed

below by their corresponding .number in Table 1.

1. Zone of intense shearing. The zone of intense shearing was

examined on the ground near the Talkeetna River (T28N, RSE, S34,

NW 1/4) •. At this locality, cataclastically deformed Jurassic

granodiorite was observed to be in contact with late Paleozoic

metavolcanics rocks (unit pzv, Appendix C) along an intense zone of

shearing. The contact or faulted zone between these two units was

oxidized. Thus, we concur with the existence of this shear zone as

mapped by Csejtey and others (1978).

No evidence for active faulting was observed. on the ground. Near

the Talkeetna River, the flat top of the mountain was not vertically

offset where it was intersected by the shear. zone. In addition,

observations during an overflight of the shear zone a few miles to the

southwest across the Talkeetna River and to the.. no.rthwest along Tsisi .."

Creek to Kosina Creek and then to VABM Sumartidason yielded no evidence

of fresh scarps and drainage offsets. Stratigraphic evidence indicates

no movement has occurred since early Tertiary (Csejtey and others, 1978;

Appendix C).

2. Talkeetna Thrust. This thrust fault is inferred to be

concealed throughout almost all of its length. It is exposed along its
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southwest trace (T27N, RIW, S6) where late Paleozoic metavolcanic. rocks

(unit Pzv, Appendix C) form the hanging wall and phyllites and schists

(unit Kag, Appendix C) form the footwall. Unfaulted Tertiary volcanics

overlie the thrust (T28N, RIW). The fault and Tertiary volcanics as

mapped by Csejtey and others (1978) appear to be correct.

No evidence for scarps or active faulting along the inferred trace

from Prairie Creek, by Fog Lakes,and along Watana Creek were found by

us. Tertiary (Oligocene?) sediments in Watana Creek are gently tilted

and possibly faulted, but not recently.

3. Near Watana Creek. This thrust is well exposed (T33N, T22S,

R2W) and, where we examined it, Triassic metavolcanic rocks (unit 'IRv,

Appendix C) make up the hanging wall and Jurassic sediments (unit Js,

Appendix C) constitute the footwall. Near the fault trace, slickensided

Jurassic sediments are abundant. We agree with both the existence and

location of this fault as mapped byCsej tey and others (1978). Aerial

reconnaissance suggests the fault continues into the Healy Quadrangle as

indicated in Figure 1.

We found no evidence for active faulting at the locality examined

or along the fault trace to the northeast in the Healy Quadrangle.

4. Near Portage Creek. This thrust is well exposed along its

mapped length (T33N, R9W, RBW) and Triassic metabasalts and slates (unit

'IRvs, Appendix C) are found· to the north of the fault trace while

Cretaceous phyllites (unit Kag, Appendix C) are found to the south of

the trace. Unfaulted Tertiary volcanics and sediments overlie the

thrust to the east (T22S, R7W,R6W) and the thrust is terminated by

intrusion of Tertiary granodiorite to the west (T33N, RIE, SI8).
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We~ound rio evidence of active faulting al~ng this trace and agree

that movement occurred before the. early Tertiary (Csejtey and others,

1978).

5. Chulitna River. Time and inclement weather did not permit

adequate reconnaissance of this area but stratigraphic evidence shows a

variety of faults are present (Csejtey and others, 1978). Existing maps

indicate there is no active to recent faulting (Csejtey and others,

1918), Appendix C; Reed and Nelson, 1977). First order leveling

elevations were measured across the Chulitna River; the results of these

measurements are discussed later in this report.

6. North of VABM Sheep. Ground observations were not made by us.

Evidence for strike slip.and vertical movement is represented by offset

of contacts between Tertiary granodiorites and older Cretaceous and

Paleozoic rocks (Csejtey and others, 1978).

During overfligh.ts along the trace of the fault, no evidence for

active faulting was found either over the wooded areas or along the

Talkeetna River.

7. West of VABM Sheep. Ground observations were not made by us.

Evidence for these faults is similar to that in 6 above. During

overflights along t:he traces of these faults, no eVid.ence for active

faulting was found.

8. Susitna fault. The trace ·of this inferred fault passes. from

the vicinity of Stephan Lake, along Deadman Creek to Butte Lake in the

Healy Quadrangle, and then across the west fork of the Susitna River

(Anon., 1974a). Evidence for this fault is primarily. geomorphic, and

comprises a prominent linear on LANDSAT imagery (Gedney and Shapiro,
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1975). Right lateral displacement has been postulated on the basis of

seismic evidence (Gedney and Shapiro, 1975): In contrast to Gedney and

Shapiro (1975), we find no compelling evidence for this fault in the

seismic data reported by them or available to us (see Appendix D). This

position is based on two factors. First ,>plots of our data and their

data do not show a striking correlation, 1£8ny, of epicenters with the

inferred trace of the fault. Second, the data are not complete enough

or precise enough. to be used in this way because the coverage of the

seismic net is inadequate for precise determination of epicenter and

hypocenter locations in the Susitna fault area. Additional seismic

stations could resolve the problem.

Stratigraphic evidence for this fault is weak to non-existent. The

geologic map of Turner and Smith (1974) indicates stratigraphic

evidence which is contradicted by Csejtey and others (1978). Tertiary

granodiorites and their border phases (unit Tsmgor migmatizedrocks,

Appendix C) lie along the trace of the fault. Tertiary volcanic rocks

(unit Tv, AppendiX C) occur at relatively low altitudes in Fog Creek

(T31N, R4E, R5E) and may be down-faulted. Lack of time prevented us

from making detailed studies of the volcanic rocks in Fog Creek.

Overflights along the inferred trace of this inferred fault

indicate thatact!ve faulting has not occurred along the trace.

Evidence for scarps and horizontal offsets are absent from Stephan Lake

northeast to a point across the Susitna River. Numerous fresh scarps

occur along lower Tsusena Creek and upper Deadman Creek to Butte Lake.

Fresh scarps and horizontal offsets are absent northeast of Butte Lake

where late Wisconsin re-advance (8,000 y. ago) glacial ground moraines
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are present. The fresh scarps. observed are believed to be due to

landsliding, slumping, solifluction, and stream erosion. Orientation of

the scarps and the localized hummocky topography at the edge of Tsusena

Creek near Watana the damsite (T32N, RSE, S21, 28, 29) are consistent

with a landslide. In upper Deadman Creek, fresh scarps have a variety

of orientations but they tend to face in southerly or in a downslope

direction. The traces of the scarps are commonly arcuate and a

kilometer (about 0.6 of a mile) or le.ss in length. For these reasons,

we believe these scarps are the result of recent slumping, solifluction

and soil creep. It is noteworthy that fresh scarps are ab.sent in the

moraines northeast of Butte Lake. If these scarps were interpreted to

result from faulting, it would follow that the faulting was pre-moraine

(older than about 8,000 yrs and younger than. 12,000 yrs). Other fresh

scarps on Deadman Creek are clearly meander scars.

In summary ,we find no conclusive evidence for a fault or active

faulting along the inferred trace. of the Susitna fault but rather

landsliding, slumping, solifluction, and soil creep. The production of

the fresh scarps may be partly related to general seismic activity in

the area, however.

9. Near Clarence Lake. The evidence for this inferred fault is

apparently stratigraphic (Turner and Smith, 1974), but no such

stratigraphic evidence was found by Csej tey and others, (1978;

Appendix C). Jurassic amphibolites (unit Jam, Appendix C) occur on both

aides of the inferred fault trace but there. is a change in metamorphic

grade in zones parallel to it (Csejtey, personal comm., 197.8). A few

scarps occur along the hillsides near the trace but these. are best
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attributed to..solifluction and slumping.

10. Near VABM Windus. This fault runs parallel to .the Susitna

River and passes to the south of VABM Windus. Here again,Turner and

Smith (1974) report stratigraphic evidence for it whereas Csej tey and

others (1978) do not report evidence for the fault. Jurassic

amphibolites (unit Jam, Appendix C) occur on both sides of· the inferred

trace over nearly its. entire length.

We found no evidence for active faults along the trace of this

inferred fault. The eastern part of the. trace. transects glacial ground

moraines and eskers. No vertical or horizontal offsets of the

associated landforms were observed. Fresh scarps with 3 to 4.6 m (10 to

15 ft) of relief are particularly abundant near the trace in the

vicinity of VABM Windus. Traces of these fresh scarps parallel .the

local elevation contours and a few occur on the northeast slopes of the

Windus hill. This, combined with large amounts of surface and spring

water runoff observed during the overflight, suggest that the scarps are

due to slumping, solifluction, and soil creep. Tlltedtrees south.of

the scarp suggest movement of surface materials occurred within the. last

40 to. 50 years.

11. North of VABMs Grebe and Mt. Watana. This inferred fault

transects Paleozoic rocks (unit Pzv, Appendix C) north of VABMs Grebe

and Mt. Watana, crosses the Susitna River, and then more or less

parallels the contact between the Paleozoic rocks (unit Pzv) and

Triassic metavolcanics(TlV, Appendi)C C)<. Stratigraphic evidence for

this fault is generally lacking, although the contact between the

Paleozoic rocks and Triassic metavolcanics might be inferred to be a
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fault. Csejtey and others (1978) do not report a fault along the

inferred trace. When we checked this fault on the ground, we found no

stratigraphic or geomorphic evidence for it.

DlJringtheoverflight along the trace of the inferred fault, fresh

scarps and horizontal offsets of glacial features (moraines, eskers,

etc.) and other surficial deposits were not observed. Thus, active

faulting has not occurred along the inferred trace after the glacial

features were formed.

12. East ofVABM Sumartidason. The existence of this fault is

questioned by the authors {Arion., 1974a).The trace wa.s not examined

during an overflight because it was unknown to us prior to the

reconnaissance.

13. Watima Creek. The trace of this fault generally coincides

with the inferred> traces of the Talkeetna thrust (see 2 above) and the

"Near Watana Creek" (see 3 above) faults and has been inferred to have

vertical displacement (north-side up) (Arion., 1974a; Turner and Smith,

1974). Stratigraphic evidence in support of this fatiltincludes

Jura.ssic sedimerits>{unit Js, Appendix C) in fault contact with Triassi,c

volcanics (unit TRv, Appendix C) and the occurrence of tilted Tertiary

sediments (unit Tsu, Appendix C; T32N, R7E) at lowaltitudes~

We found no evidence fofactive faulting along the trace of this

fault.

14. Along Portage Creek. This fault trace was an alternate trace

to the eastern part of the thrust fault in·4 above (Csejtey, personal

comm., 1975). We found no evidence for active faulting along Portage

Creek.
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15. North of Denali. Evidence for this fault is apparently

stratigraphic and its trace is truncated by intrusives (Cretaceous in

age?) (Anon., 1974a; Turner and Smith, 1974). Both the mapping and

overflights in the general area indicate this fault is inactive.

16. Cretaceous to .recent shearing. Time and inclement weather did

not permit adequate reconnaissance of this area which is the same area

as number 5 above. The reasons for inferring recent faulting are two

poorly exposed normal faults in the Chulitna River valley (Csejtey and

others, 1978). Csejtey (personal comm., 1978) states that apparently

middle Tertiary or younger sediments have. been displaced by the faults.

However, existing maps indicate there is no active to recent faulting

(Csejteyand others, 1978; Appendix C; Reed and Nelson, 1977).

As stated earlier, lack of. time and inclement weather did not

permit. us to investigate these faults thoroughly. Therefore, it is

unknown.to .us whether any active faulting has occurred along these

faults.in the Chulitna valley. We attempt, however, to evaluate this

fault zone. by studying first order leveling data. The results of first

order leveling surveys across the fault zone are discussed later.
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Visual observations during helicopter flights

Within the study area, a number of geologic phenomena were observed

~rom the air Which are relevant to the geologic problems related to dam

construction. The most important are: 1) very steeply dipping joint""

sets and shear zones are common,·· 2) there are a significant number of

short fresh scarps,3) landslide,s have occurred in the past and new ones

may occur in the future, 4) permafrost is present, at lea.st locally, and

5) locally tills, alluvium, and Tertiary sediments with very low

cohesions occur at altitudes near a.nd below the expected water level of

the Devils Canyon and Wa tana dam reservoirs.

Very steeply dipping joint sets and shear zones are common (see

for example Kachadoorian, 1974). Although these j oint sets and shear

zones do not necessarily pose dam construction problems, their

implications to active tectonic movements and landsliding are important.

In regard to active tectonic movements, it seems conceivable that minor

vertical and horizontal adjustments during tectonic activity could occur

along them without producing longcontiriuous faults but rather short

scarps with small displacement (4.6 m,· 15ft).. Thus, uplift ~nd

deformation could be accomplished by small vertical and horizontal

movements along a myriad of joinbs. In some places, joint sets are so

numerous that the Tertiary granodiorites superficially resemble columnar

basalt (such as in T31N, R3E, 817). In many places both fresh scarps

and graben-like structures appear to be controlled by these joints While

in other places, fresh scarps parallel the shear zones.

In addition to prOViding planes of weakness for minor tectonic

movements, the joint sets will also partly control landsliding and rock
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falls.

2. Fresh scarps are conspicuously abundant in the general area.

None of these can be unequivocally ascribed to active faulting but local

minor vertical adjustments of the order of 1.5 to 3 m (5 to 10 ft)

cannot be excluded for some of them. Others ar~ best attributed to

slumping, solifluction, soil creep, and landslip.

a. Solifluction and slump.scarps. Fresh scarps near VABM 'Undus

are a good example of scarps produced by slumping and solifluction.

They are fresh and unvegetated with reliefs to about 4.6 m (15 ft).

They appear to be the result of recent movement by solifluction because

segmented traces of scarps to the south of VABM Windus trend parallel to

the topographic contours, a few of them occur on the northeast side of

the Windus hill, and trees downslope have a variety of orientations.

Judging from the tilted trees, movement has occurred within the last 40

to 50 years. Numerous springs were observed during the overflight and

polygons are present 2.5 km (1.5 miles) west of VABM Windus.

Additional places where the fresh scarps can be attributed to

solifluction and slumping are listed in Table 3.

b. Other scarps. A variety of other types of scarps are present

(Table 4) and some of these need special discussion. In general, fresh

appearing scarps face in southerly directions. A group of such scarps

near the Watana damsite deserve special comment because detailed

geologic studies and aerial observations reveal nearly vertical shear

zones that trend northwest (Glen Greely, Corps of Engineers, personal

commun., 1978) and the traces of nearby fresh scarps also trend in

northwesterly directions. These scarps appear to be of two types which

are unrelated to the shear zones. The first type (item 2, Table 4) is
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Table 3. Location of selected examples of scarps in the

Taleetna Mountains Quadrangle.

Number Township Range Section

1. C-l T 30 N ·R H 1, 2, H, 13, 14

2. VABM lUndus C-2 T 31 N R 10 E 26 through 30

33 through 36

3. C-2 T 30 N R 10 E 22

4. C-2 T 30 N R 9 E 15, 16

5. C-2 T 30 N R 8 E 3, 9, 15, 14

6. C-2 T 29 N R 1 E 19, 20, 21, 28, 29

7. D-2 T 33 N R 10 E 22

8. D-3 T 22 S R 4 W 21, 28, 29, 31, 33

9. D-3 T 33 N R 5 E 19, 20, 25, 26, 27, 34

10. Watana Site D-4 T 32 N R 5 E 21

H. D-4 T 33 N R 4 E 28, 29, '31

12. D-4 T 33 N R 3 E 27, 28, 34, 36

13. D-4 T 32 N R 4 E 29, 32
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Table 4. 8elected examples of landforms with steep

scarp-like surfaces.

Feature

10. Old River channels

Contents

Lateral

Close to 8usitna River

Lateral

End

Near Watana damsite

In Deadman Creek

Near Watana damsite

LOcationl!

(C-4) T30N R2E 824

(C-l) T30N RllE 823

(D-4) T31N R3E 87,8,17

(C-2) T31N R9E 825,36

(C-2) T30N R10E 811

(D-5) T32N R2E 833

(C-2) T30N R9E 87,8

(C-5) T29N R1E 821

(D-4 )T32N R5E 829,828

(C-1) T30N.RllE, RI2E,

824,25

(C-l) T30N R12E 89,16,17

(C-3) T30N RSE 824

(C-3) T30N R7E 819

(C-4) T30N R5E 830

(D-2) T31N R8E 89,16,17

(C-4)T30N R5E 85,8,17

(D-3) T228..R5W 836

(D-3) T228 R4W 830

(C-3) T30N R8E 85,6,7,8

Healy QuaCl. T208 R1W

84,5,6

(D-3) T33N R6E 819

(D-3) T32N R5E 814

Moraines

Kames and Kettles

Thaw lake shores

Altiplanation scarps

Landslide

Eskers

7.

8.

3.

4.

5.

6.

Old appearing

9. Glacial 8cour

Fresh appearing

1. Meander scars/cut banks

2. Meander scars/thaw lake

shores

~Letter designations refer to 1:63,360 scale topographic maps of
the Talkeetna Mountains.
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believed to be due to the combined effects of ancient streams and thaw

lakes. Excavation of the materials in one of the scarps revealed it is

underlain by bedded, pebbly to cobbly fine- to medium-grained sands

deposited by streams. The c9lUplex array of the scarps suggest that th~y

are former meander scars. Additionally, many of the scarps partly

surround thaw lakes and bouldery beds of former thaw lakes. Although

fresh scarps in the area tend to face southwest, some vegetated ones

that face in north to northeast directions are pres7nt. Thus, we

attribute this type of scarp to the combined action of ancient lakes and

streams and to receqt tha~ng and freezing.

The second type (item 5, Table 4) is classified ~s a landslide

because the hummocky surface of southwest facing scarps and benches are

confined to a small area and are consistent with soil movement toward

the south~st. The landslide is not related to the shear zones because

sediments comprise the material of the slide and no bedrock occurs. in

it. Freezing and thawing m.ay have been the maj or cause of movments

producing these scarps and benches but we have classed them as

landslides because of the relatively large amount of movement.
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The origin of some fresh scarps is unclear and the relatively large

abundance of scarps might be partly the result of mild tectonic activity

and seismic shaking~ Many scarps, both fresh and old, are aligned

parallel to local joint directions (C-5, T31N, R1E, 834, 35; and C-5,

T31N, R2E, S33) and could represent the results of local tectonic

adju~ments. The fresh scarps associated with joint sets and slumping

are clearly recent as shown by their ~ack of vegetation and tilted

trees. Seismic waves may be partly responsible for these recent

movements.

2. Older Scarps. Older vegetated and lichen covered scarps are

similar to the fresh scarps, but here, two additional types have been

observed: graben-like structures in bedrock and old river channels.

The graben-like structures (item 10, Table 4) are generally short in

length (a fraction of a km) and shallow. Their lengths trend westerly

which is the general direction of glacial movement in the area. Because

of the short length, orientation, and graben-like form, we attribute

them to glacial plucking and scouring. Old river channels also occur

(item 9, Table 4). These old channels are arcuate graben-like landforms

subparallel to the present course of the8usitna River.

3. Landslides. Although not particularly abundant throughout the

Devils Canyon and Watana area, landslides have occurred in the .past and

new ones may occur in the future. We noted several large landslides

along the 8usitna River in the proposed Devils Canyon and Watana

reservoir sites. The evidence for old landslides is straightforward.

Thosecomppsed' chiefly of rock occur as isolated blocks (or hills)

dowuslopeof arcuate scars with about the same aerial dimensions as the
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block. Two such slides were observed and are'listed in Table 5 (items

1 and 2). Landslides in 'unconsolidated sediments, such as alluvium and

glacial till, form hummocky surfaces of scarps, terraces, and ridges

(item 3, Table 5).

Identification of potential landslides using geomorphic evidence

from overflights is problematical and the number of potential Hindslides

listed in TableS could either be an overestimate or an underestimate of

the potential landslides in the Devils Canyon and Watana reservoir

'areas. We have, however, listed them to indicate the potential for

future 1andslidingin the area. Also, those listed donot·include

possiblelandsliding of bedrock and unconsolidated sediments once they

become saturated with water during reservoir filling.

It was not within our charter to map in detail the abutments of the

proposed Watana damsite as Kachadoorian (1974) did at the proposed

Devils Canyon damsite. Therefore, the abutments of the Watana site

should be thoroughly examined for possible potential landslides .•

4. Permafrost. Permanently frozen ground or permafrost is present

in the proposed dam and reservoir areas. During our overflights

numerous ice wedge polygons were noted,some of which are listed in

Table 6. We also noted slum.ping of surficial debris on permafrost in

the 5usitna River canyon at about altitude 580 m (1,900 ft) (T31N, R4E,

521), about 11 km (7 miles) downstream of the proposed Watana damsite.

Permafrost was also reported in the surficial deposits during drilling

at the proposed Vee Canyon damsite (Anon., 1962) about 65km (40 miles)

upstream o~, the Watana site and in unconsolidated seditD.ents and bedrock

of the left abutment of the proposed Watana damsite (Corps of Engineers,

personal commun., 1978).
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Table 5. Locations of old landslides and potential landslides.

YLetter designations refer to 1:63,360 scale topographic maps of the

Talkeetna Mountains Quadrangle.

Comments

Weakly developed scarp at

366 m (1200 ft).

Weakly developed scarp at

549 m (1800 ft).

Block of rocks is several

hundred feet across.

North of Watana damsite,

slide material is alluvium

and filL

Block of rocks is several

hundred feet across.

Top of mass at 610 m

(2000 ft).

LocationY

3. (D-4) T32N R5E 8-28 (NW 1/4)

& 8-29 (NE 1/4)

2. (D-4) T32N R4E 8-33 (NE 1/2)

& 834 (NW 1/4)

5. (D-4) T31N R2E 8-12 (E 1/2)

6. (C-2) T31N R9E 8-26 (8 1/2)

4. (D-3) T32N R6E 8-32 (N 1/2)

.I. (D-3) T32N R6E 8-28 (8E 1/4)

Old Landslides

Potential Landslides



Table 6. Locations where patterned ground was observed.

LocationJ'

(D-4) T32N R5E S28

(C-2 ) T31N RI0E S28,33

(C-2 ) T30N R9E S10,15

(C-4 ) T30N R5E S7,8

(C-4) T29N R4E S2

(C-5 ) T30N RIW S3

(C-5 ) T30N RIE S19

~Letter designations refer to 1:63,360 scale topographic maps of the

Talkeetna. Mountains Quadrangle.
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In order to evaluate the permafrost-related geotechnical problems

in the proposed Devils Canyon and Watana dam and reservoir sites, a

detailed study of the nature, character, and distribution of permafrost

should be made. Of particular importance is the permafrost that

underlies the left abutment of the proposed Watana damsite.

5. Till, alluvium, and Tertiary sediments. Locally, poorly

consolidated tills, alluvium, and Tertiary sediments occur at water

levels that are lower than the planned altitudes of the filled

reservoirs of the two dams (Devils Canyon: 442 m (1,450 ft); Watana 666

m (2,185 ft)). Wetting of the materials and thawing of ice in them will

cause weakening of the materials and may cause subsequent slumping, mud

slides, and other mass movements. This problem is more probable for the

Watana reservoir than it is for the Devils Canyon reservoir. FQr the

Devils Canyon reservoir, the frequency of outcrops of rock below

altitudes of 442 m (1,450 ft) is striking along the entire length of the

Susitna River valley that would be occupied by the reservoir. Tills

appear to occur above about 610 m (2,000 ft) but some alluvial fans

would be innundated.

For the Watana reservoir, the occurrence of till and sediments

begins within 3 km (about 2 miles) upstream of the proposed damsite.

Here, tills and sediments overlie bedrock and the contact. between them

is near 579 to 610 m (1,900 to 2,000 ft). The amount of bedrock exposed

along the Susitna River upstream of the planned damsite is impressive

but at altitudes. near 610 m (2,000 ft) and higher, tills and other

sediments are conspicuous. Eskers occur upstream at an altitude of

549 m (1,800 ft). Alluvium and talus are also common below 671 m

(2,200 ft) along the river.
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Both tills and Tertiary fluviatile sediments that would be

inundated by the reservoir occur in Watana Creek. Some of the

fluviatile Tertiary sediments are clays which, when wetted, become very

weak and may even disaggregate.
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First Order Leveling Observations

The results of first order leveling are included here because

(1) the traverse passes across the zone of Cretaceous to recent shearing'

and faulting in the Chulitna River valley (Table 1, number 16) and

across the Denali fault (Lahr and Kachadoorian, 1975), and (2) because

the l~veling was accomplished before and after the Alaskan earthquake of

1964. Comparisons of the first order altitudes, measured in the summers

of 1922 and 1965 along The Alaska Railway from Sunshine to McKinley Park

(Rappleye, 1930; Anon., 1973) reveal that differences in altitudes of

bench marks measured in the two surveys cannot be attributed to faults

with large'displacements. These altitudes, which are tabulated in Table

7, are everywhere within 0.21 m (0.7 ft) of one another. According to

Thomas Taylor of the Topographic Division of the Geological Survey in

Anchorage, Alaska, differences in excess of 0.30 m (1 ft) would probably

exceed the uncertainties. in alti~ude changes of some benchmarks due to

frost heaving. A tentative analysis of the data indicate, however, that

there may be a systematic change in altitudes between the two surveys.

The data indicate that there appears to be some tilting, of the order of

a foot (0.3 m) with the south side down between Sunshine on the south to

Yanert to the north. Because we do not know which of the benchmarks are

in unconsolidated sediment and subject to frost heaVing and which are

not, we do not believe an analysis of the data can permit us to state

that there has been any active faulting between 1922 and 1965.

Because of the differences in altitudes detected during the first

order leveling, we believe the Vertical Angle Bench Marks. should be

remeasured in order to detect possible displacements with the Devils

Canyon and Watana damsite areas subsequent to the initial surveys.
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Table 7. First-order leveling from the vicinity of Sunshine to McKinley Park.

Altitude (in feet)JJ

Station Designation 1922 1965 Difference

J-2 Sunshine 285.895 285.219 ~O. 676

M-2 Talkeetna 346.259 345.675 -0.584

0-2 Chase 411.239 410.718 -0.521

U-2 Curry 543.358 543.004 -0.354

V-2 Sherman 587.200 586.908 -0.292

X-2 Gold Creek 691.764 691. 610 -0.154

Z-2 Canyon 856.173 856.015 -0.158

A-3 Canyon 1044.555 1044.417 -0.138

E-3 Hurricane Gulch 1629.974 1629.951 -0.023

F-3 Honolulu 1495.322 1495.381 +0.059

K-3 Colorado 2063.090 2063.247 +0.157

L-3 Broadpass 2059.569 2059.720 +0.151

P-3 Cantwell 2246.373 2246.547 +0.174

S-3 Windy 2076.036 2076.285 +0.249

T-3 Windy 1996.873 1996.974 +0.101

U-3 Carlo 1956.367 1956.627 +0.260

V-3 Yanert 1950.357 1950.678 +0.321

W-3 Yanert 1950.574 1950.905 +0.331

Y-3 McKinley Park 1717.201 1717.382 +0.181

~Altitude reported in feet because First-Orderleveling recorded in feet.

The conversion factor is 0.3048 meters/foot.

- indicates decrease in altitude from 1922 to 1965.
+ indicates increase in altitude from 1922 to 1965.
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Additional Observations

Although it may not be within our charter, we would like to comment

about the sediment load in the glacially fed Susitna River. Of

particular interest here is the rate at which theWata.na reservoir might

be filled by the suspended load and the bed load of the river • Our

estimates of the time to fill the reservoir using nominal values of the

rates and suspended load (Anon., 1974b), are near one or two thousand

years. However, suspenaed and bed loads of glacially fed streams are

highly variable. Thus, we feel that there may be insufficient detailed

data to provide an adequate estimate of the lifetime of the dam and that

such data should be gathered and analyzed to insure that there is an

adequate lifetime for the Watana dam.

During our aerial and ground observations, we found no evidence for

recent volcanism. Scoriaceous rocks do occur in the Tertiary sediments

of Watana Creek but these are the result of heating by subsurface

burning of the lignite beds in the distant past.

Henry Hoore noted evidence for icing on or near the left abutment

of theproposedWatana damsite. Such icing was verified by Glen Greely,

Corps of Engineers (personal comm., 1978). We do not know the source of

water for this icing. Therefore, we recommend that the left abutment be

thoroughly investigated to determine the source and location of the

water relative to the proposed dam.

We detected some lineaments in the active outwash plain of the West

Fork Glacier. These lineaments occur about 5 km (3 miles) south of the

present terminus of the glacier and are about 97 km (60 miles) northeast

of the proposed Watana damsite. The lineaments are interpret~d to be
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sand dikes that developed during .seismic shaking from an earthquake.

The. age of the sand dikes is unknown but they are considered. to be

relatively young because they are well preserved and occur in the active

outwash plain of the West Fork Glacier. Lack of time did not permit us

to make an extensive investigation of the area to adequately determine

the extent and distribution of. the sand dikes.
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Seismic ACtivity

The Devils Canyon and Watana damsite area lies within a region

characterized byahighrate of seismic activity that is the result of

tecto.nic interaction between the Pacific and North American lithospheric

plates. The .Pacific plate is being thr:usttothe northwest beneath the

North American plate (Lahr and Kachadoorian, 1975). The earthquakes

affec ting this region are gener:ally of three types: (1) shallow (depth

less than about 50 km)earthquakes (such as the 1964 Alaska. earthquake)

which occur on the surface of contact between the Pacific and North

American plates to accommodate their. relative motion; (2) shallow

earthquakes which occur within the North American plate (including

Alaska) in response to the stresses produced by interaction with the

Pacific plate; and (3) deeper earthquakes (depths. from 50 to 200 km)

tha.t occur. within the portion of the Pacific plate that has been thrust

beneath Alaska. These latter earthquakes define a region called the

Benioff zone. Earthquakes which are occurring. in the region. of the

proposed damsites.are of the types described in the last two categories,

although earthquakes of all three typ.es are capable of producing strong

groundl:lhakingat the .propo sed sites.

Lahr and Kachadoor.ian (l975) reviewed the/seismic data. available

from the U. S.G.• S. (formerly N.O.A.A. ) Earthquake Data File. for the

peri()tl 1900. to February. 1975. Using only. the more r.eliable earthquake

locations, they showed that the depth of earthquakes in' the region of

the proposed reservoirs range.from less than 10 km to greater·than

175 km. The depth to/the Benioff zone directly beneath the proposed

damsites is about 50 kmto 80·. km. Distribution of epicenters of shallow
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earthquakes, according to presently available data, is too scattered to

reliably associate them with individual faults.

For design purposes there are two questions of major importance.

First, are there potential active faults or other zones of weakness

'beneath the proposed structures Which could cause direct structural

damage during an earthquake? Second, what are the spatial, temporal,

and magnitude distributions of earthquakes in the region and as a

result, what accelerations will the proposed structures probably

experience> during their lifetime?

The process of identifying active faults on the basis of earthquake

locations is limited by the accuracy to Which the locations ca.n be

determined, as well as by the smallest magnitude earthquake that can be

recorded. These two parameters are highly dependent upon: the number and

distr.ibution of seismograph stations used in determining a location. A

regional seismograph network did not exist in southern Alaska before

1967. Prior to that time, the accuracy of epicentral coordinates was

50 km or more, errors in depth were on the order of 100 km or more, and

the smallest magnitude events that had been detected were about 4 1/2 on

the Richter scale. Since 1967, routine locations for earthquakes as

small in magnitude as about 1 have been determined with accuracies of

10-15km in epicenter and about 25 km in depth. Since 1971 the mS.G.s.

has operated a network of seismic stations in southern Alaska. The

distribution of earthquake hypocenters and magnitudes detemined using

this network generally confirms the conclusions reached by Lahr and

Kachadoorian (1975). Recent U. S.G. S. data allow more precise resolution

of. the depth to·· the top of the Benioff zone and of the extent of shallow

crustal activity- The distribution of the epicenters of the shallow
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earthquakes does not show a strong correlation with mapped faults,

although the current accuracy to which these epicenters are determined

does not preclude the possibility that the earthquakes are occurring

along mapped .or ias yet unknown faults. To obtain the number of

accurately located earthquakes necessary to resolve this question it

will be necessary to establish a local network of seismic stations in

the region of the proposed damsites.

The tectonics of the region are too poorly known at this time to

make a reliable prediction for the distribution of events .that may

strongly shake the damsites. Certainly the Benioff zone activity will

continue as will the shallow regional activity. In addition, the Denali

fault, which lies less than 80 kmnorthof the proposed damsites, is a

major strike-slip fault with geologic evidence for a 3 cm/yr average

Holocene slip. This fault could sustain a magnitude 8.0 event.

In addition to the naturally occurring earthquake activity in the

region, there is also the hazard that filling of a reservoir may trigger

potentially damaging earthquakes (as large as magnitude 6 or greater) in

the immediate vicinity of the damsites (Lahr and)Kachadoorian, 1975).

Continuous monitoring by a local network of seismic stations in the

region beginning well in advance of filling the reservoirs would allow

the .·leveLofnatural ambient seismicity .to be determined. Unless the

natural level is· well established, an/important opportunity to study

this phenomena will be lost, and possibly unwarranted conclusions

concerning in4uced seismicity may be made in· the future.
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SUMMARY

Our geologic reconnaissance of the proposed Devils Canyon and

Watana damsites arid reservoir areas,· SusitnaRiver; Ala.ska; did not

uncover evidence for recent or active faulting along any of the known

and inferred faults. Recent movement of surficial deposits has occurred

as the result ofma.ss wasting processes that have produced scarps and

downslope movement of surficial debris. If is possible tha.tsome fresh

scarps may have been triggered or produced by seismic shaking and minor

displacements of bedrock along joints.

Landsliding into the Susitna River has occurred in the past and

future landsliding appears probable. Additionally; the occurrence of

poorly consolidated glacial debris, alluvium, and Tertiary sediments at

altitudes below the proposed reservoir water levels, especially at the

Watana Dam reservoir,·· may slump·· and slide into the reservoirs • Some of

these sediments contain permafrost and may be ice-rich which increases

the probability of slumping and sliding when they arefthawed by the

water impounded behind the dams.

The proposed Devils Canyon and Watana dams are located in a region

of high seismicity. The tectonic framework of the region is not well

understood because of the lack of local seismic monitoring stations.

Our present knowledge of the region indicates that hypocenters of· earthquakes

in the region of the proposed dams ranges in depth from less than 10 km

to greater than 175 km. We are unable at this time to reliably predict the

location and magnitude of future· crustal earthquakes that could effect

the proposed structures.
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RECGfMENDATIONS

The conclusions presented in this report are based on a

reconnaissance study of the proposed Devils Canyon and Watana dam and

reservoir sites, and, therefore, should be considered to be preliminary.

A thorough evaluation of the geotechnical problems of the proposed dam

and reservoir sites will require more data. It will be necessary to

(1) map the Healy, Alaska, Quadrangle, at a scale of 1:250,000, from the

Talkteena Mountains Quadrangle to the Denali Fault, about 80 km

(48 miles) north of the damsites, (2) map the proposed Devils Canyon and

Watana damsites at an appropriate scale to determine the bedrock

structure and distribution of unconsolidated sediments overlying the

bedrock, (3) map the reservoir sites at a scale of 1:63,360 in order to

(a) establish the type and distribution of unconsolidated sediments and

bedrock, (b) locate additional potential landslide areas, and

(c) determine the nature and distribution of permafrost, (4) initiate a

seismic monitoring program of the dam and reservoir areas, (5) continue

the active fault study, (6) redetermine the altitudes of the Vertical

Angle Benchmarks, and (7) collect detaile<i data on the suspended loads

and bed loads of the Susitna River in order to determine if the

reservoir filling rates are acceptable.
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EXHIBIT 0-3

Earthquake Assessment of the Susitna Project
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PART I: INTRODUCTION

1. The following sections of this report will assess the possible

occurrence of earthquakes at the dam sites and the motions that are likely

to be associated with earthquake activity.

2. The assessments are preliminary since the irlVestigations on <which

they are based were done on a reconnaissance level and are necessarily

incomplete.
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PART II: PROCEDURES FOR ASSIGNING EARTHQUAKE MOTIONS

3. Earthquakes. are associated with faults. Tectonism causes gradual

differential movements in the earth's crust. The rock is subjected to

strain and the buildup of stresses. Relief then may come abruptly as

slippage along a fault. When slip occurs, the adjacent rocks may re

bound elastically with vibratory motions. The resulting shaking consti

tutes the earthquake.

4. Earthquakes may be assumed to result from movement along exis

ting faults rather than from rock rupture that produces new faults.

While new faults cannot be eliminated entirely, information extending

through geological time and the Ubiquitous occurrence of faults suggests

that for practical purposes earthquakes can be considered to be associated

with slippage along existing faults.

5. Since faults are found everywhere, the engineering geologist is
'"

faced with the problem of determining which faults are active, or subject

to movement, and which are inactive. Of faults that are active, movement

can be occurring steadily and slowly by creep and without earthquakes.

The engineering geologist must determine which are the "capable" faults,

capable meaning that they can generate earthquakes.

6. Corps of Engineers criteria for a capable fault (see ER 1110-2

1806 of 30 April 1977) are as follows:

a. Movement at or near the ground surface at least once within

the past 35,000 years.

b. Macro-seismicity (3.5 magnitude or greater) instrumentally

determined with records of sufficient precision to demonstrate a direct

relationship with the fault.

c. A structural relationship to a capable fault such that move

ment on one fault could be reasonably expected to cause movement on the

other.

7. The geological investigation of faults uses all of the techni

ques that are available: aerial and satellite imagery, inspection from
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overflights, low sun angle photography, reviews of regional and local

geology, geophysical surveys, details of geomorphology and relevant in

formation from the seismic history.

8. For a careful investigation of a construction site, the field

evidence may be checked further by borings, geophysical profiles, trenches,

and stripping.

9. Monitoring programs for corroborative evidence may include strain

gages, leveling points, geodimeter readings, and microearthquake monitoring.

10. Often, it is desirable to make a critical restudy of historic

earthquake events using the original documentation in newspapers, diaries,

etc. Relocation of epicenters may result and they may accord better with

geologic information and possibly with specific faults. The maximum

intensities of events may be subject to revision also.

11. The direction of future movement on an active fault is predict

able since the past is a very good guide to the future. However, second

ary and tertiary faults may have motions that are different from that of

a major fault. Where such data are available, one can readily guard

against the effects of fault movement under a structure simply by moving

the structure.

12. Once a fault is identified as capable of generating earthquakes,

and its dimensions are ascertained, the next factor to determine is the

worst earthquake that the fault will produce. Toward this end, there are

a number of relationships and assumptions that involve the size of fault

ing, or dimension· of maximum movement, with the maximum earthquake that

might reasonably be expected. The data are best for major strike-slip

faults. The dispersion of data is much greater for normal and thrust

faults. However, the variants in field conditions can be enveloped with

a reasonable degree of dependability. Relationships between fault length

and earthquake magnitude have been summarized for Corps use in a report

by Slemmons (1977).
13. Though major active faults and major centers of earthquakes can

be accounted for, small faults may be missed in any investigation so that

often a floating earthquake of appropriate size.may be provided in order

to account for them.
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14. The earthquakes that are thus determined can be expressed in

terms of magnitude* but they need also to be expressed in Modified

Mercalli (MM) intensity in order to relate to historic earthquake effects.

The MM scale is shown in Table 1.

Table 1

MODIFIED MERCALLI INTENSITY SCALE OF 1931

(Abridged)

* Magnitude (Richter scale) is calculated from a standard earthquake,
one which provides a maximum trace 8.I!l;plitude of one micrometer on a
Wood-Anderson torsion seismograph at a distance of 100 kIll. Magnitude
is the loglO of the ratio of the amplitude of any earthquake at the
standard distance to that of the standard earthquake. Though the
scale is open-ended, the largest earthquake may be at a limit of mag
nitude 8.7. Each full numeral step in the scale (2 to 3, for example)
represents an energy increase of about 32 times.
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VII. Everybody runs outdoors. Damage negligible in buildings of

good design and construction; slight to moderate in well

built ordinary structures; considerable in poorly built or

badly designed structures; some chimneys broken. Noticed

by persons driving motor cars.

VIII. Damage slight in specially designed structures; considerable

in ordinary substantial buildings with partial collapse;

great in poorly built structures. Panel walls thrown out

of frame structures. Fall of chimneys, factory stacks,

columns, monuments, walls. Heavy furniture overturned.

Sand and mud ejected in small amounts. Changes in well

water. Disturbed persons driving motor cars.

IX. Damage considerable in specially designed structures; well

designed frame structures thrown out of plumb; great in sub

stantial buildings, with partial collapse. Buildings

shifted. off foundations. Ground cracked conspicuously.

Underground pipes broken.

X. Some well-built wooden structures destroyed; most masonry

and frame structures destroyed with foundations; ground

badly cracked. Rails bent. Landslides considerable from

river banks and steep slopes. Shifted sand and mud.

Water splashed (slopped) over banks.

XI. Few, if any (masonry), structures remain standing. Bridges

destroyed. Broad fissures in ground. Underground pipe

lines completely out of service. Earth slumps and land

slips in soft ground. Rails bent greatly.

XII. Damagetotal. Waves· seen) on ground surfaces. Linesof

sight and level distorted. Objects thrown upward into

the air.

15. Thus,· a fault can be judged for its capacity·to generate earth

quakes and the maximum event it might produce expressed both in magnitude

and intensity. The intensity can.be attenuated from a source to a site.

16. Predicting the time of. the maximum earthquake is of interest

for other purposes but is of no interest for the design of a major
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structure such as a dam. Adam has to be designed on the basis of the

maximum earthquake without regard for its time of occurrence or its

interval of recurrence, since a maximum earthquake may come at any time.

Cost-risk benefits. can be sought for appurtenant structures which, if

failed, pose no hazard to life. For these lesser structures, probabilities

maybe used in order to select smaller events that will then serve as

operational basis earthquakes. Arbitrarily lower numbers, such as a

fraction of the motions for the maximum earthquake, can be equally

suitable.

17. The foregoing considerations bring us to the point where motions

must be selected to define the effects of earthquakesona dam. These

motions should be conservative so that the designs developed for a dam

are safe for any eventuality. The motions are in the following categories:

a. Those that cause relative displacement in the foundation

and consequently displacements in the dam, and

b•. Those that induce unacceptable strains in a dam or lique

faction if it is an earth structure.

18. The examination of a major dam for the effects of earthquake

shaking requires a dynamic analysis. If there are potentials for strain

beneath the structure, earth fill may be specified as the construction

material. For an earth dam it is essentialto provide appropriate time

histories of earthquake motion. The time histories are needed because

the material is nonlinearly elastic. Each cycle of shaking may impart

an effect. on the material and the effects are cumulative. Thus, the

time histories must be as realistic as possible in simulating the maxi

mum earthquake.

19. In. order to generate time histories, a synthesis may be made

of motions recorded during earthquakes in order to· develop peak motions

(acceleration, velocity, displacement, duration and predominant period).

In Corps of. Engineers practice, the time histories are developed first

and response spectra are made from the time histories~

20. Any large collection of strong motion records has a tremendous

spread· in the values for earthquake motions. There are many causes:
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differences in fault mechanism and fault shape, rock types and config

uration, refraction and reflection of waves, superposition and bUildup

of waves ,pr diminution, etc. Such factors contribute to an infinity

of differences in the resulting motions. The accelerations for Modified

Mercalli Intensity V range from 0.01 gto 0.61 g, a spread of 60 times.

Mean values, in such circumstances, have no real significance.

21. The solution is to work with a large body of strong motion

records and to provide envelopes that encompass the spread in the data.

22. Specific parameters, such as a given fault type plus some

specified distance from epicenter, tend to restrict the number of records

available to only a very few. They may have less spread. However, if

there were more records, even for those limited conditio~s, there is every

reason to believe there would be more spread. It is .best not to be

restrictive but to envelope wide variety of conditions.

23. An extensive statistical analysis of strong motion data from

the western United States in terms of·intensity was made by T<rifunac and

Brady (1975). Their analyses included acceleration, velocity and dis

placement, and they distinguished vertical and horizontal components of

motion. They showed the mean value for each intensity level and the

mean with one standard deviation. The latter provides a measure of the

dispersion. A problem arises with the sparseness of data for the higher

intensities beginning with MM VIII. There are no data for MM IX, and

one record for MM X. The latter is the Pacoima record with its peak

horizontal acceleration of 1.25 g.

24. The same western United States data uniformly processed at

the California Institute of Technology were used in studies made at the

Waterways Experiment Station (see Krinitzsky and Chang, 1977) to find

means. for assigning motions for dynamic analyses of dams. The values

were expressed in MM: intensity.

25. The CIT data were separated by Krinitzsky and Chang (1911) into

"near field" and "far field."

26. In the near field, complicated reflection and refraction of

waves occur in the subsurface with resonance effects and a large range
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in the. scale of ground motions. Intense ground motions and high-frequency

conwonents of.motion are present. In the far field the wave patterns are

orderly; the oscillations in wave forms are more muted and more predict

able; and frequencies are lower.

21. The distance from epicenter to the limits of.the near field~

and beginning of the far field,.vary with the magnitude of the earthquake,

consequently with the maximum epicentral intensity~ and with the region

in which the earthquake occurs. Usually, the intensity in the near

field attenuates linearly and rapidly; in the far field~ the rate of

attenuation for intensity becomes smaller.

28. Limits of the near field are as follows:

"Richter
Magnitude

M

5.0
5.5
6.0
6.5
1.0
1.5

MM
Maximum

Intensity
10

VI
VII

VIII
IX

X
XI

Radius of
Near Field

KM

5
15
25
35
40
45

29. F'igures 1 and 2 show the relation between MM intensity and

acceleration for near field and far field~ respectively. Figures 3 and

4 show intensity versus velocity, near and far field~ and Figures 5 and

6 for displacement~ near and far field. The motions are horizontal.

Vertical components of motion are taken to be two~thirds the horizontal.

The spread of data were divided into equal 10 percent increments between

50 percent~ taken at the median line, and 100 percent, taken along a line

which approximates the limit of observed data. The curves for these

increments are suitable for obtainingpeak motions at levels selected

either at the maximum or at lesser levels determined by decisions on the

seismic risk that is acceptable.

30. Figures 1 to 6 also show the mean-plus-one standard deviation

for the respective intensity levels. Figure 1 shows that mean plus cr

drops as the intensity increases from MM VII to VIII. The drop-off is
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not from lesser motions but simply from a decrease in the quantity of

data. The projection of the 10 percent lines attempts to compensate for

this lack of data.

31. No distinction was made between data from soil and rock since

the values overlap too greatly to provide useful comparison. The Figures 1

to 6 are intended to provide peak components of ground motion on bedrock

at the surface.

32. Tl'he mean-plus:...a values show that the data points are concen

trated far below the lOa-percent line. In effect, the 7o-to80-percent

band brackets an upper boundary for the great body of data. Peak motions

at this level are conservative for nearly all designs. However, if at a

site there was a capable fault seen at the ground surface, then the

lOa-percent motion, or even a higher value, might be appropriate.

33. The/next element in developing a time history of motion is the

duration. Duration was taken as the bracketed time interval in which

the acceleration is greater than 0.05 g.

34. Some examinations of the data are appropriate. Figure 7 shows

near field durations in terms of earthquake magnitude. There is a large

dispersion with distinctly higher peak values for soil as compared to

rock. Peak durations increase steeply with increase of earthquake mag

nitude. The same data are shown in Figure 8 by local MM intensity.

Again, soil shows greater peak durations than rock. However, the slope

of the peak duration for rock does not increase as steeply with greater

intensity as it does for magnitude. The discrepancy results from incom

pleteness of data and the inexactness that is inherent in intensity and a_

difference in the comparability of the scales. Figure 8 provides conserva

tive upper limits for duration to be used with MM intensities in the near

field. Far field durations are shown in Figure 9.

35. The earthquake records selected for use or for rescaling may be

either actual strong motion records or synthetic ones designed for speci

fied geological settings. They should be for field conditions that are

analogous to those for the site under study. They should be for com

parable types of faults, comparable geology (whether crystalline rocks,
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sedimentary basin; etc.), and similar distances.. from. causative faults.

Records should be selected also with predominant periods that may cor

respond to periods of engineering works that are being evaluated.

36. The time histories developed from rescaling earthquake records

are preferable for such structures as earth dams since the structures

are nonlinearly elastic and actual earthquake records are both more

realistic and have fewer motions than the synthetic ones. For concrete

portions of a structure, the necessary response spectra can be made from

the time history or it can be obtained independently following the guide

lin~s of the Nuclear Regulatory Commission.

37. The scaling·for large motions (in the region of 1 g) presents

a problem because there is only one record (Pacoima, San Fernando earth

quake of 1911) and the rescaling of lesser records to this level may

produce unrealistic motions. Instead of straight scaling, high-frequency

motions may be added to lower earthquakes in combination with a process

of scaling. Multiple records should be examined. Strong motion records

should be selected that require as little rescaling as possible. Chang

(1978) provided a first step toward cataloging earthquakes in a manner

that will facilitate their selection for scaling. If a record has. to be

scaled as much as 4x, the record should be discarded.

38. The spectral composition and predominant period of a record is

site dependent (whether soil or rock) and is dependent also on distance

from source. Here again judgments must be made not on a few records but

by envelopes of extensive collections of data. Some guidance is pro

vided in compilations by Chang and Krinitzsky' (1977).
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PART III: EARTHQUAKE EVALUATION

39. A geological reconnaissance of the general area in which the

Devils Canyon arid Watana damsitesare located was performed for this study

by Drs. Reuben Kachadoorian and Henry J. Moore of the U.s. Geological

Survey. Their study entitled "Preliminary Report of the Recent Geology

of the Proposed Devils Canyon and Watana Damsites, Susitna River,

Alaska," is included in the present overall report.

40. Drs. Kachadoorian and Moore were charged primarily with the

task of investigating the area for the presence of absence of active

faults. In addition, observations were made on the seismicity of the

area and on the possibilities of landslides i.nto the potential lakes.

41. Prior to the work done by Drs. Kachadoorian and Moore, a study

has been made for the Corps of Engineers by Gedney and Shapiro (1975)

of lineations interpretable for this area from Landsat and Slar imagery.

The lineations were presented along with the seismic history and the

general geology.

42. Gedney and Shapiro show a large number of lineations including

ones that trend along the Susitna Valley and pass through the Devils

Canyon and Watana damsites. Lineations may be caused by faults but they

may be caused also by processes that have no relation to tectonism. In

no case can a lineation be accepted as a fault unless confirmation is

found on the ground bya process that is called "ground·truthing~"

Thus the work by Kachadoorian and Moore was an important step in va1i-

dating the earlier work. The judgments concerning faults shpu1d be

those of the latter work.

43. Kachadoorian and Moore report a group of 16 faults. For the

most part, these faults are identified by stratigraphic evidence. There
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was no surface evidence of recent mov~ent along any of these faults;

consequently, the faults were tentatively Judged to be inactive. How-

ever, confirmation of this judgment will require more detailed field

work. The nearest known active fualt is the Denali fault, 80 km away.

with the capacity to produce magnitufe 8.0 earthquakes.

44. Gedney and Shapiro gen~~lly found no relation between seismic

events in the region and faults. However, for the Susitna fault (Fault

No.8 of Kachadoorian .and Moore), Gedney and Shapiro associated two

earthquakes of 1 October 1972 and 5 February 1974 (magnitudes 4.7 and

5.0 respectively). Gedney and Shapiro reported no associated breakage

along the Susitna fault but these events gave suitable fault plane

solutions indicating right-lateral offset. Kachadoorian and Moore

question the reliability of associating these earthquakes with the mapped

fault. Kachadoorian and Moore found no relation between seismicity and

mapped faults, however they point out that a closer grid of seismometers

may uncover such relationships.

45. In summary:

a. No faults of important regional extent were found to be

present at the damsites.

b. Major faults in the region were reconnoitered and no evi-

dence was found of recent movement.

c. The region is one of relatively high seismicity, however,

no association was established between seismic events and specific faults.

d. The nearest positive capability for an earthquake is along

the Denali faault. approximately 80 km distant, ~here a maximum magnitude

of 8.0 can be expected.

e. Except for the conclusions concerning the Denali fault, the

work done so far is preliminary. More work is needed.
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PART IV: INTERPRETED PEAK MOTIONS

46. On the basis of the present incomplete geological and seismo-

logical information, earthquake motions at the damsites must be postu-

lated by making certain conservative· assumptions.

47. Potential earthquakes are as follows:

a. An earthquake originating at the Denali fault. The maxi-

mum magnitude is 8.0 in accordance with assumptions made by the U.S.

Geological Survey in their Trans-Alaska Pipeline Study (see Page, et at,

1972). The earthquake is a.ttenuated 80 km to the Devils Canyon and

Watana damsiteS. Using the Krinitzsky-Chang (1977) attenuation for

western United States, the event will produce a MM intensity of IX at

these sites. The motions are far field. It is conservative to base

the motions on the 70 percent spread level of the charts of Figures 2,

4, and 6 since that level encompasses over 95 percent of the data in the

velocities (see Figure 4). The duration is taken for rock from Figure 9.

The corresponding peak motions are acceleration, velocity, displacement,

and duration are tabulated in Table 2.

TABLE 2
PEAK EARTHQUAKE MOTIONS AT DEVILS CANYON AND WATANA DAMSITES

Peak Motions (hor.*)
on Bedrock at Surface

Site
Earthquake Intensity Accel. Vel. Displ. Duration

Source Magnitude Field MM g ern/sec em sec

Denali fault 8.0 Far IX 0.28 40 22 10
Local floating
event 7.0 Near X 0.68 68 . 30 12

* Vertical motion may be taken as two-thirds of horizontal.
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b. A local ~loating earthquake with £aultbreakage that does

not occur at the damsites. The inconclusive nature of the geologic

seismologic studies requires .that a floating ~arthquake. be assigned.

The earthquake may occur anywhere in the general vicinities of the dam

sites but not immediately under the dams themselves. The elimination

of an earthquake beneath the dams is based ont hework o£ Kachadoorian

and Moore for this study in which they identify no appropriate faults.

The magnitude of the floating earthquake is 7.0. This magnitude is in

accordance with the earthquake used for this area in the Trans-Alaska

Pipeline Study of Page, et al (1972).~ The, magnitude accords satisfac

torily with the possible fault lengths presented by Kachadoorian and

Moore, which are on the order of a hundred or more km. Such faults

correspond to magnitude 7 earthquakes according to available worldwide

.data presented by Slemmons (1977) in his Figure 27. Since the near

field for an earthquake of this size extends 40 km.from the source, and

Kachadoorian and Moore have located major fault trends within 3 to 15 km

of the dams, the motions at the dams must be taken as near field. It is

conservative to use the 70-percent spread lines of the moitons in Figures

1, 3, and 5 since that level envelopes all.but a few. extreme values. The

duration. for bedrock at the surface is taken from Figure 8. The peak

motions are tabulated in Table 2.

c. An earthquake at the damsites. On the. basis of present

information, an earthquake from a major fault rupture at the damsite is

not expected to occur. However, it is understood that present informa

tion may be subject.<to revision. when further studies are made
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48. The motions in Table 20f this report were developed somewhat

differently from those of the USGS Trans-Alaska Pipeline Study (Page, et

aI, 1972). The flogting earthquake for the near field but not at the site

has no equivalent in the USGS analysis. The USGS values are for earth-'

quakes that occur at a site. Also, the USGS peaks were reduced from

what they might pe .by a,filtering .that.they applied to the Pac.oima record

of the 1971 San Fernando earthquake. Their objective was to provide

motions for a quasi-static analysis of the pipeline in which the input

" was res.tricted to a range, of 2 to 8 Hz. Their. resulting magnitude 7. at

a site has vaIu~s that are higher than ours (1.05 vsO.68g) in acceleration,

higher in velocity (120 vs 68 em/sec) and higher in displacement (55 vs

45 cm). The durations also are greatly different. The USGS duration is

25 sec against 12 sec for ours. The difference is that their duration

includes soils whereas ours is for bedrock alone.

49. Predominant period and records for rescaling are not recommended

at this point since specification of types of faulting and distance from

faulting are yet to be made.

50. The operating basis earthquake, which is lesser earthquake

than tbat taken for the design of the dam, maybe tested with peak

motions that begin at half those of the maximum earthquakes.
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PART V: ASSOCIATED MOTIONS

51. Reservoir loading has in some cases induced significant earth

quakes and earthquakes have trigger~d landslides and caused water waves

or seiches. Also, in regions of tectonism there may be proplems during

excavation from overstressed conditions in rock.

Induced seismicity from reservoir loading

52. A few large reservoirs in the world have> induced appreciable

earthquakes. Simpson (1976) has provided a summary and critical review.

The reservoir is a triggering agent. It does not cause earthquakes

greater than the ones that may be expected from the normal tectonism.

The maximum earthquakes will be the ones used in design. An induced

..,earthquake, if such should occur, would not be greater though it may

occur at a different time. Further, the worldwide experience, according

to Simpson (1976), suggests that induced effects may be highest in regions

of low tomodera.te natural seismicity. In areas of high levels of natural

seismicity., as; in Alaska, the stress changes induced by the reservoir are

small compared to natural variations. Thus, induced seismicity should

not add any input to design. Nonetheless, observations relating to

induced seismicity made before and after reservoir filling are appro

priate and will be valuable on a research level.

Water waves from earthquake shaking

53. Water waves produced by earthquake shaking, under certain cir

cumstances, may be a factor though hardly comparable to the effects of

large landslides and ordinarily not more severe than wind effects. The

effects are dependent on the spectral composition of the horizontal

ground motions, the shape and size of the reservoir, and the duration

of shaking. If a resonance is developed there may be significant resul

ting wave amplitudes. Lee and Hwang (1977), in assessing this problem,

suggest that wave heights of half the amplitude of horizontal ground

motions are possible but they do not assess resonance. In pr~ctice,

protection against the effects of landslides will probably more than

adequately provide protection against water waves as well.
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B~arthquake-induced landslides

54. Landslides are a pronounced feature at the sites of major

earthquakes. Kachadoorian and Moore have noted appreciable landslides

in theSusitna Valley. These, and others that may be judged to be present

as potential hazards, should be evaluated. The worst known potential

slides can be monitored and remedial measures can be specified, including

the removal of the potential slide material.

55. The problem when dealing with a major earthquake is that one

cannot be sure that slides that might be generated'havebeen anticipated.

Given sufficient topographic relief and large masses of loose or frac

tured material, one should take into account major slides for which no

prevention can be specified. Developments along the borders of the

reservoir, the freeboard of the dam, etc., should be planned so that

possible disasters are avoided.

56. Studies of the effects of landslides into reservoirs may be

either theoretical, using a numerical model (see Raney and Butler, 1975),
or they may be empirical. The latter is perhaps the most practical

approach. They involve usingundistorted hydraulic models (cf Davidson

and Whalin, 1974). For both methods, the slide geometry, volume~ velo

city and reservoir configuration are essentials. Field investigations

where actual landslides have occurred may aid in developing estimates

of velocities (see Banks and Strohm, 1974). The procedures will produce

assessments of wave heights and wave runups.

Tectonic strain and overstressed conditions in rock

57. A totally unknown set of conditions are those that relate to

tectonic strain and resulting possible overstressing in the rock. Re

sidual stresses from the movements of active faults can affect the making

of excavations and the stability of the structure. At present there are

no data. It is anticipated that field measurements relating to stresses

and the buildup of strain will be made as part of any continuing

investigations.
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PART VI: CONCLUSIONS

58. The geological~seismological investigations to date were

made on reconnaissance levels. Th~ Devils Canyon and Watana damsites

are in a region of high seismicity and .major fa,ults. However,no move

ments Were found on the faults that might be indicative of earthquakes.

Also, no seismic activity was identified as associated with these faults,

though the data suffers from inexactness in the accuracy of locations.

No active faults were found at the damsites. Active faults of appreciable

length are required if large earthquakes are to be generated in close
I

proximity of the "proposed structures.

59. The area was provided with a floating earthquake of magnitude

7 placed at a short distance from the damsites. The magnitude 7 is in

conformity with general fault lengths in this area and with wor~dwide

experiences between·such faults and resulting earthquakes. However,

further field studies will be made to determine conclusively whether

or not there are faults closer to the sites with possible more severe

motions. An earthquake of magnitude 8 from the Denali fault ata distance

of 80 km was evaluated by attenuating the event to the damsites. "

60. Peak motions were assigned for the earthquakes following the

practices of the Corps of Engineers. The magnitude 7 earthquake near

the damsites has motions that are: acceleration 0.68 g, velocity 68

cm/sec, displacement 30 cm, and duration 12 sec. An earthquake at the

Denali fault attenuated to the sites provides motions of 0.28 g, 40 cm/

sec, 22 cm, and 10 sec.

61. A closer specification of which sets of peak motions to apply

and the appropriate time histories will await further field studies.
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62. Possible induced seismicity from reservoir loading is not a

factor needing additional design but is accounted for in the existing

motions. However, water waves from.possible earthquake-triggered land

slide:o; arid possible overstressed conditions in rock pose problems for

which at present there is a paucity of data and a need for further

evaluation.
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Figure 1. Acceleration versus MM Intensity in the Near Field. Percentages are
ten percent increments in the spread between the mean (50%) and the
limit of observed data (100%),
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EXHIBIT D-4

Procedure for Estimating Borehole Spacing and
Thaw Water Pumping Requirements for Artificially
Thawing the Bedrock Permafrost at theWatana
Damsite.

7.95



Introduction

The procedure outlined in this note for estimating the time to

artificially thaw permafrost bedrock assumes that water will be pumped

into a pattern of boreholes drilled to the bottom of the permafrost

zone. The water would flow down a feed pipe to the bottom of the bore

hole and back up the annulus between the outside of the feed pipe and

the wall of the borehole. During the upward flow, heat from the water

would flow radially through the borehole wall to melt the existing ice

and raise the temperature of the surrounding rock. During the first stage

of this thawing process a series of essentially vertical parallel thawed

cylinders would be formed, the diameter of which would grow with time

until the surface of adjacent cylinders touched. Upon touching a fluted

wall would exist which then.will thicken as additional heat is supplied

by the thaw-water in. the boreholes until either the desired wall thickness is

attained or a thermal equilibrium is established. Once the desired wall

thickness is reached, the rate of thaw-water flow (i.e., pumping) can be

reduced to establish thermal equilibrium. To avoid freezing back the bed

rock it may be necessary to continu~ pumping water until grouting is

initiated or until it is unnecessary to maintain the wall in a thawed

condition. If the permafrost is at 32°F at the Watana dam site, it probably

would not be necessary to use maintenance pumping since freeze-baok would

be quite slow.

The purpose of this note is to furnish procedures for establishing a

drilling pattern; estimating the time to thaw a 20 ft. wide zone of rock
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along the alignment of the Watana Dam; and estimating the

pumping requirements for the thawing operation.

Assumptions

The graphs used in this procedurelWere developed using the thermal

omputatf,onal methods outlined in the paper, "Thermal.and Rheological

omputations for Artificially Frozen Ground Construction," which is

ttached as Appendix B. The assumed rock properties and thermal conditions

relisted in Appendix A. Graphs in figures 1 and 2 were developed for

~·•• inch diameter boreholes. Use of larger diameter boreholes would reduce

a3 inch diameter borehole will reduce the thaw time

less than 10%).

It should be emphasized that this procedure assumes a uniform distribution

ice in the bedrock; with an overall ice saturated porosity of l~% and that

is quite probable that·· some of the rock will contain much larger volumes of

At locations where large volumes of ice do exist, the thawing would be

slower than predicted by Figure 1. More accurate predictions of the

can be made when details of the amount and location of the ice-

are determined. The·temperature of the permafrost bedrock at

e dam site has not been established precisely • In this note,.bedrock

perature· is assumed to be 320 F with all water frozen.

To control the thawing process during construction, it is essential to

the bedrock temperature at several locations both horizontally and

rtically. Good temperature and pumping records will assist in ilnproving

e thawing operations as the work progresses and will provide data for

fining the procedure for predicting subsequent thawing times and pumping
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requirements.

Procedure

(1) From the curves on Figure 1 choose a borehole arrangement (i.e.,

single row or two rows of boreholes) and spacing. The choice would be

based on the time available for thawing, the temperature of the available

thaw-water and the economic trade-offs between additional holes vs heating

the water and pumping water.

(2) After selecting the borehole spacing, enter the graph on Figure

2 using the borehole spacing and thaw;-waier temperature chosen in (1) to

obtain a time at which the thawing cylinders will just touch each other.

This time (tr ) is given in days on the abscissa.

(3) Usin.g (t r )·from(2h enter the abscissa<ofthe graph on Figure

3 and obtain an estimate of the number of gallons per minute (GPM) that

must be supplied to each borehole for the thaw...water temperature selected.

Note that this is the thaw-water flow required when the thawed cylinders just

touch. This is more.than that required to continue thawing untilt,ewall

obtains its full· width but .. it is. a cons.ervativeaverage value to. use in

estimating. The maximum flow rate is required at the start of pumping.

Theoretically it is infinite but in practice it is close to the values

shown at time zero on Figure 3. Therefore, after the first few days of

pumping, the pumping capacity can be reduced, e.g., one or more of the pumps

can be used somewhere else. The curves on this graph are based on the

temperature gradient or temperature loss shown on the graph. rf sufficient
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not supplied to the boreholes, the temperature gradient will rise

time r~quired to thaw will increase.

(4) After the rate of flow for each borehole is estimated, the

of the thaw-water flow in the feed pipes and the annulus between

of the feed pipe and the borehole wall should be computed to

termine if either' the velocity or pressure drop is excessive.

(5) The total rate of flow for determining the size and number of

ps is determined by summing up the number of boreholes that are used

r thawing at one time.

that if water is artificially heated, there will be a

rge energy loss if the overflow from the borehole is not captured and

water in a location where the sun can warm it is one way to

thaw-water temperatures than would be obtained by taking water directly
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APPENDIX A

ASSU~ED ROCK PROPERTIES· AND THERMAL VALUES

803

Latent Heat of Ice Saturated Rock 124 BTU/ft3

1.6 BTU/hr. ft. of

33.9 BTU/ft3

33.4 BTU/ft3

1.5%

2.68

165 1b/ft3

Volumetric Specific Heat

Unfrozen Rock

Frozen Rock

Conductivity for Unfrozen Rock

Uniform porosity

Specific Gravity

Dry Unit Weigh t

Ice Saturate

ROCK PROPERTIES

THERMAL VALUES
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UNITED STATES
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DESCRIPTION OF MAP UNITS

SEDIMENTARY AND VOLCANIC ROCKS

SURFICIAL DEPOSITS, UNDIFFERENTIATED (Quaternary)--Glacial and

alluvial deposits, chiefly unconsolidated gravel, 'sand, and

clay.

VOLCANIC ROCKS, UNDIFFERENTIATED (Paleocene to Miocene, uppermost

part may be as young as Pleistocene)--Over 1,500-m-thick sequence

of felsic to mafic subaerial volcanic rocks and related shallow

intrusives. Lower part of sequence consists of small stocks,

irregular dikes, lenticular flows, and thick layers of pyro

clastic rocks; made up dominantly of medium- to fine-grained,

generally medium-gray quartz latite, rhyolite, and latite. A

few dikes and intercalated flows of brown andesite are also pres

ent. Rocks of the lower part of the sequence, occurring mostly

in the upper Talkeetna River area, are interpreted to be vent

facies deposits and near vent deposits of stratovolcanos. The

upper part of the sequence consists of gently dipping brown ande

site and basalt flows interlayered with minor amounts of tuffs.

A few lenses of fluviatile conglomerate are also present. Locally,

at Yellowjacket Creek for instance, the feeder dikes of the mafic

flows make up more than half the volume of the underlying

country rocks. According to E. M. MacKevett, Jr. (oral commun.,

1975), the andesite and basalt flows ar~ lithologically identi-

cal to the basal andesites of the Wrangell Lava in eastern Alaska.
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Contact between the dominantly felsic lower part and mafic

upper part of the sequence is gradational through intertongu~

ing of the two rock types. The three samples for potassium

argon age determinations (map numbers 7, 8, 13 in table 1),

indicating Paleocene and Eocene ages, were obtained from ande

site flows near the middle of this sequence.

Tim HYPABYSSAL MAFIC INTRUSIVES (Paleocene to Miocene, youngest rocks

may be Pleistocene)--Small stocks and irregular dikes of dio

rite porphyry, di~base, and basalt. They probably are the sub

volcanic equivalents of the andesite and basalt flows of unit Tv.

Tif HYPABYSSAL FELSIC INTRUSIVES (Paleocene to Miocene, some rocks

may be as young as Ple.istQcene)--Small stocks and irregular

dikes of rhyolite, quartz latite, and latite. Lithologically,

they.are identical to, and thus probably correlative with the

felsic subvolcanic rocks of unit Tv.

Ttw TSADAKA (Miocene) AND WISHBONE (Paleocene and Eocene) FORMATIONS,

UNDIVIDED--Tsadaka Formation, occurring only at Wishbone Hill,

consists of cobble-boulder conglomerate with thin interbeds of

sandstone, siltstonei and shale; about 200 m thick. The Wish

bone Formation, which unconformably underlies the Tsadaka, com

prises well-indurated fluviatile conglomerate with thick inter

beds of sandstone, siltstone, and claystone; about 600 to 900

m thick (Detterman and others, 1976; Barnes, 1962). The present

map unit also includes over 150 m of fluviatile conglomerate
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Tc CHICKALOON FORMATION {Pa1eocene)--We11-indurated; continental,

PLUTONIC AND METAMORPHIC ROCKS

Tgd TERTIARY GRANODIORITE (Eocene)--Contains hornblende and biotite.

siltstone, claystone, ilndcong10merate,containingnumerous beds

of bituminous coal; over 1,500 m thick (Barnes, 1962).

Tsu SEDIMENTARY ROCKS, UNDIFFERENTIATED {Tertiary)--F1uviati1e con-

807

Rocks of this unit occur in one large and several smaller,

glomerate, sandstone, and claystone with a few thin interbeds

of 1ignitic coal. Lithologically, these rocks look similar to

the Tertiary sedimentary rocks of the southern.Ta1keetna Moun

tains, but lack of fossil evidence does not permit more defini

tive correlation. The largest exposure of these rocks is along

Watana Creek, and, according to Smith (1974a), the sequence is

over 160 m thick. litho10gicallYl it resembles the Paleocene

Chickaloon Formation of the Matanuska Valley.

dominantly fluviatile sequence of massivefe1dspathic sandstone,

and coaly sandstone (unit Tf of Grantz, 1960a, b) in the east-

ern Talkeetna Mountains.

This granodiorite is part of a small pluton along the northern

edge of the map area. Turner and Smith (1974) report an Eocene

age for this pluton, determined by the potassium-argon method

on biotite (48.8+1.5 m.y.) and on hornblende (44.8+1.3 m.y.)

from a sample just north of the present map area.

BIOTITE-HORNBLENDE GRANODIORITE (Paleocene, in part may be Eocene)-·
T} ,j

Thgd



poorly exposed plutons in the western ilnd northern Talkeetna

Mountain.s. All of the plutons wereforcjblyintruded in the

epizone of Buddington (1959). Granodiorite is the dominant

rock, but locally it grades into adame.11 ite (;:: granite with

plagioclase and alkali fe]dspar in approximately equal propor

tions), tonalite, and quartz diorite. All these rocks are

medium to dark gray, medium grained, genera.11y structureless,

and hav.e granitic to seriate textures. In all of them, horn

blendeis the chief mafic mineral. Biotite- and hornblende-
-

rich xenoliths of reconstituted country rock are common in

every pluton. The lithologic compositions and available age

. determinations (see table 1) indicate that these granitic rocks

are the plutonic equivalents of some of the felsic rocks in the·

lower portion of. unit Tv.

Tbgd BIOTITE GRANODIORITE (Paleocene, in part may be Eocene)--Biotite

granodiorite and adamellite in approximately equal proportions.

Biotite is the chief mafic mineral, hornblende is occasionally

present. Color is light to medium gray, grain size is from

medium to coarse, texture is granitic to seriate. Very faint

flow structures have developed only locally. These rocks occur

in shallow, forcibly emplaced epizonal plutons in the north

western Talkeetna Mountains. Aplitic and pegmatitic dikes are

common in all the plutons. Just north of the map area, these

plutonic rocks grade into felsic volcanic rocks. Potassium-
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argon age determinations {see table 1) indicate that the bio

tite granodiorite and adamell ite of the present unit are essen

tially of the same age as the biotite-hornblende granodiorite

(unit Thgd). Thus, the rocks of these two units, in view of

their spatial proximity, probably are the products of differen~

tiation of the same parent magma, either in situ or at some

deeper levels in the Earth's crust. The biotite granodiorite

intrusiVes are also considered to be the plutonic equivalents

of some of the felsic volcanic rocks in the lower portion of

unit Tv.

Tsmg SCHIST, MIGMATITE, AND GRANITE {Paleoceneintrusiveand.metamor-

phicages)--Undifferentiated terrane of andalusite and (or)

sillimanite-bearing pelitic schist, lit-par-lit type migmatite,

and small granitic bodies with moderately towell-developed

flow foliation. These rocks occur in approximately equal pro

portions, and the contacts between them are generally gradational,

as is the contact between the schist and its unmetamorphosed

pelitic rock equivalents (unit Kag) outside the present map

unit.

The pelitic schist is medium to dark gray, medium grained,

haswell-developed but wavy foliation, and contains lit-par-lit

type granitic injections in greatly varying amounts. Rock

fonning minerals of the schist include biotite (pleochroism

Nz = dark reddish brown, Nx = pale brown), quartz, plagioclase,
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minor K-feldspar, muscpyite, garnet, and sill imanite which

locally coexists with andalusite.

The lit-par-littype grani tic injections within the schi st

are medium gray, medi.um grained, and consist of feldspar, quartz,

and biotite.

The rocks ·of the small, granitic bodies range incomposi

tion from biotite adamellite to biotite-hornblend~.granodiorite.

They are medium gray and medium.grained, generally have grani

tic textures, and, in addition to the)flgw foliation, locally

display flow banding of felsic and mafic minerals. These grani

tic bodies appear to be the source of the 1it-:-par-lit. intrusions.

The proximity of the schist to the.small granitic bodies,

the occurrence of the.lit-par-litinjections, and the;. presence

of andal usite in the sch.i st indicate that the schi st is the

result of contact metamorphism. Perhaps this metamorphism took

place in the roofzone .. ofa large pluton. the cupolas of which

may be the small grani ti c bodi es.

TKt TONALITE (Upper Cretaceous and LowerPaleocene)--Dominantly biotite-

hornblende tonalite, locally grades into quartz diorite. The

tonalite. is medi.um gray, coarse. to medium gr:ained, has a grani

tic texture and a fairly well~developed primary foliation. It

occurs in a large, possibly composite, batholith, approximately

75 to 61 m.y.old (see tablel). which was emplaced in the epi

zone andmesozone of Buddington (1959). The tonalite is described

in mor'e detail in Csejtey (1974).
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TKa ADAMELLITE (Upper Cretaceous and Lower pa.leocene)--Occurs in a

large epizonal pluton in the southwestern part of the map area.

The dominant rock type is adamellite out locally includes gran

odiorite. Biotite is the chief mafic mineral, muscovite occurs

insubordinate amo'unts. The typicaladamell ite is medium to

light gray, medium to coarse grained, its texture ranges from

granitic to seriate. The adamellite appears to be intrusive

into the tonal ite (unit TKt),· but concordant potassium-argon

ages on one sample (map no. 24, tableT) indicate the adamellite

to be essentially the same age as the tonalite. These rocks

apparently arecomagmatic.

TKgr GRANITIC ROCKS, UNDIVIDED (Cretaceous and (or) Tertiary)--These

rocks of uncertain age occur in four smaTler epizonal plutons

of granodiorite and tonalite. Their color is medium to dark

gray, grain size is medium,textureis'granitic. Mafic minerals

are hornblende and (or) biotite. The largest of these plutons,

in the northeast corner of the map area, is reported by Smith

and others (l975) to be of Cretaceous age.

TKlg LEUCOGABBRO (Cretaceous and (or) Tertiary);'-Small, poorly exposed

intrusive of uncerta.in age in west-central part.of map area,

'essentially consisting of plagioclase (around An70 and about

80 percent of volume),. and pale-green hornblende. The leuco

gabbro is medium to light gray, coarse to medium grained, with

a granitic to seriate texture.
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SOUTHEASTERN TALKEETNA MOUNTAINS

Sedimentary and volcanic rocks

Kar ARKOSE RIDGE FORMATION (Cretaceous}--Arkosic sandstone, conglom-

erate, graywacke, siltstone, and shale (Detterman and others,

1976; Grantz and Wolfe, 1961). Clastic. components consist

chiefly of granitic .andmetamorphicrock fragments, quartz,

feldspar, and biotite, indicating a dominantly plutonic and,

to a lesser extent, metamorph.ic provenance (G. R. Winkler, oral

commun., 1977) Numerous plant fragments .. suggest a dominantly

terrestrial origin. Recent field and petrographic studies

~sejtey and others, 1977) indicate. that this formation is of

Cretaceous age. A.pre..Tertiaryage<is also.indtcatedby a

potassium-argon age determination on b.iotite (map no. 37, table

1) • The biotHe. was separated. from a sampl e .of graywacke with

secondary biotite, obtained ·from near the tonalite pluton (unit

TKt). The. formation rests uncdnformablyon Jurassic granitic

and metamorphic rocks and is as much as70D.m thick. In this

report the Arkose. Ridge is consid.ered to be. a dominantly non

marine ·.facies of the Cretaceous Matanuska Formation

Km MATANUSKA FORMATION (Lower and Upper Cretaceous) ....Well-indurated

shale, siltstone, sandstone, graywacke, with. subordinate con

glomerate interbeds; occurs along the southern edge of the map

area, mostly in the Matanuska.Va 11 ey. These rocks, having a

total thickness in excess ..ofl ,200m, are generally dark gray
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and thinly bedded,and forthelTl()st<partweredepdsi1:ed in a

marineenvironmenf of modera~eto shallow depths ..Some of the

sandstone beds contain fragmen~ary plant remains. Age of the

formation ranges from Maestrichtian at the top to Albian at

the base (Grantz, 1964). The formation rests with a pronounced

angular unconformity on Lower Cretaceous and older strata. In

part, the Matanuska Formation correlates with the Kennicott,

the Shulze, the Chititna, and the MacCall Ridge Formations of

the southern Hrangellr40untains (Jones, 1967).

Ksu SEDIMENTARY ROCKS, UNDIVIDED (LowerCretaceous}--Ash~llow water

marine sequence of thinly bedded calcareous sandstone, siltstone,

claystone, minor conglomerate, and thick-bedded to massive

clastic limestone; interpreted as a continental shelf-type

deposit; over 100m thick. These strata occur in the south

eastern Tal keetnaMountains, and they have been previously mapped

and dated by Grantz (1960a, b). The present undivided unit

includes .Grantz'units Ks,Kc, and the Nelchina Limestone. The

contact between these strata and the underlying Jurassic Naknek

Formation (unit Jh) is a slightly angular unconformity. The

NelchinaLimestone correlates with the Berg Creek Formation of

the southern Wrangell t40untains (E. M. MacKevett , Jr., oral

commun., 1977).

Jn NAKNEK FORMATION (Upper Jurassic)--Shallow water marine, thin to

thick bedded, <intercalated strata of fossiliferous gray
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siltstone, shale, sandstone, and conglomerate; over 1,400 m

thick. Previously mapped and dated by Grantz (J 960a, .b). The

Naknek Formation is restricted to the southeastern Talkeetna

Mountains, lacks any contemporaneous volcanic material, and

appears to have been deposited in a continental shelf environ

ment. Its contact with the underlying Chinitna Formation is a

very slightly angular unconformity. The Naknek correlates with

the Root Glacier Formation of the southern Wrangell Mountains

(E. M. MacKevett, Jr., oral commun., 1977).

Jct CHINITNA FORMATION (Upper Jurassic) AND TUXEDNI GROUP (Middie

Jurassic), UNDIVIDED--The Chinitna Formation consists of a sha1

low marine, intercalated sequence of da rk""gray shale, siltstone,

and subordinate graywacke; contains numerous large limestone

concretions; it is as much as 600 m thick. The Tuxedni Group

unconformably underlies the Chinitna,and consists of shallow

marine, well-indurated, thinly to thickly bedded/graywacke,

sandstone, and massivecong1omeratejnjts lower part, and thinly

to thickly bedded dark siltstoneand<shale in its upper part.

The Tuxedni is about 300 to 400 m thick. Both theChinitna

and Tuxedni have been previously mapped and dated by Grantz

(1960a, b;1961a, b), by Grantz and. others (1963), and by Detter

man and others (1976). Both formations occur in. the southeast

ern part of the map area, are devoid of coeval volcanic

material, and are interpreted to have been <deposited in a
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continental shelf environment. The contact between the Tuxedni

Group and the underlying Talkeetna Formation (unit Jtk) is a

major angular unconformity. The Chinitna and Tuxedni are partly
{j

correlative withtheKNizina Mountain Formation of the southern

Wrangell Mountains (E. M. MacKevett, Jr., oral COll1l1un., 1977).

Jtk TALKEETNA FORMATION (Lower Jurassic)--Andesitic flows, flow brec-

cia, tuff, and agglomerate; subordinate interbeds of sandstone,

sil tstone, and limestone (mapped separately as unit Jl s), espe

cially in upper part of the formation. A dominantly shallow

marine sequerice, about 1,000 to 2,000 m thick (Grantz, 1960a, b;

1961 a, b; Grantz and others, 1963; Detterman and others, 1976).

This formation occurs only in the southeastern half of the mapped

area and its base is nowhere exposed. The occurrence of marble

(uriitsJmb and Jmbr) within the plutonic and metamorphic rocks

just northwest of the Talkeetna Formation outcrop area suggests

that the formation is underlain by volcanogenic rocks of Triassic

(unit lRv) and of Paleozoic age (unit Pzv).

J1s LIMESTONE (Lower Jurassic)--Light-todark-gray, fine- to medium-

grained unfossi1iferous limestone; near granitiC rocks recry

stallizedto medium- to coarse-grained marble. Forms discontin

uous lenticular bodies, as much as 30 mthick, within Talkeetna

Formation.
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Plutonic and metamorphic rocks

Kum SERPENTINIZED ULTRAMAFIC ROCKS (Lower and (or).ppperCretaceous)--

These rocks occur in small, tectQni~ally emplaced, discordant

bodies (protrusions) within the probably Lower to.Middle Juras

sic pel itic schist (unit Jps) near Willow Creek. They are

medium greenish gray:to black in color., and are .. composed of

aphanitic masses of serpentine tal minor amounts of actino1 ite

tremo1ite, chlorite, and opaque minerals Relict textures were

nowhere observed, and all these bodies are strongly sheared.

Semiquantitative spectrographic analyses indicate chromium con

tents to be between 1,000 and 5,000 ppm and nickel between 1,000

and 2,000 ppm (analyses by D. F. Siems and J.M. Motooka, 1973).

Fire assay analyses of ten samples show both platinum and pal

ladium contents to range from 0.0 ppm to 0.030 ppm (analyses

by R. R. Carlson, 1973). However, the average platinum to pal

ladium ratio is only about three .to one. Potassium-argon age

determinations on actino1ite-tremo1ite from two samples yielded

early Late Cr,etaceous .minimum ages (map nos. 32,..36, table 1).

These minimum ages coincide in time with a middle to Late Cre

taceous period of intense, alpine-type orogenic deformation

(see Structure and Tectonics sections) of the Talkeetna ,Moun

tains region. Thus, the serpentinite bodies, whose original

age is unknown, are assumed to have been emplaced during this

orogeny.
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Jtr TRONDHJEMITE (Upper Jurassic)--Forms a discordant, northeast-

trending, elongate, epizona1 pluton of fairly uniform lithology

in the central Talkeetna Mountains. Large pqrtions of the pluton

have been sheared and saussuritized. Typically, the trondhjemite

is light gray, medium to coa-rse grained with a granitic texture.

A faint flow foliation is locally developed Major rock form

ing minerals are plagioclase (oligoclase to sodic. andesine),

quartz, K-fe1dspar (between °to 10 percent of volume), and

biotite, with subordinate amounts of muscovite, and opaque min

erals. Color index rarigesfrom 3 tog. Average oxide percent

ages, by weight, of seven trondhjemite analys~s are.: Si02 

70.30, A1 203 - 16.74, K20 - 1.27, Na20- 5.07,CaO - 3.33.

Potassium-argon age determinations (map nos. 21,22, 26, 31,

table 1) from the southern part of the pluton show considerable

variation in age, which is attributed to resetting. However,

three age determinations from the northern half of the pluton

(map nos. 10, 11, 14, table 1), including concordant ages on

a mineral pair of muscovite and biotite, yielded very similar num

bers indicating the emp1acement.of the.troridbjemite pluton between

145 to 150. m.y..ago. The. trondhjemite is the youngest member

of. a group of Jurassic plutonic and metamorphic rocks in the

Talkeetna Mountains.

Jgd GRANODIORITE (Mi dd1 e to Upper Jurassic )..-Dominantly granodiorite

but includes minor amounts of tonalite and quartz diorite.
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These epiional plutonic rocks, underlying considerable areas

in the central and eastern Talkeetna Mountains,were probably

emplaced as multiple intrusion of consanguineous magmas. They

arel11ediumtddarkgray, medium grained, and in undeformed rocks

the texture is granitic. Mafic mineral s are hornbl ende and

biotite in various proportions. Along the northwestern border

of its exposure area, the granodiorite and related rocks have

beencataclasticallY deformed, resulting in a pronounced north

east-trehdingsecondary foli ationand, to a 1esserdegree,

lineation. The width of the deformed zone varies from about

2 I<mt025 km. Isotopic age determinations (map numbers 15-17,

27, tables 1, 2) from four separate localities indicate that

emplacement, probably multiple intrusions, took place approxi

mately150 and 175 m.y. ago. While the Upper Jurassic trond

hjemite intrudes the granodiorite, the granodiorite itself

intrudes the Tal keetna Formatioifof lower Jurassic age (Grantz

and others , 1963).

Jgdm MIGMATITICBORDER ZONE OF GRANODIORITE (Middle to <Upper Jurassic)--

Forms a terrane of poorly exposed, intricately intermixed con

tact<schist, amphibolite, and small dikes andveinlets of gran

odiorite; all of these rock types occur in approxima.tely equal

proport ions.

The contact schist is dark to medium gray, medium grained;

rock-forming minerals are quartz, biotite, and subordinate

plagioclase.
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The amphibolite is dark gray, medium grajned, ..and consists

of hornblende and p.lagioclase; megascopic schis,'tosity is seldom

conspicuous.

The granodiorite is the same as that of .unit Jgd; most of

the veinlets have been intruded along foliation. planes.

The ",tamorphic rocks of thi s unit were probCibly derived

from either the Talkeetna Formation (unit Jtk) or from the upper

Paleozoic volcanogenic sequence (4nit Pzv), or possibly in part

from the Upper Triassic .. basaltic sequence (unit 1Rv).

Jmrb MARBLE (Middle to Upper Jurassicmetamorphicage)--Contact meta-

morphosed marbl e bed more. than AO m thick within migmatitic

border zone. (unit Jgdm) . The marble is poorly exposed and

occurs only along John Creek, a tributary of upper Kosina Creek.

The rock is white, coarse to medium grained, and contains num

erous porphYroblastic crystals of andradite garnet and diopside.

The .marbl e was derived. from.a 1imestone bed, probably within

the upper Paleozoic volcanogenic sequence (unit Pzv) or pos

sibly .within the Upper Triassic basaltic seq~ence (unit lRv).

~qd QUARTZ DIORITE (Lower to Middle ~~rassic --Epizonal intrusive in

the southern Talkeetna Mountains. Dominant)yquartz diorite

but also includes .diorite an~tonalite. Large~portions of this

rock have been sheared and inten$ively altered~ The fresh

quartz diorite is medium to dark greenish gray, medium to coarse

grained, and has a granitic texture. Rock-forming mineral s are

plagioclase (and~sine)'rquartz, hornblende,~subordinate biotite

8.19



andK-feldspar. Where altered, the quartz diorite consists of

mineral aggregates of epidote, chlorite, and sericite, as well

as some remnants of the primary minerals. The age of the

quartz diorite is probably late Early Jurassic or early Middle

Jurassic because it intrudes the Talkeetna Formation and is

intruded by the Middle to Upper Jurassic granodiorite of unit

Jgd.

Jam AMPHIBOLITE (Lower to Middle Jurassic metamorphic age)--Forms a

metamorphic terrane consisting dominantly of amphibolite but

includes subordinate amounts of greenschist and foliated diorite.

This metamorphic terrane also includes several interbeds of

coarsely crystalline marble which are mapped and described separ

ately (unit Jmb).

The amphibolite is generally dark greenish gray, medium

to coarse grained, but fine-grained varieties also occur. Foli

ation and lineation are generally poorly developed, and segre

gation layering is rare. Major rock-forming minerals are, in

approximately equal proportions, anhedral to euhedral hornblende

(Z =dark green to brownish green, occasionally bluish green)

and anhedral, generally twinned plagioclase ranging from labra

dorite to calcic andesine. Accessory minerals are quartz,

garnet, sphene, apatite, opaques, occasional epidote, and, in

some of the rocks, shreds of biotite.

The greenschist is dark greenish gray, fine to medium grained,

with a moderately well-developed schistosity. Major minerals
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are actinolite, untwinned plagioclase (probably albite), epidote,

ch16rite,quartz, and opaques. Some of the actinolite-like

amphibole may actually be aluminous hornblende, thus some of

these rocks may be transitional to amphibolite.

The fol iated diorite is very similar .to the amphibol ite in

appearance. It is dark greenish gray,rnedium to coarse grained,

with a generallywel1-developed shear foliation. A remnant

granitic texture is always discernible/in thin section: Rock

forming minerals are hornblende, twinned and occasionally zoned

plagioclase (andisine tosodic labradorite), with subordinate

amounts of chlorite and epidote, minor quartz and biotite, and

opaques.

All of the above rocks, as well as the quartz diorite of

unit Jqd, apparently are the earliest products of a Jurassic

plutonic and metamorphic event which appears to have started

in/the Talkeetna Mountains in late Early Jurassic time after

the deposition of the Talkeetna Formation (unit Jtk). A potas

sium-argonage determination>on hornblende of a diorite or

amphibol ite sampl e (map no~ 5, tabl e 1) from the northeast part

of the map area yielded an age of 176.6 m.y. (Turner and Smith,

1974), suggesting an Early to Middle Jurassic age for the amphi

boliteand associated rocks. The quartz diorite of unit Jqd in

the southern Talkeetna Mountains is probably correlative with

the sheared diorite of the amphibolite terrane.
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The metamorphic rocks of the amphibolite terrane probably

were derivedfrqiTI any or all of the following dominantly basic

volcanic formations: Tal keetna Formation (unit Jt~), upper

Paleozoic. volcanogenic sequence (unitPzv), or. the Upper Trias

si.c basaltic sequence (unit lRv). The pods of greenschist,

intercalated wi.th the amphibol ite, . suggest that thf:metamor

phi sm in the amphibolitf:terrane was .. not qf uni foY'Jl1 intensi ty.

Jmp MARBLE (Lower to Middle Jurassic metamorph.ic age)7-White, medium-

to coarse-grained marble. It. occurs in massive interbeds, as

much as 30 mthick, within the amphibolite terrane of.unit Jam.

The marble. contains subordinate.amounts ofgarnet.anddiopside.

Its parent rock was a limestone bed, probably within the Tal

keetnaFormation (unit Jtk) or within the upper Paleozoic vol-

canogenic sequence (unitPzv), or, least)ikel within the

Upper Tria.ss.ic basaltic sequence (unitlRv).

Jmi AMPHIBOUTE.AND QUARTZ DIORITE (Lower to.Middle Jurass.ic meta-

morphic and plutonic agesh')Forms.a terrane of intr.icately

intermixed amphibolite and quartz diorite in about. equal amounts

in the.southern Talkeetna Mountains.

The amphibolite is .v.ery similar to the amphi,bolite of unit

Jam, thus the two amphibolites.areconsidf:red to be correlative,

and no description is.given here. pne difference is that segre

tion layering of mafic and. felsic components)is more prevalent

in the amphibolite ofungJmi. A thin.wedgeofbiotite-quartz

feldspar gneiss, probably derived from a nonvolcanic clastic
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interbed, is intercalated with the amphibolite along'lower

Granite Greek (Detterman and others, 1976; Travis Hudson, oral

commun., 1978).

The quartz diorite is petrographically identical to the

quartz diorite in adjacent unit Jqd (see rock description there),

and the two rocks are. considered to be correlative. The quartz
/

imity of the amphibolite terrane (unit Jam) strongly suggests

that the.metavolcanic greenstones of the present.unit represent

a .low-grade facies. of the same metamorphism which ,roduced the

amphibolite. The relative position of the greenstone within

the northeasterly structural trend of the Talkeetna Mountains

suggests that the greenstone was·probably derived from the

Talkeetna Formation (unit Jtk) or, possibly, from either the

upper Paleozoic volcanogenic sequence (unitPzv) or·the Upper

Triassic basaltic sequence (unitlRv).

T} 'I
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Jps PELITIC MICA SCHIST (Probably Lower to Middle Jurassic metamor-

phic age)--This rock occurs only intheSouthwestetn corner of

the map area near the headwaters of Willow Creek~ The schist

is medium to dark gray, medium grained, with uniform lithology

throughout its exposure area. Its ubiquitous mineral consti

tuentsare quartz, muscovite, albite, chlorite, chloritized

crystals of garnet and subordinate biotite. Very thin laminae

of carbonaceous material occur sparsely. Small open folds and

crenulations form an incipient slip cleavage at a large angle
I

to the primary schistosity. Numerous thin veins and stringers

of hydrothermal quartz occur throughout the schist. Detailed

petrographic descriptions of the mica schist are given in Ray

(1954).

The present mineralogy of the schist is indicative of the

greenschist metamorphic facies of Turner (1968). However, it is

probably retrograde from higher metamorphism, possibly the amphi

bolitefacies. Evidence for this is the chloritized garnet and

biotite crystals and the sparse mineral outlines consisting of

chlorite which probably are pseudomorphs after hornblende.

The age of the schist is imperfectly known, but, based on

regional geologic interpretations, the primary metamorphism is

considered to be Early to Middle Jurassic in age. Thus, the

schist and the amphibolite of unit Jam are interpreted to be

the products of the same metamorphism. The retrograde metamor

phism is assumed to be of middle to Late Cretaceous in age and
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related to an al pine-type oro'geny in the Tal keetna Mountains at

that time. However, the Late Cretaceous Arkose Ridge Formation,

which lies unconformably on the schist" has not been affected

by this retrograde metamorphism. The three potassium-argon age

determinations, measured on muscovite from the schist (map nos.

33-35, table 1), yielded obviously reset Paleocene ages.

The parent rock of the schist is unknown because no pelitic

rocks of compar~ble thickness (the schist is at least several
<

hundred meters thick) are known to occur in the pre-Middle

Jurassic rocks of the Talkeetna t1ountains.

Jpmu PLUTONIC AND METAMORPHIC ROCKS, UNDIFFERENTIATED (Lower to Upper

Jurassic plutonic and. metamorphic ages)--This unit consists of

an intricately intermixed mosaic of most of the previously dis

cussed Jurassic metamorphic and plutonic rocks (units Jtr, Jgd,

Jgdm, Jqd, Jam, Jgs, and Jps). Within the terrane of the pres

ent unit, the exposure area of an individual rock type is not

more than a few square kilometers. Two rock types, amphybolite

and sheared quartz diorite, comprise approximately 60 percent

of the terrane. Next in importance are sheared granodiorite

and associated migmatites. Subordinate amounts of pelitic mica

schist and greenstone also occur. Numerous apophyses of trond

hjemite, as much as several meters thick, occur along the east

ern edge of the terrane adjacent to the large trondhjemite

pluton (unit Jtr). All of these rocks are lithologically very
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similar.,to their correlative. map units, and they will not be

descri bed here. At.. two .1 ocal i ti es, the sheared granodi ori te

(unit Jgd) was mapped separately to show the proximity of

shea,red Jurassic granitic rocks to the Late Cretaceous and

earlY Paleocene unsheared tonal ite(unit TKt).

NORTHWESTERN TALKEETNA MOUNTAINS.AND UPPER CHULITNA RIVER AREA

Sedimentary and volcanic rocks; rocks of each column occur in separ

ate fault blocks. .

Central and northern Talkeetna Mountains

~v BASALTIC METAVOLCANIC ROCKS (Upper Triassic)--This shallow water

marine unit consists of amygdaloidal metabasalt flows with very

subordinate amounts of thin interbeds of metachert, argillite,

metavolcaniclastic rocks, and marble (Smith and others, 1975).

Rocks of this unit have been mapped only in the northeast por

tion of the map area. However, small blocks of the basaltic

rocks may occur within the complexly deformed late Paleozoic

volcanogenic sequence (unit Pzv) toward the southwest. The

basaltic rocks rest with angular unconformity on the late Paleo

zoic volcanics (unit Pzv); the top of the basalts is unexposed.

The minimal thickness of the basaltic metavolcanic rocks is

BOO m.

The individual metabasalt flows are as much as 10 m thick. and,

according to Smith and others (1975), display columnar jointing

and locally pillow structures. The typical metabasalt is dark
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greenish gray, fine grained, and generally contains numerous

amygdules. Thin sections show themetabasalts to consist of

labradorite, augite, and opaquesinan intergranular or sub

ophitic texture. Secondary minerals arechlorite,epidote,

clinozoisite, very subordinate aHan ite , sericite, and possibly

some kaolin. The amygdules consist of chlorite, silica, and

zeolites. The present mineralogy is probably the result of

deuteric alteration andlow"grade regional metamorphism which

apparently did not reach the intensity of the greenschist facies

of Turner.(1968).

From a ma~ble interbed inupper.Watana Creek (locality 1,
~

table. 3), T. E. Smith (unpub. data, 1974) collected fossil speci

mens which were identified and interpreted by K. M. N.ichols and

N. J. Silberling to be Halobia cf. H. sy:mmet;rica Smith, indicat-

ing a latest Karnian or early Norian age. Previously, Smith

(1974a) and Smith and others (1975) have correlated the basaltic

metavolcanic rocks of the present unit with the Amphitheater

Group of the central Alaska Range. Accordingly, the fossils

collected by T. E. Smith suggest that the Amphitheater Group

is younger than, and thus not correlative with the 1ithologically

very similar Nikolai Greenstone of pre-late Karnian age in

eastern Alaska (Jones and others, 1977).

Pzv BASALTIC TO ANDESITIC METAVOLCANOGENIC ROCKS (Pennsylvanian(?)

and Early Permian)--Rocks of this unit occur in .a northeast

trending belt across the center of the Talkeetna Mountains, and
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they form an interlayered heterogeneous, dominantly marine

sequence over 5,000 mthick. The base of the sequence is

nowhere exposed, and the contact with the overlying Triassic

metabasalts is an angular unconformity. The metavolcanogenic

sequence consists dominantly of metamorphosed flows and tuffs

of basaltic to andesitic composition, and of coarse- to fine

grained metavolcaniclastic rocks with clasts composed chiefly

of mafic volcanic rocks. Mudstone, bioclastic marble (mapped

and described separately as unit Pls), and dark-gray to black

phyllite are subordinate. The various rock types of the sequence

form conformable but lenticular units of limited areal extent.

The crudely layered and poorly sorted metavolcaniclastic units

have thicknesses in excess of 1,000 m, and the,thickness of the

phyllites ranges from a few meters to several hundred meters.

The whole sequence has been tightly folded and complexly faulted,

and the rocks have been regionally metamorphosed into mineral

assemblages mostly of the greenschist and the prehnite-pumpel

lyite facies, but locally along Tsisi Creek of the amphybolite

facies of Turner (1968). Detailed petrographic descriptions

of these rocks were given by Csejtey (1974).

The age of the metamorphism is uncertain. The most inten

sive metamorphism in the mapped area probably took place in

Early to Middl e Jurassic time, contemporaneously with the

deve1opment of the amphi bo1ite terrane (un i t Jam). Subsequent
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but less severe metamorphism, primarily shearing, occurred

probably in middle to Late Cretaceous time durin~ the alpine

type orogenic .deformation of the Talkeetna Mountains (see

discussions in. Structure and Tectonics sections).

The composition and lithologic character of the metavol

canogenic sequence strongly suggest that ,this sequence is a

remnant of a complex volcanic arc system (Csejtey, 1974, 1976).

Fossil evidence (see description of unit Pls) from a marble

interbed near the top of the sequence indicates an Early Per

mian age. However, because of the considerable thickness of

the sequence, its lowermost portion may be as old as Late

Pennsylvanian.

Pl s MARBLE (Pennsy'1vanian (?) and Early Permian )--Forms 1enticul ar

interbeds, as much as a few tens of meters thick, within the

basaltic to andesitic late Paleozoic metavolcanogenic sequence

(unit Pzv). Most of the rock is light gray.to white, medium

to coarse grained, thick-bedded to massive marble, but some less

metamorphosed vari eties a.l so occur. Sti 11 di scerni bl e organic

remains and bedding features indicate that the marble inter

beds were deri.ved from bioclastic 1imes.tone which probably was

deposited by high energy currents on shallow banks of limited

areal extent. A number of the marble interbeds Gontain poorly

preserved and generically unidentifiable crinoid columnals,

brachiopods, bryozoans, and rarely corals (see table 3) of
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late Paleozoic or probable late Paleozoic ages. However, one

of the marble interbeds near the top of the sequence (locality

8,table 3) yielded well-preserved brachiopods and crinoid

columnalswhich were identified and interpreted<by J. T. Dutro,

Jr. (Csejtey, 1976) to be late Early Permian, that is, late

Leonardian to early Guadalupian in age. The regional correla

tion of these rocks and that of the late Paleozoicmetavolcano-

, genic sequence (unit Pzv) has been previously discussed by

Csejtey (1976).

Northern Watana Creek area

Js SEDIMENTARY AND VOLCANIC ROCKS, UNDIVIDED (Upper Jurassic)--These

rocks only occur in a small, apparently tectonic sliver along

the northern edge of the map area. They comprise a <section of

intercalated argillite and graywacke, pebble conglomerate, and

flows and dikes of andesitic to latitic feldspar porphyry. Some

of these rocks are sheared but some, mostly the pebble conglom

erates, are not sheared.

The argillite and fine-grained graywacke are thinly to mod

erately thickly bedded and generally are dark gray. However,

dark-greenish-gray varieties alsO occur, suggesting the presence

of volcanic ash or fine-grained tuffaceous material. The con

glomerates are massive, and the well-rounded to subrounded peb

bles consist chiefly of unmetamorphosed andesite, latite, and
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subordinate. amounts of dacite. A minority of the pebbles are

composed. of dark7gray argillite and white quartz. The feldspar

porphyry is dark gray, with fl ow .alined phenocrysts of zoned

andesine and oligoclase as much as 1 cm long, and some horn

blende andbiotite, in ·an aphanitic matrix.

An argillite bed at the top of the 5,053-ft hill in the

Healy A-2 quadrangle, just north of the Present map area,

yielded. well-preserved fossil S ofi.Buchia rugosa (Fischer),

indicating a Late Jurassic age for these. rocks (D. L. Jones,

oral commun., 1977). On the basis of lithology and age, the

rocks of the present unit are considered to be the westernmost

occurrence of the Gravina-Nutzotin terrane of Berg and others

(1972) .

Northwest. Talkeetna Mountains

Kag ARGILLITE AND \.ITHIC. GRAYWACKE (Lower Cretaceous)--These rocks

occur. in a monotonous,. intensely defo.rmed flyschlike turbidite

sequence, probably several thousand meters thick, in the north

west part of the mapped area, north of the TaJkeetna thrust

f~ult..The-whole sequence. has been compressed into tight and

isoclinal folds and probablyhasbeen compl exly fau] ted as well.

The rocks are h.ighly indurated, .and many are sheared .and per

vasively.cleaved as a result of 10w7gradedynamom~tamorphism,

the intensity ofwhich is only locally as high as the lowermost

portion of the greenschist metamorphic facies of Turner (1968).
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Mos1:of the cleavage is probably axial plane cleavage. Neither

the base nor the top of the sequence is exposed and, because of

the intense deformation, even its minimal thickness is only an

estimate.

The argillite is dark gray or black. Commonly it contains

small grains of detrital mica as much as 1 rom in diameter.

Because of the dynamometamorphism, in 1argeareas the argill ite

is actually a sl ate or fine;..grained phyll ite. Thinsections

show that some of the argillites are derived from very fine

grained siltstone and that they contain considerable carbona

ceousmaterial.

The typical 1ithic graywacke is dark to medium gray, fine

to medium grained, and occurs intercalated with the argillite

in graded beds ranging in thickness from laminae to about 1.5 m.

The!individual graywacke beds are not uniformlydistribllted

throughout the wllolesequence, of which they comprise about 30

to 40 percent by volume' but tend to be cl usteredin zones 1

to 5 m thick. Thin sections of grayWacke samples show them to

be composed of angular orsubrounded detrital grains of 1ithic

fragments, quartz, moderatelyfreshplagioc:lase, and some,

generally altered, mica in a very fine grained matrix; euhedral

opaque grains, probably authigenic pyrite,arepresent in most

thin sections. The 'lithic fragmentsconsist>iif various propor

tions of little altered, fine-grained to aphanitic volcanic

rocks of mafic to intermediate composition; fine-grained, weakly

foliated low-grade metamorphic rocks; chert; and some fine-
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·grained unmetamorphosed sedimentary rocks possibly of intrafor-

mational origin. No carbonate grains were seen. Thematrix

constitutes about 20 to 30 percent of the rock by volume, gen-

erally contains some secondary sericite and chlorite, and, in

the more metamorphosed rocks, biotite and possibly some

amphibole.

Analyses, of pal eocurren.t features, such as sma11-sca1e

cross-stratification, found in several exposures near the west

ern edge of the mapped area, suggest that depositional currents

came from the east or northeast (A. To Ovenshine.ora1 commun .•

1974) .

Because fossils are extremely sparse. the.exactage of the

argill ite and 1ithicgraywacke sequence is imperfectly known.

A poor specimen of. Inoceramus sp. of Cretaceous age was .found

just west of the map area between the Chulitna andSusitna Rivers,

and a block of Buchia-bearinglimestone of Valanginian age was

found in float near Caribou Pass in the Healy quadrangle north

of the mapped area (D. L.Jones, oralcommun., 1978).

Northwestern Talkeetna Mountains

1Rvs METABASALT AND SLATE (Upper Triassi.c)--Shallow water marine,

interbedded sequence of amygdaloidal metabasalt flows and slate.

! found only in two allochthonous kl ip~en!.near the northwest cor
S

ner of the mapped area. The sequence is tightly folded, along
,

with the underlying Cretaceous'rocks (unit Kag), and is slightly

metamorphosed and unevenly sheared. The basalt and slate are
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intercalated in approximately equal proportions in individual

units as much as 15 m thick.

The metabasalt is dark greenish gray, aphanitic, with num

erous amygdules. In thin secj;ions the primary minerals are

twinned labradorite, augite, and opaques which probably are,

for the most part, ilmenite. Secondary minerals are chlorite

(much of it after glass), epidote,clinozoisite, minor zoisite,

calcite, leucoxene, very minor sericite, very fine grained

felty amphibole (probablyuralite after augite), and possibly

some very subordinate albite. The original texture was inter

sertal and subophitic. }he amygdules consist of chlorite, zeo

lites (primarily prehnite), quartz,· and some feldspar.

The>slate is dark gray to black. Thin sections show that

some of the rock is fine-grained metasiltstone. All of the

rocks contain considerable carbonaceous material and some amounts

of fine-grained, secondary sericite. Secondary biotite is pre

sent in some of the slates.

The secondary mineral assemblages suggest that, in addi

tion to deuteric alteration; the metabasalt and slate sequence

underwent very low grade regional metamorphism.

The metabasalt and slate<sequencehasbeen dated in the

Healy quadrangle, north of the. present map area, near the East

Fork of the Chulitna River where D. L.Jonesand N. J. Silberling ,

(oral.commun., 1977) found upper Nori an foss i1s>pf Monotis sub

circularis and Heterostridium sp. in slightly metamorphosed
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argillaceous beds: Thus, the age of the present sequence is

similar to, andthe.1itho10gy of its basalt is identical to,

that of the Upper Triassic metabasa.ltic sequence (unit lRv)

in the northeast Talkeetna Mountains. These two rock sequences

may represent different facies, brought. closer by thrusting,

of the same geologic terrane.

Upper Chulitna River area

DSga GRAYWACKE, ARGILLITE, AND SHALE (Snurian(?) to Middle. Devonian)

...-These rocks occur in an apparently allochthonous tectonic

block along the western side of the Chulitna Valley and com

prise a poorly and inaccessibly exposed, complexly deformed

and sheared sequence. As aresult,the.sequence is poorly known;

it was briefly examined in outcrop only along Long Creek. There

the component rocks are medium to dark gray, sheared and tightly

folded with vertical dips, and occur intercalated in beds as

much as 1 m thick. The graywackes are fine grained and appear

to contain some volcanogenic detritus~ Reconnaissance field

¢hecking byD. L. Jones (oral commun., 1977) further to the

north indicates that the sequence also includes some chert,

cherty tuff, and phyllite.

In Long Creek, two fossiliferous limestone beds (mapped

and described separately as unit DSls) were found; they prob

ably are in depositional contact with, and thus date, the envel

oping unfossiliferous clastic rocks. It is possible, however,

that some of the limestone contacts are tectonic and that some
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of the enveloping rocks ara of a different age.

DSls LIMESTONE (Silurian(?) to Middle Devonian)--Massive to thick-

bedded, medium-gray, fine-grained, moderately sheared bioclastic

limestone, probably formed in patch reefs. It occurs at three

separate localities, in apparent depositional interbeds as much

as 20 m thick, within fine-grained clastic rocks (unit DSga).

Of the two limestone beds in Long. Creek, one yielded fossils

of Devonian, probably Middle Devonian,age, the other of Silurian

or Devonian age (map. nos. 12, 13, respectively, table 3). The

fossils also indicate shallow marine. deposition. The. types

of fossil s and the characteristics of the host 1imestones and

the enveloping clastic rocks suggest deposition along an ancient

continental margin. These continental margin-type deposits

crop out only about 6 km to the southeast of Upper Devonian

ophiolitic rocks (unit Dbs) .that are indicative of ocean floor

deposition. The proximity of these rocks that are close in age

but different in depositional environment is additional evidence

for large-scale Alpine-type orogenic deformation .in south

central Alaska (Csejtey.and others, 1977; Jones and others,

1978) .

Upper Chulitna River area

Jta CRYSTAL TUFF, ARGILLITE, CHERT, GRAYWACKE, AND LIMESTONE (Lower

to Upper. Jurassic)--Shallow to moderately deep marine sequence,

tightly folded and internally faulted, at least several thou

sand meters thick. These rocks are interpreted to occur in a
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thrust block along, the western slope of the upper Chulitna

Valley. Four-fifths of the sequence is comprisedof the mas

sive, cliff-forming crystal tuff, while the. remaining rocks

fOrm only a narrow outcrop belt along the western margin of

the map unit. The contact between these two groups of rocks

may be tectonic.

The crystal tuff is light to dark gray, locally with a

greenish tint, and weathers to various shades of brown. It is

massive with obscure rhythmic laminations and thin bedding.

The tuff is composed of abundant small feldspar crystals

(albite?) set in a very fine grained matrix of 'devitrified vol

canic glass in which some shards can be recognized. Sparse

but unidentifiable fragments of radiolaria were also found.

A thin interbed of volcaniclastic sandstone yielded the follow

ing fossils: Arctoasteroceras jeletskyi Frebold, Paltechioceras

(Orthechioceras?) ,' sp., and Weyla sp. (Jones and others, 1978;

fossil locality in Silberling and others, 1978). Accordingto

R.W. Imlay (written comnun. to D. L. Jones, 1976), these fos

sils indicate a late Sinemurian age.

The argillite, chert, graywacke, and limestone occur inter

beddedin vari.ous proportions in individual units as much as

several tens of meters thick. The argillite and chert are dark

gray to black; the graywacke is medium to dark gray, very fine
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to medium grained, locally with graded bedding. The limestone

is medium gray, generally phosphatic in part sandy, locally

is associated with limy siltstone and conglomerate; forms

blocks and lenticular beds as much as several kilometers in

extent. Some of the chert beds yielded radiolaria of

late Kimmeridgian or early Tithonian qge (Late Jurassic), and

at five different localities, the limy rocks yielded Early

Jurassic ammonite faunas of early Sinemurian age (Jones and

others, 1978; fossil localities in Silberlingand others, 1978).

Probably these Lower and Upper Jurassic rocks originally formed

a coherent stratigraphic sequence which subsequently was dis

rupted by folding and faulting.

Ohio Creek area

Dsb SERPENTl NITE, BASALT, CHERT, AND GABBRO (Upper Devon.i an) --Tecton-

ically intermixed assemblage that ·forms a northeast-trending

belt of apparent thrust slivers in the northwest corner of the

mapped area. Sheared serpentinite is the most abundant rock

type; the remaining component rocks occur in various proportions

in lenticular and podiform tectonic blocks as much as several

hundred meters in extent. Many chert lenses occur intercalated

with basalt flows which locally show poorly preserved pillow

structures. Rocks of this map unit have been previously de

scribed and interpreted. as a dismembered ophiolite assemblage

by Clark and others (1972) and by Jones and others (1978).
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The serpentinite is dark gray to dark greenish gray,

always sheared, and consists almost entirely of clinochrysotile

and lizardite with subordinate brucite, talc~andchromite.

Sparse relict olivine.crystals and a bastitetexture suggest

that the serpentinite originally. was a pyroxene-olivine ultra

mafic rock.

Basalt is dark gray, aphanitic to fine grained with a few

phenocrysts, as much as 4 rom in maximum dimension, of altered

plagioclase, pyroxene, and olivine. The rock is locallyvesic

ular or amygdaloidal and generally is fragmental; many of the

fragments are palagon.ite. Some of the vesicles and amygdules

are concentrated along spherical surfaces which may be. parts

of pillow $tructures. Depositionally intercalated marine chert

beds further indicate that the basalts were. formed as submarine

flows.

The chert is generally red, butreddish..brown and greenish

gray varieties also occur. It is commonly in beds a few milli

meters to a few centimeters in thickness, and contains abundant

radiol,aria.

The gabbro is medium to dark greenish gray, fine to coarse

grained, and is composed of altered plagioclase, pyroxene,

olivine, and opaques. Compositional layering, .interpreted to

be cumulate textures, is common, and the layers range in thick

ness from a .few millimeters to a few· centimeters. The best

839



exposed gabbro occurs in a lens about 100m thick and about 1

km long on the ridge north of the unnamed northern branch of

Shotgun Creek.

Age determinations of radiolaria and conodonts. in chert

samples from eight separate localities reliably indicate a Late

Devonian (Famennian) age for the ophiolitic rocks (Jones and

others, 1978; Silberling and others, 1978).

Long Creek area

1R r RED BEDS (probably Upper Triassic)--Red sandstone, siltstone,

argillite, and conglomerate similar to the red beds of unit

JTRrs. Clasts of gabbro, serpentinite, and fossiliferous Per

mian(?) 1imestone are present in these rocks but have not been

identified in rocks of unit JTRs. Also, a thin conglomerate

bed containing angular clasts of rhyolite is locally present at

the base. These rocks lie with depositional unconformity on

late Paleozoic, possibly Triassic, and older strata in the map

area. Just north of the map area, the red beds .reston Lower

Triassic<limestone (Jones and others, 1978). The red beds lack

fossils and, therefore, have not been dated, but they are assumed

to be equivalent in age to the Upper Triassic red beds of unit

J1R rs (Jones and others , 1978).

pzsv VOLCANOGENIC AND SEDIMENTARY ROCKS, UNDIVIDED (Upper Devonian to

Lower Permian)--Heterogeneous intercalated sequence of greenish

gray to black tuffaceous chert, lesser amounts of maroon volcanic
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mudstone, breccia composed largely of basaltic detritus, lami

nated flyschlike graywacke and shale, and large lenses of light

gray, thick-bedded limestone. Fossils from the thick-bedded

limestone are Early Permian in age; brachiopods from the con

glomerate are also of Early Permian age; and fossils from the

chert are Devonian and Carboniferous, but some poorly preserved

fossils may possibly, though not· likely, be as young as Triassic

(Jones and others, 1978). The stratigraphic and structural

relations between these diverse rocks are obscured by abundant

folds and poor exposures. A detailed discussion of these rocks.
is given by Jones and 'others (1978), and fossil localities are

shown in Silberling and others (1978).

Ohio Creek area

J1Rs RED AND BROWN SEDIMENTARY ROCKS AND BASALT, UNDIVIDED (Upper

Triassic and Lower Jurassic).';'-Thebasalpart of this unit con

sists of a red-colored sequence of sandstone, siltstone, argil

lite, and conglomerate, with a few thin interbeds of brown fos

sil iferoussandstone, pink to light-gray dense Hmestone, and

intercalated massive basalt flows. This red bed sequence grades

upward into highly fossiliferous brown sandstone, which in turn

grades upward into brownish-gray siltstone with yellowish-brown

limy concretions.

Clasts in the red beds are dominantly basalt grains and
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pebbleswhich.probably.werederived from basalt flows of unit

1R lb that 1i es unconformably below .theredbedsand from masslve

basa.lt flows within the red bed sequence. Subordinate amounts

of the clasts consist of white, in part foliated, metaquartzite

pebbles; flakes of white mica which, along with the metaquartz

ite, must have b.een derived from an unidentified sil iceous

metamorphic terrane;· and red radiolarian chert pebbles and grains,

which probab.ly were derived from the ophiol itic rocks of unit

Dsb.. No other clasts that can be .identified as coming from

the ophiolitic rocks have been recognized.

Fossils from the limestone and the overlying brown sand

stone are of Upper Triassic age, and those from the yellowish

brown 1iroy concretions are of Upper Triassi.cand Lower Juras

sicage~

Detailed discussions of both the red and brown beds are

given by Jones and others (l978), and fossil localities are

shown inSil berling and others (1978).

lRlb lIMESTONE AND BASALT (Upper Triassic}~-Interlayered sequence of

limestone, partly recrystallized to marble, and flows of altered

amygdaloidal basalt. Individual units are as much·as several

tens of meters thick. These rocks occur in .. a complexly faulted

zone in the northwest corner of the mapped area.

The limestone)is medium gray, massive to thick bedded,

but locally it has altered to fine- to medium-grained marble.
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It contains sparse fragments of poorly preserved corals and

thick-shelled Megalodontid(?) biv.alves up to 20 cm in .Jength.

A single specimen of Spondglospira sp., •in conjunction with

the Megalodontid bivalves, suggests a Norian age for the sequence

(Jones and others, 1978; fossil localities shown in 5ilberling

and others, 1978).

Theamygdaloidal basalt is dark gray to greenish gray,

aphanitic, with numerous amygdu1es. Locally, it displays we11

developed pillow structures. Primary rock-forming minerals are

fine-grained labradorite, titanium-rich augite, and opaques in

an originally interserta1 or subophitic texture. The original

mineral assemblage has been more or less altered to anaggre

gate of chlorite (much of it after glass), epidote, calcite,

sericite, and some zeolite, probably prehnite. The amygdu1es

consist of chlorite, calcite, prehnite, and minor quartz. Most

of the secondary minerals are probably the result of geuteric

alteration, but some might be the product of very low..grade

regional metamorphism. fifteen chemical analyses of least

altered basalt samples indicate that the .basalts are somewhat

low in silica (normalized 5i02 contents average 46.7 percent

by weight, ranging from 43.7 to 48.7 percent), high in alkalis

(normalized Na20 contents average 3.06 percent by weight, rang

ing from 1.3 to 5.2 percent; and normalized~O contents aver

age 0.47 weight percent, ranging from 0.07 to 1.5 percent),
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and are high in titanium (normalized Ti02 contents average 3.8

weight percent, ranging from 2.5 to 5.0 percent). The chemistry

and mineralogy suggest that these basalts had al kal i .affinities

prior to alteration.

The fossils and the lithologies of .the l.imestonesand the

basalts indicate shallow water marine deposition. The probable

alkali affinity of the basaHsfurthersuggests that they either

were part of an ocean island shield volcano, perhaps associated

with a barrier reef, or that they were formed on a continental

margin.

Upper Copeland Creek area

KJs ARGILLITE, CHERT, SANDSTONE,AND LIMESTONE (Upper Jurassic and

Lower Cretaceous)--This unit consists C?f dark-gray argillite,

dark~gray to ~reenish-gray bedded~hert, thick-bedded sandstone,

thin-bedded gray sandstone, and rare thin beds of shelly lime

stone. Both Upper Jurassic and Lower Cretaceousradiolarias

were obtained from the chert. The thick-bedded sandstone con

tains abundant fragments of Inoceramus sp. of Hauterivian to

Barremian age, and some of the limestone beds contain Buch~a

sublaevis of Valanginian ,age. Some of the thin-bedded sandstone

contains abundant detrital white mica and may be as young as

Albian (mid-Cretaceous). Thicknesses and the stratigraphic

relations within these rocks and with adjacent rocks are- unknown
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because of complex folding and faulting and poor exposures. A

more detailed discussion of these rocks is given by· Jones and

others (1978), and fossil localities are shown. in Silberling

and others (1978).
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Structure

The rocks of the Talkeetna Mountains region have undergone complex

and intense thrusting, folding, faulting, shearing, and differential

uplifting with associated regional metamorphism and plutonism. At least

three major periods of deformation are recognized: a period of intense

metamorphism, plutonism, and uplifting in the late Early to Middle

Jurassic, the plutonic phase of which persisted into Late Jurassic; a

middle to Late Cretaceous alpine-type orogeny, the most intense and impor

tant of the three; and.a period of normal and high-angle reverse faulting

and minor folding in the middle Tertiary, possibly extending i'nto the

Quaternary.

Most of the structural features in the Talkeetna Mountains region

are the result of the Cretaceous orogeny which produced a pronounced

northeast-southwest-trending structural grain of the region. The verg

ence of this structural grain is steeply to moderately toward the north

west, but across the Chulitna Valley in the northwest part of the map

area, it abruptly reverses toward the southeast with steep attitudes.

This Cretaceous deformation is most intense in the central and northwest

ern part of the map area, and it rapidly decreases toward the southeast.

The complex fault pattern along and near the southern edge of the Tal

keetna Mountains is part of the late Cenozoic Castle Mountain-Caribou

fault systems, consisting chiefly of high-angle reverse and normal faults

of probably local significance.

Evidence for the Jurassic deformation is provided by the post

Talkeetna Formation major unconformity and the apparently coeval regional
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metamorphism, up to theamphibol ite. grade, and associated. pl utonic· rocks

.(all the Lower to Middle Jurassic metamorphic and plutonic units). The

higher crustal level manifestation of this Jurassic tectoni.c event was

regional uplift and consequent rapid denudation of the intruded epizonal

plutons.

Complex folding produced by.the Cretaceous orogeny is especially

pronounced in the areas northwestof.the belt of J.urassic metamorphic

and plutonic rocks. The folds are chieflyct;ghtorisoclinal, with amp1i

tudes of several hundred to several thousand meters. The 1i.mbs are gener

ally sheared out or faulted out. As a result, no individual beds can be

traced in the field for more than a few kilometers. Many of the large

folds, especially in the Cretaceous argill ites and graywackes (unit Kag),

have a well-developed axial plane slaty cleavage. Fine-grajned sericite

and biotite are commonly developed along these cleavages. The folding

must have taken place in several episodes during the orogeny because thrust

faults not only truncate folds within both the upper· and lower plates but
'-.

are themselves folded. The folded thrusts are especially evident in the

Chulitna area where, in contrast to the regional northwest vergence, the

axial planes of the folds steeply dip toward the northwest.

Most prominent of the Cretaceous faul ts is the Ta.l keetna thrust whi ch

has placed Paleozoic,Triassic, and, locally, Jurassic rocks over Creta

ceous sedimentary rocks across the whole map area. The thrust is gener

ally poorly exposed except near the Lower Talkeetna River. There it
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dips steeply toward the southeast. Another thrust, the one delineating

the klippe of rocks of unit TRvs, has been sharply folded. The thrusts

in the northwest corner of the map area are very complex, also have been

intensely folded, and are more numerous than could be shown on the present

map. A number of them are not fully understood, and thus their subsurface

configuration is speculative. It is certain;~owever, that these thrusts

stack and bring together on top of the Kag unit a wide variety of rock

sequences of different ages and depositional environment. The root zone

of all the thrusts in the northwest half of the map area is herein inter

preted to be the Talkeetna thrust (see cross section).

Another Cretaceous feature is an intense shear zone, locally as much

as 25 kmwide, trending across the Talkeetna Mountains, parallel to, but

southeast of the Talkeetna thrust. Although not supported by any evi

dence, it is possible that the shear zone marks a thrust zone of signi

ficant displacement. (The center of this shear zone. is shown as a postu

lated thrust on the map.) The qips in the zone are generally southeasterly.

The shearing is penetrative, and its most spectacular result is that por

tions of all the Jurassic plutonic rocks, including the Upper Jurassic

trondhjemite, have been transformed to cataclastic gneiss. The 75 to

61 m.y. old Upper Cretaceous and lower Paleocene tonalite pluton (unit

TKt) truncates this shear zone and is not affected by it.

The age of the 'Cretaceous orogeny, or at least its major phase, is

rather well bracketed by stratigraphic evidence. The youngest rocks

involved are the Cretaceous argillites and graywackes (unit Kag) which
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are as young as Valanginian or possibly even younger in age. A maximum

upper age bracket is.prov.ided by the late. Paleocene granitic plutons, which

are structurally unaffected, and intrude the already folded and faulted

country rocks in the northwest half of· the map area. Two of the Creta

ceous thrusts, including the Talkeetna.thrust, are actually intruded by

these plutons. A slightly older upper age bracket is provided by the pre

viously discussed 61 to 75 m.y. old.tonalite pluton (unit TKt) that cuts

and is unaffected by the prominent shear zone in the central Talkeetnas.

Thus, the most important orogenic deformation in the Talkeetna Mountains

region mus~ have taken place during middle to Late Cretaceous time. Such
.

an. age assignment for the or:ogeny is further supported by potassium-argon

age determinations of 88 and 91 m.y. for the serpentinite protrusions in

the southwest corner of the map area (unit Kum).

The dominant features of the middle Tertiary to Quaternary deforma

tion are the already mentioned Castle Mountain-Caribou fault systems,

along which the southern Talkeetna Mountains .have been uplifted locally

as much as 2,800 m (Dettermanand others, 1976). The only other features
f

of this Cenozoic deformation recognized within the map area are the two

poorly exposed normal faults in the Chulitna River valley (see map and

~cross section). In addition to field observations, the existence of these

faults is. also supported by gravity data (R. 1. Morin, oral commun. ,1977; ,

N. B. Harris, oral commun., 1977). No other Cenozoic faults, or any other

faults with obvious Recent movement, were observed within the map area.
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Tectonics

The Talkeetna Mountains and adjacent areas are part of the dominantly

allochthonous terrane of southern Alaska. Previously, this terrane has

been interpreted to have developed by accretion of allochthonous conti

nental blocks to the ancient NorthAITlerican >plate (Richter and Jones,

1973;Csejtey,1974) in late Mesozoic: time (Csejtey,.1976; Jones and others,
. .

1978) Although theexactn1.Jmberor.even the extent of these allochthonous

blocks is still imperfectly known, they appear to have 111ovednorthward

considerable distances prior to their collision with the North American

plate. For one of the blocks in eastern Alaska (WrangeHiaof Jones and

others, 1977), a probable northward movement of severalthol.lsaridkilometers

hasbeerl shoWn by Hill house (1977). The results of the present investi

gations and those of Jones and others (1978) not only lend credence to

the accretioflaryconcept of southern Alaska but also provide additional

evidence for the time, method,anddirectionofemplacemeflt.

One of the keys to the tectonic history of the Talkeetna Mountains

region, and to southern Alaska as well, is the occurrence of thetecton

ically emplaced diverse rock packages in the Chulitna>area in the north

west part>ofthe map area. Most of the Triassic and Jurassic rocks there,

especially the Triassic red beds, do not occur anywhere else in Alaska,

and the fossil faunas and lithologic characteristics of these Mesozoic

rocks strongly suggest deposition in warm water at low paleolatitudes

(Jones and" others, 1978). Furthermore, the pre-middle Cretaceous rocks

above the Talkeetna thrust, above the root zone of the Chulitna faults,
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are either structurally part of thea llochthonous Wrangellia. ter'rane of

Jones. and others (l ~77) or' belong to>a diff~r'ent terranelyi ng south (that

is outboard)qf Wrangellia. Thus, all aV(iilable e'l.idenc.e stronglyjndi

cates tha.t, with theexceptionofunitKag, all pre-middle Cretaceous

rocks of th~ Talkeetna Mountains region are allochthonous, .and,after

the collision of their parent continental~lockswiththe middle Creta

ceousNorth American continent, they' were thrust upon, that<is obducted

onto thernarginof'the continent. In turn,the middle Cretaceous Alaskan

margin of the continental North American plate itse.lf probably developed

byistill earlier accretions (D.. LJones, or'a] commun. ,1977). The dis

tance the allochthonous rocks of. .the .Tal keetnaMountains regi Clnwere

thrusted'beyond .theedge of thec:ontinent <is not .knqwnwith certainty,

but it must. beatleast several hundred kilometers. In accordance with

the present obduction concept, all the tectonic and depositional rock

assemblages normally associated with the conti.nental upper plate of a

subducting system, especjally trenchdeposits.and volcanic arc, rocks, are

now hidden by the overthrust r'ock masses Possibly the small tectonic

sliver.ofUpperJurassic sedimentarY,and volcanic rocks (un;tJs) along

the Talkeetna .thrust is the only exposed·remnant ofth.ese. hidden assem

blages. As ·shown.on the cross section, the.. main thrust along which most

1110vement presumably occurred .is the Talkeetna thrllst, and all other thrusts

northwes.t .of it· are i nter'p.reted to be·· slivers below.i t.

The northeast-southwest-trending compressional structural features,

that is the folding and thrusting, indicate a general northwestward
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tectonic transport. This is further supported by the sharp character of

the suture zone in eastern Alaska, along which theallochthonousY'ocks

of Southern Alaska, especially the Wrangellia terrane, are in contact

with the pre-middle Cretaceous North American continent. This suture

zone in eastern Alaska trends northwesterly and is devoid of the struc

turalcomplexities of the Chulitna area. ThiS part of the suture, the

part southeast of Paxson, which also coincides with' the middle Tertiary

to Holocene>Denali fa.ult, is thus interpreted to have been a transform or

a wrench fault. In contrast, the great variety of tectonically juxta

posed rock packages in the Chulitna area may be the result of "bundozing"

by a large continental block drifting toward the northwest.

The age of this orogenicperiodofcontinentaVcollisionand sub

sequentobdliction is indicated by the age of its structuralfeatlJres,

which are discussed in the Structure section, to be middle to Late Creta.,;

ceous.

In summary, southern Alaska is interpreted to have developedgeologi

cally by the accretion of an indeterminate number of northwestward drift

ingcontinentaT blocks to the North American continent. After collision,

at least parts of these blocks were thrust several hundred kilometers

onto the North American continent in middle to late Cretaceolistime. The

resulting structural features are truly alpineiri character and compare

favorably with the classic structures of the Alps in their grandeur and

comp1exity.
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A corollary of the present tectonic interpretation of southern Alaska

is that the present Denali fault, a middle Tertiary and younger feature

(Richter and Jones, 1973), has not played a significant role in the tec

tonic development of southern Alas.ka. The eastern,. that i.s strike-slip

portion of the Denali fault (Csejtey, 1976)., may not have more than a few

tens of kilometers of total movement.

An interesting, but still unresolved, tectonic problem in the Tal

keetna Mountains region is the shallow depth of the present Benioff zone

(Lahr, 1975). The 50-km contour (below sea level) for the upper surface

of the Benioff zone strikes northeasterly and is approximately below the

Jurassic trondhjemite batholith (unit Jtr). The lOO-kID contour, also

striking northeasterly, is located approximately under the northwest corner

or the map area. According to plate tectonic concepts, in conjunction with

a subducting system, the top of the undergoing slab should descend at

least 100 km below sea level for magma generation. It appears that in

the Talkeetna Mountains region there is not enough thickness of upper plate

for magma to form. For the Jurassic and older igneous rocks the problem

can be explained that these rocks are allochthonous and have been tecton

icall~5cut off and transported away from their roots. However, for the

Upper Cretaceous and younger igneous rocks, this mechanism cannot be

invoked. Two explanations are possible. First, that the present shallow

position of the Benioff zone is a relatively recent phenomenon achieved

by shearing and cutting away of the base of the upper plate by the down-

~going slab. Perhaps the development of the present Denali fault and
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other middle Tertiary and younger faults of southern Alaska could be

related to this process. The other possibility is that all the Upper

Cretaceous and younger igneous rocks of the Talkeetna Mountains region

were formed in a th1nupper plate by exceptionally high heat<flow of

unknown origin and mechanism (atectonic anatexis by Reed and Lanphere,

1974) •
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Table 2.--Lead-alpha age determinations on zircon from southeastern Part of

Talkeetna Mountains quadrangle, Alaska

00 f'Jap Location Apparent0-w no. Lat.(N) Long. (W) Field no. Rock type age (m.y.) References

15 62°21 1 22 11 147°49 1 18 11 59AGzM58 Granodiorite 165+20 Grantz and others (1973)

16 6r21 117" 147°49 1 12 11 59AGzM57 Granodiorite 125+15 Grantz and others (1973)
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INTRODUCTION

In the almost 4 years since the original environmental assessment
(EA) was prepared, much ne\'i.informationhas been made available through
the efforts of various Federal and State agencies. Some of the infor
I11Cltion would result in minor~angel) in the EA if incorporated. These
minor changes would not substantially alter the reader's perception
of the proposed project or its environmental impacts. Such.1rformation
has therefore not been incorporated in this supplement. Some of the
new information, however, could substantially alteY'~hereader's per
ception of the proposed project or its enyironmentalimpacts. This
type of new information has been summarized in~his supplemeDt .• I~

should be noted, however, that the informationobtaine.d toda~eisonly

preliminary and lacks needed details and that additional biylogical and
social information remains to be gathered in the future iporder to
complete an adequate arld meaningful assessment of environmental impacts.
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SUMMARY OF CHANGES

There is new biological information related to moose. In general,
moose occupy the upper Susitna River basin to a greater degree than
previously thought.

Also, archeological studies conducted-ny th(: Ala$ka District have
resulted in archeological finds of potentially significant cultural value.

As.a result of this. new information, the potential for additional
envi.ronmental impacts ha$ been. recognized, and the importance of pre:
yiouslyidentifie~impacts .~as been reevaluated. Impacts to moose. will
probably. be far more significant than previously believed. Impacts on
archeolog~cal resources could be potentially significant>ifnot properly

~ mitigated.

A discussion of the recognition <;If .the need for Ci Section 404(b)
evaluation has b~en added>t().adclress t~e requirements of the Federal
Water Pollution. Control Act> and the CleanWate~Act. An. evaluation of
flood plain considerations as per Executive Order l19§8 has also been
added.

Land usecis in a constant state of change because of the .Alaska
Natiy~Claims Settlement Act, the Federal Land Policy and Management
Act,andvarious other regulationsrelated'to wilderness. A short
update on these Ianduse considerati ons has been added.
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ENVIRONMENTAL SETTING

BIOLOGICAL CHARACTERISTICS

Mammals - Moose

Moose range throughout the entire Susitna River oasin, and their
numbers in the>basin have fluctuated widely since the earlY 1900·s.
The population reached a peak in the early 1960·s, then began a decline
that> has continued>to the present time•... F~c~ors contributing to the
decline have included loss of productive browse habitat as a result of
effective fire suppression over the past two decades, .a rapid increase
in predator populations following cessation of control efforts in the
mid-19501 s, arid a number of severe winters with deep~ccumDlati6ns of
snow. '

The preliminary movement data gathered thus far by the Alaska
Department of Fish and Game (ADF&G) indicate that moose from several
surrounding areas migrate across or utilize the portion> of the upper
Susitna River basin adjacent to the river during some portion of the
year. ADF&G recorded observations of 2,037 moose during the fall 1977
counts. Studies indicate that an observer generally sees between 43 to
68 percentof the moose in an area during an aerial survey. Using 50
percent to extrapolate roughly, the resident populationusin[ the upper
Susitna basin probably falls between 4,000 and 5,000 moose. This is a
substantial increase when compared with 1973 figures which estimated
the upper basin population at approximately 1,800 animals. This wide
diversity in population estimates can be attributed to better research
techniques and improved population estimating methods.

Present information indicates that moose depend heavily upon the
river bottom and adjacent areas for winter habitat and calving areas,
both above and below the Watana and Devil Canyon damsites. Increasing
snow depths above timberline trigger moose migrations to the wintering
areas in the lowlands. Additional observations of moose during normal
and severe winter conditions are necessary to determine the importance
of the area as critical winter range.

CULTURAL CHARACTERISTICS

Archeological Resources

An archeological reconnaissance was conducted by the Corps of
Engineers in 1978 for the purpose of clearing specific sites within
the project area so that geological investigations could be conducted.
Four sites were found in the Watana damsite area which range in age
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from 3,700 to J2,000j'ears old. These sites, generally located on top
of small knolls, were probably associated with the hunting activities
of primitive man. No base camps or kill sites were found but they
must also exist. The number of sites found shows that the potential
for other finds is extremely high and indicates that prehistoric use
of the area appears to have. been considerable. At the present time,
the sites found have not been nominated for inclusion on the National
Register.
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ENVIRONMENTAL IMPACTS OF THE DEVIL CANYON -WATANA HYDROPOWER PLAN

MAMMALS.- MOOSE

Accorci.ing to ADF&G surveyscopducted in 1977, construction of the
Watana dam would have a highly detrimental effect on moose populations
in that inundation of the lower, spruce-covered reaches of theWataha
Creek valley, which are probably critical moose habitat, would sub
stantially reduce the carrying capacity of the area. In addition, con
struction of the Devil Canyon dam would also adversely impact moose
populations and substantially reduce the carrying capacity of a major
portion of the Devil Creek drainages. The Devil Canyon impacts are
not expected to be as significant as the Watana impacts because of the
marginal habitat and limited moose populations in the Devil Canyon area.

Present i nformati on i ndi cates moose depend heavi ly upon the .river
bottoms and adjacent areas for winter habitat both above and below
the Watana and Devil Canyon damsites. Lack of adequate wintering
areas in the lower Susitna valley below the Devil Canyon damsite has
been a major limiting factor to moose population growth in the past.
Most existi~g winter range is along the major riv~rs where periodic
flooding has caused rechanneling of the main stream, allowing riparian
willow to colonize the dry streambeds. Regulating the flow of water
from the dam at Devil Canyon may have a highly detrimental effect on
growth of riparian vegetation downstream to the mouth of the Susitna.
It is possible that maintaining a steady flow of 8,000 to 10,000 cubic
feet per second from the Devil Canyon dam would effectively prevent ,
the flooding activity that presently occurs periodically. This could
create a short-term abundance of winter range along the riverbanks that
might last 30 or more years. The net long-term effect could well be a
negative one, however, as it is suspected that the present natural
flooding activity of the Susitna River produces favorable conditions
for browse production. Without the annual floods, these riparian areas
could become mature stands of hardwoods after 25 or 30 years and pro
vide little or no winter forage. Research on riparian vegetation
habitat types and associated moose usage downstream of dam construction
is essential to determine potential impacts on moose populations.

Construction of the Devil Canyon dam would flood approximately
7,500 acres. The riverbanks along this portion of the river are
generally steep and provide marginal moose habitat. Since water levels
in the Devil Canyon reservoir will remain fdirly constant, low mor
tality rates associated with ice shelving and steep mudbanks would be
expected.

870



Construction of the Watana dam would result in the flooding of
approximately 43,000 acres alongWatanaCreek and the Susitna River.
Approximately 35,000 acres sustain moderate to heavy utilization by
moose during an average winter. Data gathered by ADF&G indicate that
moose from several surrounding areas of the Susithabasinmigrate
across or utilize this portion of the river during some period of the
year. Effects of~theQconstruttionof~heW~t~n~d~m oh moose popu)a
tions could be substantial. The resident, nonmigratory segment of the
population could be eliminated. Migratory moose could also be sub
stantially effected in that the reservoir could be an effective
barrier to migrations during some seasons. Due to large fluctuating
water levels, ice shelving and steep mud banks could be expected to
cause high mortality among moose, especially calves.

This discussion of i~pacts on moose p6pulationswithin the upper
Susitna River basin is substantially differentfr6mthe·discussion
contained in i thei i1976 Interim Feasibility Report, which predicted
that the proposed project "wou1d affect only a small percentage of the
upper Susitna mOQse population. II The newly gathered information has
resulted irr the reevaluation of previously identified impacts and the
recognition that additional impacts potentially exist which may be
i!1lPortant.

ARCHEOLOGICAL RESOURCES

An archeological reconnaissance conducted by the Corps of Engineers
in 1978 resulted in the finding of several previously unknown archeo
logical sites in the Watana damsite area. This reconnaissance indicates
that~the potential for other finds is extremely high. Intensive archeo
logical surveys will be conducted during the project feasibility analysis
to conform with cultural resource regulations. If the project is
determined to be feasible, a program will be conducted to salvage
archeological sites which will be impacted by the project.

SECTION 404(b) EVALUATION

To date a Section 404(b) evaluation (Discharge of Dredged or Fill
Mater.ia1s into Waters of the United States) under the Federal Water
Pollution Control Act of 1972 (Public Law 92-500) as ammended has not
been performed. A 404(b) evaluation will be performed with data
gathered during the project feasibility analysis.

EXECUTIVE ORDER 11988 (FLOOD PLAIN) EVALUATION

In compliance with Executive Order 11988 the items under Paragraph
8 of General Procedures have been considered as follows:
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1. The .proj ect is de$ igned to impound. water behi nd two dams in
the natural channel of the river. The basic conditions of this hydro
power project present no economically feasible alternatives.

2.. The construction of the project will cause only minor induced
development in t.heimmediate area. since the product (energy) will be
transmitted to existing population centers· far. removed from the project
site.

3. The natural and beneficial values of the flood plain will be
disrupted only at the site of the reservoir and powerplant. Revegeta
tion programs~will be adopted to restore slopes alongco~structionsites

and roadways.

4. As the project progresses from its initial phase to the design
and construction phases, there will be a.continuing evaluation and
dialogue with local interests and concerned agencies wbowill have
constant input to the.$tudy. .
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REtATIONSHIP OF THE PROPOSED DEVELOPMENT TO LAND USE PLANS

Lands within the upper Susitna River basin are essentially in large
block ownership with the majority under the contro.l of the Department
of the Interior, Bureau of Land Management (BLM). These lands are
generally in their natural state and undeveloped with improvements or
land access routes. Air transportation is the primary means of access
to and within the area. There are sOme scattered small parcels of land
in private ownership as homestead sites or mining claims. Many of
these private parcels have no developed overland access. For the most c

part, development in the area is concentrated along the established
transportation routes such as the Parks Highway and the Alaska Railroad
on the west and the Denali Highway on the north.

f Because of the absence of roads and other development in the basin,
the area is subj ect to Section 603 of P. L. 94-579, liThe Federal Land
Policy and Management Act of 1976." This section provides for the
protection and study by BLM of roadless areas of public land containing
5,000 or more acres. The intent is the protection of potential wilder
ness area values pending a determination of the ultimate classification
and use of such lands •. During the allotted 15 year study perio ny
use of the lands is subject to BLM authorization and must be co ted
1I ••• in a manner so as not to impair the suitability of such are for
preservation as wilderness ..• 1I

• Consequently, any development or con
struction in the area would be precluded pending a determination and
classification by BLM.

Most of the public lands in the basin have been selected'by Native
corporations under the Alaska Native Claims Settlement Act (ANCSA),
as amended of 18 December 1971. These selected lands remain under the
jurisdiction of BLM pending final conveyance of fee simple title to
the various Native corporations. Any use of these lands prior to
conveyance of title is subject to specific permission from BLM with
the concurrence of the various concerned Native groups.

The gross land area required (lands which must be acquired) for
containment of the proposed Devil Canyon and Watana reservoirs is
approximately 157,440 acres. Of this land, 67,200 acres are to be
conveyed to the Cook Inlet Region, Incorporated (CIRI) for later
reconveyance to various village corporations. This transfer of lands
is directed by a 1976 amendment to ANCSA, P.L. 94-456 and will include
both the surface and subsurface interests. This transfer also includes
lands within Power Site Classification No. 443 which was established
in 1958 for potential future development of the Susitna River for hydro
electric power production.
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In addition to the lands discussedalJove,as lT1anyas 53,}60 acres
have been selected for conveyance to satisfy any deficiencies that· may
exist in total acreage entitlements under ANCSA. These "defici ency"
selections in the> area have a selection priority>of.nine (9).and,.;n
all.probabi 1ity, w.ill .not be conveyed to CIRlonbehalf. of th~vjllage

corporations. The!ielands have, however, beenoverselectedby.CIRI
for its· ownbenef.it and could conceivably> be conveyed toCIRl. A
portion of. these. lands south of the SusitnaRiver(24,6~6acres).has.
been madeava·ilablefor selecttonby the State. of Alaska pursuant to
the agreement tit.led "Terms and) Conditions .for Land Consoli.dation.. and
Management in the.. Cook Inlet Area" (Cook Inlet.LandSwap.Agreement).
The State's >righttoselect these lands for conveyanceissuperi or 'to
that .ofCIRT but is inferior to. va,.1id village.corporation select;ions
Since the village corporation selections~re priority nine (9)jt is
probable that the State could receive the title to the lands .

.The remaining area within the proposed reservoir boundaries.(36,480
acres).tscontrolled.byBLM and has been withdrawn from· appropriation
for either study andcl assification orTor.selecti on byCIRI as a
"defici.ency" selection area. Again, this "deficiency" selection is
anexcess ,or oversel ect ion, to make i l.ands.availabl efor satisfaction
of total acreage· entitlements. Conveyance. of any portion; of such
selectedlandsis.limitedto.fulfillment of acr~age entitlements and
is indeterminable at this time. As discussed above, the.State of
Alaska will have aright to .select a portion of this area south of
the Susitna River (5,120 acres),. and such a selection would be superior
to that of CIRL
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SECTION F

RECREATIONAL ASSESSMENT

None of the OMS comments were directed at the
recreational aspects of the project. Therefore,
no additional recreation studies were undertaken.

o
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