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1.0 INTRODUCTION

The Railbelt region of Alaska, as defined for this study, includes
Anchorage, Fairbanks, the Kenai Peninsula and the Valdez-Glennallen area.
Together, these areas account for about two thirds of Alaska's population.
This region is presently served by nine major utility systems. Three are
municipally owned and operated, one is a federal wholesaler, and five are
rural electric cooperatives. Another entity, the Alaska Power Authority, is
empowered to own and operate power generating facilities and to sell power in
the region but does not presently do so.

To date several organizations, including the Corps of Engineers, the
Alaska Power Administration, the Alaska Power Authority, the Institute of
Social and Economic Research, and the existing Railbelt utilities, all have
engaged in various aspects of electric power planning. However, none to date
has prepared a comprehensive electric power plan that considers the overall
electric energy needs for the Railbelt region and the full set of supply and
conservation alternatives available for meeting future needs.

The State of Alaska, Office of the Governor, has contracted with Battelle,
Pacific Northwest Laboratories (Battelle-Northwest) to perform a Railbelt
Electric Power Alternatives Study. The primary objective of this study is to
develop and analyze long-range plans for electrical energy development for the
Railbelt region. These plans will contribute to recommendations being prepared
for the Governor and the legislature regarding future Railbelt electric power
development. These recommendations include whether the State should concen-
trate its efforts on developing the hydroelectric potential of the Susitna
River or if it should pursue other electric power alternatives.

A major task of the Railbelt Electric Power Alternatives Study is to
examine available electric energy supply and conservation technologies for
their potential viability in the Railbelt region. Technologies found to be
technically and economically viable and environmentally acceptable will be
considered in the development of electric energy plans for the Railbelt Region.

1.1



The purpose of this report is to provide an overview of several candidate
electric energy supply and conservation alternatives for Railbelt electric
power planning. This information will be used to help select technologies for
subsequent in-depth consideration. In general, the following information is
presented on each candidate:
technical characteristics
siting and fuel requirements
costs
environmental considerations
socioeconomic considerations
potential Railbelt applications.

This report, Volume IV in a series of seventeen reports, contains 10
chapters and 13 appendices. The following breakdown summarizes the contents
of each section. A Tist of the seventeen reports comprising the study follows
the content breakdown.

Section Contents
Chapter 2.0

overview of the socioeconomic and geographic charac-
teristics of the Railbelt
- descriptions of the existing Railbelt electric energy

systems

Chapter 3.0 - the selection of electric power generation and con-
servation alternatives for consideration in this
report

- general supporting information relative to the tech-
nology profiles

Chapter 4.0 - profiles of technologies typically used to supply
baseload power

Chapter 5.0 - profiles of technologies that may be used in either
baseload or load-following applications

Chapter 6.0 - profiles of technologies typically operated in a
fuel-saver mode

Chapter 7.0 - profiles of energy storage technologies used for
supply management
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Section

Contents

Chapter 8.0

Chapter 9.0

Chapter 10.0

Appendix A

Appendix B

Appendix €

Appendix D

Appendix E

Appendix F

Appendix G

Appendix H

Appendix I

profiles of load-shaping technologies used for load
management

profiles of electric energy substitutes
profiles of building energy conservation techniques

discussion of electric energy technologies not likely
to achieve commercial availability and technical
feasibility

discussion of the availability and price of fossil
fuels over the forecast period 1980-2010 for the
Railbelt region

description of the common assumptions and procedures
used to estimate capital and 0&M costs, fuel costs,
and energy costs cited in this report

description of the water resource impacts associated
with each type of steam-cycle facility and their
mitigating alternatives

discussion of the general nature of air pollution
that arises from fuel combustion, the broad regula-
tory framework that has been implemented to control
air pollution, and the regulatory considerations that
apply to the Railbelt region

comparison of the different fuel combustion technolo-
gies used in electric power generation

discussion of the general nature of siting require-
ments affecting the construction of combustion-fired
generating facilities in the Railbelt

discussion of the aquatic ecology impacts associated
with steam-cycle power plants

discussion of the terrestrial ecology impacts asso-
ciated with steam-cycle power plants

discussion of the socioeconomic impacts associated
with energy development in the Railbelt

discussion of the estimates of the cooling water

requirements required by each of the technologies
discussed in this report
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Section Contents

Appendix J - discussion of the methodologies for assessing aes-
thetic considerations, specifically visual, noise and
odor impacts

Appendix K - discussion of the processes that synthesize liquid or
gaseous hydrocarbons from fuel

Appendix L - discussion of the performance of several passive
solar options using a representative house

Appendix M - discussion of the performance of active solar water
heating systems in Fairbanks

Appendix N - discussion of the Fuel Use Act's provisions and con-

ditions under which exemptions can be obtained

RATLBELT ELECTRIC POWER ALTERNATIVES STUDY

Volume I - Railbelt Electric Power Alternatives Study: Evaluation of
Railbelt Electric Energy Plans

Volume II - Selection of Electric Energy Generation Alternatives for
Consideration in Railbelt Electric Energy P1ans

Volume III - Executive Summary - Candidate Electric Energy Technologies for
Future Application in the Railbelt Region of Alaska

Volume IV - Candidate Electric Energy Technologies for Future Application
in the Railbelt Region of Alaska

Volume V - Preliminary Railbelt Electric Energy Plans

Volume VI - Existing Generating Facilities and Planned Additions for the

Railbelt Region of Alaska

Volume VII - Fossil Fuel Availability and Price Forecasts for the Railbelt
Region of Alaska

Volume VIII

Rajlbelt Electricity Demand (RED) Model Specifications

Volume VIII Appendix - Red Model User's Manual

Volume IX - Alaska Economic Projections for Estimating Electricity
Requirements for the Railbelt

Volume X - Community Meeting Public Input for the Railbelt Electric Power
Alternatives Study
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Vo Tume

Vo lume

Volume

Vo lume

Vo Tume

Vo lume

Vo Tume

X1
XII

XIII

X1V

XV

XVI
XVII

Over/Under (AREEP Version) Model User's Manual

Coal-Fired Steam-Electric Power Plant Alternatives for the

Railbelt Region of Alaska

Natural Gas-Fired Combined-Cycle Power Plant Alternative for
the Railbelt Region of Alaska

Chakachamna Hydroelectric Alternative for the Railbelt Region

of Alaska

Browne Hydroelectric Alternative for the Railbelt Region of
Alaska

Wind Energy Alternative for the Railbelt Region of Alaska

Coal-Gasification Combined-Cycle Power Plant Alternative for
the Railbelt Region of Alaska
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2.0 BACKGROUND

This chapter provides an overview of the geography of the Railbelt region,
a discussion of current electric generating capacity in the Railbelt, and a
discussion of the electric load characteristics of the region.

2.1 OVERVIEW OF RAILBELT GEOGRAPHIC AND SOCIOECONOMIC CHARACTERISTICS

The Railbelt region, as shown in Figure 2.1, includes Anchorage,
Fairbanks, the Kenai Peninsula, and the Valdez-Glennallen area. Approximately
260,000 people reside in this geographic region, which extends approximately
450 miles from the southern end of the Kenai Peninsula north to Fairbanks.

Geographically, the area is characterized by three major lowland areas
separated by three mountain ranges. The lowland areas include the Tanana -
Kuskokwim lowland, the Susitna lowland, and the Copper River lowland. The
Alaska Range, Chugach and the Talkeetna Mountains form boundaries to the three
major Towland areas. As shown on Figure 2.2, much of this land has recently
been designated national interest land by the Alaska National Interest Lands
Conservation Act of 1980.

Major industries in the Railbelt include fisheries, petroleum, timber,
agriculture, construction, tourism, government, transportation, and financial
services. The federal government provides employment in both the military and
civilian sectors, although these sectors are declining. Current and potential
economic activity is generally directly related to development of Alaska's
natural resources (Alaska Department of Commerce and Economic Development
1978).

Current estimates indicate that over 20% of U.S. energy resources are
located in Alaska. Coal deposits represent from 39 to 63% of the United
States' totals; oil, natural gas, and hydroelectric potentials are greater in
Alaska than in any other single state (Alaska Department of Commerce and
Economic Development 1978). Proper development of these resources is impor-
tant to Alaska's future economic condition. Energy resource consumption
within the State of Alaska is currently as follows: petroleum 1iquids, 69%;
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natural gas, 23%; coal, 6%; and hydropower, 2%. Note that most of the energy
consumed in the State of Alaska is petroleum based. Only 2% of the energy
currently consumed comes from renewable resources.

2.2 ELECTRIC GENERATING CAPACITY

Eight utilities presently serve the region, as shown in Figure 2.3. The
City of Anchorage is served by Chugach Electric Association and Anchorage
Municipal Light and Power (AML&P). Most of the Kenai Peninsula is served by
the Homer Electric Association, whereas the area near Palmer and Talkeetna is
served by Matanuska Electric Association. Each of these systems is intercon-
nected. Seward Electric System serves Seward. Fairbanks is served by Golden
Valley and Fairbanks Municipal, which are interconnected. Copper Valley serves
Glennallen and Valdez through a transmission 1ine connecting the two towns.
Power is also generated by the Alaska Power Administration, military installa-
tions, the University of Alaska, and self-supplied industries. The existing
transmission system and the proposed route of the Anchorage-Fairbanks intertie
are shown on Figure 2.3.

Existing electric generating capacity by major utility and type is shown
in Table 2.1. Nonutility generating capacity is summarized in Table 2.2. In
addition to the central generating systems, several smaller installations
operated by individuals or small communities are found in the region.

Planned expansions of utility system generating capacity are limited.
The only system currently considering expansion is AML&P, which plans to add a
74-MW combustion turbine in 1982.

2.3 LOAD CHARACTERISTICS OF THE RAILBELT REGION

The demand for electrical energy in the Railbelt, as well as for most
regions in the United States, varies over time. Thus, loads or instantaneous
demands on an electric utility's system will change each hour of the day and
from season to season during the year. Because electric utilities are required
to satisfy the electrical demands imposed by its customers at all times,
utilities have to provide sufficient generation, transmission, and distribution
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TABLE 2.1. Total Generating Capacity (MW)(a):

Anchorage-Cook Inlet Area

Alaska Power Administration
Anchorage Municipal Light and Power
Chugach Electric Association

Homer Electric Association
Matanuska Electric Association
Seward Electric System

Subtotal

Fairbanks-Tenana Valley Area

Fairbanks Municipal Utility System

Golden Valley Electric Association

University of Alaska - Fairbanks
Subtotal

Glennallen-Valdez Area

Copper Valley Electric Association

TOTAL, ALL AREAS

Railbelt Utilities (1980)

Regenerative Simple-Cycle

Combined Diesel Hydro- Combustion Combustion Steam
Cycle Electric electric Turbine Turbine Electric Total
0 0 30 0 0 0 30
139 0 0 0 75 0 214
0 0 16 111 244 0 371
0 2 0 0 0 0 2
0 0 0 0 0 0 0
_0 6 0 _0 0 0 _6
139 8 46 111 319 0 622
0 8 0 0 28 29 66
0 24 0 0 171 25 220
0 6 0 0 _0 13 19
0 38 0 0 119 67 304
_0 16 0 0 _3 0 19
139 62 46 111 520 67 944

(a) Entries rounded to the nearest MW; therefore, rdunding errors may be

present.



TABLE 2.2. Generatiﬁg Capacity (MW)(a): Nonutility Railbelt
Installations (1980)

Anchorage-Cook Inlet Area

Emendorf AFB (Anchorage) 2 32 34
Fort Richardson (Anchorage) 7 18 25
Subtotal 9 50 59
Fairbanks-Tenana Valley Area
Eielson AFB (Fairbanks) 4 15 19
Fort Greeley (Big Delta) 6 0
Fort Wainwright (Fairbanks) 0 22 22
Subtotal 10 37 47
Total, A1l Areas 19 87 105

(a) Entries rounded to the nearest MW; therefore, rounding errors may be
present.

facilities to meet the largest (peak) hourly load. Therefore, the time-of-use
characteristics of system loads have important implications for an electric
utility system.

2.3.1 Seasonal Peak Load

In the Railbelt region the consumption of electricity is much greater
during the winter season than during other seasons. The major reason for the
higher consumption is the need for energy for space heating. Monthly (1979)
residential electricity consumption is shown, by utility, in Table 2.3. The
table shows that the 1979 winter-summer ratio varied from 1.48 to 2.30 for the
various utilities. The seasonal electricity consumption fluctuations are
determined mainly by the change in heating degree days.
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TABLE 2.3. Monthly Residential Electricity Consumption For 1979(a)

(kWh/customer)
CVEA(b) CEA AML&P HEA MEA GVEA

January 620 1,179 1,131 1,418 2,017 1,308
February 646 1,324 762 1,501 1,936 1,495
March 562 1,127 1,062 1,407 1,691 969
April 525 856 783 1,183 1,396 803
May 466 779 678 1,004 1,079 637
June 432 741 568 909 903 613
July 371 726 563 740 850 562
August 426 583 482 737 771 592
September 432 779 611 720 834 671
October 434 783 410 849 962 743
November 571 953 666 1,002 1,245 887
December 549 1,279 917 1,216 1,590 1,258
Monthly Average 491 871 716 1,054 1,270 877
Winter-Summer Ratio(C) 1.48 1.84 1.74  1.73 2.20 2.30

TOTAL kWh/customer 5,892 10,452 8,592 12,648 15,240 10,524

Nonspace Heating Load(d) 5,892 9,828 7,726 11,429 12,090 8,464

Total Minus Nonspace Heat 0 624 866 1,219 3,150 2,060
Estimated E1ectri% ?pace

Heating Customers (% 0 14 15 30 33 6
Space Heating Average - 4,457 5,907 4,063 9,545 34,333

Consumption, kWh/customer

(a) Fairbanks Municipal Utility System data were not available.

(b) Utilities: CVEA - Copper Valley Electric Association; CEA - Chugach
Electric Association; AML&P - Anchorage Municipal Light and Power; HEA -
Homer Electric Association; MEA - Matanuska Electric Association; GVEA -
Golden Valley Electric Association.

(c) (December + January + February)/(June + July + August).

(d) Based upon the CVEA ratio of total annual sales to sales in the summer
months of June, July, and August (4.79).

Source: Institute of Social and Economic Research (ISER) (1980).

2.13




2.3.2 Load Duration Curve

Figure 2.4 illustrates the load duration curve for AML&P for 1975.(a)
The curve portrays the number of hours of annual generation that were a given
percentage of peak load. The curve indicates that for almost all hours, actual

loads were at least 30% of the peak. About 250 hours of the year had loads
exceeding 80% of the peak.

The "load factor" of a utility system is the ratio of actual energy
supplied during a period to the energy that would be supplied if peak load
occurred throughout the period. Low load factors indicate a "peaky" load,
whereas high load factors are characteristic of a flatter load profile. The
1975 load factor of AML&P was about 0.55. Nationwide, load factors range from
about 0.55 to 0.70, indicating that the AML&P load is rather peaky.

2.3.3 Projected Load Growth

Table 2.4 contains the yearly estimated peak loads for the total Railbelt
region as well as the total annual electric generation and associated load
factor. The 30-year forecast indicates increases in peak demand of approxi-
mately 3.5% annually with the load factor remaining essentially constant at
about 62%. Overall peak load is forecasted to grow from approximately 690 MW
in 1980 to 1800 MW by 2010. This computation, based on the ISER forecast
(1980), assumed that the Rajlbelt utilities were interconnected.

(a) Because 1975 was the most recent normal year in terms of AML&P weather,
AML&P developed the load duration curve for that year. Load duration
curves were not available for the other utilities in the Railbelt region.
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TABLE 2.4. Yearly Estimated Load Growth for the Railbelt Region
(ISER Medium Load Growth Scenario)

Total Generation Peak Load Load Factor
Year (MWh x 1,000) (MW) (Percent)
1978(a) 3,323 606 62.6
1980(a) 3,522 643 62.5
1981 3,703 676 62.5
1982 3,885 709 62.5
1983 4,066 742 62.6
1984 4,248 775 62.6
1985(a) 4,429 808 62.6
1986 4,528 826 62.6
1987 4,626 844 62.6
1988 4,725 862 62.6
1989 4,823 830 62.6
1990(a) 4,922 898 62.6
1991 5.148 939 62.6
1992 5,373 981 62.6
1993 5,599 1,022 62.5
1994 5,824 1,064 62.5
1995(a) 6,050 1,105 62.5
1996 6,305 1,152 62.5
1997 6,561 1,199 62.5
1998 6,816 1,247 62.4
1999 7,072 1,294 62.4
2000(a) 7,327 1,341 62.4
2001 7,556 1,383 62.4
2002 7,785 1,425 62.4
2003 8,013 1,467 62.3
2004 8,242 1,509 62.3
2005(2) 8,471 1,551 62.3
2006 8,744 1,601 62.3
2007 9,018 1,651 62.3
2008 9,291 1,700 62.4
2009 9,565 1,750 62.4
4

2010(a) 9,838 1,800 62.

(a) Computed value. A1l others interpolated.
Source: Woodward-Clyde Consultants (1980).
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3.0 SELECTION OF CANDIDATE ELECTRIC ENERGY TECHNOLOGIES

Potential candidate electric energy technologies for developing Railbelt
electric energy plans were identified by first considering the classes of
technologies that would either help offset future electric demand or that
would help meet future electric demand in the region. Seven classes were
identified:

e baseload generating technologies
baseload/cycling load-following generating technologies
energy~-storage technologies
fuel-saver (intermittent) generation technologies
load-shaping technologies
electric energy conservation technologies
electric energy substitutes.

Baseloaded power plants operate 65 to 85% of the time and are designed to
supply the continuous (base) portion of electric load at low cost. Baseload/
load-following plants have more flexible operational characteristics and may
be used to meet intermediate and peak loads operating approximately 10 to 50%
of the time. Energy-storage alternatives convert the electric energy produc-
tion of baseload power plants to a storable form of energy. The stored energy
is reconverted to electricity during periods of peak demand. Fuel-saver
alternatives include those generating devices that are available only on an
intermittent basis. Fuel-saver alternatives displace baseload generation by
contributing energy to the electric power system, thus reducing overall fuel
requirements. Unless provided with storage devices, these technologies nor-

mally are not credited as generating capacity since their availability is not
assured on a continuous basis. Load-shaping alternatives reduce the need for
peaking capacity by shifting the use of electrical energy not dependent on a

specific time of day to off-peak times. Electric energy conservation alterna-

tives reduce the demand for electric energy by reducing the consumption of
electric power at the end-use stage. Electric energy substitutes substitute
an alternative energy resource (solar, wood, etc.) for end uses that often use
electric power,
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In conformance with the scope of the study, only technologies directly
related to electric energy production and conservation were considered.
Transmission technologies were not considered because transmission intertie
alternatives will be explicitly considered in the development of alternative
electric energy plans. Technologies related to the production of fuel for
electric energy generating devices were not directly considered because fuel
availability and price are considered in a parallel task of this study. Tech-
nologies that were considered were limited to those normally operated in con-
junction with an electric utility grid; off-grid applications are outside the
scope of the study.

To meet the study's objectives, a broad spectrum of currently commercial,
emerging, and advanced technologies meeting the criteria established above was
identified as potential candidate technologies. These are listed in the Teft-
hand column of Table 3.1. Only the technologies having a reasonable probabil-
ity of significantly contributing to the generation or conservation of electric
energy in the Railbelt region during the study's planning period (1980-2010)
were selected for study. Selection of these "candidate" electric energy tech-
nologies was based on two screening criteria: commercial availability and
technical feasibility.

To meet the criterion of commercial availability, a candidate technology
should be currently commercial or should be projected to be commercially avail-
able by the year 2000. Such technology would have the potential to signifi-
cantly contribute to the electric energy needs of the Railbelt before the end
of the planning period of this study (2010). Projections of future commercial
availability of emerging and advanced technologies are based on current devel-
opmental progress (i.e., they do not assume unanticipated acceleration in the
rate of development).

Several of the technologies that initially were considered do not appear
1ikely to achieve commercial maturity by the year 2000. These technologies
are indicated in Table 3.1 and include magnetohydrodynamic generation, fast
breeder reactors, fusion reactors, ocean current energy systems, salinity
gradient energy systems, ocean thermal energy conversion systems, and space
power satellites.
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TABLE 3.1. Candidate Electric Energy Alternatives

Candidate
Electric Selection Criteria
Energy Commercial Technical
Baseload Generating Alternatives Alternative Availability Feasibility

Coal-Fired Steam-Electric Yes Available Yes
Natural-Gas/Distillate-Fired Steam-Electric Yes Available Yes
Biomass~Fired Steam-Electric Yes Available Yes
Peat-Fired Steam-Electric Yes Available Yes
Combined-Cycle Plants Yes Available Yes
Magnetohydrodynamic Generators No 2000-2005 Yes
Fission Reactors Yes Available Yes
Fast ‘Breeder Fission Reactors No 2005-2025 Yes
Geothermal Electric Yes Available Yes
Fusion Reactors No 2025 Yes
Ocean Current Energy Systems No Beyond 2000 No (Resource Limited)
Salinity Gradient Energy Systems No Beyond 2000 No (Resource Limited)
Ocean Thermal Energy Conversion Systems No 2000 No (Resource Limited)
Space Power Satellites No Beyond 2000 No (Resource Limited)
Baseload/Load-Following Generating Alternatives
Combustion Turbines Yes Available Yes
Diesel Generation Yes Available Yes
Conventional Hydroelectric : Yes Available Yes
Small-Scale Hydroelectric Yes Available Yes
Fuel Cells Yes Available Yes
Fuel-Saver (Intermittent) Generating Alternatives
Ocean Wave Energy Systems No 1990s No (Resource Limited)
Tidal Electric Yes Available Yes
Large Wind Energy Conversion Systems Yes Available Yes
Small Wind Energy Conversion Systems Yes Available Yes
Solar Photovoltaic Systems Yes Available Yes
Solar Central Receiver Systems , Yes Available Yes
Cogeneration Yes Available Yes
Energy Storage Alternatives
Pumped Hydroelectric Yes Available Yes
Storage Batteries ’ Yes Available Yes
Compressed Air Energy Storage Yes Available Yes
Load-Shaping Alternatives
Direct Load Control Yes Available Yes
Passive Load Control Yes Available Yes
Incentive Pricing Yes Available Yes
Education and Public Involvement Yes Available Yes
Dispersed Thermal Energy Storage Yes Available Yes
Electric Enerqy Conservation
Building Conservation Yes Available Yes
Electric Energy Substitutes
Passive Solar Space Heating No Available Yes
Active Solar Space and

Hot Water Heating No Available Yes
Wood-Fired Space Heating No Available Yes
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To meet the second criterion, technical feasibility, candidate technolo-
gies should demonstrate reasonable potential to operate successfully in the
Railbelt environment. As noted in Table 3.1, five technologies do not at this
time appear to have this potential. Four are resource limited in the sense
that the energy source required for their operation is not available in ade-
quate concentrations in or near the Railbelt region. These technologies
include ocean current energy systems, ocean thermal energy systems, salinity
gradient energy systems and wave energy conversion systems. One technology,
space power satellites, does not appear to be technically feasible at the
latitude of the Railbelt because of the large antenna area required to receive
microwave power transmitted from space power satellites in geosynchronous
equatorial orbit.

The remaining technologies qualified as candidate electric energy tech-
nologies are indicated in the second column of Table 3.1. A profile has been
prepared for each of these technologies and is included in the following chap-
ters. Brief overviews of the rejected technologies are provided in Appendix A.
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4.0 BASELOAD TECHNOLOGIES

Three fundamental baseload generating technologies are considered in this
analysis: combustion-fired steam-electric generation; nuclear steam-electric
generation; and generation based on geothermal energy. Except for geothermal,
all of these alternatives depend on the burning (fission in nuclear plants) of
a fuel to vaporize a working fluid, usually water, which is expanded through a
turbine to produce electrical power in a generator. A schematic representa-
tion of the steam cycle of combustion-fired baseload technologies is presented
in Figure 4.1. Because the fuel characteristics differ significantly among
combustion-fired steam-electric generating technologies, that discussion is
presented in three sections: coal-fired steam-electric; distillate and natu-
ral-gas-fired steam-electric; and biomass-fired steam-electric.

A1l of the baseload technologies require the following: a fuel or energy
source; site transportation access facilities; electrical transmission line
access; physical site characteristics to support plant operation (e.g., cool-
ing water and stable foundation); environmental capacity to absorb plant
effluents; institutional and social infrastructure to support construction and
operation of the facility; and a source of capital and operating funds to con-
struct and maintain the facility. Each of these requirements is considered in
the discussion of each baseload generating technology.

In the lower 48 states, baseload installations have typically been large,
(200 MW or more) oil-, gas-, coal-, or nuclear-fueled steam-electric plants.
Because of the Railbelt region's unique development and environmental charac-
teristics, it has not followed the traditional power-producing patterns. In
the Railbelt, large base-loaded units have generally not been economically
feasible because of sparse population and lack of transmission interconnec-
tions. The relative ease of construction, greater operating flexibility,
short construction lead times, and Tower capital costs of diesel and gas
turbine facilities have led to their use in the Railbelt region for baseload
capacity. Capacity has been added in small increments, with the largest
operating unit being approximately 68 MW. Of the approximately 1000 MW of

4.1



¢y

STACK

HEATED FEEDWATER

SUPERHEATED
STEAM
STEAM
DRUM Q?  STEAM
?—-—
e
3 il
au T
TURBINE
Cecon S \
:—:’0.__
BOILER ["
” -
FUEL 3 [
AND
AIR
FLUE GAS
CLEANUP FEEDWATER
EQUIPMENT PUMP

ELECTRIC
GENERATOR

ROTOR|

COOLING

WATER OUT

COOLING
*— WATER IN

CONDENSER

FIGURE 4.1. Typical, Combustion-Fired, Steam-Electric System (without reheat)




nonmilitary capacity installed, only 86 MW is steam electric; 20 MW of this
capacity is used as peaking capacity. The largest steam-electric unit cur-
rently found in the region is the 25-MW, coal-fired Healy plant (Figure 4.2).

The Railbelt region's projected load growth of approximately 3.5% per
year indicates that individual generating units of approximately 10 to 25 MW
may continue to be used for %he next decade or more if the Railbelt system is
not interconnected (Woodward-Clyde 1980). Plant retirements and the advent of
the Anchorage-Fairbanks intertie could make the use of generating plants with
unit sizes of 100 to 200 MW attractive in the mid-1990s.

Selected characteristics of the baseload technologies considered in this
chapter are compared in Table 4.1.
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S°v

Aesthetic Intrusiveness
Visual Impacts
Noise
Odor

Ecological Impacts
6ross Water Use (gvm)(b)

Land Use (acres)(c)

Costs
Capital Cost ($/kW/yr)
08M Cost
Cost of Energy (millis/kWh)

Public Hlealth and Safety

Adaptability to Growth
Unit Sizes Available
Construction Lead Time
Availability of Sites

TABLE 4.1.

Coal
(200-Md Steam Electric)

Significant
Moderate
Minor

1800
225

2100
8

Beluga - 57
Nenana - 60

No direct safety
probiems. Possible
air-quality degrada-
tion.

Utility operated.

10-1300 M
3-5 years

Limited to coal
regions and sites
near railroad or
water transport,

011 & Hatural Gas
{200-4 Steam Electric)

Refuse-Uerived Fuel
{25-M4_Steam Electric)

Nuc lear
(100044 LWR)

Significant
Moderate
MHinor

1800
13-20

900-1330
20-22

0il - 120
Natural gas:

Cook - 60
Horth Slope - 143

Ho direct safety
problems. Possible
air-quality degrada-
tion with high sulfur
distitlate.

Utility operated.

10-800 M
3.5-5 years

Limited to sites
with pipeline access,
or {for distiltate)
barge or rail access.

Moderate
Minor
Significant

325
25

2160
69
67

No direct safety
problems. Possible
air-quality degrada-
tion.

Utitity or municipally
operated.

5-60 M4
1.5-3 years

Limited to ~50 mi of
fuel source.

Significant
Minor
Minor

11,000
125

1850

31

No direct safety
problems. Possible
acc idental radio-
nuc Hde discharge.

Ytility operated.

800-1200 W
7-10 years

Limited to sites adjacent
to port facilities or
rail corridor; seismic
influenced.

Geothermal

. {50-t4 Hot Dry Rock)

Signif icant
Moderate to Significant
Significant

750
& (Excluding Wellfield)

2550
175
57

No direct safely
problems. Possible
air-quality and water-
quality degradation

in vicinity of plant.

Htitity operated.

<1 M - 50 M

7 years(d)

Comparison of Baseload Technologies on Selected Characteristics

Peat (a)
(30-M Steam-Electric)

Moderate
Minor
Minor

362

1166
204
80-96

Ho direct safety

prohlems. Possible
air-quality degrada-
tion.

Utitity operated.

20-300
1.5-3

50-100 miles from
fuel source
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Reliabitity
Availability

Expend {tures Within Alaska

Capital
0M
Fuel

Boom/Bust Effects
Construction Personnel
Operating Personnel
Ratio
Magn itude of Impacts

Consumer Contro}

Technical Development
Commerc fal Availability

Railbelt Experience

(a) Characteristics cited are for power plant only.
{b) Recirculating cooling water systems.

{c) AW facilities.
(d) 4-7 years for wellfield proving.

Coal
(200-M4_Steam Electric)

85%

40%
90%
100%

600

85

7:1
Severe

Control through regula-
tory agencies.

Currently available,

Small scale (<25 M)
plants.

TABLE 4.1.

011 & Hatural Gas

Refuse-Derived Fuel
(25-MW Steam Electric)

85-90%

25%
91%
100%

580
10
8:1

Significant in very
small comunities.

Minor to moderate in
atl other locations.

Control through regula-
tory agencies.

Currently avatlable.

Small scale (<25 M)
plants.

Three years for plant construction.

85%

40%
90%
100X

65
25
3:1

Significant in very
smatl comnunitfes:

Minor to moderate in
all other locations.

Control through regu-
latory agencies.

Currently avallable.

Hone

Peat harvest characteristics are not included.

(Contd)

Nuc tear

e A1O00-M LWR)

68%

40%
89%x
0x

1300
180
7:1

Severe with the exceptions
of Fairbanks and Anchorage.

Control through regulatory
ageac fes.

Currently available.

fone

Genthermal
{50-M Hat Dry Rock)

65%

a5%
80%
H/A

90

30

3:1
Severe

Contro! through regu-
Yatory agencies.

Exper imental. AFOQ
unknown. Limited to
resource areas.

None

Peat
(30-M4 Steam-Electric)

ROX

0%
0%
100X

65

25

3:1

Significant In very
small communities.

Minor to moderate in
all other locations.

Control through requ-
latory agenc ies.

Currently available in

Europe. HNo t.S.
exper ience.
None




4.1 COAL-FIRED STEAM-ELECTRIC GENERATION

Coal-fired steam-electric generation is a mature, reliable technology
that supplies more electric power in the United States than any other single
generating technology. Uncertainties in petroleum supply and rising petroleum
prices are leading the electric utility industry to return to coal-based plants
from 011 and natural gas use, which became popular in the 1945-1975 period.
Small users converted much of their steam-generating capacity to oil or natu-
ral gas during this period because of two factors: 1) costs of storing and
handling coal, and 2) social pressures for cleaner air, as reflected in the
Clean Air Act, which required installation of flue gas cleanup equipment for
new coal units. Renewed interest in coal for new installations is due to the
large quantities of coal available in the United States, including significant
deposits located in the western states and Alaska. Coal deposits in the
Railbelt region of Alaska are shown in Figure 4.2.

Recent coal-fired power generation installations in the United States
have been large units (greater than 200 MW). However, smaller users and pro-
ducers of steam are expected to look to coal as a fuel in the forseeable future
because of its relatively abundant supply and lower cost when compared to com-
peting fuels. In addition to economic factors promoting coal use, the Power-
plant and Industrial Fuel Use Act of 1978 essentially prohibits the use of
natural gas and 0il for units firing over 100 million Btu/hr (approximately
10 MW or 100,000 1b/hr of steam), unless exemptions can be obtained.

Contemporary coal-fired installations differ from older units in the
important area of flue gas cleanup. The Clean Air Act and subsequent amend-
ments require control of particulates, oxides of sulfur (SOX) and oxides of
nitrogen (NOX). Equipment is installed in the flue gas discharge path to
remove SOX and particulates before the gaseous emissions enter the
atmosphere. NOx emissions are controlled by using modified combustion
technologies.

4.1.1 Technical Characteristics

Coal-fired, steam-electric plants have been installed in unit sizes up to
1300 MW, although most utility plants are between 200 and 800 MW. The lower
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end is limited only by costs; 10 MW appears to be a practical low-end limit
based upon conditions existing in the lower 48 states. The projected load
growth and characteristics of the Railbelt electrical system appear to favor
units from 10 to 25 MW if the Anchorage and Fairbanks systems are not inter-
connected. Units of 100 to 200 MW may be practical in an interconnected
Railbelt system.

Design Features

The principal components of a coal-fired, steam-electric generating
facility include the boiler plant, the turbine system, the electric plant, the
air pollution control system, and the condenser cooling system (Figure 4.3).
The turbine system, electric plant, and condenser cooling system of coal-fired
installations are similar to those of steam-electric plants fired by other
fuels. The boiler plant and air pollution control system of coal-fired plants
differ substantially from those of noncoal-fired, steam-electric facilities.
The unique components of a coal-fired plant in comparison with gas- or oil-
fired units include th coal handling system, the air pollution control system,
and ash handling facilities. These facilities will be described in additional
detail. Coal handling and preparation facilities include facilities for

receiving, handling and storing raw coal and equipment for preparing the coal
for firing.

The design of the unloading station depends on the mode of coal trans-
portation. For transportation by rail, which is the most common mode, the
unloading station includes a rail spur (often a loop to facilitate continuous
unloading of unit trains), a thaw shed to thaw coal frozen in the railcar, and
car unloading equipment. Car unloading equipment is of two general types,
trestles or dumping pits for bottom dump hopper cars, and rotary dumping
machines for gondola (fixed bottom) cars.

Long-term and live coal storage areas are generally provided. The long-
term storage area is usually sized for 60 to 90 days' supply; it may even be
sized to hold up to 6 months' supply if the normal source of coal delivery is
not reliable because of labor availability or weather conditions. The live
storage area, from which the coal is fed to the plant, is usually designed for
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a 7-day supply. Depending on the plant size, large crane-like stacker-
reclaimers or dozers are required for placing the unloaded coal into the
appropriate storage area and for retrieving it for use in the plant. 1In cold
climates, frozen coal crushers may be required at the reclaim area.

Most coal-fired plants use a conveyor system to move the coal from the
reclaiming area to the plant bunkers. Cold weather regions will require
climate protection equipment in addition to dust suppression systems.

Inplant storage bunkers are usually sized for 8 hours of capacity. The
bunkers are situated above the mills for gravity feed and require some form of
a fire protection system.

The mills are generally located below the bunkers and serve to pulverize
and to dry the coal for burning. The mills are extremely large, heavy-duty,
slow-speed, high energy-consuming pieces of equipment. The air pollution
control system is used to remove environmentally harmful pollutants from the
flue gas stream. These pollutants include particulate matter, oxides of
sulfur (SOX) and oxides of nitrogen (NOX). Each of these pollutants
requires control under the provision of the Clean Air Act of 1971 and subse-
quent amendments.

Particles are removed from the flue gas by electrostatic precipitation or
fabric filters (baghouses). The most widely used system has been precipita-
tors, which are capable of 99.9% removal efficiencies. The performance of
precipitators is affected by the sulfur content of the fly ash; higher levels
of sulfur in fly ash result in enhanced removal efficiencies. This has led to
increased use of baghouses for plants burning low sulfur coal.

The most common method of removing sulfur from the flue gas is by lime or
Timestone slurry scrubbing. In these processes a slurry containing calcium
carbonate, prepared from lime or limestone, is used to scrub the flue gas.
Sulfur reacts with the slurry to form insoluble calcium sulfites and sulfates
that are disposed of as solid waste. Removal efficiencies are about 90% for
single units. Either wet or dry systems are available. The wet system results
in a sludge requiring dewatering; dry systems are designed such that drying of
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the sludge occurs in the flue-gas stream, resulting in a product requiring no
additional dewatering. The dry system reduces the freezing problems in a cold
climate. Several other S0, removal processes are currently under develop-
ment, many of which are regenerative processes, producing marketable sulfur
byproducts and reducing the need for scrubber feedstock.

NOX are formed during the combustion process by the combination of
atmospheric oxygen with atmospheric nitrogen at elevated firing temperatures.
Currently, NOX are controlled by special firing techniques.

Since coal combustion creates large quantities of ash from both the fur-
nace and the particulate removal equipment, a location for final disposal of
the ash must be provided. If a dry ash removal system is used, then only a
small, onsite storage area is required because dewatering is not necessary.
Wet ash removal systems require impoundments for dewatering. Ash may be mar-
keted as a by-product; otherwise, a permanent disposal site is required.

Permanent disposal may be in landfills, although occasionally ash is returned
to the mine for disposal.

Performance Characteristics

Plant heat rates are a function of unit size, design, auxiliary equip-
ment, heat sink temperatures, operating mode and operator attention. Typical
heat rates for various sizes of coal-fired steam-electric plants are as
follows:

Heat Rate
Rated Capacity (MW) (Btu/kWh)
20 10,600-13,000
200 10,200-13,000
400 9,800-12,200
600 9,500-10,600

The most recent data available from the National Electrical Reliability

Council (NERC) indicate that coal-fired unit availability varies with unit
size as indicated below:
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Availability

Unit Size (10-Year Average)
100-199 MW 86.1%
200-299 MW 84.8%
300-399 MW 77 .6%
400-599 MW 74.1%

Additional information from the NERC survey indicates that in recent years
the units' availability has decreased in every size range. The added complex-
ity of flue-gas cleanup equipment being installed or retrofitted in those years
is undoubtedly a major contributor to those decreases. The higher availability
of smaller units may be somewhat misleading considering that these units are
usually less efficient than the larger units and are therefore held on standby
more often than the larger plants. (Being on standby enhances the availability
figure by reducing the frequency of equipment failure.)

Coal-fired steam-electric plants have lengthy startup times and Tow ramp
rates and are generally not suitable for load following. Thus, they are typi-
cally operated as baseload or intermediate load units. Capacity factors for
units in the above sizes range from 45 to 86%; however, for any particular
unit the capacity factor will depend on its heat rate, system size and mix,
availability, system demand, and the utility's operating procedures. A new
base-loaded unit with a good heat rate will have a higher load factor than an
older, less efficient plant used for peaking purposes.

Economic lifetimes of coal-fired steam-electric power plants are typi-
cally 30 to 35 years. Actual physical lifetimes may be much longer, although
the older units generally serve as intermediate or peaking duty units.

New Developments

Fluidized bed combustion (FBC) is under development as an alternative to
pulverized coal combustion methods. A fluidized bed consists of a mass of
noncombustible particles lying on a perforated plate. As air is forced up
through the plate, the bed material starts to exhibit the motion and some of
the characteristics of a fluid. If fuel (coal particles about 1" x 1/4") is
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added and the temperature is raised to about 1100°F by external means, the
coal ignites. The bed temperature then increases to about 1500°F and combus-
tion is self-sustaining. If limestone is added to the bed (such that a mole
ratio of 3 or 4 parts of calcium to 1 part of sulfur (in coal) is maintained),
then sulfur dioxide (SO,) formation is minimized.

With the exception of the bed and the heat exchange tubes in the bed, the
basic boiler components are similar to a conventional unit. The heat transfer
coefficient of an in-bed heat exchanger is approximately five times as great
as the convection tubes in a conventional boiler. Although corrosion may be a

problem with the in-bed tubes, erosion has proven to be minimal (actually less
than that of tubes in the gas path of a conventional coal-fired unit). Minimal
erosion has been explained by the fact that the fluid motion causes the bed
particles to become "rounded" and the bed velocity is low, about 8 ft/sec as
compared to 50 ft/sec for the gas path of a pulverized or stoker-fired boiler
at the superheater tubes.

Because each bed is limited in physical size (100 ftz) for practical
purposes, large boilers will consist of multiple beds. Each bed produces
approximately 50,000 1b/hr of steam. Dead cold beds can be started in about
6 to 8 hours; however, because they retain heat well they can be restarted in
about one hour after a two-day shutdown. Bed turndown is limited; however, in
a multiple bed design, overall unit turndown is improved by taking individual
beds out of service.

Utility application of FBC is currently limited. Although commercial
operations (Monongahela Power Co.) exist, the majority of the installations
are demonstration plants. The utility industry's interest in FBC has signifi-
cantly increased in recent years for several reasons:

e Coal can be used as the fuel; therefore, dependence on expensive and
sometimes unreliable o0il supplies is reduced.

e Coal is burned in intimate contact with limestone; thereby, 802
emissions are reduced greatly. Under some circumstances New Source
Performance Standards could be achieved without using flue-gas
desulfurization systems,
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e Combustion occurs between 1500 and 1750°F, which is well below the
temperature at which NO, formation is a problem. The relatively
Tow combustion temperature also 1imits slag formation and therefore
eliminates or at worst greatly reduces the need for a soot blowing
system.

e Particulate carryover in the flue gas can be reduced below that of
conventional coal-fired boilers. Dust collection equipment (usually
baghouses), however, is still needed to meet New Source Performance
Standard requirements.

e Carbon loss can be held to less than 0.01%, primarily by reinjection
of fly ash into the bed.

o A wide variety of coals (and other solid combustibles) can be burned by
FBC with the proper adjustments to fuel size, air velocity and feed rate.

e The bottom ash is powdery rather than hard slag or clinkers, which
are characteristic of conventionally fired coal units, therefore,
removal and disposal is made easier.

e Coal is not pulverized, thereby eliminating a significant portion of
- the fuel preparation capital cost and maintenance expense.

FBC does not appear to show any advantage over conventional firing in the
areas of thermal efficiency, operating manpower or chemical cost for SO2
removal. Some advantage is expected in capital cost due to the elimination or
downsizing of such equipment as pulverizers, scrubbers, dust collectors and
ash handling equipment.

Presently, FBC exhibits the following disadvantages:

o Operating and design experience in utility sizes and applications is
lacking, although some industries, such as wood processors, have had
many years of actual operating experience.

e Possible corrosion problems may develop in the bed region over a
period of time.
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e More square footage of boiler plant area is required for equal power
output than for conventional firing; however, air-quality control
equipment will be smaller or eliminated.

4,1.2 Siting and Fuel Requirements

A complex decision process that considers environmental aspects, econo-
mics of transportation, construction and transmission, natural resources,
aesthetics, public opinion, and growth patterns is used to site coal plants
in the United States. As the siting process has grown more complex, new plant
sites tend to be more distant from load centers. The location of the fuel
source, the available transportation facilities, and the size of the plant
weigh more heavily in the siting of a coal-fired unit than with oilor gas-
fired units because coal characteristics vary so widely compared to oil or gas.

Coal-fired steam-electric plants require water for condenser cooling,
emission control, ash handling, boiler makeup, general cleaning, and domestic
purposes. Typically, water requirements for boiler makeup, emission control,
domestic and other noncooling uses amount to approximately 5% of the boiler
throughput. Cooling water requirements vary according to the ultimate heat
sink employed. Once-through cooling requires water resources approximately 50
times the boiler flow. With the use of evaporative cooling (cooling towers)
the makeup required to the cooling system is approximately 65 to 75% of the
boiler throughput. Use of dry cooling (air condensers) reduces makeup to a
negligible amount. Dry cooling also prevents the formation of water vapor
plumes and resulting ice fogging. Dry systems have been used primarily at
sites with scarce water; however, the low, ambient air temperatures in the
Railbelt region make this a technology worthy of evaluation (see Appendix I).

The acreage of sites required for coal-fired power plants of varying
capacities is given in Table 4.2. These estimates account for the siting of
plant facilities (including coal storage and handling facilities, power plant
systems, cooling systems and solid waste disposal areas) and also onsite hous-
ing facilities that would be necessitated by remote siting.
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TABLE 4.2. Typical Land Requirements for Coal-Fired
Steam-Electric Power Plants

Ash and Total Land
Plant Scrubber Sludge Area Required
Rated Capacity (MW) Island (Acres) Disposal (Acres) (Acres)
20 5 3 8
200 25 200 225
400 75 400 475
600 120 500 670

Fuel consumption (quantity) for coal-fired steam-electric plants varies
with heat rate and with fuel quality. The hourly consumption of coal and
Timestone for potential power installations requires, in all but the smallest
installations, a railroad or waterborne transportation system to deliver coal
and limestone for flue-gas desulfurization. Siting coal-fired steam-electric
plants at mine mouth eliminates the need for fuel delivery systems. Coal and
limestone consumption is shown in Table 4.3 for four plant sizes.

4.1.3 Costs

Capital costs for coal-fired steam-electric generation vary from project
to project and depend on the construction schedule, unit size, scope of work,
and degree of standardization. O0&M costs are difficult to estimate because of
the wide variations in utility practice. The cost per kilowatt decreases
substantially as unit size increases because larger units require relatively

TABLE 4.3. Fuel Consumption for Coal-Fired Steam-Electric Plants

Rated Capacity Coal Consumption Limestone
MW (tons/hr) (1b/hr)
20 16 150
200 145 1,400
400 275 2,750
600 400 4,000
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fewer personnel than smaller units. Estimated capital and 0&M costs vary with
plant size, as shown in Table 4.4. The basis for these cost estimates are
further discussed in Appendix C.

TABLE 4.4. Estimated Costs of Coal-Fired Steam-Electric Plants (1980 dollars)

Cost of Energy(a)

Rated Capacity Capital 0&M Costs Beluga Coal Nenana Coal
(MW) ($/kW) © ($/kW/yr) (mills/kWh) (mills/kWh)

20 2560 68 68 71

200 2100 38 57 60

400 1730 27 49 52

600 1500 19 43 46

(a) Levelized lifetime costs assuming a 1990 first year of commercial
operation. Fuel costs are provided in Appendix B.

4.1.4 Environmental Considerations

Coal-fired power plants generate large quantities of solid waste derived
from both the combustion process (fly ash and bottom ash) and from atmospheric
emissions (flue gas desulfurization wastes). These wastes require more exten-
sive environmental monitoring and waste characterization studies, and generally
more sophisticated treatment technologies than other steam-cycle technologies.
Water resource impacts associated with these solid wastes are generally miti-
gated through appropriate plant siting and a water, wastewater, and solid waste
management program (refer to Appendix D).

The combustion of large amounts of coal leads to a potentially signifi-
cant deterioration of the surrounding air quality. The atmospheric emissions
from a coal facility would require an in-depth review by Alaska and Environ-
mental Protection Agency (EPA) authorities. The expected emissions from a
coal-fired power plant and the regulatory framework are presented in detail in
Appendix E, where emissions are compared to those of alternative technologies.
Note that although impacts from coal combustion are generally greater than
those of other fuels, a judicious siting analysis and strict environmental
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controls will generally allow the operation of a coal-fired power plant near
the major Alaskan coal fields. The use of coal is also facilitated by the use
of Tow-sulfur coals common to most of Alaska's reserves. Plants located in
the resource areas would have to be designed to mitigate effects on these
resources.

Other significant effects from coal-fired steam plants are associated
with water supply and wastewater discharge requirements. Many potentially
suitable development areas for coal-fired plants border important aquatic
resource areas (salmon in streams like the Copper and Susitna Rivers and other
marine fish and shellfish in Cook Inlet). Water withdrawal may result in
impingement and entrainment of aquatic organisms. Chemical and thermal
discharges may produce acute or chronic effects to organisms 1iving in the
discharge plume area. Thermal discharges can also cause lethal thermal shock
in the Railbelt region. These effects are discussed in greater detail in
Appendix F. Plants located in the resource areas would have to be designed to
mitigate effects on these resources.

Coal-fired plants will use the same or less water per megawatt than other
steam-cycle plants, except a combined-cycle facility. A suitable plant size
for the Railbelt region (200 MW) however, would be second only to nuclear
plants in total water use and would require approximately 90,000 gpm and
1,800 gpm for a once-through and a recirculating cooling water system, respec-
tively. In addition, water from coal-fired steam plants, particularly from
ash or flue-gas desulfurization wastes, generally requires more sophisticated
treatment than most other steam plants to reduce its toxic loading.

The greatest impact on the terrestrial biota is the loss or alteration of
habitat due to the large amounts of land required for both construction and
operation. These land requirements (Table 4.2) are generally greater than
those for other types of fossil-fueled power plants. Other impacts could
result from gaseous and particulate air emissions, fuel or waste storage
discharges, human disturbance, and the power plant facilities themselves; e.g.
bird collisions with cooling towers. These effects are discussed in Appen-
dix G. Biological impacts are best mitigated by siting plants away from
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important wildlife areas and by implementing appropriate pollution control
procedures. Although certain impacts can be controlled, land losses are
irreplaceable.

4.1.5 Socioeconomic Considerations

The construction and operation of a coal-fired plant has the potential to
seriously affect smaller communities and to cause a boom/bust cycle. These
effects are due to the remoteness of prospective sites. The magnitude of
these impacts is a function of the construction period, the size of the con-
struction work force and the ratio of construction to operating personnel.
Construction times, exclusive of licensing and permitting, will vary according
to the size, type of equipment, and external factors such as weather and labor
force. Construction schedules for coal-fired plants in the Railbelt will vary
depending upon whether the boiler is field-erected. A small 20-MW unit could
be constructed in approximately 20 months if the boiler is a package design
and if the auxiliary equipment is skid mounted. Larger units (above 50 MW)
that are field constructed will take from 3 to 5 years. The construction
force for a 200-MW plant is estimated to be 600 personnel. An operating work
force of 85 would be required.

Impacts would be most severe at the Beluga coal fields since the surround-
ing communities are small and transportation facilities are poorly developed.
Power plant components would most likely be shipped by barge and then trans-
ported overland to the site. Secondary impacts would be caused by the con-
struction of haul roads. The largest community in the area is Tyonek, an
Alaskan native village with a population of 239. The influx of a construction
work force, regardless of plant size, would disrupt the social structure of a
comunity of this size.

Impacts from plant development along the railroad corridor would depend
on the plant scale. Existing communities may be able to accommodate construc-
tion of a 10- to 30-MW plant but would be severely affected by a large-scale
plant. Additional discussion of potential impacts is provided in Appendix H.
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The flow of capital expenditures both outside and within the Railbelt are
expected to balance for a 200-MW field-erected project and to be proportion-
ately higher outside the region for a 20-MW packaged unit. For a large unit,
50% of the expenditures would flow outside the Railbelt and for a smaller
unit, approximately 60% of the project investment would be made outside the
Rajlbelt. The percentage of capital investment for a field-erected plant is
larger compared to other baseload technologies because of the large construc-
tion work force and extensive field preparation requirements. The flow of O0&M
expenditures is expected to be 10% spent outside the region and the balance
spent in the region.

4.1.6 Potential Application in the Railbelt Regijon

Some development of coal-fired steam-electric generation has occurred in
the Railbelt with coal from the Nenana coal field. A 25-MW, coal-fired plant
located at Healy is operated by the Golden Valley Electric Association. In
addition, the Fairbanks Municipal Utilities system operates four units at
Chena, and the University of Alaska has three small units. The Beluga fields
have not been developed, although studies are underway to define the coal
resource characteristics and markets (Battelle 1980a).

Coal-fired steam-electric generation shows promise as a potentially major
source of baseload power in the Railbelt region. The technology is mature and
cold-climate applications have been well-demonstrated elsewhere. Coal costs
are forecasted to be relatively low and the resulting cost of power most
1ikely will be competitive with other generating alternatives. Emission of
atmospheric pollutants is probably the principal environmental impact to be
considered; however, control technology is well established for particulate
and sulfur emissions. Moreover, the extremely low sulfur content of Alaskan
coal eases sulfur control requirements. Ice fog formation is a potential
problem, but most 1ikely can be controlled with wet/dry mechanical draft, heat
rejection equipment. NOx emissions can be controlled within current stan-
dards by proper furnace design and firing procedures. The long-term effect of
CO2 emissions on global temperatures is of increasing concern. Control, if
required, could be accomplished by regulating global rates of coal combustion,
an issue that must be addressed at the international level.
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Both the Beluga coal field and the Nenana coal field would be potential
sources of coal for coal-fired steam-electric plants. Plants using Beluga
coal would likely be located at or near the mine mouth to minimize coal trans-
portation requirements. Electrical transmission would be to the Anchorage
load center or to a future Anchorage-Fairbanks intertie.

Future plants using Nenana coal could be Tocated at mine mouth but more
likely would be located along the Alaska Railroad some distance to the north
or south to avoid impacting the Denali National Park Class 1 Prevention of
Significant Deterioration Area. Prospective locations would include near
Nenana to the north and in the Tlower Susitna or lower Matanuska Valleys to the
south.
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4.2 NATURAL GAS AND DISTILLATE-FIRED STEAM-ELECTRIC GENERATION

The natural gas and distillate (o0il)-fired steam-electric generating
technologies are well known and widely used in the utility industry. However,
future application of these technologies is in question because of the world-
wide o0il supply and pricing disruptions caused by the OPEC nations, and the
resultant passage of the Powerplant and Industrial Fuel Use Act of 1978
(PIFUA). The PIFUA essentially prohibits the use of 0il or natural gas for
power generation in unit sizes exceeding approximately 10 MW. While exemp-
tions are available to utilities that can prove that no reasonable alternative
exists, these exemptions are difficult to obtain. Development of a synthetic
fuels industry based on coal or other primary resources may, in the future,
provide fuel for larger plants. However, the superior efficiency of combined-
cycle plants compared to steam-electric plants would Tlikely result in use of
the former alternative in conjunction with synthetic fuel production.~

4.2.1 Technical Characteristics

Principal components of a distillate- or natural-gas-fired power plant
include the boiler plant, the turbine system, the electric plant and the
condenser cooling system. Depending upon environmental regulations and the
sulfur content of the fuel, flue-gas desulfurization equipment may be required.

Units have been constructed in sizes ranging from less than 10 MW to
800 MW. Units of 10-MW and 200-MW rated capacity are evaluated in this
profile. Units in the 10-MW range are used primarily in heavy industrial
applications; however, the purpose, operating procedures, and operating con-
ditions of such applications are usually different from those of a utility and
therefore only can give an indication of what can be expected for electrical
generation.

Design Features

Distillate-fired boilers require no special or unusual equipment. The
plant will require a large, fuel storage facility unless a reliable pipeline
is available. The size, type, and number of tanks will depend on fuel reserve
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requirements. A one-week supply is a common criterion for plants with a reli-
able source; additional storage for Railbelt sites may be required if the plant
is supplied by tank truck or rail. A way to heat the o0il may be required,
depending on o0il type and ambient temperatures.

No special fuel storage or handling provisions are required for gas
firing because the fuel is delivered by pipeline at pressure. During periods
of extreme cold, when transmission line pressure drops, natural-gas-fired

units may have to be shut down or switched to 0il, thus decreasing system
reliability.

Performance Characteristics

Typical heat rates for various sizes of natural gas and distillate-fired
steam-electric plants are shown below:

Rated Heat
Capacity Rate
Fuel (MW) (Btu/kWh)
Natural Gas 10 12,000
200 11,400
Distillate 10 11,000
200 10,600

Industrial users frequently obtain plant availabilities of approximately
90%. This high percentage is possible because industrial boilers can be oper-
ated at a continuous load, and very often the end product is steam, thereby
eliminating downtime due to electrical generating equipment failures. For
utility purposes, a well-maintained base-loaded plant is estimated to be
available approximately 85 to 90% of the time for 10-MW units. These figures
are based on industrial data and data from NERC on the smallest reported units
(100 MW). Similar availability is expected with 200-MW units.

Natural gas and oil-fired steam-electric plants, like most steam-electric
plants, typically require lengthy startup periods and are characterized by
relatively slow response time. Thus, they are commonly operated as baseload
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units. Older units may see intermediate duty. The typical economic life of a
plant is 30 to 35 years, although the physical 1ife of a plant may be much
longer. Older plants are often used as intermediate or seasonal peaking units.

4.2.2 Siting and Fuel Requirements

The water resources and air-quality limitations in the siting decision
process for small gas- or distillate-fired steam-electric plants are similar
to those for coal units. (Flue gas constituents will differ but the regula-
tions, studies, and permits are similar.) Natural gas and usually distillate
fuels are environmentally preferable to coal, and thus environmental con-
straints on siting these facilities should be less rigid than those expected
for a comparably sized coal unit. The major siting parameters are related to
fuel source and fuel handling considerations and the land area requirements
for the power plant site.

A 10-MW distillate plant will require approximately 4 acres of land,
whereas a gas-fired plant of comparable capacity would require about 3 acres.
The difference is accounted for by tank storage facilities required by the
distillate-fired units. Land area allowances are made for boiler, turbine,
auxiliaries, oil storage, and electrical switchyard and waste disposal facili-
ties. For a 200-MW plant, land requirements are approximately 13 acres for
gas firing and 20 acres for o0il firing. These estimates do not include an
allowance for employee housing, if such is required. Estimated full-load fuel
consumption for various sizes of natural-gas and distillate-fired plants are
shown in Table 4.5.

TABLE 4.5. Typical Full-Load Fuel Consumption for Natural Gas and
Distillate Steam-Electric Plants

Rated Capacity

Fuel (MW) Fuel Consumption
Natural Gas 10 2.9 x 10% ScF/day
200 55 x 10° SCF/day
Distillate 10 480 bb1/day
200 9170 bb1/day
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4.2.3 Costs

The estimated costs to construct, operate, and maintain a facility in the
Railbelt region, with construction starting in 1982, are shown in Table 4.6.

TABLE 4.6. Estimated Cost for Gas- and Distillate-Fired
Steam-Electric Plants (1980 dollars)

Fuel Type Cost of Energy(a)
and Rated Capital 0&M Distillate Cook Inlet Gas North Slope Gas
Capacity (MW)  ($/kW)  ($/kW/yr) (mills/kWh)  (mills/kWh) (mills/kWh)
Distillate - 10 1,920 60 136 - -
200 1,330 22 120 - -
Natural Gas - 10 1,360 56 - 73 161
200 900 20 - 60 143

(a) Levelized lifetime costs, assuming a 1990 first year of commercial
operation. Fuel costs are provided in Appendix B.

4.2.4 Environmental Considerations

Water resource impacts of constructing and operating a natural-gas-fired
or oil-fired power plant are generally mitigated through appropriate plant
siting and a water, wastewater, and solid waste management program (refer to
Appendix D). These steam-cycle facilities present the least adverse impacts
of the combustion technologies. Significant or difficult to mitigate water
resource impacts are not anticipated.

The burning of 01l or natural gas in steam-electric generators generally
presents the least adverse atmospheric impacts of the combustion technolo-
gies. The expected emissions from a natural gas or oil-fired power plant and
the associated regulatory framework are presented in detail in Appendix E.

502 emissions from the burning of residual fuels will be significant and
will require conventional scrubbers for large systems. In addition, NOX
emissions resulting from high-temperature combustion may be significant enough
to require the application of control techniques such as two-stage combustion.
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The most significant and difficult to mitigate impacts from oil or
natural gas steam-cycle plants are associated with intake and discharge of
water (refer to Appendix D). These plants could be located near many major
aquatic resources on Cook Inlet and Prince William Sound or along major salmon
rivers in the Railbelt such as the Susitna or Copper Rivers. These plants use
the same amount or less water per megawatt than any other steam-cycle design
except the combined cycle. A 10-MW plant would use approximately 4,500 gpm
for once-through cooling systems and 80 gpm for recirculating cooling systems
(see Appendix I). Therefore, if the plants are properly sited and con-
structed, resulting impacts should be less than other steam-cycle plants
(except for combined-cycle units).

The greatest impact on the terrestrial biota resulting from natural gas
or distillate-fired steam-electric plants would be loss or alteration of habi-
tat. Land requirements for plant development should be approximately 6 acres
for a 10-MW facility and 20 acres for a 200-MW facility. Thus, these plants
require considerably less land area than other steam-cycle plants and impacts
are not expected to be significant. Also, natural gas and, in general,
distillate-fired power plants would probably be placed near existing developed
areas, thus avoiding environmental problems of plants sited in remote areas.

4.2.5 Socioeconomic Considerations

Socioeconomic impacts of siting a gas- or oil-fired steam-electric plant
will vary with both location and plant scale. The most likely sites for
oil-fired plants are near existing refineries or along distribution pipe-
lines. Other possible sites are along the railroad and major highway corri-
dors. Possible sites for gas-fired plants would be adjacent to the Cook Inlet
gas fields or near the gas transmission line that links Soldotna to Anchorage.
Completion of the North Slope natural gas pipeline would permit siting near
Fairbanks and along the Tanana Valley.

The flexibility of siting oil or gas-fired power plants, particularly an
oil-fired plant, results in numerous potential sites. If the access were
good, a 10-MW unit could be constructed in 20 working months. This estimate

4.26




is based on a packaged boiler and skid-mounted auxiliary equipment. A 200-MW
unit is field constructed, which will require approximately 3.5 to 5 years,
depending on such variables as site accessibility, availability of work force,
site conditions, and weather. Tank construction for 0il firing may add to the
construction work force, but the overall construction period should be the
same as for a gas-fired plant because tank work can proceed simultaneously
with boiler and turbine installation. The construction work forces are esti-
mated to peak at 60 persons for an oil-fired unit and 50 for a packaged gas
unit. The difference is due to the tank and unloading facilities needed for
0il-fired units. The 200-MW units are estimated to require a peak work force
of 580. Operational manpower is estimated at 20 workers for the 10-MW plant
and 70 for the 200-MW unit.

Whereas "very small" communities would be significantly affected by the
influx of construction workers, "small" communities should not be affected if
temporary housing is provided for the workers (see Appendix H). Locations
that meet this "small" criterion and that are near a distribution pipeline
inc lude Anchorage, Soldotna, and Fairbanks. Secondary locations include Kenai,
Seward, Wasilla, and Palmer. The impact of siting a 200-MW plant would be
minor in Anchorage and moderate in Fairbanks. For all other locations,
including Kenai, Seward, Wasilla and Palmer, impacts would range from signifi-
cant to severe, primarily due to the inability of those communities to absorb
demands on infrastructure and public services that accompany the large con-
struction work force.

Capital and O&M expenditures that would flow out of the region due to the
development of these types of facilities would include investment in equipment
and employment of specialized supervisory personnel. Due to the moderate-
sized construction work force and relatively short installation period, 25% of
the project's capital expenditures can be expected to be made within the
region and 75% would be spent outside Alaska. Nine percent of the 0&M expen-
ditures would most likely be spent outside Alaska.
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4.2.56 Potential Application in the Railbelt Region

The sources of distillate fuel in the Railbelt are presently confined to
the refineries at Kenai and at North Pole (Figure 4.4). Petroleum pipelines
carry refined products from the port of Whittier to Anchorage. These areas
are prime sites since fuel refining or pipeline transmission systems are
already in place.

Areas served by good transportation facilities connecting to the refiner-
ies can also be considered for distillate-fired generation. These areas would
include the Kenai Peninsula, locations adjacent to the Alaska Railroad, and
major highway corridors. Highway transport would likely be feasible only for
smaller plant sizes. For example, a 10-MW distillate-fired plant would
require two to three tank truck deliveries per day.

The only practical method for transporting natural gas in quantity is by
pipeline. Potential sites are limited to locations where existing service is
available or where it can be easily provided. The Anchorage, Cook Inlet, and
Kenai regions are well suited because of their proximity to refinery capacity,
wells, and gas transmission systems. The proposed North Slope gas pipeline
would provide natural gas to the Fairbanks area.

Natural-gas- or distillate-fired steam-electric plant could potentially
be used to provide baseload power to the Railbelt region. Of the two fuels,
distillate most likely would not be used in the Anchorage area because natural
gas is available at a substntially Tower cost. Although natural gas is not
presently available in the Fairbanks area, the present excess of installed
capac ity would make constructing a distillate-fired steam-electric units in
the near term impractical. In the longer term, the construction of the
Anchorage-Fairbanks intertie may obviate the need for new baseload capacity in
the Fairbanks area. If new capacity were required in Fairbanks, future avail-
ability of North Slope natural gas via the proposed North Slope natural gas

pipeline would probably make natural gas the fuel choice between 0il and
natural gas.
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FIGURE 4.4. Natural Gas and Petroleum Supplies in the Railbelt Region
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Currently, the Fuels Use Act effectively constrains development of natu-
ral gas or distillate-fired steam-electric plants from all but minor applica-
tions. The Fuels Use Act prohibits use of natural gas or distillate for
base load electric generating facilities exceeding 10 MW in capacity. Because
natural-gas- or distillate-fired steam-electric plants are primarily baseload
units, this technology is effectively excluded from future development except
under limited situations in which exemptions to the Fuels Use Act may be
obtained. Provisions of the Fuels Use Act, including conditions under which
exemptions may be obtained, are discussed in Appendix N.
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4.3 BIOMASS-FIRED STEAM-ELECTRIC GENERATION

Biomass fuels available in the Railbelt region for power generation
include sawmill residue (wood waste) and fuel derived from municipal waste
(refuse-derived fuels). Limited quantities of waste oil are also available.
Wood waste has been used for industrial power and process steam generation for
many years, especially in the timber industry. Use of refuse-derived fuel is
a more recent concept and is less well developed in the United States.

4.3.1 Technical Characteristics

Conversion technologies suitable for using biomass fuels include direct-
fired steam-electric plants and several thermochemical conversion and/or chem-
ical-based processes for synthetic gas and liquid fuels production. Various
gasifiers presently are being developed that could be used for process heat
and retrofits of oil- and natural-gas-fired boilers. Suitable gasifiers may
be commercially available in less than 5 years if adequate development support
occurs (Office of Technology Assessment (OTA) 1980). Methanol synthesis is
the near-term option for 1iquid fuels production. Whereas wood-to-methanol
plants are commercially available, herbage-to-methanol processes remain to be
demonstrated. Various other thermochemical conversion processes also are
being developed with considerable promise for future new and improved fuels
and chemicals syntheses.

Another biomass conversion operation that may prove suitable for produc-
ing gas for the retrofit of natural-gas-fixed systems is anaerobic digestion.
This biological process produces a gas containing methane and carbon dioxide.
Appropriate feedstocks include many wet forms of biomass, such as animal
manure and some aquatic plants. Digesters for onfarm production of gas from
animal manure appear to be the most 1ikely near-to-midterm applications.
Various digesters using different feedstocks need to be demonstrated before
they can be considered commercially available.

Biomass-fired power plants are distinct from fossil-fired units in that
maximum plant capacities are relatively small and specialized fuel handling
equipment is required. The generally accepted capacity range for biomass-
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fired power plants is approximately 5 to 60 MW (Bethel et al. 1979; Jamison
1979).A Smaller plant sizes are generally used because of the expense of
transporting low-energy-density biomass fuels appreciable distances.

Design Features

The core of a biomass-fired steam-electric power plant is the boiler and
the turbine generator. Auxiliary systems are provided for fuel receiving,

storage and processing, stack gas cleanup, bottom and fly-ash handling, and
condenser cooling.

Because biomass fuels have relatively Tow heat values and bulk densities
in the 10 to 20 1b/ft3 range, and because they are variable in particle
size, moisture content, and contamination, fuel handling systems are of criti-
cal importance. Particle sizes are reduced by "hogging" or grinding rather
than by pulverizing. Materials handling equipment also must be larger than
that used for a coal plant of equivalent capacity to handle the increased
volumes of material. Finally, systems for fuel classification, contaminant
removal, and possibly drying must be provided.

Preferably, municipal waste will be shredded and classified, and sorted
to minimize contamination by metals and glass objects. Metallic and other
noncombustible objects must be removed, usually magnetically. Mass burning
(firing of unsorted refuse), while practical in some cases, results in less
efficient operation of equipment.

Fuel handling systems in the Railbelt region will have to be designed to
accommodate cold conditions and frozen fuel. Such systems are routinely
installed in northern climates. Since the supply of any one biomass fuel may
be insufficient to support a power plant, provisions may have to be made for
dual-fuel firing. For example, plants constructed to burn refuse-derived fuel
may be supplemented by coal. Research in fuel preparation and fuel gasifica-
tion is under way to improve upon and to overcome limitations in the efficiency
of biomass power plant systems caused by moisture content, low bulk densities,
and modest heating values.
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Performance Characteristics

The typically high moisture content of biomass fuels, as well as small
scales of operation, introduces thermal inefficiencies into the power plant
system. However, biomass plant efficiencies improve rapidly as plant scale
increases. Heat rates as a function of plant size are shown below (Tillman
1981).

Heat

Rated Capacity Rate
(megawatts) (Btu/kWh)
5 20,000
15 15,100
25 14,200
35 14,100
50 14,000

Biomass facilities, which would be operated as base-loaded units, have
demonstrated high reliability. Industrial experience shows that load factors
of 80 to 90% can be achieved. High load factors are attained by constant

attention to maintenance and by proper design. Unit life is forecasted to be
20 years.(a)

4.3.2 Siting and Fuel Requirements

Biomass fuels are generally inexpensive but are characterized by modest
heating values. Typical net heating values of biomass fuels are compared to
coal below (Metcalf and Eddy Engineers 1979):

Heat Value
Fuel Btu/1b
Refuse-derived fuel 6,700
Waste 011 19,250
Wood 4,500
Coal 9,000

(a) Electric Power Research Institute. 1982 (Draft). 1981 Technical

Assessment Guide. Electric Power Research Institute, Palo Alto,
California.
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The rate of fuel consumption is a function of plant efficiency and
capacity. Fuel consumption as a function of plant capacity is presented
in Table 4.7 for a wood waste-fired plant (Tillman 1981).

TABLE 4.7. Wood Waste Requirements by Plant Size

Truck Rail
Daily Loads Cars
Rated Capacity Requirements Per Day Per Day
(MW) (tons) (Approximate) (Approximate)
5 260 10 7
15 600 ) 25 15
25 960 40 25
35 1300 50 35
50 1900 75 50

Siting requirements for biomass-fired power plants are dictated by the
fuel quality, fuel source location,~ and cooling water requirements. Because
biomass fuels are high in moisture content and low in bulk density, economical
transport distances are unlikely to exceed 50 miles (Tillman 1978). Biomass
power plants are thus typically sited close to the fuel source. Sites must be
accessible to all-weather highways or rail lines since biomass fuels are usu-
ally transported by truck or rail car.

Proximity to the fuel source may be the most limiting factor, although
sites also must be accessible to water for process and cooling. Land area
requirements are a function of scale, extent of fuel storage, and other design
parameters. Typically, a 5-MW, stand-alone power plant will require 10 acres;
a 50-MW, stand-alone plant will require 50 acres. These areas are quite large
relative to plant capacity because they must accommodate fuel receiving facil-
jties, fuel storage piles, materials handling and preparation systems, boilers,
feedwater treatment systems, turbine generators, stack gas cleaning and ash
disposal facilities. Substantial buffer zones may be required for a plant
using refuse-derived fuel for odor and vermin control requirements. A one- to
three-month fuel supply should be provided to ensure fuel availability during
prolonged periods of inclement weather. For plants cofired with coal, coal
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preferably might be used for long-term storage because of its greater energy
and the difficulties of storing refuse-derived fuel for long periods of time.

4.3.3 Costs

Biomass-fired power plants, particularly small-scale plants, are expen-
sive to construct. Capital and 0&M costs for relevant-scale biomass facili-
ties in Alaska are presented in Table 4.8. Capital and 0&M costs were derived
from SRI (1980) and are based on a direct-fired, electric generating plant
using wood waste as fuel. The cost of power estimates in the table are based
on use of dual fuel firing of coal and refuse-derived fuel with the proportion
of refuse increasing over the life of the facility. Estimated coal and refuse-
derived fuel prices are provided in Appendix B.

TABLE 4.8. Estimated Costs for Biomass-Fired Steam-Electric Plants
(1980 dollars)

Rated
Capacity Capital 0&M Cost of Energy(a)
{(MW) ($/kW) ($/kW/yr) (mills/kWh)
25 (Anchorage) 2590 200 67
20 (Fairbanks) 2900 200 78
50 (Anchorage) 2450 200 74

(a) Levelized lifetime costs, assuming a 1990 first year of commercial
operation. Fuel costs are provided in Appendix B.

4.3.4 Environmental Considerations

Water resource impacts associated with the construction and operation of
a biomass-fired power plant are not expected to be significant or difficult to
mitigate because of the small plant capacities that are considered likely.

The burning of biomass could lead to significant impacts on ambient air
quality. The expected emissions from a biomass facility and the regulatory
framework are presented in detail in Appendix E. Impacts arise largely from
emissions of particulate matter and NOX. Particulate emissions can be
controlled with electrostatic precipitators or baghouses. The tradeoff
between emission controls and additional project costs must be assessed at
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each facility, but wood- or coal-burning facilities larger than about 5 MW

will require air pollution control systems to meet federal New Source
Performance Standards.

Potentially significant impacts to aquatic systems from biomass plants
are similar to other steam-cycle plants and result from water withdrawal and
eff luent discharge (refer to Appendix F). Although these plants are second
only to geothermal facilities in rate of water use per unit of capacity
(730 gpm/MW), the total use for a typical plant would only exceed that of
small (10-MW) o011 and natural-gas-fired plants because of the small size of
prospective plants. Approximately 18,250 gpm and 362 gpm of cooling water
would be required for once-through and recirculating cooling water systems,

respectively. Proper siting and design of intake and discharge structures
could reduce potential impacts.

The major impact on the terrestrial biota is the loss or modification of
habitat. Land requirements for bijomass-fired plants, approximately 50 acres
for a 50-MW plant, are similar to those of coal-fired plants of equivalent
capacity and are generally greater than those of nuclear and the other steam
cycle power plants on an acres-per-MW basis (see Appendix G).

Potential locations of biomass-fired power plants in the Railbelt region
inc lude Fairbanks, Soldotna, Anchorage, and Nenana. A1l four areas contain
seasonal ranges of moose. Waterfowl also inhabit these areas with high use
occurring along the Matanuska and Susitna River deltas near Anchorage, and the
areas around Nenana. The Soldotna region also contains populations of black
bear, and caribou calving areas, migration corridors, and seasonal ranges.
Populations of mountain goats, caribou, and Dall sheep occupy habitats in the
Susitna and Matanuska River drainages near Anchorage. Impacts on these animal
populations will depend on the characteristics of the specific site and the
densities of the wildlife populations in the site area. Due to the relatively
small plant capacities involved, however, impacts should be minimized through
the plant siting process.
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4.3.5 Socioeconomic Considerations

To construct and operate biomass-fired facilities, relatively small labor
forces are required. For 15- to 30-MW plants, a construction work force of 65
would be required, whereas operating and maintenance would require approxi-
mately 25 people. Construction periods would range from 18 months to 3 years
(excluding the licensing process). Possible locations for biomass-fired
plants include Anchorage, Fairbanks, Soldotna and Nenana. Impacts of bio-
mass-fired plants, as well as plant size, will vary among these locations.
Anchorage, Fairbanks, and Soldotna should be able to accommodate the construc-
tion of a 5- to 50-MW plant with minimal impacts to the social and economic
structure of these communities.

Nenana, an Alaskan native village, has a population of 471, and the sur-
rounding area has an aggregate population of approximately 1,000. Because of
Nenana's small population size and undeveloped infrastructure, the impacts of
plant construction on Nenana may be significant and will increase with plant
size. The transfer of workers and their families for a period of 1 to 3 years
may cause a strain on the social fabric of Nenana and may create demands for
infrastructure in the nearby community of Anderson (pop. 390). These impacts
can be mitigated by Timiting the scale of the plant.

The breakdown of capital expenditures is expected to be 60% outside the
Railbelt and 40% within the region. Expenditures due to a large capital
investment will be offset by employment of an Alaskan labor force. Approxi-
mately 10% of the O&M expenditures would be spent outside the region.

4.3.6 Potential Applications in the Railbelt Region

Potential sources of bijomass fuels in the Railbelt region include mill
residue from small sawmills at Soldotna, Anchorage, Nenana, and Fairbanks
(Figure 4.5), and municipal waste from the cities of Fairbanks and Anchorage.
Fuel availability for wood residue in the Railbelt region is shown in
Table 4.9 (U.S. Department of Agriculture 1978).

Only broad ranges of wood residue availability have been developed
because little information is available on lumber production as a function of
markets, lumber recovery, and internal fuel markets. The residues considered
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TABLE 4.9. Fuel Availability for Wood

Wood Fuel

Area (tons/day)
Greater Anchorage 200-600
Kenai Peninsula 60-180
Fairbanks 10-30
Nenana 40-140

here include bark from debarkers, chips, slabs, sawdust, and planer shavings.
Some of these residues could be used as fuel since by-product markets (e.g.,
pulp mills, particle board plants) for such materials appear to be absent.
Harvesting of trees solely to fire electric power plants does not appear to be
desirable due to the slow regeneration of forests and the availability of coal
at competitive prices.

Estimated future availabilities of refuse-derived fuel for the Anchorage
and Fairbanks areas are shown in Table 4.10. Forecasts for Anchorage through
2000 are taken from Metcalf and Eddy Engineers (1979); years 2005 and 2010 are
extrapolated using linear regression. Fairbank's estimates are based on
ratios between Anchorage and Fairbanks municipal waste production taken from
Nebesky (1980). Quantities given are average daily tons of refuse-derived
fuel product, processed using ferrous metal magnetic separation followed by
air classification. Estimated heat value of the product is 6714 Btu/1b.

In the Railbelt region biomass power plants using municipal refuse sup-
plemented with wood residue and coal may potentially contribute up to 5% of
future power needs. With that potential, the biomass-fired units would be
central station installations capable of serving individual community load
centers or interconnection to a Railbelt power grid.

Since the biomass-fired systems are relatively small, they are particu-
larly adaptable to the modest incremental capacity needs that are forecast for
the Railbelt region. The most probable application of the technology appears
to be a small plant at Anchorage, which is fired by refuse-derived fuel, waste
0i1, and such wood residue as may be available and is supplemented by coal
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TABLE 4.10. Estimated Refuse-Derived Fuel Production
(average tons/day)

Year Anchorage Fairbanks
1985 396 150
1990 502 190
1995 640 240
2000 777 290
2005 890 330
2010 1010 380

firing as necessary. A smaller plant at Fairbanks may also be feasible, fired
by refuse-derived fuel, waste oil and wood residue from Nenana and Fairbanks
and supplemented by coal.
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4.4 NUCLEAR LIGHT WATER REACTORS

Nuc lear steam-electric generation is a mature, commercially available
technology. At present, some 73 units with a total installed capacity of
54,000 MW are operable in the United States. An additional 104 units repre-
senting approximately 116,000 MW of capacity have either been ordered or are
in some phase of the licensing or construction process. Canada, France,
Germany, Japan, Sweden, and the United Kingdom also have a large nuclear
steam-electric capacity based either on U.S. developed technology or on tech-
nologies developed within those respective countries. In spite of this exper-
ience, nuclear power is experiencing social and political problems that might
seriously affect its viability. These problems manifest themselves in licens-
ing and permit delays and therefore are important to the Alaskan electrical
supply situation, given their cost and schedule impacts.

Diminished load-growth rates, concerns over nuclear weapons prolifera-
tion, adverse public opinion fueled by the Three-Mile Island (TMI) accident,
expanding regulatory activity (also fueled by TMI), and lack of overt politi-
cal support have resulted in no new domestic orders for nuclear units since
1977. The industry currently is maintaining its viability by completing
backlog work on domestic units and by pursuing new foreign orders. Although
the current administration has indicated support for nuclear power, not enough
time has passed to observe tangible results.

4.4.1 Technical Characteristics

The principal commercial power reactor designs used in the United States
are based on the use of natural water ("light water") as the reactor coolant.
Light water reactors (LWRs) produce electricity using a steam cycle similar to
that of fossil-fuel-fired power plants. However, in a nuclear power plant the

heat used to raise steam is obtained by fissioning uranium fuel in a nuclear
reactor.

The economics and design trends since the introduction of commercial
nuclear power have evolved to the point that almost all plants being con-
structed are in the 800- to 1,200-MW range. Because of these plant sizes and
the resulting costs, nuclear power is a viable option only for utilities hav-
ing a large electrical baseload. (Nuclear units with generating capacities
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ranging from 50 to 700 MW are operating in the Tower 48 states. However,
these are demonstration and first and second generation nuclear facilities and
represent unit designs not currently available from domestic vendors.) Smal-
ler plant designs could be obtained from various vendors but are not currently
commercially available. Smaller designs could incur licensing difficulties
and increased costs because of the lack of standardization. Smaller plants
(about 500 MW) are available from foreign suppliers but, again, could incur
licensing difficulties.

Two LWR designs, boiling water reactors (BWR) and pressurized water reac-
tors (PWR), are in common use. In BWR designs, coolant water circulates
through the core and is heated to form steam at about 1,100 psi for direct use
in the turbine. PWR designs include primary and secondary coolant loops
(Figure 4.6). The primary loop is operated at high pressure (about 1700 psi)
to maintain the primary cooling water in liquid form at all times. The hot
primary water is circulated from the reactor to a heat exchanger (steam
generator) where steam is formed in the secondary loop for use in the turbine.

Reactor designs using other heat exchange systems exist but are not common in
the United States.

STEAM
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FIGURE 4.6. PWR Steam-Electric Plant
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Performance Characteristics

Nuc lear power generating plants are typically designed for operation as
baseload units because of their characteristically high capital costs and low
fuel and operating costs. The more power produced from the plant, the Tower
cost per unit of electricity delivered. Therefore, nuclear power plant capa-
city functions are typically close to plant availability factors.

Plant availability is determined by scheduled and unscheduled outages.
Scheduled outages for nuclear facilities are based on periodic maintenance
requiring plant shutdown and refueling requirements. Typically, refuelings
are scheduled annually, and approximately one third of the fuel assemblies are
replaced. Because the plants must be shut down for refueling, refueling is
normally done during periods of low electrical demand. Typical planned
(scheduled) outage rates for LWR plants are about 13%.(a)

Unscheduled outages are due to equipment malfunction. Much of the elec-
trical, heat rejection, and in the case of PWRs, steam system equipment of a
nuclear reactor is not fundamentally different than similar components of a
conventional steam-electric plant, and similar reliability is experienced.
However, the equipment and controls of the primary (reactor) systems are far
more complex and sophisticated than in a conventional steam-electric plant.
Unscheduled outages due to malfunction of these systems have generally been
higher than anticipated, leading to higher unscheduled outage rates overall
for nuclear plants than for fossil-fired steam-electric plants. A particu-
larly significant problem in PWR plants has been corrosion and leakage of
steam generator heat exchange tubing. Typical, equivalent unplanned outage
rates for LWRs are currently estimated to be approximately 22%.(3)

The typical equivalent availability including both planned and equivalent
unscheduled outages of LWR plants is estimated to be approximately 68%.(a)
The design 1ife of LWRs is generally 40 years; an economic 1ife of 30 years is
typically used.

(a) Electric Power Research Institute. 1982 (Draft). 1981 Technical
Assessment Guide. Electric Power Research Institute, Palo Alto,
California.
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4.4.2 Siting and Fuel Requirements

Nuclear plant siting has more constraints than other technologies because
of stringent regulatory requirements. These requirements result from the
potential consequences of accidents involving the release of radioactive
materials. These requirements, however, would not be expected to bar nuclear
power development in Alaska.

Under the siting criteria of the U.S. Nuclear Regulatory Commission (NRC)
(10 CFR 100), nuclear facilities must be isolated to the degree that propér
exclusion areas and low population zones may be maintained around the facil-
ity. Nominal distances ranging from 2,000 to 5,000 ft to the nearest site
boundary (encompassing areas of 250 to 2,000 acres) usually are sufficient to
meet the first criterion for almost any size nuclear facility. Additionally,
a physical separation of 3 to 5 miles from areas of moderate population den-
sity allows compliance with the second criterion. Because of the Railbelt's
generally low population densities, these requiremehts are of little conse-
quence in the region. Land required for the construction force campsite could
serve as the plant exclusion area when the plant is completed.

Seismic characteristics of a potential site are a major factor in plant
siting because the nuclear plant must be designed to accommodate forces that
result from earthquake activity. Seismic zones and major faults of the
Railbelt region are shown on Figure 4.7. Constructing a nuclear plant in
Zone 3 would very likely require expensive plant designs and a lengthy licens-
ing process. Siting a plant in Zone 2 would be less difficult. In either
case, extensive preapproval geotechnical investigations would be required.
Nuclear plants most likely would not be excluded from the Railbelt on a
seismic basis since nuclear p]ahts have been designed and constructed on a
wor ldwide basis in each of the types of seismic zones found in the Railbelt
region.

In addition to meeting the specific nuclear safety requirements of the
NRC, a nuclear plant site must meet the more typical criteria required of any
large, steam-electric generation technology. A 1,000-MW nuclear project rep-
resents a major, long-term construction effort, involving the transportation
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of bulky and heavy equipment and large quantities of construction materials.

Transportation capable of handling these items 1imits the potential Railbelt

sites to the corridor along the Alaska Railroad and port areas of Cook Inlet

and Prince William Sound. The requirement for remote siting must be balanced
against the cost of transmission facilities required to deliver power to load
centers.

Substantial heat is rejected by a 1,000-MW plant. Therefore, a potential
site must have enough cooling water to remove the heat according to environ-
mental criteria for thermal discharges. Once-through cooling of a 1000-MW
facility requires a water flow of approximately 3,000 cfs and would almost
certainly require coastal siting. Because closed-cycle systems require less
water than once-through systems (probably less than 100 cfs), siting options
can include some of the rivers of the region (Appendix I).

Reactor fuel, a highly refined form of enriched uranium fabricated into
complex fuel elements, is not produced in Alaska and would have to be obtained
from fuel fabrication facilities located in the western portion of the lower
48 states. The proximity of the nuclear plant to the fuel source is rela-
tively unimportant because uranium is a high-energy density fuel, and refuel-
ing is accomplished on a batch rather than a continual basis. Refueling is
required about once a year and is usually scheduled during summer months in
cold climates to prevent weather-induced delays and to coincide with periods
of low electrical demand.

Recent estimates of U.S. uranium supply show that ample low-cost uranium
resources exist to support about ten times the number of reactors now in ser-
vice or under construction (Piepel et al. 1981). When all Tow-cost uranium is
committed, the fast breeder reactor (FBR), which produces a surplus of fuel-
grade plutonium, will become commercially feasible. Because fuel-grade plu-
tonium can be used to fuel LWRs, long-term fuel supply should not be a Timiting
factor. Although Alaska has identified uranium deposits, the economic forces
for developing the resource are tied to the world market conditions rather
than to the use of uranium as fuel for nuclear plants located in Alaska.
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4.4.3 Costs

The capital cost of a nuclear plant is high relative to other baseload
technologies. No overall major cost distinction can be made between the two
types (BWR and PWR) of reactors. Each project must be evaluated to determine
the most economical type for installation. The cost of the nuclear steam
supply system (reactor steam generators and auxiliaries) is higher for a PWR
because of the added complexity of the secondary fluid loop; however, this
cost is offset by the higher costs of the BWR's containment building and
shielding. Conceptual level estimated costs for construction and operation of
nuclear power plants in the Railbelt are shown in Table 4.11.

TABLE 4.11. Estimated Costs for Nuclear Power Plants (1980 dollars)
Plant Type and

Rated Capacity Capital 0&M Fuel Cost of Energy(a)
(MW) ($/kW) ($/kW/Yr)  (mills/kWh) (mills/kWh)
PWR - 1000 1850 24 7 31

BWR - 1000 1850 24 7 31

(a) Levelized lifetime costs, assuming a 1990 first year of commercial
operation.

The capital costs of Table 4.11 are overnight construction costs and do
not include escalation or interest during construction. The capital cost
estimate is based on observed capital costs of $975 per installed kilowatt for
the lower 48, adjusted to Alaska conditions using an adjustment factor of 1.9.

0&M costs are based on estimated Lower 48 0&M costs of 16 $/kWh/yr,
adjusted to Alaskan conditions using a factor of 1.5. Fuel costs are
discussed in Appendix B.

4.4.4 Environmental Considerations

Water resource impacts associated with constructing and operating a
nuclear power plant are generally mitigated through appropriate plant siting
and a water and wastewater management program (Appendix D). Note, however,
that due to the generally large sizes of nuclear power stations, the magnitude
of water withdrawal impacts for a given site may be greater than those for
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other baseload technologies. Magnitude, however, does not necessarily imply
significance. A favorable attribute of nuclear power is the lack of waste-
water and solid waste associated with fuel handling, combustion, and flue-gas
treatment and experienced with combustion-based technologies.

The generally large unit size for a nuclear facility indicates that these
plants would be the largest water users of any steam-cycle plants; approxi-
mately 310,000 gpm would be used for a once-through cooling system and
6,200 gpm would be used for a recirculating cooling water system. Their rate
of use (gpm/MW) is also higher than many other technologies (Appendix D)
because of somewhat lower plant efficiencies. Potential impingement and
entrainment impacts would therefore be somewhat higher than for other baseload
technologies of comparable size. Detrimental effects of discharge may also be
high because of the large quantity of water used.

s

In addition to the effects on aquatic and marine ecosystems resulting
from cooling water withdrawal and thermal discharges, common to other steam-
cycle plants, nuclear facilities have the potential for routine low level, and
possibly accidental higher level discharge of radionuclides into the aquatic
environment. However, under normal operation the discharge water contains
fewer hazardous compounds than may be found in other steam-cycle wastewaters.

Nuc Tear power plants cause no deterioration in air quality other than the
routine or accidental releases of radionuclides. A complex meteorological
monitoring program is required to assess the potential dosages of these radio-
active materials. The wind speeds and dispersive power of the atmosphere play
a crucial role in diluting the effluent. Generally, sites in sheltered val-
leys and near population or agricultural centers are not meteorologically
optimal. Large amounts of heat are also emitted by nuclear power plants.

Some modification of microclimatic conditions onsite will be noted, but
offsite these modifications will be imperceptible. The NRC will ensure that
the ambient meteorological conditions are properly measured and considered in
the siting of a nuclear power plant. These constraints will not preclude the
construction of such a facility in the Railbelt region.

The predominant impact on terrestrial biota is habitat loss. Nuclear
power plants require land areas (100 to 150 acres for a 1000-MW plant) second
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in size to those of coal- and biomass-fired plants (on a per-MW basis). Fur-
thermore, lands surrounding the plant island are at least temporarily modified
by auxiliary construction activities (i.e., laydown areas, roads, etc.).

These lands possibly could be partially recovered through revegetation. Most
of the exclusion area would remain undisturbed.

Other impacts difficult to mitigate could be accidental releases of
radionuclides. The effects of such accidents on soils, vegetation, and ani-
mals could be substantial. However, releases resulting in substantial impacts
are regarded as highly unlikely. The TMI incident, for example, caused no
contamination of the surrounding area. Proper plant design and construction
should prevent these releases under normal operating conditions.

4.4.5 Socioeconomic Considerations

A construction work force with a peak of 1,300 workers is typically
required for a 1,000-Md nuclear plant. In comparison to other baseload tech-
nologies, a nuclear power plant has the greatest potential to adversely affect
comunities. The construction of a nuclear facility could severely strain
nearby communities' abilities to provide housing, public services and facili-
ties, and commercial goods and services. Highly sk<i1led workers would be
required during both the construction and operation phases, resulting in the
migration of much of the work force. The in-migration of construction workers
would be augmented by spouses and dependents. The long duration of the con-
struction period (7 to 10 years) would cause a permanent expansion of the
existing infrastructure.

Only within the vicinity of Anchorage, where the infrastructure could
support a large population influx, could a nuclear facility be constructed
without major socioeconomic impact. The siting of a nuclear plant 25 to 50
miles from Anchorage could induce further urban sprawl. Communities with
populations of 5,000 or less would experience severe impacts.

Depending on location of the site, a new town could be built to accommo-
date workers and theijr families. When construction was finished, most of the
construction work force and their families would leave the area, leaving an
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operating and maintenance crew of approximately 180. The large out-migration
would leave the community with abandoned housing and facilities and would
drastically alter the social fabric and local economy.

Approximately 60% of the project capital expenditures would be spent out-
side the Railbelt since all equipment and most of the labor would be imported

from the Tlower 48 states. Approximately 11% of 0&M expenditures would be spent
outside the region.

4.4.6 Potential Application in the Railbelt Region

As discussed in Section 4.4.2, fuel availability and siting constraints
would probably not significantly impair construction of commercial nuclear
power plants in Alaska. Potential sites, however, would have to be near
existing or potential port facilities or along the Alaska Railroad because
large amounts of construction material and very large and heavy components
would have to be delivered to the site. Interior sites would present more
favorable seismic conditions.

More constraining than site availability is the rated capacity of avail-
able nuclear units in comparison with forecasted electrical demand in the
region. The forecasted interconnected load of 1,800 MW in 2010 (see Chap-
ter 2.0), will probably be too small to accommodate even the smaller nuclear
power plants, primarily from the point of view of system reliability effects
and surplus capacity likely to result from introducing such a large facility.
Incorporating a nuclear power plant into the Railbelt system would require
significant reserve capacity to provide generating capacity during scheduled
and unscheduled outages.

In addition to the technical/economic considerations impacting the use of
nuclear power in Alaska, current State statutes specifically exclude nuclear
energy production from the definition of power projects that can be funded
through the Power Development Fund [see Power Authority Act as amended
4483.230(4)].
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4.5 GEOTHERMAL GENERATION

Potential high-temperature geothermal resources have been identified in
the Wrangell Mountains, east of Glennallen, and in the Chigmit Mountains, west
of Cook Inlet. Several low-temperature geothermal sites are found in the
Railbelt (Figure 4.8). Geothermal energy may be used for electricity genera-
tion, which usually requires temperatures of at least 280°F, or for direct
applications, which require temperatures less than 280°F. Direct heating
applications include space heating for homes and businesses, applications in
agriculture and aquaculture, industrial process heating, and recreational or
therapeutic use in pools.

Three types of geothermal resources hold potential for development:
hydrothermal, geopressured brine, and hot dry rock. Although hot dry rock
résources represent over half the U.S. geothermal potential, satisfactory
technologies have not yet been developed for extracting heat from this
resource. Hydrothermal systems are in commercial operation today. Hydrother-
mal geothermal resources are classified as vapor-dominated or liquid-dominated
systems. A typical vapor-dominated system produces saturated to slightly
superheated steam at pressures of 435 to 500 psi and temperatures of approxi-
mately 450°F. Liquid-dominated systems may be subdivided into two types,
those producing high enthalpy fluids greater than 200 calories/gram (360
Btu/1b), and those producing low enthalpy fluids less than 200 calories/gram.
Wells drilled into high enthalpy, liquid-dominated systems produce a mixture
of steam and water. The steam may be separated for turbine operation to pro-
duce electricity. Lower enthalpy fluids may be useful for direct heating
applications (Considine 1976).

4.5.1 Technical Characteristics

Fundamentally, a geothermal-electric plant uses geothermal heat to form a
vapor (either steam or a Tow boiling point organic material), which is used to
drive a turbine generator. Several different geothermal plant designs are
available, or have been proposed, as discussed below.

The two basic components of a geothermal electric plant are the well
field and the power plant. The well field includes production wells, piping
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for conveying fluid to the power plant, piping for returning fluid to the well
field for reinjection and the reinjection wells. The power plant includes the
turbine, switchyard, and heat rejection equipment. Other equipment, including
pumps, steam-flashing drums, and heat exchangers may be located either in the
well field or at the power plant, depending upon the type of system used.

Based on the economic tradeoff between the economics of scale inherent in
larger power plant sizes and the costs associated with collecting and return-
ing fluid to larger well fields, the optimal geothermal-electric plant size
has been determined to be approximately 50 MW. Geothermal resources having
greater potential would 1ikely be developed using multiple plants of 50-MW
capacity. Wellhead units of less than 1 MW capacity are also available.

Design Features

The specific type of plant that could be selected to develop Alaskan
geothermal resources will depend on the temperature, pressure, and quality of
the geothermal fluid. Five principal geothermal plant designs have or are
being developed: 1) dry steam, 2) flashed steam, 3) binary plants, 4) a
combination of flashed steam and binary fluids, and 5) hybrid plants. Dry
steam and flashed steam plants are currently commercially available. Binary
plants are in the early stages of commercial demonstration with availability
for commercial orders anticipated about 1986.(3) The hybrid plant type is
not yet commercially available.

In a dry steam plant, steam is brought to the surface via extraction
wells and piped directly through manifolds into turbines, which in turn drive
the generators. On exiting from the turbine, the steam is condensed in a

cooling tower or by direct contact with cooling water and is injected back
into the reservoir.

Flashed steam plants operate on steam flashed from depressurized hot
water brought to the surface. Utijlization efficiency can often be increased
by flashing at decreasingly lower pressures (multiple flashing) to obtain as

(a) Electric Power Research Institute. 1982 (Draft). 1981 Technical

Assessment Guide. Electric Power Research Institute, Palo Alto,
California.
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much steam as possible from a given volume of water. Once the steam is sepa-
rated from the water, it is supplied to turbines as in a dry steam plant. The
remaining water fraction and turbine condensate are both reinjected.

The development of flashed steam power plants is more technically demand-
ing for sites having liquid-dominated systems than for vapor-dominated sys-
tems. Development of liquid-dominated systems would require larger masses of
fluids to be produced to generate a given amount of electrical energy. In
addition, corrosion of well casing and piping may be severe, precipitation of
minerals from the brines may be considerable, and large pore pressure drops in
the reservoir rock may result in subsidence of ground surface.

Binary plants, as depicted in Figure 4.9, use secondary working fluids
such as freon, isobutane, or isopentane to drive turbines. Using a binary
cycle plant allows electricity to be generated with geothermal fluids that are
below the flashing temperature of water. Binary plants may also use geother-
mal fluids whose direct use would be undesirable because of corrosion or scal-
ing problems. In binary cycle plants, such as that at Raft River, Idaho, the
geothermal fluid is pumped from the production well through a heat exchanger,
where the secondary fluid is vaporized. The cooled, geothermal fluids are
reinjected into the reservoir. The vaporized, secondary working fluid is used
to drive turbogenerators and is condensed for reuse. Because the geothermal
fluid is reinjected, the reservoir pressure of the geothermal fluid is main-
tained and gas release is eliminated, thus reducing some scaling or corrosion
problems as well as eliminating the potential for major air pollution from
gases often encountered in geothermal reservoirs. In addition, scaling and
corrosion can be limited to the primary side of the heat exchanger, minimizing
replacement and repair requirements.

Binary cycle plants can also be used in conjunction with flashed steam
plants. In this arrangement, the water that remains after flashing is passed

through a binary cycle unit. Additional energy thus is extracted and the
resource is used more efficiently.

The hybrid plant type uses geothermal resources in conjunction with fos-
sil fuels, solar energy, or biomass for power generation. Hybrid plants would
supplement geothermal resources with auxiliary energy sources such as coal,
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biomass, or solar energy. One approach is to use geothermal energy to preheat
feed water for a boiler fired by the auxiliary fuel. In some cases, such as
with the use of biomass, the geothermal resource can also be used to dry the
organic fuel, which increases its burning efficiency. The hybrid plant can
use geothermal resources that are below the temperature required to produce
usable amounts of steam.

Present evidence indicates that the Alaskan geothermal resources are of
the hot dry rock type. Hot dry rock resources would be used by injecting a
working fluid, probably water, into the hot rock through injection wells. The
heated water would then be brought to the surface through production wells,
where it would be flashed to steam and used to drive turbogenerators. Hot dry
rock technology, however, is not yet demonstrated.

The Tow thermal conductivity of rock controls the rate of heat transfer
to the circulating fluid. Large surface areas are thus required for hot dry
rock geothermal development. Los Alamos Scientific Laboratory (LASL) is field
testing a rock-fracturing method based on conventional hydraulic fracturing.
When high-pressure water is pumped into a well drilled to a predetermined
depth, existing fractures are widened and new fractures are created through
rock displacement. The working fluid, generally water, is pumped into wells
that penetrate to the bottom of a hydraulically fractured zone. The fluid

passes through the fractures and into an extraction well, where the heated
working fluid is drawn.

Performance Characteristics

The appropriate measure of a geothermal plant's thermodynamic performance
is the "geothermal resource utilization efficiency." Well-designed, dry steam
geothermal power plants with condensing turbines operate with utilization
efficiencies between 50 and 60%. Plants receiving lower quality geothermal
fluid, i.e., lower temperature, will exhibit Tower efficiencies because a por-
tion of the geofluid has to be sacrificed to raise the energy of the remaining
portion to a usable level.

Steam in a geothermal electric generating plant is of moderate pressure
at only a few degrees of superheat. Due to the high specific volume of the
steam, the heat rate of the turbine is about 22,000 Btu/kWh. This rate is
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equivalent to a thermodynamic efficiency of 16%, requiring approximately twice
the heat rejection as a conventional fossil-fired unit of comparable rated
capacity.

The availability of a geothermal plant will vary widely, depending on
such factors as technology type, corrosive matter in the fluid, and mainte-
nance and source reliability. A geothermal plant in the Railbelt region is
estimated to be available approximately 65% of the time.

The Tlifetime of a geothermal power plant is forecast to be 30 years.
Well 1life varies widely but averages 15 years. Additional wells are developed
during the life of the plant to support continued plant operation.

4.5.2 Siting Requirements

Geothermal plants are always located at the site of the geothermal
resource. The four most important siting criteria used to evaluate geothermal
‘resources for application to electric power production are as follows:

1. fluid temperatures in excess of approximately 140°C (280°F)

2. heat sources at depths less than 10,000 ft, with a temperature
gradient at 25°F per 1,000 ft

3. good rock permeability to allow heat exchange fluid to flow readily
4. water recharge capability to maintain production.

Individual geothermal wells should have a capacity to supply 2 MW of
electricity.

The site must have access available for construction, operation, and
maintenance personnel, and a source of water available for condenser cooling
(and injection in the hot rock technology). The land area required for the
geothermal power plant will be similar to that required for an oil-fired unit;
however, the total land area will be vastly larger because of the diffuse
location of the wells. A 10-MW plant, excluding wells, can be situated on
approximately 5 acres of land. After exploratory wells are sunk to determine
the most productive locations (both for production and injection wells), the
plant would be located based on minimum cost of pipelines and other siting
factors. A network of piping would then be established to complete the
installation.
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4.5.3 Costs

Identified Railbelt geothermal resources that are potentially suitable
for electricity production are limited to the hot dry igneous type. Hot dry
rock technology would be required to exploit this resource. Estimated capital
and 0&M costs of hot dry rock geothermal development, including well field
development, are shown in Table 4.12 (DOE 1978 and DiPippo 1980). These costs
are highly speculative because of the current early stage of technical
development of hot dry rock technology.

TABLE 4.12. Estimated Costs for Hot Dry Rock Geothermal Developments(a)
— (1980 dollars)

Rated Capacity Capital 0&M Cost of Energy(b)
(MW) ($/kW) ($/kW/yr) (mills/kWh)
50 2550 175 57

(a) DOE 1978; DiPippo 1980.
(b) Levelized lifetime costs, assuming a 1990 first year of
commercial operation.

4.5.4 Environmental Considerations

A problem unique to geothermal steam cycles involves disposing of the
geothermal fluid. This fluid is generally saline, and therefore most geother-
mal plants in the United States practice reinjection into the geothermal
zone. If the geothermal zone is highly pressurized, however, not all of the
brine may be reinjected, and alternative treatment and disposal methods must
be considered. For geothermal fields located in the Chigmit Mountains, brine
disposal in Cook Inlet should not be too difficult. The interior fields,
however, could require extensive wastewater treatment facilities to properly
mitigate water-quality impacts to freshwater resources and to comply with
relevant water-quality regulations. Depending upon a specific field's water
characteristics, the costs associated with these treatment facilities could
preclude development.
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Geothermal water is often high in salts and trace metal concentrations
and is often caustic. The caustic nature of the solution often corrodes
pipes, which can add to the brine's toxicity. Current regulations require
reinjection of spent geothermal fluid; however, entry of these brine solutions
into the aquatic environment by discharge, accidental spills, or groundwater
seepage could cause acute and chronic water-quality degradation.

Geothermal plants have the highest water-per-megawatt use of any steam-
cycle plant (845 gpm/MW). A 50-MW plant would use 42,200 gpm for once-through
and 750 gpm for recirculating cooling water systems, respectively.

Atmospheric emissions from the development of geothermal resources will
consist primarily of CO2 and hydrogen sulfide (HZS)' Other emissions may
consist of ammonia, methane, boron, mercury, arsenic compounds, fine rock
particles, and radioactive elements. The nature and amount of these emissions
can vary considerably. This uncertainty can be removed only by test wells in
the proposed project area. Emissions are also a function of operational tech-
niques. If reinjection of geothermal fluids is used, emissions into the atmo-
sphere may be reduced to nearly zero. Alternatively, HZS emissions can be
controlled by oxidizing this compound to 502 and using conventional scrubber
technology on the product gases. Emissions may also be controlled in the
water stream by an "iron catalyst" system or a Stretford, sulfur recovery
unit. Efficiencies of these systems have ranged as high as 90% HZS removal.
At the Geysers generating area in California, HZS concentrations average
220 ppm by weight. The power plants emit about 3 1b/hr of HZS per megawatt of
generating capacity. Regulation of emissions of other toxic compounds can be
controlled by various techniques, as stipulated by the regulations governing
the specific hazardous air pollutants. Control of hazardous pollutants will

probably not preclude the development of geothermal resources in the Railbelt
region.

One of the major geothermal potential areas in the Railbelt is located in
the Wrangell Mountains near Glennallen. This area drains into the Copper
River, which is a major salmonid stream. The result of accidental discharge
of untreated geothermal fluids into this system may have significant impacts
on these fish and other aquatic organisms, depending on the size and location
of the release.
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Other large geothermal areas are in the Chigmit Mountains on the west
side of Cook Inlet. Much of this area is close to the marine environment. 1In
general, geothermal waters would have less detrimental effects on marine

organisms (because of their natural tolerance to high salt concentrations)
than on fresh water organisms.

Land requirements for the geothermal power plant, on a per-kW basis, are
low relative to biomass, coal, and nuclear plants and are comparable to those
for 0i1 and natural gas plants. The well field, however, would require a much
larger area. The primary impact resulting from geothermal plants on the ter-
restrial biota is habitat loss. The Chigmit Mountain area is remote and is
inhabited by populations of moose and black bear. The Wrangell Mountain area
is generally more accessible and includes populations of moose, Dall sheep,
caribou, and possibly mountain goats. However, geothermal lands are more
1ikely to be located in remote areas than other steam-cycle power plants.
Impacts will be greatest in remote areas since an extensive road network would
have to be built to service the well field. Roads would cause the direct
destruction of habitat and also would impose additional disturbances to wild-
life and vegetation because of increased human intrusion. Disturbances to

these areas could be extensive, depending on the land requirements of the
geothermal well field.

The major geothermal pollutants acting on the terrestrial environment are
HZS, toxic trace elements, and particulates. The impacts of these pollu-

tants can generally be minimized through installation of pollution control
devices.

4.5.5 Socioceconomic Considerations

The construction of a 50-MW, geothermal plant would require approximately
90 workers over a 7-year period. Although the construction work force would
be moderate in size, the remoteness of the geothermal resources would affect
the magnitude of the impacts. To develop the geothermal resources in the
Chigmit Mountains, the power plant components would be shipped by barge and
then hauled overland. Semipermanent construction camps would be required to
house the workers. Impacts to the coastal communities may therefore be con-
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fined to the disturbance caused from transporting equipment. An operational
work force of 30 will be required because of the technology's relatively high
maintenance requirements.

Impacts to communities from development of the Wrangell Mountain resource
could be expected to be more severe since Glennallen (pop. 360) is a large
enough community to attract workers and their families. The in-migration of
the work force to Glennallen would place a strain on community's infra-
structure. Haul roads would have to be built from the Glennallen-Gakona-
Gulkana area. Secondary impacts to the communities would result from the
transportation of equipment to the site.

Project capital expenditures are estimated to be 55% outside the region
and 45% within the Railbelt. The large investment in production and reinjec-
tion wells and equipment would be offset partially by the moderate-sized con-
struction work force and long construction period. Approximately 12% of 0&M
expend itures would be spent outside the region because of the high percentage
of expenditures on supplies.

4.5.6 Potential Application in the Railbelt Region

Only hot dry rock (hot igneous) and low-temperature, liquid-dominated
hydrothermal convection systems have been identified in or near the Railbelt
region (Figure 4.8). Hot dry rock geothermal resources with temperatures that
may be high enough to generate electricity have been discovered in the Wrangell
and Chigmit Mountains. The Wrangell system (Mt. Sanford, Mt. Drum, and Mt.
Wrange11), located approximately 200 miles from Anchorage, has subsurface
temperatures exceeding 1200°F. The Chigmit system (Mt. Spar, Black Peak,
Double Peak, Redoubt Volcano and Iliamna Volcano), to the west of Cook Inlet,
is isolated from the Tload centers by 200 miles of rugged terrain. Little is
known about the geothermal properties of either system.

The geothermal areas (with the exception of Mt. Spurr) of both the
Wrangel1l and Chigmit Mountains are located in lands designated as National
Parks (Figure 4.2). The federal Geothermal Steam Act prohibits leasing and
developing National Park lands. Development could be possible, however, if
townships within these areas are selected by a Native corporation under the
Alaskan Native Claims Settlement Act, and if the surface and subsurface
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estates are conveyed to private ownership. The Alaska National Interest Lands
Conservation Act of 1980 allows the granting of right-of-ways for pipelines,
transmission lines and other facilities across National Interest Lands for
access to resources surrounded by National Interest Lands.

Some low-temperature geothermal resources in the Fairbanks area are used
for heating swimming pools and for space heating. In southwest Alaska some
use is made of geothermal resources for heating greenhouses as well as for
space heating. A low-temperature hydrothermal resource in granite rock has
been identified in the Willow area. A deep exploration well was discovered to
have a bottom hole temperature of 170°F. Exploration data to date indicate
that while this resource may prove useful for low-temperature applications,

its relatively low temperature makes it an unlikely source for electric
generation.

Based on current knowledge of Railbelt geothermal resources, little near
or mid-term potential for geothermal-electric development is foreseen for the
Railbelt. Presently identified resources of sufficient temperature to support
electrical generation are of the hot dry rock type for which the technology
for development is yet in the experimental stage. Because of the widespread
presence of active igneous systems in the Railbelt region, further exploration
for geothermal resources suitable for electrical development appears to be
warranted. Some potential appears to be available for development of low-
temperature hydrothermal resources for direct applications. For example, for
the proposed state capital at Willow might be explored.
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4.6 PEAT-BASED STEAM-ELECTRIC GENERATION

Peat consists of partially decomposed plant matter and inorganic minerals
that, over time, have accumulated in a water-saturated environment. In
Northern Europe and the Soviet Union, peat has been extensively used as a fuel
resource. The Soviet Union has more than 6500 MW of peat-fired, electric
generation capacity in operation or under construction. The largest unit now
under construction is rated at 1000 MW (Tibbetts and Ismail 1980). In Ireland,
440 MW is produced from several peat-fired units ranging from 25 to 40 MW
(O'Donnel 1974). Peat provides some 399 MW of electric power and 600 MW
equivalent of district heating in Finland. Other countries, including Canada,
the United States, Sweden, and West Germany, have active peat-fuel research
programs.

Significant peat reserves are found in Europe and North America and
account for over 95% of the estimated worldwide resources. In the United
States peat lands are estimated to cover 52.6 million acres, making the United
States second only to the Soviet Union (200 million acres) in total peat-land
area (Punwani 1980). Almost 51% of the domestic peat resources are located in
Alaska. An estimated 27 million acres is outside the permafrost zones. Peat
within the permafrost zones is not included since overwhelming problems are
associated with its extraction.

Primarily because of the availability of other lower cost fuels, little
peat has been used in the United States as a fuel resource. Studies are
currently assessing the resource potential and fuel applicability of peat in
several areas of the country, including Maine, Michigan, Minnesota, North and
South Carolina, and Alaska. The potential Alaskan peat resource areas are
shown in Figure 4.10.

4.6.1 Technical Performance

Peat can be used to generate electricity either by burning it directly to
fire a steam-electric plant or by converting it to a gas and using the gas to
fire a combustion turbine unit. Boilers ranging from 20 to 300 MW of thermal
output and designed to handle peat are commercially available from European
manufacturers. Peat has traditionally been burned directly in steam-electric
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plants to generate electricity. Peat gasifiers, however, are currently in the
advanced research and development stage. Laboratory and process development
unit-scale gasifiers have been produced in the United States, Sweden, and
Finland. In the United States, Rockwell International and the Institute of
Gas Technology have been involved in gasifier and gasification system configu-
ration design and development (Punwani 1980).

Design Features

A diagram of various peat fuel utilization systems 1is presented in Fig-
ure 4.11. The two principal methods for extracting peat in quantity are sod-
peat harvesting and milled-peat harvesting. Both are dry harvesting methods
and require drainage of the bog prior to peat extraction. The steps of bog
preparation for such harvesting include clearing surface vegetation, dredging,
rerouting surface streams, and developing a network of ditches and waterways
to collect and to route the bog waters away from the harvest area. As the bog
dries, it can be leveled and cleared of debris. This preparation typically
takes several years.

Sod harvesting of peat, the oldest mechanical method of peat harvesting,
is used extensively in Ireland, Finland, and Germany. The peat is dredged or
excavated from the bog and compressed and cut into bricks or cylinders about
14 inches long. The bricks (sods) are left on the bog surface to dry. This
drying can limit the harvests to only two per season, as occurs in Ireland
(DOE 1979c). Sod harvesting is very labor intensive.

Milled harvesting is much more mechanized than sod harvesting. Once the
bog is dried, the surface is scraped to a depth of half an inch or less and
the scrapings are milled over a spiked drum. The shreds are then left on the
field to dry, possibly in ridges, if the weather and drainage warrant. After
about 2 to 3 days of drying, the peat is harvested either by vacuum harvesters
or by mechanical picking equipment. A problem with this method, however, is
the potential environmental pollution of suspended particle matter. This
material is defined as "criterion pollutant" by the Clean Air Act and could
1imit the viability of this harvesting method in the United States. Also,
milled harvesting creates a significant potential for bog fires, which can
burn out of control for several months.
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A harvesting procedure currently in the developmental stage is slurry
peat harvesting (a hydraulic or wet harvesting technique). Once the bog is
cleared, but not drained, a dredge or backhoe can be used to extract the peat
onto a moving screen. It is then washed by water jets to form a slurry of
water and peat. The slurry is pumped by pipes to a dewatering operation. The
success of this type of harvesting will depend on the development of the
dewatering operation and the environmental impacts. Further development of
hydraulic peat harvesting techniques is considered necessary before it is
commercially successful (DOE 1979c).

Peat-fired steam-electric power plants are physically similar to coal-
fired units. The primary components of a peat-fired plant are the fuel
receiving, storage and processing systems, the boiler, the turbine generator,
the stack gas cleanup equipment, and the condenser cooling system.

Although most components are similar to those used in coal facilities,
the unique properties of peat require certain modifications to several plant
systems. The high moisture content, low energy density, the content of
volatile matter, and general bulkiness of peat require larger fuel storage
areas and fuel handling systems and a furnace volume greater than that required
for a coal-fired plant producing the equivalent amount of electric power.

The peat received at power plants has a moisture content of no greater
than 60 to 65%. Natural peat is approximately 90% water. The currently used
harvesting methods, both milled and sod, rely on solar and convective drying
to produce a fuel at a moisture content of 30 to 55%. At 50% moisture con-
tent, Alaskan Railbelt peat samples have an average heating value of about
6500 Btu/pound (EKONO 1980). The actual combustion process requires a further

reduction, depending on the combustion process used, to 10 to 25% moisture
content.

Direct combustion of peat can be accomplished using pulverized firing,
grate firing, or fluidized combustion. Most pulverized-fired facilities today
use recirculated flue gases or hot air to dry the milled or sod peat prior to
feeding it into the boilers.
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To use peat in grate-fired boilers, however, the peat must be pressed
into suitable pellets or briquettes. Fluidized-bed combustion systems and
peat gasification units also generally require that peat be prepared to a
specific size and shape. Sod-harvested peat generally does not require
compaction. Milled peat (the primary method of peat harvesting today),
however, is regularly compacted for grate-fired operations in Northern Europe
and the Soviet Union. To be pressed into suitable briquettes the peat's
moisture content, density, and fiber content must be homogeneous. Preparation
involves blending, crushing, and screening prior to drying to about 10%
moisture content and final compaction. The dryer heat may be generated from
combustion of rejected fibers. Such prepared peat is estimated to have a
heating value of 10,000 Btu/pound (Rohrer 1979). A diagram of a peat-fired
boiler system is presented in Figure 4.12.

Another process, wet carbonization, has the advantage of overcoming the
time-consuming and uncertain air drying of peat on the bog. Wet carboniza-
tion, currently in the pilot plant stage, uses hydraulically harvested peat
fed into the plant as a peat slurry (Rohrer and Bertel 1980). The slurry
passes through pulping, screening, and preheater stages to a steam-heated
reactor. In the reactor, the peat is heated under pressure to produce some
carbon loss (carbonization) and dewatering of the peat. It is then filtered,
flash dried, and pelletized. For gasifier feed and other onsite applications,
the final thermal drying and/or pelletizing are often not necessary.

Peat gasification plants are currently being developed that wouid take
advantage of peat's inherent high chemical reactivity to produce a clean burn-
ing substitute gas to fire combustion-turbine power plants. Hydraulically
harvested peat would be sent in a peat slurry to the facility, where it would
pass through the wet carbonization dewatering process. The resulting peat
material would be fed into a gasifier. Different basic types of gasifiers
could be used, including entrained flow and fluidized bed gasifiers. By con-
trolling the gasification temperatures and pressures, the gaseous and liquid
product mix can be significantly varied. Peat gasification could yield Towor
med jum-Btu fuel gas, substitute natural gas, fuel liquids, and ammonia
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and sulfur by-products. Peat, typically higher in nitrogen and Tower in sul-
fur than coal, will yield relatively more ammonia and less sulfur by-products
than coal gasification under less severe operating conditions. Available data

on peat gasification currently are limited to laboratory-scale operations (DOE
1979¢c).

Downstream units, in addition to the combustion turbine or combined cycle
unit and gas fuel storage facility, would include equipment for heat recovery,
gas quench, acid gas removal, water gas shift, and methanation, depending on
the desired gasification products. A conceptual flow diagram of the peat
gasification system is shown in Figure 4.13.

Performance Characteristics

Peat, because of its inherent high moisture content, introduces thermal
inefficiencies into the combustion process. Efficiencies increase with the
size of the plant, as shown below (Tillman 1980):

Heat
Rated Capacity Rate
(megawatts) (Btu/kWh)
5 20,000
15 15,100
25 14,200
35 14,100
50 14,000

Condensing cycle plants of 100 MW or larger can achieve a 35% overall effi-
ciency rating (EKONO 1980). If the steam from the turbine exhaust can be used
for industrial processes or for district heating, the overall thermal effi-
ciency of the plant can be increased significantly.

Because peat-fired power plants are capital-intensive units, they gener-
ally are operated as baseload units. The achievable Toad factor of such
direct-fired peat units is similar to that of other biomass-fired plants
(about 80%). These high load factors are attained by proper design and main-
tenance. The reliability of a power plant is a function of the individual
reliability of numerous system components, including the fuel receiving,
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preparation and handling systems, the boiler, the steam turbine generator and
the associated steam equipment, and the pollution control equipment. Increas-
ing the complexity of any system tends to diminish the reliability. The
lifetime of peat-fired steam-electric generating plants is estimated to be

30 years.

4.6.2 Siting and Fuel Requirements

The siting of a peat-fired power plant depends on several factors, many
of which are location specific. General siting factors, however, include the
location of the fuel source, the condition of the fuel, transportation and
transmission line access, and cooling water availability (for steam-electric
generation facilities). Another siting consideration may be the Tocation of
potential cogeneration steam users.

Peat is a transportation-intensive material. Because of its high mois-
ture content and low energy density, the practical transportation of milled-
or sod-harvested peat is limited to about 50 miles by truck and 100 miles by
rail (EKONO 1980). Although similar limitations have been established for
peat slurry lines, rough indications of the cost can be seen in coal-slurry,
pipeline cost estimates. To avoid excessive transportation costs, peat-fired
units are generally being proposed for bog-side operation.
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Peat-fired power plants' fuel requirements are a function of the plants'
thermal conversion efficiency and plant scale. Representative fuel require-
ments for various sizes of peat-fired plants are presented below:

Rated Capacity Daily Requirements
(MW) @ 50% Moisture Content (tons)
5 260
15 600
25 960
35 1300
50 1900

Land requirements for peat-fired plants are similar to those of coal-
fired plants and are generally greater than those of other steam-cycle power
plants on an acres-per-MW basis. A 5-MW stand-alone plant could require about
10 acres, whereas a 40-MW plant is estimated to require 60 acres, largely due
to the ash disposal and the fuel storage areas (Tibbetts and Ismail 1980).

The 40-MW, peat-fired, steam-electric generation plant being examined for
New Brunswick, Canada, is anticipated to require 1400 tons of peat each day
(Ismail 1980).

4.6.3 Costs

The economies of scale for peat-fired electric power generation are
rather steep, as shown in Table 4.13. The information in this table was pro-
duced in a recent study of Alaskan peat utilization potential (EKONO 1980).

TABLE 4.13. Estimated Costs for Peat-Fired Steam-Electric
Power Plants (1980 dollars) (EKONO 1980)

0&M Cost of Energy(2)

Rated Capacity (MW) Capital (§/kW) ($/kW/yr) (mills/kWh)
1 2600 1000 246269
30 1166 204 80-96

(a) Levelized 1ifetime costs, assuming a 1990 first year of commercial
operation. The ranges reflect potential fuel costs (Appendix B).
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These cost estimates compare favorably with those made for the 40-MW,
peat-fired power plant scheduled to be built in New Brunswick (Ismail 1980).
Over its 30-year lifetime, the cost of power was estimated to be $0.05/kWh
(54.8 mills/kWh). This estimate, in constant 1979 dollars, was based on $1.90
levelized delivered cost of peat.

4.6.4 Environmental Considerations

The use of peat as an energy resource will have an impact on the quality
of the region's air, water, and land resources. The nature and degree of
these impacts will depend on the particular harvesting, fuel preparation and
energy conversion technologies selected.

The peat harvesting operation is one of the major potential sources of
airborne pollutants. The amount of fugitive dust produced during harvesting,
hand1ing, and storage depends on the harvesting techniques used. The milled-
peat method, in which the bog is drained and the peat is milled and ploughed
into ridges for air drying, generates the greatest amount of dust. This dust
also creates a serious explosion problem during storage and handling activi-
ties. Another difficulty is the prevention and control of bog fires. These
problems of dust, explosion potential, and bog fires are essentially elimi-
nated if the peat is harvested in its wet state by hydraulic means.

If the peat is used to fire a direct combustion boiler of greater than
about 5 MW, the required air-pollution control equipment will minimize the
emissions to their legal limits. The expected emissions from a peat facility
and the regulatory framework are presented in Appendix E. The impacts of air
poliutants on the terrestrial environment are presented in Appendix G.

The air emissions from peat gasification operations will be controlled by
air pollution equipment developed for coal gasification and oil refining
facilities to levels below those required by New Source Performance Standards.
Combustion-turbine operation using peat-based synthetic gas would produce
minimal air emissions.

Potentially significant impacts to the aquatic systems could result from
harvesting, processing, and/or the conversion process. Conventional harvest-
ing operations producing milled peat or sod peat remove only a small portion
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of the total peat deposit in one year and cut to a depth of about 5 to 8 inches
each year (DOE 1979c). Therefore, a large area must be cleared and drained to
provide an adequate volume of peat and a sufficient drying area. (Assuming a
heat rate of about 6700 Btu per pound, 7500 cubic feet of peat harvested per
acre per year and 22 pounds per cubic foot, a 30-MW plant would require, using
a mill harvesting operation, some 2300 acres of peat to be harvested annually.)
The draining of the bog can have significant impacts on the aquatic system.

The pH of the drainage water differs from normal surface water and the ditch-
ing of the bog could possibly have an impact on surrounding lakes, rivers, and
streams. Bog waters may also contain such chemicals as phosphorous and nitro-
gen compounds, which may contribute to the eutrophication of the receiving
waters. Heavy metals in the bog water may be introduced into the local water-
shed along with possible detrimental organic waste products such as polyphe-
nolic humic acids. These impacts are currently under investigation. Possible
mitigation requirements being considered include the separation of drained bog
waters from the local natural surface waters.

Hydraulic harvesting does not require bog drainage and as a result avoids
many of the problems associated with sodor milled-peat operations. After the
bog area to be harvested is cleared, all the peat is removed by backhoe or by
other mechanical systems. The methods for control of hydrology and water
quality in and around hydraulic, peat-harvesting operation will depend on the
specific harvesting plan that is used and the land reclamation option that is
selected. Potential water-quality control methods include buffer zones, pH
control operations and permeability control systems. The selection of one or
more methods strongly depends on the interactions among peat harvesting tech-
niques, local hydrology and water quality, and land reclamation options.
Proposed land reclamation of harvested bog areas has included agricultural
developments, forest plantations, and recreational water areas.

Condenser cooling water requirements for peat-fired power plants would be
similar to other steam-cycle plants (see Appendix I). The rate of water
required would be about 750 gallons per minute per megawatt (gpm/MW) passing
through the condensor. For a once-through cooling system, this translates to
18,250 gpm for a 25-MW facility. If a recirculating cooling system is
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employed, the makeup water requirements would be reduced to about 362 gpm.
Onsite water treatment facilities and the proper siting and design of intake
and discharge structures will contribute to reducing the aquatic impacts from
the power plants. Similar equipment, procedures, and proper siting will be
necessary to minimize the aquatic impacts of peat gasification units.
Proposed activities include onsite biochemical treatment of contaminated
water, and the concentration of inorganic salts into salt form for disposal.

4.6.5 Socioeconomic Considerations

To construct and to operate peat-fired power plants, relatively small
labor forces are required. For 15- to 30-MW plants, a construction force
of 65 would be required. An operating staff of up to about 25 could be neces-
sary for such size plants, depending on the specific peat processing and com-
bustion processes employed. A peat-gasification - combustion-turbine facility
of similar power output would require a slightly larger opérating force.
Construction periods for the power plants would range between 18 months to
3 years (excluding the licensing process) (EKONO 1980). If the plants are
developed and operated in association with the peat harvesting operations
("at bog-side"), the personnel requirements and construction period would be
increased. Therefore, for conventional harvesting, the operations staff could
double and between 3 to 6 years could be needed to prepare the bog. If

hydraulic harvesting is employed, the preparation time could be as Tlittle as
6 months. ‘

A preliminary assessment of peat resources in the Railbelt identified
bogs in the Matanuska-Susitna Valley as potential sources of fuel peat (EKONO
1980). Prime locations for bog-side plants include the Willow, Houston, and
Knik areas. The socioeconomic impacts of harvesting and plant operations may
be significant on Houston and Knik and to a lesser degree on Willow. These
impacts will increase as the size of the facility increases. Houston has a
population of 69, Knik has about 40 residents, and Willow has 38 people. The
influx of some 65 construction workers and their families for up to 3 years
and the permanent residence of between 15 and 50 operations staff families
(depending on plant size and harvesting operations) could put a severe strain
on the social and economic structure of these communities. These impacts may
be mitigated by limiting the scale of the plants.
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The breakdown of capital expenditures is expected to be 60% outside the
Railbelt and 40% within the region. Expenditures due to a large capital
investment will be offset by employment of an Alaskan labor force. Approxi-
mately 10% of O&M expenditures would be spent outside the region.

4.6.6 Potential Applications in the Railbelt Region

The Matanuska-Susitna Valley and Kenai Peninsula appear to have peat bogs
that could possibly be suitable for energy production (EKONO 1980). Six
sites, all located in the Susitna Valley, were selected for detailed consider-
ation. The selection was based on a consideration of a variety of factors,
including organic soils information, population centers and transportation
systems locations, vegetation and ecosystem distribution, surficial geology
data and ownership plats. These six bogs also met other criteria including
transportation distance to major users, bog area limits (greater than
80 acres), and continuity of the bog. The six areas examined were Mile 55
Kettles, 12 miles west of Wasilla and 2 miles south of the Parks Highway;
Nancy Lake West, bordering the west edge of the Parks Highway northwest of
Houston; Stephen Lake, 5 miles northwest of Knik; Nancy Lake East, same vicin-
ity as its western namesake; Miles 196 West, alongside the Parks Highway north
of Kashwitna; and Rogers Creek, located off the Parks highway, about 3 miles
north of Willow. Of these sites, Nancy Lake East appears to be one of the
more suitable, based on the preliminary resource study. If the entire bog,
with an estimated average depth of 7 feet, contained fuel-quality peat, it

would provide fuel for a 30-MW cogeneration plant for about 15 years (EKONO
1980).

The quality of the Alaskan peat resources is its limiting factor as an
energy resource. Using existing data, the EKONO study (1980) found that the
ash content seems to be the prevailing problem. Only 36% of the peat samples
analyzed for ash had less than a 25% ash content, the 1limit for peat fuel as
specified by the U.S. Department of Energy. Another problem is the lack of
continuous, high-quality peat resources.

Although the quantity of peat resources is not yet well defined, present
data are sufficient to indicate that Alaska has significant fuel peat
resources. Current resource information is not sufficient to allow a firm

4.78




estimate of potential power production from peat to be made. Further site-
specific investigations are necessary to identify suitable peat resources and
potential power plant sites. In addition, developmental work needs to be done
on several advanced technologies proposed for use in Alaska (including the
hydraulic-harvesting, wet carbonization system and the peat gasification
units). The time necessary to complete these resource assessment and technol-
ogy development activities will preclude this resource as a power generation
alternative for the Railbelt at this time. Depending on the results of these
activities, and the economic, environmental and socioeconomic factors associ-

ated with its use, peat could be a possible power generation resource in the
Railbelt in the next decade.
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5.0 CYCLING TECHNOLOGIES

The primary characteristic of cycling technologies is the capability to
adjust the output of generating units on an hourly or even more frequent basis
according to system demand. The cycling technologies would satisfy intermedi-
ate Toad and peaking service electrical requirements in the Railbelt region.

The lack of a regional grid system and the unique pattern of growth of
the Alaska Railbelt have resulted in technologies traditionally considered
cycling (certain combustion turbine and combined-cycle units) being used for
baseload service. This practice can be expected to change as the area grows,

as natural gas and oil prices increase, and as an interconnected transmission
system is developed.

Four currently available technologies and one emerging technology have

been identified as candidate cycling technologies for the Railbelt:

® combustion turbines

® combined cycle

e diesel electric

e conventional hydroelectric (intermediate and large scale)

o fuel cells.
The first four technologies are already in use in the Railbelt region. Fuel
cells represent an emerging technology and are undergoing a demonstration in
New York City. A comparison of selected characteristics of the cycling tech-
nologies considered in this study is provided in Table 5.1.
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TABLE 5.1. Comparison of Cycling Technologies on Selected Characteristics
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5.1 COMBUSTION TURBINES

Combustion turbines have been used for nearly two decades in the utility
industry, primarily to provide peaking and emergency power generation. Com-
bustion turbines are readily suited to cyclic duty operation, and they can be
brought on-line quickly from a cold start. Their simplicity makes them ideally

suited for operation in remote locations, and they can be operated unattended
if necessary.

The main disadvantages of combustion turbines are two-fold. They are
relatively inefficient compared to large, conventional, fossil fuel plants.
Secondly, the petroleum-based fuels, which they most readily use, are in short
supply. The relative inefficiency of these units can be overcome by incorpo-
ration of gas turbines into more efficient cycles (such as combined cycle,
cogeneration, or regenerative cycle) in which increased thermodynamic efficien-
cies stem from the use of rejected heat. The fuel availability problem may be
overcome by development of synthetic fuel production (Appendix K).

5.1.1 Technical Characteristics

A combustion turbine power plant essentially consists of a gas turbine
that drives a generator. Plant designs are highly standardized and available
in unit sizes ranging from 0.5 to 80 MW.

Design Features

The combustion turbine power plant uses a gas turbine engine as the prime
mover. This engine, which is similar to an aircraft jet engine, can burn
either liquid or gaseous fuel. The fuel is burned continuously in the pre-
sence of compressed air, and the hot exhaust is allowed to expand through a
gas power turbine. The power turbine drives the inlet air compressor and the
electric power generator, as shown in Figure 5.1.

Most of the energy entering a combustion turbine as fuel is lost in the
form of exhaust gas heat. Only minor mechanical Tosses are encountered in the
turbine/generator machinery itselif. Alternative cycles, including the regen-
erative cycles, the combined cycle and cogeneration cycles, have been devel-
oped, which use part of this exhaust gas heat to improve efficiency. The
combined cycle and cogeneration cycles are discussed in separate technology
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FIGURE 5.1. Simple-Cycle Combustion Turbine

profiles. In the regenerative cycle, combustion air leaving the compressor
section is channeled through an air-to-air heat exchanger located in the tur-
bine exhaust. The energy thus absorbed by the combustion air decreases the
requirement for fuel and thus increases the combustion turbine efficiency.
This cycle is used in several installations in the Railbelt. Other complex
cycles using interstage cooling and gas reheat have been proposed but are not
currently used in commercial power plants.

Combustion turbine power plants are not complex to build since most of

the equipment arrives at the site assembled, and installation requirements are
minimal.

Performance Characteristics

Combustion turbine power plants typically have been less efficient than
fossil-fired, steam-electric generating stations. However, recent advances in
combustion turbine technology, particularly improvements in blade metallurgy
and cooling and in combustor efficiency, have significantly increased combus-
tion turbine output and efficiency. Heat rates and conversion efficiencies of
combustion turbines are presented in Table 5.2 for different plant sizes.

5.5



TABLE 5.2. Heat Rates of Combustion Turbines

Rated
Capacity Heat Rate

(M) (Btu/kHh)

20 - 100 10,000 - 11,000 (LHv)(®)
0.5 - 20 12,000 - 14,000 (LHv)(2)

(a) Lower heating valuye. For natural gas the
LHV is 910 Btu/ft3 and the higher heat-
ing value is 1024 Btu/ft3.

Combustion turbines are reliable and are available to meet demand approx-
imately 88% of the time. Typical plant life is 20 years.

5.1.2 Siting and Fuel Requirements

The simple-cycle, combustion turbine power plant has fewer siting con-
straints than conventional fossil fuel or nuclear plants. Only limited space
is required, no cooling water is required, and no operating personnel are
necessary. The primary siting constraints relate to atmospheric emissions and
fuel supply.

The exhaust from combustion turbines typically contains SOX when resid-
ual fuels are used, as well as NOX. These constituents comprise the
pollutants of greatest regulatory concern. Carbon monoxide (CO), unburned
hydrocarbons, and particulate matter can also be present. The quantity of
each particular contaminant emitted is a function of the size of the machine,
the manufacturer, the type of fuel burned, and the extent to which emission
control techniques are used. The suitability of a particular site will depend
upon the degree to which these contaminants can be Contro11ed.

The technology also requires a location to which fuel can be easily
delivered. Combustion turbines need to be located adjacent to a distribution
pipeline or railroad to permit transportation of large volumes of fuel. A
plant with fuel storage would require a 6-acre site; without fuel storage, it
would require 3 acres.
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Future power plants using synthetic fuels derived from coal will have to
be located adjacent or close to the coal gasification plant if medium or low
Btu gas is used, since these fuels cannot economically be moved by pipeline
over long distances. If synthetic liquid fuels are used, the same fuel trans-
portation constraints that exist for liquid petroleum fuels would apply.

Combustion turbines can use a wide variety of natural and synthetic
liquid and gaseous fuels, ranging from heavy residual oils to medium Btu syn-
thesis gases. Combustion turbines operating in the Railbelt use natural gas
or distillate o0il. The performance of the turbine varies slightly with each
fuel, and whereas the basic design of the combustion turbine is the same
regardless of the fuel type, some modifications in design are required.

Natural gas is perhaps the best combustion turbine fuel for performance
and operating simplicity. Heat rates are generally better and exhaust emis-
sions, especially for sulfurous oxides and particulates, are almost nonexis-
tent. Less maintenance is required, since the combustion products of natural
gas are not nearly as corrosive as other 1liquid fuels. One drawback to using
natural gas is that it must be supplied at a moderate pressure, usually around
300 psig. If the supply pressure is not adequate, a gas compressor must be
used, which can offset the heat rate advantage of natural gas.

Distillate oil used in combined-cycle power plants is normally a light
distillate, Grade DF-2 or equal. Heavier grade distillates can be used if
appropriately treated. Distillate 0il can contain sulfur, fuel ash, and trace
metals not generally present in natural gas. Sulfur and fuel ash contribute
to exhaust emissions, and trace metals can cause corrosion, which will reduce
the life of the combustion turbine. However, the amount of contaminants in
distillate oil is generally much lower than in heavier liquid fuels. A mini-
mal amount of treatment equipment, if any, is required to make distillate oil
an acceptable fuel. Because Alaska crude oils are in the medium to heavy

category, a greater proportion of locally produced distillates would be in
the heavier range.

Combustion turbines can burn a variety of synthetic fuels, although little
operating experience with synthetics has been gained to date. Experience is
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lacking mainly because of the high cost and Timited availability of synthetic
fuels. However, certain synthetic fuels, notably gas synthesized from coal,
are approaching economic viability. Potential application of synthetic fuels
to Railbelt power facilities is described in Appendix K.

Methanol is a liquid synthetic fuel that may be derived not only from
coal but also from tar sands, oil shale, and biomass. It is suitable as a
combustion turbine fuel and requires only a minimum of modifications to exist-
ing hardware. Methanol produces fewer emissions than petroleum-based fuels.
It contains virtually no nitrogen and no sulfur. Further, since methanol has
a theoretical flame temperature approximately 300°F below that of distillate
0il, thermally produced NOX emissions are substantially reduced. CO emis-
sions are increased slightly, but are still comparable to distillate CO emis-
sions, especially when water injection is required to reduce NOX emissions
in distillate oil.

To use any of these fuels, a fuel transportation system must be provided.
Natural gas will not require storage as long as an adequate gas supply is
readily available through local distribution. Distillate oil is normally
stored on site, and the amount of storage is generally a function of the reli-
ability of the source of supply. Both storage and transportation of low Btu
synthesis gas are impractical, and thus the combustion turbine power plant
must be located adjacent to the gasification plant. Medium Btu synthesis gas
can be transported economically via pipeline to distances up to approximately
100 miles. This capacity removes the limitation of locating the combustion
turbines at the gasification plant, and several power plants may be served by
a single gasification plant. Like other liquid fuels, methanol may be stored
on site. However, it is somewhat more volatile than distillate oil and
requires special handling.

5.1.3 Costs

Combustion turbine power plants are generally regarded as having the low-
est capital cost per kilowatt of any current technology. The brief construc-
tion times, often 1 year or less, contribute to low construction costs.
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As with any other facility, some economy of scale is associated with a
combustion turbine power plant. Virtually all of the capital expenditures are
for package equipment. Unlike steam systems, field erection costs are minimal.
Estimated costs are presented in Table 5.3. 0&M costs vary significantly and
published costs can be misleading. Even with identical combustion turbines,
many operators report significantly different 0&M costs. One reason for this
difference is that maintenance costs are more directly associated with operat-
ing practices than with equipmeht. For example, cyclic duty is much more
demanding than continuous operation. Extended operation at peak load rating
and premature loading without a proper warm-up period can drastically reduce
machine 1life, as can improper fuel selection and inlet air contamination.
Also, maintenance practices differ significantly among utilities. Some utili-
ties rely heavily on preventative maintenance, whereas others only perform
necessary maintenance. In addition, the methods of recording 0&M costs are

not uniform, and differences in reported costs may result purely from account-
ing practices.

TABLE 5.3. Estimated Costs for Combustion Turbine Power Plants (1980 dollars)

Cost of Energy (mi]ls/kw)(a)

Rated Capacity Capital 0&M Cook Inlet North Stope Distillate
(M) ($/kW) ($/kM/yr) Natural Gas Natural Gas @ Fairbanks
50 720 40 60 (149) 146 (236) 127 (217)
70 560 40 58 (136) 144 (223) 125 (204)

(a) Levelized lifetime production costs, based on 1990 first year of commercial
operation. Costs shown external to parenthesis are based on baseload operation
(65% capacity factor). Costs enclosed in parenthesis are based on peaking
service (10% capacity factor)

5.1.4 Environmental Considerations

Combustion turbines do not require cooling or other process feedwater for
their efficient operation. Small quantities of water will be required for
domestic use, equipment cleaning, and other miscellaneous uses. If standard

engineering practice is followed, water resource effects should be insignifi-
cant.
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Combustion turbine generators are comparatively inoffensive sources of
air pollution when compared to alternative combustion technologies. This
comparison is provided in Appendix E along with a discussion of the regulatory
framework and various siting considerations. Sulfur emissons can be controlled
by using Tow-sulfur oils or natural gas. Emissions of NOX can be controlled
by using water or steam injection. These emissions will not preclude the
siting of combustion turbines anywhere in the Railbelt region, except that
their operation within the Fairbanks or Anchorage nonattainment areas may be
difficult to justify. Optimum siting would have to consider nonattainment
areas and Class 1 PSD proximity to natural gas pipelines, barge terminals,
railroads, or other sources of fuel and load centers.

Because cooling water is not required for combustion turbines, aquatic
biota would not be impacted. The only potential impacts would be from con-
struction runoff (refer to Appendix F). Proper construction techniques would
eliminate the potential for impacts on the aquatic environment.

Land losses and human disturbance resulting from combustion turbine power
plants represent the most significant impacts on the terrestrial biota. Land
losses, however, will generally be small (6 acres for 140-MW plant including
fuel storage). These losses will be increased if fuels requiring storage and
waste disposal facilities are used. The overall land requirements for combus-
tion turbine plants are usually much smaller than those for combined-cycle,
steam-electric, or other conventional power plants.

In addition to land losses, combustion turbine power plants fueled by
fossil or synfuels release gaseous and particulate matter that could affect
the terrestrial biota. 302 and certain trace elements from distillate fuel
use could be the most ecologically offensive pollutants. The impact of toxic
air emissions as well as habitat loss and human disturbance on soils, vegeta-
tion, and wildlife is described in Appendix G. These impacts could be mini-
mized by siting plants away from sensitive ecological communities and by
installing effective pollutant control devices.
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5.1.5 Socijoeconomic Considerations

Due to the relatively small work force and acreage requirements for
combustion turbine development, socioeconomic impacts can be expected to vary
more with location than with plant scale. The absence of major siting con-
straints allows flexibility in locating a combustion turbine facility. Thirty
construction workers will be required for a 70-MW plant for a period of
9 months, and 12 workers will be needed to operate the plants. To minimize
impacts, combustion turbines should not be sited in very small towns, although

installing a construction workcamp would lessen the demand for housing and
public services.

A combustion turbine is a capital-intensive facility. Approximately 20%
of the project capital expenditures would be invested within the Railbelt,
whereas 80% would likely be spent outside the region. Approximately 19% of
operating expenditures would be spent outside Alaska because of the large
allocation of costs for outside maintenance.

5.1.6 Potential Application in Rajlbelt Region

Combustion turbine power plants currently operating in the Railbelt vary
from 3 to 80 Md, with the newer being the large-frame industrial machines in
the 60 to 80 MW range. They have been used in the Alaskan Railbelt since the
early 1960s and currently furnish approximately 64% of the total capacity in
the region. The main reasons for their wide use in the Railbelt have been
their low capital costs, short construction lead time, relatively small unit

size (suitable for small utility systems), and the availability of inexpensive
gas and distillate fuels.

A significant amount of additional combustion turbine capacity is not
expected to be installed in the Railbelt in the future. The prospect of
future cost increases in natural gas in the Cook Inlet area will require more
efficient units of natural gas to be used as an electrical generation fuel.
The need for more efficient units is likely to be met by natural gas combined-
cycle plants, described in the following section. Combined-cycle plants have
much greater efficiency than combustion turbine units and provide similar
operating flexibility.
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In the Fairbanks area, substantial surplus combustion turbine capacity is
in place, making any need for additional units unlikely. When the Anchorage-
Fairbanks intertie is complete, low-cost energy most likely will be imported
from base-loaded Cook Inlet natural gas combined-cycle plants. Operation of
the existing Fairbanks combustion turbines then would be limited to reserve
and peaking purposes. New combustion turbine units most likely would not be
needed. If inexpensive North Slope natural gas were delivered to Fairbanks,
new gas-fired plants probably would be combined cycle or possibly fuel cells,
if the Tatter technology becomes commercial.

Possible future applications of combustion turbines in the Railbelt could
include 1) installations to meet unexpected load growth, 2) installations to
serve isolated loads and 3) black start reserve units. The short lead time
required for combustion turbine installation and their low capital cost makes
these units ideal for meeting unexpected demand for new capacity. Several
qualities of combustion turbines make them attractive for serving small iso-
lated loads. These qualities include the availability of units of modest
rated capacity and low capital cost, the capability of burning readily trans-
portable liquid fuels, simplicity of operation, and load-following capacity.
Combustion turbines can be started and brought on-line quickly. This capabil-
ity together with Tow capital cost makes these units valuable for reserve
service.

Future application of this technology is presently restricted by the Fuel

Use Act, which restricts petroleum fuel and natural gas use. The Fuels Use
Act generally limits use of petroleum or natural gas for electricity genera-
tion to peaking units operating 1500 hours per year or less. After 1990 the
use of natural gas is prohibited. However, combustion turbine power plants
that are integrated with a coal conversion plant or fueled by a product such
as low or medium Btu gas, methanol or distillate oil from such a plant could
be used. Some exemptions from the provisions of the Fuel Use Act are avail-
able, including units used for cogeneration. Further discussion of the pro-
vision of the Act is provided in Appendix N.
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5.2 COMBINED-CYCLE POWER PLANTS

The combined-cycle power plant relies on two proven technologies, the
combustion turbine and conventional, steam-cycle power generation. Combined-
cycle plants are efficient and reliable generating resources that have been in
commercial operation over a decade. These plants are capable of closely fol-

lowing growth in demand since generating capacity can be added in relatively
small increments.

5.2.1 Technical Characteristics

The combined-cycle power plant is so named because two different thermo-
dynamic cycles are used simultaneously to produce electricity. (This differs
from cogeneration, which produces two forms of energy, electricity and process
heat.) A combustion turbine combined-cycle plant consists of a conventional,
combustion turbogenerator, as described in the combustion turbine profile

(Section 5.1) with an exhaust heat recovery boiler supplying a steam turbo-
generator.

The minimum economical size of a large-frame, combustion turbine, com-
bined-cycle plant is 90 Md. This is slightly larger than a large combustion
turbine plant (60 to 80 MW). Plant sizes up to about 250 MW are available.

Design Features

The heat recovery boiler of a combined-cycle plant uses the thermal energy
in the combustion turbine exhaust to produce superheated steam, which is then
used in the steam turbine to generate additional electricity. By recovering
energy that would otherwise be wasted, the combined cycle substantially
improves the efficiency of a simple-cycle, combustion turbine plant. The

process of generating electricity in a combined-cycle plant is depicted in
Figure 5.2.

The early combined-cycle plants resulted from "repowering" existing steam-
electric generating facilities. Combustion turbines with heat recovery boilers
were retrofitted to provide steam for existing steam turbine generators. When
fuel prices increased drastically during the mid 1970s, several utilities
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FIGURE 5.2. Combined-Cycle Power Plant

retrofitted simple-cycle, combustion turbine plan

ts to combined-cycle opera-

tion, thus increasing generating capacity and markedly improving efficiency.

Converting a simple-cycle, combustion turbine plant to combined cyc]e
normally does not restrict the use of the facility as a simple-cycle plant.
Combustion turbine exhaust dampers allow the heat recovery boiler to be

bypassed entirely (Figure 5.2). The steam cycle
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necessary after the combustion turbines are on-line. Further, only one steam
turbine is normally furnished for several combustion turbine, heat-recovery
boilers. This steam turbine can operate at partial load if any of the combus-
tion turbines are out of service. This capability allows a combined-cycle
plant considerable flexibility in electrical output. Additional operating
flexibility can be provided by exhaust duct firing whereby the waste heat
boiler can be separately fired without operation of the combustion turbines.

Combined-cycle power plants can be erected more rapidly than conventional,
large power plants of equivalent capacity. Two to 4 years is a typical con-
struction time for a new plant. They are usually constructed in phases, with
the combustion turbine portion erected first. This process allows the combus-
tion turbines to generate power while the balance of the plant is still under
construction. Combined-cycle plants therefore traditionally have been used
where generation is needed to fill critical shortages.

Performance Characteristics

Combined-cycle plants are considerably more efficient than simple-cycle,
combustion turbine plants, since turbine exhaust heat is converted into useful
electrical energy. Average annual heat rates are provided in Table 5.4. Com-
pared to other conventional fossil generation technologies of comparable capa-

city, a combined-cycle plant would use less fuel and would reject less heat to
the environment.

TABLE 5.4. Heat Rates of Combined-Cycle Plants (EPRI 1979a)

Rated Heat
Capacity Rate

Fuel (MW) (Btu/kWh)
Distillate 250 8600
Residual 250 8685

Combined-cycle plants are generally used for intermediate duty applica-
tions (2,000 to 4,000 hr/yr), but they are efficient enough for baseload oper-
ation. For example, the AML&P Anchorage 2 Plant is operated as a baseload
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plant. Since the combustion turbines can be operated independently of the
steam cycle, combined-cycle plants can also meet peaking duty requirements.

The reliability of combined cycle compares favorably with other combustion
technologies. On the average, combined-cycle power plants are available 85%
of the time, compared to 78% for nuclear steam electric and 92% for natural-
gas-fired steam electric. The response time to changes in load is very good,
making a combined cycle useful for load-following applications. Typical plant
life is 30 years (EPRI 1979a).

5.2.2 Siting and Fuel Requirements

Like the simple-cycle, combustion turbine plant, a combined-cycle plant
has siting constraints related to air emissions (see Section 5.1). In addi-
tion, the combined-cycle plant has further constraints imposed by the steam
cycle, which requires water for condenser cooling and boiler makeup. However,
because the combustion turbine portion of the total combined-cycle plant
(approximately two thirds) requires essentially no cooling water, water

requirements are much less than a similar sized, conventional steam-electric
plant.

Fuel storage and handling requirements for combined-cycle plants are the
same as those described in Section 5.1 for combustion turbines. A pipeline
source of gas is required for natural gas units. Distillate-fired units
require a pipeline or rail supply of fuel. Natural gas, distillates, and
synthetic fuels may be used. A typical 200-MW, combined-cycle plant composed
of two combustion turbines and one steam turbine would require 12 acres with
fuel storage and 6 acres without fuel storage. These estimates do not include
buffer areas, which may be required for noise suppression.

5.2.3 Costs

Capital costs in 1980 dollars for combined-cycle plants are obviously
higher than those for simple-cycle plants, but are still substantially less
than other fossil fuel or nuclear facilities. Typical costs for a combined-
cycle plant are presented in Table 5.5. Estimated capital costs of retrofit-
ting a steam turbine/generator and heat recovery boilers to convert a simple-
cycle combustion turbine into a combined cycle are also shown in the table.
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TABLE 5.5. Estimated Costs for Combined-Cycle Facility (1980 dollars)
Cost of Energy (mills/kW)

Rated Capacity Capital 0&M Cook Inlet North Slope Distillate
{(MW) ($/kHW) ($/kW/yr) Natural Gas Natural Gas @ Fairbanks

90 (New Plant) 1000 35 50 111 96

200 {(New Plant) 920 35 49 110 96

90 (Retrofit) 240 35 39 99 85

200 (Retrofit) 320 35 40 100 86

{a) Levelized lifetime production costs, based on 1990 first year of commercial
operation. 65% capacity factor is assumed.

Capital expenditures for combined-cycle plants are largely for equipment,
although some field erection is required, particularly for Targer waste heat
boilers and associated steam-cycle equipment. Combined-cycle plants require
less labor for construction than do steam-electric plants.

0&M costs for combined-cycle plants are fairly constant over a large
range of plant sizes. O0&M costs for combined-cycle plants seem to suffer the
same recording and reporting disparities as simple-cycle combustion turbines.
Reported O&M costs vary considerably as a result of different operating and
maintenance practices as well as accounting practices. Reported 0&M costs for
combined-cycle plants are generally about 1 mill/kWh less than those for
simple-cycle, combustion turbine plants. This difference may result because
the baseload operation typical of combined-cycle plants is less demanding of
machine Tife than is the cyclic duty typical of combustion turbines.

5.2.4 Environmental Considerations

Water resource impacts associated with the construction and operation of
combined-cycle power plants are generally mitigated through appropriate plant
siting criteria and a water and wastewater management program (refer to Appen-
dix D). A favorable attribute of combined-cycle power plants is that, on a
per-megawatt basis, these facilities require much less water for cooling than
any other conventional steam-cycle systems. They also produce little solid
waste and therefore minimize disposal and wastewater treatment requirements.
Significant, or difficult to mitigate, water resource impacts should not pose
restrictive constraints on the development of combined-cycle plants.
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Air-quality impacts of combined-cycle plants are similar to those of com-
bustion turbines (see Appendix E). No, emissions can be controlled through
water or steam injection techniques. SO2 emissions are negligible with natu-
ral gas fuel, but for distillate fuels SO2 emissions can be reduced by using
Tow sulfur oils. Water vapor is discharged from the waste heat rejection
system of the boiler unit. The formation of plumes can be eliminated by using
a wet or wet/dry cooling tower system (Appendix I). No offsite meteorological
effects of system operation will be detectable.

Potentially significant water withdrawal and effluent discharge impacts
that are common to all steam-cycle plants would be the lowest on a per-megawatt
basis for combined-cycle plants. A typical water-use rate of these facilities
is 150 gpm/MW or 3 gpm/MW for once-through or recirculating cooling water sys-
tems, respectively.

The greatest impact resulting from combined-cycle power plants on the
terrestrial biota is the loss of habitat. The amount of land required is
generally small (6 acres for a 200-MW plant) but can be larger (12 acres) if
plants are fueled by distillate oil or certain types of synfuels that require
onsite fuel storage. Distillate-fired plants may also require land for ash
and scrubber sludge disposal. Combined-cycle plants generally have greater

land demands than simple-cycle plants because of the need for condenser waste
heat rejection systems.

In addition to direct habitat loss, combined-cycle plants can affect ter-
restrial biota through gaseous and particulate emissions. SO2 and emissions
from certain trace elements probably have the highest potential for terrestrial
impacts. This potential, however, highly depends on the fuel type. Distillate
oil-fired plants produce the highest levels of SO2 emissions, whereas natural
gas-fired plants produce almost none. The specific impacts of these emissions
and those of Tand loss and human disturbance on the terrestrial biota are
described in Appendix G. The impacts on soils, vegetation, and wildlife can

be minimized by siting plants away from sensitive ecological areas and by
installing adequate pollution control devices.
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5.2.5 Socioeconomic Considerations

Construction of a 200-MW combined-cycle plant will require approximately
45 persons for a period of 2 to 4 years. The operating and maintenance force
would consist of approximately 15 persons. Since the construction work force
is relatively small, impacts should vary more with site location than with
plant capacity. Severe construction-related impacts would likely only occur
in very small communities where the infrastructure is insufficient to meet new
demands. These impacts can be lessened by siting a combined-cycle plant in a
cpnmunity with a population greater than 500.

Since combined cycle is a capital-intensive technology, the largest
portion of expenditures outside the region would be attributed to equipment.
Approximately 70% of the project's capital expenditures would be spent outside
Alaska, whereas 30% would be spent within the Railbelt. Approximately 16% of
0&M expenditures would be spent outside the region. Fuel (natural gas or
distillate) would likely be purchased in state.

5.2.6 Potential Application in the Railbelt Region

Widespread use of combined-cycie technology is relatively recent, dating
from the mid 60s. One plant, the 139-MW AML&P Anchorage 2 unit, is currently
operating in the Railbelt, and conversion of Chugach Electric Beluga Units 6
and 7 to combined-cycle operation is underway.

Further application of natural gas combined-cycle units in the Railbelt
appear to be promising if Cook Inlet natural gas prices continue to remain at
their relatively Tow levels and if exemption to Fuel Use Act prohibition could
be obtained. The high efficiency and relatively low capital cost of combus-
tion turbine combined-cycle units would result in continued supply of low-cost
electricity. These units' operational flexibility, which allows them to be
operated in either baseload or load-following capacity, also adds to their
desirability in a relatively small utility system. The high efficiency of
these plants would also extend natural gas supplies as far as is possible with
currently available fossil-fuel technology. Questions remain, however, as to
the long-term availability of natural gas in the Cook Inlet region.
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Construction of new, natural-gas-fired, combined-cycle plants may be
severely curtailed because of the provisions of the Powerplant and Industrial
Fuel Use Act (PIFUA) of 1978 (10 CFR 500). The PIFUA prohibits petroleum or
natural gas use as a primary energy source in new base-loaded electric power
plants. Exemptions are available, for example, for plants incorporating pro-
visions for cogeneration. Additional discussion of the provisions of the
Fuels Use Act is provided in Appendix N.

An alternative application of combined-cycle technology in the Railbelt
is conversion of existing combustion turbine units to combined-cycle configura-
tion. The conversion, which would likely be feasible for newer and larger
combustion turbine units only, would extend fuel supplies and allow economic
operation of the retrofitted plans as baseload units. Conversion candidates
are found in both the Fairbanks and Anchorage areas.

In the longer term, a promising application of combined-cycle technology
may be in integrated, coal gasifier combined-cycle plants. Coal gasification
technology, currently in the the developmental stage (Appendix I) may be used
to supply a Tow or medium Btu synthetic fuel gas that can be used to fire com-
bined-cycle plants. Physical integration of the gasifier and combined-cycle
plant reduces waste heat loss and increases overall plant efficiency. If coal
costs were low, such a plant appears capable of economically competing with
conventional, pulverized, coal-fired powerplants. Recent research (Fluor
Engineers and Constructors, Inc. 1980) indicates that gasifier-combined-cycle
units might be operated in load-following duty, an advantageous feature not
possessed by conventional coal-fired powerplants. Coal-gasifier, combined-
cycle plants would not be subject to provision of the PIFUA.
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5.3 DIESEL GENERATION

Diesel generation accounts for approximately 5% of the Railbelt's elec-
tric generating capacity. Approximately 36 MW of utility capacity exists,
whereas institutional (e.g., military) power generators operate approximately
17 MW. These units are used as "black start" units (units that can be started
with batteries, compressed air or gasoline engines when a power outage occurs),
peaking units, and standby units. Diesel generators also are used as load-

following (cycling) units in remote locations and in small communities in the
Railbelt.

5.3.1 Technical Characteristics

A diése] generating plant consists of a diesel cycle, internal combustion
engine driving a standard electricity generator. Diesel installations in the
Railbelt region range in size from 1.5 to 7.2 MW, although a much larger range
of unit sizes is available. Stationary diesel generator sets have been built
in capacities ranging from 30 kW to 15 MW. Units ranging in size up to 20 MW,
using slow-speed, two-stroke diesels, are under construction.

Design Features

The diesel engine was invented to simulate the idealized Carnot thermo-
dynamic cycle. In the diesel cycle, air is admitted and compressed with fuel
until ignition occurs. During combustion additional fuel is added to the
cylinder to maintain constant pressure. Expansion of the combustion products
performs the work (i.e., drives the generator).

The diesel cycle varies from the Otto (spark ignition) cycle in that the
compression of air provides sufficient heat for fuel ignition. Compression
ratios typically range from 12:1 to 15:1 and can reach 20:1, contrasted with
spark ignition ratios ranging from 6:1 to 10:1. These higher compression
ratios contribute to the relatively high thermal efficiencies of diesel units.

Performance Characteristics

The fuel consumption of diesels is largely a function of thermal effi-
ciency. Typical heat rates of relatively modern diesels in the Railbelt region
are about 10,500 Btu/kWh (a thermal efficiency of 33%). Very large, slow-speed
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units have achieved heat rates of 8,500 to 9,700 Btu/kWh, with efficiencies

ranging from 35 to 40%. Very small units may have heat rates that approach
11,400 Btu/kWh.

In contrast to combustion turbines, diesel power has the advantage of
being able to efficiently operate at less than full load. Fuel consumption

rates for a Caterpillar 900-kW generator demonstrate this characteristic
(Table 5.6).

TABLE 5.6. Fuel Consumption Rates and Equivalent Heat Rates
for a Diesel Generator Operating at Various Loads

‘ Fuel Consumption Heat Rat%a
Kilowatts (gallons/hr) (Btu/kWh)
900 70 11,100
800 60 10,700
700 52 10,600
600 45 10,700
500 39 11,200
400 32 11,400

(a) Assuming a heating value of 19,000 Btu/1b;
specific gravity of 0.9.

Diesel units are reliable. Experience in the Railbelt area indicates a
forced outage rate of only 10%. Life spans of 20 years are common, with Tlife
spans reaching 30 years for well-maintained units. Units in remote locations
may have a much shorter life because of poor maintenance.

Diesel units are able to quickly respond to startup and shut down. These
units are used in the Railbelt and elsewhere as black start emergency units.
Diesels can also be used to augment fuel-saver technologies, such as wind or

tidal power when natural conditions preclude power generation from the fuel-
saver technologies.
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5.3.2 Siting and Fuel Requirements

Diesels are well suited for generation throughout the Railbelt region.
The small, high-speed units are compact, usually are prefabricated, and require
little site preparation. An 850-kW machine, for example, is approximately
15 x 5 x 7 ft high and weighs 12 tons. Mediumand low-speed units are larger,
usually are site erected, and require more foundation work. Diesel units
require a noise-suppressing, weatherproof structure plus fuel storage facili-
ties. Sites for even the largest units seldom exceed 2 to 5 acres, and many
sites in remote Alaska villages are 1 acre or less.

Siting requirements are few. Closed cooling systems are generally
empioyed; thus, a constant supply of cooling water is not required. Units may
be remote controlied, allowing unattended operation. The principal site con-
straints for diesel units include access to fuel supply and site accessibility
via barge, rail, or truck for delivery of the unit. Air shipment of units has
been used in remote locations such as communities in the Alaska's interior.

Auxiliary systems associated with diesel units are minimal. Fuel storage
is required, particularly in remote locations where fuel deliveries may be
yearly. Waste heat boilers may be attached for cogeneration (see Section 7.1).
The small size of diesel units and the relatively clean fuels consumed gener-
ally eliminate the need for extensive pollution control systems, although sound
suppression systems are required.

Diesel units can be fueled by a variety of liquid and gaseous hydro-
carbons. Available data show that Alaska diesel units are fueled by distil-
late oils, although other fuels such as natural gas have been used. Synthetic
fuels, such as low and medium Btu gas from coal and biomass conversion and
methanol, also have been proposed for diesel units.

5.3.3 Costs
Diesel power is typically expensive. Most of the capital cost expendi-
ture is for the equipment, which 1is purchased outside Alaska, and the trans-

portation of that equipment to Alaska. Only small erection expenditures are
necessary. For smaller, high-speed units traditionally used in Alaska,
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operating costs are largely incurred for purchase of fuels and lubricants.
Remote control of several systems by a single operator is possible in multiple
unit systems. Replacement of parts in remote villages is costly because of
transportation expenses for parts and possibly labor derived from Anchorage or
outside Alaska. In remote areas, consumers may play a role in diesel mainte-
nance and have a direct role in the decision to supply electricity.

Estimated capital, 0&M, and levelized costs of power for diesel plants of
various capacities are provided in Table 5.7.

TABLE 5.7. Estimated Costs for Diesel Electric Generation (1980 dollars)

Rated Capital 0&M Levelized Cost (a)
Capacity (MA)  ($/kW) ($/kW/yr)  of Energy (mills/kWh)
3 850 55 105 (205)
6-9 800 45 103 (191)
12 700 35 100 (173)

(a) Levelized lifetime production costs based on 1990 first year of com-
mercial operation. Costs external to parentheses are for baseload
operation (65% capacity factor). Costs in parentheses are for
peaking service (10% capacity factor). Fuel is distillate at
Fairbanks.

5.3.4 Environmental Considerations

Diesel electric generating systems do not require cooling water or con-
tinuous process feedwater for operation. Also, they require extremely small
tracts of land for all plant facilities. Impacts to the water resources and

to aquatic and marine ecosystems from both construction and operation of these
plants will be insignificant.

Air-quality emissions from diesel engines will be confined mainly to CO
and particulates. High sulfur residual fuels are generally not used in these
engines. CO emissions can be controlled by using catalytic converters, and
particulate emissions can be controlled by optimizing engine operation. In
the Railbelt, these facilities may be sited almost anywhere, with the possible
exception of CO nonattainment areas (Anchorage and Fairbanks).
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Impacts on the terrestrial biota from diesel systems should be minimal.
Land requirements are small (less than 5 acres) and air pollution potential is
Tow. Access road requirements would also be minimal since plants would be
sited in or adjacent to developed areas. Possible impacts due to noise and
fuel storage can generally be resolved through noise-suppression devices and
the avoidance of important wildlife habitat.

5.3.5 Socioeconomic Considerations

The impacts of siting diesel generators in the Railbelt are expected to
be minimal due to the inherent limitation of plant scale (0.05 to 20 MW) and
the absence of major siting constraints. A large diesel generator would
require a small construction crew of 5 to 25 workers for 1 month to 1 year,
depending upon unit size. One or two people on a part-time basis could ful-
fi1l the 0&M requirements. The work force could be composed primarily of
residents, making diesel power compatible with very small, small, and inter-
mediate-sized communities.

Since diesel electric generation is capital intensive, a large portion of
the capital funds would be sent outside Alaska. Approximately 80% of the
capital investment of the project would be made outside of the Railbelt,
whereas 20% would be spent inside the region. Because of the small outside
maintenance requirements, 92% of 0&M expenditures are expected to remain
within the region. Fuel most 1ikely would be purchased from within the region.

5.3.6 Potential Application in the Railbelt Region

Because small increments of capacity are available and because diesel
generators can be installed quickly, they can be used to provide baseload
capacity or reserve capacity for small communities in the Railbelt region.
Their efficiency, particularly at partial loads, plus their reliability, make
them particularly suited to the remote villages. Cost of operation is the

limiting factor because of their dependence on high-priced, refined petroleum
products.

The most likely future use of diesel electric units within the Railbelt
area that is served by the larger interconnected utilities would be for black
start reserve units.
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5.4 INTERMEDIATE- AND LARGE-SCALE HYDROELECTRIC PLANTS

Hydroelectric plants convert the energy of flowing water to electric
power. Generation of electricity from falling water is a mature technology
and the economics are well established. The viability of hydroelectric
developments depends on streamflow and site characteristics, project design,
proximity to load center, ability to meet estimated electrical demand, and
environmental and socioeconomic impacts.

The first hydroelectric plant in the United States was put into operation
at Appleton, Wisconsin, in 1882, a few days after the first thermal electric
plant began operation. Prior to 1919, development of hydroelectric plants was
slow because transmission of electricity over great distances was inefficient.
As transmission efficiencies were improved, hydroelectric developments pro-
gressed rapidly. For decades in many regions of the United States, thermal
plants served primarily as standby units in case of equipment failure or as
supplements to hydroelectric units during peak demand hours. Because the
growth in electric power demand has outstripped the supply of suitable hydro-
electric sites in the Lower 48, the more recent trend has been toward the use

of thermal power to carry baseload, with hydropower supplementing thermal
generation for peak loads.

Of the 610 GW of installed capacity for the United States (DOE 1979a),
about 11.5% (70.4 GW) 1is hydroelectric capacity. About 80% of the peak load
demand for the Pacific Northwest is provided by hydropower (Pacific Northwest
River Basins Commission 1980). In comparison, only 13% of all electric energy
consumed in the Railbelt is from hydroelectric resources.

5.4.1 Technical Characteristics

Two basic types of hydroelectric plants exist: conventional and low
head. By definition, conventional plants have heads greater than 20 meters
(66 ft), and low-head plants have heads less than or equal to 20 meters.
Low-head plants are usually small and have become more economically feasible
as energy prices have risen. Very few economical low-head sites have been

jdentified in Alaska. However, many conventional and small, high-head sites
exist.
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Intermediate and large-scale hydroelectric projects are defined as sites
having an installed capacity greater than 15 Md. Significant differences in
operational capability are also inherent in this distinction, as small-scale
hydro projects are more likely to be "run-of-river" and not capable of produc-
ing scheduled peak power generation. Thus, small-scale projects often operate
in a fuel-saver mode in contrast to intermediate and large-scale projects,
which generally have storage and are thus capable of operating as load-
following units. Small-scale and microhydro units are discussed in
Section 7.6.

An inventory of technically feasible hydroelectric sites in the Railbelt
region has identified sites having potential installed capacities ranging from
the 2 to 3600 MW (Table 5.8).

Design Features

The major components of a conventional hydroelectric development include
a dam or diversion structure, a spillway for excess flows, hydraulic turbines,
a conduit (penstock) to convey water from the reservoir to the turbines, gen-
erators, control and switching apparatus, a powerhouse for housing equipment,
transformers, and transmission lines (see Figure 5.3). Additional requirements
may include fish passage equipment, trash racks at the entrance to the pen-
stock, gates for penstock and spillway flow control, a forebay (small reservoir
that regulates flow into the penstock from the canal, if present), a surge
tank (to prevent pipe damage from forces created when flow in the penstock is
changed rapidly), and a tailrace (a channel into which water is discharged
after passing through the turbines). No two hydropower projects are exactly
alike. The type and arrangement of the plant best suited to a given site
depends on many factors, including head, available flow, and general topo-
graphy of the area.

Four types of dams exist, classified on the basis of configuration and
construction materials: gravity, arch, buttress, and earthfill. The first
three are usually constructed of concrete. More than one type of dam may be
included in a single development. For example, a concrete gravity dam that
contains spillway and low level outlets may be constructed across the main
river section with earth or rock-fill wing dams extending to either abutment.
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TABLE 5.8. Technically Feasible Hydroelectric Sites in the Railbelt Region

Average
Annual
Firm Ener?y Ener?g Installed Capacity
Site Stream (6Wn)(3) {Gwh ) (D) () (c)
* Allison Creek(d) Allison Creek 18 33 4.(8)
Big Ozlta Tanana River 987 226
Bradlay ake Bradley Creek 410 (315)(e) 347(e) 94 (90)(e)
* Browne Nenanz River 385 410 80 {100}
* Bruskasna Nenana River (f) 140 40 (30)
* Cache Talkeetna River 220 220 50 (50)
Canyon Creek Canyon Creek 131 27
Caripou Creek Caribou Creek 90, 19
Cario Nenana River 840(f) 30
Cathedral Bluffs Tanana River 693 158
* Chakachamna Chakachatna River 1600 1925 366 (480)
Chulitna (East Fork) East Fork Chulitna River 59 12
Chulitna (West Fork; Chulitna River 68 14
Coal Creek Matanuska River 307 64
Coffee Beluga River 160 37
Crescent Lake I Crescent River 79 41
Crescent Lake II Crescent River 29 6
Deadman Creek Deadman Creek 165 34
Dev<l Canyon Susitna River (g) 738 (400)
Eagle River Eagle River 45 g
Fox Unknown Unknown Unknown
Gakona Copper River 727 150
Gerstie Tanana River 438 100
Granite Gorge Talkeetna River 345 je,
Grant Lake Grant Creek 19{(h} 27(h) 7(h)
Greenestone Talkeetna River 246 51
Gulkana River Gulkana River 164 34
Hanagita Lake Hanagita River 160 33
Healy Nenana River (f) 130
* Hicks Matanuska River 286 245 59 (60)
Hurricane Chulitna River 166 34
Jack River Jack River Unk nown Unknown
* Johnson Tanana River 920 210
Junction Isiand Tanana River 2330 532
Kantishna River Kantishna River 394 82
Kasilof River Kasilof River 193 40
* Keetna Talkeetna River 324 395 74 (100)
Kenai Lake Kenai River 552 115
Killey River Killey River 100 21
King Mountain Matanuska River 210 a4
Klutina Klutina River 263 54
Kotsina Kotsina River 133 28
Lower Beluga Beluga River 72 15
* Lower Chulitna Chulitna River 394 90
Lower Lake Creek Lake Creek 105 22
Lower Kenai Kenai River 263 55
* Lane Susitna River 1052 240
Lowe Lowe River 254 55
Lucy Chulitna River 7l 15
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TABLE 5.8. (Contd)

Average
Annual
Firm Energy Ener?g Installed Capacity
Site tream {Gwn) 12} (GWn) (D) (i) ()

McClaren River McClaren River 263 55
McClure Bay Unknown Unknown Unknown
McKinley River McKinley River 201 42
Million Dollar Copper River 1927 440
Moose Horn Kenai River 290 60
Nellie Juan Nellie Juan River 47 10
Ohio Chulitna River 144 30
Power Creek -1 Power Creek 66 14
Power Creek -II Power Creek Unknown Unknown
Unk nown Unknown
Rampart Yuk on 34,200 5040
Salmon Bremmer River 86 18
Sanford Copper River 385 80
Sheep Talkeetna River 149 31
Sheep Creek 1 Sheep Creek 94 20
Sheep Creek II Sheep Creek Unk nown Unknown
Unknown Unknown

* Silver Lake Duck River 48 10
Skwentna Skwentna River (1) 98

* Snow Snow River 278 220 63 (50)
Solomon Gulch Unnamed 11 2
South Fork South Fork Bremmer River 156 32
Stelters Ranch Kenai River 403 84

* Strandline Lake Beluga River 81 85 17 (20)
Summit Lake Gulkana River 164 34
Talachulitna Skwetna River 1390(1) 75
Talachulitna River Talachulitna River 137 28

* Talkeetna -II Talkeetna River 215 215 50
Tanana River Tanana River 315 65
Tazlina Tazline River 503 104
Tebay Lakes Tebary River 193 40
Teklanika River Teklanika River 272 57
Tiekel River Tiekel River 105 22
Tokachitna Chulitna River 806 184
Totatlanika Totatlanika River 114 24
Tustumena Tustumena Glacier 102 21
Upper Beluga Beluga River 210 48
Upper Lake Creek Lake Creek 74 1
Upper Nellie Juan Nellie Juan River 57 12
Vachon Island Tanana River 2050 426
Van Cleave Unnamed 10 2
Watana Susitna River s5520(g) 6070 478
Whiskers Susitna River 368 84
Wood Canyon Copper River 21,900 3600
Yanert -I11{i) Nenana River 298 62
Yentna Yentna River (1 145

(a) Alaska Power Administration (1980) estimates shown.

(b) Acres American (1981b) estimates, unless noted.

(c) Alaska Power Administration, installed capacity proposed by Acres American {1981b) shown in

)

)

)

parentheses.

} Asterisks indicate the 17 sites that are potential alternatives to the Upper Susitna Project.

) Obtained from telephone conversation with John Denniger from the Alaska Power Administration,
Juneau, Alaska.

) Healy, Bruskasna and Carlo operated as a system.

) Devil Canyon and Watana operated as a system. Firm energy estimate based on preferred plan
(Watana/Devil Canyon) of Acres American (1981b).

) CHoM-Hill (1981).

) Skwentna, Talachulitna and Yentna operated as a system.

} Would inundate Carlo and Bruskasna sites.
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FIGURE 5.3. A Typical Hydropower Installation
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The type of dam chosen for a particular site is a function of engineering
feasibility and cost. Feasibility is governed by topography (e.g., if the dam
site is located in a narrow canyon or in a flatter area), geology (foundation
characteristics, rock permeability), and climate. Cost depends on the design,
availability of construction materials near the site, and the accessibility to
transportation facilities.

A spillway is provided to discharge major floods without damaging the dam
and other project components. The spillway may be uncontrolled, or it may be
controlled with crest gates so that outflow rates can be adjusted. The
required discharge capacity depends on the design flood (the largest flood
that statistically might be expected), normal discharge capacity of outlet
works, and the available reservoir flood storage.

The powerhouse does not have to be located at the dam. Various combina-
tions of open canals and pressure conduits (pipes flowing full with water
under pressure) can be used to convey waters from the reservoir and intake
structure to the turbines in the powerhouse. Open canals can be used to
convey water over a relatively flat terrain. Penstocks are used for the
elevation drop between the reservoir and the powerhouse.

A hydraulic turbine transforms the kinetic energy of flowing water into
mechanical energy that performs useful work when harnessed to a generator.
Three basic types of hydraulic turbines exist: dimpulse (e.g., Pelton wheel),
which derives mechanical output from one or more jets that impinge on the
periphery of a wheel (the runner), and two reaction types (Francis and propel-
ler), which harness the combined actions of pressure and velocity of water
passing through the turbine runner and water passages. Impulse turbines are
inefficient at heads other than the design head, and they are usually used in
high head (650 to greater than 3,300 ft) installations. This type of unit is
suitable for small, high-head application in Alaska. The Francis-type reac-
tion turbine is widely used for high-unit capacity installations and with
hydraulic heads in the range of 100 to 2,400 ft (medium range). Propeller-type
reaction turbines are used for hydraulic heads less than 100 ft.
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The powerhouse that houses and protects hydraulic and electrical equip-
ment may be either a surface or an underground structure. The surface power-
house consists of a substructure to support the hydraulic and electrical
equipment and a superstructure to house and protect this equipment. An
alternative arrangement, which reduces the superstructure cost, provides only
individual housing for each generator. The disadvantage of this "outdoor
powerhouse" arrangement is that units cannot be disassembled during inclement
weather. This design most likely would not be used in Alaska. The second
type of powerhouse, the underground powerhouse, is constructed in a natural or
manmade cavern. This arrangement is used in certain topographic conditions,

particularly narrow canyons, which preclude the convenient siting of a surface
powerhouse.

Performance Characteristics

In its present state of technological development, the hydraulic turbine
is simple, efficient, easily controlled, and long lived. It has the ability
to serve as a baseload, a cycling, or a standby unit. Also, it is capable of
assuming full load in a matter of minutes, and of following load variations
with minimal attention. The turbine can drop load instantly without damage.
Because of its simplicity and flexibility, the hydraulic turbine can be
operated automatically with 1ittle attention.

Overall energy conversion efficiencies of a hydroelectric development are
about 80 to 85%. This estimate includes generator, turbine, and transformer
efficiencies and hydraulic friction losses, but not transmission losses. The
response time for hydroelectric generators is very good. When startup time is
not critical, a few minutes are adequate to provide full power. If response
time is critical, turbines can be kept on spinning reserve at full rotational

speed using reduced flow volumes. Full power is then available in a matter of
seconds.

Plant availability is typically about 90%. Full outages are rare for
piants having multipie generating units. Hydroelectric plant lives are often
forecasted to be 50 years for economic purposes, although 100-year plant Tives
are frequently assumed for large federal projects.
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5.4.2 Siting Requirements

The power potential of a hydroelectric development is a function of the
head and streamflow available at a given site. Higher head and greater stream-
flows increase the power generation potential of a site. If the head differ-
ential is available over a short horizontal distance, the Tength of water
conductors is reduced, resulting in Tlower total project costs. Dam, spillway,
water conductor, powerhouse, and switchyard structures must be Tocated and
designed for specific topographical and geotechnical site conditions.

Dam height (a major contribution to cost) must be optimized to provide
storage and seasonal regulation without loss of water over the spillway.
Smaller or low-head hydroelectric projects generally have little reservoir
storage capacity and must be operated as run-of-river. Therefore, these
projects depend upon seasonal fluctuations of water supplies, which lead to
spilling of excess flows during the wet season and reduced generation during
the dry season. For conventional or low-head projects, basic information is
needed about the drainage area, runoff characteristics, and any major water
usage upstream and downstream of the project. If adequate records are not
available, the necessary data must be synthesized using correlations of nearby
streamflow data. Streamflow duration data (and head) are used to calculate
average annual energy and dependable (firm) capacity for the site.

Site geophysical conditions determine the availability and cost of con-
struction materials, type and height of dam, and required seepage treatment.
These conditions also strongly influence the general Tocation of major civil
works (dam, penstock, canals) for the project. Fault lines, sedimentary
deposits, potential seismic activity, and great depth to hard rock can result
in excessive construction costs, thus eliminating otherwise suitable sites.

Rail or road access is required for transportation of material and
equipment.

The land area required for a hydro facility is largely a function of
reservoir size and may be significant. Because of variation in topography,
are requirements must be determined on an individual project basis.
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5.4.3 Costs

Capital costs for hydroelectric developments are site specific and vary
according to type, size, head, and location of the project, the amount and
cost of required land, and required relocations. The costs of reservoirs and
waterways (penstocks and canals) vary considerably and may have little rela-
tionship to the installed generating capacity. The costs of powerhouses vary
less, although two plants of the same capacity sometimes have a cost differen-
tial of 50%. Civil components (dams, spillways and other nonmechanical or
nonelectrical features) of low head and small hydro developments usually carry

a smaller percentage of the total development costs than features for conven-
tional hydro developments.

0&M costs are determined primarily by plant size. Other factors include
the type of operation (baseload or peaking), annual generation, number and

size of units, operating head, and other conditions peculiar to individual
plants.

5.4.4 Environmental Considerations

The physical configuration and operation of a hydroelectric facility can
cause several hydrologic impacts. The most obvious is the creation of an
impoundment. The change from a flowing-water to a still-water environment is
a fundamental modification of the hydrologic system. Development of the
reservoir also increases evaporation and groundwater seepage. Both phenomena
increase water losses to the watershed. In the low runoff regions of the
northern Railbelt area, these losses, if substantial, could cause significant
impacts by reducing downstream flow, especially during the summer months.

Important hydrologic impacts are also associated with the operation of a
hydroelectric plant. Large diurnal fluctuations in river flow can result when
hydropower is used for peaking power or load following. Large and rapid fluc-
tuations can adversely affect aquatic biota and could be hazardous to down-
stream recreationists. On a seasonal time scale, the reservoir level can vary
greatly, again potentially affecting aquatic biota and making the reservoir
unattractive for recreation (especially when the reservoir is low). If
designed with adequate storage capacity, reservoirs can attenuate flood flows,
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thereby helping prevent flood damage to property downstream. Conversely, low
river flows can be augmented to improve water quality and aquatic habitat.
Because many rivers in the Railbelt region exhibit wide natural flow varia-
tions, flow regulation can be a significant positive impact.

Reservoir operation affects four parameters of water quality: tempera-
ture, dissolved oxygen (DO), total dissolved gases, and suspended sediment.
Temperature and DO can be adversely affected during the summer months when the
reservoir is stratified. The large water surface area of the reservoir allows
the upper layer of water (epilimnion) to be heated to temperatures higher than
those experienced in the natural, free-flowing river. If all water released
from the reservoir is from the epilimnion, the temperatures of the river water
downstream can increase, causing adverse impacts on aguatic biota (especially
cold water fish). If all water released from the reservoir is from the lower
layer of water (hypolimnion), the DO in the river will be depressed until it
can be replenished by natural reaeration. Intake structures can be designed

to take water from different levels in the reservoir to help avoid some of
these impacts.

Water, as it falls over a spillway, is turbulent, and atmospheric gases
(nitrogen and oxygen) are entrained and readily dissolved, often to the point
of supersaturation. This condition can result in fish mortality. The effects
are most pronounced in organisms that inhabit shallow areas or surface levels.
Supersaturation can be minimized by spillway design and operating measures.

As water flows into a reservoir, its velocity is reduced, and it deposits
much of its suspended sediment. Therefore, when the water is released from
the reservoir, it is relatively free of sediment load. A potential exists,
then, for this water to initiate scour downstream to re-establish the natural
equilibrium between the erosive energy of the flowing water and its sediment
loads. Because many of the Railbelt rivers are glacier fed with very high
suspended sediment loads, sediment deposition and downstream scouring will be
important siting considerations. Scour can also occur in the vicinity of the
outlet works and spillway of the hydropower plant if the water is discharged

with a high velocity. These scour problems can be mitigated by proper engi-
neering design.
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The dam construction and reservoir development of at least several square
kilometers in size will cause some variation in meteorological conditions.
Conditions will generally be less extreme near an unfrozen reservoir, result-
ing in warmer nights and cooler days. No perceptible change in precipitation
patterns will occur. When reservoirs are frozen and snow covered, nighttime
temperatures will be Tess than those observed before the reservoir was con-

structed. These modifications will be small and generally will not be percep-
tible beyond a mile from the reservoir.

Hydroelectric projects alter the streamflow characteristics and water
quality of streams, which results in corresponding changes in the aquatic
piota. Although impacts occur on all levels of the food chain, the impacts on
fish (particularly anadromous salmonids) are usually of most concern. In the
Railbelt potential effects that will be most difficult to mitigate include the
following: 1) loss of spawning areas above and below the dam; 2) loss of
rearing habitat; 3) reduced or limited upstream access to migrating fish; and
4) increased mortalities and altered timing of downstream migrating fish. An
initial assessment of the potential hydropower sites in Alaska indicates that
these impacts could occur at many locations, especially for anadromous fish
DOE 1980b). Many of these potential sites are located on major anadromous

salmon streams such as the Tanana, Beluga, Skwentna, Susitna, and Copper
Rivers.

Construction can result in elevated stream turbidity levels and gravel
loss, and expanded fishing due to increased access. Other potentially signi-
ficant impacts could jinclude altered nutrient movement, which could affect
primary production; flow pattern changes, which could modify species composi-
tion; and temperature regime alteration, which could affect the timing of fish
migration and spawning, and insect and fish emergence. Competition and preda-
tion among and within species may also be changed.

Mitigative procedures are possible for many impacts and are frequently
incorporated into the facility's design. Fish hatcheries are commonly used to
replace losses in spawning habitat. Screening or diversion structures are
used to direct fish away from hazardous areas. Depending on the height of dam
and the availability of spawning areas upstream of the reservoir, fish passage
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facilities may be incorporated into the design. Controlled release of water
(including both flow and temperature regulation by discharging from various
depths in the reservoir) can be used to improve environmental conditions dur-
ing spawning, rearing, and migration.

With the exception of run-of-the-river projects, hydroelectric energy
projects require large amounts of land for water impoundment. Although the
amount of land required varies with the energy-producing capacity of a plant
and the characteristics of a river basin, they generally exceed those of other
energy technologies. Therefore, the greatest impact on the terrestrial biota
is the inundation of large areas of wildlife habitat. Inundation of flood
plains, marshes, and other important wildlife habitat can adversely affect big
game animals, aquatic furbearers, waterfowl, shorebirds, and raptors. Big
game animals could be affected by loss of seasonal ranges and interruption of
migratory routes. Winter ranges particularly are critical habitats for migra-
tory big game animals. Large reservoirs could also cause genetic isolation of
migratory big game animals and other wildlife. The flood control provided by
dams may significantly reduce the extent of wetland habitats because of the
elimination of seasonal inundation of large areas downstream of dam sites.
This feature may affect moose and other wetland species. Aquatic furbearers
could be adversely affected by the loss of riparian habitats. Correspondingly,
waterfowl and shorebird nesting, loafing, and feeding areas could be elimi-
nated by the flooding of these habitats. The re-establishment of riparian and
riverine habitats is generally prevented by the constantly fluctuating reser-
voir levels of plant operation. Fluctuating water levels could also destroy
trees and other natural structures used by raptors for perching, nesting, and
roosting sites. Fish-eating raptors and bears could be further affected by

the Toss of anadromous fish if anadromous fish populations are reduced by the
project.

In addition to the Tlosses of wildlife habitats resulting from inundation,
access roads to remote locations will cause extensive disturbance to wild-
1life. Not only will habitat be replaced by roads, but isolated wildlife popu-
lations, such as grizzly bears, will be adversely affected by increased human
activity and numbers. Also, other wildlife could be affected from increased
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hunting pressure, poaching, and road kills. The magnitude of these and other
potential impacts will depend on the wildlife population densities at each
specific site.

Mitigative measures could be taken to relieve some wildlife impacts
resulting from dam developments. The habitats flooded by a reservoir would be
largely irreplaceable. However, other habitats, such as islands used by water-
fowl for nesting, could be created through placement of spoils or creation of
channels. Trees and other natural features used by raptors could be retained
instead of removed as is usually done prior to inundation. Whereas these
relief measures are somewhat specific, impacts on all wildlife could be mini-
mized by selecting only those sites where wildlife disturbances would be Teast.

5.4.5 Socioeconomic Considerations

The construction and operation of a large hydroelectric plant has a high
probability of causing a boom/bust cycle. A conventional hydroelectric pro-
ject of 100 MW installed capacity would likely require a construction work
force of 200 to 400 personnel for 5 to 10 years. The resident operating work
force could range from zero for unmanned facilities to 10 to 12 persons. The
primary reason large projects create adverse effects is the remoteness of the
larger sites. All sites identified in this study are located at or near
communities with a population of less than 500. An in-migration of the 250 to
1,000 workers required for a plant in the range of 100 to 1000 MW could more
than quadruple the population. Installing a construction camp would not
mitigate the impacts on the social and economic structure of a community.

The expenditures that flow out of the region account for investment in
equipment and supervisory personnel. For a large-scale project, a larger pro-
portion of the expenditures is attributed to civil costs. Approximately 35%
of an investment in a large project would be made outside the region, whereas
65% would be made within the Railbelt. Approximately 11% of O&M expenditures
would be spent outside the Railbelt and 89% would stay within the region.

5.4.6 Potential Application in the Railbelt Region

Alaska's history of hydropower development dates back to the 1840s when
water was used to power a sawmill at Sitka. In the period following World
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War II, development of resources, and thus demand for electrical energy,
increased significantly. In 1956, the total electric generating capacity was
approximately 100 Md. Hydroelectric power comprised 52% of that capacity. By
1976, the State's electricity generating capacity had increased to 940 MW, but
hydro represented only 13% of that capacity. One intermediate-scale hydro
project is operational in the Railbelt, the Eklutna project (30 MW) near
Anchorage. The Solomon Gulch (19 MA) project near Valdez is under construc-
tion and will serve Valdez and Glennallen when finished.

Several studies of Alaskan hydropower potential have been undertaken
including those by the Federal Power Commission, the U.S. Army Corps of
Engineers, the U.S. Bureau of Reclamation, the U.S. Geological Survey, and
the State of Alaska. Over 700 potential sites throughout the state have been
identified in these surveys (Federal Power Commission 1976).

Following a review of these studies, Acres American (1981b) identified a
total of 91 technically feasible undeveloped large-, intermediate- and small-
scale sites in the Railbelt region (Acres American 1981b) (Table 5.8). Also
shown in Table 5.8 are the Devil Canyon and Watana sites comprising the Upper
Susitna Project.

Using a four-step site evaluation process based on economic, environ-
mental, and land use considerations, Acres American (1981b) identified a short
list of 17 sites as potential alternatives to the Upper Susitna Project. 1In
Table 5.8 these sites are indicated by asterisks preceding the project name.
Each of these sites was judged to be economically feasible and environmentally
acceptable, although four (Talkeetna-2, Lower Chulitna, Lane and Tokachitna)
ranked "poor" (although not "unacceptable") in the environmental evaluation.

Fourteen of the Upper Susitna alternative sites are intermediate or large
scale. These 15 sites, together with the Upper Susitna sites (Devil Canyon
and Watana), plus one additional large-scale Railbelt site (Bradley Lake)
being seriously considered for development are listed in Table 5.9 and located
as shown on Figure 5.4. Also provided in Table 5.9 are summaries of the
economic, environmental, and land-use characteristics of these sites.

As 1is evident from the capacity and firm energy characteristics of the
sites listed in Table 5.9, abundant potential for hydroelectric development
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o Site

Bradley Lake

Browne

Bruskasna

Cache

Chak achamna

Devil Canyon(”

Hicks

Johason

TABLE 5.9.

_Big Game Present

Black Bear
Grizzly Bear

Black Bear
Grizzly Bear
Moose

Caribou {winter)

Black Bear
Grizzly Bear
Moose

Caribou (winter)

Black Bear
Grizzly Bear
Moose {winter)
Carfbou (winter)

Black Bea