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PREFACE

The economic success and standard of living in this country have been
achieved, in part, at the expense of abundant supplies of low cost, non-
renewable, energy sources. In recent years however, diminishing reserves of
the preferred non-renewable energy sources, i.e. oil and natural gas, have
prompted a national energy policy which emphasizes conservation and the
development of new and renewable sources of ‘energy. This report is a direct
result of the national energy policy as it focuses on our major existing
renewable energy resource, hydroelectric power.

Congress, in the Water Resources Development Act of 1976 (P. L. 94-587),
authorized and directed the Secretary of the Army, acting through the Chief of
Engineers, to undertake a National Hydroelectric Power Resources Study
(NHS). The primary objectives of the NHS were (1) to determine the amount
and the feasibility of increasing hydroelectric capacity by development of new
sites, by the addition of generation facilities to existing water resources
projects, and by increasing the efficiency and reliability of existing
hydroelectric power systems; and (2) to recommend to Congress a national
hydroelectric power development program.

The final NHS report consists of 23 volumes. Volumes I and II are the
Executive Summary and National Reports respectively. Volumes III and IV

evaluate the existing and projected electric supply and demand in the United
States. Volumes V through XI discuss various generic policy and technical

issues associated with hydroelectric power development and operation. Volumes

XII and XIII describe the procedures used to develop the data base and include
a complete listing of all sites. Volumes XIV through XXII are regional

reports defined by Electric Reliability Council (ERC) regions. The index map
at the inside back cover defines the ERC regions., Alaska and Hawaii are
presented in Volume XXIII.

This volume, number XVIII, describes the hydroelectric power potential in
the Mid-American Interpool Network (MAIN) region. A map depicting all sites
described in the text 1s located in the jacket, inside back cover.




CONTENTS

Page
LIST OF FIGURES 114
LIST OF TABLES : iv
1. REGIONAL OBJECTIVES 1-1
2. EXISTING CONDITIONS 2-1
2.1 Reliability Council Profile 2-1
2.2 Topography 2-1
2.3 Geology 2-1
2.4 Hydrologic Conditions 2-5
2.5 Economics of the Area 2-8
2.6 Major Energy Users 2-13
2.7 TFuture Development 2-15
3. EXISTING ENERGY SYSTEMS 3-1
3.1 Existing Energy Systems 3-1
3.2 MAIN'S Membership 3-4
3.3 Role of Existing Hydropower 3-5
3.4 Hydropower Potential 3-5
3.5 Availability of Fuels 3-8
3.6 Reserve Margin and System Reliability 3-8
3.7 Generation Mix 3-9
3.8 Operating Procedures 3-10
3.9 MAIN Regional Summary 3-15
3.10 Environmental Impacts 3-19
4, DEMAND SUMMARY 4-1
4.1 Capacity and Energy Demand 4-1
4.2 Load Characteristics 4-1
4.3 Demand-Supply Balance 4-6
4.4 Exports and Imports 4-6
4.5 Reserve Margins and Regional Systems Reliability 4-10
4,6 Future Electric Power Demand 4-10
5. METHODOLOGY 5-1

5.1 Data Collection and Screening (Stage 1) 5
5.2 Data Collection and. Screening (Stage 2) 5-
5.3 Data Collection and Screening (Stage 3) 5
5.4 1lst Screening-Site Evaluation (Stage 3) 5-1
5.5 Second Data Collection (Stage 3) 5-1
5.6 Second Screening-Site Evaluation (Stage 3) 5-1



CONTENTS (Continued)

6. PUBLIC INVOLVEMENT

6.1 Role of Public Involvement
6.2 Public Meetings

~J
.

INVENTORY

7.1 Stage 1, 2, and 3 Results
7.2 Stage 4 Inventory

8. EVALUATION

8.1 Regional Plan Development Program
8.2 Schedule for Development

8.3 Conclusion

APPENDICES

Appendix A Existing Generating Capability
Appendix B Glossary
Appendix C Detailed Map of MAIN with Site Location

i1

7-1

7-1
7-3

8-1

8-1
8-7
8-9

A-1
B-1
c-1



LIST OF FIGURES

Figure Page

2.1
2.2
2.3
3.1
4.1
4.2
4.3
5.1
5.2
5.3
5.4
5.5
7.1
7.2
7.3
7.4

MAIN Reliability Council..ccececcesececscccacsasacosccscssscascsosasses2=2
Modified MAIN Reliability Councill.ceeececececsccscsscocesscnssonscacseesl=3
Physical DivisionS.cceceecscoesscssasaccasssascsscssaccsncsscssssscescelb
1979 MAIN Teletype Communications NetwWworK...eeceeccesveccsocesccoscsse3d=lé
Load Curves MAIN (CECO) cceccvcecssancenssscvessnsscsccssasssacascsesnacl=?
Load Curves MAIN (WUMS).ccecevecceocacsccssosnscnssasocssccsssansnnsesd=8
Load Curves MAIN (ILL-MO)..ccccecocercecsccacsscsasscscsssacssnsnsessed=9
Sample Copy Of FOrm l...cccccesecccosencssncssccvansvanscoscssscsnssssssd=l
Sample COPY Of FOYM 2..cceeccsconvssossscnssssssvrascssscccsssscasansssssd=b
Undeveloped Sites.ciececcsssccsncssossssnssssssasssssnsoscsencsanseasssocd=t]
Existing Sites Without Hydropower....ccccceessoessanccsscssaccccsacead=1l8
Existing Sites With Hydropower..ceceosescoscsresscsassccssescsancssssed=l9
Preliminary Inventory of Hydropower ReSOUYCES....csesssscccscncccacsaecl=2
Lock and Dam 25, Windfield, Missouri.....ccccceecesccesascescoascaccsse?=9
Bagnell Dam, Osage Beach, Missouri......ccecueecoscssacessncsscsssses?=10

Lake Shelbyville, Shelbyville, IllinoilS...cccesceseascccccasscnccoaeel=1l

114



Table
2.1
2.2
2.3
2.4
2.5
2.6
2.7
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
4.1
4,2

4.3

LIST OF TABLES

Page
MAIN Economic INndicatOrS. « « « « + o = o & o o s o « s o o » o+ «2-9
Energy Consumption by Consumer Categories. . . . . . . . . . . .2-14
Annual Growth Rates of Energy Consumption. . . . . . . . . . . .2-16
Projected Population, Income & Earnings MAIN. . . . . . . . . . 2-17
Projected Population, Income & Earnings CECO. . . . . . . . . . 2-18
Projected Population, Income & Earnings ILL-MO. . . . . . . . . 2-19
Projected Population, Income & Earnings WUMS. . . . . . . . . . 2-20
MAIN Generating Capability 1978 and 1988. . . . . . . . . . . . .3-1
MAIN Generating Capability (Percent of Total). . . . . . . . . . 3=2
Ownership of Generation Sources. . . « « « « ¢ ¢« ¢« o o« ¢ o « « « 3-3
Ownership of Hydro. . . . ¢« ¢ ¢ ¢ ¢ ¢« o ¢« ¢ o ¢ o o o o o« o o« o« 376
Undeveloped Hydropower Potential. . . . . . . . ¢« . ¢ « & ¢ o . .37
Reéerve MarginsS. « « « o o o « 4 s o o o o o o o s o 2 o o s « 39
MAIN Guide NOo. 5. . « ¢ ¢ v ¢« ¢ o ¢ ¢ o o o s o o o o o« o o o o« 312
Generation MiX. . « ¢ ¢ o & s ¢ 4 4 o ¢ o o s o s 6 o o o o s . 316
Commonwealth Edison Sub-Region Generation Mix. . . . . . . . . .3-17
Illinois—-Missouri Sub-Region Generation Mix. . . . . . . . . . .3-18
Wisconsin-Upper Michigan Sub-Region Generation Mix. . . . . . . 3-19
Annual Energy, Peak Demand and Load Factor. . . . . . . . . . . .4=1
Historic Annual Energy, Peak Demand and Load Factor. . . . . . . 4-=2

Monthly Energy and Peak Demands. . . . . . . .« . . + « « « + . « 4-3

iv



TABLES (Continued)

4.4 System Load Variations. . . . « « ¢ v ¢« v o ¢ ¢ o o o o o o o « A4
4,5 Resources, Demand and Margin. . . . « &+ ¢ « ¢ « s o s s o o o o 45
4.6 Emergency Transfer Capabilities. . . . . . . . « « ¢ ¢ ¢« ¢« « . . 4=6
4.7 Population Average Annual Growth Rate. . . . . . . . . . « . . J4-11
4,8 Electric Power Demand (MAIN). . . « « + & « o o o « s.0 s o o o 4-12
4.9 Electric Power Demand Commonwealth Edison. . . . . . . . . . . .4-13
4.10 Electric Power Demand Illinois-Missouri Sub-Region. . . . . . . 4-14
4,11 Electric Power Demand Wisconsin-Upper Michigan Sub-Region. . . .4-15
4,12 Load Distribution in MAIN. . . . . . & & ¢ & « ¢ & s « o & o« » -4-16
7.1 MAIN SIteS. . + ¢ o s « s o o o s s o o o s o s s s o o o s o o 1-4
7.2 MAIN Study Area Stage 1, 2, 3 Screenings. . . « « ¢« « « « « « « ,7-8
7.3 MAIN Study Area Stage 1, 2, 3 Screenings. . . « « ¢« « s« ¢« &« « . .7-8

8.1 MAIN S1€E@8. v o ¢ v ¢ o v v o o o « o o o o o o s o s o s o o« o 82



Chapter 1
REGIONAL OBJECTIVES

The overall objectives of the National Hydropower Study are to assess
institutional, social, economic and environmental factors affecting development
of hydroelectric power and identify the potential for development of the
nation's hydropower resources to help meet the short and long term energy
demands of the nation.

This Appendix report is intended to be a factual presentation of
information developed during the course of the National Hydropower Study.
It focuses on the developable hydropower resources within the established
boundaries of the Mid-America Interpool Network (MAIN).

The presentation is structured to show the current and projected
electrical energy requirements; the physical potential for developing
hydropower; the economic, environmental, political, social and institu-
tional constraints to developing the potential; and, the probable uses and
impacts associated with developing the acceptable power potential within
the region.

There are no unique objectives for developing hydroelectric power
potential within the Mid-America Interpool Network (MAIN). 1In fact, in
order to meet current load forecasts, MAIN member systems are planning
generating capacity additions which will result in reserve margins in
excess of 15% during the 1979-1988 period. These plans include approx-
imately 12,000 MW of nuclear and 6,000 MW of coal fired generating capacity.
It is anticipated that the generating capability within MAIN will be adequate
to meet forecasted loads, provided that the nuclear generation program can
be completed on schedule. The longer range situation is less favorable,
since planned generating units face many uncertainties. Restraints by
regulations, conflicting environmental goals and financial problems pose
threats to an adequate bulk power system. The development of hydropower
potential within MAIN would help to alleviate such problems and would
contribute to the National objectives of reducing dependency on import of
foreign oil and the general enhancement of the welfare and security of the
nation.




Chapter 2
EXISTING CONDITIONS

2.1 RELIABILITY COUNCIL PROFILE

Mid-American Interpool Network (MAIN) was organized in November, 1969
as part of the National Electric Reliability Council to promote and improve
reliability and adequacy of the bulk power system in the Mid-West. The
MAIN region as shown in Figure 2-1 covers the State of Illinois, the
eastern halves of Missouri and Wisconsin and the Upper Peninsula of Michigan.
Recently, the boundaries of MAIN have been modified to cover the area as
shown in Figure 2-2. Such modifications are not reflected in this report
since they have recently occurred. The shaded portion shown in Figure 2-2
contains 4 sites which will belong to the Southwest Power Pool (SwWPP)
reliability council as a result of the boundary modification. These sites
are now treated as pertaining to MAIN.

2.2 TOPOGRAPHY

The MAIN Reliability Council Region lies predominately within the
Upper Mississippi River Basin and includes small sections of the Ohio River
Basin, Missouri River Basin, Lake Superior Basin and the Lake Michigan
Basin (Figure 2-2). The major physiographic province is the Central Lowlands
with small sections of the Superior Upland, Ozark Plateau, Coastal Plain,
and Interior Low Plateaus Provinces being included (Figure 2-3). The
present topography in most of the Upper Mississippi River Basin is a result
of the Glaciation Period. The glaciers modified the erosional surface
developed on the Paleozoic rocks by scouring and filling. A gently rolling
terrain, with a progressively less well-developed drainage system to the
north, was created. Elevations range from 400 to 2,100 feet above mean sea
level. Thousands of lakes characterize the drift-covered Precambrian
surface of the headwaters area. The southern part of the basin and the
"Driftless Area" (not altered by glaciation) are extensively dissected by
streams. Numerous escarpments and bluffs have been created in the relatively
flat-lying Paleozoic sedimentary rocks.

2.3 GEOLOGY

Geologically, the MAIN area encompasses features of four different
basins, Upper Mississippi River Basin, Lake Superior Basin, Lake Michigan
Basin and Missouri River Basin.

Upper Mississippi River Basin

The surficial geology of the Mississippi River above Cairo, Illinois,
was greatly affected by Pleistocene glaciation which covered most of the
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Region and resulted in the River being diverted from its channel several
times as the ice sheets moved in from east to west and west to east. Con-
sequently, glacial debris buried large parts of the River's former valley,
forcing the River to incise a new one in glacial deposits or drift. Such
material ranges from a thin veneer to several hundred feet in thichness.
Generally, most of the Region's surface is cowered with wind blown silt, as
much as 300 feet thick in some locations.

Lake Superior Basin

The Lake Superior Basin lies predominately within the Superior Uplands
Province. Part of the basin at the eastern end of Michigan's Upper Peninsula
is included in the Central Lowland Province. The basin is characterized by
its rugged uplands and a rock escarpment bordering parts of the lakeshore.

A maximum elevation of 2,031 feet occurs at Eagle Mountain near Grand
Marais, Minnesota, but 1,800 to 2,000 feet elevations are common in much of
the area.

Lake Michigan Basin

The Lake Michigan basin lies entirely within the eastern lake section
of the Central Lowland Province. The basin is characterized by a maturely
dissected glaciated terrain. Most of the Lower Peninsula of Michigan and
southern Wisconsin has low rolling relief from morainal deposits. To the
north, particularly in the Upper Peninsula of Michigan, bedrock crops out
and forms more rugged relief. Elevations of a few isolated bedrock peaks
in Wisconsin and the Upper Peninsula of Michigan exceed 1,900 feet, but
most of the basin's land surface is less than 1,000 feet. A prominent
escarpment, extending through Wisconsin's Door Peninsula from Michigan's
Garden Peninsula to Lake Winnebago, is formed by the exposed crest of a
dolomite formation.

Missouri River Basin

The land that lies north of the Missouri River to the Iowa border is
within the Central Lowland Province. This province includes gently rolling
plains. Soils in this portion of the province consist of eroded glacial
drift and till deposited by continental glaciers with underlying formations
of sedimentary depogits of the Pennsylvanian Age. The southern portion of
the region has a history of great earthquakes, including three of the
greatest earthquakes of known history in 1811~I$12.

2.4 HYDROLOGIC CONDITIONS

NORTHEASTERN PORTION OF UPPER MISSISSIPPI RIVER BASIN
AND SOUTHWESTERN PORTION OF GREAT LAKES BASIN

Climate

General - A number of natural climate controls affect the region. One



of the most important is solar radiation, which supplies energy for the
hydrologic cycle. The movement of large masses of air from various regions

into these basins is another control. Dry, cold air from polar regions

covers these basins at times. A large percentage of the total annual
precipitation occurs at other times when warm, moist air from the Gulf of

Mexico dominates basin weather. The climate of the region is of the continental
type, which varies somewhat from the northérn to the southern extremities.

Precipitation

General = The main features of the precipitation patterns in the
region include:

(a) 1In general, annual average precipitation exceeds loss of soil
moisture through evapotranspiration.

(b) There is more precipitation in the spring and summer months, on
the average, than in the fall and winter months. In the southern extremity,
there is less seasonal variation than in the middle and northern parts of
the region.

(c) There are comparatively large fluctuations of precipitation from
year to year, and from place to place within a given year.

Specific ~ Precipitation on the Upper Peninsula of Michigan is a
result of the intermingling of humid tropical air masses from the United
States Gulf region and dry continental arctic air masses from Canada. The
meeting of these masses creates precipitation that averages between 28 and
36 inches annually. Summer rainfall is usually of lower intensity, with
occasional high intensity thunderstorms.

The humid, continental climate of Wisconsin is influenced by storms
that move eastward along the northern border of the United States, and
northeastward from the southwest to the Great Lakes. The average annual
precipitation ranges from 29 to 33 inches. Approximately 55 percent of the
precipitation occurs from May through September. Rainfall is evenly
distributed. During the summer months, thunderstorms occur frequently and
are occasionally violent, often accompanied by damaging hail and high
winds. The number of thunderstorms per year varies from about 30 in the
north to over 40 in the south; tornadoes occur occasionally.

Illinois and Missouri experience a humid continental climate, which
varies somewhat from the northern to southern extremities. Average annual
precipitation ranges from approximately 33 inches in the north to 41 inches
south of the Missouri River.

Annual average snowfall amounts vary in the two watersheds from a high
of over 100 inches in the Upper Peninsula of Michigan and the Upper Wisconsin
highlands to a low of 8 inches at the southern tip of Illinois. The



percentage of annual precipitation attributed to snow, sleet, and glaze
ranges from about 30 percent in the extreme northeast to about 4 percent in
the extreme southern part. In the northern part of the region the average
number of days with snow on the ground (1 inch or more) is over 120 and in
the southern part the average is about 20.

Evaporation and Evapotranspiration

Evaporation ranges from about 29 inches in the north to about 49
inches in the south.

Evapotranspiration ranges from about 24 inches in the north to about
30 inches in the south.

Temgerature

General - January has the lowest temperature and July has the highest
temperature in the basin. The average annual temperature for the region
ranges from about 40°F in the northern extremity to about 59°F in the
extreme south. '

The daily temperature cytle is characteristic of a continental type.
The daily cycle includes the following:

(a) Maximum temperature occurs after local noon, and minimums near
sunrise.

(b) Relative humidity varies inversely with temperature.

(c) Wind increases and veers clockwise by day and decreases and veers
counterclockwise by night.

(d) Cloudiness and precipitation over a land surface increase by day

and decrease by night; over water the reverse is true, but to a lesser
extent.

(e) Evaporation is markedly greater by day.

(f) Condensation is much greater by night.

Iilinois and Missouri experience a humid continental climate. The
average monthly temperature varies in northern Illinois from a high of 76°F
in July to a low of 25°F in January. In southern Illinois the average
monthly temperature for July is 80°F and the low is about 35°F in January.

Wind

Regional surface wind patterns for January, April, July and October
are described as follows:



(a) January - Winds are most frequently from the northwest with a
mean speed of about 11 miles per hour.

(b) April - Winds in basin northwest of a line from Chicago, Illinois,
to St. Louis, Missouri, are most frequently from the northwest and the mean
speed increases to about 14 miles per hour. South of this line the winds
are from the south with a mean speed of about 13 miles per hour.

(c) July - Winds over the entire basin are predominately southerly
and the mean speed is about 8 miles per hour.

(d) October - Winds are most frequently from the south and the mean
speed is about 10 miles per hour.

Individual storms, frontal systems, and air masses frequently cause
large variations from these patterns. Local topography causes local
deviations.

Runoff

Average annual runoff for the reglon varies from about 15 inches per
year over the Upper Peninsula of Michigan to about 10 inches in central
Wisconsin to 8 inches along the Illinois state line to about 10 inches in
central Illinois and northern Missouri and in excess of 12 inches in
southern Illinois.

2.5 ECONOMICS OF THE AREA

General¥

Table 2-1 summarizes the significant 1970 demographic and economic
data for the MAIN region and component subregions. These data are for the
study region as approximated by the Bureau of Economic Analysis (BEA)
economic areas. (Ref. 2-2)

The population of the entire MAIN region has been growing steadily
between 1950 and 1970, at the average annual rate of 1.3 percent, slightly
less than the national growth rate. The MAIN region contained approx-
imately 18.7 million people during 1970, representing about 9 percent of
the national population. The Commonwealth Edison sub-region had the
largest population of the three sub-regions in MAIN, 9.4 million in 1970,
over 50 percent of the MAIN region total. The Illinois—Missouri and
Wisconsin-Upper Michigan System sub-regions each contained 29 and 20
percent of the total region population, respectively.

Total earnings originating in the MAIN region increased at the average
annual rate of 3.4 percent between 1950 and 1970. However, this growth
rate has not kept up with the national averages. . Historically, the MAIN
region earnings have been representing decreasing shares of the national

*Source: Ref. 2-1



MAIN ECONOMIC INDICATORS

Table 2+1

1/ Wisconsin
Sector Earnings™ Commonwealth Upper Michigan Illinois-
(Midlion$) MAIN Edison System Missouri

Agriculture 1,473 393 382 699
Mining 318 72 57 189
Construction 3,596 2,053 617 927
Manufacturing 19,234 11,115 3,802 4,318
Transportation

Utilities 4,057 2,367 591 1,099
Trade 9,627 5,655 1,599 2,373
Finance 2,752 1,696 426 630
Services 7,874 4,658 1,292 1,897
Government 7,623 3,748 1,467 2,416
Total Earninis

(Million$)d/ 56,528 31,747 10,232 14,548
Population (Thousands) 18,660 9,380 3,811 5,469
Per Capita Income ($)1/ 3,762 4,127 3,387 3,398

Relative to the U.S. 1.082 “1.187 0.974 0.987
Notes: (1) Commonwealth Edison consists of BEA areas: 77,79,82.

Wisconsin-Upper Michigan System consists of BEA area:
Illinois-Missouri consists of BEA areas:
(2) Because of rounding, the sum of parts may not exactly equal totals.
(3) Per capita income is total personal income divided by the population
Total personal income is the sum of earnings (wages, salaries,
properties income and other labor income) property income and transfer

of the area.

payments, less personal contributions for social insurance.
1/ Constant 1967 dollars.

Sources: Ref.

2-1

83,84,85,86.
57,58,78,112,113, 114.



market. The major portions of MAIN earnings originated in the Commonwealth
Edison sub-region: The Illinois-Missouri and Wisconsin-Upper Michigan
System sub-regions, respectively, represented 21 and 15 percent of the MAIN
region earnings.

The manufacturing, trade and service sectors contributed the largest
dollar volume to the 1970 total earnings in the MAIN region. The manufac-
turing industries produced 12 percent of the 1970 national manufacturing
earnings. The construction, transportation, utilities, and trade sectors
each produced about 10 percent of the 1970 national earnings in their
Fespective sectors. The individual sector earnings of the MAIN region
industries have been shrinking shares of the corresponding national sector
totals during the period between 1950 and 1970.

The 1970 Commonwealth Edison sub-region sectoral earnings exceeds
corresponding sectoral earnings in the other sub-regions, except in agriculture
and mining. Thé 1970 agriculture and mining earnings originating in the
I1linois-Missouri sub-region exceed the earnings of the other two sub-
regions. All three of the sub-regions are dependent upon manufacturing,
trade and service industries for a major portion of the total earnings.

State, local and Federal government sectors also provide a significant
amount of income in each of the sub-regions.

The total personal income within the MAIN region is growing steadily
at about the same rate as the total earnings. However, personal income
growth has not been as high as the national average. The MAIN region per
capita income has been increasing at the average annual rate of 2.3 percent
since 1950. Historically, the per capita income has been higher than the
national average. However, the disparity between national and regional
averages has been decreasing. The 1970 per capita income was about 8
percent higher in the MAIN region than in the United States. The 1970 per
capita income in the Commonwealth Edison sub-region was 19 percent higher
than the national average, and 10 percent higher than MAIN regional averages.
The Illinois-Missouri and Wisconsin-Upper Michigan System sub-regions both
have average per capita income lower than the national average. The high
per capita income of MAIN is a result of the high per capita income within
the Commonwealth Edison sub-region.

Upper Peninsula of Michigan

The central portion of Michigan's Upper Peninsula has severe soil and
climatic limitations which results in very limited agricultural productivity.
This region has the fewest number of farms and least amount of land in
farming in the entire Great Lakes Basin. Most of the farm sales from the

MAIN area are from livestock.
Support of the area economy is bolstered by mining, forestry, and

recreation. Overall, this area is considered only a marginal part of the
State of Michigan's economy. Iron mining dominates the economy in the
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western areas. This industry has replaced the copper industry that started
and grew in the middle and late 1800's. Since the copper resources were
almost completely exploited, industry efforts had to turn in other direc-
tions. Today, mineral operations are utilizing the granite, basalt, iron,
marble, dolomite, and what is left of the copper resources.

Forestry is locally important. Large tracts of land are owned by
lumbering concerns that plant and manage these resources. Some mills are
capable of producing almost a million board feet of lumber annually. The
availability of this wood material has resulted in the development of
numerous wood product assoclated businesses.

The recreation and tourism industry is very important to this area.
Among the advantages and attractions of the area are a unique history of
mining, scenic beauty, numerous streams and lakes for boating and fishing,
national and state forests, steep hills for skiing, numerous campgrounds,
and large wilderness areas for hunting.

There is little question that this region of MAIN is economically
depressed. Even in the summer months with increased construction activity
and tourism, the unemployment rate is high, and has been ten percent or
more in recent years.

One direct result of the tight labor market in this area is the
outmigration of younger people. This further stagnates the local economy
as it results in a disproportionate aumber of the very old and the very
young. These groups place a proportionately greater demand on community
service functions.

Thus, there is greater economic pressure on the existing labor force,
not only because large numbers are unable to find work, but also because
expenditure requirements for public services are greater relative to non-
depressed areas. The end result is either high taxes or depreciation in
the quality of public facilitles and services.

Wisconsin River Basin*®

The Wisconsin River Basin is predominantly rural with a few medium-
sized metropolitan areas within the basin. Available land and water
resources coupled with a wide variety of economic development provide an
excellent base for future growth of the economy of the basin.

Agricultural activities are confined mainly to the central and southern
portions of the basin. The soil and climate are especially suited to dairy
farming, which accounts for over 50 percent of the farming activity in the
area. About 59,000 acres of farmland in the basin were irrigated in 1964.
This represented about 71 percent of the total irrigated land in the State
of Wisconsin. The chief field crop is hay. Other field crops are forage,
corn, oats, wheat, rye and soybeans.

*Source: Ref. 2-3
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Pulp and paper making is the largest industry in the basin. Large
pulp and paper mills are found in twelve cities and towns along the Wisconsin
River between Rhinelander and Nekoosa. Various enterprises associated with
dairying such as creameries, condenseries, and cheese plants are found
throughout the basin,

The forest products industry, supported by the region's forest resources,
is an important part of the basin's economy. The forests are found to a
large extent in the northern half of the basin. Although much of the
timber supply has now been exhausted, the forest stands are still quite
substantial. Federal, State, county, and industrial agencies and organizations
have been engaged for some years in the improvement of stands and in
reforestation. The cut timber is mainly used in the pulpwood and paper
industry and in saw log production. Because of the depleted supply of
softwoods, today's timber harvest is about 75 percent hardwood.

The recreation industry in the Wisconsin River Valley is well developed
and is a major source of income.

Three areas in the basin, Adams County, Vernon County, and the Indian
reservations in Vilas, Forest, and Menominee Counties, have been classified
as depressed areas by the Economic Development Administration, Department
of Commerce, formerly "Area Redevelopment Administration.” These areas
qualify for Federal assistance because of persistent unemployment, population
loss, low income and Indian reservation land.

Illinois¥*

Illinois ranks first nationally in the maufacturing of non-electrical
machinery and of tabricated metals. It is second in food processing and in
the printing and publishing industries, and third in the manufacturing of
electrical machinery. 1Illinocis is a major automotive center as well, with
more than 550,000 persons employed in the assembly and use of motor vehicles.
Some 250 industrial parks are scattered throughout the state, the greatest
concentration being in the Chicago metropolitan area.

Among Illinois' natural resources are approximately 40 coal seams with
the underground mines in the south having the highest production per man-
day in the country. The most important natural resource is the land itself.
Some 124,000 large and small farms cover more than 75% of the state's area.
For many years, Illinois has been the nation's major soybean producer, and
from year to year it trades places with Iowa for first-rank in corn production.

It is second in both pork and beef productions, while other grains,
dairy products, and meat animals hold high positions. In spite of a
growing national trend toward large corporate-farm operations, family-owned
farms account for about 99% of farms and 97%Z of the farm acreage in Illinois.

Illinois ranks second only to Texas in number of independent banks,
attributable to the state's prohibition against branch banking. Illinois

*Source: Ref. 2-4

2-12



is a major insurance center, headquartering the two largest automobile
insurers in the world. Chicago is the seat of the seventh district of the
Federal Reserve Bank as well as of the Midwest Stock Exchange and the

Chicago Board of Trade. The Board of Trade is the nation's largest commodity
market, dealing in contracts for grains, soybeans and their products,

silver, plywood and lumber, livestock and dairy products.

Illinois is recognized as the transportation center of the United
States. Chicago is the country's rail capital and the state's more than
23,000 miles of track rank it second highest in the nation. Water trans-
portation is extensive with major routes on the Great Lakes, the Mississippi
River and Illinois Rivers.

Missouri*

Missouri has become the commercial and industrial leader among all its
adjacent states, except Illinois. In some types of manufacture, particularly
in the production of aerospace and transportation equipment, including
automobile assembly, Missouri ranks second in the nation. Kansas City and
St. Louis have always been important trading and commercial centers for
large regions reaching into neighboring states. They rank among the
foremost grain and cattle markets of the natiom.

The state's variety of resources includes lead and iron ore, lime-
stone, timber, animal hides, vegetable fibres, hydroelectric power, natural
transportation routes, and harbors in abundance. Its chief sources of
income are, in order of importance, manufacturing, agriculture, and tourism.

Manufacturing is led by the production of .aerospace and transportation
equipment, followed by the processing of food and kindred products and
the production of chemicals.

Mineral-rich Missouri leads the nation in lead production, and con-
tinuing new discoveries of lead, as well as iron ores, assure this position.

Missouri ranks among the top ten statas in banking and financial
institutions of all kinds.., Federal Reserve Banks are located in both
Kansas City and St. Louis and the Internal Revenue Service offices in
Kansas City serve much of the Middle West.

The major flows of waterborne traffic within the state are east-west
along the Missouri Valley and southward along the Mississippi. The
Mississippi and Missouri Rivers, providing 1,000 miles of navigable waterways
within the state, connect waterborne traffic with New Orleans.

2.6 MAJOR ENERGY USERS

Energy consumption as percent of total for the consumer categories
(residential, commercial, and industrial) for utilities in each of the
three sub-regions is given in Table 2-2. Annual growth rates of energy

*Source: Ref. 2-5
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Table 2-2

ENERGY CONSUPTION BY CONSUMER CATEGORIES
(Percent of Total)

Residen- Commer- Indus-
Representative Utilities tial cial trial Total
COMMONWEALTH EDISON 31.6 68.41/ 100.0
ILLINOIS-MISSOURI
Central Illinois Public
Service Company 33.9 66.1L/ 100.0
Illinois Power Company 30.6 69.41/
Union Electric Company 34,6 29.6 35.8 100.0
WISCONSIN-UPPER MICHIGAN SYSTEM
Madison Gas and Electric 37.2 54.8 8.0 100.0
Upper Peninsula Power Company 41.0 22.7 30.3 100.0
Wiscopsin Electric Power
Company 2 34,3 27.3 38.4 100.0
Wisconsin Power and Light
€ompany 40.0 42,0 18.0 100.0
Wisconsin Public Service
Corporation 5.0 95,0L/ 100.0

1/ Commercial and Industrial are combined.
2/ 1Includes Wisconsin Michigan Power Company.

SOURCE: The 1977 Annual Reports for the respective utilities.
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consumption by the consumer categories for the period 1973-1977 are given
in Table 2-3.

In general, annual growth rates for total energy consumption in 1974
for the three sub-regions had a negligible increase or a decrease from the
previous year because of the 1973 oil embargo. The industrial sector in
Commonwealth Edison and tha Wisconsin-Upper Michigan System sub-regions
experienced a substantial decrease in energy growth in 1974 and 1975
In 1974 and 1976 decreases in residential growth rates were experienced in
Commonwealth Edison and the Illinois-Missouri sub-regions.

2.Y FUTURE DEVELOPMENT#*

Table 2-4 summarizes the significant demographic and economic pro-
jections for MAIN. Tables 2-5 through 2-7 summarize the projections for the
three sub-regions as approximated by the selected BEA economic areas. The
projections are based on the 1972 OBERS projections.

MAIN had about 9.2 percent of the total U.S. population and 10.1
percent of the U.S. total personal income in 1970. The shares of the
population and income in MAIN are expected to decrease through the period
1970 to 2000. The distribution of the population within MAIN during 1970
and the projection for 2000 are as follows:

Sub-Region Percent of MAIN Population
1970 2000

Commonwealth Edison Sub-Region 50.3 5i.9
1lllinois-Missouri Sub-Region 29.3 28.4
Wisconsin-Upper Michigan Sub-Region 20.4 19.7

The population growth of the area is projected to slow from the
historical average annual growth rate of 1.3 percent between 1950 to 1970
to an annual growth rate of 0.6 percent between 1980 and 2000, slightly
lower than the national average. Population growth in the sub-regions is
projected to closely follow the overall trend in MAIN.

Earnings and total personal incomes in constant dollars are projected
to grow at 3.2 and 3.3%, respectively, slightly lower than the national
average. No large disparity among the sub-regions in growth of total
earnings is expected. Historically, manufacturing and trade have had the
largest earnings in MAIN. But by the year 2000, earnings in services and
government sectors are expected to exceed trade earnings.

*Source: Ref. 2-6
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Table 2-3
ANNUAL GROWTH RATES OF ENERGY CONSUMPTION BY CONSUMER CATEGORIES®

(Percentage)
Representative Utilities Residential Commercial Industrial Total
or Power Groups 1973 1974 1975 1976 1977 1973 1974 1975 1976 1977 1973 1974 1975 1976 1977 1973 1974 1975 1976 1977
Commonwealth Edison 6.6 -2.4 7.2 -0.3 5.6 7.6 -2.3 3.0 4.3 4.1 9.8 -0.9 -5.9 4.4 6.8 8.1 -1.8 1.0 2.8 5.3
Illinois-Missouri Pool
Central Illinois
Bublic Service 2/ 4/
Company 7.7 2,3 11.6 1.4 8.9 7.5~ 0.0 10.6 6.5 6.1 3,7~ -0.6 4.6 8.7 5.9 5.5 0.5 7.7 5.9 6.9
Illinois Power
Company 0.0 0.4 11.6 -0.2 11.0 - -0.5 10.6 1.7 20.8 NA 0.8 1.2 11.4 2.0 NA 0.5 5.5 6.5 7.0
Union Electric
Company - -2.6 15.4 ~2,7 11.5 - -0.6 5.8 4,8 8.7 NA 0.1 0.F 5.3 6.0 NA -1.0 6.8 2.4 8.7
Wisconsin-Upper Michigan
System
Madison Gas and
Electric CGompany - - - -0.1 1,2 - - - 3.1 4.8 NA NA NA -2.4 5.1 NA NA NA 1.5 3.4
Upper Peninsula
Power Company - 5.2 5.4 5.2 2.7 - -0.3 14.5 -7.1 0.5 NA 6.3 =2.6 10.0 2,2 NA 3.9 5.2 3.3 8.2
Wisconsin Electric )
Power Company - -0.5 6.3 1.9 3.6 8.5 -2.3 3.8 4.8 5.3 9.9 2,6 -0.4 3.4 3.5 7.6 0.2 2,9 3.3 4,0
Wisconsin Power and
Light Company - 1.7 5.6 3.0 4.7 - 1.1 5.5 6.1 5.2 NA -0.1 =4.0 14.4 9.5 NA 0.8 1.6 8.0 6.8
Wisconsin Public
Service Corporation 1.6 0.0 3.2 3.1 3.0 3/ 6.4 1.7 -1.7 8.6 3.2 6.1 1.6 -0.8 8.1 2,9

Source: 1977 Annual Reports of shown utilities.

1/ Includes small commercial and industrial.

2/ Small 1ight and power consumers.

3/ Commercial-industrial combined shown as industrial.
4/ Includes both industrial and commercial,

X Source: Ref 2-1,



Table 2—4

PROJECTED POPULATION INCOME AND MAJOR SECTOR EARNINGS (OBERS)
MAIN

POWER SERVICE AREA:
MID AMERICA
INTERPOOL NETWORK (MAIN)

SERVICE AREA APPROXIMATED BY BEA AREAS:
57 58 77 78 79 82 83 84 85 86
112 113 114

kdekdkhkkdkkkikkkkkikk YEAR Fkdkkdkdokiokkdkdidiidiik

SECTOR EARNINGS 1980 1985 1990 2000
(MILLION §)
AGRICULTURE 1739. 1792. 1848. 2053.
MINING 355. 376. 397. 458.
CONSTRUCT ION 5439. 6262. 7210. 9617.
MANUFACTURING 26558. 30194. 34340. 44941.
TRANSPO UTILITIES 5742. 6605. 7620. 10287.
‘TRADE 13418, 15293. 17433. 23239.
FINANCE 4503. 5424, 6535. 9462.
SERVICES 13822, 17056. 21050. 31703.
GOVERNMENT 11638 14069. 17010. 24705.

TOTAL EARNINGS

(MILLIGN $) 83219. 97157. 113450. 156470,
TOTAL PERSONAL

INCOME (MILLION $) 104487, 122742, 144215, 200691.
TOTAL POPULATION

(THOUSANDS) 20182. 20919. 21686. 22933.
PER CAPITA

INCOME ($) 5177. 5867. 6650. 8751.
PER CAPITA INCOME

RELATIVE TO U. S. 1.08 1.08 1.08 1.07

NOTE: SUM OF SECTOR EARNINGS MAY NOT EQUAL THE TOTAL BECAUSE OF
DISCREPANCIES IN OBERS DATA.

EARNIRGS AND INCOME IN CONSTANT 1967 DOLLARS (Ref. 2-6).
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Table 2-56
PROJECTED POPULATION, INCOME AND MAJOR SECTOR EARNINGS (0BERS)

CECO

POWER SERVICE AREA:
MID AMERICA INTERPOOL NETWORK
COMMONWEALTH EDISON

SERVICE AREA APPROXIMATED BY BEA AREAS:
77 79 82

khkkkkkhkhkhkhkhkhkhkkhkkhkk YEAR *hkhkkhkhkhhhkhkhkhkkhkhhkhkkk

SECTOR EARNINGS 1980 1985 1990 2000
(MILLION $§) :
AGRICULTURE 492. 504. 516. 569.
MINING 77. 79. 82. 92,
CONSTRUCTION 3147. 3617. 4157. 5533.
MANUFACTURING 15249, 17307. 19632. 25652,
TRANSPO UTILITIES 3343. 3846. 4424, 5953.
TRADE 7764. 8860. 10111. 13519.
FINANCE 2697. 3241. 3894. 5636.
SERVICES 8134. 10029. 12365. 18597.
GOVERNMENT 5789. 7020. 8512. 12443,

TOTAL EARNINGS

(MILLION §) 46695. 54536. 63695. 87995.
TOTAL PERSONAL

INCOME (MILLION $) 57586. 67738. 79682. 111215.
TOTAL POPULATION

(THOUSANDS) 10258. 10683. 11127. 11892.
PER CAPITA

INCOME ($) 5614. 6341. 7161. 9352.
PER CAPITA INCOME

RELATIVE TO U. S. 1.17 1.17 1.16 1.15

NOTE: SUM OF SECTOR EARNINGS MAY NOT EQUAL THE TOTAL BECAUSE OF
DISCREPANCIES IN OBERS DATA.

EARNINGS AND INCOME IN CONSTANT 1967 DOLLARS (REF. 2-6),

2-18



Table 2-6

PROJECTED POPULATION,.INCOME AND MAJOR SECTOR EARNINGS (OBERS)

ILL-MO0

POWER SERVICE AREA:

MID AMERICA INTERPOOL NETWORK
ILLINOIS-MISSOURL

SERVICE AREA APPROXTIMATED BY BEA AREAS:

DISCREPANCIES IN OBERS DATA.

EARNINGS AND INCOME IN CONSTANT 1967 DOLLARS (Ref. 2-6),

2-19

57 58 78 112 113 114
RedkdddRdddkhkkdddedhd YEAR ddekdededehdddedfddekdhhdk

SECIOR EARNINGS 1980 1985 1990 2000

(MILLION $)
AGRICULTURE 837. 866. 897. 1001.
MINING 223, 240. 258. 304.
CONSTRUCTION 1383. 1597. 1845. 2462,
MANUFACTURING 6162. 7089. 8162. 10807.
TRANSPO UTILITIES 1523. 1750. 2011. 2712.
TRADE 3362. 3832. 4370. 5800.
FINANCE 1066 . 1291. 1564. 2264.
SERVICES 3366. 4168. 5161. 7790.
GOVERNMENT 3568. 4293. 5167. 7421.

* TOTAL EARNINGS

(MILLION $) 21492. 25151. 29438. 40564.
TOTAL PERSONAL

INCOME (MILLION $) 27708. 32580. 38317. 53173.
TOTAL POPULATION

(THOUSANDS) 5860. 6049. 6245. 6524,
PER CAPITA ;

INCOME ($) 4728. 5386. 6135. 8150.
PER CAPETA INCOME

RELATIVE TO U. S. .99 .99 1.00 1.00
NOTE: SUM OF SECTOR EARNINGS MAY NOT EQUAL THE TOTAL BECAUSE OF



Table 2—-7
PROJECTED POPULATION, INCOME AND MAJOR SECTOR EARNINGS (OBERS)
WUMS

POWER SERVICE AREA:
MID AMERICA INTERPOOL NETWORK
WISCONSIN-UPPER MICHIGAN SYSTEM

SERVICE AREA APPROXIMATED BY BEA AREAS:
83 84 85 86

kkkkkkkhkhkkdhkkkikk YEAR Fodededede ok dedededk dook dedk ok kkk

SECTOR EARNINGS 1980 1985 1990 2000
(MILLION $)
AGRICULTURE 409. 422, 435. 483.
MINING 55. 56. 57. 62.
CONSTRUCTION 909. 1048. 1208. 1621.
MANUFACTURING 5147. 5803. 6546. 8482.
TRANSPO UTILITIES 876. 1010. 1185. 1623.
TRADE 2292, 2600. 2952, 3919.
FINANCE 740. 892. 1077. 1562.
SERVICES 2322, 2859. 3524. 5316.
GOVERNMENT 2281. 2756. 3331. 4841.

TOTAL EARNINGS

(MILLION $) 15032, 17470. 20317. 27911,
TOTAL PERSONAL ,

INCOME (MILLIPN $) 19193, 22424, 26216. 36304.
TOTAL POPULATION

(THOUSANDS) 4065. 4187. 4314, 4517.
PER CAPITA

INCOME ($) 4722, 5356. 6076. 6038.
PER CAPITA INCOME

RALATIVE TO U. S. .99 .99 .99 .98

NOTE: SUM OF SECTOR EARNINGS MAY NOT EQUAL THE TOTAL BECAUSE OF
DISCREPANCIES ‘IN OBERS DATA.
EARNINGS AND INCOME IN CONSTANT 1967 DOLLARS (Ref. 2-6).
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Per capita income in MAIN has historically been higher than the
national average and is expected to remain above national level through the
year 2000. However, the disparity between MAIN and national averages of
per capita income is expected to decrease.

The Commonwealth Edison sub-region is projected to experience higher
per capita income than the Illinois-Missouri and Wisconsin-Upper Michigan
sub-regions. However, the growth rate of per capita income between 1985
and 2000 in the Commonwealth Edison sub-region is expected to be only 2.6%,
while growths of per capita income in the Illinois-Missouri and Wisconsin-
Upper Michigan sub-regions are expected to be slightly higher at 2.8 and
2.7%, respectively.
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Chapter 3
EXISTING ENERGY SYSTEMS

3.1 EXISTING ENERGY SYSTEMSEJ

MAIN had a 1978 generating capability of 41,600 MW. The type of
sources for this capability are shown in Table 3-1. The table also shows
the 1988 projected capability. These figures were compiled by the National
Electric Reliability Council. A complete listing of all MAIN facilities is
in Appendix A. Generating capability by types of plants for MAIN and the
three sub-regions is shown in Table 3-2. Coal-fired steam is the bulk
source of generation, supplying about 67% of MAIN's total capability. It
represents the highest percent of the total sub-region capability in
Illinois-Missouri at 86.0%7 with the Wisconsin-Upper Michigan and Common-
wealth Edison sub-regions having 62.5% and 49.4%, respectively. Nuclear
plants provide a substantial portion of the capability in the Commonwealth
Edison and Wisconsin-Upper Michigan sub-regions, with 29.9% and 19.87%,
respectively. Peaking plants make up about 10% of the total capability in
MAIN. Combustion turbines (o0il) are the main sources of peaking power in
the Commonwealth Edison and Wisconsin-Upper Michigan sub-regions. Hydropower
contributes an additional 3.2% in the Wisconsin-Upper Michigan syb-region. The
Il1linois-Missouri sub-region has about 4% hydro capability with an additional
3.4% of combustion turbine to supply peaking power. Ownerships of generation
sources in MAIN are shown in Table 3-3.

Table 3-1
GENERATING CAPABILITY BY TYPE (MW)

1978 % 1988+ %
Nuclear 6,500 15.6 18. 600 30.3
Coal-Fired 27,800 66.9 33.500 54.7
0i1 6,500 15.6 8.400 13.7
Hydro 0,800 1.9 0.800 1.3
41.600 100.0 61.300 100.0

*Projected

1/-Source: Ref. 3-1



Table 3-2

MAIN GENERATING CAPABILITY

(Percent of Total)

Wisconsin
Upper
Commonwealth Illinois~- Michigan MAIN
Capability, MW Edison Missouri System Total
Summer 16,329 16,586 7,463 40,378
Winter 16,909 16,758 7,618 41,285
Generation Mix
in Winter, %

Steam Turbine

GaS - 003 0-1 002

Coal 49.4 86.0 62.5 66.6

0il 9.6 6.2 4.5 7.2
Hydroelectric - 2.0 3.2 1.4
Pumped Storage - 1.8 - 0.7
Combustion Turbine

Gas - 0.6 - 0.3

0il 7.4 2.8 5.6 5.3
Internal Combustion

0il 0.1 0.3 0.6 0.3
Others 3.6 - 3.4 2.1
Total 100.0 100.0 100.0 100.0
SOURCE: MAIN, "1978 Reply to Appendix A-2 of FPC Order 383-4, Docket

R-362", 1 April 1978.



Table 3-3

OWNERSHIP OF GENERATION SDIII!CESL/
Investor-
Owned Cooperative Municipal Total

MAIN
Number of Utilities

Members 10 2 1 13

Associates - 1 3 4

Non-Members - - 2 2

Total 10 3 6 19
Capability

MW 37,696 1,994 688 40,378

% 93.4 4.9 1.7 100.0
Commonwealth Edison Company
Number of Utilities

Members 1 - - 1
Capability

MW 16,329 - - 16,329

% 100.0 - - 100.0
Illinois-Missouri

Members 4 2 1 7

Associates - 1 - 1

Non-Members - - 1 1

total 4 3 2 9
Capability

MW 14,129 1,994 463 16,586

% 85.2 12.0 2.8 100.0
Wisconsin Upper Michigan

System
Number of Utilities

Members 5 - - 5

Associates - - 3 3

Non-Members - - 1 1l

Total 5 - 4 9
Capability

MW 7,238 - 255 7,463

z 97.0 - 3-0 100.0

1/ Based on capability as of 1 January 1978.
SOURCE: MAIN, "1978 Reply to Appendix A-2 of FPC Order No. 383-4, Docket

R-362," April 1, 1978.
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3.2 MAIN'S MEMBERSHIP

MAIN's regular membership is composed of investor-owned, rural cooperative
and municipal power suppliers. To expedite operation of the council, the
members are arranged in geographical groups. The groups and related members
are as follows:

Groups Members
Commonwealth Edison Group (CECO) Commonwealth Edison Company
Illinois Group (ILMO) Central Illinois Light Company

Central Illinois Public Service
Company

Illinois Power Company
City Waters, Light & Power

Springfield
Southern Illinois Power
Cooperative
Missouri Group (ILMO) Union Electric Company
Wisconsin-Upper Michigan Madison Gas and Electric Company
System Group (WUMS) Wisconsin Electirc Power Company
System

Wisconsin Power and Light Company
Wisconsin Public Service Corporation
Upper Peninsula Power Company

Municipal and other small electric systems operating in the MAIN

. region are associate members. They are not eligible for membership because
their operations do not significantly affect the reliability of the region.
The associates members are as follows:

Groups Associate Members
Illinois Group Association of Illinois Electric
Cooperative
Western Illinois Power Cooperative,
Inc.

Soyland Power Cooperative

Wisconsin-Upper Michigan Municipal Electric Utility of
System Group Michigan



3.3 ROLE OF EXISTING HYDROPOWER

Hydropower, including conventional hydroelectric and pumped storage
plants, represents only 1.9%7 of the MAIN region generating capability, as
compared to about 14% of the 1977 national capability. As shown in Table
3-4, the total hydro capability is controlled by 6 investor-owned utilities
(862 MW) and 2 municipalities (13 MW). There are hydro facilities in all
of the sub-regions. The two largest conventional hydroelectric stations in
the region are Lock and Dam 19 (3119 MW), on the Mississippi River between
Illinois and Iowa, and Bagnell Dam (172 MW). on the Osage River in Missouri.
In Wisconsin, Wisconsin and Fox Rivers are developed extensively for hydropower
by a series of plants which recover the useful energy available. The same
is true of the Menominee River in the Upper Peninsula of Michigan. There
are other small hydropower plants scattered throughout Wisconsin and the
Upper Peninsula of Michigan. It is an item of interest that the first
hydroelectric station in electric public utility service in the United
States was in the MAIN region and many of the plants now operating in the
region are among the oldest operating in the United States. There are
several hydromechanical plants which utilize the flows directly and do not
generate electricity, but are part of the existing hydropower base. The
few hydropower sites in the Commonwealth Edison sub-region are of a small
size. This is due to the region's lack of streams with large flows and
heads.

Some hydroelectric plants are owned by industrial companies who
utilize the output directly in their processes. Others are part of utility
systems and are operated to produce capacity and energy for thermal
replacement as streamflow is available. A few plants benefit from long
term storage, which are regulated to make capacity and energy available’
to suit load requirements.

Currently, there is one pumped storage plant in operation, the 300 MW
Taum Sauk plant in Missouri. Commonwealth Edison is purchasing a portion
of the Ludington, Michigan Pumped Storage Plant which is in the ECAR region,
on a declining share basis until the ECAR region will be able to utilize
the full output. Taum Sauk Plant is operated primarily as reserve; the
Commonwealth Edison portion of Ludington is used actively to improve thermal
economy .

3.4 HYDROPOWER POTENTIAL

The Federal Power Commission (FPC) evaluated the hydropower potential
of the MAIN region in their 1976 study. This study differs from the result
of the NHS study in that the FPC study identified significant potentidl at
undeveloped sites while the NHS showed no potential at undeveloped sites.
Table 3-5 summarized the results of the FPC study. The undeveloped sites
are restricted to those with potential installed capacities greater than 5
MW. Existing dams with a potential installed capacity of less than 5 MW make up
the bulk of inventory, with potential installed capacity amounting to 980
MW. Average annual generation associated with all of the potential sites
at existing dams in MAIN amounts to 4,298 Gwh.
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Table 3—4
OWNERSHIP OF HYDRO-/

Investor-
Owned Municipal ’ Total

MATN
Number of Utilities 6 2 8
Capability, MW

Conventional Hydro 562 13 575

Pumped Storage 300 - 300

Total, W 862 13 875

yA 98.5 1.5 100.0

COMMONWEALTH EDISON
Number of Utilities - - -
Capability, MW

Conventional Hydro - - -

Pumpea Storage - - -

Total, MV - - -

A - - -

ILLINOIS-MISSOURI
Number of Utilities 2 - 2
Capability, MW

Conventional Hydro 333 - 333

Pumped Storage 300 - 300

Total, MW - 633 - 633

WISCONSIN-UPPER MICHIGAN SYSTEM

Number of Utilities 4 2 6
Capability, MW -
Conventional Hydro 229 13 242
Pumped Storage - - -
Total, MW 229 13 242
% 94.6 5.4 100.0

NOTE: The above are plants reported to DOE by Reliability Councils. In
addition, small unreported plants (primarily industrial and Municipal) in MW
are approximately as follows: Commonwealth Edison-5; Illinois-Missouri-13
Municipal, 11 Investor-owned; Wisconsin Upper Michigan System-2 Cooperative, 73
Industrial. Total 104.

SOURCE: MAIN, "1978 Reply to Appendix A-2 of FPC Order No. 383-4, Docket

R-362," April 1, 1978
1/ Based on capability as of 1 January 1978.
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Table 3-6
MAIN UNDEVELOPED YYNROPOWER POTENTIAL®

Potential Average
Potential at Installed Annual
Undeveloped sites Capacity Energy
(Greater than 5 MW) (MW) (1000 Mwh)
Commonwealth Edison Subregion 105 531
I1linois-Missouri Sub-ragion 346 1,024
Wisconsin-Upper Michigan Sub-region 200 791
MAIN Total 651 2,346
Potential at Existing Dams
MAIN 1,295 4,298
Total Potential 1,936 6,644

Note: These results are based on the 1976 FPC report and not the results
of the National Hydropower Study.

*Source: Ref. 3-3

As can be seen from the previous table, potential hydroelectric sites
in MAIN are relatively limited in size and number. According to the FERC
analysis total potential at undeveloped sites is 651 MW and 1,295 MW at existing
dams; the average annual energy production is 6,644 GWh. In 1978, the installed
hydropower capacity was about 500 MW in MAIN, and the energy production was
2,300 Gwh.

Although potential hydroelectric sites protected by the Wild and
Scenic River Act are not included in Table 3-5, segments of the Gasconade
and Wisconsin Rivers have been designated for study under Section 5(a) of
the Wild and Scenic Rivers Act (as of January 1, 1976) are included. The
potential capacities of these rivers may be restricted from development.

Total undeveloped capacity in the Commonwealth Edison sub-region is
limited. Only 105 MW of potential capacity at undeveloped sites with an
annual energy of 531 GWh exists in the Commonwealth Edison sub-region.

In general, the. available undeveloped sites for conventional hydro—

power are limited and are too small for economical development at the
present time. According to FERC the total potential at undeveloped hydropower



sites was estimated to be 651 MW in MAIN, corresponding to an average
annual generation of 2,346 GWh.

3.5 AVAILABILITY OF FUELS#*

About 11% of the coal reserves in the contiguous United States are in
MAIN. Most of this coal is unevenly distributed throughout the region,
with major deposits in southern Illinois and a small amount in Missouri.

In general, all of the MAIN coal has high sulfur content. Coal with lower
sulfur content is shipped from Kentucky, Wyoming, Montana, and the Dakotas.
The Illinois-Missouri and Wisconsin-Upper Michigan sub-regions depend
heavily on coal because of their proximity to these coal-producing regions.
The Commonwealth Edison sub-region also depends on coal for a major portion
of its generation, but has a large amount of nuclear generation existing
and committed.

The major problem with MAIN coal is that it is high in sylfur,
with combustion producing sulfur dioxide levels in excess of allowable
limits. With present technology, the sulfur may be removed before combustion
or separated in the stack after burning, but these processes are costly in
terms of energy and equipment. Low sulfur western coal may be burned, but
it has low BTU content. Also, use of western low sulfur coal rather than
midwest coal may have severe impacts on the social and economic structure
of coal-producing areas in Illinois and Missouri. Currently, coal from the
two sources are mixed. Trends are for use of local coal accompaniea by

suitable flue gas cleaning equipment.

Breakeven cost analysis betweéen coal and nuclear energy indicates
nuclear energy generation might be more economical than base load coal
generation (Refs: 3-4, 3-5, 3-6, and 3-7). However, uncertainties exist
concerning the future of nuclear fuel sources, environmental and nuclear
waste disposal restrictions may lead to coal plant additions in future
years. New oil-fired plants are not likely to be tonsidered as viable for
either peaking or base load plants, because of the uncertainty associated
with fuel supplies as well as rapidly increasing prices. Government
regulations discourage the addition of gas-fired plants. Current trends
are that the portion of system capability associated with oil-fired and
gas-fired generation will diminish as existing plants are converted to coal
or retired.

3.6 RESERVE MARGIN AND SYSTEM RELIABILTY*

For a number of years, MAIN used a method referred to as POPM (probability
of positive margin) to determine generation reserve requirements. POPM was
designed to examine only the system peak condition, taking into account the

#Source: Ref. 3-3



probability of the annual peak demand deviating from the forecast value.

Now MAIN is using the loss of load probability (LOLP) method, which combines
the generation capacity outage probability with the expected dail§y peak
demand to give an expected risk of load exceeding capacity. LOLP also can
consider the deviation of daily peak demand from forecast. As a result of
this new procedure, recent studies have indicated that a minimum generating
reserye of 15% would be adequate for MAIN as a whole.

To enhance its system reliability, MAIN has two Interregional Reliability
Coordination Agreements, a two-party agreement with MARCA and a three-party
agreement with ECAR and TVA. These agreements provide for periodic review
of the adequacy and reliability of the interregional systems. Coordination
with the Southwest Power Pool (SWPP) is accomplished informally through the
MAIN utilities that are contiguous to SWPP and have membership in both regions.
Transfer capabilities for 1988, as projected by the NERC regloms, are shown
in Table 3-6.

For the three utilities representative of MAIN, the average annual
base load varies between 59 and 61%, and the peak load varies between 12
and 19% of the total annual demand. The portions of the load considered as
base, intermediate or peak are the basis for deriving the gene;ation mix.

Table 3-6

RESERVE MARGINS
(Percant of Peak Demand)

1985 1990 1995 2000
%) ) (%) )

Commonwealth Edison Sub-region 23 17 17 17
Illinois-Missouri Sub-region 20 20 20 20
Wisconsin={pper Michigan Sub-region 17 17 17 17

3.7 GENERATION MIX#*

This section presents future expansion plans. An estimate of suggested
generation mix for base, intermediate, and peaking capacities is evaluated
for MAIN and each of its three sub-regions. These evaluations are based on
existing and planned generation facilities as reported by the utilities,
characteristics of electric loads, on an analysis of regional resource
availability, economic parameters, federal and state regulations, and other
pertinent regional factors. To reflect the uncertainties and unforeseeable

*Source: Ref. 3-3
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factors which can affect future generation mixes, a range of future installed
capacity is defined for each major generation source. The projected future
capabilities are based on the "median" demand, and the reserve margins
discussed in Chapter 4 (Tables 4-2 to 4-5).

3.8 OPERATING PROCEDURES*

General

Monitoring of the day-to-day operating reserves is accomplished
through the functioning of the MAIN Coordination Center, Lombard, Illinois.
Each morning the MAIN members report their planned operating reserves for
the day, and at least once a day the actual reserves are recorded. On days
when the capacity situation is tight, the actual operating reserve is
recorded more frequently. By broadcasting this information on a teletype
system, MAIN members are kept informed of the status of the power supply
condition in the region.

The operation of the transmission system is also monitored by the
Coordination Center. If unusual conditions develop, due to line outages,
the computer at the Center can be used to analyze the situation and provide
guidance for the MAIN members to avoid overstressing the network.

Under extreme emergencies, when there is a serious deficiency of
operating reserve in the region, the members of MAIN are expected to
follow a standard operating procedure to prevent cascading outages and a
widespread blackout.

Definition of Operating Reserve

Operating Reserve is that reserve required to provide for (a) regula-
tion to cover minute-to-minute variations in load, (b) local forecasting
errors, (c) loss of equipment, and (d) local area protection. Operating
Reserve is the sum of Spinning Reserve plus Non-Spinning Reserve, both of
which components are defined below:

1. Spinning Reserve is that component of Operating Reserve which
is conmected to the bus (bus-insulated bar used as an electrical
conductor at a circuit junction) and which can be fully applied
within ten minutes.

2. Non-Spinning Reserve is that component of Operating Reserve
which is not connected to the bus, but which is capable of
being made effective in ten minutes or less and which can be
utilized for a period of at least three hours.

*MAIN, Regional Reliability Council Coordinated Bulk
Power Supply Program, April 1, 1979
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Minimum Operating Reserve of Generating Capacity

Operating Reserve is required in a well-operated system to help pro-
vide a safeguard against the occurrences of an uncontrolled area-wide
interruption. MAIN has prepared a Guide (Appendix 5 of the referenced
April 1, 1979 report) which defines Operating Reserve and establishes the
criteria for the minimum. level of such reserve for MAIN as a whole and for
the distribution of such. reserve among the subgroups of MAIN.

Reserve Requirements

The minimum Operating Reserve required in the MAIN Coordination Area
1s equal to 1.5 times the winter normal capacity of the largest generating
unit in commercial service. This requirement recognizes that i1f the largest
unit in MAIN is lost suddenly, the system still must provide an adequate
level of operating reserve in MAIN to protect against another contingency
of limited magnitude until steps can be taken to restore the level of
Operating Reserve to normal. It is also recognized that emergency assistance
from systems in contiguous regions (e.g., ECAR, MARCA, SWPP, and SERC) is
available in most instances.

The minimum level of Spinning Reserve to be carried in the MAIN
Coordination Area 1s equal to 50 percent of the minimum Operating Reserve
requirement. This recognizes that systems in MAIN have installed fast-
start peaking capacity and that the use of such capacity as a component of
Operating Reserve 1s practical and consistent with good operating practices.

Distribution of Operating Reserve

The Operating Reserve of MAIN is distributed among the three
subgroups of MAIN (e.g., CECO, IL-MO, and WUMS) in proportion to the
winter normal rating of the largest generating unit in commercial service
in each subgroup to the sum of the ratings of the largest generating units )
in commercial service in the three subgroups of MAIN. Each subgroup is
encouraged to distribute its portion of Operating Reserve among all member
systems and over as many generating units as possible. Such distribution
will best assure the availability of such reserve in the event of loss or
generating capacity and the operation of transmission facilities within
established design criteria during contingency conditions.

Maintenance of Operating Reserve Requirement

In the event of any contingency which reduces the Operating Reserve
level for a system, or subgroup, below the recommended minimum value set by
these criteria, it is the obligation of the deficient system, or
subgroup, to restore its Operating Reserve to the stated minimum level as
soon as practicable. This may be accomplished by appropriate action within
the deficient system, or subgroup, and/or by scheduling energy receipts
from other adjacent systems. If excess daily Operating Reserves are unavailable
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to meet the foregoing, the available Operating Reserves within MAIN is

redistributed by scheduled receipts and deliveries to the extent necessarv
to assure maximum bulk power system reliability within MAIN.

Adninistration Guide

The Administration Guide provides only the minimum level of Operating
Reserve to be carried out by MAIN. It is recognized that in some special
circumstances good operating practices will dictate a reserve larger than
specified by this Guide.

The calculation of minimum Operating Reserve and its distribution

is in accordance with provisions of the Guide and on the form bhelow .
as Table 3-7. Since these calculations are dependent upon the largest unit
size within subgroups of MAIN and are therefore subject to change when

units are placed in commercial service, the recalculation of generating reserves

does not_require endorsement of the MAIN membership. exceot at each Annual

Meeting or upon revision of the Guide as recommended bv its Execntive
Committee.

Table 3-7
MAIN GUIDE NO. 5
Subgroups MAIN
CE IL-MO WUMS TOTAL
Winter normal rating of largest unit 1,040 605 505 2,150
in commercial operation MW

Distribution of Operating Reserve
Percentage 48.4 28.1 23.5 100
MW 755 439 366 1,560
Minimum level of Spinning Reserve 377 220 183 780

Effective Date: March 25, 1977

When a larger unit which previously existed in a subgroup of MAIN is
declared to be in commercial service, the owning company notifies the
Chairman of the MAIN Operating Committee. The Chairman calculates
the new Operating Reserve requirements of each subgroup and notifies the
subgroups of the new requirement.

Whenever the largest unit in MAIN is out of service or its capability
is significantly limited, the MAIN Coordination Center issues a revision
of Operating Reserve requirements to match required Operating Reserve to
actual risk level. This procedure conserves fuel which would be consumed by
carrying unnecessary spinning reserve when all major units are operating
satisfactorily.

3-12



The MAIN Operating Committee evalutates annually the effectiveness
of the minimum Operating Reserve program, based on a critical analysis of
the actual performance of each system in MAIN. The Operating Committee
makes recommendations for changes in the program if deemed desirable,

Procedures For Coordination of Maintenance Outages 'of Generation
and Transmission Facilities

In general, maintenance schedules are prepared on a sub-regional basis
either by power pools or other groupings. Such schedules are prepared with
as much lead time as possible to assure that adequacy of the power supply
system can be properly reviewed. These generation and transmission outage
schedules are directed to the MAIN and adjacent regional coordination
centers so that scheduling can be compared with those of other power suppliers
to be certain no inadequate and/or unreliablé situation will develop. The
MAIN Coordination Center keeps a current record of forced and scheduled
outazes and reserve margins for each group of member companies.

Coordination of Area Control Centers

The MAIN region utilizes a teletype communications system to which
regular members in the States of Missouri, Illinois and Wisconsin are
connected as shown on Figure 3-1. A terminal connected to this network is
also located in the MAPP Coordination Center. This system may be used
by any member of MAIN or MAPP or by the MAIN and MAPP Coordination Centers
to broadcast information to the member companies or by one member to contact
another. This system has been used primarily to make reports to the members
of the current status of generation and transmission facilities and the
generating capacity reserve situation. '

The MAIN Coordination Center is also connected to the ECAR teletype
communications system. Regular communication with the Tennessee Valley
Authority (IVA) is accomplished with daily telephone calls. Coordination
with the Southwest Power Pool (SWPP) companies is accomplished by the MAIN
companies having power dispatching intercomnection with the SWPP companies.

In addition to the MAIN teletype network, members can communicate
directly to those other members to which they are interconnected using
owned or leased dedicated dispatthing circuits. Central office telephone
facilities and radio are also used. In general, members plan their inter-
company communications such that a primary and back-up voice circuit is
available. Communication between members and other systems and area control
centers in the MAIN area is normally by leased telephone facilities or by
use of central office facilities.
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MAIN does not have facilities for regional control of generating
capacity or major switching stations nor are such facilities planned in the
future. Each system controls its own generating capacity in accordance
with procedures set forth in the MAIN and NAPSIC operating guides.

The MAIN Coordination Center is located in Lombard, Illinois, a
suburb of Chicago. The principal responsibility of the Center is to
assure that the region will meet its load requirements with a maximum
interconnected system reliability. To accomplish this, the Center functions
to coordinate scheduled outages of principal transmission and generation
facilities, provide information to regional system operators relating to
the status of transmission facilities and generating capacity reserves,
analyze system operation and unusual conditions, and assist members during
critical periods to assure coordination of interconnected systems operating
throughout MAIN and adjacent areas.

The Coordination Center has a mini-computer which is tied in with the
large computers of Commonwealth Edison Company. With this equipment the
Coordination Center Staff participates in system studies conducted by the
MAIN Transmission Task Force. The equipment is also utilized to perform
studies of regional transmission operation when unusual operating conditions
develop.

There are no plans to significantly change the functions of the area
control centers in MAIN.

3.9 MAIN REGIONAL SUMMARY*

Table 3-8 shows the most probable generation mix to the year 2000 for

MAIN. The most probable plan differs from utilities conceptual planning

framework in (a) slightly increased coal-fired capacity, (b) reduced nuclear

capacity, and (c) more effective utilization of off-peak thermal energy.

It is projected that the market potential for under-ground or conventional
'pumped storage is likely to represent as much as 6% in the year 2000. In
addition, it is likely that other electric energy generation sources and
energy storage systems will appear before the year 2000. It is estimated
that other sources, particularly battery and thermal storage systems, will
provide approximately 3% of MAIN's system capacity by the year 2000.

The probable generatiom mixes for Commonwealth Edison sub-region for the
Years 1985, 1990, 1995 and 2000 are shown in the Table 3-9. It is likely
that nuclear additions will continue throughout the period because of
general economic attractiveness over coal. However, coal plant additions
probably will continue despite strict air quality standards to maintain
diversification of generation sources. The potential for large conventional
hydroelectric development in the Commonwealth Edison sub-region is virtually
non~existent due to the relatively flat topography. However, there is
large potential for underground hydroelectric Pumped-storage owing to a
large nuclear and coal generating base and the availability of suitable
sites such asthe Tunnel and Reservoir Project (TARP) of the Greater Chicago Area.

*Source: Ref. 3-3
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Table 3-8
MAIN GENERATION MIX

(Percent of Total Capability)

1985 1990 1995 2000

Generation Type €3] (%) (%) (%)
Base

Nuclear 26-27 23-25 22-25 22-25
Coal 36-38 38-40 40-42 40-42
Intermediate

Coal 18-20 23-25 24-27 25-28
0il 5=7 3-5 2-3 1-2
Conv. Hydro 0-1 0-1 0-1 0-1
Other 0 0-1 0-1 1-2
Peaking

Coall/ - - - -
0il 8-10 8-10 6-8 4-6
Gas 1 0-1 0-1 0-1
Conv. Hydro 0-1 0-1 0-1 0-1
Pumped Storage 1 1 1-3 2-6
Other 0 0-1 0-1 1-2
Total Capability (GW) 56.5 68.1 82.5 100.0

1/ All coal-fired plants are classified as either base or intermediate,
although some intermediate cycling coal-fired plants will be capable of
operating near the top of the load curve.
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It is estimated that underground pumped-storage could represent as much as
7% of the total generating capability in the year 2000. Existing oil-fired
units are projected to remain in service, although some may be converted to
coal. It is unlikely that any new oil-fired units will be added.

Table 3-9
COMMONWEALTH EDISON SUB—REGION GENERATION MIX

(Percent of Total Capability)

Generation Type 1985 1990 1995 2000
(%) (%) (%) (%)
Base
Nuclear 47-49 43-45 38-40 36-40
Coal 15-17 18-20 22-25 23-26
Intermediate
Coal 14-16 18-20 21-23 22-25
011 7-8 5-7 2-4 0-2
Other 0 0-1 0-1 1-2
Peaking
1/
Coal - - - -
0il 12-13 10-12 8-10 5-8
Pumped Storage 0 0 0-4 3-7
Other 0 0-1 0-1 1=2
Total Capability (GW) 24.2 28.4 35.1 ' 43.4

1/ All coal-fired plants are classified as either base or intermediate,
although some intermediate cycling coal-fired plants will be capable of
operating near the top of the load curve.

I1linois Missouri Sub-Region

The Illinois-Missouril sub-region generation mix projected to the year
2000 is shown in Table 3-10. Coal-fired steam plants are expected to
supply a large portion of the base load. A number of nuclear plants are
scheduled to be operational by 1985. After 1995, addition of hydroelectric
pumped-storage and other energy storage systems is likely. Conventional
hydroelectric development is expected to be small.
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Table 3-10
ILLINOIS—-MISSOURI SUB—REGION GENERATION MIX
(Percent of Total Capability)

Generation Type 1985 1990 1995 2000
(%) Z) (%) (%)
Base
Nuclear 10-11 8-10 7-9 7-9
Coal 51-52 52-54 53-55 53-55
Intermediate
Coal 22-24 23-25 24-25 25-27
0il 4-5 3-5 2-4 1-2
Conv. Hydro 1-1 1-1 0-1 0-1
Other 0 0-1 0-1 1-2
Peaking
1/
Coal - - - -
0il 6-8 5-7 4-6 3-5
Gas 0-1 0-1 0 0
Conv. Hydro 0-1 0-1 0-1 0-1
Pumped Storage 1 1 1 1-5
Other 0 0-1 0-1 1-2
Total Capability (GW) 22.0 27.4 32.9 39.2

1/ All coal-fired plants are classified as either base or intermediate,
although some intermediate cycling coal-fired plants will be capable of
operating near the top of the load curve.

Wisconsin-Upper Michigan Sub-Region

The Wisconsin-Upper Michigan sub-region generation mix projected to
the year 2000 is shown on Table 3-11. The emphasis is expected to be
placed on the construction of new coal-fired plants. Oil-fired peaking
capacity is expected to decrease slightly as old units are retired. By the
year 2000 pumped storage is likely to be introduced.
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Table 3-11
WISCONSIN—-UPPER MICHIGAN SUB—REGION GENERATION MIX
(Percent of Total Capability)

Generation Type 1985 1990 1995 2000
%), &) (%) (%)
Base
Nuclear 14-15 13-15 12-15 12-15
Coal 50-52 50-52 50-53 50-53
Intermediate
Coal 22-24 23-25 24-26 24-26
0il 2-3 1-2 1-2 0-1
Conv. Hydro 1 1 1 1
Other 0 0-1 0-1 1-2
Peaking
1/
Coal - - - -
0il 7-8 6-8 5-7 4-6
Conv. Hydro 1 0-1 0-1 0-1
Pumped Storage 0 0 0] 0-5
Other 0 0-1 0-1 1-2
Total Capability (GW) 10.3 12.3 14.5 17.3

1/ All coal-fired plants are classified as either base or intermediate,
although some intermediate cycling coal-fired plants will be capable of
operating near the top of the load curve.

3.10 ENVIRONMENTAL IMPACTS

At every turn, the production and distribution of electricity impacts
the environment. Generation often produces a combination of adverse air
and water quality impacts, solid waste disposal problems, and adverse land-
use consequences. Transmission and distribution lines use significant
amounts of land for right-of-way, and overhead lines can produce adverse
aesthetic impacts and possible adverse electrostatic and electromagnetic
field effects. )

At present, Federal environmental concerns are institutionalized
within the planning process by the National Environmental Policy Act
process. Control mechanisme vary at the State and local levels. The
degree to which future power facilities will be allowed to impact the
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enyvironment is still unresolved and debated. Tighter standards over air

and water amissions, solid waste, and carbon dioxide emissions could

create severe difficulties. Obtaining additional rights-of-way for transmission
lines will create significant problems unless the technologies of underground
and superconductive high-voltage transmission, which are prohibitively

costly at present, improve substantially. Approvals for surface-mining of

coal and attendant land reclamation are currently uncertain and potentially
subject to increased envirommental control. The issues surrounding nuclear
generation include: (1) need for adequate storage for spent nuclear fuel

and for a nuclear waste management program for ultimate disposal of radioactive
waste; (2) unresolved questions about the safety of nuclear powerplants
operations; and, (3) safety concerns in the transportation of nuclear
materials.

3-20



REFERENCES

3-1. Harza Engineering Company, "The Magnitude and Regional Distribution
of Needs for Hydropower, The National Hydropower Study, Phase I - 1978
Electric Power Demand and Supply", Institute for Water Resources, Fort
Belvoir, Virginia, April 1979.

3-2. U.S. Army Corps of Engineers, Institute for Water Resources,' Estimates
of National Hydroelectric Power Potential at Existing Dams", Fort Belvoir,
Virginia, July 1977.

3-3. Harza Engineering Company, 'The Magnitude and Regional Distribution

of Needs for Hydropower, The National Hydropower Study, Phase II - Future
Electric Power Damand and Supply", Institute for Water Resources, March 1980.

3-4. Stanford Research Institute, “Fu2l and Energy Price Forecasts",
Electric Power Research Institute, September 1977.

3-5. Foster Associates, Inc., '"Fuel and Energy Price Forecasts'", Electric
Power Research Instutute EA-411, March 1977.

3-6. Federal Energy Regulatory Commission, "Preliminary Generalized Power
Values for National Hydropower Study', 1978.

3-7. Electric Power Survey Commission, "Technical Assessment Guide", EPRI
PS-866-SR, June 1978.

3-21



&

" Chapter 4
DEMAND SUMMARY

4.1 CAPACITY AND ENERGY DEMAND

MAIN has a summer peak demand of 33.4 GW as shown on Table 4-1. The
Commonwealth Edison, Illinois-Missouri and Wisconsin-Upper Michigan System
sub-regions have summer peaks of 13.9, 13.0, and 6.5 GW, respectively. The
annual historic peaks for MAIN and the three sub-regions are shown in Table
4~-2 for the years 1971-1977. The annual growth rates and the average
annual growth rate over a five-year period for the system demand of these
sub-regions are also shown in Table 4-2. The peak demand for MAIN increased
from 24.9 GW in 1971 to 33.4 GW in 1977, an average annual growth rate of
4.5%Z. This is reflective of the trends in the three study sub-regions as
well.

Table 4-1
ANNUAL ENERGY, PEAK DEMAND AND LOAD FACTOR '

Annual Peak.l/ Month Annual
Energy Demand of peak Load
GWh MW Demand Factor 7%
Commonwealth Edison 65,103 13,932 July 53.3
Wisconsin-Upper
Michigan System 34,600 6,498 July 60.8
Illinois~Missouri 61,378 12,973 July 54.0
MAIN Total 161,081 33,403 July 55.0

1/ Coincident Peak
MAIN "1978 Reply to Appendix A-2 of FPC Order No. 383-4, Docket R-362,"
April 1, 1978

The energy output for MAIN in 1977 was 161.1 GWh, which exceeded the
1976 value by 5.2%. The energy increase from 1975 to 1976 was 4.3%. The
energy outputs for the Commonwealth Edison, Illinois-Missouri and Wisconsin-

Upper Michigan System sub-regions in 1977 were 65.1, 61.4, and 34.6 GWh,
respectively.

4.2 LOAD CHARACTERISTICS

The monthly energy and peak demands for 1977 are shown on Table 4-3.
The peak demands for all three sub-regions occurred in July. The system
loads are also represented in terms of seasonal variations, as shown in



Table 4-2
HISTORIC ANNUAL ENERGY, PEAK DEMAND AND LOAD FACTOR

Annual Energy~' Peak Demand=' Annual
Calendar Thousands Average Annual Peak Average Annual Load
Year of GWH - Growth Rate-7 GW Growth Rate-% Factor-%
1l yr 5 yr

MAIN

1971 24.9

1972 26.8

1973 29.0

1974 29.1

1975 29.6

1976 31.0 4.5

1977 161.1 33.4 4.5 55.1
COMMONWEALTH EDISON

1971 10.9

1972 11.8

1973 12.8

1974 12.3

1975 12.3

1976 12.9 3.4

1977 65.1 13.9 3.3 53.5
ILLINOIS-MISSOURI POOL

1971 7.5

1972 8.1

1973 8.5

1974 9.1

1975 9.1

1976 9.5 4.8

1977 47.9 10.2 4.5 54.1
WISCONSIN-UPPER MICHIGAN SYSTEM

1971 4.7

1972 5.0

1973 5.4

1974 5.4

1975 5.7

1976 5.9 4.7

1977 33.5 6.3 4.7 60.7

1/ MAIN's 1978 Reply to Appendix A-2 of Order No. 383-4, Docket R-362, 1 April

1978.

2/ Information obtained from MAIN in November 15, 1978 letter.
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Table 4-3

MONTHLY ENERGY AND PEAK DEMANDS

Jan. Feb. Mar. Apr. May June July Aug, Sep. Oct. Nov. Dec. Annual
MAIN
Peak Demand, MW 25,918 23,904 22,595 22,534 27,531 28,913 33,404 29,468 27,449 22,020 24,949 26,439 33,404
Net Energy, GWH 14,911 12,365 12,788 11,697 13,209 13,320 15,965 14,346 12,711 12,411 12,883 14,375 161,081
Load Factor, % 77.3 77.0 76.1 72,1 64.5 64.5 64.2 65.4 64.3 75.8 71.7 73.1 55.0
COMMONWEALTH EDISON
Peak Demand, MW 10,323 9,497 9,138 9,217 11,974 12,236 13,932 12,013 10,733 8,994 9,832 10,551 13,932
Net Nergy, GWH 5,948 5,033 5,232 4,778 5,432 5,379 6,397 5,736 5,078 5,075 5,234 5,781 65,103
Load Factor, % 77.4 78.9 77.0 72.0 61.0 61.1 61.7 64.2 65.7 75.8 73.9 73.6 53.3
ILLINOIS-MISSOURI
Peak Demand, MW 9,906 9,046 8,224 8,148 9,968 10,830 12,973 11,724 11,541 8,026 9,524 10,045 12,973
Net Energy, GWH 5,742 4,595 4,671 4,283 4,919 5,213 6,425 5,705 4,955 4,601 4,835 5,434 61,378
Load Factor, % 77.9 75.6 76.3 73.0 66.9 66.9 66.6 65.4 59.6 77.1 70.5 72.7 54,0
WISCONSIN UPPER MICHIGAN

SYSTEM .

Peak Demand, MW 5,689 5,361 5,235 5,170 5,590 5,847 6,498 5,732 5,176 5,001 5,594 5,843 6,498
Net Energy, GWH 3,221 2,737 2,886 2,636 2,858 2,828 3,143 2,905 2,678 2,734 2,815 3,159 34,600
Load Factor, % 76.1 76.0 74.1 69.9 68.7 67.2 65.0 68.1 71.9 73.5 69.9 72.7 60.8

SOURCE: MAIN, "1978 Reply to Appendix A-2 of FPC Order No. 383~4, Docket R-362," April 1, 1978.



Table 4—4
SYSTEM LOAD VARIATIONSL/

First Week First Week First Week
of April of Aupust of December
Peak Weekly Peak Weekly Peak Weekly Annual
Demand Load Demand Load Demand Load Peak Net Load
Representative Utilities %z of Factor Z of Factor Z of Factor Demand Energy Factor
of Power Groups._ Annual Z Annual Z Annual Z MW Date G X
MAIN 33,404 July 161,081 55.0
Commonwealth Edison 64.9 74.3 84.3 67.3 75.7 79.1 13,932 July 15 65,110 53.3
Illinois-Missouri Pool 59.8 76.3 83.9 71.1 73.1 73.7 9,606 45,196 53.7
Central Illinois Public Service Co. 67.5 74.6 79.1 73.2 85.7 79.4 1,793 July l4 8,850 56.3
11llinois Power Company 62.0 76.9 83.0 71.9 75.6 80.0 2,856 July 15 13,935 55.9
bUnion Electric Company 55.7 77.6 86.2 70.1 68. 80.8 4,967 July 19 22,411 51.5
Wisconsin-Upper Michigan System 78.6 72.3 83.7 72.6 88.7 76.8 6,331 33,407 60.2
Madison Gas and Electric Company 64.8 69.9 81.3,, 68.1 76.6 72.5 364 July 20 1,649 51.7
Upper Peninsula Power Company 94.4 91.7 35.8" 72.4 95.2 90.1 374 Jan 15 2,210 67.5
Wisconsin Electric Power Company 7.5 69.6 84.8 72.5 86.6 74.6 3,397 July 20 17,248 58.0
Wisconsin Power and Light Company 79.8 71.0 87.2 73.1 91.6 76.7 1,189 July 20 6,491 62.3
Wisconsin Public Service Corp. 80.2 75.2 94.5 73.9 94.1 79.6 1,007 July 20 5,809 65.9

1/ Computations based on data from schedules 14 and 15 of 1977 FERC - Form 12.
2/ Work stoppage at major industrial load center resulted in decrease in system

peak from 8/8/77 thru 8/13/77.
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Yable 4-5
RESOURCES. DEMAND AND MARGIN

Commonwealth Illinois~ Wisconsin
Edison Missouri Upper Michigan System MAIN
Summer Winter Summer Winter Summer Winter Summer Winter
Resources in MW
Net Capacity 16,347 17,303 17,541 17,737 8,170 8,529 42,058 43,569
Scheduled Imports 1,124 624 701 458 0 0 1,825 1,082
Scheduled Exports 90 90 1,351 1,453 11 10 1,452 1,553
Total Resources 17,381 17,837 16,891 16,742 8,159 8,519 42,431 43,098
Demand in MW
Peak Hour Demand 14,450 11,400 13,826 10,937 6,727 6,505 35,003 28,842
Interruptable Demand 0 0 45 45 21 69 66 14
Demand Requirements 14,450 11,400 13,781 10,892 6,706 6,436 34,937 28,728
Margin in MW
Margin 2,931 6,437 3,110 5,850 1,453 2,083 7,494 14,370
Scheduled Outage 197 2,745 0 1,590 10 422 207 4,757
Adjusted Margin 2,734 3,692 3,110 4,260 1,443 1,661 7,287 9,613
Margin in Percent of
Demand Requirements 18.9 32.4 22.6 39.1 21.5 25.8 20.9 33.5

Margin in Percent of
Operable Resources 15.7 20.7 18.4 25.4 17.7 19.5 17.2 22.3

MAIN, "1978 Reply to Appendix A-2 of FPC Order No. 383-4, Docket R-362", April 1, 1978



Table 4~4. The first full weeks in April, August and December in 1977 were
chosen to represent the variations in demand on the system relative to the
annual peak for each utility. The table also shows the weekly load factors.
From the data it appears that August was the month with the highest peak
loads followed closely by December. In the Wisconsin-Upper Michigan System
the December peaks appear to be slightly higher than those in August.

Weekly load durations curves for representative utilities in MAIN are shown
in Figures 4~1, 4-2, and 4-3.

4.3 DEMAND-SUPPLY BALANCE

The MAIN Reliability Council primarily is a summer peaking system.
All three sub-regions in MAIN, Commonwealth Edison, Illinois-Missouri, and
the Wisconsin-Upper Michigan System experienced annual peak demands of
14.5, 10.5, and 6.5 GW in July 1977. The 1977 non-coincident peak for
MAIN was 35.0 GW and the summer generating capability was 42.1 GW as shown
in Table 4-5. All sub-regions have adequate reserve margins.

4.4 EXPORTS AND IMPORTS

MAIN, as previously mentioned, has agreements and interconnecting
facilities to trade energy with the four reliability councils which border
it. Currently, MAIN is an annual net exporter, with transfer capabilities
as shown in Table 4-6. Although MAIN is a net exporter of power annually
(see Table 4-6), it is a net importer for the summer. Commonwealth Edison
is the only sub-region of the three that is a net importer for that season.
The relative magnitude of the imports for Commonwealth Edison to those of
the other sub-regions is responsible for MAIN's summer net import status.

Table 4—-6
EMERGENCY TRANSFER CAPABILITIES BETWEEN RELIABILITY COUNCILS (MW)
Amount
From {(MW) To
MAIN 4000 ECAR
ECAR 3400 MAIN
MAIN 1050 MARCA
MARCA 1100 MAIN
MALN 3000 SERC (TVA)
SERC (TVA) 2500 MAIN
MAIN 2100 SWPP
SWPP 1300 MAIN

Nource: FERC, "8th Annual Reviews & Overall Reliability of the North

American Bulk Power Systems'", August 1978.
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4.5 RESERVE MARGINS AND REGIONAL SYSTEM RELIABILITY

Commonwealth Edison's reserve margin criteria are 147 of the summer

. peak demand period and 24% of the winter. The Illinois-Missouri System
sub-region uses annual criteria to establish reserve requirements for each

of its members. This guideline states that reserves should be equal to or
greater than 15% of the highest forecasted monthly demand and 50% of the
capability of the largest generating unit. The Wisconsin-Upper Michigan
System sub-region specifies a minimum reserve capacity of 15% of the adjusted
demand. Table 4-5 shows the utility to be well within its reserve re-
quirements. These reserve criteria have produced a more reliable system.

4.6 FUTURE ELECTRIC POWER DEMAND#*

To define a reasonable range of future electricity demands which-
reflect different assumptions, such as population and economic growth
rates, Impact of various conservation programs, load management, and
energy pricing policies, three electricity projections (Projections I, II,
and III) were developed by HARZA Engineering Company from published and
readily available information and data on electricity demand forecasts
(Ref. 4-2, 4-3 and 4-4).

Projection I was derived from the utilities. Each NERC region is
required to forecast annually, electric demand and supply for the next ten
years, based on utility projection, and provide '"conceptual planning"
projection for the subsequent eleven to twenty years. The reports filed
by the utilities through FERC to the Department of Energy on April 1, 1979
were the latest available source for this study (Ref. 4-5).

Projection II was derived from forecasts made by the Institute for
Energy Analysis (IEA) at the Oak Ridge Associated Universities in September
1976 (Ref. 4-3). The main finding of the IEA study is that both the Gross
National Product (GNP) and energy demand are likely to grow significantly
more slowly than has been assumed in most analysis of energy policy. TFrom
this study, the annual per capita electric energy consumption growth rate
in the United States is projected to be 2.6% for the period 1978-2000.

Projection III is based on the ''Congsensus Forecast of U.S. Electricity
Demand" (Ref. 4-6). The electricity demand in the ''Consensus Forecast" was
derived from the energy demand which represents an average of 15 forecasts
made by private and federal economists in the post-embargo period. They
was conservation oriented and not the historical growth forecast that
usually were made in pre—embargo period. Based on this study, the annual
per capita electric energy consumption is expected to decrease from 4.5%
between 1978 to 1985 to 3.2% between 1995 and 2000.

Projections II and III are based on per capita electric energy growth
rates. The 1978 per capita consumption for each region and sub-region is
used as the base condition. To compute the per capita energy consumption,
the OBERS population forecasts were adjusted to reflect the latest (1978)

*Source: Ref. 4-1
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population estimates published by the Department of Commerce. The revised
population growth rates provide more realistic near future trends in
population (Table 4-2) than the estimates based on the original OBERS
forecast (Table 4-7).

Table 4—-7

POPULATION AVERAGE ANNUAL GROWTH RATE FOR THE PERIOD

Region 1970-1978 1978-1985 1985-1990 1990-1995 1995-2000
Sub-Region % pA % % %
MAIN
CECO 0.15 0.5 0.8 0.7 0.7
ILL-MO 0.28 0.4 0.6 0.4 0.4
WUMS 0.72 0.7 0.6 0.5 0.5

Tables 4-8 to 4-11 present the detailed demand summary for the three
projections. From Projections I, II, and III, a "median" electricity
projection was selected and considered to be representative of future
regional (or sub-regional) demands.

Energy Demand

The future annual "median" electric energy consumption in MAIN is
expected to grow from 168,800 GWh in 1978 to 232,500 GWh in 1985, repre-
senting a compound annual growth rate of 4.7Z. By the year 2000, electric
energy consumption is expected to grow to about 421,400 GWh, representing
a compound annual rate of 4.2% between 1978 and 2000.

The Wisconsin-Upper Michigan sub-region is expected to have the
lowest average growth-rate in energy demand, at an annual growth rate of
3.8% between 1978 and 2000. The Illinois-Missouri sub-region is expected
to experience steady decline in the growth rate of energy demand, from an
average of 4.9% between 1978 and 1985 to 3.6% between 1995 and 2000. Due
to a projected larger increase in population, the Commonwealth Edison sub-
region has a steadier growth rate, averaging 4.4%Z over the period 1978-
2000.

Peak Demand

Presently, the three sub-regions of MAIN are summer peaking regions.
The peak demands 'in the Illinois-Missouri and Commonwealth Edison sub-
regions are expected to continue occurring during the summer at least until
the year 2000. Some utilities in the Wisconsin-Upper Michigan sub-region
currently have and will continue to have winter peaks. The peak demand in
MAIN is expected to grow from 33,200 MW in 1978 to 84,700 MW in 2000

4-11
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Table 4—-8
ELECTRIC POWER DEMAND

MID AMERICA INTERPOOL NETWORK REGION (MAIN)
(1978-2000)

22-YEAR
7-YEAR 5-YEAR S5-YEAR 5-YEAR OVERALL
GROWTH GROWTH GROWTH GROWTH GROWTH
1978 RATE* 1985 RATE*® 1990 RATE* 1995 RATE#® . 2000 RATE*

POPULATION (THOUSANDS) 19122. .5 19819, .7 20523. .6 21115. .6 21726. .6
PROJECTION T

Per Capita Consumption (MWH) 8.8 4.2 11.7 3.7 14.1 3.7 16.9 3.8 20.3 3.9

Total Demand (Thousand GWH) 188.8 4.7 232.8 4.4 289.4 4.3 356.8 4.4 441.6 4.5

Peak Damend (GW) 33.2 5.1 46.9 4.3 58.0 4.3 71.6 4.4 88.7 4.6
PROJECTION II

Per Capita Consumption (MWH) 8.8 2.6 10.6 2.6 12.0 2.6 13.6 2.6 15.5 2.6

Total Demand (Thousand GWH) 168.8 3.1 209.3 3.3 246.2 3.2 287.6 3.2 335.9 3.2

Peak Demand (GW) 33.2 3.5 42.2 3.2 49.3 3.2 57.7 3.2 67.5 3.3
PROJECTION III

Per Capita Consumption (MWH) 8.8 4.5 12.0 4.0 14.5 3.3 17.1 3.2 20.0 3.8

Total Demand (Thousand GWH) 188.8 5.0 238.0 4.7 299.5 3.9 362.0 3.8 435.4 4.4

Peak Demand (GW) 33.2 5.4 47.9 4.6 60.0 3.9 72.6 -"3.8 87.5 4.5
MEDIAN PROJECTION

Per Capita Consumption (MWH) 8.8 4.1 11.7 . 3.6 14.0 3.3 16.5 3.3 19.4 3.6

Total Demand (Thousand GWH) 188.8 4.7 232.5 4.3 287.5 3.9 347.9 3.9 421.4 4,2

Peak Demand (GW) 33.2 5.0 46.8 4.2 57.6 3.9 69.8 3.9 84.7 4.3

Maxgin (Percent) 20.7 18.2 18.1 18.1

Resources To Serve Demand (GW) 56.5 68.1 82.5 100.0

Load Factor (Percent) 58.0 56.7 57.0 r56.9 56.8

*NOTE: The growth rates are average annual compounded rates over the period.
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ELECTRIC POWER DEMAND

COMMONWEALTH EDISON SUB—REGION
(1978-2000)

22-YEAR
7-YEAR ; 5~-YEAR 5-YEAR 5-YEAR OVERALL
GROWTH GROWTH GROWTH GROWTH GROWTH
1978 RATE* 1985 RATE* 1990 RATE#® 1995 RATE* 2000 RATE*

POPULATION (THOUSAND) 9493. .5 9830. .8 10230, .7 10393. .7 10969. .7
PROJECTION I

Per Capita Consumption (MWH) 7.2 4.1 9.5 3.6 11.3 3.6 13.5 3.6 16.1 3.8

Total Demand (Thousand GWH) 67.9 4.7 93.4 4.4 115.8 4.3 143.0 4.3 176.8 4.4

‘l.\ Peak Demand (GW) 13.7 5.3 19.7 4.3 24.3 4.3 30.0 4.3 37.1 4.6
® PROJECTION IT

Per Capita Consumption (MWH) 7.2 2.6 8.6 2.6 9.7 2.6 11.1 2.6 12.6 2.6

Total Demand (Thousand GWH) 67.9 3.1 84.1 3.4 99.6 3.3 117.6 3.3 138.0 3.3

Peak Demand (GW) 13.7 3.8 17.7 3.3 80.9 3.3 24.6 3.3 29.0 3.5
PROJECTION 111

Per Capita Consumption (MWH) 7.2 4.5 9.7 4.0 11.8 3.3 13.9 3.2 16.3 3.8

Total Demand (Thousand GWH) 67.9 5.0 95.7 4.8 121.1 4.0 147.6 3.9 178.9 4.5

Peak Demand (GW) 13.7 5.7 20.2 4.7 25.4 4.0 3l.0 3.9 37.5 4.7
MEDIAN PROJECTION

Per Capita Consumption (MWH) 7.2 4.1 9.5 3.6 11.3 3.6 13.5 3.6 16.1 3.8

Total Demand (Thousand GWH) 67.9 4.7 93.4 4.4 115.8 4.3 143.0 4.3 176.8 4.4

Peak Demand (GW) 13.7 5.3 19.7 4.3 24.3 4.3 30.0 4.3 37.1 4.6

Margin (Percent) 23.0 17.0 17.0 17.0

Resources To Serve Demand (GW) 24.2 - 28.4 15.1 43.4

Load Factor (Percent) 56.6 54.1 54.4 54.4 54.4

*NOTE: The growth rates are average annual compounded rates over the period.
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Table 4—-10
ELECTRIC POWER DEMAND

(1978-2000)

ILLINOIS—MISSOURI SUB—REGION

22-YEAR
7-YEAR 5-YEAR 5-YEAR 5-YEAR OVERALL
GROWTH GROWTH GROWIH GROWTH GROWTH
1978 RATE* 1985 RATE* 1990 RATE* 1995 RATE* 2000 RATE*
BOPULATTON (TBOUSANDS) 5593, 4 5751. .6 5962, .4 6045, .4 6167. 4
PROJECTION I
Per Capita Consumption (MWH) 11.4 4.6 15.6 4.3 19.2 4.3 23.7 4.3 29.3 4.4
Total Demand (Thousand GWH) 63.8 5.0 89.6 4.9 113.8 4.7 143.2 4.7 180.5 4.8
Peak Demand (GW) 13.0 5.1 18.4 4.7 23.2 4.7 29,2 4.7 36.8 4.8
PROJECTION I1X
Per Capita Consumption (MWH) 11.4 2.8 13.7 2.6 15.5 2.6 17.6 2.6 20.1 2.6
Total Demand (Thousand GWH) 63.8 3.0 78.5 3.2 92.0 3.0 106.7 3.0 183.7 3.1
Peak Demand (GW) 13.0 3.1 16.1 3.1 18.8 3.0 21.7 3.0 25.2 3.1
PROJECTION III
Per Capita Consumption (MWH) 11.4 4.5 15.5 4.0 18.9 3.3 22.2 3.2 26.0 3.8
Total Demand (Thousand GWH) 63.8 4.9 89.3 4.6 111.9 3.7 134.3 3.6 160.4 4.3
Peak Demand (GW) 13.0 5.0 18.3 4.5 22.8 3.7 27.4 3.6 32.7 4.3
MEDIAN PROJECTION
Per Capita Consumption (MWH) 11.4 4.5 15.5 4.0 18.9 3.3 22.2 3.2 26.0 3.8
Total Demand (Thousand GWH) 63.8 4.9 89.3 4.6 111.9 3.7 134.3 3.6 160.4 4,3
Peak Demand (GW) 13.0 5.0 18.3 4.5 22.8 3.7 27.4 3.6 32.7 4.3
Margin (Percent) 20.0 20.0 20.0 20.0
Resources To Serve Demand (GW) 22.0 27.4 32.9 39.2
Load Factor (Precent) 56.0 55.6 56.0 56.0 56.0

*NOTE: The growth rates are average annual compounded rates over the period.
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Tebie 4-11
ELECTRIC POWER DEMAND
WISCONSIN—UPPER MICHIGAN SUB—REGION

(1978—-2000)

22-YEAR
7-YEAR 5-YEAR 5-YEAR 5-YEAR OVERALL
GROWTR GROWTH GROWTH GROWTH GROWTH
1978 RATE#* 1985 RATE* 1990 RATE* 1995 RATE#* 2000 RATE*
POPULATION (THOUSAND) , 4036. 7 4238. .6 4367. .5 4477. .5 4590, .6
PROJECTION 1
Per Capita Consumption (MWH) 9.2 3.6 11.8 3.1 13.7 2.9 25.8 3.1 18.4 3.2
Total Demand (Thousands GWH) 37.1 4.3 49.8 3.7 59.8 3.4 70.6 3.6 84.3 3.8
Peak Demand (GW) 6.5 4.4 8.8 3.6 10.5 3.4 12.4 3.6 14.8 3.8
PROJECTION IIX
Per Capita Consumption (MWH) 9.2 2.6 11.0 2.6 12.5 2.6 14,2 2.6 16.2 2.6
Total Demand (Thousands GWH) 37.1 3.3 46.6 3.2 54.6 3.1 63.7 3.1 74.2 3.2
Peak Demand (GW) 6.5 3.4 8.2 3.1 9.6 3.1 11.2 3.1 13.0 3.2
PFROJECTION III
Per Capita Consumption (MWH) 9.2 4.5 12.5 4.0 15.8 3.3 17.9 3.2 21.0 3.8
Total Demand (Thousands GWH) 37.1 5.2 53.0 4.6 66.5 3.8 80.1 3.7 96.2 4.4
Peak Demand (GW) 6.5 5.4 9.4 4.5 11.7 3.8 14.1 3.7 16.9 4.4
MEDIAN PROJECTION
Per Capita Consumption (MWH) 9.2 3.6 11.8 3.1 13.7 2.9 15.8 3.1 18.4 3.2
Total Demand (Thousands GWH) 37.1 4.3 49.8 3.7 59.8 3.4 70.6 3.6 84.3 3.8
Peak Demand (GW) 6.5 4.4 8.8 3.6 10. 3.4 12.4 3.6 14.8 3.8
Margin (Percent) 17.0 17.0 17.0 17.0
Resources to Serve Demand (GW) 10.3 12.3 14.5 17.3
Load Factor (Percent) 65.2 64.6 65.0 65.0 65.0

*NOTE: The growth rates are average annual compounded rates over the period.



Load Factor

MAIN had an annual load factor of 58%Z in 1978. From the projected
peak and energy demands forecast by the utilities, future annual load
factors for the MAIN region are expected to average 57%. The Wisconsin-
Upper Michigan sub-region has the highest load factor, and is projected to
remain at 65%. The two other sub-regions have projected annual load
tactors between 54% and 567%.

Characteristics of Electric Loads

Table 4-12 presents a breakdown of loads (base, intermediate, and
peak) for each of these utilities. These percentages are representative of
each season. During each season, the loads may vary by several percents.

Table 4-12

LOAD DISTRIBUTION IN MAIN
(Percent of Annual Peak Load)

Representative Utility Base Intermediate Peak

(%) (%) (%)

Commonwealth Edison Sub-Region:

Commonwealth Edison Company

Off Season 44 14 5
Summer 59 26 15
Winter 56 14 6
Annual 59 26 15

Wisconsin-Upper Michigan Sub-Region:

Wisconsin Electric Power Company

Off Season 46 23 9
Summer 60 28 12
Winter 55 23 9
Annual 60 28 12

Illinois-Missour: Sub-Region:

Union Electric Company

Qff Season 42 10 4
Summer 61 20 19
Winter 52 10 6
Annual 61 20 19

For the three utilities representative of MAIN, the average annual
base load varies between 59% and 61%, and the peak load varies between 12%
and 19% of the peak annual demand. The portions of the load considered as
base, intermediate or peak are the basis for deriving the generation mix.
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Chapter 5
METHODOLOGY

5.1 DATA COLLECTION AND SCREENING - STAGE 1

The initial data collection and screening procedures for the National
Hydroelectric Power Study were designed to develop a comprehensive, nation-
wide inventory of the physical potential for hydroelectric power at both
developed and undeveloped water resource sites, including dams, navigation
locks, and irrigation structures.

. Representatives from the Corps of Engineers Divisions were responsible
for selecting standards for the initial screening criteria within their
Division. The North Central Division (NCD) was responsible for the pre-
paration of this Appendix. MAIN encompasses parts of four of the five
Districts of NCD, namely, the Chicago, Rock Island, Detroit and St. Paul
Districts. In addition, part of two Districts of the Lower Mississippi
Valley Division are also within the Boundary of MAIN, i.e. Memphis and St.
Louis Districts and part of one District of Southwest Division (Little
Rock) and part of onme district of Missouri River Division (Kansas City).
District representatives were responsible for obtaining additional data
items required, entering them on a data sheet called Form .1 and checking
printouts to assure accuracy of inputs into the data base.

_ Due to study funds available and time required for completion, the
scope of the study was limited to sites with a potential of at least 1
niegawatt.

An initial 2 weeks was allowed to identify undeveloped sites of 1-MW or
greater. Corps Districts used all available studies and reports to screen
undeveloped sites for 1-MW potential in one day assuming the release of
water equivalent to project storage in a 24-hour period at maximum head.
Those undeveloped sites with less than 1-MW potential were screened out
using the power formula:

= Qhe _
P 1‘?‘.‘6 0.072 Qh

Where: P=Kilowatts
=Ayerage amnual discharge in cubic feet per second
h=Available head
e=Efficiency (usually 0.85)

The average annual discharge for each undeveloped site was obtained
from a discharge-drainage area curve constructed for each major watershed
basin. These curves were developed from actual stream gage locations and
observed discharge data.



For a 24~hour period the formula was revised as:

P= .072X .5Sh or P = .036 Sh, since Q = 0.5 cfs
A-F
where S = Storage in Acre-Feet (A-F)

The next effort of stage 1 involved the identification of potential 1-
MW sites that already had dams. The effort began with a computer screening
of all sites in the 1975 Corps of Engineers National Dam Inventory. The
computer screened out all sites that would not result in 1,000 KW.

A data sheet (Form ) was then completed for each site remaining in
the active inventory after meeting the l-megawatt undeveloped and developed
site criterion. The Form 1 data included known or estimated physical data
for each developed or undeveloped site: drainage area, latitude and longitude
location, a representative stream gage number, average annual flow, existing
and undeveloped hydropower, and known site constraints. Form 1l data sheets
were prepared for approximately 1,520 sites in the MAIN Reliability Council
Area. A sample copy of Form 1 is shown in Figure 5-1.

5.2 DATA COLLECTION AND SCREENING - STAGE 2

The purpose of the second screening was to select those existing and
undeveloped dam sites that met basic capacity and economic standards. The
sites that met the standards established for this activity were carried
forward for further and, more stringent, screening. The principal tasks in
this activity were to:

(1) Refine estimates of capacity and energy for all sites in the
initial inventory.

(2) Screen all sites on the basis of capacity and economic criteria to
identify sites for more detailed study during stage 3.

(3) Review screening to check for consistency and errors.

(4) Modify the computer data base to reflect Division screening
results, and establish active and inactive lists of potential sites.

The Corps of Engineers' Hydrologic Engineering Center (HEC) provided
technical support and conducted the refining of capacity and energy estimates,
as well as the screening, by computer. Each Division was responsible for
accessing the computer inventory file and withdrawing the active and inactive
lists for its Districts. The Division consolidated the lists after review
by each District and updated the inventory file. Each District reviewed
the results of the screening to insure that the lists were consistent and
accurate.
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The stage 2 screening effort involved an HEC computer screening of the
sites with Form 1 input data. Two screenings were conducted. The first
used the criteria of 50-kilowatts continuous output and a benefit-cost

ratio of 1.0 or greater.

Approximately 763 sites in MAIN met these criteria and were tabulated
in a preliminary PIF (public information file) list in May 1979. The PIF
data were subsequently updated in July 1979, and summarized in a six-
volume, July 1979, IWR report titled "Preliminary Inventory of Hydropower

Resources."
The second HEC screening of Form 1 data used the following criteria:
(a) 1 megawatt output as specified before; and,
(b) 1.0 or greater benefit-cost ratio;
Approximately 763 sites in MAIN met these criteria. A computer
printout listing those sites meeting the criteria was provided to each

District by HEC.

5.3 DATA COLLECTION AND SCREENING - STAGE 3 - GENERAL

The primary purpose of this activity was to accumulate the Form 2 data
necessary to accomplish the stage 3 first screening of power sites. The
primary tasks involved filling out the required data on Form 2 for those
sites passing the stage 2 screening. A sample copy of Form 2 is shown in
Figure 5-2.

The District compiled the required data in accordance with the instructions
contained in Form 2. Each District determined if use of available cost
data was desired or whether complete computer evaluation was preferred.
Necessary data varied depending on whether the computer cost routines were
used or whether the District elected to compute costs using the North
Pacific Division (NPD) Cost Manual. Each District updated the computer
data base for their area.

The Districts developed additional site data for the 203 MAIN sites
that passed the stage 2 screening. This information was compiled on Form
2 and entered in the computer data base by each District. This added
information for the Form 2 sites consisted of section, township, and range
locations; physical site and valley characteristics taken from topographic
maps and tailwater rating curves; and, any general refined data that could
be developed.

NCD elected to have all cost estimates developed by computer, using
the NPD method.
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