








Based upon estimates prepared for the Browne hydroelectric project
(Technical Data Sheet 14.0).
Acres American (1981b) estimate in July 1980 dollars (4767 $/kW), escalated
to January 1981 using Handy WhiiJnan index, line 22; escal ated to January
1982 using 9% annual inflation rate plus 0.8% real escalation.
Based on 3D-day O&M costs.
Based on Browne hydroelectric project (Technical Data Sheet 14.0).
Based on Phung (1978) weak sinusoidal payout schedule.
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COST DATA

Economics of Scale Not Appl icabl e

5476 (b)

<1 (c)

5( d)

Negligible

See Table 25.1

See Table 25.2

Ava i 1abl e

4

4.5

'V1/2

1991

50

%
10.0

25.0

30.0

25.0

10.0

(c)
(d)
(e)

(a)

(b)

Ava il abi 1ity for Order

Preconstructi on Studi es and
Licensing (years)

Constructi on (years)

Startup (years)

Earliest Canmercial Service

Plant Life (years)

Escalation Factors (%/Year, 1981-2010)

Overn i ght Capital ($/kW)

Working Capital ($/kW)

Fixed O&M ($/kW/yr)

Variable O&M (mills/kWh)

Payout Schedu le(e)

Year 106 $- --
I 54.8

2 137.0

3 164.0

4 137.0

5 54.8

Capita1

O&M

Estimated Costs (January 1982)

SCHE DULE (a)
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TECHNICAL DATA SHEET 14.0

BROWNE HYDROELECTRIC PROJECT( a)

100

Not Applicable

Full

Not Appl icabl e

Baseload/Cycling

5

1.5
94

298

Installed Capacity (MW)

Size Range for Which Data
Are Generally Valid (MW)

Capacity Credit

Capacity Limit in Rail belt (MW)

Typi ca1 Operati on

Forced Outage Rate (%)

Schedul ed Outage Rate (%)

Equivalent Availability (%)

Annual Firm Energy (GWh/yr)

TECHNICAL PERFORMANCE DATA

(a) All data in this data sheet are taken from Volume XV unless otherwise
i ndi cated.

The proposed Browne hydroelectric project would be located on the Nenana

River approximately two miles downstream of the Alaska Railroad siding of

Browne, which is approximately 65 air miles southwest of Fairbanks. The

proposed proj ect woul d consi st of a dam, spi 11 way, reservoi r, aboveground

powerhouse and appurtenant structures. A zoned earth and rockfill dam is

proposed, 200 ft in height and 3000 ft long. A reservoir would be formed with

maximum pool el evati on of 975 ft extending 11 mil es south of the damsite. The

average tailwater elevation of 780 ft would provide a maximun gross head of

195 ft and an average operating head of 170 ft. A spillway would be provided

at the left abutment of the dam. A water intake would be constructed in the

right abutnent of the dam. A water intake would be constructed in the right

abutment at an invert elevation of 850 ft. A high-pressure power tunnel would

convey water to the penstoc k, whi ch woul d drop to the abovegound powerhouse

located on the ri ght bank downstream of the dam. Four turbogenerators of 100­

MW total rated capacity would be provided. 138 kV transmission lines would

lead to the proposed Anchorage-Fairbanks interti e.
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Average Annual Energy (GWh) 430
Equivalent Capacity Factor (%) 48

m-g-ased on 30-day O&M costs.
(b) Based on Phung (1978 weak sinusoidal payout schedule.

See Table 25.1
See Table 25.2

Ava 11 ab 1e
4

4470
<1( a)

5

Negligible

4-1/2
",1/2
1991
50

Escalation Factors (%/Year, -1981-2010)

Capital
O&M

Availability for Order
Preconstruction Studies and
Licensing (years)
Construction (years)
Startup (years)
Earliest Commercial Service
Plant Life (years)

COST DATA

Estimated Costs (January 1982)

Overnight Capital ($/kW)
Working Capital ($/kW)
Fixed O&M ($/kW/yr)
Variable O&M (mills/kWh)

Payout Schedule (b)

Year 106 $ !...
1 69.4 16
2 97.5 22
3 126.0 28
4 115.9 26
5 41.9 9

SCHEDULE



TECHNICAL DATA SHEET 15.0

UPPE R SUS ITNA HYDROELECTRIC PROJECT( a)

The Upper Susitna hydroelectric project would consist of two major

hydroelectric dam and reservoir facilities located on the Upper Susitna River.

The Watana Dam and reservoir would be located near Watana Creek approximately

35 miles east of the Alaska Railroad (Gold Creek). The proposed dam would be

rockfi11 with an impervi ous core with a crest e1 evati on of 2225 ft and a 1ength

of 5400 ft. Maximum height above the foundation would be about 880 ft. A

small saddle dam would be located above the ri ght abutment. A spillway with

crest elevation of 2115 ft would be located on the riqht bank. A water intake

would be provided upstream of the left abutment and would lead to four

penstocks, whi ch waul d convey water to an underground powerhouse be low the 1eft

abutment. Initial plans called for four turbine generators of 200 M..J each to

be istalled in two stages; however, revised plans call for a total of 1020 MW

of installed capacity installed in two stages of 600 MIJ and 340 MW. A tailrace

tunnel would discharge to the river downstream of the dam. (b)

The Devil Canyon Dam and reservoir would be located in Devil Canyon approx­

imate1y 10 mil es northeast of Go1 d Creek. A proposed dam wou1 d be a thi n arch

concrete structure with an overall height of 650ft, a crest elevation of

1420 ft and a crest length of 1230 ft. A small saddle dam would be constructed

on the left abutment. A main gate-controlled spillway would be located on the

right abutment and a secondary gated spillway in the center section of the

dam. An emergency spillway with fusible plug would be located in the right of

the saddle dam. A water intake would be located upstream of the right

abutment; four concrete penstocks wou1 d 1ead to an underground powerhouse below

the right abutment. Initi a1 p1 ans called for 400 MW of installed capacity;
however, revi sed p1 ans call for 600-MW of installed capacity. (b) Draft tubes

would discharge to a tailrace tunnel discharging downsteam.

(a) All information in this data sh€et is taken from Acres American (l981b)
un1 ess otherwise i ndi cated.

(b) Obtained from a letter: J.D. Lawrence, Acres American, Inc., to J.J.
Jacobsen of Battelle, Pacific Northwest Laboratories, December 22, 1981.
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600

Devil
Canyon

600 (a)

5(b)

1-1/2(b)
94 (b)

2763 (a)

3334(a)

63

Watana
2nd Stage

340 (a)

Not Applicable

340

Not Applicable

Baseload/Cycl ing
5(b)

1-1/2(b)
94 (b)

o
O(a)

o

680

5(b)

1-1/2 (b)
94 (b)

2631 (a)

3459 (a)

58

Watana
1st Stage

680 (a)

A.38

Watana Watana Devil
1st Sta~ 2nd Stage Canyon

Avail abil ity for Order Ava il abl e Ava i 1abl e

Preconstruction Studies and 3 (c) (c)
Li cens i ng (years)

Constructi on (years) 8 2 8

Startup (years) 1/4 1/2 1

Ear 1i est Commerci al Servi ce 1993 1995 1996

Pl ant Life 50 50 50

Installed Capacity (MW)

Size Range for Which Data Are
Generally Valid (MW)

Capacity Credit (MW)

Capacity Limit in Railbelt (MW)

Typi ca 1 Operati on

Forced. Outage Rate (%)

Schedul ed Outage Rate (%)

Equ iva 1ent Ava il abil ity (%)

Annual Firm Energy (GWh)

Annual Average Energy (GWh)

Equi val ent Capacity Factor (%)

raJ Obtai ned from a 1etter: J.D. Lawrence, Aces Ameri can, Inc., to J.J.
Jacobsen of Battelle, Pacific Northwest Laboratories, December 22, 1981.

(b) Typical, taken from Volume XIV.
(c) Schedul es for 2nd stage of Watana and Devil Canyon depend upon compl eti on

of Watana access.

The Devil Canyon Dam would be constructed to follow the Watana Dam, which

would provide for sufficient storage capacity to allow optimal operation of

Devil Canyon. Prior to canpl etion of Devil Canyon, a small re-regul ating dam

woul d be constructed at the Devil Canyon site. Power woul d be transmitted from

the development by up to four 345-kV 1i nes connecting to the proposed Anchorage­

Fairbanks intertie at Gold Creek.

SCHEDULE

TECHNICAL PERFORMANCE DATA
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COST DATA

Estimated Costs (January 1982)

Dev i 1 Canyon

106 % %

95 7

571 18

794 25

794 25

571 18

95 7

Not Appl i cabl e

See Table 25.1

See Tabl e 25.2

Watana Watana Devil
J.st Stage 2nd Stage Canyon

4669 168 2263

Nil Nil Nil
5(b) 5(b) 5(b)

Nil Nil Nil

Watana
2nd Stage

106 $ %
29 50

29 50

Watana
1st Stage

10
6

$ !..
127 4

239 11

508 16

603 19

603 19

508 16

349 11

127 4

Economics of Scale

Escalation Factors (%/year 1981-2010)

Capita1

O&M

Overnight Capital ($/KW)(a)

Working Capital ($/kW)

Fixed O&M ($/kW/yr)

Vari abl e O&M

(a) Transmission costs are excluded.
(b) Battelle estimate.
(c) Based on Phung (1978) weak sinusoidal payout schedule.

Payout Schedu le(c)

Year

1
2

3

4

5

6

7

8
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TECHNICAL DATA SHEET 16.0

MICROHYDROELECTRIC PLANTS (a)

0.05

0.001 to 0.1

None

See Table 16.1

Fue 1 Saver

Vari abl e

Vari abl e

None
0.26(b)

60 to 100

TECHNICAL PERFORMANCE

Installed Capacity (t,ypical) (MW)

Size Range for Which Data Are
Generally Valid (MW)

Capacity Credit

Capacity Limit in Railbelt (MW)

Typi ca1 Operation

Forced Outage Rate (%)

Scheduled Outage Rate (%)

Annua 1 Fi rm Energy (GWh)

Average Annua 1 Energy (GWh)

Typical Capacity Factor (%)

(a) Data in this data sheet are taken from Volume IV unless otherwise indicated.
(b) Based on capacity factor of 60%, which ':!~S the 'm'! end of 60% to 100% range

suggested in Alward, Eisenbart and Volkman (1979). Selected due to
presumed significant reduction in stream flow during cold seasons.

Microhydroelectric projects are typically defined as hydroelectric

projects of less than 100-kW (O.l-MW) installed capacity (Noyes 1980). A

typical microhydroelectric facility includes a water intake structure, a

penstock, a turbi ne-genertor un it, and a powerhouse. A dam and storage

reservoir may be used in sane install ati ons; however, many mi crohydro

installations operate on run-of-the-stream. Off-grid installation may provide

for energy storage, generally in the form of lead-acid storage batteries. On­

grid installations will require a reversing meter, circuit breaker and

disconnect. For most of the utility-connected i'nstalltions, the utility line

at primary distribution voltage will have to be brought to the immediate

vicinity of the microhydro generator, with connection to be made via a

di stri buti on transf onner.



TABLE 16.1. Estimated Economic Limits to Microhydroe1ectric
Development in the Rai1be1t

Anchorage Fai rbanks G1 enna11 en·
Load Center Load Center Load Center Total

Cost of Installed Installed Installed Installed
Power Capacity Energy Capacity Energy Capacity Energy Capacity Energy

($/kWh) (MW) (GWh) (MW) (GWh) (MW) (GWh) (MW) iGWh)

0.09

0.10 <1 1 <1 <1 1 1 <1 2
)::>

0.15 1 8 <1 <1 1 6 2 14.
.j::>

N
0.20 3 14 <1 <1 2 11 5 25

0.25 4 21 <1 1 3 17 7 39

0.30 5 27 <1 1 4 22 9 50
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(a) Upper end of range is based on typical small-scale ( 15 ~) hydro project
sched~e (Corps of Engineers 1979).

(b) Five miles of transmission line and access road required.
(c) Based on 3D-day O&M cost.

Low High

48
59

580
720

29,000
36,000

6
20

75
240

Negl igi bl e

No infonnation available.

One shot

5,000
12,000

See Table 25.1
See Table 25.2

Ava il abl e
1 to 2(a)

:<1

<1
1983
20

Capital

O&M

Fixed O&M ($/kW/yr)
Loca1 Plant
Remote Pl ant

Overnight Capital ($/kW)
Local Plant (b)
Remote Plant

Worki ng Capital ($/kW) (c )
Loca 1 Plant
Remote Pl ant

Var i ab1e 0&M (m i 11 s/ kW h)

Ava i 1abi 1ity for Order

Preconstructi on Studi es and
Licensing (years)

Construction (years)

Startup (years)

Ear 1i est Carmerci al Servi ce

Plant Life (years)

Payout Schedu le

Economics of Scale

Escalation Factors

CC6T DATA

Estimated Costs (January 1982)

SCHEDULE





TECHNICAL DATA SHEET 17.0

COOK INLET TIDAL ELECTRIC PROJECT( a)

Tidal electric power plants typfcally consist of a barrier (barrage)

across a bay or inlet that is subject to high tides. Intake (sluice) gates are

provided to admit water on incoming tides; horizontal axis turbine-generators

are provided to generate power as the outgoing tide drops below the level of

water retained behind the tidal barrage. Appurtenant structures may include

substations, transmission lines, navigational locks and vehicular crossinq

f ac i 1iti es •

Examination of candidate sites in Cook Inlet resulted in the
recommendati on of a potenti al site at Eagle Bay on Knik Arm for further study

(Acres American 1981a). The proposed Eagle Bay installation would consist of a

tidal barrage extending across Knik Arm at the narrowing of the channel above

Eagle and Goose Bays. The barrage would consist of an access dike from

shoreside to the location of the first powerhouse unit; 60 powerhouse modules,

each containing a bulb turbine-generator unit of 24-MW rated capacity for a

total of 1440-MA of rated capacity; 36 sl ui ceway modul es, and a closure di ke to

the far shore. A substati on and 230-kV or 345-kV transmissi on ti e woul d be

provided. A vehicular causeway would be optional. An alternative (720-Mo'J)

design would use 30 turbine-generators.

Pumped storage capacity could be used to retime energy derived from tidal

power. Coopl ementary pumped storage retiming projects were consi dered for each

Eagle Bay tidal electric project alternative.

(a) A11 data in thi s data sheet are taken from Acres Ameri can (1981a) un 1ess
otherwise indicated.
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TECHNICAL PERFORMANCE DATA

720-MW Plant 1440-MW Plant
Tidal Retiming Tidal Retiming

Facil ity Facility Facility Facil ity
Installed Capacity (MW) 720 450(a) 1440 1200(a)

Size Range for Which Data NA NA NA NA
Are Generally Valid
Capacity Credit (MW) None 225(b) None 600(b)

Capacity Limit in NA NA NA NA
Railbelt (MW)
Typical Operation Intermittent Baseload Intermittent Baseload
Forced Outage Rate (%)(c) 5 5 5 5
Schtd~led Outage Rate 1.5 1.5 1.5 1.5
(%) c

Equ(v,lent Availability 94 94 94 94
(%) c
Annual Raw Energy (GWh) 2300 --- 4000

Annual Usable Energy 1530(d,e) 2050(e,f) 1600(d,f) 3200(e,f)
(GWh)
Equivalent(CrPacity 24.3 32.5 12.7 25.4
Factor (%) g

NA = Not Applicable
(a) Installed pumping capacity.
(b) Installed generating capacity. Value shown for 720-MW alternative is an

assumption.
(c) Outage data taken from Volume XV.
(d) Approximately 10% of total system load could be directly absorbed without

retiming. These figures therefore vary with future system load.
(e) Estimated, given Acres American (1981a) data on fraction of usable energy

and pumped storage efficiency.
(f) Total usable energy includes direct and retimed contribution.
(g) Based on tidal plant installed capacity.
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SCHEDULE

COST DATA(e)

Nil

Retiming
Fac il ity
1150(g)

10.60

1440-MW Plant

Nil

Tidal
Fac il ity

2690

Nil

10.60 16.20

(Included in Fixed O&M)

720 -MW Plant

22.20

Nil

Ti dal Ret i mi nq
Fac il i ty Fac il i ty
3710 1150( g)

(a) Ass umpti on.
(b) Pumped storage data from Volume IV.
(c) Construction period for 720-MW alternative is assumed to be comparable to

1440-MiJ alternati ve.
(d) Pumped storage projects are assumed to be timed to come on-line with

associated tidal power facility.
(e) Costs were provided in June 1981 dollars in original report (Acres American

1981a). All costs have been escalated to January 1982 dollars using 9%
annual rate of inflation plus the 1981 capital cost escalator from Table
25.1.

(f) Does not include land or land rights, causeway or transmission
facilities. Owner1s costs included.

(g) Based on kW of.pumping capacity.
(h) Incl udes 3D-day O&M costs.

Estimated Costs (January 1982)

Overni g~f)Capita1
($/kWh)

Worki ng(M1pital
($/kWh)

Fixed 08lv1

Vari abl e O&M (mill s/kWh)

720 -MW Plant 1440-MW Plant
Tidal Retiming Tidal Ret i mi ng

Fac il ity Fac il ity Fac il ity Fac i 1ity

Avail abil ity for Order Ava i 1abl e Ava i1 abl e Ava i1 abl e Ava il abl e

Precons truct ion Stud i es 7 4(a) 7 4(a)

and Licensing (years)
5(b)Constructi on (years) 11 4(b) 11

Startup (years) (Included in constructi on)

Earliest Commercial 2000 2000( d) 2000 2000( d)
Servi ce

Pl ant Life 50 50 50 50



(a) Based on Phung (1978) weak sinusoidal payout schedule.
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TECHNI CAL DATA SHEET 18.0

LARGE WIND ENERGY CONVERSION SYSTEMS(a)

25

Multiple Wind Farms of 25 M.ol each

None
100 - 1000 (b )

Intermittent Baseload (fuel saver)

6

5

89

7.8

35.5

Nominal Plant Size (MW)

Si ze Range or Whi ch Data Are
Generally Valid (MW)

Capacity Credit

Capacity Limit in Rail belt (MW)

Typical Operation

Forced Outage Rate (%)

Schedul ed Outage Rate (%)

Equivalent Availability

Average Annual Energy

Equivalent Capacity Factor (%)

(a) All data in this data sheet are taken from Volume XVI unless otherwise
i ndi cated.

(b) Possibly limited to lower levels because of system stability considerations.

Large wind energy conversion systems would consist of several

multimegawatt wind turbines configured as a wind farm. The prototypical system

examined in this study consists of ten 2.5-MW MOD-2, horizontal axis wind

turbines, arrayed in an integrated wind farm in the Isabell Pass area south of

Big Delta. In addition to the wind turbines, the prototypical wind farm

includes control, maintenance, substation and transmission facilities. Power

transmission from the prototypical site would be by a 138-kV single-circuit

line to the existing GVEA line at Fort Churchill and upgrading of the existing

15.8/24.4-kV Fort Churchill-Fairbanks line to 138 kV. Additional areas of

favorable wind resource are found in the Railbelt, and several wind farms of

the confi gurati on exami ned in the prototype coul d be constructed.

TECHNICAL PERFORMANCE DATA
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( a) EP RI (1979).
(b) Allows one year for site selection and one year of site monitoring.

Additi onal monitoring may be desirabl e.
(c) Assumes site monitoring and licensing commences after commercial

availability is announced.
(d) Does not include land or land rights, owner's costs or transmission costs

beyond the pl ant switchyard.
(e) Includes 30-day 08J.1 cost.
(f) Based on Phung (1978) sinusoidal payout schedule.

COST DATA

2490 (d)

<1 (e)

3.68

3.3

1985 (a)

2( b)

See Table 25.1

o

1-3/4

1/4
1988( c)

30

21.8

78.2

13.5
48.7

1

2

Escalation Factors (%/year 1981 - 2010)

Capita1

08J.1

Ava il abil ity for Order

Preconstructi on Studi es and
Licensing (years)

Construction (years)

Startup (years)

Ear 1i est Canmerc i a1 Ser vi ce

Pl ant Life (years)

Estimated Costs (January 1982)

Overnight Capital ($/kW)

Worki ng Capi ta1 ($/kW)

Fixed O&M ($/kW/yr)

Var i able 08J.1 (m i 11 s/ kW h)

Payout Schedu le(f)

Year 10(6)$ %

SCHEDULE



Economics of Scale

Capita1

08/<1

A.5l

• none for additi onal wi nd farms at
other sites

• shared transmissi on costs for up
to OO-MtJ capacity at Isabell Pass
area

• shared maintenance, control
system, access and substation costs
for additional machines at proposed
site

• some fixed 08/<1 economies would
res ult from additi onal capacity in
Isabell Pass area.





TECHNICAL DATA SHEET 19.0

A.53

SMl\LL WIND ENERGY CONVERISON SYSTEMS(a)

0.0005 to 0.1

0.005 to 0.1 unless
noted

None

See Tabl e 19.1

Fue 1 Saver
1(b)

l(b)

98

A function of wind resource
availability. Pl ant capacity
factor and corresponding average
annual energy is estimated to be as
follows for the various wind
resource classes of Wise et ale (1980):

Nom i na 1 Plant Size (MW)

Size Range for Which Data are
Generally Valid (MW)

Capacity Credit

Capacity Limit in Rail belt (MW)

Typical Operation

Forced Outage (%)
Schedul ed Outage (%)

Equivalent Availability

Average Annual Energy

(a) All data in this data sheet are taken from Volume IV unless indicated
otherwise.

(b) Bonneville Power Administration (BPA). 1981 (draft). Technical Assessment
of the Potential for Conservation and End Use Renewable Resources in the
West Group Area. Bonneville Power Administration, Division of Power
Requirements/Division of Conservation, Portland, Oregon.

SWECS may be operated independently of a utility grid or interfaced with

the grid. Only grid-connected installations are considered in this study.

TECHNICAL PERFORMl\NCE

Small wind energy conversion systems (ShfCS) are wind turbines rated at

100 kW or less, of horizontal or vertical axis design. Machines currently in

producti on range in size from 0.1 to 37 kW. Typi cally, the siting of these

machines would be dispersed, at the individual residence, commercial,

industrial, or small community level.



TABLE 19.1. Estimated Economic Limits to Small Wind Energy
Conversion System(a) Development in the Rai1belt

Anchorage Fairbanks Glennallen
Load Center Load Center Load Center Total

Installed Installed Installed Installed
Capacity Energy Capacity' Energy Capacity Energy Capacity Energy

.{$/kWh) (MW) (GWh) (MW) (GWh) (MW) (GWh) (MW) (GWh)

0.05

0.06 5 16 <1 <1 <1 <1 5 16

)::> 0.07 10 31 3 7 <1 1 13 39.
U1 0.08 14 41 5 13 <1 2 19 56.,J::>

0.09 14 41 5 13 <1 2 19 56

0.10 28 71 9 22 <1 3 37 96

0.15 34 81 16 34 4 9 54 124

(a) Assumes full penetration of SWECS whenever economically feasible for cost of power shown.
In practice, penetration will likely be substantially less due to constraints such as
limitation on installation of SWECS in urban areas and reluctance of many homeowners to
deal with a SWECS.
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(a) 10 kW (0.01 MW) machine.
(b) Machines could be production limited if demand were to increase

s ubstanti a11 y.
(c) MinimlfTl recommended time for wi nd resource survey.
(d) Base costs from Volume IV, escal ated from July 1980 to January 1981, using

Handy Whitman distribution plant escalation indices; and escalated from
January 1981 to January 1982 using a 9.0% annual rate of inflation plus the
1981 weighted (60% material, 40% labor) capital cost escalator (0.8%) of
Table 25.1 and the 0% 08M cost escal ator of Table 25.2.

(e) Does not include land or land rights.

SCHEDULE

Ear 1i es t Canm ercia1 Ser vice (b ) 1983

Preconstruction Studies and l(c)
Licensing (years)

Constructi on (years) <1

Startup (years) <1

Pl ant Life (years) 20

24

2378

Average
Ener gy (a)
GWh/yr

0.009

0.013

0.018

0.022

0.026

0.031

0.035

30

2960

2 kW 10 kW

10

15

20

25

30

35

40

Capacity Factor
(%)

1

2

3

4

5

6

7

Wi nd Resource
Class

Overnight Capital ($/kW)(e)

Working Capital ($/kW)

Fixed 08M ($/kW/yr)

Vari abl e O&M (mill s/kWh )

CCET DATA

Estimated Costs (January 1982)(d)



Payout Schedule

Escalation Factors (%!yr 1981 to 2010)

Capita1

0&'-1

Economics of Scale

A.56

One shot

See Table 25.1

See Table 25.2

As provided in estimates for 2-kW

and 10- kW machi nes.



TECHNICAL DATA SHEET 20.0

REFUSE-DERIVED FUEL STEAM-ELECTRIC POWER PLANTS

Two steam-electric generating facilities using municipal refuse may be
feasible for the Railbelt region. One plant, constructed near Anchorage, would
be fired with municipal refuse from the Anchorage area, supplemented with wood
waste as available and coal transported by rail from the Nenana field. A plant
of SO-MW rated capacity probably could be supported; the proportion of refuse­
derived fuel would increase over time with greater Anchorage population
growth. A SO-MW plant coming on-line in 1990 could accommodate the average
municipal waste production of the Anchorage area until approximately year 2010.

A second plant of smaller size could be constructed near Fairbanks to use
refuse from the Fairbanks area and possibly wood waste from sawmills near
Fairbanks and Nenana. Supplemental firing by coal from the Nenana field would
be required during the early years of plant operation. A plant of 20-MW rated
capacity coming on-line 1990 could accommodate municipal waste production from
the Fairbanks area until approximately 2010. Either mass-burning or refuse­
derived fuel plant designs could be used.

TECHNICAL PERFORMANCE DATA

Nominal Plant Size (MW)
Size Range for Which Data
Are Generally Valid (MW)
Capacity Credit
Capacity Limit in Railbelt (MW)
Typical Operation
Heat Rate (Btu/kWh)
Forced Outage Rate (%)
Scheduled Outage Rate (%)
Equivalent Availability (%)

Anchorage
SO
As Given

Full(a)

50
Baseload
14,000
Not Applicable
Not Applicable
8S(c)

Fairbanks
20
As Given

Full(a)

SO
Baseload
14 800(b),
Not Applicable
Not Applicable
85(c)

(a) With supplemental firing of coal or wood resid~e.
(b) Obtained by fitting a curve of the form y = ax to data of Volume IV.
(c) Average of values in Volume IV.
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ral Estimate.
(b) As received, municipal solid waste would have a heat value of approximately

4500 Bt u/l b if di rect-fi red to a mass burner.
(c) Costs of Volume IV escalated to January 1981 using Handy Whitman steam

producti on pl ant index; escal ated to January 1982 using 9% annual i nfl ati on
rate plus real capital cost escalation rate of Table 25.l.

(d) g)-day coal pil e pl us 3D-day O&M.

Mun i ci pa 1 refuse suppl enented by
coal deli vered from Nenana as
required.

See Table 20.1

Nenana Coal: 8,000 Btu/lb(b)
RDF: 6,700 Btu/lb

Fairb ank s

3230

94

Anchorage

2890

93

Ava il abl e
3(a)

1-1/2 - 3

<1

1987

30

Overnight Capital ($/kW)(c)

Working Capital ($/kW)(d)

RDF Availability

Heat Val ue

Canpos iti on

Avail abil ity for Order

Preconstructi on Stud i es and
Licensing (years)

Construction (years)

St artup (years)

Earl iest Canmerci al Servi ce

Plant Life (years)

FUEL

Estimated Costs (January 1982)

COST DATA

SCHEDULE



Fixed O&M ($/kW/yr)

Variable O&M (mills/kWh)
Fuel ($/MMBtu): ROF(b)

Coal (c)

Payout Schedule (d)

Anchorage

Year 10(6)$ %

1 37.3 25

2 74.6 50

3 37.3 25

Fairbank s

10(6)$ %

16.6 25

33.2 50

16.6 25

Anchoraae Fairbanks
136(a) 136(al

14.8(a) 14.8(a)

See Table 26.1

1. 28 1. 21

Escalation Factors (%/year, 1981-2010)

Capita1

O&M

Fue1 (%): ROF
Coal

Economies of Scale

Capi ta1

Fi xed O&M

Vari abl e O&M

Fuel

Anchorage Fairbanks

See Table 25. 1

See Table 25.2

See Table 26.1
See Tabl e 26.1

20-50 MW: as esti mated above
50-150 MW: li near

None i dentifi ed

None i dent i fi ed

None i dentifi ed

(a) Estimates based on fixed and variable fractions of SRI (1979), escalated in
accordance with Table 20.1.

(b) Unprocessed municipal solid waste could have a negative cost (tipping fee).
(c) Nenana coal, delivered.
(d) Based on Phung (1978) weak sinusoidal payout schedule.
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TABLE 20.1. Estimated RDF Availability
(average tons/day)

Year Anchorage Fairbanks
1985

1990

1995

2000

2005
2010

396

502

640

777

890

1010

A.60

150

190

240

290

330

380



A.6l

RES IDE NT IAL BUILDING CONSERVATION

TECHNI CAL DATA SHEET 21. 0

1500 square foot house

1000 to 2500 square feet

Naninal Plant Size

Size Range for Which Data Are
Generally Valid (MW)

TECHNICAL PERFORMANCE

(a) Obtained from a Battelle-Northwest Rail beIt energy end-use survey conducted
i n Ap r i 1 1981.

Buil ding energy conservati on projects encanpass a vari ety of techni ques

for reducing the electrical load of residential structures heated with

electricity. Electricity heated structures currently canprise about 21% of

Anchorage households, 9% of Fairbanks households, and 1% of Glennallen-Valdez

households. (a) Energy savings and choice of these techniques depend on the

size and age of structure and on the climate at the location of the structure.

The cost-effective techniques on new structures include extra insulation in the

ceiling (R-60), insulated doors, triple pane windows, and extensive care in

sealing and caulking to reduce air changes from 1.0 down to 0.25 (Barkshire

1981a). Cost-effective measures for retrofitting existing buildings include

adding insulation to the floors and ceiling to bring their insulating value up

to R-40 and R-60, respecti vel y. The wall s are 1eft at current R-val ues. Other

assumed improvements include a third pane of glass on all windows, R-8

insulated doors, and sufficient caulking and sealing to bring air infiltration

down to 0.5 air changes per hour (Barkshire 1981b). Insulation is assumed to

be applied by contractors, whereas glazing, caulking, and weatherstripping are

applied by the owner. For new construction, energy II sav ings ll of new

constructi on improvements over standard practi ces are 289.1 Btu/hr-of.
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tal Equals difference in load between superinsulated house and current best
stand ard practi ce. See Bar ks hi re 1981 a; Bar ks hi re 1981 b.

(b) New construction. For retrofit applications, the caulking required to seal
the structure may have to be repl aced at 20 years.

Ava il abl e

<1

501

435

464

o
o

Retrofits

(a)
Same as annual energy I

See Table 21. 1(a)

New Construction

<1
<1

1982
30 (b)

652

566

605

o
o

See Table 21.1(a)

Not estimated

Conservati on with capacity credit.
(seasonal peaking offset)

o
o
100

Overnight Capital ($/kW)

Anchorage

Fairanks

Glennallen-Valdez

Working Capital ($/kW)

Fixed 08M ($/kW/~)

Capacity Credit

Capacity Limit in Railbelt (MW)

Typi ca 1 Oper ati on

Forced Outage

Scheduled Outage (%)
Typical Capacity Factor (%)
Annual Firm Energy (kWh)

Average Annua 1 Energy' (kWh)

Avail abil ity for Order

Preconstructi on St udi es and
Licensing (years)

Constructi on (years)

Startup (years)

Ear 1i est Canmerci al Servi ce

Plant Life (years)

CffiT DATA

Estimated Costs (January 1982)

SCHEDULE



TABLE 21.1. Perfonnance and Capital Cost of ReH~enti al
Building Conservation Improvements

New Bu il di ng Anchorage Fairb ank s Glennallen-Valdez

Heat Loss Improvement per 21,974 29,300 25,637
Installation (kWh/yr)

Install ed Cost of Improvements $4,885 $5,180 $6,158

Conserved Energy at Peak ( kW) 7.49 9.15 8.32
(-20 F) (-40 F) (-30 F)

Installed Cost per kW $652.20 $566.12 $740.14

Retrofit Standard Practi ce
Bu il ding

Heat Loss Improvement per 14,503 19,103 16,803
Install ation (kWh/yr)

Ins ta 11 ed Cost of Improvements $2,500 $2,651 $3,152

Conserved Energy at Peak (kW) 4.99 6.10 5.55
(-20 F) (-40 F) (-30 F)

Install ed Cost per kW $501.00 $434.59 $567.93

(a) 1500 square feet of living space. Improvements are improvements over late
1970's standard building practice as follows:

Wall s: R-19 (6" fi bergl ass batt, 2 x 6 wall)
Floors: R-19 (6" fiberglass batt)
Doors: R-8 (metal insulated)
Roof: R-30 (9" fibergl ass batt)
Air changes per hour: 6.0

Base Heat Loss: 503 Btu/hr- F. In Anchorage, 131 MMBtu per year; in
Fairbanks, 173 MM3tu per year. Glennallen-Valdez savings are assumed to be
the average of Anchorage and Fairbanks values.

(b) Costs multipliers were estimated as follows by an Anchorage cost-estimating
firm for Alaska Renewable Energy Associates:

- Anchorage (base) = 100.0
- Anchorage zone (up to 50 mil es) = 110.03
- Anchorage zone (beyond 50 mil es) = 122.43
- Fairbanks = 106.04
- Fairbanks zone (up to 50 mil es) = 117.71
- Fairbanks zone (beyond 50 miles) = 129.69.

Glennallen-Valdez cost is an average of Anchorage and Fairbanks zones,
beyond 50 mil es.
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TECHNICAL DATA SHEET 22.0

RES IDENTIAL PASS IVE SOLAR SPACE HEAT

The proper placement and use of windows in housing in the Railbelt region

have consi derabl e potenti al for reduci ng the space heat demand of these

structures on an annual basis. However, the ability of the haneowner to use

the solar resource depends on the building1s location and orientation. Also,

passive solar applications are generally restricted to n8'J buildings or

additi ons because of the diffi cul ty of retrofitti ng an exi sti ng structure. The

most popul ar form of retrofit appli cati ons of passi ve sol ar is to add a

greenhouse to the south wall of an existing structure, although this is a

relatively inefficient way to reduce heating bills (Barkshire 1981a and

1981b). (a) A site survey of the Alternative Energy Technical Assistance

Program during the sumner of 1981 showed about one sixth of 1200 Anchorage

sites had open access to the sun the year round. Preliminary study by Alaska

Renewabl e Ener gy Associ ates i ndi cates that f rom one thi rd to one half of

building sites in the Railbelt will have solar access during the heating

season. Late winter and early spring are the primary months when sunlight in

the Railbelt region is both needed and available in sufficient intensity to

provide a net heat gain. Sunlight is not generally available during the peak

heating periods of December and January to make a net contribution.

Consequently, this technology is given no credit for peak demand.

The assumptions made in the Railbelt Electric Power Alternatives Study for

passi ve sol ar are as foll ows. A basi c 1500 square foot house is assumed to be

oriented so that it has 200 square feet of south-facing gl ass. No thermal

storage is assumed. About 19.3 MMBtu of net solar gain is assumed, (about

(a) Retrofits are generally difficult because existing structures have not
generally been oriented with sol ar in mind. Costs of sol ar greenhouses
approach those of regular construction, whereas direct gain (windows) or
conservation alone is more cost effective in most cases. The upper assumed
limit of market penetration for solar retrofits is 5 to 10% of the building
stock.
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13.8 MMBtu more than a stand ard house). The ass umed sol ar retrofit is an 8­

foot by 20-foot solar greenhouse, which supplied 10 to 15% of the heat required
by the basic 1500 foot house. (a)

Technical considerations (site characteristics) limit penetration of

passive solar space heat applications to about 35 to 50% of the netl building

stock, whereas solar greenhouses designed for heat suppl611ent are expected to

be limited to 10 to 15% of the existing housing stock.

o
Not assessed

Conservati on without capacity
credit (fuel saver).

o
o
Not applicable

Unknown
4,043 (b)

200 square feet of south gl azi ng

60-200 square feet

Forced Outage (%)

Scheduled Outage (%)

Typical Capacity Factor

Annual Firm Energy (kWh)

Average Annual Energy (kWh)

Naninal Plant Size

Si ze Range for Whi ch Data Are
Generally Val id
Capacity Credit

Capacity Limit in Railbelt (MW)
Typi ca 1 Operati on

(a) The solar greenhouse perfonnace is estimated by Barkshire (1981b) at 10 to
15% of the base house's heat loss of 131 MMBtu per year in Anchorage. The
greenhouse costs are estimated in the same sources at $30 to $40 per square
foot. Because the estimates are for a rel ati vely elaborate greenhouse, the
top end of the cost range is used.

(b) Equals difference from standard practice home, assumed to have 32.5 square
feet of south glazing, about 13.8 MMBtu/yr.

TECHNICAL PERFORMANCE



SCHEDULE

Ava i 1abil ity for Order

Preconstruction Studies and
Li cens i ng (years)

Constructi on (years)

Startup (years)

Ear 1i est Canmerci al Servi ce

Plant Life (years)

CffiT DATA

Estimated Costs (January 1982)

Overnight Capital

Working Capital

Fixed O&M ($/kW/yr)

Ava i 1abl e
<1

<1
<1

1982
30+( a)

See Table 22.1

o
o

(a) Life of the dNelling for new construction. About 10 years for solar
greenhouse retrofit.
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TABLE 22.1. Performance and Capital COH)of Residential
Passi ve Sol ar Improvements

(a) New construction based on 200 square feet of south-facing glass, no thermal
storage. Retrofits based on sol ar greenhouse.

(b) Assumes for Anchorage 34.4 MMBtu solar radiation, and a heat load
(shuttered R-30 greenhouse) of 18.7 MMBtu. Net gain to structure equals
15.7 MMBtu or 4600 kWh/yr in Anchorage. Heat loss in Fairbanks assumed 32%
hi gher for any gi ven R-val ues, but greenhouse is R-50 rather than R-30.
Sun 1i ght is also 15 to 20% greater. Net ga i n is sti 11 18.7 tlMB tu.
Glennallen-Valdez is assumed to be the average of Anchorage and Fairbanks.
Greenhouse is 8 feet by 20 feet with 130 square feet of south-facing
glass. See Volume IV.

(c) Assumes sol ar greenhouse 8 ft wi de x 20 ft long = 160 square feet at $40
per square foot. R-30 i nsul ati on, shuttered 130 square feet of south­
facing glass. For multipliers, see Technical Data Sheet 21.0.

4,043

4,600

$8,067

o

NA

$1,677

o

NA

Glennallen-Valdez

4,600

4,043

$6,787

o

NA

$1,410

o

NA

Fairb ank s

4,043.

$1,330

o

NA

Anchorage

Heat Equivalent Improvement (b) 4,600
Over Standard House (kWh/yr)

Installed Cost of Improvement(c) $6,400

Energy Available at Peak (kW) 0

Ins tall ed Cos t per kW NA

New Bu ilding

Heat Equi val ent Improvement
Over Standard House (kWh/yr)

Ins ta 11 ed Cos t of Impro vement

Energy Available at Peak (kW)

Ins tall ed Cos t per kW

Retrofit



TECHNICAL DATA SHEET 23.0

RESIDENTIAL ACTIVE SOLAR HOT WATER

Active solar technology has some potential in the Railbelt to reduce the
load on the conventional hot water systems. The effectiveness of the system
depends upon the amount of solar radiation available and the water heating load
of the household, which in turn depends on the size and characteristics of the
household. Final installed costs will vary with the type of system (draindown,
antifreeze, one or two tanks), as will performance (Barkshire 1981a).(a) New
and retrofit units selected for the study assume 80 square feet of collector
using Sola Roll -type technology because this appears to be the most cost
effective.(b) About 50% of the annual water-heating load of a family of four
can be met with such an installation, at about 80 gallons per day use. The
proportion of such use, which can be met by solar during the year, varies by
month, from about zero in November through February, to about 85% in April
through June.(c)

Limitations on market penetration are expected because of very long
payback caused by high installation costs, holding the total market to 5 to 10%
of hot water users (Barkshire 1981a).

TECHNICAL PERFORMANCE

Nominal Plant Size
Size Range for Which Data Are
Generally Valid

80 square feet of flat collector
80 to 120 square feet

For a more complete description of systems, see Volume IV, Chapter 8.
A trademark from Bio-Energy Systems, Inc., Ellenville, New York.
Although Railbelt households tend to be smaller, more water-using
appliances are available than in typical U.S. homes. This was a finding in
Battelle-Northwest1s residential end-use survey. The 50% figure is from
Barkshire (1981b).
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Capacity Credit

Capacity Limit in Railbelt (MtJ)

Typi ca1 Oper at ion

Forced Outage Rate (%)

Schedul ed Outage Rate (%)

Typi cal Capacity Factor

Annual Firm Energy (kWh)

Average Annual Energy (kWh)

SCHEDULE

Ava i 1abil ity for Order

Preconstructi on Studi es and
Li cens i ng (years)

Constructi on (years)

St artup (years)

Earliest Canmercial Service

Pl ant Life

CffiT DATA

Estimated Costs (January 1982)

o
Not assessed

Conservation without capacity
credit (fuel saver)

Low

Low

Not appl i cabl e

Unknown
3,3~(a)

Ava i 1abl e
<1

<1
<1

1982
20 years

Not comparabl e with

generation systems

Overnight Capital ($/kW)

Anchorage

Fairbanks

Glennallen-Valdez

Worki ng Capital

New Construction

NA

Retrofits

NA

Fixed C&M ($/kW/yr) Not comparabl e with
generation systems

(a) Equals energy savings for the collector on an annual basis for a system
that uses the heated medium (water) directly. This estimate is based on
matching loads of a fcmily of 4 persons by month, for 11.57 MMBtu/year.
Load is assumed to be 80 gallons/day of hot water.
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TABLE 23.1. Perfonnance and Costs of ~a~idential
Acti ve Sol ar Improvements

Anchorage Fairb ank s Glennallen-Valdez

Heat Equi val ent Improvement 3,390 3,390 3,390
Over Standard House (kWh/yr)

Insta 11 ed Cost of Improvement (b) $3,000 $3,000 $3,000

Energy Available at Peak (kW) 0 0 0

Ins ta 11 ed Cost per kW NA NA NA

Operati ons and Mai ntenance Costs $25/yr $25/yr $25/yr

(a) Based on 80 square feet of Sola Roll-type collector, tanks and plplng.
(b) Based on $25 per square foot average for Railbelt, plus $1000 other system

costs.
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TECHNICAL DATA SHEET 24.0

RES IDENTIAL WOOD SPACE HEAT

Wood is already a supplementary fuel of choice in many Rail belt

communities. Unlike other dispersed technologies, it is not resource or

weather 1imited at this time. The analysis of wood stoves in the Railbelt

E1ectri c Power A1ternat i ve Study was done on the pres umpt i on that at maxi mum

penetrati on, one fifth of s pace heat requi red by homes heated with passi ve

solar of the supplemental technology, and one fifth of the space heat required

by nonsol ar homes woul d be pravi ded by wood. Thi sis equi val ent to more than

a doubl ing of the current market penetrati on of wood space heat--or 20% of the

total market (Barkshi re 1981b). Inconveni ence, fuel cost, and diffi culty in

using wood in multifClllily units should limit maximum market penetration, even

at low capital cost.

Many types of wood stoves and fi repl ace inserts are on the mar ket. The

cost and perfonnance assumed in the study are for a high-quality airtight stove

of heavy-gauge steel and soapstone. Stoves are available in sizes with heating

capabilities ranging from 15,000 to over 100,000 Btu per hour with conversion

efficiencies of 20 to 65%. The top end of the conversion efficiency range is

chosen, a down-draft stove of about 50,000 Bt u/hr capacity, 65% effi ci ency,

lasting 20 years, and costing $2700 completely installed. Installation takes

about two days (Barkshire 1981a).

TECHNICAL PERFORMANCE

Nom ina1 Plant Size

Size Range for Which Data Are
Generally Val id

Capacity Credit

Capacity Limit in Railbelt (MW)

Typi cal Operati on

Forced Outage Rate (%)

A.73

50,000 Btu/hr

40-50,000 Btu/hr

14.65 kW

Not assessed

Conservati on with capacity
credit (seasonal peak offset)

°



Scheduled Outage Rate (%)
Typical Capacity Factor
Annual Firm Energy (kWh)
Average Annual Energy (kWh)

SCHEDULE

Availability for Order
Preconstruction Studies and
Licensing (years)
Construction (years)
Startup (years)
Earliest Commercial Service
Plant Life

COST DATA

Estimated Costs (January 1982)

Overnight Capital ($/kW)
Working Capital
Fixed O&M ($/kW)

A.74

o
Not applicable
Unknown
See Table 24.1

Ava il able
<1

<1
<1
1982
20 years

$177
o
$6.82



TABLE 24.1. Performance and Costs of Residential
Wood Space Heat

Anchorage Fairb ank s Glennallen-Valdez

Heat Equi val ent Improvement (kWh/yr )

New (50%)

With Sol ar (25%) 12,365 17,346 14,855

Without Sol ar (25%) 16,408 21,389 18,898

Ret rofit (50%)

With Solar (15%) 11,808 16,789 14,298

Without Solar (35%) 16,408 21,389 18,898
Average (a) 14,707 19,688 17,197

Installed Cost of Improvement ( $) 2,700 2,700 2,700

Capacity Offset at Peak (kW) 14.65 14.65 14.65

Installed Cost per kW ($) 177 177 177

Operati on an~b~ai ntenance 431 540 486
Costs ($/yr)

(a) Assumes new homes comprise about 50% of the stock in each area.
Penetrati on is assumed to be 20% of all types at maximum and proceeds
proportionately for all types.

(b) Assumes 65% conversion efficiency. Wood at $80/cord, 12.5 M\1Btu/cord
effective heat (about 19,300 Btu/cord for birch heat content). Annual
mai ntenance at $100/yr.
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TECHNI CAL DATA SHEET 25.0

ES CALATION SERIES

The escalation series used for this study are given in Table 25.1 (capital

cash) and Table 25.2. All projects used the II standard ll series except as

indicated. All escalation factors are II rea lll, and do not include general

i nfl ati on.

TABLE 25.1 Capital Cost Rea 1 Esca1at ion Seri es

Escalation Factors

IIStandard ll Chakachamna Browne Wind Energy

Year %/year (a) %/year (b) %/year (c) %/year(d)

1981 0.8 0.9 0.9 0.9
82 1.4 1.4 1.3 1.2
83 1.4 1.4 1.3 1.2
84 1.0 0.9 0.9 0.7

1985 0.0 0.0 0.0 0.0
86 -0.1 -0.1 -0.1 -0.1
87 0.3 0.3 0.3 0.3
88 0.8 0.8 0.8 0.8
89 1.0 1.0 1.0 1.0

1990 1.1 1.1 1.1 1.1
91 1.6 1.6 1.6 1.6
92 2.0 2.0 2.0 2.0
93 2.0 2.0 2.0 2.0
94 2.0 2.0 2.0 2.0

1995-on 2.0 2.0 2.0 2.0

(a) From Volume XII; 40% 1abor, 60% materi al.
(b) From Volume XIV; 30% labor, 70% materi al.
(c) From Volume XV; 25% labor, 75% material.
(d) From Volume XVI; 7% labor, 93% material.
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TABLE 25.2. Operation and Maintenance Cost
Real Escalation Series

Standard(a) Wind Energy
Year %/yr %/yr
1981 1. 5 0.0
1982 1. 5 0.0
1983 1.6 0.0
1984 1.6 0.0

1985 1.7 0.0
1986 1.8 0.0
1987 1.8 0.0
1988 2.0 0.0
1989 2.0 0.0

1990 2.0 0.0
1991 2.0 0.0
1992 2.0 0.0
1993 2.0 0.0
1994 2.0 0.0

1995-on 2.0 0.0

(a) Includes Chakachamna and Browne hydro.
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TECHNICAL DATA SHEET 26.0

FUEL PRICE SERIES

Fuel prices used for the Railbelt Electric Power Alternatives Study are
given in Table 26.1. Background information is provided in Volume VII. Note
that Table 26.1 is given in 1982 dollars. Fuel prices used for the cost
estimates of Volumes II and IV were in 1980 dollars.
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TABLE 26. I- Fuel Prices Used for the Railbelt Electric
Power Alternatives Study ($/MMntu)(a)

Cook Inlet Cook Inlet
Beluga Nenana Natural Gas (d) Natural Gas(e) North Slope ( ) Distillate (g) Refuse-Deri)ed

Year Coal (b) Coal (c) AG&S CEA Natural Gas f Fuel Oil Peat Fuel(h--
1982 1.67 1.75 1.12 0.46 -- 6.90 1.75-5.25 0

83 1.73 1.79 1.10 0.46 -- 7.04 1. 77-5. 30 0
84 1.76 1.82 1.11 0.46 -- 7.19 1.79-5.36 0

1985 1.80 1.86 1.12 0.51 -- 7.34 1.80-5.41 0
86 1.84 1.90 1.41 0.54 -- 7.50 1.82-5.46 0
87 1.88 1.94 1.63 0.66 -- 7.66 1.84-5.52 0
88 1.91 1.98 1.73 0.70 5.92 7.82 1.86-5.57 0
89 1.95 2.02 1.95 0.78 5.41 7.98 1.88-5.63 0

1990 2.00 2.07 2.20 0.90 4.97 8.15 1.89-5.68 0
91 2.04 2.11 3.80 1.53 4.58 8.32 1.91-5.74 0
92 2.08 2.15 3.89 1.66 4.25 8.49 1.93-5.80 0
93 2.12 2.20 3.97 1.87 3.97 8.67 1.95-5.86 0
94 2.17 2.25 4.06 2.00 3.72 8.85 1.97-5.92 0

»
2.17. 1995 2.21 2.29 4.16 3.50 9.04 1.99-5.97 000 96 2.26 2.34 4.25 4.46 3.32 9.23 2.01-6.03 00

97 2.31 2.39 4.35 4.56 3.16 9.42 2.03-6.10 0
98 2.36 2.44 4.47 4.68 3.02 9.62 2.05-6.16 0
99 2.41 2.49 4.57 4.78 2.90 9.82 2.07-6.22 0

2000 2.46 2.54 4.70 4.91 2.80 10.03 2.09-6.28 0

2000+ 2.1%/yr 2.0%/yr ( i ) (i) (j) 2.0%/yr l%/yr
escalation

(a) January 1982 dollars, 0% inflation.
(b) Minemouth.
(c) FOB rail, Nenana.
(d) Weighted average price to Alaska Gas and Service Co. (without Pacific Alaska LNG project).
(e) Weighted average price to Chugach Electrical Association.
(f) Fairbanks city gate.
(g) Delivered.
(h) Cost of RDF processing offset by tipping fees.
(i) Availabiity of Cook Inlet gas is uncertain following year 2000.
(j) Price is expected to stabilize at about $2.70/MMBtu.
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