
"'"""'"""-......,;; ASKA PC\NER AUTHCRITV-

FEBRUARY. 19B4

A COMPARATIVE ECONOMIC

ANALYSIS OF ELECTRIC

ENERGY ALTERNATIVES

FOR ANGOON. ALASKA

~EC BY

TK
1424
.A4
A82
1984

I
I ~----------------~---.......,

-,...
===('I),-----------------~ ___r

===('1)
-C\JII ~ (;
"'-0

LO
_LO

I -I'--_('I)('I)

I
I
:1
,I

I
I
I
11

...•

I
I
I
I
I
I
I



Sincerely,

~!~;J
Executive Director

March 22, 1984 Tryck, Nyman & Hayes

To Interested Agencies and Organizations, and to the Pub11c at
Large:'

Enclosed is the final report of A comparative Economic Analysis of
Electric Energy Alternatives for Angoon, Alaska. This report is
very similar to the draft report circulated during the fall. It
puts the cost estimates of a number of earlier reports on a common
economic base (1983 dollars) so that the economics of the proposed
hydro facility can be compared with continued dependence upon
diesel-produced electricity. It also examines how the economics of
the associated salmon hatchery affects the costs of the hydro
facility. .

This final report incorporates comments on the draft received from
various agencies, organizations, and from the Alaska Power Authori­
ty's own review. The most important change is the use of 1983
salmon prices in analysis of the hatchery economics. Other some­
what less evident changes were also made throughout the report.

The conclusions and recommendations that appear in this report are
those of the consulting engineer, not those of the Power Authority.
Assumptions concerning pricing and financing mechanisms were made
in order to calculate economic benefits and costs; they do not
represent existing State policy. The Power Authority's Findings
and Recommendations will be circulated separately and will use the
information in this report.

Thank you for your interest, and if you have any comments or
questions, please do not hesitate to write or call.

one: (907) 2n·7641
(907) 276-0001
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A,- INTRODU CnON

This report is the resulfof work performed by th'e Anchorage office of
Acres American Incorporated in 1983 at the request of the Alaska Power
Authori ty.

As a resul t of a number of reconna i ssance-leve 1 and other studi es do ne
for APA, there is a good deal of interest in the developnent of a small
hydroelectric site near Angoon. Because these earlier works 'were done
over a span of years, thei r cost estimates cannot be compared di rectly
from one report to another. Thus, an old report1s estimate may not
have much relevance in light of current costs of operating the diesel
generating SYSt6T1 in Angoon. It is the goal of this report to put the
cost estimates of the earlier works on a common economic base (1983
dollars) so that the value of the hydro plant(s) proposed can be com­
pared to the costs of continued dependence upon diesel-produced
elect ri ci ty.

This report eXCJT1ines the economics of a salmon hatchery in concert with
the costs of the hydro facility. Since a hatchery would likely be
lI requ i red II if a hydro pl ant and its dam were to be bui 1t near Angoon,
this is considered to be a reasonable approach. Current Alaska Divi­
sion 'of Fish and Game policy seeks to protect salmon habitat where
possible, and the inclusion of a hatchery in a hydro project It/ould
miti ga te the loss of spawni ng habi ta t.
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B '- SUMMARY AND RECOMMENDATIONS

It is the general finding of this report that the developnent of a
small hydroelectric facility on Favorite Bay Creek may have economic
advantages for the communi ty of Angoon when compared to the present
system which uses diesel fuel for power generation.

In the eight months between the issuance of the draft version of this
report and the final, State agencies have had an opportunity to compi le
data on the value of salmon harvested from Southeast Alaska waters in
1983. Many of ,the assumptions used in the draft report regarding the
value of fish to be taken by the Angoon Aquaculture Association have
been significantly altered by using this more recent data. In contrast
to the support given to the Falls Creek project in the draft, it now
appears that such an enthusiastic endorsement should not be given with­
out further investigation of the volatility of the salmon market and
its possible future trends. The Monte Carlo techniques introduced in
Appendix A attempt to probe the impl ications of varying salmon prices
and load growths. The reader is cautioned to interpret the results
gi ven in Appendix A as tenati ve.

There is no avai lable source of energy which can produce "cheap"
electricity for the Angoon. Electricity produced at a Favorite Bay
site and distributed through the existing Tlingit-Haida Rural Electric
Association system will cost about $0.34 per kilowatthour. This is
about the same as would be paid for diesel power in 1988, the first
year that a Favorite Bay hydro plant is asslJ11ed to be available. The
advantage of the hydro energy is that it wi 11 not esca llate as the
price of fuel oil rises. The cost of electricity to the consumer would
be expected to remain stable at the $0.34/kWh level over the lifetime
of the project. Diesel-generated power, on the other hand could be
expected to rise to $0.37 to $0.44 per kWh (in 1983 dollars) by the end
of the 20th century (see Figure 1).

Other alternatives, including another hydroelectric site, were not
found to have any economic advantage for Angoon.

The economic advantage of the Favorite Bay hydro site disappears at low
energy use rates because- of the high fixed costs involved in such a
pl ant.

If a hydro plant were to be built at Favorite Bay, it is probable that
a hatchery would be required by ADF&G to mitigate salmon habitat
losses. An appl ication has been made to ADF&G by the Angoon Aqua­
culture Association for a permit to build a salmon hatchery at Favorite
Bay. A permit will not be granted without provision for an impoundment
area (dam and reservoir) to ensure adequate water suppl ies during times
of low water or during the winter when the stream is frozen.
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page 4

This report assumes that electric utility customers would not be \vill­
ing to pay any more for el ectri ci ty genera te-d by a hydro pl ant than
they do for a diesel plant. It is further assumed that there are no
available "subsidies" and that the hydro plant and hatchery must "pay
their own 'tlay." This constraint limits the revenue generated by the
power pl ant to a level adequate to pay for those structures di rectly
associated with power generation (powerhouse, generators, transmission
line, etc.) and 25 percent of the cost of the dam and intake structure,
which is "shared" with the hatchery. Later, the report shows that
salmon harvest revenues to the Aquaculture Association may not be suf­
ficient to pay for 75 percent of the dam and intake structure costs.

Hatchery operation and increased production at the Angoon cold storage
plant would drive up energy use, reducing the per-unit cost of
electricity for all consumer? in the village.

It should be kept in mind while reviewing this report that the intro­
duction of a hydroelectric plant and salmon hatchery at Angoon has
implications far beyond the supply of electricity at a stable price.
The improvement in the area's salmon fishery may be able to provide a
si gni fi cant improvement in the genera 1 standa rd of 1ivi ng for many of
Angoon's residents.

Before construction can be started on a Favorite Bay hydro plant,
detailed studies are needed to verify many of the assumptions used in
this study. It is conceded that much of the work presented in this
report (and no doubt in reports. by others) is rough. This report
serves to guide others to focus their attention on the Favorite Bay
hydro project, as it seems to provide the most benefits to the village
of Angoon for the forseeable future. The studies listed below are
recommended. It is the opinion of Acres' staff that they should be
commenced in the near future so that unforseen ci rcumstances do not
unnecessari ly del ay the compl etion of the project:

1. A continuous'stream gaging station should be established in the
vicinity of the proposed dam site. Existing streamflow data are
largely synthesized from LEGS data taken at other locations and ver­
ified, where possible, by occasional measurements taken at the site.

2. Geotechnical explorations should be undertaken at the dam site
to establish foundation conditions.

3. Area geology should be thoroughly explored to identify candidate
sites for quarries which would be needed for a rock- or earth-fill
dam. Quantities on the order of 100,000 to 150,000 cubic yards of
rock would be needed for a Favorite Bay dam. An unknown, but less­
er, quantity of aggregate would also be needed for the construction
of the hatchery and powerhouse.
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4. The impl i ca ti ons of the use of Nati ona 1 Monument 1and shoul d be
explored. Initial reports indicate that the l1S Forest Service may
be fa vo rab ly di sposed toward a Favo ri te Bay proj ect, but th i s needs
to be clarified. The involvement of federal lands and a project of
this magnitude will likely require the production of a formal
environmental impact statement. The preparation of an EIS is
typi ca lly a very i nvo 1ved process, sometimes taki ng a number of
years. The requirements of the Federal Energy Regulatory Commission
(FERC) should also be investigated.

5. Alternative designs for the dam need to be explored. Techniques
such as using siphon intakes (which could minimize the cost of
intake structures) could simplify the dam design. The use of cen­
trifugal pumps (which are available as off-the-shelf units) instead
of limited-production or custom built water turbines can also some­
times represent significant savings.

6. The construction permit for the hatchery needs to be expedited
as much as possible. Hatchery construction goes hand-in-hand 'Nith
the hydro pl ant.

7. Attention must be given to the details of sharing capital costs
between the hatchery and the hydro plant. A study should be initi­
ated to excnine the financing of these separate, but related,
projects. The alternative methods of financing the projects should
be addressed, including"the availability of private capital to con­
struct the hydro plant.

The course taken by this report generally follows that taken by other
reports prepared by Acres Ameri can for the Alaska Power Authori ty to
evaluate the economics of various energy alternatives.

First, forecasts are developed to provide some understanding of the
need for energy in future years. To the extent possi ble, the forecasts
take into account potenti al new users of energy within the communi ty
being studied. The effect these new users may have on the population
growth and economic activity of the community is then considered.

In the case of Angoon, it is not considered 1 ikely that major industri­
al or commercial development will take place any time in the study
period (20 years into the future). The only II s ignificant ll developnents

"forseeable are the new cold stora.ge faci lity and perhaps a hatchery .
. It does not seem likely that the introduction of these faci lities will

cause the developnent of other energy-consuming facilities. Thus, we
would expect that the growth of energy use in Angoon would increase
very slowly through the end of this century.
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page 6

The next step in the analysis of energy economics for a small community
involves the examination of those energy resources readily available.
In the case of Angoon, that would include diesel generation (as cur­
rently provided by the Tlingit & Haida Regional Electrical Authority,
or "THREA"), hydroelectric power from a proposed site on Falls Creek,
and perh aps wind ene rgy. .

Fina lly, the cost of supplying the forecast energy demands wi th the
ava.ilable alternatives is studied. The life-cycle (or "present worth")
costs of the alternatives are compared to establish the mos~ economical
means of providing energy to the communi ty.

In the study of energy economics at Angoon, an interesting case devel­
ops as a result of the avai labi lity of the Falls Creek hydro site. If
the hydro site is not developed, it is possible that the village could
move into a future of very low energy growth. Under most ci rcum­
stances, a conservative approach to take when evaluating a hydro plant
is to assume a low energy growth rate. This makes the electricity from
such a plant considerably more expensive. Ho,vever, in the case of
Angoon, such an approach is inappropriate. If a hydro plant is built,
a hatchery must be built to mitigate the loss of a salmon spa,vning
stream. The hatchery will, by itself, provide a large increase in the
energy used in the community. The higher load forecast which results
from the existence of the hatchery will cause the economic calculations
to show less expensive electricity from the hydro site. For this
reason, the Falls Creek hydro plant will not be evaluated using the
lOHest-growth forecasts.

The economics of the Falls Creek hydro faci lity will be evaluated under
two assumptions of energy growth: (1) The dam and hatchery will be in
place, but the cold storage plant (the other "large" load in Angoon)
will operate only 3 months out of the year and (2) same as 1 except
that the cold storage plant ·will operate 10 months of the year as a
result of the increase in the area's bottomfish industry.
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C - FU TU RE LOADS

A key elanent in the cost of el ectri ci ty to the consumer from apa rti c­
ul ar power systan is the amount of energy purch ased from that system.
In genera 1, ti1e more energy consumed or purchased, the less each uni t
of energy should cost.

Studies done by Harza (1979), Retherford (1981), and Tryck, Nyman &
Hayes (1981) have all based their load growth projections on forecast
work done by the Tlingit & Haida Regional Electrical Authority (THREA)
in 1979. Since that time, THREA has developed a revi sed forecast ·of
energy use and demand growth (1983). The new forecast anti ci pates 1ess
growth of the Angoon load than did the old one. The differences are
sh ow n i n th e ta b1e be 1OH :

TABLE 1 THREA ENERGY FORECASTS

ENERGY USE POWER DEMAND
OLD NEW PCT. OLD NEW PCT.

YEAR FORECAST FORECAST CHANGE FORECAST FORECAST CHANGE

1978 680 MtJ h 680 MtJh 171 kW 171 kW
1983 1,200 1,050 -12.5 304 295 -3.0
1988 1,290 1,200 - 7.0 327 327

r .~ 1993 1,390 1,200 -13.7 353 340 -3.7

The approach used by THREA. to produce their forecasts was to examine
the historic trend of energy use (and power demand) for several years
prior to the forecast. These tr:ends were then used to develop math­
anatical descriptions of future load growth rates. This method has
been used for a number of years by uti lities which are financed by the
Rural Electrification Adninistration (REA).

The REA method is limited in its ability to anticipate the effect of
possible capital developnents or political actions which may cause
alterations in the trend of energy growth rates. Any "adjustment". to
the forecast must be made "by hand" by the REA investigators. To the
extent possible, THREA has made these adjustments. However, they have
not considered the impact which the cold storage plant or the hatchery
would have on energy use growth. One reason the cold storage plant was
not included in THREA forecasts is that the nearest power line to the
plant is about three miles away. Although the construction of a new
power 1ine to the col d storage pl ant may be expensi ve for the pl ant, it
is probable that, over it's lifetime, power purchased from THREA may be
less expensive than self-generated power. Additionally, the new THREA
forecasts do not take into account the effect which the el imination of
the state's Power Cost Assistance Program would have on energy use in
Angoon.
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page 8

PCAP effectively redu,ces the cost of electricity to the consumer as
much as 50 percent' and has greatly influenced recent growth of
electricity consumption in rural communities. As an example, in Angoon

'during 1982 (the'first full year the subsidy was available), 1,000,354
kWh were sold. This represents an increase of about 18 percent over
1981 energy sales, which were thanse1ves a decrease from 1980 Angoon
sales. Even with PCAP available, it is our understanding that electric
bills in Angoon are frequently over $IQO. Without PCAP, this same bill
(for about 700 kWh) would be about $200. Such an expenditure would
take a very significant part of a family's disposable income. It would
be likely that the discontinuance of the PCAP subsidies would lead to a
reduction in residential energy consumption.

Public consumers (schools, community buildings,. street lighting sys­
tems, etc.) also benefit from PCAP. They are eligible for PCAP support
for an amount of electricity which is dependent upon their village's
population. The elimination of PCAP would undoubtedly cause signifi­
cant hardship for many rural governments.

Presently (for fiscal year 1983, which ended July 1, 1983), the PCAP
subsidy is set up to cover 95 percent of a residential customer's el­
ectricity cost over 14 cents/kWh for the first 600 kWh of their con­
sumption. Funding for PCAP in fiscal year 1984 was not made available
by the legislature to the extent that is has been in previous years.
It is likely that the program's administrator, the Alaska Power Author­
ity will raise the cost cei ling from 14 cents/kWh to some higher level
(as yet unknown) to make their available funding go farther. There is
some sent iment in the 1egi 51 ature to do away with th is program ent i re­
ly, something which becomes more probable as state oil revenues con­
tinue to fall off.

For purposes of this report, it will be assumed that PCAP subsidies
will be available (although is diminishing amounts) through the end of
calendar year 1986. Since the 1983 legislature has left the program
intact and 1984 is an election year, it is unlikely that the 1984
l~gislature will eliminate the program. This report will assume that
the 1985 legislature will tenninate PCAP altogether with funding to end
at the end of calendar year 1985 (a simplifying assumption, since funds
will likely rot continue past June 1985, the end of the fiscal year).
In 1986, there will be an immediate 20 percent reduction in residential
consumption. As oil prices continue to rise, there will be little to
no growth in that sector throughout the remainder of the forecast per­
iod (1983 - 2002). Public and commercial users will continue to use
the same amount of energy they woul d have if the program had co nt i nued.

An unfortunate effect of this reduced energy use is that each unit of
energy (kWh) will have to cost the consumer more to pay for the uti li­
ties' fixed costs (equipment capitalization, administration, fixed
maintenance, etc). This will have the effect of reducing consumptiQn
further, driving kWh prices up more, reducing consumption, etc, etc.
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Wewill use the ll-lREA 1983 forecast as an upper limit for Angoon energy
consumpti on and load (after appropri ate changes have been made to take
into account the cold-storage plant). The lower limit forecast will
take ll-lREA's forecast and modify it to show a 40 percent reduction in
residential consumption occurring in 1986 with growth thereafter due
only to new housing units. We will assume that 2 new homes will be
built in Angoon each year from 1983 through 1987,1 home per year from
1988 through 1997, with ro new homes added for 1998 - 2002. In 1982,
the "average" Angoon residential customer used about 4,370 kWh (360 kWh
per month). This will be considered to re11ain constant from 1983 to
1986 when the annual residential consumption will fall to 3,311 kWh
(276 kW h per month).

It is as sumed that: (1) the new co 1d-storage faci 1i ty wi 11 become full y
operational in 1985; (2) if it is used only for the salmon season, it
will only be used for three months each year; (3) if a bottomfish
industry develops in the area, the cold-storage plant could be operated
for 10 months out of the year. The new col d-storage pl ant load is
ca 1cu1ated as f0 1lows:

In addition to this cold-storage plant, there is some possibility of a
fish hatchery being constructed in Angoon. It will be assumed to begi"n
operation in 1988, with the following loads:

TABLE 3 -- HATCHERY PLANT LOADS

Power
Load Demand Load Factor MWh/month MWh/year

3 20 hp Punps 40 kW 0.6 17 204
Ligh·ts & Misc. 5 0.7 2 24

TOTALS 45 kW 19 228

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



page

3. A IIhigh-growth ll forecast is virtually the same as 11211 with the
exception that the cold storage pl ant operates ten months of the
yea r.

From the above, three distincly different load forecasts were
developed. The assumptions under 'Nhich these three forecasts were made
are as f 011 ON S :

2. A IImoderate-growth" forecast was developed in 'Nhich the Falls
Creek hatchery and hydro plant are included and the cold storage
pl ant operates only three months each year.

10

evaluated only un'der the growth
A year-by-year forecast for 1983
the follCJ,Ving page for each of

1. A II low-growth ll forecast was developed wherei n no hatchery was
constructed and the co 1d storage pl ant opera ted only three months
each yea r .

The economics of the hydro plant are
conditions described by "2" and 113. 11
through 2002 is gi yen on Tabl e 4 on
these <Xl ndi ti ons.

I
,

I
I
,

I
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TABLE 4

ENERGY USE AND POWER DEMAND fORECASTS fOR ANGOON, ALASKA

1983 - 2003

page 11

I I ACRES' fORECASTS I
11979 THREA 1983 THREA , HIGH-GROWTH HlDERATE-GROWTH LOW-GROWTH 1

YEAR , fORECAST fORECAST I fORECAST fORECAST fORECAST I REMARKS

I kW Hilh kW Mt'Ih I kW MNh kW Hilh kW Hilh I
1983 1304 1,200 290 1,060 I 289 1,020 289 1,020 289 1,020 I
1984 1 I 292 1,577 292 1,028 292 1,028 12 new homes

1985 , I 419 1,587 419 1,202 419 1,202 I cold storage plant on-line; 2 new homes

1986 I I 424 1,596 424 1,211 424 1,211 12 new homes

1987 , I 429 1,605 429 1,220 429 1,220 I last year of PCAP; 2 new homes

I I I
1988 1327 1,290 330 1,200 I 477 1,735 477 1,350 432 1,122 'hatchery/dam in moderate & high; 1 new home

1989 I I 479 1,739 479 1,354 434 1,126 11 new' home

1990 , I 481 1,743 481 1,358 436 1,130 I" "
.,

1991 I I 484 1,746 484 1,361 439 1,133 I" " "
1992 I I 487 1,749 487 1,364 442 1,136 I" " "

I I
1993 1353 1,390 340 1,200 I 489 1,753 489 1,368 444 1,140 I" " "
1994 I I 491 1,757 491 1,372 446 1,144 I" " "
1995 I I 494 1,762 494 1,375 449 1,147 I" " "
1996 I , 497 1,763 497 1,378 452 1,150 I" " "
1997 , I 499 1,767 499 1,382 454 i,154 I" " "

I I I
1998 I I 499 1,767 499 1,382 454 1,154 I no additional homes through study period

1999 ,
1 499 1,767 499 1,382 454 1,154 ,

2000 I I 499 1,767 499 1,382 454 1,154 I
2001 I I 49'9 1,767 499 1,382 454 1,154 I
2002 I 1 499 1,767 499 1,382 454 1,154 I

Notes: The differences in Acres' "Low," "Moderate," and "High" growth forecasts result from: (1) cold storage plant ope raged only 3

months per year, no hatchery in the "Low" forecast; (2) cold storage plant operates 3 months, hatchery in operation in the

"Moderate" forecast; (3) cold storage plant operates 10 months per year, hatchery in operation in "High" growth forecast.

- - - - -- - - - - - - - - - - - - -
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D - FUTURE COST OF POWER PROVIDED BY THREA DIESEL SYSTEM

-The existing power system at Angoon~ o.vned by the Tlingit and Haida
Regional Electrical Authority (THREA) consists of three diesel units
ra ted at 250 ~ 300 ~ and 400 kW for a fi rm capacity of 550 kW (250 + 300
kW~ assuming that the largest of the machines may be unavai lable for
service). Since the greatest load anticipated in Angoon for the next
20 years is only about 360 kW (see Part C) ~ it can be seen that the
generating capacity will not have to be increased. This report will
assume that~ when the existing units are replaced at the end of their
servi-ce lives~ they will be replaced with identical units.

Because electric utilities are capital-intensive~ they have very large
annual costs which are fixed. That is to say that even if THREA were,
to stop generating power altogether~ they would have ongoing financial
obligations to cover such items as financing of their equipment~ admin­
istrative charges~ maintenance of equip,llent and power lines~ insurance~

taxes~ etc. In 1982~ of THREA's expenditur.es of $2.25 million, just
less than half (about $1.1 mill ion) were fixed expenses. Because of
these high fixed charges, utility systems which sell relatively small
anounts of energy (such as THREA) have cost structures which are sensi-
tive to changes in sales levels: the more energy which is sold~ the
less its per-kWh price becomes. Conversely~ if less energy is sold~

each unit of energy must be sold at a higher price.

Using information obtained from THREA's 1982 Annual Report to the
Alaska Public Uti lities cOIT!mission~ Acres. has broken expense data into
categories of fixed and variable costs. These are summarized on Table
5 on th e fo 11 ow i ng pa ge .

Total fixed costs for the system in 1982 were $1~108,704; variable
costs were $1 ~140 ~107. Since not a 11 of the fixed costs can be reason­
ably charged to anyone of the five IHREA villages~ they have been al­
located on a per-customer basis. In 1982~ THREA reported that they had
a tota 1 of 779 customers~ with 144 in Angoon. Therefore~ the fixed
costs a llocated to Angoon for 1982 were:

$1~108~704 x (144 + 779) = $204~946

Variable costs were allocated equally throughout the system on a per-
kWh basis. These variable cost rate was calculated to be:

$1~140~107 + 6~562~000 kWh = $0.1737/kWh

Part of these variable costs are due to fuel ($780~475 in 1982~ or
68.46 percent of the total variable costs), the remainder are due to
maintenance and bad debt expenses ($333,862 and $25,770 respectively).
The per-kWh cost of fuel can be expected to escallate in real terms
(1983 dollars) at a rate greater than general inflation. Calculations
which follo.v assume that fuel prices will increase 2.5 percent faster
(on an annual basi s) than genera 1 infl ation. All other costs are
assumed to remain constant relative to the general inflation rate.

I
I
I
I
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(Based upon data taken fran THREAts 1982 Annual Report to APLC)
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*Cost of these i tens may be el iminated by al ternati ve energy sources.
**Cost of fuel is expected to rise relative to inflation.

TABLE 5

ALLOCATION OF FIXED AND VARIABLE COSTS IN THE THREA SYSTEM

Amount

780 ,475
276,615
57,247
25 ,770

22
29,876
5,729
1 ,039

150,111
773

1 ,247
25 ,116

132
7 ,360

18,817
1 ,303
7,146

75
1 ,558

357
7 ,120
5 ,144

60 ,389
129,099

50,908
17 ,559
13 ,592
32,265

110,326
45 ,156
9,913

nex t page)

.$
.. .

Expenses.

Amount

TOTAL VARIABLE COSTS: $1,140,107

FIXED COSTS

Item

(co nt i nue don

Operation Supervision and Engineering. • • • • • •• ..$
Rents ~ .
Mai ntenance Supervi sion and Engi neeri ng (Genera tion)
Maintenance of Structures••••••••••••••
Maintenance of Generating and Electric Plant ••••
Maintenance of Miscellaneous Other Power Generation Plant ••
Operation Supervision and E'ngineering. •• • ••••
overh ead Line Expenses • • • • • • • • • • •
Street Lighting and Signal Systen Expenses ••••••
Meter Expenses ••••••• '••••••••••.••
Miscellaneous Distribution Expenses ••••••••• # •

Maintenance Supervision and Engineering (Distribution) •
Maintenance of Overhead Lines •••••• # ••••

r~ai ntenance of Underground Lines ••••••••••
Maintenance of Street Lighting and Signal Systens ••
Maintenance of Meters. • • • • • • • ••••••••
Supervi sion (Custaner Accounts). • • •••••••
Meter Readi ng Expenses • • • • • • • •••
Custaner Records and Coll ection Expenses • • ••••
Adninistrative and General Salaries ••
Office Supplies and Expenses.
Outside Services Employed••••
Property Insurance •••••••
Injuries and Damages •••••
Employee Pensions and Benefits.
Fra nch i se Req ui rem ent s • • • • •
Regulatory Commi ssion Expenses

VARIABLE COSTS

Item

** * Fue 1 • • • • • • • . • • # .'. • • •

* Generation Expenses •••••••••
* Miscellaneous Other Power Generation

Uncollectible Accounts ••.••••

I
, -

I
I
,

I
#

I
I
I
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It is important to keep in min'd that un"der varying circumstances, many
of the costs called "fixed" or "variable ll here may S'.vitch categories.
Different uti 1iti es have developed thei r ONn method of different i ati ng
between fixed and .variab1e costs.

It is a lso important to note that the fixed costs are IIfixed" only over
a relatively narrow range of energy production and power demand. The
retention of the allocation of fixed and variable costs in the manner
di scussed here is done for simpl ification of the report calculations.

page
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Amount

••••••• $ 19,872
27 ,826

206,436
9 ,793

126 ,926
(14,881 )

TOTAL FIXED COSTS: $1,108,704

FIXED COSTS (continued)

Item

Genera 1 Adverti si ng Expenses.
Mi sce 11 aneous Genera 1 Expenses .
Depreciation •...••.••.
Tax es. . . . . . . . . . . . .
Interest on Long-Term Debt.
Interest and Dividend Income



The calculations used to produce the net present worth of the Angoon
are shown on Tables 6 and 7. Note that the IIApproximate Energy Sales
Price ll shown does not include any subsidy discounts.

There are only a few of these costs which woul d be decreased or el imin­
ated with the constructi on of a hydroel ectri c pl ant (or other a lterna-
tive energy source) at Angoon. These are:

The IIbenchmark ll against 'I/hich other alternatives must be compared is
the existing THREA diesel system. Throughout this report, this bench­
mark system is called the IIbase case ll plan, The costs associated with
operating this 'system on into the future are calculated for each year
of the study. In this case, our study must extend for the entire 50
year life of the proposed hydroelectric plant which will be assumed to
be put 1I0n-linell in 1988. Therefore, the study period will be 1983 ­
2037. load growth and fuel price escallation are both assumed to stop
after 2002. The IIne t present worth ll of all of the future years I is
calculated using a 3.5 percent annual rate.

The construction of a waste heat recovery system on the THREA generat­
ors by the Alaska Power Authority complicates the calculation of utili­
ty system economics in Angoon. The heat energy recovered by that sys­
tem is being used by the sewage treatment plant, the grade school, the
high school gym, and the teachers' quarters. It is estimated that this
recovered waste heat eliminates the need for about 14,600 gallons of
heating oil in these buildings each year. At current prices of $1.98
per gallon (delivered), this heat is IIworth'~ about $28,900 per year.
The Alaska Power Authority has no plans to marge for the heat, so the
affected building owners realize a combined IIbenefit ll of $28,900 each
year. This is treated as a savings against the annual cost of power
production in Angoon, even though the village residents will never see
a recduct ion in thei r el ect ri c bi 11 s as a resul t of the waste hea t sys­
tem insta 11 ati on. The i nsta 11 ati on and annua 1 ma; ntenance co sts mus t
be added to the system co sts as well. These ca 1cul a ti ons are shown
separately, on Table 8 so that the energy costs shown on Tables 6 and 7
will rot be distorted by the economics of the waste heat system.

Present worth calculations of the system operation for the years 1983
through 2037 (50 years after the assumed on-line date for a Favori te
Bay hydro plant) assuming an interest rate of 3.5 percent shows a
lOHgrowth plan to have a present worth of $11,657,000. Similarly, the
high-growth pl an has a present worth of $15,049,000. When the benefi ts
of the waste heat system are considered (which will reduce each of

16

($700 ,475 in 1982)
($276,615 in 1982)
($57,247 in 1982)

page

• Fuel
• Generation Expenses
• Mi see 11 aneous °th er Power Genera ti on Expenses

The total of these "displaceable ll costs ($1,114,337) represents almost
50 percent of THREA's costs which we have allocated to .Angoon.

I
I
I
I
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these costs by $604,000) , we reach net present worths of:

LCNJ - ffi OW TH BA SE en. SE: $ll ,053 ,000
HIG-I-ffiOWTH BASE en.SE: $14,445,000

The line t pr,esent worth" 0 f a pl an is the amoun t of money wh i ch woul d
have to be invested in J'anuary of 1983 to cover all future expenses of
that plan wflile earning a particular rate of return (in this case 3.5%
annually) .

•
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TABLE 6

COSTS Of BASE CASE PLAN fOR ANGOON UNDER LOW-GROWTH fORECAST

1983 - 2037

VARIABLE COSTS I I fIXED COSTS I TOTAl I APPROX. I PRESENT

I DISPLACEABLE INON-DISPLACEABLE I TOTAL I I SYSTEM I ENERGY I WORTH

ILOW-GROWTH IESCALATING I NON-ESCALATING I NON-ESCALATING I VARIABLE I I COSTS I SALES I Of TOTAL

I fORECAST I (fuel) I (O&M, etc.) I (UncoIl. Accts.) I COSTS I TOTAL I I PRICE I SYSTEM COSTS

YEAR I (MWh) I ($/kWh) I ($/kWh) I ($/kWh) I ($1,000) I ($1,000) I ($1,000) I ($/kWh) I ($1,000)

I I I I I I I I I
1983 1,020 I 0.119 I 0.051 I 0.004 I 177 I 205 I 382 I .375 I 369
1984· 1,028 0.122 I 0.051 I 0.004 . I 182 I 205 I 387 I .376 I 361

1985 1,202 I 0.125 I 0.051 I 0.004 I 216 I 205 I 421 I .351 I 380

1986 I 1,211 I 0.128 I 0.051 0.004 222 I 205 I 427 I .352 I 372

1987 I 1,220 I 0.131 I 0.051 0.004' 227 I 205 I 432 I .354 I 364

I I I I 1 I
1988 I 1,122 I 0.135 I 0.051 0.004 213 I 205 I 418 I .373 I 340

1989 I 1,126 I 0.138 I 0.051. 0.004 217 I 205 I 422 1 .375 I 332

1990 I 1,130 I 0.141 I 0.051 0.004 221 I 205 I 426 I .377 I 324

1991 I 1,133 I 0.145 I 0.051 0.004 227 I 205 I 432 I .381 I 317

1992 I 1,136 I 0.149 I 0.051 0.004 232 I 205 I 437 I .384 I 310

I I I I I
1993 I 1,140 I 0.152 I 0.051 0.004 236 I 205 I 441 .387 I 302

1994 I 1,144 I 0.156 I 0.051 0.004 241 I 205 I 446 .390 I 295

1995 I 1,147 I 0.160 I 0.051 0.004 247 I 205 I· 452' .394 I. 289

1996 I 1,150 I 0.164, I 0.051 0.004 252 I 205 I 457 .397 I 282

1997 I 1,154 I 0.168 1 0.051 0.004 257 I 205 I 462 .401 I 276

I I I I I
1998 I 1,154 I 0.172 I 0.051 0.004 262 I 205 I 467 .405 I 269

1999 I 1,154 I 0.176 I 0.051 0.004 267 I 205 I 472 .409 I 263
2000 I 1,154 I 0.181 I 0.051 0.004 272 I 205 I 477 .414 I 257

2001 I 1,154 I 0.186 I 0.051 I 0.004 278 I 205 I 483 .419 I 251

2002 I 1,154 I 0.190 I 0.051 I 0.004 283 I 205 I 488 .423 I 245

'03 - '37 1,154 0.190 0.051 0.004 283 205 488 .423 4,669

TOTAL: 10,867
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TABLE 7

COSTS Of BASE CASE PLAN fOR ANGOON UNDER MODERATE-GROWTH fORECAST

1983 - 2037

I VARIABLE COSTS fiXED COSTS I TOTAl I APPROX. PRESENT

I KlDERATE I DISPLACEABLE I NON-D I SPL ACE ABL E TOTAL I SYSTEM I ENERGY WORTH
I GROWTH I ESCALATING I NON-ESCALATING I NON-ESCALATING VARIABLE I COSTS I SALES Of TOTAL

I fORECAST I (fuel) I (O&M, etc.) I (Ureall. Aceta.) COSTS TOTAL I I PRICE SYSTEM COSTS
YEAR I (MWh) I ($/kWh) I ($/kWh) I ($/kWh) ($1,000) ($1,000) I ($1,000) I ($/kWh) ($1,000)

I I I I I
1983 I 1,020 I 0.119 I 0.051 I 0.004 177 205 I 382 I .375 369
1984 I 1,028 I 0.122 I 0.051 I 0.004 182 205 I 387 I .376 361
1985 I 1,202 I 0.125 I 0.051 I 0.004 216 205 I 421 I .351 380
1986 I 1,211 I 0.128 I 0.051 I 0.004 222 205 I 427 I .352 372
1987 I 1,220 I 0.131 . I 0.051 I 0.004· 227 205 I 432 I .354 364

I I I
1988 I 1,350 I 0.135 I 0.051 I 0.004 257 205 I 462 I .342 376
1989 I 1,354 I 0.138 I 0.051 I 0.004 261 205 I 466 I .344 366
1990 I 1,358 I 0.141 I 0.051 I 0.004 266 205 I 471 I .347 358
1991 I 1,361 I 0.145 I 0.051 I 0.004 272 205 I 477 I .351 I 350
1992 I 1,364 I 0.149 I 0.051 I 0.004 278 205 I 483 I .354 I 342

I
1993 I 1,368 I 0.152 I 0.051 I 0.004 I 283 I 205 I 488 I .357 I 334
1994 I 1,372 I 0.156 I 0.051 I 0.004 I 289 I 205 I 494 I .360 I 327
1995 I 1,375 I 0.160 I 0.051 I 0.004 I 296 I 205 I 501 I .364 I 320
1996 I 1,378 I 0.164 I 0.051 I 0.004 I 302 I 205 I 507 I .368 I 313
1997 I 1,382 I 0.168 I 0.051 I 0.004 I 308 I 205 I 513 I .371 I 306

I
1998 I 1,382 I 0.172 I 0.051 I 0.004 I 314 I 205 I 519 I .375 I 299

. 1999 I 1,382 I 0.176 I 0.051 I 0.004 I 319 . I 205 I 524 I .379 I 292
2000 I 1,382 I 0.181 I 0.051 I 0.004 I 326 I 205 I 531 I .384 I 286
2001 I 1,382 I 0.186 I 0.051 I 0.004 I 333 I 205 I 538 I .389 I 280
2002 I 1,382 I 0.190 I 0.051 I 0.004 I 339 I 205 I 544 I .393 I 273

'03-'37 1,382 0.190 0.051 0.004 339 205 544 .393 5,204

~ 11,872

- -- _. - - _... - - - ..- - - - - - _..
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TABLE 8

COSTS OF BASE CASE PLAN FOR ANGOON UNDER HIGH-GROWTH FORECAST

1983 - 2037

VARIABLE COSTS I I FIXED COSTS I TOTAL I APPROX. , PRESENT

HIGH I DISPLACEABLE INON-DISPLACEABLE I TOTAL I I . SYSTEM I ENERGY I WORTH

I GROWTH I ESCALATING I NON-ESC ALA TI NG I NON-ESCALATING I VARIABLE I I COSTS I SALES I OF TOTAL

I FORECAST I (Fuel) I (O&M, etc.) I (UncoIl. Acets.) I COSTS I TOTAL I I PRICE I SYSTEM COSTS

YEAR I (MWh) I ($/kWh) f ($/kWh) f ($/kWh) I ($1,000) I ($1,000) I ($1,000) I ($/kWh) I ($1,000)

I I I
1983 I 1,020 I 0.119 I 0.051 I 0.004 I 177 I 205 I 382 I .375 I 369

1984 I 1,577 I 0.122 I 0.051 I 0.004 I 279 I 205 I 484 I .307 I 452
1985 I 1,587 I 0.125 I 0.051 I 0.004 I 286 I 205 I 491 I .309 I 443
1986 I 1,596 I 0.128 I 0.051 I 0.004 I 292 I 205 I 497 I .311 I 433
1987 I 1,605 I 0.131 I 0.051 I 0.004 I 299 I 205 I 504 . I .314 I 424

I
1988 I 1,735 I 0.135 I 0.051 I 0.004 I 330 I 205 I 535 I .308 I 435
1989 I 1,739 I 0.138 I 0.051 I 0.004 I 336 I 205 I 541 I .311 I 425
1990 I 1,743 I 0.141 I 0.051 I 0.004 I 342 I 205 I 547 I .314 I 415
1991 I 1,746 I 0.145 I 0.051 I 0.004 I 349 I 205 I 554 I .317 I 406
1992 I 1,749 I 0.149 I 0.05l I 0.004 I 357 I 205 I 562 I .321 I 398

I
.1993 I 1,753 I 0.152 I 0.051 I 0.004 I 363 I 205 I 568 I .324 I 389
1994 I 1,757 I 0.156 I 0.051 I 0.004 I 371 I 205 I 576 I .328 I 381
1995 I 1,742 I 0.160 I 0.051 I 0.004 I 375 I 205 I 580 I .333 I 371
1996 I 1,763 I 0.164 I 0.051 I 0.004 I 386 I 205 I 591 I .335 I 365
1997 I 1,767 I 0.168 I 0.051 I 0.004 I 394 I 205 I 599 I .339 I 358

I
1998 I 1,767 I 0.172 I 0.051 I 0.004 I 401 I 205 I 606 I .343 I 349
1999 I 1,767 I 0.176 I 0.051 I 0.004 I 408 I 205 I 613 I .347 I 342
2000 I 1,767 I 0.181 I 0.051 I 0.004 I 417 I 205 I 622 I .352 I 335
2001 I 1,767 I 0.186 I 0.051 I 0.004 I 426 I 205 I 631 I .357 I 328
2002 I 1,767 I 0.190 I 0.051 I 0.004 I 433 I 205 I 638 I .361 I 321

'03- '37 1,767 0.190 0.051 0.004 433 205 638 .361 6,104

TOTAL: $ 13,843
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TABLE 9---

VALUE or HEAT DELIVERED BY ANGOON WASTE HEAT RECOVERY SYSTEM

13. 4
13.5
13. 7
13.8
13.9

I VALUE or I I PRESENT
I DISPLACED I I WORTH Of
I HEATI'NG OIL I NET I NET
I (ese1. ® 2.5%> I BENEfITS I BENEfITS
I ($1,000) I ($1~00) 1($1,000)

I I I
I 29.0 I 10.3 I 10.0
I 29.7 I 11.0 I 10.3
I 30.5 I 11.8 I 10.6
I 31.2 I 12.5 I 10.9
I 32.0 I 13.3 I 11.2

I I I
I 32.8 I 14.1 I 11.5
I 33.6 I 14.9 I 11.7
I 34.5 I 15.8 I 12.0
I 35.3 I 16.6 I 12.2
I 36.2 I 17.5 I 12.4

I I I
I 37.1 I 18.4 I 12.6
I 38.0 I 19.3 I 12.8
I 39.0 I 20.3 I 13.0
I 40.0 I 21. 3 rD. 2
I 41.0 I 22.3 I 13.3

I I I
I 42.0 I 23.3 I
I 43.0 I 24.3 I
I 44.1 I 25.4 I
I 45.2 I 26.5 I
I 46.3 I 27.6 I

2.6
2.6
2.6
2.6
2.6

2.6
2.6
2.6
2.6
2.6

2.6
2.6
2.6
2.6
2.6

2.6
i.6
2.6
2.6
2.6

I
I

pet I MAINTENANCE

I COSTS
I ($!.LQOO)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

16.1
16.1
16.1
16.1
16.1

16.1
16.1
16.1
16. 1
16.1

16.1
16.1
16.1
16.1
16.1

16.1
16.1
16. 1
16.1
16.1

I
I CAPITAL COSTS
I ($185.000 at 3.5
I for 15 yrs)

riAR-l ($1,000)

I
1983 I
1984 I
1985 I
1986 I
1987 I

I
I
I
I
I

I
1993 I
1994 I
1995 I
1996 I
1997 I

I
1998 I
1999 I
2000 I
2001 I
2002 I

1988
1989
1990
1991
1992

46.3'03-'37 16.1 2.6 27.6 264.0

NET PRESENT WORTH Of HEAT: $ 510.0
-------------~-
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Sinc:: not 3.11 of the costs of the TI-1REA syst8l1 would "go away" with the
introduction of an alternative source of power (such as a Favorite Bay
hydro plant), it is important to determine just how much money would be
saved if all possible costs were el iminated. Table 10 shows the ca lcu­
lations of the annual "displaceable" costs of the TI-1REA syst8l1 in
Angoon.

The calculations given show the savings which would result from a shut­
down of theTHREA diesels completely for both the low- and the high­
growth plans. In 1990, for example, $217,000 would be saved in the
low-growth instance; $335,000 in the high-growth case. The present
worths of these annual' savings are summed for the years 1983 - 2037
with a resulting savings of $5,880,000, $6,870,000, and $8,807,000 for
the low, moderate, and high energy growth rates.

If the Falls Creek hydro plant is put into operation and the THREA
diesels were shut down, the waste heat syst8l1·would be "out of
business." The loss of the heating system's benefits are counted as an
added cost to the hydro project. The present worth of the waste heat
system benefits for the years 1988 through 1997 must be added to the
present worth of the hydro project costs. Note that the entire
$510,000 of benefits from the waste heat syst8l1 is not added. This is
because the benefit from the waste heat system over the period 1983
through 1987 is subtracted from the present worth of the TI-1REA systen.

From the above discussion, ·it can be seen that the net present worth of
the Falls Creek hydro plant (or any similar alternative investigated
for Angoon) must have a net present worth of no more than about $6.4
million if our "moderate" growth rate is assumed or $8.3 million if a
higher forecast is used.

Of course, it is entirely possible that a particular alternative to the
THREA diesel system would not campl etely el iminate~he fuel use. There
may be times in the future when the alternative could not produce suf­
ficient power to meet Angoon's needs (for eXffilple, if a generator were
down for maintenance). The numbers given above are general guidelines
by which a particular alternative may be measured •
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CALCULATION or PRESENT WORTH or OISPLACEABLE COSTS rOR BASE CASE PLAN

1983 - 2037

I I I I PRESENT I PRESENT I I I PRESENT

I OISPLACEABLE COST ITEMS I I TOTAL I WORTH or ~OERATE I TOTAL I WORTH Of I I I WORTH or I
I ESCALATING lOON-ESCALATING I LOW-GROWTH I OISPL. IOISPLACEABLE GROWTH I OISPL. I OISPLACEABLE I HIGH-GROWTH I IOISPLACEABlE I
I (fuel) I (O&M, etc.) I fORECAST I COSTS I COSTS fORECAST I COSTS I COSTS I fORECAST I TOTAL I COSTS I

YEAR I ($/kWh) ($/kWh) I (MWh) 1($1,000) I ($1,000) (MWh) I ($1,000) I ($1,000) I (MWh) I ($1,000) I ($1,000) I
I I I I I I I I I

1983 I 0.119 0.051 I 1,020 I 173 I 167 1,020 I 173 I 167 1,020 I 173 I 167 I
1984 I 0.122 0.051 I 1,028 I 178 I 166 1,028 I 178 I 166 1,577 I 273 I 255 I
1985 I 0.125 0.051 1,202 I 212 I 191 1,202 I 212 I 191 1,587 I 279 I 252 I
1986 I 0.128 0.051 1,211 I 217 I 189 1,21I I 217 I 189 1,596 I 286 I 249 I
1987 I 0.131 0.051 1,220 I 222 I 187 1,220 I 222 I 187 i,6OS I 292 I 246 I

I I I I I I I I
1988 I 0.135 0.051 1,122 I 209 I 170 1,350 I 251 I 204 1,7J5 I 3Z3 I 263 I
1989 0.138 0.051 1,126 I 213 I 167 1,354 I 256 I 201 1,739 I 329 I 259 I
1990 0.141 0.051 1,130 I 217 I 165 1,358 I 261 I 198 . 1,743 I 335 I 254 I
1991 0.145 0.051 1,133 I 222 I 163 1,361 I 267 I 196 1,746 I 342 I 251 I
1992 0.149 0.051 1,136 I 227 I 161 1,364 I 273 I 194 1,749 I 350 I 248 I

I I I I I I I I
1993 I 0.152 0.051 1,140 I 231 I 158 1,368 I 278 I 190 1,753 I 356 I 244 I
1994 I 0.156 0.051 1,144 I 237 I 157 1,372 I 284 I 188 1,757 I 364 I 241 I
1995 I 0.160 I 0.051 1,147 I 242 I ISS 1,375 I 290 I 185 1,742 I 368 I 235 I
1996 I 0.164 0.051 1,150 I 247 I 153 1,378 I 296 I 183 1,763 I 379 I 234 I
1997 I 0.168 I 0.051 1,154 I 253 I 151 1,382 I 303 I 181 1,767 I 387 I 231 I

I I I I I I I I I
1998 I 0.172 0.051 1,154 I 257 I 148 1,382 I 308 I 178 1,767 I 394 I 2Z7 I
1999 I 0.176 I 0.051 1,154 I 262 I 146 1,382 I 314 I 175 1,767 I 401 I 223 I
2000 I 0.181 I 0.051 1,154 . I 268 I 144 1,382 I 321 I 173 1,767 I 410 I 221 I
2001 I 0.186 I 0.051 1,154 I 273 I 142 1,382 I 328 I 171 1,767 I 419 I 218 I
2002 I 0.190 I 0.051 1,154 I 278 I 140 1,382 I 333 I 167 1,767 I 426 I 214 I

I I I I I I I I
'03-'37 I .0.190 I 0.051 1,154 I 278 I 2,660 1,382 I 333 I 3,186 1,767 I 426 I 4,075

LOW-GROWTH TOTAL: $ 5,880.0 MODERATE-GROWTH TOTAL: $ 6,870.0 HIGH-GROWTH TOTAL: $ 8,807.0

- _.. _.. --- .'-_.-- -,._ .. _....
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E - THE ECONOMICS OF A FAVORITE BAY HYDROELECTRI{ PLANT

The ~sign (at a conceptual level) of a small hydroelectric plant on an
unnamed creek (F avo ri te Bay Creek?) abo ut 4 mil es so uth of the vi 11 age
has been under study by the Anchorage firm of Tryck, Nyman, and Hayes
(TN&H) since 1980. The major thrust of their work has been in the
direction of the developnent of a fish hatchery to provide a rene'",able
income-producing resource. The operation of a fish hatchery on Favor­
ite Bay Creek would necessi tate the construction of a water impoundment
so that fresh water would be available year-round, even '",hen the creek
was frozen, as it normally does in the winter months.

The availability of the head developed behind an impoundment dam would
provide an attractive hydroelectric resource. Any dam would be an ex­
pensive proposition, but the incremental cost associated with building
a dam large enough to provide a water supply adequate for both the
hatchery and a hydroel ectri c pl ant could be fai rly low. It may well be
that if atldtchery and its dam ''''ere constructed, it wouldn It make sense
not to incl ude a hydro pl ant to make use of the energy stored beh ind
the dam before the water was rel eased for hatchery use. Natura lly,
some minimum streamflow would have to be maintained at all times.

From the standpoint of hydroelectric developnent at Angoon, the con-
struction of a hatchery is practically a given condition. If Favorite
Bay Creek were to be developed, a dam would be necessary. Favori te Bay
Creek is a sa lmon spawni ng creek (al though a fai rly lXlor one) and the
Alaska Department of Fish and Game's (ADF&G) prevailing stance is that
salmon habitat must be protected. If a dam were built on the stream,
it would destroy the existing habitat. In such a case, ADF&G would
likely require some mitigative measure such as a hatchery to make up
for the loss of the sa lmon.

-
This study will exanine the economics of the hatchery/hydro plant sys-
tem at th ree 1eve 1s :

1. First, an investigation is made of the hydro plant in isolation
from the hatchery and its costs and revenues.

This approach assumes 'that the hydro plant pays for all costs which
are identified as being unique to that faci lity; the hatchery funding
"pays" for 75 percent of the dam, access road, and intake structure.

The ratio of the benefits (savings in displaceable costs) to the
costs of operating the "base ca'Se" diesels is calculated for the mod­
erate and high growth energy forecasts. It is not considered appro­
priate to carry out this calculation for the low-growth forecast,
because one of the load components of the two higher forecasts is the
ha tch ery.
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2. An investigation is made of the hydro plant plus the hatchery.
Thi s wi 11 exClTline the impact to the benefit: cost ratio of the reve­
nues and costs due to the hatchery operation and salmon harvests.

3. The final investigation carried out is identical to that perfonned
under "2" above, except that the extra revenues which are realized by
the local fishing fleet as a result of the hatchery's operation are
incl uded.

Using an 8 percent escallation rate to yield 1982 dollars and another
4.3 percent to give current costs, this estimate is revised to $13.3
million in 1983 dollars. It is Acres' opinion that, for the most part,
estimates provided by TN&H are quite reasonable for the level of detail
required at this stage of project evaluation.

There are a couple of changes to this cost estimate which will be made
before' proceeding.

I
I
I
I
I
I
I
I
I
I
I
I
I
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$ 5,088,750
2,784 ,210
2,628,188
1,308,413

$11,809,561TOTAL:

Dam and I ntake Structure
POHer Genera ting System
Water Supply System
Access Road

In 1982 the Angoon Aquaculture Association filed an appl ication with
ADF&G to be granted a permit to construct a fi sh hatchery at a si te
along Favo ri te Bay Creek.' Thei r perm i t appl i ca ti on descri bes a
" .•. ne'rVly created reservoir of 4,500 acre feet ... behind a one hundred
foot dam." This dam is also featured in a TN&H report done in 1981 to
explore various options available to Angoon for a new 'Hater supply.
That report explored the dam as a multi-use facility, providing the
village with drinking water, hydroelectric power, and water for their
ha tchery.

In their 1981 report describing the multi-purpose facility (hatchery/
hydro/water supply), TN&H gave cost estimates for the various faci lity
com po ne nt s as f 011 OH s:

The most si gni ficant of these changes is in the cost of the dam itsel f.
Acres carried out calculations based on an earth- or rock-filled dam.
At a dam volume of 132,000 cubic yards, with a price of $37 per cubic
yard, Acres calculates a dam cost of $4.9 million ($ 1983) compared to
the $2.5 mill ion ($2.85 mill ion in $ 1983) gi ve n by TN&H. Thei r work
was based upon a'dam volume of 110,000 cubic yards of rock with a price
of $23 per cubic yard. Acres does not believe that rock fill will be
available in Angoon for that price.

We do believe that suitable rock will be available in Angoon for the
$37 per cubic yard mentioned above. Rock and earth placed at Tyee
ranged from $8 per cubic yard for "Common Backfill" to $48 per cubic

L
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Thus, the cost estimate used in this report (expressed in 1983 dollars)
is as follOHS:

This adjustment would mean that the line item "Dam and Intake Struc­
ture" would be $7,782,278 (in 1983 dollars), an increase of about $2
million over the TN&H estimate of $5,088,750 ($5.73 million in 1983
do 11 ars ) .

The first exanination of the Favori te Bay hydro pl ant economics assumes
that the hatchery will pay for 75 percent of the dam and intake struc­
ture (and 75 percent of the access road). This makes the increnenta1
cost of the hydro plant:

$1,946 ,000
3,136 ,000

-0­
123,000

$ 5,205 ,000

$ 7,782,278
3,136 ,246

-0­
491,283

TOTAL: $11,409,807

Dam and Intake Struct ure
PON er Genera ti ng System
Water Supply System
Access Road

TOTAL:

Dam and Intake Structure (0.25 x $7.782 M)
Power Generating Systen
Water Supply System
Access Road (0.25 x $0.491 M)

The second adjustment to be made in Acres ' analysis is the "renoval" of
the costs associated with the water supply system. The existing water
supply for Angoon is in such disrepair that it is likely that the con­
struction of a new source will be of such priority that it will be con­
structed before the hatchery/dam is begun. This change will decrease
the project cost estimate by $2,960,496 (1983 dollars).

Thirdly, in their cost estimate for the hatchery (total cost $6.09 mil­
lion in 1983 dollars), TN&H had allocated $392,370 (1982 dollars), for
the construction of an access road. This estimate was based upon the
idea that the hatchery would share the cost of an access road built to
serve the hatchery, the dam, and the water supply system. The pre1 im­
inary cost of the complete road was $1,473,849 in 1983 dollars. Since
it is likely that most (perhaps as much as 2/3) of this road will be
built to serve the new water supply before a Falls Creek hydro site is
built, only one third of its cost, or $491,283, needs to be allocated
to the hydro plant/hatchery.

yard for "Select Bedding and Backfillt'. In that bid, the fairly coarse
rock "Riprap" was priced at $20 per cubic yard. While rut identifying
riprap as a bid item, the Swan Lake low bid priced "Compacted Backfill,
Type A" at $15 per cubic yard and "Compacted Backfill, Type B" at $25
per yard (not including some special purpose Type B backfill priced at
$310 per yard for a small quantity). A Tryck, Nyman, and Hayes staff
member told Acres personnel that rock fill in the Craig/Klawock/ Hyda­
burg area was presently costing about $25 per ton (or about $37 per
cubi c yard). .
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5. Present worth of Favorite Bay hydro plant 6,437,000

TABLE 11 - PRESENT WORTH OF POWER SYSTEM WITH FAVORITE BAY PLANT
(Moderate - Growth Forecasts)

3. Savi ngs due to opera tion of APA waste hea t system
from 1983 th ro ugh 198 7 5J ,000

I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I

$11,843,000TO TAL (1 - 2 - 3 + 4 + 5)

Th is tota 1 So'1oul d be compa red to the present worth of the co nt i nued
operation of the existing THREA system which is $11,872,000. The dif­
ference, $29,000 in 1983 dollars shows that if the Angoon load growth
follONs the moderate forecast, the system with the dam would be about
the same pri ce as conti n~ed operation of THREA's di esel system.

2. Present worth of IIdisplaceable ll THREA costs
(lON - growth forecast, Year6 - 55, 3.5%) 6,870,000

As discussed in Part 0 of this report, some components of the THREA
system will continue to cost Angoon customers money even though THREA
may rOt be generating any PJwer. Items such as the diesel generators
(which would be maintained to act as backups to the hydro plant) and
the power di stri bution 1ines must be kept in good worki ng order; the
cost of the REA- loans used to fi nance the THREA equi pnent must be pa id
off; THREA administrative work will continue and must be financed.

Again referring to Part 0, it may be remembered that there was some
discussion of IIdisplaceable ll costs associated with the THREA system.
Those were costs which would no longer be realized if some other gener­
ation facility came along which could replace the energy produced by
THREA's diesels. The IIdisplaceable ll costs are used in determining the
econom ic impact of a Favori te Bay hydroel ectri c project on the Angoon
power system.

Since this report assumes an on-line date of 1988 (Year 6 of the econ­
anic analysis), this dam capital cost has a present worth of $4,234,000
(when calculated at 3.5%).

4. Potential savings from waste heat system which
are 1ostdue to the shutdown of the system from
1988 through 2037 457,000

1. Present worth of THREA system opera ti on
.(10.-1 - growth forecast, 55 years, 3.5%) $11,872,000

The 1981 cost estimate for maintaining a Favorite Bay hydro plant was
$102,500 per yea r (no t co unt i ng the ex:> st of mai nta i ni ng the water s up­
ply). -This represents an annual cost of $115,460 in today's dollars.
The present worth of 50 years of this O&M (calculated at 3-1/2%, assum­
ing an on-line date of 1988) is $2,203,000. Therefore, the total
present worth of a Favorite Bay hydro plant is $6.437 M.
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Benefit: Cost Ratio 1.22 = 8.81 t 7.24

5. Present worth of Favori te Bay hydro pl ant _
(see calculations above) 6,780 ,000

The incranental benefit:mst ratio of the Favorite Bay hydro plant
under this set of assumptions is:

.46 million

$ 6.87 mill ion

8,807,000

$ 6. 89 mill ion

$ 6.78 mill ion

$13,843,000

$ 12,220,000TOTAL (1 - 2 - 3 + 4 + 5)

TOTAL COSTS

Benefit: Cost Ratio 0.997 = 6.87 t 6.89

BENEFITS

COSTS

1. Favori te Bay hydro pl ant

2. Lost benefi ts from APA waste hea t system

1. IDisplaceable"THREA msts

4. Potential savings fran waste heat system which
are lost due to the sh utdmvn of the system from
1988 th ro ugh 2037 457 ,000

Un'der this load assumption, it can be seen that the THREA-Favorite Bay
Hydro system is about $1.6 million (11%) less expensive (present worth)
than the di esel-fuel ed THREA system.

This is significantly different from the 0.99 B:C ratio whidl was calc­
ulated using the moderate-growth assumptions.

In tenns of incrEmental benefit:cost ratios, we can easily take the
cost data from the previous page and develop the following:

It should be noted that these first calculations were done using the
moderate-growth scenario. Bela.... are the same calculations carried out
us i ng the high grow th foreca st s.

2. Present worth of "displaceable" THREA costs
(high-growth forecasts, Year 6 - 55, 3%)

3. Savings due to operation of APA waste heat system
from 1983 th ro ugh 1987 53,000

.
TABLE 12 - PRESENT WORTH OF THREA - FAVORITE BAY HYDRO SYSTEM

(H igh - Growth Forecasts)

1. Present worth of THREA systan operation
(high-growth forecasts,' 55 years, 3.5%)

I
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Itis not so obvious what effect the hydro plant will have on individu-
al consumers· electric bills. This is the next topic to be explored.

The incr6Tlental capita'l costs of the Favorite Bay hydro plant were
calculated to be $5,205,000. By APA project evaluation rules, the
period over which these hydro plants are financed is 35 years. At an
interest rate of 3.5%, the annual costs associated with the dam
construction are $260,250. Again, the O&M costs are $102,500. Thus,
the total annual cost of the hydro plant is about $363,000. These
costs are fixed and will not change over the 35 years of the dam
financing period.

Additionally, there are costs associated with the THREA system which
are not eliminated with the operation of the hydro plant and must be
c;onsidered. As has been shown on Table 5 and discussed in Part D,
1HREA incurs fixed costs of about $205,000 per year. These costs do
not change with energy use. There are a lso some "non-di spl aceabl e"
cost~ which vary with energy use, but these are so small that they may
be ignored in this analysi s (these costs were estimated at $0.004 per
kWh) .

Thus, the total annu.al charges associated with operating a PJwer sytern
which makes use of the existing THREA distribution system and a new
Favori te Bay hydro pl ant are:

$363,000 + $205,000 = $568,000

At the highest energy uses anticipated, this works out to a per kilo­
watt hour charge of about $0.32, which is currently a "typical" price
level for a diesel-PJwered system in the bush. For the later years of
the moderate forecast, the energy price from such a system would be
about $0.41/kWh, an LIlreasonably high price for electricity.

Calculations performed in Part D (Tables 7 and 8) showed THREA pri ces
of $0.38 and $0 .34 per k.i 1aHa ttho ur for the modera te and high grow th
cases, respectively in 1998. A comparison of projected electricity
prices both with and without a Favorite Bay site in operation are shown
be 1ON:

TABLE 13

MODERATE GROWTH HIGH GROWTH
YEAR NO HYDRO WITH HYDRO NO HYDRO WITH HYDRO

1988 $ 0.34 $ 0.42 $ 0.31 $ 0.33
19~ 0.35 0.42 0.31 0.33
1992 0.35 0.42 0.32 0.32
1994 0.36 0.41 0.33 0.32'
1996 0.37 0.41 0,.34 0.32
1998 0.38 0.41 0.34 0.32
2000 0.38 0.41 0.35 0.32
2002 0.39 0.41 0.36 0.32
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The "catch" to all of these calculations is that 75 percer-lt of the cost
of the dam, intake structure, and that part of the access road not
built as part of the water supply are allocated to the hatchery. The
hydro plant then is charged with 25 percent of the cost of these items
pl us all parts of the project which are unique to the generation and
transmission of electricity.

This rather arbitrary split in costs was made because it is felt that
the major beneficiary of the project will be the hatchery and the com­
mercial fishery which wil.l be enhanced by its existence. It is only a
coincidence that the energy prices realized in the high-growth forecast
are as competitive with the ll-JREA system as they are.

Recent experience in Southeast Alaska has shown that utility customers
are a lmost un i versa lly oppo sed to the purch ase of energy from a hydro
project which is more expensive than that available from their existing
diesel system.' In order to make the Falls Creek hydro system attract­
ive, it may be necessary to allocate' an even greater fraction of the
project costs to the hatchery. .

Sane calculations regarding the economics of the hatchery operation are
now in order.

Tryck, Nyman, and Hayes has carried out an economic analysis of the
hatchery's operation whidl shows that it would be able to turn a profit
once its design production levels were reached and the full potential
of the returning fish runs was realized. [It should be kept in mind
that the hatch ery l s operator, the Angoon Aquaculture Association is
organized as a nonprofit oorporation.J The TN&H calculations, assume
that "someone else" would provide the dam and its impoundment. Under
the calculations just presented, we assumed that the Angoon Aquaculture
Association would pay for 75 percent of the dam and intake structure
and access road. This would add another~6.02 Mto the capital cost of
thei r project (0.75 x $8.27 M).

The TN&H report gave a oost estimate for the fish hatchery of $5.84
million (as explained in a supplenental letter) in 1982 dollars.
Applying an escallationrate of 4.3 percent to bring this to Janua'ry
1983 dollars, we get an "updated" cost estimate of $6.09 million.

Addi ng the $6.02 M to the $6.09 M deri ve d abo ve, the ca pi ta 1 00 st of
the hatchery and its 75 percent sh·are of the dam is $12.11 million.

The terms of the loan by which the Angoon Aquaculture Associ ation pl ans
to finance this project require ro payback of the loan's principal for
six to ten years. At the end of that period, the loan is repaid over a
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The dam will be assumed to have a lifetime of 50 years and will only be
"built" once.

ten-year period. For the purposes of this study, we will make the fol­
lo«ing assumptions regarding the intial financing of the dam and
hatchery:

In thei r revenue assumptions, TN&H "operated" the chum salmon portion
of the hatchery at a 20 million egg level, which is consistent with the
terms of their existing permit. A surrrnary of the hatchery release and
return levels (as sta,ted by TN&H) is given on the next page. .
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•••••••$ 12.11 million
. .. 10 yea rs

3.5 percent
• . 10 yea rs

.$ 1.46 mill ion

Initial hatchery cost•.••.
Loan def erra 1 peri od • . • • . .
Interest ra te (ne t of i nfl ati on) .
Loan payback peri od. • . • . . . •
Annua 1 payment (yea r 11-20). • .

The Angoon hatchery is des i gned to opera te a t max imum egg production
level s of :

Coho Sa 1mon 1.5 mi 11 ion green eggs
Pink Salmon 7 .5 " " II

Chum Salmon 50.0 " II "

In response to ADF&G requests for supplemental infol'11lation on the
hatchery permit, TN&H provided details of their assumptions regarding
the economic viability of a hatchery at Angoon. In their permit appli­
cation and in their supplemental letter, they provided data regarding
the number of sa lmon to be rel eased from the hatchery and the number
expected to return to the area to compl ete thei r 1ife cycl e.

The last hatchery will rot be replaced at the end of the economic life
of the dam. Since it will then be in the middle of a "lifetime" it
will be credited with a salvage value of 50 perecent ($3,045,000).

Tryck, Nyman, and Hayes has estimated the operating costs of the hatch­
ery to be on the order of $428,000 per year (1982 dollars). In terms
of 1983 do 11 ars, thi s figure is $446 ,400.

Additionally, for the calculation of present worths, we will treat the
total investment as occurring in Year 1 of the project's existence,
which is assumed to be 1988. The life of the hatchery will be assumed
to be 20 years, after which the analysis will presume that a second
hatchery is "built", and a third 20 years after the second one. These
"replacement" hatcheries, costing $6.09 million, will be financed with
20-year loans at 3.5 percent, for an annual cost of $428,000.



HATCHERY PRODUCTION

1. COHO SALMON (see note 1)
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TABLE 14 - ECONOMICS OF HATCHERY OPERATION
(Based on Data from Tryck, Nyman, and Hayes)

II

II

II

II

II

II63,176

.120,000 II

48,000 II

72,000 II

8,824 II

6 ,000 ,000 per yea r

1 ,000 ,000 per yea r

50 ,000 II II. .
35 , 000 II II

15,000 II II

1 ,072 II II

13,928 II II

Notes:

a. Hatchery release. ... . ..
b. Returning fi sh (assuming that

2 percent survive in the ocean).
c. Cat d1 byl 0 cal fleet ( 40 percent).
d. Fi sh returne d to ha tch ery (b c) .
e. Fi sh used for brood stock ..
f. .Fish rEmaining for sale by

Aquaculture Association (d e).

a. Hatchery release .
b. Returning fish (assuming that

5 percent survive in the ocean).
c. Catd1 by local fleet (iD percent).
d. Fish returned to hatchery (b c).
e. Fi sh used for brood stock ..
f. Fish rEmaining for sale by

Aquaculture Association (d e).

a. Hatch ery rel ease. . . . . . . . . 16,000 ,000 per yea r
b. Returni ng fi sh (assuming that

2 perce nt sur vi ve in the ocean). .320 ,000 II II

c. eaten by local fl eet (40 percent) . .128,000 II II

d. Fi sh returned' to hatchery (b c) • .192,000 II II

e. Fi sh used for brood stock. •. 3) , 000 II II. . . . .
f. Fi sh rsnaining for sale by

Aquaculture Associ ati on (d e) • .172 ,000 II II

3. Q1LM SALMON (see note 2)

2. PI NK SALMON (see note 1)

1. Rel ease data taken from permit appl ication .
2. Rel ease taken fran suppl snental 1etter. Hatchery was appar­

ently expanded from the conceptual design in the permit ap­
plication to make this enum production possible.
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ADF&G has also provided data on the lIaveragell weight of the various
speci es. These are:

The Alaska Department of Fish and Game (Limited Entry Permit Section)
has provided data giving preliminary 1983 catch price levels for the
various fish species by gear type in the JlJ1eau area (which includes
Angoon). These figures are as follONS:

From the catch data given in Table 14, and the per-fiSh values as'
developed above t we can see that the hatchery revenue of all three
species is about $824 t OOO per year. This assumes a maximum production
of coho and pink salmon and a 40 percent (3) million green eggs -: 50
million green eggs) production level of chum salmon.

I
I
I
I
I
I
I
I
,I
I
I
I
,I
J
I
t
I
I
I

AVG. WEIGHT

4 lb
10
7'

SPECIES

Pink Salmon
Chum Salmon
Coho Sa lmon

TABLE 15--SALMON PRICES BY GEAR TYPE (FROM 1983 OATA)

GEAR TYPE
PlRSE [RIFT

SPECIES TROLL SEINE NET

Pink Salmon $ 0.35/lb $ 0.23/lb $ 0.26 /lb
Chum Salmon 0.55 0.30 0.41
Coho Salmon 0.75 0.40 0.55

From the discussion on pages 30 and 31 regarding the terms of the Aqua­
culture Association's loan t it can be seen that the annual costs asso­
ciated with loan repayment will be $1.46 million (assuming that the
comp1 ete hatchery/dam package can be financed ll1der the same terms).
Added to this is the $0.446 million in annual operating costs for a
total of $1.90 million per year during those years when the hatchery
loa n will com e due.

Because the troll harvest is relatively small t this report will use the
drift net price for each species as the lIaveragell price paid the fish­
ermen for their catch. Given the average weights as listed above t we
can calculate a per-fish value of $1.04 for pink salmon; $4.10 for chum
salmon; and $3.85 for coho. These figures contrast greatly with the
per-fiSh values assumed by Tryck, Nyman, and Hayes in their economic
assessment of the hatchery operation. Thei r work t which used data from
earlier years t assumed the follONing per-fish values: $1.36 for pink
salmon; $6.90 for chum; and $10.50 for coho salmon.'
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The logical question would be "Can increased chum production make up
the $1.08 million shortfall in revenues?" To -determine the chum egg
levels neeaed to bring the hatchery an extra $1.08 million these simp­
lifying assumptions will be made:

1. Of each million chum salmon eggs produced, 8,600 adult fish will
return to be harvested by the Aquaculture Associ ation ..

2. The allocation of variable msts will be based upon the number of
eggs produced of each species, with mho being charged more
(si nce they m st more to ra i se)

Coho Vari abl e Costs = $ 44,900
= $ 29,200 per million eggs

Pink Vari abl e Costs = $109,700
= $ 14,600 per million eggs

Chum Vari able Costs = $292,400
= $ 14,600 per mill ion eggs

3. Returning chum salmon will be worth $4.10 per fish to the Aqua­
cul ture Asso ci ati on

A simple calculation is all that is necessary to determine the chum
production level needed to make the hatchery break even:

$ 1,Oro,000 = $4.10 x (8,600 n) - $14,600 x (n)
52.3 = n

where "n" is in millions of additional chum salmon eggs
needed to make up the shortfa 11

This represents a chum salmon production level of about 72 million
eggs, or about 22 million eggs (44 percent) beyond the design level.

Given recent salmon prices, we can see that if the Aquaculture Associ­
ation were required to pay for 75 percent of the dam msts, it would be
unable to adjust production levels to mver all msts. Further analy­
sis in this report will presume that chum egg production will be raised
to 50 mi 11 ion, the hatchery· s max imum desi gn 1evel.

These results are in stark contrast to those presented in the draft
version of this report. There, using per-fish values developed by
TN&H (as shown on the previous page), it was found that the hatchery
could generate sufficient revenue to mver both its operating costs and
the capital msts of 75 percent of the dam by raising chum production
to 32 million green eggs. It is obvious that· the economics of the
Falls Creek hatchery and hydro plant are influenced by salmon prices
which are much more volatile than were previously recognized.



TABLE 16 - ASSUMPTIONS REGARDING HATCHERY OPERATION
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Table 14 on page 32 gave production and harvest levels for the three
species of salmon to be raised at the Favorite Bay hatchery. On the
previous page, we "adjusted" the mum salmon production in an attempt
to enable the Aquaculture Association to pay for 75 percent of the dam.
This resultecf in a chum salmon production of 50 million green eggs,
which is the design production maximum. Even so, the Aquaculture
Association revenue was inadequate to support the hatchery operation
and the loan payback for th·e construction of the dam.

The economic analyses presented in the draft edition of this report
showed that the Favorite Bay hatchery1s production could easily be
adujsted to make up for the funding shortfall realized when operating
under those circumstances. It now appears that there may be times ."hen
salmon prices are depressed to the point where the proposed hatchery
cannot produce enough fish to g:nerate revenue sufficient to meet all
needs. Rai si ng the pri ce of el ectri ci ty from a Fall s Creek hydro pl ant
to generate additional revenue is not an available alternative. This
is because diesel power is alreayd available to Angoon residents.
Earl i er ana lysi s work assumed that the sell ing pri ce of Fall s Creek
energy would be set to cover just the "displaceable" costs of THREA
diesel generation. Any increase in Falls Creek energy prices beyond
this level would prompt a shift back to diesel generation.

Although it appears that the economics of the hatchery are unattractive
at recent salmon prices, this study will proceed to develop Benefit:
Cost ra ti ons for its opera ti on.

I
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II

IIII

II II

II II

perY.ea r
II II

per yea r
II II

6,000 ,000
48,000
63,176 II

$ 65 ,703

1 ,000 ,000
35,000
13,928

$ 53,623

Hatch ery re1ea se . . • . . • . . . • . • . .
Catch by local fleet (40% of return) •.••
Fish available for. sale by Aquaculture Assn.
Aquacul ture Assn. revenue ($1.04 per fi sh) •

Hatchery release ...•.•......••
Catch by local fleet (70% of return) ••..
Fish available for sale by Aquaculture Assn.
Aquaculture Assn. revenue ($3.85 per fish)

d.

2 . PI NK SALMON

c.

a.
b.

a.
b.
c.
d.

1. ffiH°SA.LMON

J .

,-



TABLE 16 (contld)

TABLE 17 - SALMON RETURNS AND AQUACULTURE ASSOCIATION REVENUES
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The total revenues, if continued for 50 years, can be shown to have a
total present worth (1983 dollars, -calculated at 3.5%) of $28.2
million.

II

II

II

"

YEAR OF HA TO-! ERY rIA. TO-! ERY REL EA SE BY SP ECI ES
OPERA TI ON (perce nt of ultimate production)

(Year 1 - 1988) COHO PINK CHUM
1 -0 -0- -0-
2 10 7 3
3 33 27 12
4 33 34 31
5 100 60 63

6 and later 100 100 100

There is a del ay between the time when the sa lmon are rel eased and the
time they return. Again, based upon data from Tryck, Nyman, and Hayes,
we have derived the follo.ving fish return schedule from which annual
revenue levels may be computed:

3. O1UM SA.LMON

It is not expected that hatchery production will begin at the levels
shown above. Data taken from the hatchery permit appl ication and later
verified in conversations with TN&H personnel yield the follo.ving
production schedule:

YEAR OF SALMON RETURNS BY SPECIES REVENU ES
HA TO-! ERY (percent of ul tim ate returns)
OPERATION COHO PINK CHUM COHO PINK CHUM TOTAL

-1 () () () -0- () -0- a
2 a a a a a a a
3 a a a a a a a
4 a 7 3 a 4.6 52.9 57.5
5 10 27 12 5.4 17.7 211.6 234.7
6 33 34 31 17.7 22.3 546 .5 586 .5
7 33 60 63 17.7 39.4 1110.7 1167.8

8 and 1ater 100 100 100 53.6 65.7 1763.0 1882.3

(Year 1 = 1988, reve nues show n are in $1,000)

a. Hatch ery re1ea se • • • • • • • • • • • • • .40 ,000 ,000 II

b. Catch by local fleet (40% of return) •••• 320,000 "
c. Fish available for sale by Aquaculture Assn. 430,000 "
d. Aquacul ture Assn. revenue ($4.10 per fi sh) $1,763,000 "
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Benefit:Cost Ratio 0.99 = 37.0 t 37.5

When consi deri ng the hydro pl ant/hatchery "system" as a whol e, the fol­
lowing incr6l1ental benefit:rost calculations may be made:

Thus, the total rosts of the hatchery are $30.2 million, the total rev­
enues (benefits) are $28.2 million, for a benefit:cost ratio of 0.93
over the term of the proj ect.

I
I
I
I
I
I
I
I
I
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$ 6.8 M
30.2
0.5

TOTAL $ 37.5 M

$ 8.8 M
28.2

TOTAL $ 37.0 M

As discussed before, the share of the dam and'intake structure allocat­
ed to the Aquaculture Association (75 percent of the total) had a cost
of $6.02 million (1983 dollars, spent in 1988). This would have a
present worth of $5.05 million. The hatchery capital cost of $6.09
million, plus "rebuilding" in years 21 and 41 and a 50 percent salvage
in year 50 have a total present worth of $8.3 million.

The annual operating costs to the Aquaculture Association are $884,000
(including an extra $438,000 due to the expanded chum salmon produc­
tion). Over 50 years beginning in 1988, these expenditures would have
a present worth of $16.9 million.

This number may be compared to the B:C ratio of 1.22 calculated for the
THREA - Favori te ,Bay JXlwer system standi ng on thei r own. The reader loS

attention is directed to our use in this case of the displaceable bene­
fits from the high-growth case. This approach is believed to be cor­
rect because the hatchery was included in the high- and moderate-growth
forecasts, but rot in the low-growth forecast. Additionally, the
increased salmon production which would accompany the hatchery operat­
ion would likely increase the ice consumption (therefore the energy
use) of the Angoon rold storage plant. That increased demand was also
a high-forecast romponent. Under the moderate-growth forecast, the B: C
ra t i 0 i sO. 94 .

COSTS

BENEFITS

1. Favo ri te Bay Hydro Pl ant
2. Hatchery (capi ta 1 pl us O&M ro sts)
3. Lost Bene fits from APA Waste Hea t System

1. Displaceable THREA rosts
2. Hatch ery Reve nue
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With regard to both of these calculations, it is appropriate to empha­
si-ze that the Angoon Aquaculture Association is chartered as a non­
profit organization. It very well may be that they would "schedule"
their salmon production levels to meet cash flo.v requirenents of future
years so that they would have small annual surpluses. If this 'Here the
case, the B:C ratios for both high and lo.v forecasts would be much
closer to unity.

The sensitivity of the system's B:C ratio to changes in the capital
costs of the hydro plant or the rosts of the THREA system is diminished
by the overwhelming infl uence of the hatchery costs and revenues. The
B:C ratio is considerably more sensitive to the performance of the
Angoon Aquacul ture Associ ation 's fishery.

This completes the second of our three analyses, showing in this case
that a Favorite Bay hydroelectric plant may not be an economically
so un d ve nt ure.

The final approach taken in the analysis of the economics of the Favor­
ite Bay hydro plant is to include the benefits realized by the local

. fishing fleet as a result of the hatchery operation.

In their revenue estimates, Tryck, Nyman, and Hayes assumed that the
operators of the local fishing fleet would catch 70 percent of the
returning coho salmon and 40 percent of both pink and chum salmon.
Referring to Table 13, thi.-s amounts to 35,000 coho, 48,000 pink, and
320,000 chum salmon annually if the hatchery has reached its maximum
assumed production levels. In terms of revenue, these catch levels
represent $135,000 for coho, $50,000 for pink, and $1.31 million for
chum salmon. For purposes of this study, it will be assumed that no
capital additions (e.g. boats) will be required to harvest these extra
fish. Ho.vever, we will assume that 25 percent of the revenue will be
used to purchase extra fuel needed to capture the fish. This will make

.the ultimate net revenues $101,000 of roho, $37,500 for pink, and $0.98
mi 11 ion for ch um sa lmon.

The local fishing fleet will be faced with the same schedule of return­
ing fish as is the Aquaculture Association. As shown in Table 18, we
have derived the follo.ving fish return schedule showing revenues to the
local fleet:
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Now mnsidering the benefit:cost ratio of the hydro plant/Aquaculture
Association/local fishing fleet "system" we see:

The total revenues, if mntinued for 50 years, can be shown to have a
total present worth (1983 dollars, calculated at 3.5%) of $16.5
million.

When consi dered as a compl ete "system", the mnstructi on of an impound­
ment dam and its attendant hatchery at Favorite Bay, becomes a more
attracti ve proposi tion.

I
I
I
I
I
I
I
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I
I
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I
I
I
I
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$ 6.8 M
30.2
0.5

$37.7 M

$ 8.8 M
28.2
16.5

TOTAL: $53.5 M

TOTAL:

There are a number of other benefits which can be ascribed to this
system. Sane of these have measurable economic benefits to the system.
These "extra" benefits have not been included in any of the above
analyses because of their somewhat esoteric nature. They are consider­
ed here and left for each reader to draw thei r own concl usions as to
the appropriateness of their inclusion in the analyses.

COSTS

Benefit:Cost Ratio 1.43 = 53.5 + 37.1

BENEF ITS

TABLE 18 - SALMON RETURNS AND LOCAL FISHING FLEET REVENU ES

YffiR OF SALMON RETURNS BY SPECIES REVENU ES
HA TCH ERY (perce nt of ul timate returns)
OPERATION COHO PINK CHUM COHO PINK CHUM TOTAL

1 -0- -0 l) l) l) l) -0-

2 0 0 0 " 0 0 a 0
3 0 0 0 0 0 0 0
4 a 7 3 0 2.6 29.4 32.0
5 10 27 12 10 .1 10.1 117.6 127.7
6 33 34 31 33.3 12.8 303.8 316.6
7 33 60 63 33.3 22.5 617.4 639.9

8 and 1ater 100 100 100 101 .0 37 .5 980.0 1118.5

(Year 1 = 1988, revenues shown are in $1 ,000)

1. Favori te Bay Hydro Plant
2. Hatchery (capi tal pl us O&M msts)
3. Lost Benefi ts from APA Waste Hea t System

1. 0i sp1ace ab1e TH REAm st S
2. Hatch ery Reve nue
3. Local Fish ing Fleet Revenues

f -
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This total revenue of $339,000 per year would be reached follONing much
the same schedule as the harvest of the salmon th6TIselves. Table 19 on
the follONing page was prepared to show the developnent of the egg rev­
enues to the Aquacul ture Associ ati on:

Since it is very important to the Japanese to have their salmon eggs
harvested from the females as soon after they are taken from the water
as p:lssible, our analysis will concentrate on the fish harvested by the
Aquacul ture Associ ation.

2. The cost of the Japanese technicians to carry out the processing
work at the village is about $0.75 per pound of eggs regardless of
species of fish. This does not incl ude travel expenses to the vil­
lage mr housing expenses in the village.

3,400 lb x ($5.80/lb - SO.75/lb)
8,800 lb x ($4.00/lb - SO.75/lb)

150,000 lb x ($4.50/lb - $0.75/lb)

$17 ,170 =
$ 28 ,600 =

$562,500 =

Coho:
Pink:
Chum:

3. About 7 percent of the body weight of a f6TIale salmon is eggs.
Roughly 50 percent of the returning salmon are f6TIales. The average
weight of the harvested fish by species are: coho 7 p:lunds; pink 4
p:lunds; mum salmon 10 p:lunds.

Referring to Table 16, the ultimate harvest by the Aquaculture
Association is assumed to be: 13,928 coho, 63,176 pink, and 430,000
chum salmon. This means that there will ultimately be 6,964 female
coho, 31,588 femal e pi nk, and 215,000 femal e roho sa lmon harvested by
the Aquaculture Association. This harvest will yield 3,400 p:llllds of
coho eggs; 8,800 p:lunds of pink eggs; 150,000 p:llllds of mum salmon
eggs. By species, these eggs would bring the follONing revenues (under
present depressed pri ces):

There is a mn-trivial market for salmon eggs, considered a delicacy in
Japan and gaining popularity in the Lb. The harvesting and processing
of sa 1mon eggs i s do ne by speci a1 team s of J apa ne s e "tech ni ci ans" who
travel from fishing village to fishing village throughout the salmon
season to package th6TI to meet the exacting standards of Japanese
consumers. Data gathered by TN&H personnel on the economics of the
salmon egg market yields the follONing information:

1. Salmon egg prices are mw at a very depressed level, their 10/1­
est in many years. Coho eggs sell for $5.80 per pound wholesale;
pi nk for $4.00; and ch um for $4.50.
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These revenues, if rontinued for 50 years, can be shown to have a total
present worth (1983 dollars, calculated at 3.5%) of $9.0 million.

Arother benefit which may be attributed to the existence of an impound­
ment behind a Favorite Bay dam is that the 'Angoon cold storage plant
would not have to ronstruct a water filtration plant. The existing
water supply to the village of Angoon produces water which is yellowish
in color and has a definite taste and odor. Buyers would almost cer­
tainly object to fish which were sold packed in ice made from untreated
Angoon water. The water from Favorite Bay Creek however, is very clear
with no objectionable taste or odor. Without the dam, the cold storage
plant would be forced to build a filtration plant capable of removing
the minerals or organic matter responsible for the taste, odor, and
color now in the water. While no firm data for the rosts of such a
plant are available (without knowing specifically what rontaminants
must be removed, it is not possi bl e to de vel op meani ngful estimates),
it is conceivable that they could run to the hlJ1dreds of thousands of
dollars over the 50 year economic· analysis period of this study. The
water from an impoundment would only need to be chlorinated to make it
acceptable for use at the rold storage plant.

Other'benefits, which are difficult or impossible to quantify, but
which would nonetheless exist if an impoundment were available, include
a larger and more reliable water supply for the village (important from
a fire fighting viewpoint); the possiblility of the developnent of an
improved sport fishery above the dam (dolly varden, trout, landlocked
salmon, etc); the possibility of local employment in the ronstruction
trades (during dam and hatchery mnstruction) and in the local fishery;
and an increase in tourism revenues due to the plentiful salmon run
which would result from the hatchery operation.

(Year 1 = 1988, revenues shown are in $1,000)
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TOTAL
-0-

o
a

18.9
76.9

189.8
377 .3
608.3

REVENU ES

PINK CHUM
-0 -0

a 0
o a

2.0 16.9
7.7 67.5
9.7 174.4

17.2 354.4
,28.6 562.5

COHO
-0-

o
o
a

1.7
5.7
5.7

17.2

returns)
CHUM
-0-

a
a
3

12
31
63

100

SALMON RETURNS BY SPECIES

TABLE 19-- AQUACULTURE ASSOCIATION EGG REVENUES

(perce nt
COHO
-0-

a
a
a

10
33
33

100

YEAR OF
KA. TQ-l ERY
OPERATION

1
2
3
4
5
6
7

8 and 1a ter
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F - THE THAYER CREEK HYDROELECTRIC PROJECT

At first glance, the developnent of a hydroelectric plant on Thayer
Creek (6 miles north of Angoon) se81lS to be an ideal oppertuni ty, The
sites which have been investigated by at least two earlier reports are
simply ideal places to put dams. The creek has sufficient flONS (mean
annual flONS on the order of 400 cubic feet per second) to g=nerate all
the energy Angoon OJuld possibly use; the lONer end of the creek passes
through a gJrge no wider than 100 feet in some places, with solid rock
walls on either side (although some shales and slates are present in
places); the creek is regulated by Thayer Lake; and salmon do not
migrate above the falls which mark a proposed damsite.

In their 1979 report, the Harza Engineering Company estimated the cost
of a Thayer Creek hydro project (compl ete wi th access -roads and trans­
mission lines) to be $9.4 million. To escallate this price to 1983
dollars, we apply increases of 10.7 percent for the periods 1979-1980,
10.5 percent for 1980-1981, 8 percent for 1981-1982, and 4.3 percent
for 1982-1983, a total of 37.8 percent. This yields a 1983 capital
cost estimate for the project of $13.0 million. With an assumption
that Year 1 of the project is 1988, such an expenditure would have a
present value of $10.8 million.

Harza provided a cost estimate of $40,000 per year in operation and
maintenance costs ($55,100 per year in 1983 dollars). Over a 50 year
period (Year 1 = 1988) this_ would represent a net worth of $1.2 million
in 1983 dollars. Note that this annual O&M OJst is less than half that
given by Tryck, Nyman, and Hayes (and used in our analysis) for the
Favori te Bay pl ant.

Together, the capital cost and the O&IVl costs have a present worth of
$12.0 million. This value exceeds by more than $2 million (22 per­
cent) the fuel and O&M OJsts of the THREA system which would be saved
by the operation of a hydro plant, even under the assumption of the
high energy forecast.

The lON-forecast benefit:cost ratio for this project tJlder the above
assumpti ons is 0.44. Usi ng the high energy use foreca st, the ra ti 0
becomes 0.69.

Arother di sadvantage of the Thayer Creek si te is that it woul d not be
practical to develop as a multi-use facility. The site is too innac­
cessq.ble to construct a hatchery; it is too far-from the village to run
water lines for a new water source. Further, the transmission line to
the village would be run through Actniralty Island National Monument
land for virtually its entire distance. It is likely that the environ­
mentalist OJalition would work against allcwing such a line's con­
struction. The Favorite Bay site, by OJntrast is located such that its
transmission lines are routed through village lands for most or all of
thei r di stance.
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It is the opinon of Acres I staff that the developnent of a Thayer Creek
site is inappropriate at this time. Further consideration may be given
to the site in the event that Angoon's energy needs grow beyond the
capacity of a Favorite Bay developnent. By the forecasts developed in
this report, there is little possibility that this could happen at anytime in the 20th century.
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G ~ OTHER ENERGY TECHNOLOGIES

Previous reports1 ,2 discussed in varying detail other technologies
which were fel t to be worthy of study for Angoon. For the most part
these technologies were believed to be too expensive or to experimental
in" nature. Idea.s for power generation whidl were examined and then
dtscarded included solar, wind, wood waste, interconnection to other
power systems, other hydro projects (Hasselborg Creek, Jim's Creek,
Kathleen Creek), and cual. It is the opinion of Acres' staff that the
earlier reports were correct in dismissing those technologies from
detailed "consideration.

are report 2 put forth the idea of constructing a tidal power plant
at Angoon which would make use of the relatively high tidal velocities
in Kootznahoo Inlet. It is the opinion of Acres I staff that the
assumptions used in that report to arrive at the favorible analysis of
tidal power at Angoon are basically flawed. It is beyond the scope of
this document to provide a detailed analysis of the tidal power scheme
as it was proposed, but we do not believe that proper consideration was
given to many of the prob181ls associated with such a scheme. Areas
such as anchoring of the units, maintenance, power transmission, cor­
rosion protection, protection of the units from rocks moved by the
tides, and environmerital effects are dismissed with what appears to be
little serious consideration.

Due to the prototypical nature of such a tidal power unit, any serious
consideration of its imp181l"entation at Angoon is considered inappropri­
ate at this time.

1. "Thayer Creek Project, A Reconnaissance Report," by Harza Engineer­
ing Co., Chicago, for the Alaska Power Authority, 1979.
2. "Angoon Tidal Power and Comparative Analysis, Angoon, Alaska" by
Robert W. Retherford Div., IECO, for the Alaska Division of Energy and
Power Deve 1opnent, 1981.
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PART H.

COMMENTS RECEIVED FROM
REVIEW AGENCIES

comments were recei ved from:
Alaska Depa rtment of Fish & Game

US Army Corps of Engi neers
l£ Fish & Wild 1if e Ser vi ce

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Page 2, paragraph 5: It is stated that "an application has been made to
ADF&G by the Angoon Aquaculture Association for a permit to build a
salmon hatchery at Favorite Bay." Actually, the permit was issued on
August 15) 1982.

ALAS>.

. iCN 1 () 1983

RECEIVED

Bill Sheffield, Governor

230 S. Franklin Street
Room 307
Juneau) Alaska 99801
Phone: (907) 465-4290

November 7, 1983

DEPARTMENT OF FISH AND GA;lIE

Habitat Division

I. Ct,'ff/~~ 1'­

~1r. Bob -lBf-tier: .
Project Manager
Alaska Power Authority
334 West 5th Avenue
Anchorage) Alaska 99501

RE: Angoon Energy Alternatives

Dear Mr. Leftler:

The Department of Fish qnd Game has reviewed the report prepared by
Acres American entitled "A Comparative Economic Analysis of Electric
Energy Alternatives for Angoon, Alaska." First of all, we wish to
express our appreciation for your extension of the response time. We do
feel that our comments will help to correct some deficiencies in the
report.

Page 21, paragraph 1: Again, the hatchery permit has been issued for a
hatchery capacity of 7.5 million pink salmon eggs, 20 million chum
salmon eggs, and 1.5 million coho salmon eggs. .

Page 26, paragraph 3: It is our understanding that if the Angoon
Aquaculture Association plans to finance the project with loans from the
Aquaculture Loan Fund, (1) they probably would be limited to 1 million
dollars, or 6 million if they received the official approval of the
Northern Southeast Regional Aquaculture Association and (2) the
provisions of these State loans call for payback after 6-10 years with
interest, rather than 10 years and interest-free, as stated in the

. report.

paae 26, 7aragraph 5: The estimated operating costs of the hatchery
($ 46,000 year) appear rather high considering other PNP hatcheries of
similar size in the region. A more appropriate range might be $200,000
- 250,000/year. However, we cannot completely evaluate the total costs,
as no breakdown of operational costs is included.
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If you have any questions please feel free to contact us.

cc: 0; Hardy

Richa rd Reed
Regional Supervisor

Thank you for the opportunity to review the report. While we· realize
our corrections primarily related to the facility as permitted, we feel
the most current information should be used.
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Our estimates indicate, assuming a 32 million egg
hatchery would not have excess chum returns for sale
stock needs until the sixth year of production.
excess production in the fourth year.

Mr. Bob Leftler

Page 30, Table 14:
capacity, that the
in exc€ss of brood
Table 14 ind;ca~es

Page 27, Table 12: Prices listed for fish appear to be considerably
higher than the current (1982 Juneau area purse seine) prices of
$0.84/lb for coho; $0.20/lb. for pinks; and $0.47/lb for chums. The
1983. prices may be even lower.

Page 33, paragraph 7: The average weight for coho is listed .as 12
pounds, this is more likely to be 7-9 pounds. Average weights for
Southeast Alaska based upon catch statistics are 7.0 lb (coho), 3.8 lb
(pink) and 9.9 lb (chum).

Si ncerely,

~~Pe.4~?~Jr
>.;
L.
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ACRES RESPONSE TO LETTER FROM ALASKA DEPARTMENT OF FISH &GAME

Acres' The text will be changed as required to show a payment
Response: deferra 1 for 10 years and a 10-year payback peri ad, with

interest calculated at 3.5 percent. .
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1. Comment:

Acre s '
Response:

2. Comment:

Acres'
Response:

3. Comment:

4. Comment:

Acres'
Res ponse:

"••• the hatchery permit has been issued for a hatchery
capacity of 7.5 million pink salmon eggs, 20 million chum
salmon eggs, and 1.5 million coho salmon eggs."

The hatchery is designed to operate at production levels
of up to 50 million chum salmon green eggs in addition to
the 7.5 million pink and 1.5 million coho eggs as noted.
This "reserve" was included by the hatchery's designers in
order that the Aquaculture Association could adjust salmon
production as needed to meet their financial requirements.
No change in the text is needed.

" .if the Angoon Aquaculture Association plans to
finance the project w.ith loans from the Aquaculture Loan
Fl1ld,... they are probably limited to ... 6 million
do 11 ars. "

As a study exercise, this analysis is not required to
study the intricacies of loan programs available to the
Aquaculture Association. Any loan available to the Asso­
ciation would, because of the long lead time involved in
bri ngi ng the hatchery "on-li ne," defer repayment for some
time into the future. Whether this deferral is 10 years
or some other. time is of little significance to the out­
come of th i s study. It is assumed that fundi ng needed
beyond that available from the Aquaculture Loan Fund lliill
be provided with similar terms. What is important is the
study of the project wi thout outri gh t grants from the
sta teo Such an approach tests the abi 1i ty of a proj ect to
"stand on its own." No ch ange in the tex tis needed.

".•• the provisions of these State loans cal for,payback
after 6-10 years wi th interest, rather than 10 years and
interest-free. "

"Prices listed for fish appear to be Considerably higher
than the current (1982 Jtneau area purse seine) prices of
$O.84/lb for coho; $O.20/lb. for pinks; and $0.47/lb for
chums. The 1983 prices may be even lower." .

The dra ft report used sa lmon pri ces from the 1980 or 1981
seasons. The final report uses prices from 1983, which as
suggested by the comment, are considerably less than they
were in 1982. 1983 JlJ1eau purse s,eine prices were as



Acres' These numbers will be incorporated in the final version of
Res po nse: th e report.

5. Comment:

Acres'
Response:

6. Comment:

page 49

follows: pink salmon $O.23/lb; chum salmon $O.30/lb; coho
salmon O$O.40/lb. These data were given by Elaine Dinne­
ford of the Limited Entry Section of ADF&G in Juneau.

The pri ce of sa lmon has a tremendo us impact on the econ­
omics of the Falls Creek project. As the report shows,
the hatchery is ca lled upon' to "subs i di ze" the hydro
plant. Since Angoon residents have an alternative to
electricity generated by the Falls Creek plant (namely
THREA's diesels), they would be disinclined to purchase
electricity at anything but the lowest available price.
Thus, in order to make any sa les of energy from Falls
Creek, the pri ce of that energy must be such that the bi 11
to the consumers· does not rise above the levels experienc­
ed if a11 the energy was supp1 i ed by TIiREA.

The text has been ch anged to make use of 1983 Juneau-area
ca tch pri ces.

II .a 32 million egg, . . hatchery would not have
excess chum returns for sale in excess of brood stock
needs until the sixth year of production. Table 14 indi­
cates excess production in the fourth year."

The return schedule was developed with the assistance of
the designers of the hatchery. If there is any error i[1
this assumption, its' impact on the economic analyses will
be minimal because of the small numbers of fish harvested
in the early years of hatchery operation. No change in
the tex tis needed.

"The average weight for coho is listed as 12 pounds, this
is more likely to be 7-9 pounds. Average weights for
Southeast Alaska based upon catch statisti cs are 7.0 lb
(co h0), 3.8 1b (p ink ), an d 9. 9 1b (ch urn) . "
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We did find the Monte Carlo approach to the sensitivity
analysis refreshing. This approach should aid you in decision
making. It may be useful to expand the possible salmon price
and catch variations in the program to more realistically
reflect possible changes in this very volatile industry.

Thank you for the opportunity to rev i ew your draft report
~A Comparative Economic Analysis of Electric Energy
Alternatives for Angoon, Alaska." In general, we found the
report both interesting and informative. ACRES appeared to be
quite resourceful, although somewhat arbitrary, in their
proposed cost sharing plan with the Angoon Aquaculture
Association.

OCT 3 i 1983

RECEIVED

\ t
I

Hydropower and Comprehensive
Planning Section

DEPARTMENT OF THE ARMY
ALASKA DISTRICT_ CORPS OF ENGINEERS

POUCH 898

ANCHORAGE ALASKA 99506
Octobef 27, 1983 -

Dear Mr. Benish:

Mr. Raymond J. Benish
Alaska Power Authority
334 West Fifth Avenue
Anchorage, Alaska 99501

,..c~y TO

ATT!NTIOH 0"'1

The "simple calcu1ation~ pg. 28, which increases the
hatChery's ch~m production by 11.2 million to cover the
additional $8.59 million in dam, intake, and access road costs
assigned to the hatchery by ACRES appears to be rather
simplistic. However, without the benefit of reviewing the
Aquaculture Association's report, it is difficult to determine
if the assumptions made regarding expansion, profit, etc. are
reasonable.

Several rational cost allocation methods are available for
use on multipurpose projects such as Angoon. It is important
to separate these costs ina cons i stent manner to ascerta i 11 if
each use is in fact ~paying its way.~ This prevents feasible
projects from carrying in"feasible ones. We suggest use of the
separable costs remaining benefits method of cost allocation
for the Angoon project.
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If you have any questions regarding our comments please
contact Mr. Loran Baxter of our Hydropower and Comprehens i ve
Planning Section, at 552-3461.

Sincerely,

l6!:tJ!Jr(~
Chief, ,Engineering Divlsion
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ACRES RESPONSE TO LETTER FROM US ARMY CORPS OF ENGINEERS

pag~ 52

1. Comment: "Acre s appeared to be somewhat arbi trary, in thei r
proposed cost sharing plan with the Angoon Aquaculture
Associ a ti on."

To a point, the hatchery can adjust its production levels
to meet varying fiscal needs. The ,initial operating plan
calls for the hatchery to operate at green-egg levels of
1.5 million coho eggs; 7.5 million pink eggs; and 20 mil­
l i on ch urn sa lmon eggs. These fi gure s repre sent the max i­
mum design levels for coho 'and pink salmon eggs, but the
hatchery is designed to be operated at as many as 50 mil­
lion chum salmon eggs.

With this arrangement, it is understood that the hatchery
will be "subsidizing" the hydroelectric plant. Hcwever,
as the fi na 1 vers i on of the report shows, wi th sa lmon
prices as low as they were in 1983, it is unlikely that
the hatchery/hydro plant will be able to generate adequate
1eve 1s of revenue.

"The 'simpl e ca lcul ati on I pg. 28, which increases the
hatchery's chum production by 11.2 million to cover the
additional $8.59 million in dam, intake, and access road
costs assi gned to the hatchery by ACRES appears to be
rather simpl istic. However, without the benefit of
reviewing the Aquaculture Association's report, it is dif­
ficult to determine if the assumptions made regarding
expansion, profit, etc. are reasonable."

The calculations are indeed simplistic. They are intended
to be so. The obj ect i ve of th i s repo rt is to ex ffi1 i ne the
potential at Angoon for the development of a hydroelectric
plant which can provide economic benefits for the
community. Until feasibility-level work is done, more
sophisticated analysis techniques will be unable to pro­
vide "better" results.

Acres' The 25 :75 cost spl it between the hydro pl ant and the
Response: hatchery for "common" facilities (access road, dam, intake

structure, etc) was indeed arbitrary.

It wi 11 no t 1 ike 1y be po s sib 1e to se 11 e1ect ric ity to
Angoon consumers at a cost higher than it is presently
sold by TI1REA. With this constraint, it works out that
the hydro pl ant can absorb just about 25 percent of the
"common" project costs and all of the "hydro plant only"
costs (power house, turbi nes and genera to rs, transm i ssi on
1i ne, and O&M) .

Acres'
Response:

2. Canment:
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page 53

3. Comment: "We did find the Monte Carlo appro'ach to the sensitivity
analysis refreshing ..• It may be useful to expand the
possible salmon price and catch variations in the program
to more realistically reflect possible changes in this
very volatile industry."

Acres' The compliment on the use of the Monte Carlo technique is
Response: very much appreci ated.

In the fi na 1 vers i on of the report, the range is expanded
considerably. As the main body of the text indicates,
there is a significant probability that the B:C ratio of
the hydro plant/hatchery could be less than unity.
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RECEIVED

United States Department of the Interior OCT 3 1 1983I"

I

IN REPLY REFER TO:

FISH AND WILDLIFE SER VICE
P. O. Box 1287

Juneau, Alaska 99802

ALASK.~· °O\:V~R t.UTHOR ITY

October 26, 1983

I, Mr. Ray Benish
Acting Executive Director
Alaska Power Authority
334 West 5th Avenue
Anchorage, Alaska 99501

Dear Mr. Benish:

Re: Favorite Bay Creek
Hydro Project

Ii
If
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I'
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We have reviewed the subject draft report and offer the following comments:

General Comments

Our review of pertinent fisheries related sections of the report suggests that
more work would be required to fully assess the proposed hatchery operation.
We are particularly disturbed with the statement on
page 2 indicating that many assumptions used in this study need verification.
The validity of conclusions in the report, therefore, seems unclear.

Although the project is still in its early planning stage, it should be
recognized that a hatchery does not mitigate all project impacts. A range of
project impacts can be expected. We, therefore, recommend that an
environmental analysis be initiated in coordination with resource agencies.

Specific Comments

Page 4. Summary and Recommendations. A stream survey should be conducted to
update escapement counts (pink, chum and coho salmon),

Page 25, seventh paragraph. The Economics of a Favorite Bay Hydroelectric
Plant. This paragraph should be expanded to discuss the basis for assuming
that the Angoon Aquaculture Association would pay for 75 percent of the dam,
intake structure and access road.

Page 26, last paragraph, same section. The basis for various assumptions used
in deriVing the economics of the hatchery operation should be discussed. We
further suggest that the economics of the proposed hatchery be compared with
existing hatchery operations in southeast Alaska.
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Page 30, seco,nd paragraph, same section. Since the hatchery operation would
displace a major part of the existing salmon runs, loss of the natural run
should be subtracted from the hatchery revenue.

Thank you for the opportunity to comment.

Sincerely yours,

JtI~ !J.{/~
Field Supervisor



ACRES RESPONSE TO LETTER FROM US FISH AND WILDLIFE SERVICE

page

Acres' See response to US Army Corps of Engineers Comment No.1
Response: on page 52.

Acres I No doubt such a survey woul d be one of' the undertaki ngs
Res ponse: necessa ry to produce an Envi ronmenta 1 Impact Sta tenent

(see Comment No.2).

56

A project at Falls Creek would require a "major Federa 1
action" in the form of the permits needed to back water up
into the Admiralty Island National Monument. The project
would also "significantly affect the human environment."

It is entirely likely that the construction of a dam at
the Falls Creek site would require the completion of an
Envi ronmenta 1 Impact Sta tement. Under federa 1 1aw, an EI S
must be incl uded "~ •. in every recommendation or report
on proposa ls for •.• major Federa 1 acti ons si gni ficantly
affecting the quality of the human environment."

"... an environmental analysis [should] be initiated in
coordination with resource agencies."

The scope of the report was to establish the economic via­
bi lity of the proposed Falls Creek project before detailed
studies were commenced. Taken in this 1ight, it is our
opinion that the val'idity of the report is quite clear.

"We are particularly disturbed with the statenent on page
2 indicating that many of this study need verification.
The validity of conclusions in the report, therefore,
seems unclear."

The report is valid within constraints imposed by the lack
of detailed data on project costs and operations. The
prudent reader should not be "disturbed" by the report's
recommenda ti on th at assumpt ions used in the ana lyse s be
verified by futher study. Indeed, a prudent reader should
be more disturbed by works which profess no flaws.

Acre s I

Res ponse:

Acres I

Res ponse:

4. Comment: " ••• discuss the basis for assuming that the Angoon Aqua­
culture Association would pay for 75 percent of the dam,
intake structure and access road."

In addition to the EIS, it is likely that a FERC license
woul d be requi red if the dam were used to genera te power.

3. Comment: "A stream survey should be conducted to update escapement
co un ts.. "

2. Comment:

1. Comment:
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APPENDI X A

BENEFIT: COST RATIO SENSITI VITi ANALYSES
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page a-l

APPENDIX A - BENEFIT:COST SENSITIVITY ANALYSES

Throughout the study of the economics of the Favorite Bay hydro project
and the Aquaculture Association's hatchery, no consideration was given
to the range over which project cost components could vary.

It is sometimes easy to lose sight of the point that all of the costs
put forth in a report of th i s type are estimates. These estimates may
be very carefully thought out, but the fact remains that it is not pos­
sible for a forecaster to dictate future energy growth rates, costs, or
revenues.

There are a number of approaches avai lable to give the reader some idea
of the range over which the economics of a project may vary. A common
method is to identify the lowest and highest costs (or revenues) which
a particular project component could achieve. All of the the low-cost
(or low-revenue) values are then added up. This yields the absolute
lowest cost (or revenue) for the project. Summing the high-cost values
similarly yields the upper bound for project costs (or revenues).

I,n real life, it is rare that all components of a project will come in
at their lowest (or highest) possible cost. Thus, the upper and lower
boundaries established by the technique described above are normally of
very limited value to decision makers. Cost estimates could be made
more useful if some means were at hand to allow the individual cost
components to vary _indep~ndently (and randomly) over thei r avai lable
range s. To ca rry out such a ta sk by hand with more th an a very sma 11
number of cost components is virtually impossible. The wide availabil­
ity of computers makes a technique known as Monte Carlo ana lysi s
attractive in this type of work.

Simply put, a Monte Carlo program makes random choices of cost (or rev­
enue) values for each of the components of the project under study.
These values are then sumned to produce the total project cost. One
"pass" through such a procedure would provide no more insight into the
project cost than to show one possible cost. Thus, it .is standard
pract ice to repea t the proce ss a great number of times to genera te a
"cost distribution" which is representative of the project.

When investigating a systen which is to be studied over a number of
years (such as our power systen), it is reasonable to allow each cost
component to vary through its range in each year of the study. An
appropriate discount rate is applied to the total costs incurred in
future years to provide a "real dollar" value for that year's cost.
The i ndi vi dua 1 years I costs are summed to pro vi de a net present 't/orth
of the project over its 1ifetime. The program runs through a large
number of "lifetimes" to develop a cost distribution for the project.

The approach taken in the sensitivity analysis of the Favorite Bay pro­
ject paralells that taken in the original economic analysis. That is,
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the project was first excrnined on its own merits, with no consideration
gi ven to the costs or revenues attri buted to the hatchery. A second
analysis was carried out which tested the B:C ratio of the hydro plant
plus the hatchery costs and revenues. Thirdly, the B:C ratio of the
hydro plant, the hatchery, and the local fishing fleet (which wou1d
catch fish released by the hatchery) was examined.

The base values assumed and the ranges over which they were allowed to
vary are given for each case on Tables A-I through A-3. These base
values are the same as those developed in the text of this report. The
ranges over which individual parameters are allowed to vary were
determined in cooperation with staff of Tryck, Nyman & Hayes (for fish
catch and price data) and the' Alaska Power Authority (all other data).

FollOfJing Table A-3 is a rudimentary flow diagram of the computational
process used in the Monte Carlo run. Space 1 imita ti ons prevent the
inclusion of significant detail. The diagram is included only to pro­
vide the reader with a graphic representation of the process involved.
The program "SPSS" mentioned in that figure is a widelyavailable pack­
age of stastical routines which is installed on most large computer
systems. All computations carried out for this project were done on
CDC equi pnent owned by Boei ng Computer Servi ces.

FollOfJing the flOfJ chart is a graphic representation of the output of
the SPSS work. The cumulative probabilities of a Favorite Bay project
having lifetime B:C ratios below particular values are given for each
of our three analysis approaches. A broad pen was used deliberately to
give the reader the idea that these plots were to be used as represent­
ative values only.

It is interesting and instructive to compare the results of the Monte
Carlo program with the manual calculations presented in the text (Part
E of the report).

In the first analysis (Favorite Bayls B:C ratio calculated in isola­
tion), the manual calculations gave B:C ratios of 0.997 and 1.22 when
using the moderate- and high-growth forecasts, repspectively. The
~lonte Carlo routine gives B:C ratios ranging from 0.82 to 1.45, with a
mean ratio of about 1.11. Fifty percent of the B:C ratios calculated
by the Monte Carlo routine were belOfJ 1.13. This -would imply some
sensitivity to load, since this was virtually the only variable in the
manua 1 approach to th i sana lysi s.

The second analysis (Favorite Bay plus the Angoon Aquaculture hatchery)
manual methods produced B:C ratios of 0.94 and 0.99 for the moderate­
and high-growth cases. The Monte Carlo routine developed B:C ratios
ranging from 0.95 to 1.47, with a mean ratio of 1.17. This "improve­
ment" in the ratios is due in most part to the variation in price which
was available to the salmon prices.
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page a-3

The third analysis (similar to the second, but including the revenues
of the -local fleet due to hatchery-produced salmon) yielded a high­
growth B:C ratio o-f 1.43. No' moderate-growth ratio '.vas calculated
manually as it was believed the load growth due to income earned by tt,e
local fleet operators would push energy use to at least high-growth
levels. The Monte Carlo analysis for this scenario produced B:C ratios
rangi ng from 1.66 to 2.56, with a mean of about 2.07.

We can see that as the economic impact of the hatchery production is
given greater consideration, the sensitivity of the B:C ratio to energy
use is reduced. While such a result may be expected intuitively, it is
always comforting to be able to see some confirmation of one's
ex pe cta t ion s .
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PARAMETER

Energy Use

Fuel Cost

Generation­
Dependent O&M

flydro Plant
Capital Costs

flydro Plant O&M

Number of
Iterations

Discount rate

page a-4

TABLE A-I -- PARAMATERS USED FOR B:C SENSITIVITY ANALYSIS
(Case 1: Favorite Bay flydro Plant)

RANGE OF VARIABILITY

40 percent probability of using the Acres low-growth projection; 40 percent probability of using Acres' high-growth projection;
20 percent probability of using 110% of Acres' high growth projection. Energy use choices are assumed to remain constant
after 20 years into the study.

Fuel is assumed to cost $0.119 per kWh in 1983, with escallation rates of 2.00%, 2.25%, 2.50%, 2.75% and 3.00% available each
year. Each escallation rate is assumed to be-equally likely (20 percent probability each). Fuel price is assumed to remain
constant after 20 years into the study.

Base cost assumed to be $0.051 per kWh, wi th equally probable costs at -10, -5, + 5, and +10 percent. No escallation is
involved in this cost.

Base cost assumed to be $5,205,000, with equally probable costs of -10, -5, +10 and +20 percent. This expenditure is assumed
to occur in Year 6 (1988) of the study.

Base cost assumed to be $115,000 per year. Equally probable costs of -10, -5, +5, and +10 percent are available each year.
This cost is not SUbject to escallation.

10,000

3.5 percent

- -- -- - - - - - - - - - - - - - -
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PARAMETER

Energy Use

Fuel Cost

Geoeration­
Dependent O&M

See Case 1

See Case 1

See Case 1

TABLE A - 2 -- PARAMATERS USED FOR B:C SENSITIVITY ANALYSIS
(Case 2: Favorite Bay Hydro Plant Plus Hatchery)

RANGE OF VARIABILITY

Hydro Plant
Capi tal Costs

Hyd1'O Plant O&M

Hatchery Capital
Costs

Hatchery O&M

Number of Coho
Caught by AAA

Price of Coho

Number of Pinks
Caught by AAA

Price of Pinks

NunDer of Chum
Caught by AAA

Pri ce of Chum

1terations

Discount rate

Base cost assulOOd to be $11,410,000, with equally probable costs of -10, -;>, +10, and +20 percent. Thi s expenditure is assulOOd
to occur in year 6 (1988) of the study.

See Case 1

Base cost assulOOd to be $6,090,000, with equally probable costs of -10, -5, +7.5, and +15 percent. This expenditure is assulOOd
to occur in Years 6, 26, and 46 (1988, 2008,.. and 2028) of the study. Hatchery salvalge of 50 percent in Year 55 (2037).

Base cost assulOOd to be $824,000, with equally probable costs of -10, -5, +5, and +10 percent. These costs are not subject to
escallation

Base number assulOOd to be as shown in text discussion of hatchery economics. Equally probable catch level variations of -10,
-5, +5, and +10 percent are available to the program.

Base price assulOOd to be $3.85 per fish. Price variations of -25, -10, +100, and +200 percent were available. These prices are
not subject to escallation.

Set in a manner similar to that used for coho.

Base price assulOOd to be $1.04 per fish. Price variations of -25, -10, +50, and +100 percent were available. These prices are
not subject to escallation. .

Set in a manner similar to that used for coho and pinks.

Base price assulOOd to be $4.10 per fish. Price variations of -25, -10, +50, and +100 percent were available. These prices are
not subject to escallation.

10,000

3.5 percent
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PARAMETER
fnergy Use

fuel Cost

Generati on­
Dependent O&M

Hydro Plant
Capi tal Costs

Hydro Plant O&M

Hatchery Cf.4>i tal
Costs

Hatchery O&M

Number of Coho
Caught by AAA

(Case

See Cases I and 2

See Cases I and 2

See Cases I and 2

See Cases I and 2

See Cases I and 2

See Cases I and 2

See Case 2

See Case 2

TABLE A - 3 -- PARAMATERS USED fOR B:C SENSITIVITY ANALYSIS
3: Favorite Bay Hydro Plant Plus Hatchery and Local Fishing Fleet)

RANGE Of VARIABILITY

page a-6

Number of Coho
Caught by LfF

Price of Coho

Number of Pinks
Caught by AAA

Number of Pinks
Caught by LFf

Price of Pinks

Number of Chum
Caught by AAA

Number of Chum
Call9ht by LFF.

Price of Chum

Iterations

Lff catch calculated as discussed in te~t. Catch variations were assumed to be the same as AAA catch.

See Case 2

See Case 2

LfF pink catch set in the same manner as its coho catch.

See Case 2

See Case 2

LFF chum catch set in the same manner as its coho and pink catches.

See Case 2

10,000

-
Discount Rate

~-

3.5 percent

--- - .. - - - - - - - - - .. - -
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In each year of the study, each cost
(and benefit) parameter (energy use,
maintenance costs, dam capital
costs, fish revenues etc.), is al­
lowed to select one value from among
five choices. The selection is made
randomly and independently from one
parameter to another.

The fuel price for each year is cal­
culated from the price of the previ­
ous year multiplied by a randomly
selected escalation rate.

At the end of eaoh study year, the
cost and benefit parameters are sum­
med independently and the total
costs and benefits are added to
those calculated in previous years.

At the end of the 55-year study period,
the present worth of the plan's ben­
efits are divided by the PW of the
plan's costs. This yields a B:C
ratio for that particular "lifetime".
Each lifetime B:C ratio is written
out to a storage file for future
processing. The program then r~-

peats the calculation of the life-
time B:C ratio, a process that is
repeated 50,000 times.

When all 50,000 lifetime B:C ratios
have been calculated, the program
"SPSS" is used to provide a statis­
tical analysis of the results~ This
analysis includes an identification
of the maximum and minimum B:C
ratios identified, the mean of the
population generated, and the number
of times each B:C ratio was encoun­
tered. These data were used to plot
the graphs provided on the following
page.
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Curve 1: Benefit:Cost Ratio of Favorite Bay Hydro Plant vs. THREA Diesel
System

Curve 2: Benefit:Cost Ratio of Favorite Bay Hydro Plant and Angoon
Aquaculture Association Hatchery vs. THREA Dieser-System.

Curve 3: Benefit:Cost Ratio of Favorite Bay Hydro Plant and Angoon
Aquaculture Association Hatchery~ Revenues to the Local
Fishing Fleet Operators
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AlJl.SKA P(}JER AUTHORIlY PROJECT EVPlUATION PROCEDURES



r

. ,

ALASKA POWER AUTHORITY

PROJECT EVALUATION PROCEDURE

The Power Authority's project evaluation procedure reflects the
organization's purpose and philosophy. The Power Authority was
established as an instrument of the State to intervene for the purpose
of bringing to. fruition worthy projects that would otherwise be excluded
from development by the constraints of financial markets. Most, if not
all, Alaskan capital intensive power projects would be precluded from
conventional financing due to the perception of added risk inherent in
building projects in small, ,isolated Alaska communities.

Thus, the Authority's approach to project evaluation does not
consist, as some have recommended, of using market financial parameters
to determine the ability of the project to generate sufficient sales to
cover revenue requirements. Instead, the approach entails first
assess i ng a project' s "worthi ness" apart from the constraints of
financial markets, and, second, determining if there is the ability and
political will to intervene to establish financing arrangements and
terms that permit the project to be financed. To reiterate, the
Authority's purpose is to intervene in financial markets to permit
worthy projects to be developed. A project evaluation procedure that
requires a project to pass a fina"ncing test using market conditions
would preclude the Authority from acting in keeping with its purpose.

The means that the" Authori ty has adopted to assess a proj ect' s
worthi ness are cons; stent wi th traditi ona 1 federal eva1uat; on. methods
for. publ ic water resource projects. The goal is to maximize net
economic benefits from the state's perspective, tempered by
environmental, socioeconomic and public preference constraints. The
method attempts to identify the real economic resource costs of all
options under study; the magnitude of these costs are independent of the
entity that finances and implements the options.

The Authority's project evaluation procedure has evolved since 1979
and continues to undergo refinement. Some desired characteristics of
the procedures'are:

1. Consistency from one study and market area to another.

2. Equity in the treatment of alternatives.

3. Practicality, given data limitations.

4. Responsiveness to statutory direction.

In general terms, the procedure entails (1) forecasting end use
requirements on the basis of assumptions regarding economic activity and
energy cost trends; (2) formulating various alternative plans to satisfy
the forecasted requirements; (3) estimating the capital, operation,
maintenance and fuel costs of each plan over its 1ife cycle;
(4) discounting the cost of each plan to a common point in time;
(5) comparing the total discounted costs of each plan and determining
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Project Evaluation Procedure
Page 2

the preferred plan; (6) evaluating the preferred plan's cost of power
under a variety of financing arrangements in relation to anticipated
power costs without the plan; and (7) identifying those financing
arrangements which result in acceptable power costs.

Forecasting Future Requirements.

A planning period is first adopted to define the period of time
over which forecasts are Qeveloped and energy plans are formulated. The
length of the planning period is limited by the practical difficulties
of forecasting far into the future. A period of 20 years from the
present is normally adopted. End use requirements (space heating, water
heating, lights and appliances, and industrial processes) are forecast
over the planning period for each of three sectors (residential,
corrmercial/government, and manufacturing). The end use requirement
forecasts are initially developed irrespective of the form of energy
bei ng used to energi ze the end use. The forecast for each end use
reflects a range of economic activity/population forecasts and a range
of overall energy pri ces. Wi th respect to the former, economi c base
analysis founded on discreet' developmental events is used as the basis
of forecasting rather than simple trend projections, whenever possible.
With regard to the latter, the end use forecasts reflect situations both
where energy prices, overall, rise faster than general prices and where
energy prices, overall, rise at a rate in keeping with general price
1eve1s. (It can be expected that the actual energy costs of the
preferred plan will eventually be shown to fall within that range.) An
intermediate forecast is used as the basis for the initial planning
steps... For each end use where more than one energy form is ava i1 ab 1e to
energize t.hat end use, a mode split analysis is performed. This is
accompl ished in the course of the following initial screening of
alternatives:

1. All reasonable alternative means of providing each end use are
identified.

2. The per unit cost of energy is determined for each alternative
using the Power Authority·s economic evaluation parameters.

~. The amount of energy (or the amount of energy savings) that
can be provided by each alternative is estimated.

4. For. each end use, cost curves are developed showing relative
cost, over time, of providing the end use by each of the
reasonable alternatives.

s. The lowest cost means, or combination of means of providing
each end use is identified. This determines the mode split
after due consideration of the existing mode split and lag
time for substitution of energy forms. The results also serve
as a tool for formulating energy plans, which is the next step
in the analysis. .



Project Evaluation Procedure
Page 3

The forecasts address both energy and peak load requirements.

Plan Formulation.

The first stpp in formulating energy plans ;s identifying and
screening all reasonable energy supply and- conservation options. These
include structural and non-structural alternatives and alternatives' that
provide intermittent as well as firm energy. This is accomplished in
the course of the previous step in the analysis. -

Existing energy 'generation fadl Hies and conservation practices
are also evaluated for their performance, operation and maintenance
costs, condition and remaining economic life.

Given the menu of options available, the relative cost and mode
split information developed in the course of forecasting energy
requirements, and any additional comparative analysis of the options,
two or more energy plans are formulated. Each plan must, with a
consistent level of reliability, meet the forecasted energy and peak
load requirements over the planning period. -

Whether plans are formulated to meet electrical energy requirements
only, or both electrical and thermal requirements, depends upon the
results of the mode split analysis. If it is shown that thermal needs

'should be met to a significant extent by electrical energy, then plans
are formulated to meet both thermal and electrical reouirements. If it
is shown, on the other hand, that electricity shoul'd not playa
significant part in providing thermal needs, then the bounds of the
stUdy are_limited to electrical energy requirements only.

One plan is termed the "base case plan"; this plan is developed
assuming a continuation of existing practice in the study area and is
used as a common yard stick for comparison of the other plans.

If opportunities exist, a plan is formulated to improve the base
case plan by increasing its efficiency or- by other means.

One or more additional plans are formulated incorporating various
combinations of options with the objective of identifying the lowest
cost plan that is environmentally and socially acceptable.

. The sequence and timing of plan components are optimized as an
integral part of plan formulation. This is accomplished by a systematic
testing of different sequences and project timing in search of the
sequence and, timing that results in the lowest present value of plan
costs.
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Project Evaluation Procedure
Page 4

Discussion:

1. The Authority initially confined the forecasting to electrical
energy requirements only. There are two problems with this
approach. Firs~, electrical energy supply plans ·often. have
associated with them certain amounts of waste heat suitable
for space, water or process heating. In such cases', a
forecast of thermal energy requirements is needed to determine
the possibility of effectively utilizing this heat.

Second, in forecasting electrical energy alone, the analyst is
either explicitly or implicitly assuming a certain mode split
in those end uses where more than just electrical energy can
provide that end use. It is necessary to make the analysis of
mode split explicit, and to do so requires a forecast of end
use requirements rather than simply electrical energy needs.

2. In amplification of the procedure for mode split
determi na ti on, the goa 1 is to determi ne, based on full
economic cost of alternatives and rational economic behavior,
the lowest cost way of providing the end use.

Estimating Project Costs.

A1T costs for all projects are estimated with reference to a base
year and ,in terms of the base year price levels. Costs incurred in
future years reflect relative price changes only. Capital cost
estimates are "overnight" estimates.

Capital costs (in the year they are incurred) are added to annual
operation and maintenance costs and any fuel costs to give the total
yearly cost of a plan. The series of yearly costs is discounted to a
common point in time, typically the first year of the planning period.

Discuss'ion:

1. A constant dollar approach has been adopted in the economic
analysis to keep from having to forecast a long term inflation
rate that would always serve as source of dispute, and to ease
the computational burden. As reported by the Water and Energy
Task Force of the U.S. Water Resources Council in their
December 1981 report entitled "Evaluating Hydropower
Benefits," the critical element in an analytical approach is
the "use of consistent assumptions about interest rates and
future pri ces." The Task Force endorses ei ther "1 i fe-cycl e
analysis" (which includes inflation) or "inflation free
analysis". The Power Authority's approach is specifically
cited by the Task Force as an example of the latter.
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2. Life cycle analysis dictates, state statute requires, and the
long term planning horizon of a state government suggests that
the relative plan costs be compared over the economic life of
the projects under consideration. When hydroelectric and
steam plant projects are being addressed, the economic
evaluation period exceeds the 20 (or sometimes 30) -year
planning horizon. Yet, it is inappropriate to forecast load
growth or escalation trends beyond the limits of the planning
period. Also, project economic lives differ for varying types
of facilities. These problems are handled by addressing costs
throughout the economic evaluation period, but by assuming no
load growth or cost escalation beyond the planning period.
Facilities are replaced throughout the economic analysis
period as dictated by their economic lives. Salvage values
are included. in the final year of the period as necessary.
The economic evaluation period extends to the year that the
longest lived project (that is added during the planning
period) reaches the end of its economic 1ife. For instance,
if a hydroelectric project with a 50-year economic life is
added in the tenth year of th~ planning period, the economic
evaluation period would be 60 years in duration.

Plan Comparison.

Plans are compared in terms of total net benefits. Net benefits
are equal to the gross benefits associated with a plan, less plan cost.
The ben~fits are defined as the discounted total cost of the base case
plan; sup~lemented by any subsidiary benefits of a particular plan (see
discussion).

The plan offering the greatest net benefits is the preferred plan
from an economic perspective. A benefit/cost ratio can also be used as
an indicator of a plan's cost effectiveness.

Discussion:

1. In the event a plan provides a beneficial output other than
that specifically being addressed in the study, incremental
costs required to realize that benefit are subtracted from the
benefit in each year, and these annual subsidiary net benefits
are discounted to the common base date.

2. Consider the following hypothetical example: All cost and
benefit figures are the sum of annual amounts discounted to
the base date.
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Plan Cost

Base Case 100
Plan A 120
Plan 8 90
Base Case Evaluation -

benef~ts:. 100
cost: 100
net benefits: 0
benefit/cost ratio: 1

Plan A Evaluation -

benefits: 100 + 10 = 110
cost: 120
net benefits: 110 - 120 = -10
benefit/cost ratio: 110/120 = 0.92

Plan B Evaluation -

benefits: 100 + 15 = 115
cost: 90
net benefits: 115 - 90 = 25
benefit/cost ratio: 115/90 = 1.28

Subsidiary
Net Benefit

10
15



SUMMARY OF RECOMMENDATIONS

Analysis Parameters for the 1983 Fiscal Year

Economic Analysis
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Also this

10 years

10 years
20 years

15 years

10 years
20 years
20 years
30 years.

20 years
30 years

50 years
. 35 'years

30 years
40 years

30 years
20 years

Inflation Rate· - 0%
Real Discount Rate - 3.5%
Real Oil Distillate Escalation Rate

2.5% - First 20 years.
0% - Thereafter

Cost of Power Analysis

Inflation Rate -7.0%
Project Debt to Equity Ratio - 1:0
Cost of Debt - 12.0%

Economic Life and Term of Financing

Gasification Equipment
Waste Heat Recapture Equipment

~ Under 5 MW
Over 5 MW

Solar: Wind Turbines, Geothermal and
Organic Rankine Cycle Turbines

Diesel Generation*·
Units under 300 KW

. Units over 300 KW
Gas Turbines .
Combined Cycle Turbines
Steam Turbines (Including Coal

and Wood-fired Boilers)
Under 10 MW
Over 10 MW

Hydroelectric Projects
Economic Life
Term of Financing

Transmission Systems
Transmission Lines wi Wood Poles
Transmission Lines wi Steel Towers
Submarine Cables

Oil Fi l1ed
Solid Dielectric

*Diesel Reserve Units will have longer life depending on use.
economic life is by unit and not total plant capacity.
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Inflation Rate

For the purpose of the economic analysis there is assumed to be no
inflation.

Recommendation: The inflation rate should tAerefore remain at 0%.

Discount Rate

As previously indicated in the Analysis Parameters of FY 82 the historic
inflation free cost of money to the utility industry appears to be
approximately 3.0%. Currently national and local economists and
financial experts estimate the overall real discount rate to be in the
range of 3% to 4% with a likelihood that the. real cost of money for
utilities is increasing slightly due to the increasing size and cost of
electric generation projects currently being undertaken. It is also
acknowledged that historically the real cost of money in Alaska contains
an "Alaska factor" and is therefore somewhat higher than in the rest of
the nation. However, the discount rate is also intended reflect the
state opportunity cost of money and reflect long term trends.

Recommendation: In regards to the above analysis and review, the
Discount Rate should be set at 3.5%.

Escalation Rate

Based upon-a composite research of Energy Consulting Companies, national
and local economists, and Investment Brokerage Firms, the forecast of
distillate fuels (diesel and fuel oil) are expected to increase at an .
average real rate of 2.5% per annum for the period from 1982 to 2001.,
Beyond the year 2001 further increases in fuel are assumed to be zero.
This assumption is based upon the belief that although ~dditional

increases are expected they are too speculative to quantify.
.

Recommendation: The escalation rate for diesel and fuel oil be set at
2.5% per annum for the first 20 years of the economic analysis.
Thereafter, further increases in the rate are assumed to .be zero.

,
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Inflation Rate

For the 1983 Fiscal Year, national and local economists along with
Financial Institutions and Energy consulting Firms forecast the National
inflation rate "between 6 and 8 percent.

Recommendation: The inflation rate should be set at 7% per year.

Debt to Equity Ratio

At the present time and under legislation currently in effect it is
difficult to estimate the extent of deot financing for future Power
Authority projects. It is also common utility practice to debt finance
capital intensive projects.

Recommendation: In spite of the Power Authority's legislation, the debt
to equity ratio for power project financing should remain at 1:0.

Cost of Debt

Cost of Debt is largely determined by the interest rate identified by
statute for loans from the Power Project Loan fund. That interest
rate is equal to the average weekly yield of municipal revenue bonds for
the previous 12 month period as determined from the Weekly Bond Buyers
30 year index of revenue bonds. This average is currently approximately
13~. It is anticipated that the average will decrease only slowly
during the-1983 fiscal year.

Recommendation: Because of the anticipated slow decrease in the weekly
revenue bond index it is recommended that the cost of debt be set at 12%
to reflect current long term tax exempt rates with a decreasing
participation of the Rural Electrification Administration in providing
federal low interest financing~
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Economic Life and Term of Loan

*Oiesel Reserve Units will have longer life depending on use. Also this
economic life is by unit and not total plant capacity.

Although in certain instances economic lives of up to 100 years may be
warranted for hydroelectric projects, both the State Division of Budget
and Management and F.E.R.C. recommend the us'e of 50 year economic li.ves
for new hydroelectric projects. As a result the economic life of a new
hydroelectric project is set at 50 years and the term of financing at 35
years. For all other alternative generation sources, the economic life
and the term for which financing can be obtained is assumed to be the
same even though they vary for each alternative. The following economic
lives and loan terms should be used for various power project
alternatives.
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Economic Life and Term of Financing

Gasification Equipment
Waste Heat Recapture Equipment

Under 5 MW
Over 5 MW

Solar, Wind Turbines, Geothermal and
Organic Rankine Cycle Turbines

Oiesel Generation*
Units under 300 KW
Uni ts over 300 'KW

Gas Turbines
Combined Cycle Turbines
Steam Turbines (Including Coal
. and Wood-fired Boilers)

Onder 10 MW
Over 10 MW

Hydroelectric Projects
Economic Life
Term of Financing

Transmission Systems
Transmission Lines wi Wood Poles
Transmission Lines wi Steel Towers
Submarine Cables

Oi 1 Fill ed
Solid Dielectric

10 years

10 years
20 years

15 years

10 years
20 years
20 years
30 years

20 years
30 years

50 years
35 years

30 years,
40 ye'ars

30 years
20 years






