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FOREWORD

In 1949 Washington found itself faced with two particular problems
that had a direct bearing on the industrial welfare of the state. One was
of long standing and involved the decreasing utilization of the great coal
supplies that should form one of the state's most valuable resources in the
mineral field. The other was a possible shortage of electrical energy that
could be expected to continue until such a time as new hydroelectric generating

capacity should become available.

Governor Arthur B. Langlie, in July 1949, called a conference to
consider these situations and to discuss the possibility of relieving the
temporary power shortage through the use of coal in steam-operated generating
plants. Whereas the coal production of the state was l,128,42L tons in 1918,
it was only 907,915 tons in 1949. The utilization of local coal in steam
plants, if this were found to be economically feasible, would be a marked aid
to the coal industry while at the same time supplementing the power supply.

In the discussion it became evident that no worth-while conclusions could be
formed until a complete study was made of the problems and their interrelations.

Mr. Holland H. Houston, Engineer with the Public Service Commission
of the state, well qualified in training and experience, was chosen to make
this study. He represents the Public Service Commissions of Idaho, Oregon,
and Washington as one of the power coordinators in the Northwest Utility
Conference Committee. His previous work with the Federal Power Commission
between 1934 and 1937 in Washington, D. C., and in the San Francisco Regional
Office, and his subsequent experience as an industrial engineer with the pulp
industry of the Northwest gives him first-hand knowledge of the power-supply
problems of this area. Mr. Houston is a member of the American Institute
of Electrical Engineers and a professional engineer, qualified in the State
of Washington in both mechanical and electrical engineering. His earlier work
as a consulting engineer in Boston and New York enabled him to broaden the
current study to include comparisons with recent electric-power developments
in the Midwest and along the Atlantic Seaboard.

As any addition to the present power resources of the area must be
coordinated with the Northwest Power Pool system, the report has been expanded
to include an analysis of the electric-power requirements of the entire area.

July 1950 Jack V. Rogers, Director
Department of Conservation and Development

vi



THE PLACE OF STEAM=ELECTRIC GENERATING STATIONS IN THE ORDERLY

PROGRAM OF ELECTRIC FOWER DEVELOPMENT IN THE PACIFIC NORTHWEST

By Holland H. Houston

I. INTRODUCTION

In July 1949, Governor Arthur B. Langlie requested the Department
of Conservation and Development to study the problems relating to the shortage
of electric power and energy in the Pacific Northwest. In particular, he
was interested in knowing whether electric energy generated from fuel-burning
electric plants using local Washington coal as fuel would constitute an economic
solution to the immediate problem. The Governor also wanted to know whether
these plants would have a continuing useful place in the orderly program of
power development in this area.

Approximately 75 percent of the electric-power resources of the
Northwest Fower Pool are located in the State of Washington. Chart I, in the
pocket of this report, shows the extent of the operation of the Power Pool.

The generating resources of the Pool are integrated so as to give the most
economic power supply to the entire area. Any study of the electric-power
supply in the State of Washington must take into consideration the program of
the entire area.

In this report a study has been made of the power requirement of
the Pacific Northwest. An analysis has been made of the character of the present
load and the distribution of the load over the area served by the Pool. The
rate of growth of the area load in the past years has been examined and a

forecast of future requirements suggested.
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The program for development of the vast water-power resources of
the Columbia River as proposed in the recent report of the Corps of Engineers,
Department of the Army, North Pacific Division, to Congress has been studied

in detail.

The availability of coal, fuel oil, and other sources of heat energy
has been analyzed. The use of these fuels in a modern steam-electric generating
station has been studied. Finally, an analysis has been made setting forth
the economics of combined operation of water power and steam resources.

The cost studies in this report are for the purpose of determining
the relative cost of serving additional electric loads from new hydroelectric
and steam-electric projects. A comparison has been made between the cost of
electric energy from the projects included in Phase C-2 of the Army Engineers!
report which are scheduled for construction in the next several years, and a

modern steam-electric generating station operating with fuel oil. In deter-
mining the fixed costs of both steam and hydroelectric plants, a property tax
of 2 percent has been included. It appears that such a tax or its equivalent
will be required to make many of the storage projects, on which the success
of the entire program depends, more attractive to the people in whose areas
the projects are to be located. Such a tax would also compensate local units
of government for loss of revenue from forest and agricultural lands inundated
by the projects.

The conclusions and a summary of the studies embodied in this report

have been outlined in section II.
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II. CONCLUSIONS AND SUMMARY

CONCLUSIONS

The Phase C-2 program outlined in the Army Engineers' report for development
of the water resources of the Columbia River includes some sixteen major

and several smaller hydroelectric projects on the Columbia River and
tributaries. Two of these, Grand Coulee and Bonneville, are now practically
complete. If the total cost of the balance of this program, excluding costs
chargeable directly to flood control and navigation, is charged to power
together with the cost of transmission, the cost of electric energy delivered
to the principal load centers in the Puget Sound area and on the lower
Columbia River will be about 6 mills per kilowatt-hour.

The cost of producing an equivalent amount of electric power by the operation

of modern steam-electric generating stations located in the load centers
would be identical within the limits of accuracy of the calculation.

It is probable that the cost of producing the electric energy from the
water-power projects on the Columbia River could be somewhat reduced by
increasing the amount of upstream storage on the main stem and tributaries
of the Columbia River above the Grand Coulee project. The amount of this
reduction is between 1/2 and 1 mill per kilowatt-hour.

In choosing between the program of development of the power projects on
the Columbia River and steam-electric generation, consideration must be
given to the advantages and disadvantages of the two programs. In favor
of the development of the Columbia River projects are the benefits of
flood control, irrigation, and navigation. The construction of dams and
the inundation of large areas adversely affects some of the natural resources

in the area.



IT.

Conclusion and Summnary 5.

5

Te

If the projects included in Phase C-2 of the Army Engineers' report are
developed to meet the electric load growth in this area, vractically

all the lower-cost projects will be in service by 1965. It will be
necessary at that time to consider the construction of fuel-burning electric

plants to supplement the base-load operation of the hydroelectric resources

of the area. In the meantime, the place of steam=clectric generation in
the power program of the Pacific Northwest will be one of supplementing

the electric energy requirements of the area load during periods of adverse
water conditions of the rivers in the area.

During the period that fuel-burning electric-generating plants are used

to supplement the output of hydroelectric projects during adverse water
conditions, fuel oil will most probably be the source of the major portion
of heat energy for the fuel-burning plants of the area. At the present
time it is lower in cost than any other fuel with the exception of by-product
hogged fuel. Fuel oil is easy to store and is adaptable to intermittent
operation. The boller settings of any new steam-electric projects in the
area should be so designed that fuel oil, natural gas, or powdered coal
can be burned in the same boiler in accordance with the economics of fuel
at the particular time.

When the electric load has grown to a point requiring the development of
base-load fuel-burning plants, considerable study will be required to
determine both the type of fuel and the location of the plant on the system.
At the present time the cost of using a high-grade bituminous coal from
Utah as a source of heat energy in a steam plant located in the Puget
Sound area is 70 percent greater than the fuel cost if the operation were
on fuel oil. However, if this same Utah coal were consumed in a fuel-

burning plant located in Salt Lake City, the cost would be equal to fuel
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0il operation in the Puget Sound area. When the base-load operation of
steam-clectric generating plants is required in the load areas west of the
Cascades, the problem then will become one of comparing the relative costs
of the several fuels available in the area at that time.

Before additional steam-electric generating resources are constructed to
supplement the energy deficiency of the area resources during adverse water
conditions, a means must be found to distribute the cost of the project over
the total energy consumption of the area. Such steam-plant rrojects are
insurance against adverse water conditions in the area and can best be so
treated.

As of July 1950, there exist about 130,000 kilowatts of interruptible power
contracts between the Bonneville Power Administration and certain large
industries. The total of these interruptible contracts is increasing.

The relation between the periods of operation under these contracts and
the time of operation of any supplemental steam projects under adverse water

conditions should be clarified.

SUMMARY

General

A program to provide additional electric-generating capacity to

satisfy the rapidly growing electric requirements of the Pacific Northwest

should meet several rather severe standards of economic and engineering sound-

ness. Some of the standards are:

(1) Provide in the area a supply of electric power ample to serve the increasing

demands of industrial, commercial, residential, and farm use.

(2) Provide that the maximum beneficial use of the water-power resources of
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the area shall accrue to the industry, commerce, and the people living
in the area.

(3) Require that power be sold without discrimination between classes of
consumers, at rates proportional to the actual cost of serving the parti-

cular load.

(L) The program should include a promotion feature informing the electric

customers in the area of the difference in availability and cost of prime
power, dump power, and flood-flow power. Industries that can store
by-product fuels during the period that flood-flow power is available should
be allowed to benefit from the low cost of producing this power. Farmers
should be allowed the benefit of low-cost flood-flow power for irrigation
punping. Packing companies could use flood-flow power for processing
agricultural products.

Present electric load of the area

There is nothing unusual about the electric load of this area. The
summation of the individual demands of all customers--industrial, commercial,
and residential--results in a load-curve shape which is about the same as in
other areas of the United States. There are the usual daily and seasonal
variations.

The electric load of this area is growing. There is nothing unusual
about the rate of growth. Figure IV is a plot of the load growth from 1915 to
date on the systems that now comprise the Northwest Power Pool. The upper
curve of figure IV shows the trend of system peaks. There are the peaks of
1918 and 1943, due to our war efforts. There is the peak of 1929, due to the
inflation period. Even though system peaks declined in the period of deflation
following 1929, load was accruing, only to show itself in the period from

193k to 19L3.
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The average rate of growth from 1915 to date is about 6.8 percent
per annum--~a little less than the rate of growth in California and a little

greater than the rate of growth in the nation as a whole. The evening system
peak of the Pool of L,690,000 kilowatts, occurring on January 30, 1950, due
primarily to the sustained cold spell, falls almost exactly on the curve of
peaks after adjustment for the British Columbia Electric Railway Company.

There is no reason to expect any unusual change in the rate of
growth of load in the near future unless a poorly executed program of new
construction leaves the area without sufficient generating capacity to carry
the new loads of industry and commerce. Actually, the Pacific Northwest is
the only area of the United States in which a power shortage exists today. The
bringing into this area of 3,500,000 kilowatts of aluminum pot-line load, which

supports very few man-hours of labor, and selling electric power for this pur-

pose below the cost of production could conceivably have an adverse effect
upon other industry and employment in the area. Such a program is outlined in
Appendix N of the Army Engineers' report.

Table 1, page 31, of this report, shows the distribution of the
electric load in the area served by the system of the Northwest Power Pool.

About two-thirds of the present load is in the area west of the
Cascade Mountains on Puget Sound and along the lower Columbia River. There
is no reason to expect any great change in the distribution of new load in the
area.

With the ultimate development of the water power in the Northwest,
the center of generation will be in the vicinity of the Grand Coulee project,
some 180 miles east and north of the principal load centers along the coast.
The average cost of transmission of power from the center of generation to the

coastal areas will approach 2 mills per kilowatt-hour. The cost of transmission
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will constitute an ever-increasing handicap to even the cheapest water power
in competition with modern steam generation located at the load centers.

The term "integration", when applied to electric-power generation
and transmission, has a precise meaning. It may be defined as the scheduling

of the power-supply program of two or more interconnected power systems so as
to decrease the fixed charges and operating costs incurred in supplying the

total load requirements of the combined system. The elements of integration
are explained in section III under the subheading "The economics of integration.”
Integration does not mean building a large number of high-capacity
transmission lines. Still more important, it does not mean building long
transmission lines to interconnect remote areas such as California and the
Pacific Northwest. The power loss incurred in transmitting power from the
Columbia River plants to San Francisco would amount to at least 28 percent of
the delivered power, even over fully compensated high voltage circuits. If
sizeable blocks of power were to be transmitted by interconnecting transmission
systems designed to serve the Columbia River Basin or the northern half of
California, losses might easily equal LO percent of the delivered energy. Such
schemes can only be undertaken if the power is undervalued at the sending end
of the line and the construction of the transmission line itself subsidized.
The average distance of power transmission in the United States today is iess
than 100 miles. Technically, long-distance transmission is possible; economically,
it is unsound. When such programs are advocated, one must look outside the
fields of engineering and economics to find the purpose of the program.

Present power resources

A sumary in the 1949-50 water-year program of the Northwest Power
Pool lists the present power resources and loads of the area. This summary

has been included as table II. Data for the total Fool, taken from table II,
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are as follows:

Modified
Median critical Critical
water water water
Jan. 1950 Jan. 1950 Jan. 1950
Average Peak Average Peak Average Peak
energy capacity energy capacity energy capacity
Load 3,352 L, 766 3,352 L, 766 3,352 L, 766
Resources:
Hydro 3,19k 4,167 3,051 Lok 2,692 Li,0L46
Steam 60 372 203 372 273 372
Misc. 98 197 98 197 125 197
Total 3:355 E: 730 3:352 ETGTE 370'93 'ECETF
Deficiency 0 30 0 151 262 151

In explanation of the headings in the above tabulation, a median water
year is one the flow of which will be exceeded 50 percent of the time. A
modified-critical water year is one the flow of which will be exceeded 75 percent

of the time. A critical flow corresponds to the historic low flow.

In the above tabulation it will be noted that the average energy from

water power decreases with the lower flows of the rivers in the area and must
be supplemented by greater production from steam hlants and miscellaneous
purchases from industrial plants.

Actually, in the calculation for a critical water year, there is not
sufficient water (natural flow and storage) to furnish the energy requirements
of the load, and an energy deficiency exists. Fortunately, average water
conditions or better have existed for most of the winter months in the last
two years, so that the deficiency has been largely one of peaking capability.
The impact of this neaking deficiency on the economy of the area has been
minimized by load molding and voluntary curtailment of use during the winter
evening peak periods.

The potential water-power resources of the Pacific Northwest

Tn 1932 and again in 1948 the Army Engineers presented to Congress
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a report setting forth a plan for the develomment of the Columbia River and
its tributaries. This latest report is known as The Columbia River Review
308 Report. This report sets forth a "Main Control Flan" for the development
of navigation, flood control, irrigation, and power development of the
Columbia River.

This Army Engineers! report summarizes the total potential power

capability of the Columbia River and tributaries in the form of a chart showing
plant capability in millions of kilowatts as a function of water storage for
power. It is included in this report as figure IX. This chart shows a possible
ultimate development of 32 million kilowatts. However, the economic limit of
development is more nearly 12 to 15 million kilowatts of installed capacity.
Above this point it isg probable that steam-electric plants will prove more
economical.

The present program for develorment of the
water-power resources of the Pacific Northwest

The present program for develomment of the Columbia River is essen-
tially the program outlined as the "!fain Control Flan" of the Army Engineers.
It includes some 12 major pfojects on the main stem and tributaries of the
Columbia River, together with several smaller ones on the upper Snake River and
on the Willamette River. These plants are listed in table V. The only
important change from the Army program was the omission of the Glacier View
project on the north fork of the Flathead River.

The completion of this program will bring into operation about
10 million kilowatts of additional generating capacity which, when added to
the present resources of the Northwest Power Pool, will bring the installed
capacity to approximately 14.25 million kilowatts.

The average energy available from these additional plants in a
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critical-water year during the controlled-flow period will average about 6
million kilowatts. This, added to the present system, will bring the average

energy during the controlled-flow period to 9 million kilowatts.

There is a definite weakness in this entire program. There is not
sufficient upstream storage to maintain flows during the low-flow periods of
the river. The Hungry Horse storage, for which so much has been promised,
is not good storage. The drainage basin above the Hungry Horse project does
not have sufficient run-off to £ill the storage each year unless precipitation
has been heavy. Unless some changes can be made to obtain additional upstream
storage, it looks as though the present energy deficiency will continue indef-

initely into the future.
This energy deficiency could be eliminated by the installation of
steam plants. However, this would not result in as economical a program and

would ultimately result in higher electric rates.

If the electric load in the area continues to grow at 6.8 percent
per annum, the entire output of the plants included in Phase C-2 of the Army
Engineers' report will be absorbed by 1965.

In figuring the average cost of electric tnergy from the plants
included in Phase C=2, it was assumed the entire output of these plants
generated from the minimum regulated flow of the river would be usable. It
was previously mentioned that two-thirds of the entire load of the Northwest
Power Pool was in the area west of the Cascade Mountains. It was assumed that
this condition would continue to prevail in 1965. Flants nearest the coast
were assumed to feed their output to the coast.

Under the conditions assumed, the average cost of electric energy
delivered at the principal load centers in the Puget Sound area and in the

lower Columbia River area would be 6.0 mills per kilowatt=hour. Of this total,
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about 2 mills is figured as the cost of transmission. It must be kept in mind
that this calculation assumes that all project costs are chargeable to power.
It is probable that this cost could be lowered somewhat with an additional
amount of upstream storage.

So far in summarizing the program of development of the waters of the

Columbia River, nothing has been said of water use. Actually, the cost of

furnishing the necessary electric power to supply the needs of the area is about
the same whether generated from water power or steam. If there is economic
and engineering justification for the program of development of water power
over steam power, it must be found in the collateral advantages of such a pro-
gram, i. e., flood control, navigation, and irrigation.

The water supply at Grand Coulee is typical of the problem which
exists in the entire basin. The mean annual flow at Grand Coulee is about
78 million acre-feet. The flow in a critical-water year is about 58 million
acre-feet, and the flow for a modified critical-flow year is about 68 million
acre-feet.

The point of most economical development for upstream storage above
Grand Coulee is about 30 percent of mean annual run-off, or 22.5 million acre-
feet. This amount of storage would give a minimum regulated flow of 73,000
c.fes. at the Coulee project. Under modified critical flow there would be left
for irrigation about 1.4 million acre-feet of flood flow spanning the irriga-
tion pumping season. These modified critical flow conditions can be expected
to occur at least once every four years. Whenever the flow is less than modified
critical, there would be insufficient water to fill the storage ponds and
supply the needs of irrigation. Under these conditions the power requirements
nust be supplemented by steam generation, or interruptible power contracts

must be enforced.
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Any diversion of water from the upper reaches of the Columbia River
or tributaries would increase the cost of power development and reduce the
amount of low-cost power and water for irrigation. This is an extremely

important subject. It has been discussed in greater detail in section VI, under

the subheading "The limits of upstream storage."

Fuels available for steam-plant operation

0il and coal are presently the only fuels available to the area in
sufficient quantity to be considered as a source of heat energy for fuel=burning
electric plants. In choosing between these two fuels, one must consider cost
and availability. In an area like the Pacific Northwest, in which water power
is the prime source of electric energy, steam-plant operation will be inter-
nittent. Its principal role must be that of suppleménting water-power genera-

tion in critical-flow years. Under these operating conditions the ability of

a fuel to be stored without excessive deterioration is important.

0il is readily available, can be stored, and presently is the lowest-
cost fuel in this area. The only high-grade bituminous coal available in this
area in quantity is shioped in from other areas. There is a large amount of
subbituminous coal in this state. This coal can be burned satisfactorily but
cannot be economically storeds. It is fairly high in cost. The following tabula-
tion gives the relative cost of fuels in this area. The cost is expressed in

cents per million B.t.u., both "as fired" and "as steam."

Type of fuel As fired As steam
Fuel oil 26.8 30.5
Bituminous coal:
Utah coal burned in Washington LS. 52.0
Washington 38.8 Lh.5
Utah coal burned in Salt Lake City 26.0 29.8

Subbituminous coal:
Intermittent operation Lk .0 5540
Base-load operation 3L.1 L2.7
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Referring to the above tabulation, fuel oil is the most economical fuel in
this area. It has good storing characteristics. Only after the better water
power in the area has been developed and steam-electric projects are developed
for base-load operation can there be any great demand for the subbituminous
coals for steam-plant operation. Even then if oil is available at the present
relative price, preference would be given to oil.

Any new large steam-eleectric projects in this area would be bullt
with boiler setting arranged for burning oil, coal, or natural gas.

The modern steam plant

The system peak of the Northwest Power Pool is about L,700,000 kilowatts.
A steam plant constructed to supplement the electric energy supoly of this
system during periods of low river flow should be designed to nroduce large
blocks of electric energy with a minimum of fixed costs and production expense.
Just such a plant has recently been completed by the Pacific Gas
and Flectric Company. This plant is known as Station "P" and is located about
3 miles south of the East Bay Bridge in San Francisco. The new addition to
this plant consists of two 100,000-kilowatt tandem-compound turbine generators.
Steam is furnished to each unit from two boilers with a normal rating of L75,000
pounds of steam per hour. These installations are complete with station
auxiliaries and controls so that one operator can control two turbine generator
units and four boilers. A cross section of this plant is shown in figure XVIII.
At rated load this plant will consume approximately 10,300 barrels
of fuel oil or 68 million cubic feet of gas per day.
At rated load, cooling water to the two main condensers will be
required in an amount of 335 million gallons per day, which is over three times
the total daily water consumption of the city of San Francisco. The cooling

water is taken from the bay.
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The efficiency of this plant from "as fired" to "send out" is about
12,000 R.t.u. per kilowatt-hour, or 520 kilowatt-hours per barrel of oil. At

a cost of $1.60 per barrel of oil, as received, the fuel cost is 3.22 mills

per kilowatt-hour. The total cost of operation is shown on figure YXIII. This
total cost per kilowatt-hour is expressed in terms of the average hours per
month operated during the year. An annual plant factor of 72 vercent is equiva-
lent to 526 hours per month of operation. Under this schedule of operation

the total cost of operation will be between 5.7 and 6.3 mills per kilowattehour.

A comparison of the cost of operation of steam and water-power plants

under different load conditions is discussed in section IX of this report under

the subheading "Comparison of cost by types of load."



ITI. THE ELECTRIC POWER REQUIREMENTS
OF THE PACIFIC NORTHWEST

AREA SERVED BY THE NORTHWEST POWER FOOL

In 1936 the Federal Power Commission undertook a study to determine
the areas in which there were economies in plant investment and operating

costs accruing from the interconnection of the principal electric utility
systems in the area. At that time an area, including the northwestern portion
of Utah, western Montana, Idaho, Washington, and Oregon, was designated as
Region VII. The Federal Power Commission considered that there were sufficient
transmission-line interconnections between the several systems included in
this area to allow a major saving in investment and operating expense to be
made by reason of load diversity, reserve diversity, resource diversity, and
economy flow of power. The transmission lines and generating stations in this
area are shown on a map entitled "Pacific Northwest transmission system,"
prepared by the Bonneville Power Administration and included in the pocket in
the back of this report as plate I. -

In 1936 the maximum demand of all of the utilities in Region VII
did not exceed 1.5 million kilowatts. Today the total demand of the systems
in this same area is in excess of L million kilowatts. To assist in the
orderly integration of the systems in the area, a voluntary organization, known
as the Northwest Power Pool, has been developed. Presently, the Power FPool
is coordinated at the policy-making level through the Northwest Utilities
Conference Committee, of which Mr. Clifford A. Erdahl of Tacoma City Light is
chairman. At the operating level, the Pool is coordinated through the operating
committee, which consists of representatives of the 1l major systems comprising
the Pool.
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Mr. Lester Cowgill and Mr. Jack Wosely, consultants of the Pool,

supervise the preparation of the annual operating program of the Pool. The

several systems comprising the Pool submit each year load and resource informa-
tion to the consultants. The consultants, using the information submitted by
the individual systems, prepare an operating rrogram for the particular water
year. This proeram suggests an integrated method of system operating to produce
maximum economies in supplying power to all the systems of the area.
THE ECONOMIES OF INTEGRATION

Integration may be defined as the scheduling of the power-supply
program of two or more interconnected power systems so as to decrease the fixed
charges and operating costs incurred in suprlying the total load requirement
of the combined system. Savings accruing from integration depend upon the

reduction in installed generating capacity by reason of load diversity and

reserve diversity, and savings in operating costs in proportion to the flow of
steam-replacement power.

Transmissjon lines are constructed to transmit power from generating
sources to loads and to obtain economies in power supply by taking advantage
of the following system characteristics:

(1) Reserve diversity

(2) Load diversity

(3) Resource diversity
(4) Economy flow of power

The degree of integration may be measured by the extent to which the
transmission lines of a system enable the operators to obtain the economies
of power supply accruing by reason of load, reserve, and resource diversities
and economy flow of power,

The multiplicity or large capacity of transmission lines does not
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per se indicate integration. Transmission lines cost money. The fewer circuits
that can be used to accomplish integration, the greater the net savings accru-
ing to the company.

Consider two isolated utility systems a considerable distance apart,
each supplying a rapidly growing load having a peak of 100,000 kilowatts.
Further, assume that each system has resources consisting of three 50,000-kilo-

watt generators. See figure I. Two units of each system would be fully loaded
at time of system peak and one would be operating as spinning reserve. Such
operation would satisfy the dictates of good operating practice.

However, due to the expanding load requirements, those responsible
for the operation of these two systems would be faced with the problem of
immediately supplying additional resources. Their choice might be additional
generators, or engineering studies might show greater economies of power supply
by intercomnection. Let us examine the possible advantages accruing from
interconnection, and the number and capacity of the circuits required to fully
integrate the two systems. This analysis can be readily accomplished by
assuming certain diversities and a few other system characteristics, such as
the types of prime movers driving the several generators.

Let us discuss first the requirements for integration with respect
to reserve diversity. How many transmission lines are required and what must
be their capacity to accomplish integration of the two systems previously
described so far as reserve diversity is concerned?

At first thought it might seem necessary to have two circuits, each
with a capacity of 50,000 kilowatts. With the loss of one circuit, the two
systems would still be interconnected. With this interconnection, an additional
load of 50,000 kilowatts could be carried on the combined system and still

retain spinning reserve equivalent to the largest unit. In case the largest
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unit on the system went out of service, the combined peak could still be

carried without overload on any unit.

From an operating standpoint the above analysis seems reasonable.
However, from the standpoint of plant investment it is too severe. It is
considered good practice in utility-system engineering to protect service
against a so-called "single rault," but also it is considered uneconomical to
protect a system against a "double fault." The simultaneous loss of a generator
and a line would be considered a "double fault." In short, as far as reserve
diversity is concerned, a single circuit is sufficient for integration.

Now let us consider the capacity of this circuit. If one-half of the
spinning reserve requirement is carried on each end of the tie line between
the two systems, a capacity of 25,000 kilowatts would be sufficient to integrate
the two systems. It is usual to spread the spinning reserves in the principal

load centers of a system so as to reduce the transmission requirements to a
minimum.

Consider next the load diversity. Assume that a study of the load
data of the two systems discloses a scheduled load diversity of 10,000 kilowatts
between systems A and B. System A serves an agricultural area. Its peak load
is dictated by the pumping requirements for irrigation. The peak load occurs
at 10:00 a.me in July. System B serves a large metropolitan load on the coast.
Its annual system peak occurs at 5:30 in the evening on December 22. The
diversity between the two systems is seasonal and can be scheduled. This
diversity will occur year after year, and the same generating capacity can carry
the two peak loads if the two systems are interconnected. Here again, a single
25,000-kilowatt circuit is sufficient to allow the system operators to realize
the economies accruing from load diversity. The system is protected against
the loss of the tie line by spimning reserve.
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Tn an area where power resources are mostly in water-power plants,
a considerable advantage can be derived from interconnecting fm systems
situated in drainage basins with diverse flow characteristics. Power resources
on a stream with flood flow will be assigned to a position on the base of

the load curve. Storage plants on streams with low flow will be assigned to

peaking or regulation. At other seasons of the year the positions of the two

plants on the load curve may be reversed by reason of the changes in the flow
characteristics of the rivers in the two areas.

Oftentimes one drainage basin may approach a critical flow at the
same time that a flood flow exists in another drainage basin. The interconnection
of the resources and loads in two such areas result in major savings in the
cost of providing power for the combined systems. Here again, as the difference
in the output of plants in two basins is of rather small magnitude, the size
of the transmission line interconnecting the two areas does not have to be large.

THE CHARACTERISTICS OF ELECTRIC LOAD

The total electric load or demand on a power system is the summation
of a myriad of small demands for lighting, cooking, and heating, together with
other commercial and industrial process demands. The total demand on a system
is continually changing. Individual uses have certain daily patterns; in
addition, they have seasonal variations.

In considering the need for additional generating facilities on a
power system, it is essential that a thorough understanding be had of the load
characteristics of the system and the particular part to be played by the
additional resources in satisfying the increasing demands of the load.

Let us consider first the daily variations in the load requirements.
Figure IT is a plot of three daily load curves. The upper curve shows thé

hour-to-hour variations in the electric load of the entire Northwest Power
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Pool, not including the British Columbia Electric Railway Company. In short,

it is the sum of the demands of ten power systems located in Utah, western
Montana, Idaho, Oregon, and Washington. The next curve immediately below is
the summation of the demands of the western group of the Northwest Fower Pool,
not including the British Columbia Flectric Railway Company. This curve is
the sum of the demands of the western group of the Pool; i.e., The Bonneville
Power Administration, Washington Water Power Company, Puget Sound Power and
Light Company, Pacific Power and Light Company, Portland General Flectrie
Company, Seattle City Light, Tacoma City Light, and numerous small systems
that are connected with and take a portion of or all their requirements from
the above systems. The bottom curve on figure II is the sum of the demands

of the eastern group of the Pocl; i.e.; Ut.e_a.h Power and Light Company, Montana

Fower Company, and Idaho Power Company. All this information is for Wednesday,

December 15, 1948, and is taken from a report of the Northwest Power Pool.

Consider for a moment some of the variations of the daily load curve
for the entire Pool as shown on figure II. From midnight until 5 o'clock in
the morning, the total requirement of the system is gradually decreasing.

From 5 o'clock in the morning until 11 o'clock, the load increases. There is

a dip in the middle of the day, and the final peak requirement of the total
system is reached about 5:30 in the evening. From this point the load gradually
decreases until it reaches the next minimum demand of the system in the early
hours of the following morning.

The top curve of figure II is a composite of the 11 systems comprising
the Power Pool. The individual system curves differ from each other by reason
of the variations in the industrial and agricultural developments in each area.
The area of the eastern group of the Pool is on Mountain Time. The area of the

western group is on Pacific Time.
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In discussing the energy requirements of the daily load curve, it
is usual to break this requirement down into three parts. Referring to the

load curve for the total Pool on figure II, there is a continuous demand of
approximately 2 million kilowatts for 2l hours a day. This is known as the
base-load component of the curve. Immediately above this block there is a

demand for about 1,400,000 kilowatts of additional load between 6 o'clock in

the morning and midnight. This is spoken of as the daytime energy requirement.
Above these two blocks are numerous small peaks, the largest of which usually

occurs at about 5:30 in the evening on the Pool system. The energy under these
peaks and above the daytime energy block is usually spoken of as peaking energy.

Figure IIT shows the daily load curves of the Power FPool system for
a typical winter week. These curves are for the week beginning Sunday,
December 12, 1948, and ending Saturday, December 18, 1948. Inspection of
figure IITI discloses wide variation between the electric load requirements of
weekdays, Saturdays, and Sundays. The load requirements for the five weekdays
also show differences. These differences may be due to temperature variation
or storms. They may be due to differences in industrial and commercial uses.

It would be an endless task to attempt to summarize the total
requirements for a month or a year by assembling the individual daily load
curves as shown in figure-II. Methods have been developed in which typical
weekdays, Saturdays, and Sundays are chosen to represent the system requirements
for the period to be studied. A typical weekday, Saturday, and Sunday are
chosen if the period of study is an individual month. Each hourly demand of
the typical weekday is multiplied by the number of weekdays in the month, and,
similarly, the requirements of Saturdays and Sundays are expanded so that the
monthly load curve is obtained with a minimum of work. To further simplify

the plotting and summarizing of this load information, it is usual to prepare
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a curve by assembling the hourly demands so that the maximum demand is on the

left-hand portion of the page and the other demands are plotted in descending
order of magnitude to the right. This curve so formed is known as a load
duration curve. The load duration curve is an important tool in correlating
electric resources and loads. It is usual to plot these data with hours or
percent of time as abscissa of the curve. The vertical calibration or ordinates
are plotted in kilowatts or percent of the peak kilowatts. These duration
curves show the duration of the various demands for electrical power by the
system load. Any one point on a duration curve expresses the hours or percent
of time for which the load equals or exceeds a given kilowatt value.
GROWTH OF ELECTRIC LOADS

An understanding of the characteristics of the electric load growth

in an area is essential to the proper determination of a program of new construc-

tion of generating and transmission facilities. Much has been said in recent
years regarding the development of new sections of the Pacific Northwest, the
aluminum industry, cattle raising, the integration of communities to develop
diversified industrial and agricultural processes--all with the idea that such
development can create a startling change in the electric load growth of the
area. There are those who would tie the rate of load growth to increased
population. Some say that cheap power brings in new industry and pyramids
growth. These statements are plausible but do not stand the test of the fund-
amental facts of load growth.

The forces which control the rate of growth of electric load in an
area are myriad and defy identification to the extent that the secular trend
of growth can best be considered as a characteristic of the area. Figure IV
is a plot of the growth in peak and average megawatts in the area served by

the generation and transmission facilities of the Northwest Power Pool. The
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IIT. Electric Power Requirements of Pacific Northwest 25,

load growth is shown from 1915 to date. The influences of depression and the
stimulus of war effort leave their marks on the transient variations of load
growth. The basic long-time upward trend, however, continues to increase at
a nearly constant rate.

The top curve on figure IV shows the year-to-year change in the annual
system peak of the Northwest Power Pool. The straight line through the tips

of this curve is the envelope of the periods of maximum prosperity and war
effort. Depression has retarded the growth of peaks, but periods of inflation
and war effort have immediately released the potential demands for additional
load and brought the year-to-year curve up to the envelope.

The slope of the line representing the envelope of the peak loads has
a slope equivalent to a rate of growth of 6.8 percent per annum. This is a
reasonable figure to use for the growth of load in the area. Care must be
exercised, in using this figure of 6.8 percent per annum, to remember that it
represents a secular trend rather than a short-time rate of growth. Recently
published figures of the Edison Electrical Institute show that on the Pacific
Coast, energy consumption is running about 1 percent ahead of the same period
of last year. The slope of the curve in the period from 1945 through 1948 is
about 14.75 percent per annum and represents a satisfying of the load demands
accrued during and immediately following the second World War.

The lower curve on figure IV shows variations in the average annual
energy consumption corresponding to the various peak loads. It will be noted
that the average annual megawatts of a particular year does not always reach
the envelope in the same year that the peak megawatts reach the envelope. The
ratio of average megawatts to peak megawatts in a given year is, of course,
the average load factor of the particular year. It is interesting to note that

the envelope of average megawatts is coming nearer the envelope of peak megawatts
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on the right-hand end of the chart. This is very possibly due to the two
points representing average megawatts in the years of 1943 and 194L. During

these 2 years of war effort, we were short of generating facilities; and in
this maximm effort, manufacturing plants operated 2L hours a day. This, of
courge, improved the load factor and may account for this narrowing of the two
envelopes.

In an area served predominantly by waterwheel-driven generator units,
it is not sufficient to determine that there is enough generating capacity on
the system to carry system peak. In an area served by steam-electric generating
plants, high load-factor loads can be served by operation of the plant more
hours in the day. As long as the fuel supply is ample, the problem is relatively

gimples In an area served entirely by waterwheel-driven generators, high load-
factor loads must be served from units using the prime flow of the river as a

source of power. When considering the possibility of an energy deficiency in
the area, it becomes necessary to determine the plant peaking capability and
the amount of electric energy which can be generated from the natural flow of
the streams supplemented by draft from storage.

Figure V includes both a percentage duration curve and a peak percent-
age curve typical of total load of the Northwest Power Pool for the month of
January. Both of these curves are used in describing the shape and duration of
the demands upon the generating resources of the area. Perhaps the most impor-
tant measurement taken from these curves is the load factor of the load. By
load factor is meant the ratio of average load to peak load. The monthly load
factor for the curves shown in figure V is 72 percent; that is, the ratio of
average energy to peak energy is 72 percent. Tiie percentage duration curve
indicates that the load shape is such in January that for 100 percent of the

time the load is equal to or greater than 39.5 percent of the monthly system
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peak. If we assume that new load growth conforms to the same characteristics
as the present load, then about LO percent of the new load in the area must be
served by generating capacity available 100 percent of the time. Since the
load factor of the total load is 72 percent, any program for the development of

resources in the area must provide new capacity having at least the same ratio

between average energy available and the peaking capability of the installed

capacity.
A FORECAST OF FUTURE LOAD REQUIREMENTS

Reference to table A of the Northwest Power Pool Operating Program
for the 1948-1949 water year shows the peak load for the Pool to be L4,009
megawatts. Under the operating conditions of modified critical water, it was
estimated that there would be a peak deficiency of 15 megawatts and an average
energy deficiency of 3L megawatts. In these calculations, the use of steam-
generating facilities in the area is limited largely to peaking by reason of
the shortage of fuel oil. The monthly load factor on the steam plants is shown
as 28.7 percent.

The following tabulation shows subsequent annual system peaks based

on growth of 6.8 percent per annum as determined from figure IV:

Water year Kilowatts
1949-1950 L,272,000
1950~1951 L,562,500
1951-1952 L,872,800
1952-1953 5,204,200
1953-195) 5,555,000
1954-1955 5,940,000
1955-1956 6,345,000
1956-1957 6,770,000

The cumulative increase in system peak above that estimated for

the water year 1948-1949 is shown in column 2 of the following tabulation:
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New peaking Growth in average
Peaking capacity energy requirements
deficiency requirement in December and
Estimated peak plus including January at 72%

load growth column (2) 7% reserve monthly load factor

Water year (kilowatts) (kilowatts) (kilowatts) (kilowatts)
) (3) (4) ()

1948-1949
1949-1950 272,000 422,000 L51,5L0 304,000
1950-1951 562,500 712,500 762,375 513,000
1951-1952 872,800 1,022,800 1,094,396 736,000
1952-1953 1,20L,200 1,35L,200 1,448,994 972,000
1953-1954 1,555,000 1,705,000 1,824,350 1,230,000
1954-1955 1,940,000 2,090,000 2,236,300 1,500,000
1955-1956 2,345,000 2,495,000 25669,650 1,790,000
1956=1957 2,770,000 2,920,000 3,12L,L400 2,100,000

The figures in column 3 are the same as column 2, only increased to
allow for the 150,000-kilowatt peak deficiency indicated in table A of the
Power Pool program. Nowhere in the analysis so far has there been any allowance
for reserve capacity. There is no reserve in the 1948-19L9 water year. If we

add an amount of 7 percent to the figures in column 3 to allow for a reasonable
operating reserve, the figures become those shown in column 4. Column 5 is
calculated as 72 percent of colum 3 and is the average energy requirement
corresponding to the annual system peaks for the peak months of December and
Janvary as shown in column 3.

The above forecast of electric load growth is purely an extrapolation
of the secular trend of the load of the Northwest Power Pool from 1915 to date.
The detemination of the average energy requirements corresponding to the
growth in system peak has been determined by assuming that the load factor of
the system in the critical months of December and January remains unchanged
at approximately 72 percent.

There are those who prefer to forecast growth of load after the
preparation of market studies which assume certain rates of growth for the

several components of total load. A study is made of industrial growth and
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types of industry. Residential loads are assumed to have been expanded by
reason of increase in population and increase in consumption by the already
existing customers. Commercial loads are assumed to grow as the number of
commercial enterprises increases, and the trend toward more elabcrate lighting

displays increases load requirements of existing commercial enterprises. This

latter method of forecasting load growth, although quite spectacular and appeal-

ing to those with enthusiasm for the rapid expansion of industry and commerce,
is subject to wide variations by reason of cumulative errors in judgment on
the part of the forecaster. The summation of a large number of rather small
errors in individuel forecasts may give a total figure entirely out of reason
and limited only by the imagination and desire of those making the forecast.
For the purpose of this report, an extrapolation of existing trends appears
conservative and reasonable.
DISTRIBUTION OF PRESENT ELECTRIC LOADS

Table I shows the distribution of electric loads in the areas served
by the Northwest Power Pool. This information has been taken directly from the
1949-1950 water-year program of the Northwest Power Pool and is an estimate
of peak loads and energy requirements for January 1950.

The portion of the Northwest Power Pool east of Burke, Idaho, and
consisting of the systems of the Montana Power Company, Utah Power and Light
Company, and Idaho Power and Light Company, is known as the eastern group of
the Pool. The eastern group requirements for pesk and energy constitute approx-
imately 19 percent of that for the total Pool.

Another interesting division of total Pool requirements is the
division between the portions of the load east and west of the Cascade Mountains.
Approximately two-thirds of the entire peak and energy requirement is absorbed

on the systems of the Pool west of the Cascade Mountains. With the further
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developnent of the Federal program for the Columbia River, the center of
generation on the Pool system will be in the vicinity of the Grand Coulee

project. As the system develops it will become necessary to build a consider-
sble number of high-voltage transmission lines from the center of generation

in the vieinity of Grand Coulee over the Cascade Mountains to the principal

load centers of Puget Sound and the lower Columbia River area. As the better
hydro projects are absorbed by the system and additional fesources must be

found, the cost of transmission may become the deciding factor in the choice
between the construction of additional hydroelectric projects or the construction
of ' fuel-burning steam plants adjacent to the principal load centers west of the

Cascade Mountains.



I1I. Electric Power Requirements of Facific Northwest 31.

TABELE I

DISTRIBUTION OF LOAD AND ENERGY IN THE AREA SERVED
BY THE NORTHWEST POWER FOOL

(Estimated data for January 1950)

Peak loads Energy

System Tilﬁgawatts) (percent) (av. megawatts) (percent)
Idaho Power Company 23k L9 166 4.9
Utah Power & Light Company 262 5.5 166 L9
Yfontana Power Company 385 8.1 303 9.0
Washington Water Power’ Company 319 6.7 231 6.9
Puget Sound Power & Light Co. 590 12.4 368 11.0
Seattle City Light 311 645 187 5.6
Tacoma City Light 232 LS 156 L.6
Pacific Power & Light Company 283 5.9 18Y 5.5
Portland General Electric Co. LSk 945 291 8.7
Bonneville Power Administration 1,423 29,9 1,143 34h.2
British Columbia Electric

Railway Company 273 5.8 157 L.7

Totals L, 766 100.0 3,352 100.0



IV. THE PRESENT ELECTRIC FOWER RESOURCES AND LOADS IN
THE PACIFIC NORTHWEST

THE PRESENT LOADS

The purpose of section ITI was to acquaint the reader with the load
characteristics in the area served by the Northwest Power Pool. The methods
and tools have been assembled whereby the reader can understand a discussion
of the operation of the present Power Pool system. It will alsc be necessary,

in determining the place of steam in the future program of the area, to under-

stand the methods used in choosing between the several types of electrie
resources available in this area.
The present electric resources and loads, together with an under-

standing of current operations, would seem to be a reasonable starting point

in the consideration of the coordination of future loads with the additional

electric-generating facilities which will be required to serve these new loads.
Itlis not sufficient that the new resources have peaking capability sufficient
to carry the increment of system peak and that the energy available from the
new plant is sufficient to supply the energy required by the additional load.
Consideration must also be given as to the economies to be derived from the
integration of the new load and the new resources with those already existing
in the area.

A study of the 1949-1950 water-year operating program of the North-
west Power Pool is the best source of information for the purpose of under-
standing current operations.

Table II is the summary of operation taken directly from the Northwest
Power Pool's 1949-1950 operating program. This summary presents information
relating to load and resources of the Pocl as a whole. Additional information

is given relating to the load and resources of the eastern group, the western
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group, and the British Columbia Flectric Railway Company. This information
in each instance includes loads and resources for a median water year, a
modified-critical water year, and a critical water year.

Referring to table II, the first line of figures gives the average

and peak megawatt requirements of the entire Pool in January 1950. The ratio

of average to pesk megawatts is 0.706. This ratio is the system monthly load

factor.

The following definitions of the water conditions used above to
describe the varying flows of the streams in the area are taken directly from
the operating program.

Median stream-flow conditions are on the basis of a fifty-fifty percent
probability of occurring; that is, one-half of the historical flows have been
greater than median, and the other one-half have been less than median.

Modified critical flows are the flows that have been equaled and
exceeded 75 percent of the time, based upon historical records. Modified
critical flows by definition can be expected to be equaled or exceeded in three
years out of four.

Critical stream flows are on the assumption of flows equal to the
worst historical condition that has occurred for the Pool as a whole. It is
assumed that there is approximately a 100 percent probability that this amount
of stream flow or better will occur. As an aid to careful thinking, it must
be pointed out that the flows being considered are the flows of the numerous
streams on which generating facilities are located. The importance of the flows
of an individual stream are in direct proportion to the installed generating
capacity of t he stream.

Figures VI, VII, and VIII are graphic presentations of the data

summarized in table II for median, modified critical, and critical water conditions.
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TABLE II

NORTHWEST FOWER FOOL 1949-50 OPERATING PROGRAM

Comparison of resources used

in highest load month of the year
under assumptions of median, modified critical, and critical water

(Units are peak and average megawatts)

Modified
Median critical Critical
water water water

(avg.) (peak) (avg.) (peak) (avg.) (peak)

FOOL Load 3352 L766 3352 L766 3352  L76b
Resources

~Hydro 319 k167 3051  Loké 2692  LoLé

Steam 60 372 203 372 273 372

Misc. 98 197 98 197 125 197

Total 3352 L736 332 L615 30% I8L5

Deficiency 0 30 0 151 262 151

EAST GROUP Load 635 881 635 881 635 881
Resources

" Hydro 539 757 506 757 L72 757

Steam 25 62 S 62 52 62

Misce 81 86 81 86 91 86

Total BL5  T905 632 905 15 905

Deficiency =10 =2k 3 =2k 20 =24

WEST GROUP Load 2560 3612 2560 3612 2560 3612
Resources

~Hydro 2483 3085 2355 2976 2059 2976

Steam 35 310 158 310 221 310

Misce 17 111 17 111 3L 111

Total 2535 3506 7530 3397 231, 3397

Deficiency 25 106 30 215 2Lu6 215

B. C. ELECTRIC Load 157 273 157 273 157 273
Resources

) 172 325 190 313 161 313

Total A L %0 313 i o A ) i |

Deficiency -15 -52 -33 -40 =l =40
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The data summarized in table II are determined by placing on the load duration
curve for January 1950 all the power resources of the Pool. It is a cuteznd-
try process, loading certain plants on the base of the load and operating 2L
hours a day, operating others to supply daytime energy for 16 hours a day, and
reserving still others for peaking purposes. Some plants operate on natural
stream flow. The energy output of other plants comes from draft on storage.

To these two sources must be added the output of fuel-burning plants and purchases
from industry. The calculations all work toward the conservation and use of
the maximum amount of energy from the natural flow and from storage reservoirs
contributing to the output of each plant.

The amount of allowable drawdovmn is determined from the rule curves
for the reservoirs. A rule curve for a reservoir is a curve determined from
previous operating experience and indicates the amount that the reservoir level
can be drawn down at any particular time in the water year without jeopardizing
the plant capability during the remainder of the storage period.

In loading the load curves, consideration must be given to any or
all physical limitations of a plant, capacities of transmission cirecuits, and
the ability of a plant to use at a later date resources which may be presently
stored.

Figure VI is a load duration curve for January 1950. It will be noted
that the load characteristics of all three of the charts are identical. The
difference comes in the amount of energy and plant capability which can be
furnished from the hydro plants. In the median water year shown in figure VI,
the hydro plants have a total peaking capability of L,167 megawatts. The
miscellaneous resources used amount to 197 megawatts, and the steam plants
operating at full capacity furnish 372 megawatte of peaking capacit&. Referring

to table IT, it will be seen that there is no change in the vpesking capacity
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of steam and miscellaneous resources in any of the three areas. Under adverse

water conditions the peaking capacity of the hydro becomes somewhat less.
Referring again to figure VI, the base load for January is 2 million
kilowatts which operate for the total time of 74l hours in the month. The
daytime energy component amounts to 1.5 kilowatts which must be available
approximately LOO hours out of the month. Under median water conditions
practically all this energy is available from natural flow of the streams
together with scheduled draft from the storage reservoirs. Miscellaneous re-
sources and steam are used principally for peaking purposes.
Figure VII shows exactly the same load characteristics as figure VI.
It will be noted, however, that the energy available from the hydro plants
is less. The peaking capability of the hydro plants has also decreased. The
same amount of peaking capability is available from miscellaneous resources

and steam as was available under median water conditions. This results in a
peaking deficiency of 151 megawatts. There is sufficient energy available in
hydro, together with steam and miscellaneous resources, to furnish all the
energy requirement.

Figure VIII is a graphic presentation of the conditions as they would
exist in a critical water year. The total load requirement is identical with
the previous two charts. Peaking capability under critical water conditions
is given as identical with those for modified critical water. The energy
available to supply the demands of the system is greatly reduced under the
adverse water conditions. After using all the water available from natural
flow and storage and the energy available from steam and miscellaneous resources,
there is an energy deficiency of 262 average megawatts.

Possibly some additional information should be given regarding the

frequency of occurrence of the various water years as defined above.
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By definition, a median water year or better may be expected 50 per=-
cent of the time. A modified-critical water year or better may be expected
75 percent of the time. A review of past history of the river flows in the
area suggests that a critical water year may be expected about one year out
of twenty. A modified-critical water year can be expected about one year out
of four.

If we were giving consideration to the construction of additional
generating facilities for the purpose of insuring the area against modified.
eritical water conditions, we would be planning to operate the plant about
250 hours per month for the months of December and January once every four years.
This is shown on figure VII. If we were planning the construction of a plant
to eliminate curtailment under critical water conditions, we would expect to
operate this plant once every twenty years as a base load plant for a period
of four to six months. This is on the basis that some of the present base load
hydro could be operated higher ont he load curve for daytime energy. In this
planning we would be viewing the need of the plant entirely from a standpoint
of existing resources and load and without giving consideration to the effect
of further develomment of storage plants on the upper reaches of the main stem
of the Columbia River or on its principal tributaries. This feature will be
discussed in greater detail in section V.

Perhaps it should be repeated at this point in the discussion that
the summary shown in table II and presented graphically in figures VI, VII,
and VIIT is based on the information of load and resources furnished to the
Northwest Power Pool by its 11 member systems. This information is summarized
by the consultants of the Pool and represents the best judgement of all the

responsible operators in the area.
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THE ARMY ENGINEERS' REFORTS

In the provisions of House Document No. 308, 69th Congress, first
session, the Army Engineers were called upon to prepare a report which would
accomplish "the formulation of a general plan for the most effective improve-
ment of the Columbia River for the purposes of navigation, and the prosecuting
of such improvement in combination with the most efficient development of the
potential water power, control of the floods, and the needs of irrigation."
House Document No. 308 was enacted into law, with modifications, in section 1
of the River and Harbor Act approved January 21, 1927.

The report of the Army Engineers was made to Congress and printed as
House Document No. 103 of the 73rd Congress, firsf session, and submitted to

Congress with a letter of transmittal by Patrick J. Hurley, Secretary of War,
dated March 29, 1932.

More recently, under the authority of a resolution of the Committee
on Commerce of the United States Senate, adopted September 2, 1943, the North
Pacific Division, Department of the Army, Corps of Engineers has reviewed the
original engineering report on the Columbia River and prepared what is known
as the Columbia River Review 308 Report. This report, far more comprehensive
than the original report, sets forth a "Main Control Flan" for the development
of navigation, flood control, irrigation and power development on the main
stem and tributaries of the Columbia River. One of the more important differences
between the Review 308 Report and the original report on the Columbia River
relates to the completeness and accuracy of the detailed engineering studies
on specific projects. For each major power project, foundation exploration

has been complete. This has included a thorough study of overburden and, to
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determine the quality of foundation rock, a similar study of drill cores. In
most instances, the size and number of units to be installed in a project is
determined after full consideration is given to the flow characteristics of
the river and the relative location of the plant to other plants on the stream,
and to river storage above the project. Public hearings were held at or near
211 the principal projects with a view to obtaining the attitude of the local

groups affected by the development of the project. Where objections were raised
to a particular project, these objections have been presented as a part of the
information relating to the project and included in the review report.

The Army Engineers' Review 308 Report summarizes the total power
capability of the Columbia River Basin in the form of a chart which shows
plant capability in millions of kilowatts as a function of water storage for
power in millions of acre-feet. This chart has been included in this report
as figure IX.

Figure IX is a plot of two sets of data which summarisze possible
power developments in the Columbia River Basin. The first curve, marked
"installed,"” shows the plant capability in millions of kilowatts as a function
of water stored for power in millions of acre-feet, if the develomment is made
in accordance with the major main control plan as set forth in the Review 308
Report. The curve marked "potential,"” shows, for any given water storage, the
ultimate possible power development in the Columbia River Basin. As this latter
curve indicates a condition that would be extremely uneconomical and wasteful
of investment, it is only of passing interest.

The main control plan, as set forth in the Review 308 Report, is,
in reality, a method of coordinating the projects on the Columbia River
already completed or authorized, with such additional projects as are necessary

to make possible reasonable flood control of the main stem and tributaries of
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the Columbia River. The Army Engineers have designated as Phase A the exist-

ing development at the Bonneville and Grand Coulee projects. Phase B includes
present developments on the Columbia, together with other projects which have
been authorized. Phase C-2 includes Phases A and B, plus such additional
installations on the main stem and tributaries of the Columbia as are necessary
to produce a well-rounded control plan. The details of the projects, together

with other pertinent data in these first three phases, are given in tables III,

IV, and V. These tabulations were taken directly from the Review Report.
In the studies that were necessary to insure the proper choice of

pro jects for Phase C-2, a large number of other projects were considered and
engineering studies were made. These projects have been included as a part of
Phase D, with pertinent information, and are listed in table VI. These include

the projects which show rather good promise from an engineering and economie

standpoint, but which are not of the quality of the projects included in the
main control plan. In some instances the projects in Phase D have been deferred
by reason of local objection to their development.

The primary purpose in the preparation of the present report is to
establish the place of steam in the orderly development of the power resources
of the Pacific Northwest. The question has been asked as to the relationship
between the economics of the main control plan and the economics of installa-
tion of a fuel-burning plant in the area. There is no exact separation that
can be made in the plan for development of the Columbia River, where one would
say, "These projects are more economical and these projects are less economical
than steam."™ An approximate division can be made at the end of the main control
plan, that is, after the completion of the projects included in Phase C-2.

There are several reasons for this. In the first place, not all of the costs

of the projects in the main control plan are chargeable against power. Certain
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TABLE ITI

FOWER DATA, PHASE "A" SYSTEM

Nominal Installed
Usable  Number prime capacity
storage of capability (kilowatts,)
Pro ject River (acre-feet) units (kilowatts) (name plate)
Bonneville Columbia Pondage 10 391,000 518,400
Grand Coulee  Columbia 5,120,000 9 1,008,000 972,000

Total 5,120,000 1,399,000 1,190,400
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TABLE IV

" FOWER DATA, PHASE B SYSTEM

Nominal Installed
Usable  Number prime capacity

storage of  capability (kilowatts,)

Pro ject River (acre-feet) units (kilowatts)  (name plate)
Bormeville Columbia Pondage 10 38L,000 518,400
Grand Coulee Columbia 5,120,000 18 1,198,000 1,944,000

Hungry Horse South Fork

Flathead 2,980,000 L 231,000 300,000
Foster Creek Columbia Pondage 16 653,000 1,02;,000
McNary Columbia do 12 500,000 8L0,000
Lower Snake 1/  Snake do 12 434,000 735,000
Total 8,100,000 3,400,000 5,361,400

1/ Development consists of L dams



Ve Potential Water-Fower Resources of Pacific Northwest L3.
TABLE V
FOWER DATA, PHASE C-2 SYSTEM
Nominal Installed
Usable Number prime capacity
storage of capebility  (kilowatts,)
Project River (acre-feet) units (kilowatts) (name plate)
Major Federal projects:
Bonneville Columbia Pondage 10 482,000 518,400
Grand Coulee Columbia 5,120,000 18 1,677,000 1,9LkL,000
Hungry Horse South Fork
Flathead 2,980,000 L 120,000 300,000
Foster Creek Columbia Pondage 20 876,000 1,280,000
McNary Columbia do 13 635,000 910,000
Lower Snake 1/  Snake do 16 6L7,000 980,000
Glacier View North Fork
Flathead 3,160,000 3 96,000 210,000
Libby Kootenai L, 250,000 6 2k);,000 588,000
Albeni Falls Pend Oreille 1,140,000 3 26,000 42,600
Priest Rapids Columbia Pondage 23 77k ,000 1,215,000
John Day Columbia do 13 735,000 1,105,000
The Dalles Columbia do I 701,000 980,000
Hell's Canyon Snake 3,280,000 10 602,000 2/ 980,000
Subtotal 19,930,000 7,615,000 11,057,000
Minor Federal projects:
'%i:?itﬁ‘} Willamette  1,L33,000 136,000 387,000
Upper Snake 4/  Snake - 83,000 268,000
Total 21,363,000 7,83L,000 11,712,000
1/ Four dams

?/ Figures include 100,000 kw. prime and 130,000 kw. installed at re-regulating dam.
Eight plants, Corps of Engineers
Nine plants, U. S. Bureau of Reclamation
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TABLE VI

FOWER DATA, PHASE D SYSTEM

Nominal Installed

Usable  Number prime capacity
storage of capability  (kilowatts,
Pro ject River (acre-feet) units (kilowatts) (name plate;
Paradise Clark Fork ls,080,000 8 2Ly ,000 576,000
Canyon Creek Flathead Pondage 2 34,000 116,000
Coram Flathead Pondage 2 39,000 76,000
Ninemile
Prairie Blackfoot, 960,000 2 18,000 7k ,000
Quartz Creek Clark Fork Pondage 2 37,000 82,000
Trout Creek Clark Fork Pondage 3 123,000 219,000
Noxon Rapids Clark Fork Pondage 3 93,000 150,000
Cabinet Gorge Clark Fork Pondage 3 116,000 216,000
Priest Lake Priest 870,000 -  Storage only -
Boundary Pend Oreille Pondage 9 L82,000 918,000
Leland Glen Coewr d'Alene 370,000 2 14,000 L0, 800
Springston Coeur d'Alene 2,595,000 1 13,000 32,000
Katka Kootenai Pondage L 205,000 368,000
Similkameen Similkameen 1,620,000 2 23,000 8L,000
Wells Columbia Pondage 8 398,000 392,000
Rocky Reach Columbia Pondage 9 567 ,000 585,000
Crevice Salmon 1,030,000 l 206,000 400,000
Freedom Salmon 180,000 3 96,000 195,000
Nez Perce Snake 4,800,000 15 777,000 1,650,000
Asotin Snake Pondage 7 227,000 350,000
Clarkston Snake Pondage L 755000 180,000
Elksberry North Fork
Clearwater 1,690,000 2 110,000 210,000
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TABLE VI (Continued)

Nominal Installed
Usable  Number prime capacity

storage of capability  (kilowatts,)

Project River (acre-feet) units (kilowatts) (name plate)

Bruce's Eddy North Fork

Clearwater 510,000 2 87,000 180,000
Kooskia Clearwater 3,100,000 N 197,000 L140,000
Yale Lewis 230,000 2 140,000 80,000
Mossy Rock Cowlite 1,100,000 2 83,000 170,000
Mayfield Cowlitz Pondage 3 62,000 135,000
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of the costs are chargeable against navigation, irrigation, and flood control.
This fact gives these particular projects advantage, not only over a comparable
steam project, but over other hydro projects included in Fhases D, E, and F.

From disecussion with the Army Engineers, it appears that the projects
included in Phase D should all be checked against the cost of steam before
assuning that they are the most economical development possibles In any such
comparison, of course, the cost of transmission lines from the particular project
to the load area to be served must be added to the project cost in making the
comparison. A credit must also be given to the particular project for any
increase in river regulation increasing the energy capability of other domn-
stream projects.

One can say with reasonable accuracy that the projects included in
Phagse (-2, together with a portion of those in FPhase D, have cost characteristics

and other benefits such that they can be considered as more advantageous than a
fuel-burning plant. The total plant capability of such projects approaches
16 million kilowatts. If we give consideration to the existing plants and other
potential developments not in the Columbia River Basin but a part of the power
resources of the area, it can be said that there are approximately 15 million
kilowatts of electrie power resources which should be developed before it will
become reasonable to project base-load fuel-burning plants as a part of the
power program.

Inspection of the rate of growth of load in this area, as shown on

figure IV, suggests that this place in the program will be reached about 1965.



VI. THE PRESENT PROGRAM OF DEVELOPMENT OF THE WATER=
TOWER RESOURCES OF THE PACIFIC NORTHWEST

THE PRESENT PROGRAM

At the present time most of the program for the development of

additional generating resources in the area served by the western group of the

Northwest Power Pool is in the hands of the Federal Government. The present

situation can be sumarized by quoting from the "Advance program of transmission
system development" of the Bonneville Power Administration, dated December 19L8.
The statement is made on page L3, "Lack of generating capacity is now a critical
factor in the power-supply situation of the Pacific Northwest. At least five
years are needed for the construction of multi-purpose hydro plants upon which
the region is dependent for additional power supply # * # * Every effort must be
made to install economical generating capacity wherever possible."

The concentration of materials and man power upon the war effort
during the period of World War II resulted in the decrease of electric-power
system reserve throughout the United States. At the conclusion of the war,
power systems in many areas found themselves with little or no reserve generating
capacity. The demand for use of electricity in peacetime pursuits which had
been accruing over the period of the war was released almost immediately after
the cessation of hostilities. Many utilities had difficulty building new
generating resources fast enough to take care of the rapidly growing electric
loads It must be borne in mind that this rapid growth of load was merely the
release of demands which had been accruing throughout the period of the war.
There was nothing spectacular in the secular trend of growth, for this trend
had not changed materially. There was the necessity of curtailment in the use

of electric energy in several areas of the United States. With the exception
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of the Pacific Northwest this situation has now been entirely overcome by the
installation of additional generating facilities.
In the opening paragraph of this section the quotation from the 1949

advance program of the Bonneville Power Administration stated, "At least five

years are needed for the construction of multi-purpose hydro plants upon which
the region is dependent for additional power supply." It might be enlightening
to inquire why the region is dependent upon "multi-purpose hydro plants." The
question might be asked whether there was anything in the characteristics of the
multi-purpose hydro plant that might per se contribute to our present power
shortage. A multi-purpose hydro plant might be defined as a project built to
serve the needs of navigation, irrigation, flood control, and power.

In accounting for such a project we find that a part of the costs are

chargeable to navigation, irrigation, flood control, and downriver regulation,

leaving the amount chargesble to power only a part of the total. Power, a by-
product of the multi-purpose project, is sold at a fraction of the cost which

it would have been necessary to charge if the total cost of the project had been
chargeable to power.

In most instances the economics of this situation have been sufficient
to preclude private industry and municipal systems from constructing additional
generating facilities. Any one attempting to secure the necessary funds for
additional construction in competition with the Federal projects finds the
money market reluctant to risk funds for such a purpose. Where funds have been
available, interest rates have been relatively high by reason of the added risk
of competition from a multi-purpose project.

THE PRESENT SHORTAGE OF ELECTRIC ENERGY
As a witness before the Washington Public Service Commission in

November 1948, in Cause No. U-820L, relating to power curtailment, Mr. Willism
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Dittmer of the Bonneville Power Administration submitted as a portion of his
testimony Schedule R, which is a schedule of generator installation for the

Columbia River Power System. This schedule lists the name plate ratings and
the dates of installation as scheduled on November 10, 1948, for all Federal

projects in the Columbia and Willamette River Basins,

On the completion of the curtailment hearing in November 1948, the

writer, using the information submitted at the hearing, attempted to correlate
the data that were available relating to load growth and the construction
schedule as outlined in Schedule R, supplemented by new resources to be installed
by municipal and private systems in the area. Figure X shows graphically the
relationship between the secular trend of load growth at 6.8 percent per annum,

" and the proposed schedule of construction of new generating facilities as it
existed in November 19L8. Referring to figure X, the peak requirement is the
envelope of the actual peak loads as shown on figure IV, extrapolated through
1956. The dotted line marked "plant peaking capability™ is a summation of plant
capacities of existing and proposed new construction in the area.

Also on figure X is a line marked "energy requirement--average mega-
watts." This line represents the average energy requirement in megawatts for
the month of January of each year, detemined as 72 percent of the peak require-
ment. Also plotted on this chart is the usable energy available from average
and critical water flows in the system of the Northwest Power Pool. The deter-
mination of usable energy is only approximate. The necessary data for accurate
determination of this information are not available. In the figures presented
by the Bonneville Power Administration as a part of the hearing exhibit were
figures entitled "Nominal prime power during storage-control period." This
information was given for both the median and minimum hydro years.

No attempt was made by the Bonneville Power Administration to determine
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the portion of this energy usable on the load curve of the Power Pool system.

The writer has discounted the usable energy under average water con-
ditions by 20 percent, and has assumed that the prime power under critical water
conditions is all usable. This appears to check quite closely with the actual
conditions which have been estimated for the 1949-1950 water year in the Power

Pool program.
At the Northwest Utilities Conference Committee meeting on October 20,

1949, Mr. D. L. Marlett of the Bonmeville Power Administration outlined the new
Schedule S. This most recent schedule of construction indicates approximately

one year's delay in the construction of the first units at McNary, Chief Joseph,

and Ice Harbor projects. These factors have been taken into consideration in

preparing figure X.
Referring to figure X, it appears that, even though the construction

schedule can be maintained according to Schedule S, the generating facilities in
the area will not be sufficient to carry the entire load requirement under
critical water conditions in the near future. It appears that the schedule of
new construction is sufficient to take care of the requirements of peaking
capability of the system. The deficiency in the program appears to be one of
average energy. Only two projects included in Schedule S have storage of
sufficient amount to benefit the projects on the main stem of the Columbia above
McNary Dam. These are Hungry Horse and Albeni Falls.
BENEFITS OF UPSTREAM STORAGE

It is entirely possible to develop "run-of-river" plants on the main
stem and tributaries of the Columbia without the development of large amounts of
storage. However, such a program would be uneconomical and unsound from an
engineer's viewpoint. In fact, the possibility of a shortage of electric energy

under critical water conditions at the present time is due in large part to
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insufficient upstream storage. Before it is possible to discuss with reasonable
accuracy the cost of the hydroelectric projects on the Columbia River, certain
assumptions must be made as to the amount of beneficial storage above each
pro ject.

Mr. B. E. Torpen, Chief, Engineering Division, Corps of Engineers,

North Pacific Division, Department of the Army, has prepared a report entitled

nStorage for power, Columbia River Basin," dated August 1945. This report gives
a splendid analysis of the storage requirements on the Columbia River. Mr. Torpen
has included in his report a "typical storage-yield curve," which is an average,
or composite, curve from several of the projects on the main stem and tributaries
of the Columbia. Although there is a wide variance between the characteristics
of flow of spring-fed streams such as the Snake River and streams which have
their sources high in the mountain basins and are largely fed by melting snow and
ice, the curve is sufficiently accurate for the present discussion. This curve
has been included in the report as figure XI.

Referring to figure XI, the curve shows the regulated discharge of
the river in percent of mean annual discharge as a function of upstream storage,
stated as a percent of mean annual runoff. The use of this curve can be better
understood when used with certain additional river characteristics also discussed
in Mr. Torpen's report. The following tabulation has been taken from page 23
of Mr. Torpen's report and shows a comparison of the characteristics of several
streams in the Columbia and Colorado River Basins:
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COMPARISON OF STREAMS

Area of drainage
basin Mean annual flow

(millions (cublc feet

Stream (square miles) acre-feet) per second)
Clearwater 9,570 10 13,920
Clark Fork 25,200 17 23,850
Snake 103,200 3 43,130
Columbia at Grand Coulee 744100 75 103,100
Columbia at Bonneville 240,000 125 173,000
Colorado at Boulder 137,800 13 18,080

Referring to the above tabulation, the mean annual flow at the Grand
Coulse project is 103,100 cubic feet per second, which is equivalent to

75 million acre-feet.

Referring to figure XI, if the upstream storage at Grand Coulee is
30 percent of 75 million, or 22.5 million acre-feet of usable storage, the mean
regulated flow which can be expected at Grand Coulee will be 71 percent of
103,100 cubic feet per second, or arproximately 73,000 cubic feet per second.
With storage equal to 22.5 million acre-feet constructed above Grand Coulee, a
large portion of the benefits of upstream storage will accrue to the projects
downstream. Any additional upstreasm storage on the streams above the Grand
Coulee project will result in smaller and smaller increases in the minimum
regulated flow of the river. The economic limit of such develomments can be
determined only after a careful study of the benefits to downstream projects.

The storage of 30 percent of the mean annual runoff will, in general,
be sufficient for year-to-year regulation of the minimum flow of the stream.
Storage in excess of this amount would be for so-called carry-over purposes

and would represent storage which would be used for regulation of the river for
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periods in excess of one year.

Referring to figure XI, it will be noted that with storage in excess
of 30 percent of mean annual runoff, the curve flattens out quite rapidly.
This means that the amount of storage required for a given increase in minimum
regulated flow increases rapidly.

THE LIMITS OF UPSTREAM STORAGE

The benefits of upstream storage were discussed under the previous
subheading. The relationship between storage and minimum regulated flow is
shown by figure XI. In the discussion which follows, flow conditions at Grand
Coulee will be used in presenting the problem. Similar factors apply, although
to a somewhat lesser extent, to the drainage basin of the Snake River.

If the Columbia River were to be used for the development of power
alone, the determination of the proper amount of upstream storage could readily
be made by referring to figure XI. The use of a large quantity of water for
irrigation and for generation of power for pumping related to irrigation inter-
jects an entirely new factor in the determination of the correct amount of storage.

At Grand Coulee the mean annual runoff in an average water year is
about 78 million acre-feet. Under critical water conditions this figure is
reduced to 58 million acre-feet. The runoff under modified-critical water
conditions is sbout 68 million acre-feet. It was pointed out previously that
the storage of 30 percent of the mean annual runoff, or 22.5 million acre-feet,
would increase the minimum regulated flow of the stream to arproximately 73,000
cubic feet per second. A minimum regulated flow of 73,000 cubic feet per second
is equivalent to an annual runoff of 53.3 million acre-feet.

In analyzing this problem it has been assumed that it will be essential
for the development of the program of the Columbia River Basin to irrigate at

least two million acres of land along the main stem of the Columbia. An amount
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of water twice that required for the Columbia Basin project and an equivalent
amount of pumping power has been assumed as the requirements for irrigation.

This total requirement, including both the water diverted and water used to

generate power for pumping, is equivalent to about 1.); million acre-feet each

year.

Table VII lists the bas..ic flow data for the Columbia River at Grand
Coulee which were used in this study. These data were taken from the United
States Geological Survey Water Supply Papers. Table VIII shows the distribution
of the annual runoff at Grand Coulee under average water conditions. Referring
to table VIII, column I shows the mean monthly flows of the river under average
water conditions. Column 2 is the minimum regulated flow of the river at
Grand Coulee with 30 percent storage. Column 3 shows the amount of water that

would be required to irrigate 2 million acres similar to the land in the Grand

Coulee project. Column L shows the amount of water which must pass through
all the plants below the Canadian border under Phase C-2 to generate the neces-
sary pumping power. It will be noted that pumping power is shown in months
during which there is no diversion of water. This pumping power would be for
punping from wells for stock watering and other farm use during the winter months
when the canals are drained because of freezing conditions. Column 5 shows the
net flow for each month. Figures shown with minus signs indicate that the mean
annual flow in the particular month is not sufficient to meet the requirements
of that month. In table VIII the net of column 5 is a plus 166,000 second-
foot months, which is equivalent to a 10 million acre-feet surplus.

Similarly, table IX shows the distribution of the runoff of the river
under critical water conditions. It will be noted that there is a deficiency
of approximately 10 million acre-feet. Both of these tables are based on a

storage of 30 percent of the annual runoff for power purposes.
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TABLE VIII

DISTRIBUTION OF WATER
UNDER AVERAGE WATER CONDITIONS

AT GRAND C E
Minimum Diversion for
Mean flow regulated flow a/ irrigation b/  Pumping  Net

Month (1000's cfs.) (1000's efs.)”  (1000's cfs.) power ¢/ flow
1) (@) &) AR )

October 5545 73 8 L -29
November 48.5 73 : -2
Decenber L2.6 73 1 -31
January 39.k 73 1 -3
February 1 TR 73 i - 37
March L340 73 1 -3
_April 82.0 73 18 8 - 17
May 200.6 73 28 12 + 88
June 300.L 13 31 13 +183
July 226.2 73 32 13 +108
August 127.2 73 29 12 + 13
September __ 791 13 a9 8 - 21
Total 1,281.9 876 165 75  +166,000

a/ 30 percent storage
All figures are 1000's of second-foot months.

E/ Sufficlient diversion for irrigation for 2 million acres.

_c_/ River flow to generate pumping power assumed to pass through
all Phase C-2 plants downstream and including Grand Coulee.
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TABLE IX

DISTRIBUTION OF WATER
UNDER CRITICAL WATER CONDITIONS
AT GRAND COULEE

1936-37 Yinimun Diversion for
Critical flow regulated flow a/ irrigation of Pumping Net

Month (1000's cfs.) (1000's cfs.)” 2 million acres b/power ¢/  flow
) 2 3) T LI ¢

October k2.0 73 8 N - L3
November 28.5 73 A - L6
December 23.2 73 2 § - 51
January 18.2 73 1 - 56
February 18.2 73 1 - 56
March 23.8 73 3 - 50
April Lh.1 (5 18 8 - 55
May 135.5 73 28 12 + 23
June 2L3.8 73 31 13 +127
July 194.5 73 32 13 + 76
August 109.5 73 29 12 - b
September 67.8 B 19 B =3
Total 949.1 876 165 75  =167,000

a/ 30 percent storage.
= A1l figures are 1000's of second-foot months.

b/ Sufficient diversion for irrigation for 2 million acres.

g_/ River flow to generate pumping power assumed to pass through
all Phase C-2 plants downstream and including Grand Coulee.
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The same information given in tables VIII and IX is shown graphically
in figures XII and XIII. Figure XII is a graphic representation of the flow
of the Columbia River at Grand Coulee under average water conditions. The

figures are for the average flows from 1913 to 1948, as shomn in table VII.

Referring to figure XTI, it will be noted that there is a deficiency
in river flow in the period from October into the month of April, and again in
the latter part of September. It has been assumed that the peak flows of May,
June, and July are stored to replace the deficiency of the previous winter.
Additional storage is shown in an amount required to furnish necessary water

and punping power for irrigation from April through September. In some of these
months the natural flow of the stream is not sufficient to furnish 73,000 second-

feet for power purposes, plus the requirements for irrigation. It will be noted

that there is a surplus of water equivalent to about 10 million acre-feet for

the year's operation.

The distribution of water requirements for a critical water year is
shown in figure XIII. This picture is entirely different from the one shown
in the previous chart. Perhaps it should be noted at this time that the values
used for storage represent 100 percent effective use of the river flows. In
the Review 308 Report the Army Engineers show actual performance in storing and
utilizing water to be about 92 to 93 percent effective.

Referring to figure XIII, 20.1 million acre~-feet of stored water is
required to maintain the 73,000 cubic feet per second minimum regulated flow.
At 92 percent effectiveness, this becomes 21.9 million acre-feet, which is very
close to the storage determined from figure XI. After storing 20.1 million acre-
feet of water to replace that used in the previous winter months there remains,
over and above the total flow of the river through the sumer months, only 3.8

million acre-feet for irrigation purposes. This means that there is a shortage
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of approximately 10 million acre-feet in the requirement for the irrigation of
the 2 million acres assumed at the start of this discussion. This agrees very
closely with the net figure shown in table IX, which was 167,000 second-foot

months, equivalent to slightly more than 10 million acre-feet.
There is an alternate method of operation,which would be to supply

irrigation requirements of 1L.L million acre-feet and leave storage reservoirs

on the river partially empty. This would mean less power available for the
coming year unless far greater than average flow conditions existed during the
succeeding six winter months.

It appears that the balance between surplus and deficiency occurs
under the conditions of a modified-critical water year. Earlier in the report
the eonditions surrounding a modified-critical water year were defined. By
definition, modified-critical water may be expected once in each L-year period.
Under the conditions of modified-critical water there would be just sufficient
water to justify 30 percent storage and have sufficient flood flow during the
summer months to suprly the requirements of storage and irrigation.

There are those who would give consideration to diverting a portion
of the Columbia River flow to Califormia. Such a diversion, if taken from the
upper reaches of the river, can only result in a higher cost of electric power
generated from the projects on the Columbia River and the necessity of supple-
menting hydro generation by steam gemerating projects at a much earlier date to
make up for the deficiency created by the diversion. It is important to remember
that diversion from the upper reaches of the Columbia would normally drop through
an effective head of about 1,500 feet in passing through the projects contained
in the program of Fhase C-2 of the Army Engineers' report. As previously mentioned,
a careful study of the projected program through Phase C-2 definitely indicates

the probability of a continued energy shortage in the Pacific Northwest through
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1965. Any diversion of water can only aggravate this situaticn.

There have been several studies made which purport to show a very

considerable saving by the replacement of steam-generated power on the load
curve of northern California by surplus energy generated in the water-power
plants in the Pacific Northwest. To obtain a sufficiently accurate answer,
such a study must be based on ultimate storage on the uprer reaches of the main

stem of the Columbia River and its tributaries, as dictated by figure XI. A

study based on a partial development of the Columbia and its tributaries is
bound to show large blocks of surplus energy. These, however, are transient in
nature and will largely disappear with further develomment of storage on the
upper reaches of the river and the development of the irrigation projects in
the Columbia Basin and its tributaries.

COORDINATION OF THE PRESENT RESOURCES AND PHASE C-2

Before leaving the discussion of the Army's Review Report, it is
important to consider whether or not the projects recommended in Phase C-2 fit
satisfactorily with the present resources now operating in the area served by
the Northwest Power Pool.

Table V lists the power data of the Phase C-~2 system. Under the
heading of "Nominal prime capability, kilowatts," a total of 7,83L,000 kilowatts
is shown. The installed capacity in kilowatts is shown as 11,712,000 kilowatts.
In the Army Engineers' report, Appendix O, page 212, nominal prime capability
is defined as follows: "Nominal prime capability refers to one plant of an
integrated system, and it is the average power available at the plant over the
same period of time which determines the prime capability of the system." 1In
short, nominal prime capability is the average energy available fram the plant
during the period of controlled flows. If we take the ratio of nominal prime

capability to installed capacity, we obtain the figure which represents the
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average plant factor of the projects during the controlled-flow perioed. It is
also the load factor of the additional load which can be served by the plants
included in table V during the period of controlled flows of the system. This
ratio for the totals given in table V is 66.9 percent.

Tn discussing the present electric-power rescurces and loads in the

Pacific Northwest in section IV, it was pointed out that the monthly load factor

for January 1950, as reported in the Northwest Fower Fool operating program,
was 70.6 vercent. The figure for the monthly load factor in January is influ-
enced quite materially by weather conditions throughout the area of the Pool.
This figure varies from 70 to 72 percent. In the months prreceding and follow-
ing this peak month the system load factors are higher. Tt should be noted that
the plant factor shown in table V of 66.9 percent is considerably below the
monthly load factors of the controlled-flow months of September through March.
There are other adjustments which must be made before direct compari-
son can be made between the plant factor of the new projects included in table
V and the projected load of the Northwest Power Pool. The Northwest Power Pool
program for the water year of 1949-1950 includes the Ronneville project and
twelve units of the Grand Coulee project. In the Army Engineers' report,
Phase A, included in this report as table III, is approximately equal to this
Ronneville-Grand Coulee combination, except that Phase A includes only nine
Grand Coulee units. The following adjustment has been made, subtracting Phase A

from Phase C-2, and adjusting for the three additional units at Grand Coulee:

Average Installed

Item energy capacity
Phase C-2 7,834,000 11,712,000
Less: FPhase A 1,399,000 1,490,L00
Less: 3 units at Grand Coulee 106,000 360,000

Net additions 65329,000 9,861,600
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The plant factor of the net additions is 6l.2 percent as shown below:

%%%{L%g = 6l.2 percent plant factor during
R controlled-flow period

More recently in the compromise program agreed to between the Army
Engineers and the Bureau of Reclamation, the Glacier View project was eliminated
from the program because the storage reservoir would be in Glacier National
Park. As included in the Review Report, Glacier View would have a storage
capacity of 3.16 million acre-feet, approximately two-thirds of which is hold-
over storage. The nominal vrime capability (average energy) of this project is
96,000 kilowatts. The installed capacity was to have been 210,000 kilowatts.

According to Appendix O, table XVIII, this storage would contribute
about 3,187 c.f.s. to the minimum regulated flow of the main stem of the
Columbia below the Canadian border during the controlled-flow period. The loss

in nominal prime capability in the projects listed in Phase C-2 and located on
the Columbia River below the Canadian border is as follows:
P100 = 0.07k6 x 1,005 x 3,187 = 239,000 kilowatts
The increment of nominal prime capability which will be added to the

present system by completion of Phase C-2 without Glacier View is as follows:

Nominal prime with Glacier View 6,329,000
Less: Nominal prime of Glacier View 96,000
Less: Nominal prime lost in down-

stream plants 239,000

Nominal prime capability
without Glacier View 5,99k ,000

The installed capacity of Glacier View was to have been 210,000 kilowatts. If
this is subtracted from the increment of installed capacity in FPhase C-2, the
resulting net addition becomes:

9,861,600 - 210,000 = 9,651,000 kilowatts

and the plant factor of the net additions becomes:
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.g’_g%‘;% = 62,2 percent
3 3

The resulting nominal prime capability and peaking capability of the present
Northwest Power Pool system with the addition of Phase C-2 becomes:

Nominal prime of present system

1949-1950 water year 3,090,000
Net increment of Phase C-2 5,994,000
Total nominal prime capability 9,084,000

Similarly, the net peaking capability of Phase C-2 after adjustments can be
added to that of the present system:
Peaking capability of present system
under critical water conditions
(See table II.) L,615,000

Increment of installed capacity in
Phase C=2 9,651,%()

Total peaking capability of the
combined system 1), 266,000

The plant factor during the controlled-flow period becomes:

9,08L,000 _ 63.7 percent

> 3

Viewed from the standpoint of the requirements of the winter peak
load, the peaking capability appears excessive when compared with the nominal
prime capability of the combined systems. The peaking capability corresronding

to 9,08L,000 nominal prime capability and 72 percent load factor is:

9,_08_1.1%829 = 12,620,000 kilowatts

The operators of the Northwest Power Pool, after considerable study
on the part of the operating committee, decided that a system reserve capacity
of 6.7 percent is reasonable for such a system. On completion of Phase C-2
this would mean that the combined system should have a reserve of approximately

845,000 kilowatts. This would mean that the total plant capability should be
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13,465,000, On this basis the system would have an excess peaking carability
of aprroximately 800,000 kilowatts.

The foregoing calculation has been based on the power requirements
of the winter system peak load. In discussion with the Army Engineers, it was
pointed out to the writer that this method does not correctly determine the
plant capability at the end of the drawdown period and does not allow a loss of
peaking caprability during the flood-flow season of the year. Their calculations
showed that it was necessary to give consideration to these latter two factors
in determining the total installed capacity of the plants in Phase C~2.

It is difficult to see how a program of new projects, which is itself
deficient in energy, can be added to the present resources already deficient
in energy without creating the possibility of an even greater energy deficiency

under adverse water conditions.

The correlation between the present load and the generating resources
of the Northwest Power FPool with the proposed additional projects included in
Phase C-2 can be seen by reference to figure XIV. Referring to figure XIV, the
top line is the envelope of system peaks extrapolated to 1968. It is identical
with the top line of figure IV. The lower line in figure XIV differs from that
on figure IV. The average energy line on figure IV is based on the average
annual energy which, of course, varies from month to month. The lower line on
figure XIV represents the average energy in the months of December and January
at 72 percent load factor. The peak load on the Northwest Power Pool system,
if it continues to grow at the rate of 6.8 percent per annum, will reach 12.5
million kilowatts by 1965. The corresponding average energy requirement in the
peak months of the year will be nine million kilowatts. Nine million kilowatts
represents the total average energy available from the present resources, to-

gether with the new resources of Phase C-2, and hence determines the date on
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which Phase C-=2 must be completed.

ANALYSIS OF THE LOAD DATA IN THE ARMY REFORT
Further study of the load data in Appendix O and Appendix N of the
Army Engineers' report discloses other factors which must be given careful

consideration. Perhaps the most important of these factors is that the load

data on which the performance of the plants included in Fhase C-2 have been
based is entirely different from the present load characteristics of the area.
To be sure, it is pointed out that the load characteristics which have been
included in Appendix O are the characteristics of an assumed Federal system

and are not the characteristics of the total electric load in the area presently
served by the Northwest Power Pool. However, by the time the plants included

in Thase C-2 are completed and in operation, the plants other than those of the
Federal system will comprise only about 20 percent of the total installed
capability of the area. This means that the shape of the load curve of the
Federal system will be very near to that of the total area load.

Figure XV shows a comparison between the monthly peak loads of the
Federal system for 1960 and the present Northwest Power Pool system. Peak
loads for each month are expressed in percent of the January peak load. It is
interesting to note that the peaks of the Power Pool system drop off rapidly
after the middle of January. By April, the end of the controlled-flow period,
it has decreased 12.5 percent. The June peak is 15 percent below the January
peak.

The curve of the Federal system for 1960 shows an increase of 6 per-
cent in June over the January peak. The growth factor has been taken out of
both curves.

The total difference between the two system curves is 21 percent.

This is equivalent at the end of Phase C~2 to 3 million kilowatts. It would
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appear that the distribution of load represented by the Federal system curve
will be much more expensive to serve because of the need of additional gener-

ating units at most of the projects.
The drop in the system peak requirements of the present system allows
the following things to be accomplished:

(1) Take units out of service for maintenance.

(2) Lower reservoir level for flood control.

(3) Draw additional water from the reservoirs in the latter
months of a eritiecal water period.

(4) Allow for heavy pumping to fill the equalizing reservoir
of the Grand Coulee Basin project without required additional
generating resources.

(5) Reduce the danger of a power shortage during the flood-flow
period of the river.

The following tabulation taken directly from Appendix N, part I,

page 12 of the Army Engineers' report, shows the estimated distribution of
electric load in 1960:
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67.

Annual Contribution to
energy coincidental peak
consumption power requirements
(millions of (thousands of
Class of consumer kilowatt=hours) kilowatts)
Urban domestic 5,003 )
Rural nonfarm 2,131 )
Farm 1,920 )
Subtotal A )
)
Comnercial 7,200 )
Small industrials )
Food processing 530 )
Other 3,169 )
Subtotal 3,999 ;
Subtotal 20,253 ) L,315
Large industrial:
Forest products 3,038 L5k
Aluminum 29,300 3,500
Other 9,79k 1,408
Subtotal ’ ’
Railway electrification 720 160
Space heating 667 370
Irrigation 2,286 —
Street lighting 226 65
Miscellaneous 800 11
Total sales 67,08l 10,386
Transmission and distribution losses 9,392 1,454
Total sales and losses 76,476 11,840

Particular attention is called to the fact that 38.4 percent of the

energy and 30 percent of the peak load of the entire Northwest system is shown

as aluminum-plant load.

is shown by the comparison on a percentage basis of the energy consumption by

classes of consumers:

The effect of this on the over-all economy of the area
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Total

Pacific Coast Northwest United States
1949 1960 1949
Residential and rural 33.2 1.5 26.4
Commercial 16.6 16.8 18.6
Other .8 L.9 645
Total 100.0 100.0 100.0

Presently, residential and rural energy consumption in the Pacifie
Coast States is 33.2 percent of total consumption. In the 1960 distribution,
as shown in the Army report, residential and rural consumption would be only
1.5 percent. A similar comparison c@n be made with the figures for energy
consumption in the United States.

The conclusion to be drawn from this comparison is either that little

labor is required for the industrial development planned for this area, repre-
sented by the distribution of energy shown in the above tabulation, or that
the standard of living of labor as represented by the low residential electric-
energy consumption will be below the average of the United States.

The following tabulation lists the approximate kilowatt-hours of
electric energy consumed in various industries in the Northwest per man-years
of employment in the industry.

Industry Kilowatt-hours

_ per man-year
Alwminum reduction 1,125,000
Paper products 85,900
Flouring mills and feed 30,700
Building materials 20,200
Lumbering and wood products 10,800
Textiles 6,100
Food products 55560
Metals 5,083
Furniture L,0LO

One of the principal reasons for considering the possibility of
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constructing steam-electric generating facilities in this area is the need of
additional electric power to maintain full employment. Assuming 72 percent
plant-factor operation of such facilities, it would require the following

installed capacity per worker in the various industries:

Industry Kilowatts
per man-year
Aluminum reduction 180.0
Paper products 13.6
Flouring mills and feed L.9
Building materials 3.2
Lumbering and wood products 1.7
Textiles 1.0
Food products 0.9
Metals 0.8
Furniture 0.6

The use of power transmission lines to transmit power from the Pacific
Northwest to other areas in the south and east may not be to the advantage of
the economy of this area. The amount of harm, however, that can be accomplished
with transmission lines of limited capacity is relatively small. There are
still technical limits beyond which power can not be reasonably transmitted.
In the production of aluminum ingots this limit entirely disappears. Each pound
of aluminum pig produced from alumina by the most modern of pot lines will
absorb 10 kilowatt-hours of electric energy. As aluminum pig, it can be shipped
anywhere in the world, extracting from the Pacific Northwest the energy required
for its purification. The bringing of additional aluminum pot lines into an
already energy-deficient area will have an adverse effect on the economy of the
area. To the extent that the operation of these pot lines absorbs the available
supply of low-cost water-power energy, high-cost steam-electric generating units
must be operated to make up the energy deficiency.

ANALYSIS OF THE COST OF COLUMBIA RIVER HYDRO PROJECTS
In making a comparison between cost of steam and hydroelectric

generating plants, it is first necessary to determine that the particular hydro
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plant and steam plant used in the comparison are comparable. A steam plant is
available at 100 percent of its capacity at all times except for maintenance

outages and emergency breakdowns. The reliability of a modern steam-electric

generating plant is such that emergency outages have become rare.

The availability of a hydro vlant will vary with stream flow condi-
tions. If the capacity of a hydro plant is just equal to the minimum regulated
flow of a stream, its availability is equal to that of a steam plant. If
additional units are installed in a hydro plant and the stream flow is not suf-
ficient for continuous operation, the additional units must be operated higher

on the load duration curve for the system. Under these conditions, the unit
cost of the additional units is not comparable with steam generating capacity.

Additional upstream storage to increase the minimum regulated flow of the
strean might be added to an extent that the additional hydro capaeity would

become available 100 percent of the time. Under these conditions this capacity
is comparable with steanm.

A major portion of the cost of one of the large hydro projects on the
Columbia River is in the dam, spillway, and other portions of the proJject which
are largely independent of the number of units installed in the power-house.
Considerable variation in the per-kilowatt cost of capacity, installed within
the limit of the prime flow of the river, may result from the assumption of
different values of minimum regulated flow of the river.

Inspection of "Surface water supply of the United States, 1937, pt. 12,
Pacific slope basins in Washington and upper Columbia River Basin": U. S. Geol.
Survey Water-Supply Paper 832, 1938, shows a minimum natural flow of the Columbia
River at Grand Coulee in this critical water year of approximately 18,200 cubic
feet per second. At the present time there is approximately 7.2 million acre-

feet of storage at and above the Grand Coulee projeet. This gives a minimum
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regulated flow of the stream under critical water conditions of about Lk,100
cubic feet per second. Previously in this report the value of upstream storage

at the Grand Coulee project was discussed. It was shown that the develomment
of 22.5 million acre-feet of storage at and above this project would result in

a minimum regulated flow of about 73,000 cubic feet per second.

The Chief Joseph project, located on the main stem of the Columbia

River, approximately 50 miles below Grand Coulee, is under construction at the
present time. It is typical of the more feasible moderate-head projects on the
river. Flow characteristics of the Columbia at the Chief Joserh project are
about the same as the flow characteristics at Grand Coulee.

The formula for the amount of power which can be developed from the
rrime flow of a stream is as follows:

P100 = 0.0746 Q100 Hn

where
Ploo = prime power in kilowatts at Chief Joseph
Q100 = net continuous flow in c.f.s. during the critical period
(after deductions for irrigation, if any) and
Bp = mean gross head (feet) = headwater elevation at mean

usable storage level minus tail-water elevation
corresponding to Q100.

Applying this formula to the three values of prime flow outlined in
the previous paragraphs we have the following results:

Flectric power

Prime flow from prime flow Number
(cefese) (kilowatts) of units
18,200 228,000 3.5
Lk,100 554,000 8.6
73,000 905,000 k.3

Figure XVI is a graphic presentation of the cost of construction of

the Chief Joseph project. The lower line marked "19LO Construction Cost" was
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taken directly from the Army report on this project, dated August 15, 1945.

The upper line marked "1949 Construction Cost" was derived by multiplying the
1940 cost by 1.95.

Referring to figure XVI, the total construction cost is given for
one through sixteen units, inclusive. It is interesting to note that the cost
of this project with no units installed is 128 million dollars. This is deter-
mined by following the 1949 construction cost curve to the left until it
intersects the zero unit line.

The design of the Chief Joseph project calls for 6l,000-kilowatt
generators on each of the main units. If we divide the total power from prime
flow by 6L,000, we obtain the number of units required to pass the prime flow
as indicated in the above tabulation. On page 99 the last column in the
tebulation, headed "Number of unitsf' is the number of units required to pass

the prime flow as indicated in the tabulation.

Referring to the construction-cost curve for 15L9 in figure XVI, the
total construction cost corresponding to the number of units shown in the
tabulation on page 99 can be read directly from the curve, giving the data shomn

by the tabulation below:

Number Total construction Cost per kilowatt
of cost at project at load center
Storage units (millions of dollars) (dollars) (dollars)
Natural flow 3.5 1 618 720
Present storage 8.6 167 302 Lol
30 percent 1h.1 198 219 321

Pro ject costs of hydro plants and steam plants are not directly com-
parable. The hydro must be located on a stream where suitable potential head
and river flow are available. On the other hand, a steam plant can usually
be located adjacent to a principal load center. To make the hydro plant invest-

ment costs comparable with that of a steam plant, the cost of transmission from
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the project to the load center must be added.

The Ammy Engineers' Review 308 Report, Appendix O, page 123, gives
an average transmission line cost of $102 per kilowatt delivered at the load
center. This figure is determined from the transmission line net work required

to deliver the power represented by Phase C-2 of the Review Report. If we

add $102 per kilowatt to the hydro project cost in the third colum in the
above tabulation, we obtain the figures shown in the last column of the tabula-
tion, which is entitled "Cost per kilowatt at load center.m
THE ANNUAL COST OF HYDROELECTRIC PROJECTS

The fixed costs, including interest, taxes, insurance, and deprecia-
tion, are the most important elements of cost of a power-supply system deriving
its energy from hydroelectric projects. Presently, there is a wide difference
in the methods of bookkeeping of private and public systems with regard to the
amount of these fixed costs. The following tabulation gives a comparison of

the average figures used by the two groups:

Percent of capital investment Probable
Public systems Private systems future charges
Interest 2.5 6.0 3.0
Taxes - 2.0 2.0
Insurance - 1.0 -
Depreciation 1.34 0.56 1.3L
3.84 9456 6.3L

As also mentioned in section VIII in the description of fixed costs
for steam-electric generating plants, public systems, in most instances, have
not been contributing materially to the revenue of Federal, state, county, and
municipal governments. There is a definite tendency toward the increase in

taxes on public systems for the purpose of supporting local divisions of
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goverrment. Since this report looks to future development of the power system,
it seems reasonable to use figures of 6.3l percent as the total fixed cost for
the hydroelectric project costs and 8 percent of investment in transmission

required to transmit the power from the project to the load center.

There is considerable discussion in technical literature as to the
length of life of the concrete structure comprising a large portion of the
cost of a modern hydroelectric project. The permanence of these structures is
given as a reason for the use of an extremely low amortization cost. There is,
however, one factor which must be considered before the calculated life of one

of these projects is unduly extended. This factor is siltation. Relating to
this subject, there are very few empirical data immediately available for the

Columbia River and its tributaries. It is known, however, that the main stem

of the Columbia carries a burden of silt which will be deposited in the large

reservoirs formed by the various project dams. This is particularly important
on a stream like the Columbla, where a large portion of the value of the projects
depends upon the increase of the minimum natural flow of the streams to furnish
the energy required during the peak load of the winter months. Referring to
figure IX, the total potential power of the Columbia River Basin, without the
benefit of storage, is only 10 million kilowatts. The ultimate capability, at
75 percent load factor, is 32 million kilowatts. The difference between these
two figures is the benefit derived from storage.

The production expense, including both operation and maintenance, is
much less in a hydroelectric project than it is in a stesm-electric project.
A reasonable figure for operation and maintenance expense of hydroelectric-power
projects is about 1.0 percent of investment.

Operation and maintenance costs for transmission have been taken at

$300.00 per mile-year. The average length of circuit from principal generating
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projects to the load centers is approximately 200 miles. Transmission lines
which form a part of the 230-kw transmission grid have capacities varying from
160,000 to 200,000 kilowatts. On this basis the operating and maintenance cost
of transmission becomes about 30 cents per kilowatt-year.

A figure of LO cents per kilowatt-year has been used for the operation
and maintenance costs of the principal substations which form a part of the

transmission system.
A SUMMARY OF PROJECT COSTS IN PHASE C-2

The purpose of this subsection is to establish the costs of hydro-
electric plant construction on a basis permitting a reasonabtle comparison with
the cost of a modern steam-electric generating plant. Phase C-2 has been defined
by the Army Fngineers as the system which will be in existence after the com-
rletion of the projects recommended in the main control plan, plus thosge in
Phase A and Phase B.

It has been suggested that a comparison should be made including the
plants in Phase A, which of course are the Bonneville and Grand Coulee projects.
Reference to figure XXII, which shows the electric construction cost index,
shows the futility of attempting to compare 1950 construction costs with those
of 1936 to 1938.

The construction of additional upstream storage at the projects
included in the main control plan and FPhase B will increase in amount the
nominal prime capability at the Bonneville and Grand Coulee projects. The
benefit of this additional energy has been taken into consideration in determin-
ing the cost of hydroelectric power. At the same time it was felt that the
incremental cost of generating units and substructures should be included in
plant costs. This incremental cost is approximately $75.00 per kilowatt.

The following tabulation lists all of the projects included in Phase C-2
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with the exception of the Bonneville and Crand Coulee projects. This schedule

provides space permitting the tabulation of plant investment costs, nominal

prime capability of each plant in kilowatts, and the total installed capacity

of the units in each plant based on the name-plate rating.

Nominal prime Installed
Plant investment capability capacity

Pro ject (millions of dollars) (kilowatts) (kilowatts)
Hungry Horse 110 120,000 300,000
Chief Joseph 250 876,000 1,280,000
MeNary 300 635,000 910,000
Lower Snake 39 6L47,000 980,000
Clacier View 102 96,000 210,000
Libby 259 2Lli,000 588,000
Albeni Falls 33 26,000 42,000
Priest Rapids 367 77k,000 1,219,000
John Day 420 735,000 1,105,000
The Dalles 313 701,000 980,000
Hell's Canyon " 372 602,000 980,000
Total 2,916 5,156,000 8,291,000

In establishing the cost of power from these projects it has been
assumed that all costs of the project not directly chargeable to navigation or
flood control are chargeable to power. The above tabulation includes all costs,
so that it will be necessary to make certain adjustments to exclude navigation
and flood control costs. The following tabulation summarizes the adjustments
which should be made for items chargeable directly to navigation and flood

control:
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Cost of additional facilities
(millions of dollars)

Project Navigation Flood control  Total
Hungry Horse none none -
Chief Joseph " n :
McNary 15.0 " 15.0
Lower Snake 5840 " 5840
Glacier View none " -
Libby " " _

Albeni Falls " " -

Priest Rapids : 9.5 65.0 7.5
John Day 17.6 65.0 82.6
The Dalles 1. none 1y
Hell's Canyon none n -
Total 24l .5

To allow for the increase in the nominal prime capability of the

Ronneville and Grand Coulee pro jects, the following adjustments have been

mades
Bonneville Grand Coulee
Phase C-2 nominal prime 482,000 1,677,000
Phase A " " 391,000 1,008,000
Increase in nominal prime 91,000 669,000
Total increase in nominal prime
capability 760,000

The calculation of the incremental cost of substructures and units
to absorb the increase in nominal prime at the Bommeville and Grand Coulee

projects is given below:
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760,000 » 72 percent plant faetor = 1,050,000 kilowatts of
additional capacity required at Grand Coulee and
Bonneville to use the increase in orime flow of
the river.

1,050,000 @ $75.00 per kilowatt = 78.7 million dollars
In deternining the useful energy available from these projects, it
is assumed that all of the energy generated from the prime flow of the river
at the projects is usable. No allowance in this calculation has been made for
additional generation from the secondary flow of the stream. The nominal prinme
capability of the 11 projects in the above 1ist supplemented by the increase

in nominal prime capability of the Ronneville and Grand Coulee projects totals

6,216,000 kilowatts. At 100 percent plant factor, the average energy equivalent
to this nominal prime capability is SL.5 billion kilowatt-hours. The plant

investment figure of #2,916,000,000 must be increased by the amount of incre-

mental costs of additional capacity at Ronneville and Grand Coulee and decreased

by the amount of the adjustments for navigation and flood control. The net of
this caleulation is $2,995,000,000.

As previously explained, the annual fixed costs of these projects will
be determined as 6.3l percent of project investment costs. This is equal to
#190,000,000. To the above fixed costs must be added the production expense,
which as previously discussed is taken as one percent of plant investment. This
is equivalent to 330,900,000. The total cost becomes $220,000,000. If we
divide this by the total energy from these projects, we obtain the unit cost of
L4.03 mills per kilowatt-hour. Because the installed capacity at these projects
is sufficient to allow the prime energy to be developed on a 72 percent load-
factor basis, this load factor is considered in the future compérison with steam.

To make the comparison valid, with steam-electric generation it is
of course necessary to add the cost of transmitting power from the various hydro-

electric projects to the principal load centers of Puget Sound and the lower
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Columbia River. Py some, the costs of transmission as used in this report may
be considered high. The principal loads in the area are west of the Cascades
in the Puget Sound and lower Columbia Fiver areas. The hydroelectric projects
such as Chief Joseph, Priest Rapids, and McNary are located just east of the
Cascade Yountains. For the greater part of treir length, transmission circuits

must traverse the rocky terrain of the mountain area. Just west of the mountains

the transmission lines pass through forest areas. Adjacent to the principal
load centers the ccsts of rights-of-way increase rapidly. The cost of operation
and maintenance, including the prcblems of sleet, tends to increase the costs
above normal.

In detemining the cost of transmission, a calculation must be made
to determine the average length of transmission from a sufficient number of the
rrojects nearest the coast so that the energy equals approximately two-thirds
of the annual output of the generating resources of the area on completion of
Fhase C-2. This average distance was figured to be about 150 miles.

Mr. S. B. Crary, of the General Electric Company, presented a techni-
cal paper for the American Institute of Flectrical Engineers before the summer
general meeting in Montreal, Canada, in June 1947. This paper was entitled
"The economics of long-distance A-C power transmission." The costs presented
in this paper are based on 1945 price levels. Adjusting the figures included
in this paper to 1949 price levels, it is figured that the cost of transmission
to the load centers on the Pacific Coast is approximately 2 mills per kilowatt-
‘hour. In the Review 308 Report, Appendix O, page 0-123, the average cost of
transmission on the completion of Fhase C-2 is $8.69 per kilowatt of firm-power
peak load. This is equivalent to approximately l.€ mills per kilowatt-hour
at 50 percent load factor. In the load assumed for this transmission-line

study, 30 percent of the entire load in the Pacific Northwest was assumed to be
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aluninmm-plant load with its extremely high load factor characteristics. This

characteristic of the study tends to give too low a figure for the cost of
transmission. After careful consideration of all factors, the writer believes
that the use of 2 mills per kilowatt-hour as a cost of transmission is entirely
reasonable.

Adding the project cost and cost of transmission gives a total of
6403 mills per kilowatt-hour as the cost of power delivered in the principal
load centers west of the Cascade Mountains. The cost of 6.03 mills per kilowatt-
hour, of course, includes the entire cost of the 1l projects except the portions
directly chargeable to navigation, flood control, or irrigation. It is probable,
with more upstream storage than has been included in Phase C-?, that downstream
installations could be made on a more economical basis. With additional storage,
it is probable that additional units could be installed in all the downstream

projects at an incremental cost of less than $75.00 per kilowatt, as compared
with unit costs that range from $250.00 to $700.00 per kilowatt in the present

program.



VII. FUELS AVATLABLE FOR USE IN FUEL-BURNING
ELECTRIC PLANTS IN THE PACIFIC NORTHWEST

TYPES OF FUELS

There are presently three fuels in use in the fuel-burning electric
plants of the Pacific Northwest. These are, in the order of their importance,

fuel oil, hogged fuel, and coal. Suitable methods of burning have been developed
for all these fuels. In the final analysis the choice of fuel is dependent
to a large degree upon two factors,; its cost and its availability.

Fuel oil has always been readily available in seacoast ports of the
Pacific Northwest except for a short period during the second World War.

During this short period two large oil-distributing companies refused to deliver
fuel o0il in this area. The difficulty was primarily an economic problem, rather
than one of the availability of oil. For a number of years prior to the second
World War oil was sold in tanker lots for 90 cents a barrel, or less. The
greatly increased demands for fuel oil during the second World War made it more
profitable to sell the available supply elsewhere at much higher prices. Near
the end of the war period oil was selling for $2.85 a barrel in this area. The
present-day price in tanker lots is about $1.60 a barrel.

Fuel oil is an end product in the fractionization of crude oil.
Present-day methods of cracking give considerable flexibility in the determina-
tion of the quantities of gasoline, diesel oil, and other fractions. To some
extent the amount of the end products is controllable by the process of hydro-
genation and other of the more modern processes of cracking.

In past years the supply of hogged fuel in the Pacific Northwest was
sufficient to furnish the greater part of the fuel requirements for many large

industrial plants. However, in recent years this supply of hogged fuel has
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gradually diminished. There are many factors contributing to this trend. Not
the least of these factors is the cost of logs. In the early 1930's logs
could be purchased on Puget Sound for as low as $6.00 a thousand, and the
scaling was quite liberal. Presently, the same logs are being sold at prices
ranging from $25.00 to $35.00 a thousand, and the scaling is much closer. As
a result of this trend in the orice of logs new methods of sawing and barking
the logs have been developed to a point where very little mill refuse remains.
Band mills have been substituted for circular saws. Hydraulic barkers replace
slabbing on the head rigging. The cleaned slabs from the lumber shift, which
at one time constituted a major supply of slab wood, are now made into chips
and used as a source of fiber in pulp mills making kraft paper. The present
supply of hogged fuel has diminished to a point where existing boiler installa-

tions in certain industrial plants and small central-station installations

consume the entire available suprly. Hogged fuel has ceased to be a considera-
tion in future central-station develomment.

The third form of fuel availstle for fuel-burning electric-generating
plants in the State of Washington is coal. Not too much is known of the coal
reserves within the state. According to the estimate of the United States
Geological Survey made in 1913 and revised in 1925, the original coal resources
of the State of Washington were 63,877,000,000 tons. The distribution, according

to rank, was given as follows:

Anthracite and semianthracite 23,000,000
Bituminous 11,412,000,000
Subbituminous 52 F) hh? 3 Q00 3 Co0

Total 63,877 ,000,000

As indicated in the above summary of reserves, 82 percent of the total
reserves in the State of Washington is subbituminous coal.

A Report of Investigations entitled "Coal and coal mining in
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Washington," by Stephen H. Green, was published in 1947 by the Division of

Mines and Geology. This publication sets forth in splendid fashion a survey

of the coal-mining operations in the state at the present time. Details are
given in this bulletin for properties operating in 1946. Summaries are included

covering longer periods of operation.

Table X, which was taken directly from the report by Stephen Green,
shows indicative analyses of Washington coals. The analyses for Thurston, Lewis,
and Cowlitz Counties are typical for subbituminous coals. These coals are
characterized by unusually high percentages of moisture and volatile matter,
and a correspondingly lower value of fixed carbon. In estimating the value of
these coals for power generation, consideration must be given to the effect of
these characteristics upon the efficiency of boiler operation of steam-electric
generating plants. Subbituminous coal is difficult to store.

Table XI is taken from the "Annual report of coal mines for the year
ending December 31, 1948." This report is published by the Department of Labor
and Industries, State of Washington. It gives details of current operations
for the year 1948. The total coal production for the year 1948 was 1,222,035
tons. It is interesting to note that, if the total coal production for that
year had been burned in a modern fuel-burning electric-generating station, the
electric-energy production would have been approximately equivalent to the
annual energy production from 1.8 units of the Grand Coulee project.

COST OF FUELS

In the final analysis, the choice of a fuel for a fuel-burning
electric-generating station is an economic problem. In each instance there is
the cost of the fuel f.o.b. plant. To this first cost must be added the cost

of storing. The type of fuel, to some extent, influences the capital cost of
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TAELE XI

COAL MINE STATISTICS FOR THE YEAR 19L8

Av. yearly
Total coal outrut per Coal value
Name of rroduction man shift at mine
Name of company mine Town (tons)  (tens) (per ton)
KING COUNTY
Anderson Coal Co. Strip Ravensdale L,108 1,369 $ L.87
B.P.D. Coal Co. No. 1 Issaquah L,378 952 7.80
Bs &% FB. Coal Co. Tssaquah  Issaquah 13,909 7L0 6.85
B. % E. Coal Co. Newcastle Newcastle 18,310 R26 7432
Rianco Coal Co. Queen No.l Issaquah 33,927 632 6.9L
Pig Four Cozl Co. Elk Palmer 1k, 586 815 6.21
C. & M. Coal Co. No. 1 Tssaquah 1,206 157 7.99
Carbon Fuel Co. Bayne Bayne 20,283 970 6.49
Fireking Coal Co. No. 1 Renton 233 97 6.50
Franklin Gem Coal Co. No. 1 Black Diamond L,881 1,038 6.4
Johnson Coal Co. No. 1 Rlack Diamond 1,942 Los5 6.20
Kummer Coal Co. No. 1 BRlack Diamond 4,223 1,030 5.21
New Lake Young Coal Co. No. 1 Renton 2,L02 Loo 6.00
N.W. Improvement Co. McKay Ravensdale 2L,u7h 298 9.04
N.W. Improvement Co. Strip Ravensdale 101,722 2,831 L.91
Olson Coal Co. Cumberland 7,982 676 8.20
Palmer Coking Coal Co. YWos. 10,
11, 12, Black Diamond 3kL,2L2 1,062 701
Palmer Coking Coal Co. Danville Landsburg 18,201 1,005 5.93
Palmer Coking Coal Co. Palmer Durham 1,hk92 L26 6.C3
Renton Mining Co. No. 1 Renton 9,2L8 Lo2 7.16
Springbrook Mining Co. No. 3 Renton 8,931 726 7.L0
Spring Glen Coal Co. No. 1 Renton 757Th 829 7.58
Strain Coal Co. Newcastle Newcastle 17,051 708 6.35
Totals for county 3CE,505  AV. BLO  Av. ¥ 6.5L0
KITTITAS COUNTY
Jonesville Coal Co. No. L Ronald 3,680 177 $ 5.20
N.W. Improvement Co. No. 3 Ronald 227,628 993 6.63
N.V. Improvement Co. No. 9 Roslyn 182,821 961 6.3
N.W. Improvement Co. Strip Roslyn 77 Ll 1,906 6.62
Roslyn Cascade Coal Co. No. L Ronald 106,328 721 7.06
Sun Ray Coal Co. No. 1 Roslyn 77 il 8 8.08
Totals for county T97,918  AV. 9L9 Av. ¥ 6.70
LEWIS COUNTY
Black Prince Coal Co. No. 3 Centralia L ,00L 1,250 $ 5.00
Bucoda Coel Co. Bucoda Centralia 1,273 255 L.92
Columbia Coal Co. No. 1 Centralia 3,267 591 5.10
Golden Glow Coal Co. No. 1 Centralia L30 331 5.70
Monarch Coal Co. Monarch  Centralia 36,670 1,091 5.00
Stoker Coal Co. Martin Centralia 6,L89 756 S.5L
T & T Coal Co. No. 1 Centralia 62 5.10

62
Totals for county 52,195 Av. B95 Av. ¥ G.1L
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TABLE YT (continued)

COAL MINE STATISTICS FOR THE YEAR 1948

Av, yearly
Total cosl output per Coal value
Name of production man shift at mine
Name of company mine Town (tons) (tons) (per ton)
PIERCE COUNTY
Carbcnado Coal Co. No. 1 Carbonado 5,804 8L41 $ 7.05
Carbon Wingate Coal Co. No. 1 Wilkeson Lli2 116 7454
Champion Coal Co. Champion Wilkeson 175 175 7.30
Gale Cr. Cosl Co. Gale Creek Wilkeson 2,557 511 7.32
Sparton Coal Co. No. 1 Wilkeson 226 65 7.33
Wilkeson=fingate Wilkeson=
Coal Company Tingate  Wilkeson 9,836 887 6.91
Totals for county 15,000  Av. 808  Av. ¥ 7.03
THURSTON COUNTY
Strain Coal Co. Tono Tono 61,077 1,289 $ L.63
WHATCOM COUNTY
Rellingham Coal Co. No. 1 Bellingham 136,240 843 $ 7.29

Grand totals for 19L8 1,222,035 Av. 905 Av. $ 6.51
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the plant. In an oil<burning plant the fuel oil is stored in tarks and pumped

tc the burners at the proper temperature.

As mentioned above, fuel oil prices in the Pacific Northwest have

varied from 90 cents a barrel to $2.85 a barrel in the past few years. The

present price in tanker lots is approximately #1.60 a barrel. For the purpose

of this report, it would appear that the figure of #1.60 a barrel is a reasonable

average cost.

In coal-turning plants provision must be made to unlcad the coal and
store it. This is usually done by placing the coal in large piles in an area
adjacent to the plant. When certain types of subbituminous coal are used,
storage must be provided such that the coal can be submerged or otherwise
handled to prevent loss of volatile matter and to safeguard against spontaneous
combustion. Depending upon whether the ccal is burned in stokers or as powdered
coal, the ccal must be variously prepared for use. If the fuel is ccal, boiler
foundations and setting must be so arranged as to facilitate ash handling.
Provision must be made for the disposing of ash. The flues must be equirped
with precipitators to control fly ash.

Referring to table XI, a reasonable mouth-cf-mine value for Kittitas
County bituminous coal is $6.50 per ton. Carload-lot freight to the Puget
Sound area is #2.80 a ton. This gives a delivered price alongside a fuel-
burning plant, located on Puget Sound, of $9.30 per ton.

A somewhat lower price can be used for Lewis and Thurston County sub=-
bituminous coal. An average mouth-cf-mine value for this coal is $5.00 a ton,
and the freight to the Sound is about §1.70, making a total cost of $6.70 per
ton delivered alongside a fuel-burning plant on Puget Sound.

A discussion with men in the industry indicates that subbituminous

coal in a mechanized mine operating continuously could be produced for £3.50
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per ton at the mouth of the mine. This would reduce the cost of this coal
alongside a plant on Puget Sound to $5.20 per ton.

The cost of a good grade of Utah bituminous ccal, delivered in the
fuget Sound area, in recent months has been $10.85 a ton. It would seem reason-
able to use this figure as representing the cost of Utah coal. The Utsh coal
is a good grade of bituminous coal, with low moisture content and relatively
high heat value.

It is usual to design a fuel-burning electric-generating plant sc
that the various fuels available in the area can be burned interchangeatly.

In this region a plant should be designed with the setting sufficiently high
to permit the handling of ashes. Rurners should be provided suitable for
powdered ccal, oil, or natural gas. The site for such a plant shoulc be so
chosen as to be convenient for tanker shimment of oil, and barge or rail ship-

ment of coal. Of course, location relative to a supply of good condensing
water and location with respect to centers of load are also prime considerations.
A summary of the cost of fuels available for steam-electric generating
plant use is given in table XII. Costs are given in dollars per unit of fuel
and in cents per million B.t.u., as received, and as fired.
Referring tc tatle XII, fuel oil at 26.8 cents per million B.t.u.,
as fired, is the lowest cost fuel available for a steam-electric generating
pPlant in the area at the present time. 0il is easy to store, and plant operation
on fuel oil does not have the problem of ash handling and disposal. For the
purpose of comparison of fuel-burning generating plants with hydroelectric
generating plants, fuel oil will be assumed to be the fuel burned.
Table XIII is a tabulation of fuel costs in steam-electric generating
stations in other parts of the United States. The data are for the year 1947.

The fuel cost as listed in table XIII for nine of the stations is materially
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TABLE XII

SUMMARY OF FUEL COSTS

Cost per million B.t.u.

Cost per unit (cents)

Type of fuel Unit (dollars) As rec'd As fired
Fuel oil Bbl. $ 1.60 25.5 26.3
Bituminous coal:

Utah Ton 10.85 1.2 LS.y
Washington Ton 9.30 35.2 38.8
Utah (in Salt Lake City) Ton 6.23 2L.6 2640

Subbituminous coal:
Intermittent operation Ton 6.70 LO.O Lk 0
Rase-load operation Ton 5.20 31.0 3L.19
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TABLE XIII

COST OF FUFL AS FIRED IN STEAM-ELECTRIC
GENERATING STATIONS 1IN OTHER PARTS OF THE UNITED STATES

State

Alabama
California
Florida
Georgia

T1linois
Maryland

Massachusetts

Michigan

New Jersey
New York
North Carolina
Ohio

Oklahoma
Pennsylvania
Rhode Island
Texas

Washington

Conpany
Alabama Power Co.
San Diego Gas & Electric Co.
Florida P. & L. Coe.
Georgia Power Co.
Commonwealth Edison Co.
Con. Gas & Elec. of Baltimore

Boston Edison Co.

Detroit Edison Co.

Pub. Serv. Elec. % Gas
Con. Edison Co. of N. Y.
Duke Power Co.

Ohio Power Co.

Oklahoma Gas & Elec. Co.
Philadelphia Elec. Co.
Narragansett Elec. Co.
Dallas Power & Light Co.

Puget Sound P. & L. Co.

1947 data

cost per  Type

million B.teu of

Name of plant (eents)  fuel
Gorgas No. 2 20042 Coal
Silver Gate 28.50 0i1
Lauderdale 32.0 0il
Arkwright 15.8 Gas
Powerton 17.05 Coal
Riverside 274149 Coal
Mystic 33.05 Coal
Trenton Channel 27,50 Coal
Essex 31.90 Coal
Hell Gate 30.05 Coal
Riverbend 28.75 Coal
Tidd 11.22 Coal
Arthur S. Huey 8.59 Gas
Richmond 27.8 Coal
South Street 32.55 Coal
Dallas 7.8 Gas
Shuffleton 26.3 0il
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greater than the present cost of oil in the Puget Sound area. In 1947 only
four plants in table XIII had fuel costs less than the Shuffleton (Tacoma,
Washington) steam plant.

It would seem that the reason hydroelectric power is being developed
in the Pacific Northwest to the exclusion of steam-clectric generating plants
is that water power is cheaper than steam in this ares, rather than that the

cost of fuel for steam-plant operation is excessive. This is varticularly true
in view of the distribution of cost in Federal multiple-purpose hydroelectric

projects in this area.
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VIII. THE COST AND OPERATING CHARACTERISTICS
OF FUEL-BURNING ELECTRIC-CENERATING PLANTS

THE MODERN STEAM FPLANT

As the prime purpose of this report is to discuss the role of modern
steam-electric generating plants in the program of development of the electric-
power resources of the Pacific Northwest, it seems important to describe such
a plant in detail. The cost of equipment, labor, and fuel have all increased
rapidly in recent years. Modern design has taken these factors into considera-
tion, and the result is a highly efficient fuel-burning and electric-generating
combination requiring a minimum of maintenance and operating labor.

In many of the modern plants constructed since the last war, equipment
has been grouped so that the entire operation from fuel to outgoing electric

energy is under the control of one operator at one point in the plant. The

usual design is to group two large boilers and a large turbine together with
necessary auxiliaries and controls to constitute approximately 100,000 kilowatts
of plant capacity. As the plant is expanded, a second unit of the same size
is added and the controls so located that one operator can still supervise the
entire operation.

Figure XVII is an exterior view of one of the newest plants of the
Pacific Gas and Electric Company. This plant, known as Station "P", is located
on San Francisco Bay, a short distance south of East Bay Bridge. Figure XVII-A
is a view of the turbine room of this station. One of the 100,000-kilowatt

turbine-generator units is located in the left front. The second unit is in

the back of the picture. Also located in the turbine room are the house turbines,

boiler feed pump, and other station auxiliaries.
Figure XVIII shows a cross section through this plant. Two boilers

are shown on the right~hand side of this section. The turtine is shown on the
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left-hand side. The control room is located between the boiler house and
turbine room. Steam passes from the boilers through the main steam headers

to the turbine unit. Cooling water flows through water tunnels fron the bay

and enters the plant as shown in the lower left~hand corner. The main circulat-
ing pumps circulate the salt water for cooling purposes through the surface
condensers attached to the under side of the turbine unit. From the condenser

the circulating water rasses through a discharge tunnel and back to the bay.

Figure YIY shows a cross secticn through one of the boilers in
Station "P", Referring to figure XIX, natural gas and fuel oil enter the
boiler on the left at the point marked "burners.” To sucport combustion, a
large quantity of preheated air is required. Air enters the boiler through the
air heater located on the right-hand side of figure XI¥, passes up through the
tubes of the air heater and through ducts to the burners where it is mixed with
fuel as it enters the combustion chamber. The primary combustion occurs in the
combustion chamber of the boiler, surrounded on all sides by water walls. These
water walls consist of a large number of tubes installed adjacent to one another
to completely cover the area of the walls of the combustion chamber.

The procducts of combustion rass upward through the surer-heater and
economizer sections and then down throurh the air heater to the stack. Vater
enters the boiler at the main drum and is changed to steam as it circulates
through the many tubes in the boiler. Saturated steam collects in the top of
the main steam drum. The steam flows from the steam drum through the super-
heater tubes and then through the main steam headers to the turbine.

Figure YX is a photograph of an artist's sketch of a longitudinal secticn
through a modern steam turbine. This section is of a Generzl Electric Company

100,000-kilowatt tandem-compound steam turbine similar to those installed in
Station "P",
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There is no piece of equipment in the electric industry which has

had greater advance in design in recent years than the steam turbine-generator
unit. As late as 1922 only the smaller turbine-generator units revolved at a
speed of 3,600 revolutions per minute. The largest unit of this rotational
veloelty in 1922 was a 7,500-kilowatt unit. Improvement in the strength of
materials, inerease in throttle pressures, and development of the tandem-compound
unit, with dual passages of low-rressure steam to the surface condenser, have
all contributed their part to the increase in capacity of the 3,600-r.p.m.
turbine unit. Similar increases in the capacity of the generators have been
accomplished by the improvement in metals, the design of the rotating fields,
and the application of hydrogen gas to the cooling of the units.

Paralleling the advancements in the design of the principal units
have been improvements in auxiliary equimment, instrumentation of process, and

developneﬁt in combustion contrcl. When we sreak of a modern steam plant, we
mean this assembly of modern equipment capable of producing large blocks of
relatively low-cost electric energy.
PLANT INVESTMENT

The "Statistical bulletin of the Edison Electric Institute for the
year 1948" shows that approximately 71 percent of the total electric energy
generated in the United States in the year 1948 was generated by fuel-burning
plants. It is reasonable to assume that the reason for generating 71 vercent
of the energy by fuel-burning plants is that it is cheaper. In a sense, this
figure of 71 percent summarizes the decisions of those in charge of the construc-
tion programs of all the power companies in the United States.

The choice between steam-electric and hydroelectric generation is not
static. On existing systems a new plant is designed to fill a particular re-

quirement of serving the increasing demands of a system. The choice must be
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based on which type of generation can be added tc the existing resources of the

system to give the minimum production cost.
Theoretically, the minimum cost of opersting a steam plant is obtained
when the fixed costs and variable costs are equal. Such a conditicn can only

be approached in actual operation because of the many variables entering inte

steam-rlant operation. The annual load factor changes during the life of the

plant. Fuel costs may increase or decrease. Bond interest and the cost of
risk money vary. Construction costs of a vlant vary with labor conditions,
plant location, and variations in equipment cost.

In the early days the construction cost of steam-electric generating
plants was relatively high. Small boilers were used to generate steam to
operate Corliss steam engines which were used as the rrime movers to drive
electric generators. With the advancement of the engineering practice, plant
costs decreased rapidly. There was a corresponding increase in the efficiency
of plant operation. Tending to offset and erase these gains were increasing
costs of labor and material entering into the completed plant. A survey of
plant costs since 1900 shows costs as low as $50.00 per kilowatt of plant capac-
ity, and as high as $250.00 per kilowatt.

The modern steam-electric generating plant consists of one or more
groups of equipment, each group complete within itself. Fach group consists
of fuel storage and handling equipment, boilers, turbine generators, and neces=-
sary switching and control. Several of the newer plants constructed within the
past two or three years have consisted of two boilers furnishing steam at approxi-
mately 1,500 pounds pressure and 950° F. total temperature to a 100,000-kilowatt,
3,600-r.v.m. turbine-generator unit. These major pieces of equipment are housed
in modern buildings and supplemented by necessary auxiliaries and controls to

produce a highly efficient source of electric power which can be operated and
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maintained at a minimum cost of labor and materials.

The investment in such a plant at present-day cost levels may vary
from #120.00 to $160.,00 per kilowatt. Variations in this investment cost will
derend uron the tyre and unit cost of fuel, foundation conditions, and location
of the plant with respect to a major metropolitan area. The availability of
a good suprly of circulating water will also affect the over-all cost. A figure
of #150.00 per kilowatt will be used in this report.

FIXED COSTS

Certain of the costs of operating an electric utility have been classi-
fied 28 fixed costs. These include interest, taxes, insurance, and depreciation.
The following tabulation lists approximate figures for these four components of
fixed costs as they are applied in present-day accounting methods to privately
and publicly oprerated utility systems.

FIXFD COSTS OF STEAM-ELECTRIC PLANTS

Probable
Percent of capital investment future
Public systems Private systems charges
Interest ' 2.5 6.0 3.0
Taxes (property) - 2.0 2.0
Insurance - 1.0 -
Depreciation 2.93 1.82 2.75
Total 5.43 10.82 7.75

The interest component of public-system cost is stated as the cost
of the bonds used to finance the project. In the case of the private system,
interest includes not only interest on bonds, and dividends on risk capital,
but also other costs of financing. A property tax of 2 percent of capital
investment includes only the ad valorem tax on system projects. It does not

include Federal, state, county, and city taxes other than property tax.
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Depreciation has been figured on a 25-year life basis for both systems.

The fact that public systems do not contribute materially to the

revenue of Federal, state, county, and municipal governments does not mean
that the cost of electric energy will be less to the ultimate consumer; it
simply means that additional sources of tax revenue must be found elsewhere
to support schools and local govermments.

There has been a definite tendency throughout the United States to
recognize this factor and to correct it by assessing public systems to increase
the revenue of local divisions of govermment. Since this report looks to the
future operation of power systems in the area, a total figure of 7.75 percent
has been chosen as realistic for the fixed costs of fuel-burning electric-
generating plants.

PRODUCTION EXFPENSE
The principal elements of production expense in a steam-electric
generating plant are:
1. Fuel
2. Operating labor, supervision, and engineering
3. Operating supplies and expense
L. Maintenance (labor, materials, and expense)

In the modern steam-electric generating station operating at high
plant factor, fuel is arproximotely 75 percent of the total production expense.
Labor constitutes about 10 percent of production expense. Most of the remainder
of production expense can be considered to be maintenance. This includes the
labor of maintenance, together with the repair materials and other miscellaneous
expenses relating directly to maintenance.

The effieclency of a steam~electric generating plant may be expressed

in unite of fuel consumed per kilowatt-hour of electric energy generated. If
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this method is used, the heat value of a unit of fuel must be given. Perhaps
the simplest way of expressing the efficiency of a plant is to give the number
of heat units (Pritish thermal units) per net kilowatt generated. This is

sometimes referred to as the R.t.u. requirement from "as fired" to "send out."
Also important in indicating the probable over-all cost of operation
is a statement of the number of men required to operate a plant.
There is a very close relationship between the cost of fuel and proper
plant investment. If the fuel cost is low there is little justification for
expenditures of money to improve the efficlency of operation of a plant. As

the cost of fuel increases there is justification for greater plant investment

to obtain higher efficiency of operation.
Figure XXI shows graphically the chronological improvement from 1921

to date in the average efficiency of all steam-electric plants dedicated to

public use in the United States. This average efficiency is expressed in pounds

of coal consumed in the production of a kilowatt-hour of electric energy. This
average varies from 2.7 pounds per kilowatt in 1921 to 1.3 pounds in 1948.

Because this average efficiency includes a large number of the older plants,

it lags considerably behind the operating efficiency of some of the newer plants.
Some of our modern plants require less than one pound of coal to produce a kilowatt-
hour.

Since the beginning of the second World War there have been rather
rarid changes in both construction and operating costs throughout the electrical
industry. Figure ¥XII shows graphically the trend in fuel costs in three
typical steam-electric generating plants in the United States. Also included
in figure XYII is a curve showing the trend in the Engineering News Record

index of electrical construction costs in recent years.
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A SUMMARY OF STEAM PLANT COSTS
There are so many variables which may influence materially the cost
of steam-plant operation that, no matter what refinements are calculated, it is
impossible to more than approximate the total annual cost of operation. Usually,

when a new plant is constructed it is more modern than its predecessors. Under

these conditions it will be operated on base load, at high nlant facter. As

the years go by and newer and more efficient plants are constructed to serve

the growing load of the system, it is normal to operate the older plants at lower
plant factor, giving the base-load assignment to the most modern and efficient
plants. Such changes effect fuel economies by reason of standby losses. Units
on the line for spinning reserve tend to reduce the over-all fuel economy. For
the purpose of this summary such factors have been neglected.

Plant investment is assumed to be $150.00 per kilowatt. Annual fixed
costs are taken at 7.75 percent, or $11.62 per kilowatt-year.

Fuel cost is taken at #1.60 per barrel of oil, as received. This is
equivalent to 25.5 cents per million B.t.u., as received, or 26.8 cents per
million B.t.u., as fired. The over-gll efficiency of the steam plant from
"as fired" to "send out" is assumed to be 12,000 RB.t.u. per kilowatt-hour. On
this basis the kilowatt-hour production becomes 83.3 kilowatt-hours per million
B.t.u. The fuel cost per kilowatt-hour is 3.22 mills. The folicwing distribu-
tion of production expense is assumed at 80 percent plant factor: Fuel, 75 per-
cent; labor, 10 percent; maintenance and supplies, 15 percent. On this basis
labor and maintenance expense are 1.08 mills per kilowatt-hour.

Figure XXIII summarizes the fixed and variable costs of operation on
the basis of the above assumptions. Total cost is stated in cents per kilowatt-
hour as a function of the average monthly hours of operation. This curve assumes

equal hours of operation for each month of the year. Two curves are shown on
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figure XXIII. The upper curve represents the costs as summarized above. The

lower curve assumes lower production cost and represents the best operating
practice which has been developed by some of our more recent high-pressure
plants, similar to the Tidd plant of the Ohio Power Company and Station "P"

of the Pacific Gas and Electric Company.

Referring to figure XXIII, if the plant were used for peaking purposes
and operated only 100 hours per month or 1,200 hours per year, the cost in the
average plant would be 19.2 mills per kilowatt-hour, or 1.92 cents per kilowatt-
hour. If operated at 80 percent plant factor or 7,000 hours a year, or 585
hours per month, the cost of the average plant would be 6.3 mills per kilowatt-
hour. Similar comparisons could be made with the somewhat more efficient

operations of the modern plant.

A TABULATION OF FLANT COSTS

The Federal Power Commission in 1948 published a book entitled "Steam
electric plant construction costs and annual production expenses, 1938-1947."
The construction and operating costs of some 200 steam-electric generating
plants are listed in the publication.

For such plants as the information is available, the Commission has
listed, by years, production expense and fuel costs for the period 1938 through
1947. The trends in the cost of operating labor, fuel, and maintenance all
showed decided upward trends.

Not much information is available for the newer plants constructed
in the postwar period; however, such information as is available indicates a
definite trend toward higher pressure steam, larger units, and a reduction in
the number of men required to operate and maintain the plants. Table XIV is
the tabulation for the Ohio Power Company's Tidd plant at Brilliant, Ohio.

This tabulation is similar to the one in the Federal Power Commission's report,
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TABLE XIV

PLANT INVESTMENT AND OPERATING COSTS

OF A MODERN STEAM-ELECTRIC STATION

Name of utility: Tidd Flant (The Ohio Power Company)

Tine

no.

1

YEAR 1948

Installed generating capacity, megawatts (nameplate) 200

Vo VNoNn oW no

10
1l
12

Net generstion, million kilowatt-hours 975
Plant factor, percent 86
Peak demand on plant, megawatts (60 minutes) 221
Flant hours: Connected to load 8,669
hot, not commected to load 11
held in cold reserve 10k

COST OF PLANT: (thousands of dollars)
Land and land rights $¢ 116
Structures and improvements L ,966
Total cost ¥20,377

13 Cost per kilowatt of installed capacity $ 101.88 Mills per
“IE““1ﬁﬁﬁﬁﬁ?iﬁiﬁﬁﬂ€%§ﬁ§i $ 1,000 Kwh

15 Operation labor, supervision and engineering .

16 Water 18 0.018

17 Operation supplies and expenses 36 0.036

18 Maintenance (labor, material, and expenses) 2L6 0.253

19 Rents - -

20 Steam from other sources or steam transferred - -

21 Joint expenses - -
F) Total, exclusive of fuel $ L% 0.508

2L Total production expenses p *

25 Production expenses (excluding fuel) per kw § 2.48

26 FUEL USED: Quantity Cost

217 Coal, 1,000 tons of 2,000 1bs. and cost per ton LB37 .

28 Bt.u. per 1b. and cost per million B.t.u. 11,405 ¢

29 0il, 1,000 Bbls. of 42 gal. and cost per bbl. - -

30 B.t.u. per gal. and cost per million B.t.u. - -

31 Gas, million cu. ft. and cost per 1,000 cu. ft. - -

32 B.t.u. per cu. ft. and cost per million B.t.ue. - -

33

3L

35 Average B.t.u. per kilowatt-hour net generation 11,375

36 Average number of employees 98
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but was obtained directly from the American Gas and Electric Corporation, New
York City. Referring to table XIV, the first turbine generating unit and the

first two boilers of this installation, together with land, structures, and

improvements, represent contracts and construction costs of 1943-1945.
Referring to figure XXII, this represents a construction index average

of approximately 241. The second turbine-generator unit and two additional

boilers were added in 1948. The cost index for this construction is approximately
340,
Referring to table XIV, line 13, the average cost of construction of
this plant was $101.88 per kilowatt. If constructed at the present level of
cost, this plant would probably cost between $140.00 and $160.00 per kilowatt.
The Tidd plant requires only 98 men for operation and maintenance, which is only

a snall fraction of the number required in some of the older plants. For example,

the Philo plant of the same company has L3l men to operate a L1S5-megawatt plant.
This is equivalent to approximately one man per thousand kilowatts of plant
capacity for the Philo Plant, as compared with one-half man per thousand kilowatts
at the Tidd plant. The original construction at the Philo plant was in 192}
with three additions in later years.
FUEL-BURNING CHARACTERISTICS OF A MODERN BOILER

Previously in this report, under section VII, an gnalysis was made of
the availability of fuels for central-station operation in the Pacific Northwest.
The comparison of cost between the several fuels was made on an "as fired" basis.
Such a comparison is not entirely accurate because it does not take into con-
sideration the differences in the efficiency of combustion of the fuels.

If this were a specific project study to determine the choice of fuels,
it would not only be necessary to determine the relative efficiencies of com=-

bustion but also the deterioration in heat value of a fuel while stored, as well
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as the relative fixed cost and production expense involved in handling the fuel

from alongside the plant to the point of firing. The present discussion will

be limited to the differences in efficiency of combustion of the several fuels.
Table XV is a comparison of the heat losses in a boiler burning the

several fuels considered in this report. For the purpose of the comparison it

is assumed that these fuels are burned in a modern steam boiler designed with

a maximum 2l-hour rating of 650,000 pounds of steam per hour and operated at
500,000 pounds per hour. It is further assumed that these boilers are equipped
with the necessary combustion control to give the maximum efficiency commensurate
with normal industrial operation of the unit.

Referring to table XV, column 1 shows the estimated losses for a boiler
operating with a good grade of bituminous coal with moisture not exceeding
3.7 percent. The total heat loss in this operation is estimated to be 12.8
percent. This is equivalent to a boiler efficiency of 87.2 percent.

The calculations in column 2 are for a local subbituminous coal with the

following proximate analysis:

Moisture 26 . 3 %
Volatile matter 33.6
Fixed carbon 32.9
Ash 6 o?
Total 100.0 %

It will be noted that this coal has relatively high moisture and
volatile matter. The presence of moisture in the fuel increases the stack
losses by the amount of heat energy required to evaporate the moisture. It
is necessary to maintain a minimum flue-gas temperature of about 250° F. at
the point where the flue gases leave the air heater. This is necessary to
prevent a possible deposit of sulphuric acid on the walls of the air-heater
tubes, or in the breaching between the air heater and the stack. If the tempera-

ture of the flue gas is allowed to drop below the dew point, deposits of moisture
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TABLE XV

RELATIVE EFFICIENCY OF COMBUSTION OF FUELS

Sub=
Good grade bituminous
Heat losses bituminous coal coal 0il
(1) ) [6))
Dry gas 5.7% 6.6% L.3%
H2 and H20 in fuel 3.8 9.9 5.8
Moisture in air 042 0.2 0.1
Unburned combustible 12 1.5 -
Radiation 0.k 0.l 0.4
Unaccounted=for loss 1.5 1.5 1.5
Total loss 12,8% 20.1% 12.1%

Unit efficiency 87.24 79.9% 87.9%

Natural gas

L.g
10.5

0.1

0.k

1.5
1649%
83.14
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and acid will occur.

There are two ways in which flue gas may acquire an excessive burden
of water vapor. Perhaps the easiest to understand is the case in which there
are large amounts of water present in the unburmed fuel. A second source of
water vapor in the flue gas is the combustion of the fuel to form water. This

is particularly true in the case of the burning of natural gas which contains

large quantities of methane (CHh) and hydrogen (H2)' Tn burning, methane and
hydrogen combine with oxygen in the process of combustion to form water wvapor.
Each pound of water vapor passing up the stack carries with it 970 B.t.u. of
heat plus some additional heat to superheat the moisture in the flue gas.
Table YVI shows the cost of fuel in cents per million B.t.u. of heat,
both "as fired" and "as steam." The "as fired" cost is taken directly from
table XII. The fuel costs in steam as shown in column 2 of table XVI are
those of column 1 adjusted for the efficiency of combustion shown in table XV.
It will be noted that oil, with its relatively high efficiency of combustion,

has an even greater advantage over coal in the form of steam.
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THE COST OF FUELS AS STEAM

TABLE XVI

Type of fuel

Fuel oil

Bituminous coal:
Utah
Washington
Utah (burned in Salt Lake City)

Subbituminous:
Intermittent operation
Base-load operation

Cost per million B.t.u.

(cents)

As fired As steam
26,8 30.5
L5.4 52.0
38.8 Lo
26.0 29.8
LkeO 5540
34410 h2.7



IX. THE ECONOMICS OF THE COMBINED OPERATION
¥ WATER-FOWER AND

A GENERAL COMPARISON OF WATER-FOWER AND STEAM-FOWER PROJECTS

Section VII of this report described the characteristics and avail-
ability of fuels for steam-electric generating plants in the Pacific Northwest.

Section VIIT discusses the economics of fuel-burning electric-generating stations.

The results of this latter section are summarized on figure XXIII and indicate
that, for an annual load factor of aoproximately 72 percent, the cost of electric
energy generated from the fuel-burning electric-generating rlants would cost
about 6.0 mills per kilowatt-hour. Figure XXIII is plotted on average hours a
month. A 72 percent load factor is equivalent to an average operation of 526
hours per month.

The cost of the present program for development of water power in the
Pacific Northwest is discussed in section VI. The figures show that, if all
the costs of this program are charged to power, power delivered to the load centers
west of the Cascade Mountains will cost approximately 6.0 mills per kilowatt-
hour, on the basis of the program set up in Phase C-2 of the Army Engineers'
Review 308 Report. In short, if all the costs of the development of water
power on the Columbia River are charged to power, the cost will be about the
same for water power as for steam. In section VI, under the subheading
"Coordination of present resources and Phase C-2," it is shown that the resources
included in the Phase C-2 program will be required not later than 1965 if the
secular trend of load growth continues at the present rate.

Viewed from the standpoint of collateral benefits accruing to the
Pacific Northwest, if the costs are as shown one must certainly choose the

program for development of the water-power resources as set forth in the Army
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Engineers' report. The present study is concerned with the relative cost of

electric energy generated by steam-electric and hydroelectric plants, hence no
allocation has been made of hydroelectric plant costs as between power, irri-
gation, navigation, and flood control. It is enough to point out that the
collateral benefits dictate the necessity of earrying out the develomment of
water power on the Columbia before consideration can be given to any large
program of develomment of steam-power projects for base-load operation in the
Pacific Northwest. This last statement, however, does not mean that there is not
a place in the immediate program for a limited amount of modern steam-generated
electric energy to supplement the output of the water-power projects. However,
before even additional supplemental steam can be considered, a method must be

found of distributing the cost of the rroject so that this burden does not fall

on one system or one group of customers.

COORDINATED OFERATION OF STEAM AND HYDRO PROJECTS

The water year of the Northwest Power Pool is from July 1 to the
following June 30. This period was chosen because of the nature of the flow
of the principal rivers in this area. Spring rains and water from the melting
of snow normally fill all the storage reservoirs by July 1. The nature of the
flow of the Columbia River in an average water year is shown in figure XIT.
Referring to figure XII, the months of January, February, and occasionally
March, are periods of relatively low flow. This is also true of the months
of October, November, and December. By Arril, thawing has begun in the river
basins in the upper reaches of the prineipal streams, and increased flows of
the rivers may be expected until the greater part of the snow and ice deposited
in the winter months is melted. By August, on most rivers in this area, this
flood flow has largely disappeared. On the main stem of the Columbia and the

Footenai, with drainage basins far to the north, this flood flow continues into
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October. Figure XXIV shows graphically the distribution of flood flow on
several important streams of the Northwest.

In discussing the cost of power, hydro power is known as power with
a zero increment cost. The total cost of hydro power is independent of the
amount of energy produced by the plant. Nearly all the costs are continuing
costs and independent of station load.

Steam plants are said to have a fuel increment. A steam plant has
continuing costs by reason of the investment, and where labor is held for
continuous operation, the labor costs, as well as maintenance, can be considered
as continuing costs. However, each time a steam plant is operated, a certain
amount of fuel in the form of coal, o0il, or natural gas is consumed. As shown
in section VII, under the subheading "A summary of steam plant costs," the fuel
increment of a modern steam plant burning fuel oil costing $#1.60 as received
is 3.22 mills per kilowatt-hour. It is obvious that zero increment hydro power
will always be used, if available, before starting up a steam plant. The only
exception to this rule is where the hydro power would be generated by draft from
storage and the storage held for operation later in the current operating year.

With the more complete development of the Columbia River and tribu-
taries and the addition of upstream storage to reduce the maximum floods on
the rivers, it is doubtful if steam plants will be operated during the period
of flood flow.

The flow of the stream during the flood season will be sufficient
to serve the entire electric load requirement of the area and to fill all
storage reservoirs. With flood flow into October, all storage reservoirs should
be full as of the first of October.

The power supply from October 1 through March will depend upon the

combination of power generated from the natural flow of the stream plus power
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generated from draft on storage. Figure XXV shows a plot of the mean and
critical annual flows of the Columbia River at Grand Coulee. The difference

in this natural flow is approximately 19,000 cubic feet per second. The natural
flows from year to year will vary from the critical flow, as shown, to a maximum
flow about the same distance above the mean flow as the critical flow is below
mean flow. The modified-critical flow is the flow about halfway between mean
flow and critical flow. As previously mentioned, critical flows can be expected
about once in 20 years. Modified-critical flows can be expected about once in
Ly years.

The difference between critical and mean flow, as shown on figure XXV,
averages about 19,000 cubic feet per second throughout the controlled flow
period. Assuming this flow to pass through all plants from the Grand Coulee
project to the sea, this flow is equivalent to 1.5 million kilowatts, about

750,000 kilowatts of which would be between critical flow and modified-critical
flow, and about 750,000 kilowatts between modified-critical and mean flow.

The electric deficiency resulting from low natural stream flows of
the rivers on which hydroelectric plants are located in this area is an energy
deficiency. To adjust for this deficiency, either the supply of available
energy must be increased or the energy requirements of system load must be
decreased. System energy can be increased by (1) additional upstream storage
used only to supplement the natural stream flow during critical water years,
(2) generation of electric energy in steam-electric plants.

The energy requirements of the system can be decreased by curtailing
electric energy usage. This can be accomplished by the exercise of the provi-
sions of interruptible power contracts. Under more severe energy deficiency it
becomes necessary to resort to power-curtailment programs, in which all power

customers must be requested to conserve electric energy.
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IX. Economics of Combined Operation of Water-Power and Steam Plants 1.

Numerous upstream storage projects in addition to those included in
Phase C-2 on tributaries of the Columbia River have been studied by the Army
Engineers. Several of these projecfs show considerable promise. The choice
between steam-electric plants and such projects must be made by comparison of
the total annual cost of such projects with the total annual cost of a steam-
electric generating station. Storage, when operated to supplement eritical

stream flows, would be kept at maximum storage level, except where the storage
was also used for flood control. If used for flood control, the amount of draw-
down of the storage each year would be dictated by the findings of the annual
snow survey for the particular drainage basin.

Operating experience of electric power systems has shown that there
are definite advantages in having a certain amount of steam-electric generation
even though the major portion of the power requirements of the system are
produced by water-power plants. At the present time, on the system of the
Northwest Power Pool approximately 9 percent of the installed capacity is driven
by steam prime movers. The present steam-electric generating resources in this
area are about 375,000 kilowatts. This is equivalent to about 25 percent of the
difference in average energy produced from the natural flow of the rivers for
average and critical-flow conditions. Here in the Pacific Northwest it is
difficult to find necessary capital to build steam-electric genersting plants in
competition with the multi-purpose projects of the Federal Government. If means
could be found to distribute the cost of the steam-electric generation over the
entire energy consumption of the area, it might be possible to introduce some
steam generation as insurance against eritical water conditions.

The use of interruptible power contracts is not always as simple as
it might appear. In practically all instances the exercise of the interruptible

feature of the contract means idleness to labor. If the customer is to receive
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power under an interruptible contract at the same time that all steam-electric
generation is in full operation to produce additional energy, this creates a
hardship for the omers of the steam-electric generating plants. In this par-

ticular area the existence of a large block of interruptible power contracts

makes it very difficult to determine the hours of operation which would be
required of any additional steam-electric generating projects. It should be
possible to eliminate, in part at least, the effect of interruptible power
contracts by inserting a clause in the contracts requiring the customer to vay
an increased rate for power if supplied during the_neriod in which steam-
electric generating plants are operated.
COMPARISON OF COST BY TYPES OF LOAD

The characteristics of the daily load curve of an electric-power

system were discussed in section IIT, under the subheading "The characteristics

of electriec loads." It was pointed out that the energy requirements of a load
curve may be divided into the following classifications: base load, daytime
energy, preaking energy. In addition, there is the capacity required for system
standby reserve. In the following paragraphs a comparison will be made between
the cost of capacity and electric energy in hydro and steam projects when
assigned to serve the portion of the load curve represented by each of the
above classifications.

Base-load units are required to operate continuously. In a hydro
project this means that there must be water available 100 percent of the time
for the operation of a base-load unit. The following tabulation lists the fixed
costs and operating expenses of certain projects previously described in the
report. The costs are expressed in mills per kilowatt-hour for energy delivered

to the principal load centers west of the Cascade Mountains.
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Annual Transnission  Production expense
Project fixed cost cost Fuel Other Total
Steam 1.33 0.0 3.22 0.86 541
Chief Joseph
(Present storage)  2.42 1.0 0.34 3.76
John Day
(Phase C=2) b6 1.0 0.66 6.26

Referring to the tabulation for base-load steam operation, the fixed
cost of 1.33 mills per kilowatt-hour represents an investment of $150.00 per
kilowatt, with annual fixed costs of 7.75 percent distributed over 8,760 kilowatt-
hours. The fuel and other production expenses are described in detail in
section VIII and summarized on figure XXIII.

The cost for base-load operation of the Chief Joseph project is based
on the present regulated stream flow of the river. Project cost is $302.00 per
kilowatt of nominal prime capability. The fixed costs are taken as 6.3l percent,
and production expense as 1 percent of investment. Transmission to the princi-
pal load centers is figured as 2 mills per kilowatt-hour at 50 percent load
factor or 1 mill per kilowatt-hour at 100 percent load factor. An allowance
of 10 percent is made for losses to load center.

The John Day project is figured on the basis of stream flow corres-
ponding to the completion of Phase C-2. The investment is $575.00 per kilowatt
of nominal prime capability, or 4.6 mills per kilowatt-hour. The average cost
of transmission of 1 mill per kilowatt-hour is also used for 100 percent load
factor operation of this project.

Referring to the above tabulation, the total cost of operation of
the Chief Joseph project is less than either a steam plant or the John Day
project. This is to be expected, as the Chief Joseph project, with a design
head of 168 feet, is one of the finest hydroelectric sites in the Pacific

Northwest. It is interesting to note the magnitude of the transmission cost
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as compared with the project cost. This is one of the factors that plays
heavily in the favor of steam after the better hydro projects are in service

and new projects must be found to carry the increasing load of the area.

The second classification of load listed above was daytime energy.
This represents a load for about 16 hours a day, 5 days a week. This is
approximately a 50 percent load-factor operation. The following tabulation
lists the estimated costs of operation of the same projects over 50 percent

load=factor conditions:

Annual Transmission Production expense
Project fixed cost cost Fuel Other  Total
Steam 2.66 0.0 3.22 1.72 7.0
Chief Joseph
(Present storage) 3.04 2.0 0.42 5.2
John Day
(Phase C-?) 5.15 2.0 0.74 7.89

Referring to the cost of steam-plant operation at 50 percent load
factor, it will be noted that the fixed costs are doubled per kilowatt-hour of
energy produced. The fuel cost has remained the same. This is not strictly
accurate, as there are greater standby and "peaking prepared for" losses under
lower load-factor operations.

Referring to the 50 percent load-factor operation tabulation, the
Chief Joseph project is still the most economical operation of the three examples
shom. Tt will be noted that the fixed cost of this project is estimated to
be only slightly over the fixed cost of the base-load operation.

The reason for this is that, under 50 percent load-factor operating
conditions, the water which would go through one unit under 100 pvercent load-
factor operation would be distributed between two units under Sb percent
load=factor operation. The incremental cost of additional units at Phe project

in excess of the number required to pass the prime flow of the river is
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approximately $72.00 per kilowatt, even at the present-dey price levels. This
incremental cost is taken directly from the Review 308 Report.

In determining the hydro plant investment for 50 percent load-factor
operation, it has been assumed that the cost of one base-load unit and one
unit operating above prime flow of the river have been averaged as the per-
kilowatt cost for 50 percent load operation. In short, one unit at $302.00 per

kilowatt and one unit at $72.00 per kilowatt give an average plant investment

of #187.00 per kilowatt for 50 percent load-factor operation. Transmission
costs are doubled to allow for the additional transmission and substation equip-
ment required for 50 percent load-factor operation, particularly since the
operation is for daytime energy and is continuous for the lé~hour pericd.

Similar calculations were made in determining the operations of the
John Day project.

The determination of the cost of peaking resources cannot be made
with the same degree of accuracy as may be used in determining the cost of
resources for higher load-factor operation. Steam-plant investment for peaking
operation remains about constant, even though the hours of operation decrease
materially. Where operation of the plant is only for 2 or 3 months at time
of system peak, there is the problem of how to handle seasonal labor. Standby
and "peak prepared for" fuel costs become an appreciable proportion of total
fuel cost.

Similar approximations must be made in determining the cost of hydro
resources used for peaking purposes. The plant cost for peaking units aprroaches
closely the incremental cost of additional units. The overload characteristics
of plant and transmission equipment greatly influence cost, since peaking
operations are of such short duration.

Under high load-factor operation transmission lines are designed so
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that the value of additional losses is about equal to the incremental cost of
additional circuit conductors. For peaking purposes the stability limit of
the circuit becomes the dictating factor.

From the standpoint of system reserves, a spare unit in a hydro plant

can serve as effectively as a steam unit in the load center. In viewing this

last statement, it is important to realize that the transmission network from
the center of generation to the load areas along the Pacific Coast will be

interconnected with some 30 to LO eircuits by 1965. The loss of one circuit
will not materially affect the loading of the remaining circuits. With spare
hydro units at the numerous projects, reserves will be entirely effective except
from a standpoint of shortage of energy. This, of eourse, must be taken care
of by steam reserves, additional upstream storage, or interruptible contracts,
as previously outlined.

ELECTRIC ENERGY GENERATED IN INDUSTRIAL FLANTS USING PROCESS STEAM

There is one exception to the rather discouraging outlook for electric-
power generation from fuel-burning plants in the immediate future. This excep-
tion relates to possibility of electric-power generation by industrial plants
using large amounts of process steam.

The original construction of a number of such industrial plants in
the State of Washington occurred at a time when large quantities of hogged fuel
were available at a cost of about 7 cents per million B.t.u. With such low
fuel cost there was no justification for capital expenditures to gain efficiency
in these plants.

At sbout the time the supply of low-cost fuel began to disappear,
the dream of an unlimited amount of low-cost power from Federal plants on the
Columbia River began to affect the program of industrial power-plant construc-

tion. Power was supposed to become available in large blocks to industrial
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plants at 1 mill per kilowatt-hour. This program has not materialized, and there
are reports of probable rate increases.

It would seem worthwhile to re-examine the possibility of electric-
energy production as a by-product of the use of procegs steam. An efficiency
of 520 kilowatt-hours per barrel of oil equivalent to 12,000 B.t.u. per
kilowattehour "as fired" to "send out" represents good operation of a modern

condensing turbine-generator unit. In a condensing operation about two-thirds
of the heat input to the turbine throttle is carried away by the cooling water
passing through the surface condenser attached to the turbine.

Where large amounts of low-pressure process steam are required for
industrial process, it is possible to generate electric energy for about one-
third the heat energy required by the condensing unit. The heat equivalent of
a kilowatt-hour is 3,413 B.t.u. Allowing for gross boiler efficiency together
with friction and windage and excitation losses of the turbine-generator unit,
a kilowatt-hour can be produced for about 4,560 B.t.u. per kilowatt-hour. With
a fuel cost of 26.8 cents per million B.t.u. "as fired," the fuel cost per
kilowatt-hour is 1.22 mills.

The plant investment, including turbine-generator units and the
incremental cost of boiler, piping, and higher-pressure auxiliaries should not
exceed $100.00 per kilowatt. At 80 percent annual load factor and fixed cost
at 10 percent, the fixed cost per kilowatt-hour is 1.L) mills.

The total cost per kilowatt-hour, including incremental maintenance
and operating cost, would be less than 3.0 mills per kilowatt~hour, a very
reasonable figure as compared with the cost of electric energy generated from
water power or condensing steam-plant operation.

In existing plants the program as outlined above can only be accom-
plished over a period of a year as an integral part of maintenance, replacement,

and/or expansion of the existing facilities.
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