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AN ANALYSIS 

OF THE PROPOSED COLUMBIA RIVER POER DEVELOPIVNT 

The proposed Colwnbia River Power Development is a 

hjdro-electric project of large magnitude for the gener- 

ation of an amount of electrical energy far in excess of 

the present needs of the Columbia River Area. The devel- 

opinent of this proposed project will require the con- 

struction of large dams with storage facilities for the 

impounded water, The construction must be of sufficient 

magnitude to provide for maximum flow conditions of the 

Columbia River. The largest part of the investment in 

this hydro-electric power project will be in the hy- 

draulic power works consisting of dams and associated 

construction. For a construction of this type approx- 

imately P75 to 80 por cent of the total investment is 

in the hydraulic works. Practically the entire instal- 

lation and investment must be made before service can be 

given, regardless of whether or not there is a market 

for all the power available. 

Hydro-electric power must be generated at the most 

advantageous location for its production. This usually 

requires the transmission of the power to the power 

load centers with attendant transmission line costs and 

losses. 

The economic justification of the construction of 

large dams for the development of hydro-electric power 
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on the Columbia River depends, therefore, upon successfully 

marketing the power available, at a price sufficient to pay 

all fixed charges, all operating expenses, and to insure 

the return, within a reasonable time, of the original in- 

vestment either directly or by the setting up of ample 

reserves for depreciation of equipment. If hydro-.electric 

power is to be generated economically, the range of the 

selling price must lie between the minimum that will meet 

the above requisites and a maximum controlled by competi- 

tive prices for power generated from other sources, and 

also by the amount industries can afford to pay. Genera- 

tion of electric power by steam is the chief competitor of 

hydro-electric power. 

Generation By Steam 

A few of the important advantages of steam power gen- 

eration compared to hydro-electric power generation are 

enurnerabed. (1) The location of a steam plant can be 

chosen near the load it is to serve after due considera- 

tion has been given to the supply of fuel and condensing 

water. (2) The size of the steam plant can be chosen to 

meet the actual load conditions with additions easily made, 

as needed, to meet increasing load. (3) The total cost of 

constructing a steam plant is usually materially less per 

kilowatt installed than the combined costs of the dam, 

water channels, and power house for a hydro-electric in- 
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stallation of the same capacity. (4) Fuel can be stored 

and held in reserve to be proniptly available for emergen- 

cies, and for standby purposes. 

Therefore, a steam plant can be built quickly and 

cheaply, with standardized equipment, with good reliabil- 

ity to meet well defined requirements, and extensions can 

follow on a scale and at the time actually needed, without 

requiring large sums of money to remain in idleness over 

long periods of time while the power market is developing. 

Concurrent with these advantages in electric power genera- 

tion by steam are the disadvantages of high fuel costs, 

high maintenance costs, and relatively short useful life 

with consequent high rates of depreciation and ainortiza- 

tian, 

Columbia River Power Report 

In the study of the proposed Columbia River power 

development, one of the most important phases is the pos- 

sibility of marketing the available power within a reason- 

able time. 

The Columbia River Power Report is based on an ex- 

tensive survey made by United States Army Engineers to 

determine the feasibility of developing the Columbia River 

for power purposes. The power development recommended by 

the Portland Division consists of two plants; one, a plant 

of 330 foot maximum head at The Dalles, and the other, a 
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plant of 54 foot maxiiium head at Warrendale. The prime 

jower output of' The Dalles plant would be 12.7 billion 

kilowatthours per year, and the prime power output of the 

Warrendale plant 2.1 billion kilowatthours per year, The 

prime power output was calculated on the basis of minimum 

stream flow. Costs of power generation calculated in the 

Power Report are based on the complete sale of this amount 

of power by 1957, starting with the completion of the first 

plant in 1940. 

Purpose 0f This Thesis 

This thesis is an effort to forecst the size and the 

growth of the power market in the area which would normally 

be served by these plants. At present it is neither prac- 

ticable nor economical to transmit power a greater distance 

than 300 miles. The normal area served would then be con- 

f med to within aporoximately a 300 mile radius of The 

Dalles. 

Forecasting Electric Power Load Growth 

The study of future growth of electric power load is 

a problem that cannot be calculated with great pecismon; 

however, it can be forecast with a fair degree of accuracy 

over a limited time. Power load growth in kilowatthours per 

year, measured at the bus bars of the generating stations, 

can be forecast during normal conditions with fair accuracy 



-5- 

for five years, and with questionable accuracy for ten 

years. Forecasts for a longer time than ten years are 

always of questionable accuracy because of the multiplie- 

ity of factors affecting load growth. 

Generated Power As Measure 

Generated power measured at the bus bar of the gen- 

erating station is considerably more than the actual power 

utilized which is the revenue producing power, because of 

the power losses due to transmission and distribution. 

Since it is difficult to obtain accurate data on power 

utilized, generated power is taken as the basis for all 

calculations in this thesis. The number of kilowatthours 

used for calculating prosiective revenue must, therefore, 

be somewhat less than the number of kiloWatthours generated. 

An ayproximate loss to be expected in a project of this 

type would be 10 per cent in the transmis3ion system and 

15 per cent for a distribution system. 

Use Of Correlation 

Use was made in this thesis of the statistical device 

knovn as correlation, and its measure, Pearson's correla- 

tion coefficient, See Appendix I. Correlation is the 

mutual relation between corresponding points on two curves 

of similar type, corresponding ioints being defined as 

having the same abscissas, providing the two curves start 
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at the same origin. The measure of this mutual relation is 

indicated by the coefficient of correlation. The coeffic- 

ient of correlation varies with differenb degrees of cor- 

relation, ranging from zero with no correlation, to unity 

indicating perfect correlation. To have a significant 

meaning, the correlation coefficient must exceed 0.5. 

United States Load Growth Data 

The load growth data of the United States is available 

over a longer period of time than that available for the 

Columbia River Area; therefore, more extensive studies can 

be made by using the United States data. This dat is tab- 

ulated in Table I. 

A satisfactory growth 

United States and the Columbia River Area will justify the 

use of correction factors, calculated on the basis of the 

more abundant United States data, for forecasting load 

growth. The Columbia River Area is defined as including 

the states of Oregon, Washington, and Idaho. 

One possible means of forecasting load growth is to 

correlate its growth with the growth in population. If 

population can be correlated with load growth over a cor- 

responding period, that is, load growth corresponding in 

time with the people consuming the load, then a general 

equation applying to the curvo of populetion growth can 

be applied to a curve of load growth by calculating new 

constants based on load growth data. This does not mean 
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Table I 

Power Load Growth in the United States in 

Billions of Kilowatthours 

Year Load Year Load 

1887 .18 1923 51.13 

1892 .30 1924 54.41 

1897 .80 1925 61.16 

1902 2.34 1926 69.16 

1907 5.86 1927 74.69 

1912 11.57 1928 82.93 

1913 13. 1929 91.42 

1914 14. 1930 89,95 

1915 16.18 1931 86.68 

1916 21.23 *1932 95. 

1917 25.44 *1933 96. 

1918 29.20 *1934 108. 

1919 34.90 *1935 115. 

1920 39.52 *1937 130. 

1921 36.97 *1940 157. 

1922 43.56 

* 1932 'E1ectricai World" forecasts 
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that the load will increase in the future as population 

increases, but assumes that the load curve of the future 

will follow a curve siilar in type to that followed in 

the past by both population and power. 

Population Tendencies 

Population has shown a rather rapid increase in the 

past, but it is assumed that the population growth in the 

future will be greatly reduced. Studies made by the Bell 

Telephone System Engineers show this growth to be affected 

by such factors as generally higher living standards, 

marriages in which both husband and wife are breadwinners, 

the tightening of immigration restrictions against the 

prolific races, and wider knowledge and utilization of 

birth control information, These are some of the factors 

affecting population growth and indicate that the increase 

in population of the United States will be less in the 

future. The assumption is made in this thesis that the 

power load will continue to grow due to increase in popula- 

tien and new and enlarged utilization of electricity. 

Correlation Of United States Population To Load Growth 

Referring to Figure 1, curve (a) shows the yearly 

population of the United States in millions of people, and 

curve (b) shows the yearly power load of the United States 

in billions of kilowatthours per year. Data for curves (a) 
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and (b) have been correlated between the years of 1890 and 

1930, obtaining a correlation coefficient of 0.91 plus or 

minus 0.051. This calculation is tabulated in. rb] II. 

The probable error 0.051 was computed for this correlation 

to determine whether the correlation calculated from the 

observed sample was significant. The probable error 

indicates that the correlation would lie between 0,86 and 

0.96 for over 50 per cent of the combinations of possible 

data, and probably never below 0.76 which is practically 

the worst possible combination obtainable by using a tol- 

erance of three times the probable error. These correla- 

tion coefficients are sufficiently high in value to assume 

that the same type curve can be applied to data for load 

growth as has been suitable for population growth. 

Extensive studies on pot ulation growth have been made 

by Raymond Pearl in his book, ttStudies In Human Biology.tt 

Pearl has evolved a method of calculating the empirical 

equation for a curve representing population growth. The 

application of this empirical equation to selected data is 

discussed in Appendix II. 

Investigation 0f Load Growths In The United States 

Study was then made of the load growth in the United 

States and Columbia River Area, and correlations were com- 

puted to deLerinine the justification for the application 

of correction factors, computed from the United States 
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Table II 

Correlation of United States Population 

and Electric Power Generation from 1890 to 1930 

Year Load Population 
Billions Millions 

of of 
Kilowatthours People 

1890 .3 62.95 

1900 2.34 76. 

1910 lO. 91.97 

1920 39.52 107.4 

1930 89.95 122.4 

Correlation coefficient is 0.91 

Probable error is 0.051 
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date, to the Coluxrihia River Area. The re1itive load 

growth from 1912 to 1931 as percentages oí the 1929 values 

is shown in Figure 2 for all geographical sections of the 

United States, This data is tabulated in Table III. 

Curves in Figure 3 show the simi1arit in electric power 

growth between the Columbia River Area and the United 

States. Values of power generated for all section and 

entire United States were obtained from statistical data 

in the "Electrical Vorld." Power generated in the Columbia 

River Area is considered to be the sum of the power gen- 

crated by the following ten Northwest utilities obtained 

from the "Electrical World": 

Puget Sound Power and Light Company 

The Washington Water Power Company 

Portland General Electric Company 

Idaho Power Company 

The California Oregon Power Company 

City of Seattle, Lighting Department 

Northwestern Electric Company 

City of Tacoma, Light Division 

Pacific Power and Light Company 

Mountain States Power Company 

Data for the United States and Columbia River Area 

load growth was correlated for the period between 1923 and 

1930, resulting in an almost perfect correlation coeffic- 

ient of 0.995 plus or minus 0.002. See Table IV. 
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Table III 

Load Growth in Per Cent of the 1929 Load for All Geographical 

Sections in the United States 

Section 1912 1917 1922 1927 1929 1931 

South Atlantic 6.21 14.84 39.9 71.8 100. 86. 

East South Central 6,7l 30.9 44.0 81.7 lOOt 107. 

Above Conbinea 6.33 18.44 40,8 74, 100. 90,7 

New &ìgland 14.42 30.6 54,7 79.2 100. 995 

iiddle Atlantic 16.42 35,4e 51.0 89,3 lOO. 99.2 

East No'thCentra1 11.1 25.25 44.75 '79.8 100. 89.5 

'.iest North Central 13.23 33,00 59.7 84.4 100. l4.2 

West South Central 4,79 9.88 27.4 b7.0 100. 92.8 

Mounta.in 22.3 53.8 60.5 89.6 100. 78. 

Pacific 15.92 26.25 51.9 84.8 100, 102, 

Columbia River Area 18,55 29.1 52,4 81.8 100. 

United Stdtes 12.65 27.85 47.6 81.7 100. 94.8 

H 
01 
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Key to Sections by States 

New England North Central 

Maine lViassaehusetts Indiana Ohio 

New Hampshire Rhode Island Wisconsin Illinois 

Vermont Connecticut Michigan 

Middle Atlantic South Central 

New Jersey New York Mississippi Kentucky 

Pennsylvania Alabama Tennessee 

South Atlantic West South Central 

Florida South Carolina Texas Louisiana 

Georgia Maryland Oklahoma Arkansas 

Virginia West Virginia Mountain 

North Carolina Delaware New Mexico Idaho 

West North Central Montana Nevada 

North Dakota Kansas Colorado Utah 

South Dakota Nebraska Wyoming Arizona 

Iowa Missouri Pacific 

Minnesota Oregon Washington 

California 



-17- 

Table IV 

Correlation of Columbia River Area 

and United States Power Generation from 1923 to 1930 

Year 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

Columbia River 
Load 

Bil1ons 
of 

Kil owat thours 

2.25 

2 45 

2.75 

3 15 

3.55 

4.14 

4 b6 

4,64 

United States 
Load 

Billions 
of 

Kil ovat thours 

51.1 

54.4 

61 2 

69.2 

74.7 

82.9 

91,4 

89.9 

Ratio 
Columbia River 

to 
United States 

Correlation coeLicient is 0.995 

Probable error is 0,0024 

Average ratio is 0,0472 

.044 

.045 

.0438 

.0454 

.0477 

05 

.05 

.0515 
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Data was also correlated for the total load growth in 

the states of Oregon, Washington, and Idaho with the United 

States load growth from 1912 to 1930, resulting in a coef- 

ficient of 0.927 plus or drms 0.025. Table V tabulates 

this calculation. 

Determining Correction Factors 

Using the coefficients of 0.995 and 0.927 calculated 

from load growth data obtained from two sources over dif- 

ferent periods as justification, forecasts and correction 

factors were calculated on United States load growth for a 

number of portions of data over the range of available date, 

extrapolating five and ten years ahead of each portion. As 

an example, if data is available from 1900 to 1930, an 

equation was calculated using the data of 1900 to 1920. 

The values for 1925 and 1930 were calculated from this 

equation of the curve and compared to the known values of 

data for 1925 and 1930. The ratio of the known value to 

the calculated value was then used in determining the factor 

of error. By comparing these forecasted values with 

actual values, a series of factors of error were calcul- 

ated, and the average of these factors of error used as a 

correction factor for forecasting corresponding periods of 

five and ten years. 

These calculations are as tabulated in Appendixes 

III and IV. Values computed from the empirical equation 
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Table V 

Correlation of Total Washington, Oregon, and 

Idaho Power Generation with United States From 1907 to 1930 

Year *United States *Oreon---Washington--Idaho 
Billions Billions 

of of 
Kilowatthours Kilowatthours 

1907 10.62 .39 

1912 17.57 .86 

1917 32.68 1.34 

1920 43.56 2.26 

1921 40.98 2.20 

1922 47.65 2.42 

1923 55.67 2.74 

1924 59.01 2.98 

1925 65.87 3.11 

1926 73.79 3.45 

1927 80.21 3.77 

1928 87.85 4.35 

1929 97.35 4.61 

1930 95.94 4.69 

Correlation coefficient is 0.927 

Probable error is 0.025 

* Data obtained from Power Report 
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are then corrected by multiplying them with the average 

correction factor, which is 1.07, for a five year forecast 

and 1.28 for a ten year forecast. 

Forecasting Columbia River Area Load 

Since United States load growth has been correlated 

with the load growth of the Columbia River area, it is 

reasonable to assume that these coa.rection factors can be 

applied to calculations from the empirical formula based 

on data of the Columbia River Area, These calculations 

have been made and corrected based on data from 1923 to 

1930, resulting in a forecasted load of 6.38 billion kilo- 

watthours for 1935, and 8.95 billion kilowatthours for 

1940. 

A second method of forecasting was used, calculating 

the yearly ratio of the Columbia River Area power genera- 

tion to the United States generation from 1923 to 1930. 

This ratio is practically constant, as the correlation 

coefficient would indicate, and averaged 0.0472. See 

Table IV. Applying this factor of 0.0472 to the forecasted 

load growth of the United States obtained from the 1932 

statistical number of the "Electrical World" conteining the 

latest forecasts to 1940, results in Columbia River Area 

load forecasts of 5.43 billion kilowatthours for 1935 and 

7.41 billion kilowatthours for 1940. The forecasted load 

growth for the United States obained from the "Electrical 



-21-. 

World" is shown in the upper and dotted portion of curve 

(b), Figure 1. These values appear to be quite optimistic 

as the recovery in load growth from the present depression 

will probably be more gradual than indicated by this curve. 

The result of the calculations to 1940 for the Columbia 

River Area, using ratios, is shown on curve (c), Figure 4. 

Power ReDort Forecast 

The Columbia River Power Report forecasts load growth 

to 1960 as tabulated in Table VI and shown on curve (a), 

Figure 4. ThIs data was obtained by calculating a 9.5 per 

cent annual rise based on load growth of the last ten 

years. The growth in load vías then assumed to rise at a 

compounded rate with decreasing increments until the rate 

of rise is 4.75 per cent in 1960 and zero in 1990. 

Market Requirements For Recommended Development 

The ultimate prime power load used as the basis for 

calculation of power generation costs in the Columbia 

River Power Report is 12.7 billion kilowatthours for the 

proposed Dalles plant and 2.1 billion kilowatthours for 

the proposed Warrendale plant, or a total of 14.8 billion 

kilowatthours for both plants. When The Dalles and War- 

rendale are ready to absorb load, facilities will exist 

which have already been supplying the power needs of the 

Columbia River Area, This equipment cannot be abandoned 

and must be cared for in the forecasts of load required. 
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Table VI 

Load Growth Forecasts in Billions of Kilowatthours 

For the Columbia River Area 

Power Report Forecast 

Year Load 

1930 4.04 

1935 6.48 

1940 10.23 

1945 15.66 

1950 22.93 

1955 31.83 

1960 41.63 

Computed Forecast Obtained by Extrapolating Empirical 

Equation for 5 and 10 Year Periods and Correcting 

Year 5 Year lo YearPeriods Avera;e 

1930 4.64 4.64 4.64 

1935 6.38 o.65 6.50 

1940 8.08 8.95 8.51 

1945 10.45 

1950 12.55 17.27 14.91 

1955 15.00 

1957 16.33 25.9 21.1 



The value of load required to satisfy these facilities is 

conservatively asswned to be 6.5 billion kilowatthours for 

1940 which is somewhat less than the forecasted power load 

of the Columbia River Area. 

Growth In Existing Facilities 

Part of the equipment supplying the present needs of 

this area will become worn out by the time the proposed 

Columbia River Power project would be ready for operation, 

but new equipment will also be added to care for increas- 

Ing load. If the proposed Columbia River development is 

constructed, there will be a tendency to limit new power 

development projects, and depreciation of the present 

existing equipment would probably offset the increased 

facilities except those necessary to supply the normal 

growth in load. 

Rate 0f Depreciation 

Depreciation of hydro-electric equipment due to ob- 

solescence is low because little improvement may be expect- 

ed in the efficiency of this type of apparatus. The major 

costs of hydraulic power generation are the fixed charges 

on the investment; therefore, small improvements in ef- 

ficiency will have little effect on the cost of electrical 

energy from hydraulic plants. In the generation of elec- 

trical energy by steam, the reverse is true. The fixed 

charges are less because of the smaller investment per 
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kilowatt of installation. The operat1n charges are higher 

due to the fuel necessary. There is also ample room for 

further improvement in the efficiency of steam operation 

which would result in corresponding reductions in fuel 

required. The rate of depreciation due to obsolescence 

is much higher for steam equipment than for hydro-electric 

because any iiprovement in efficiency directly affects the 

cost of power generation to a much greater extent in the 

case of steam. 

Two-thirds of the present generating equipment in the 

Columbia River Area is hydro-electric; thus resulting in a 

less rapid overall rate of depreciation due to obsolescence 

of equipment than might be expected ii' there was a larger 

proportion of steam. 

The above facts have been considered in assuming a 

conservative value of 6.5 billion kilowatthours for the 

forecasted load in 1940 to be allocated to the existing 

facilities. 

Proposed Allocation 0f Future Load 

The Columbia River Power Report assumes that the 

proposed development will be ready for operation by 1940. 

It is further assumed in this report that beginning with 

1940, one-half of the growth in load will be available for 

The Dalles and Warrenclale plants, and the remaining half 

available for the tben existing facilities. Existing 
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facilities are defined as private and municipal electric 

power generati.on equipment other than the Columbia River 

Power development. it is assumed that the existing fach- 

ities will retain the load they are generating in 1940 

and absorb one-half of the future growth in load. 

It is estimated in the Power Report that seventeen 

years will be required from 1940 to fully load the equip- 

nient of The Dalles plant, or that this will be accomplished 

by. 1957. 

Referring to the curves of Figure 4, it is noted that 

the calculated load growth curves (c) and (d) are consid- 

erably below the curve (a) which ïs the forec..st used in 

the Power Report. Since curve (c) was calculated in 

direct relation to the rather optimistic forecasted load 

growth curve of the United States, published in the 1932 

statistical number of the "Electrical World", it probably 

will more closely represent the load growth until 1940. 

However, the higher values obtained in curve (d) are used 

in this thesis. 

1957 Forecasts 

Extrapolating actual load growth curve (b), with five 

year intervals to 1957, and again with ten year intervals 

to 1957, and calculating new equations in each case for 

each value of corrected data computed, the following fore- 

casted values of power load in billions of kilowatthours 
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per year were obtained for 1957: 

Calculated by five year intervals from 1930--16,3 

billion, 

Calculated by ten year intervals froiii 1930--25,9 

billion. 

The above values are tabulated in Table VI, and 

curve (d), Figure 4, shows the averages of these values 

which are used in this thesis for the power load growth 

to 1957. 

The average predicted load for 1957 is 21.1 billion 

kilowatthours. The Power Report assumes that one-half of 

the forecasted load growth from 1940 will be available to 

load the Columbia River plants. To fully load the two 

Colurribia River plants, 14.8 billion kilowatthours are 

necessary, and 12.7 billion kilowatthours are required to 

load The Dalles plant alone. It is, therefore, evident 

that 7.3 billion kilowatthours, which is one-half the 

forecasted load growth after 1940, is only sufficient to 

load The Dalles plant to 57.5 per cent of its capacity 

by 1957. In the event the Viarrendale plant is also 

completed at this time, the total development ïculd be 

loaded to only 49.3 per cent of Its available capacity. 

It must be remembered that the values herein obtained 

for future loads can be only approximations as they are 

forecast for 27 years, and are, therefore, to be taken as 

predictions which may be possible, but are believed to be 



optimistic. 

A straight line graphical representation of the 

forecasted growth in load from 1940 to 1957, the 

proposed allocation of this increase in load, and the kilo- 

watthours necessary to load the plants to capacity are 

shown in Figure 5. Line A represents the load to be 

retained by the facilities existing in 1940. The increase 

in load from 1940 to 195'? is represented between the lines 

A and F and is equally divided by line C, giving one-half 

of the load growth to the existing facilities and one-half 

to the Columbia River developient. Line D represents the 

power necessary to fully load The Dalles plant and line E 

that necessary to fully load both The Dalles and Warren- 

dale plants. Line B shows bbc forecasted power available 

in 1957 to load the Columbia River development. Line H 

shòws the generating capacity that would be available in 

1957 from al]. facilities, and line G shows all facilities 

except the Warrendale plant. This is considerably in ex- 

cess of the forecast value indicated by the termination of 

line F at 1957. 
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Affect Of New Industry On Power Load Growth 

A study has been made of the effect of industry on 

load growth, and for this purpose a section of the United 

States that h.s increased industrially to a large extent 

in recent years has been chosen. This is the South East- 

orn section composed of the South Atlantic States and the 

East South Central States, This section is particularily 

favored vth raw materials and labor for the textile 

industry; therefore, from an industrial point of view, 

data taken from tais section sliould give an optimistic 

indication of the effect of new industry on load growth. 

The load growth for these sections was correlated with that 

of the Columbia River Area for the years 1922 to 1930 and 

found to be 0.934 plus or minus 0.039. See Table VII. The 

curves of Figure 3 show the relation of load growth in this 

section to that of the Columbia River Area and of the 

United States. A second correlation was made on similar 

data from 1912 to 1930 resulting in a practically perfect 

correlation, This indicates that although a rather marked 

Increase in new industry was present, the rate of load 

growth was practically the sane as that of the Columbia 

River Area. 

Textile Industry In The South 

The textile industry in the South by 1923 was defin- 
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Table VII 

Correlation of Combined South Atlantic and 

ast South Central States Power Generation with 

Columbia River Area For 1922 to 1930 and 1912 to 1930 

Year Southeast Columbia River 
Area Load Area Load 
Billions Billions 

of of 
Kilowatthours Kilowatthours 

1922--1930 

1922 6.18 2.42 

1927 11.22 3.77 

1928 13.42 4.35 

1929 15.16 4.61 

1930 14.30 4.68 

1912--1930 

1912 .96 .86 

1917 2.79 1.34 

1922 6.18 2.42 

1927 11.22 3.77 

1930 14.30 4.68 

1922--1930 

Correlation coefficient is 0.934 

Probable error is 0.039 

1912--1930 

Correlation coefficient is 0.997 

Probable error is 0.0018 
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itely ahead of the textile industry in New England. Ac- 

cording to fllndustries o1 America" by Malcolm Keir, the 

textiles industry eriploys 25 to 50 per cent more electri- 

ca]. hoisepower than any o the other 1eding industries 

using electric power except the iron and steel industry. 

Keir also states that the differences in rates per kilo- 

watthour are slight between the Southeast and New England, 

and if all factors are accounted, the difference, if any, 

may favor New England. Hogever, power costs have slight 

influence upon the total cost of fabricated cotton pro- 

duction, for the cost of power seldom exceeds five per 

cent of the total production costs. The correlation co- 

efficient of 0.934 plus or minus 0.039 for the two sections 

indicates that the recent growth of industries in the 

Southeast, using larger than normal amounts of elecbric 

power, has not resulted in an abnormal load growth when 

compared with the Columbia River Area. 

Proportion 0f Power Costs In Industry 

The statement that cheap power will attract new 

industry has been studied by investigators and found to be 

of minor importance in the location of industry, compared 

to the major factors such as labor, availability of raw 

materials, location of markets, transportation, taxes, and 

tariffs. 

The following data have been obtained showing the 
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per cent that the electric power costs are of the total 

price of the manufactured products from several important 

industries: 

Product Powr Cost 
In Per Cent 

All manufactured products 3 

Marketed products 2 

Newsprint paper 10 

Manufactured paper 7 

Electro-chemical products 8 to 14 

Textiles 5 

It is apparent that in the majority of industries, 

power is by no means a major factor, and in n ost cases is 

a relatively minor consideration compared with the major 

factors mentioned above, The largest amounts of power 

utilized in industry are used in the electro-chemical 

industries. These industries have been cared for in- 

directly in the forecasting by using load growth data of 

the entire United States. The Columbia River Power 

Report states that constantly changing conditions in 

electro-chemical industries using large quantities of 

electrïc power, make it futile to attempt to predict what 

new enterprises may ultimately be influenced to locate 

in the Columbia River Area. Trained labor is not an 

important factor in electro-chemical processes, but loca- 

tion near raw material is a major consideration. 
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The heaviest markets for the largest conswrier of 

power; nanely, the electro-chemical industry, are ïn the 

East Central and Great Lake States. Production costs away 

from the market are seldom low enough to offset the freight 

rates to the East. 
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Conclus ions 

1. The values of forecasted power load growth for 

the Columbia River Area obtained in this thesis are con- 

siderably less than those used in the Colwabia River Power 

Report. The values of load growth forecast in the Power 

Report are believed to be too high because the values 

obtained in this thesis are materially lower and were 

obtained by extrapolating optimistic data by means of an 

empirical equation that gives values in excellent agreement 

with known load data, This conclusion is fortified by the 

indefinite length of the present depression. 

2. The cost of electric power is rarely a major 

consideration in the selection of a location for industry; 

therefore, the development of the available hydro-electric 

power on the Columbia River cannot be expected to stimulate 

an abnormal rate of load growth that will materially 

change the forecasted load growth curve, 
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APTENDTX I.

Calculatlon of tho Coofflcleat
of Conr:elatlon and. FrobabLe Emor.

Peareonls coefflclent of eorreLatlon ls denoted.

by r and 1s caleuLeted frora the following forrrul-a i

rs
Exy - ry'

[r** - tzxYf /z[rr" - J;4]: ]'t'
where

Xx ,= sue of flnst coLumn of d"ata

f,y = sum of socond eolumn of data

xxy= sr:m of product of palrs of values

a = number of palrs of values

The probable ersior of r Is computed. by the

formrula

Fr. E. _ .6ya_5 (1 :. q1).
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APPENDIX Ile 

Application of the Empirical Equation. 

The equation adapted to population growth by 

Ranond Pearl is an equation of the form 

k ____ _____-__ 
i + e° + ax 

Three points (x1y1), (xy), and (x3y3) are used 

in the calculation of the constants of this equation by 

the following formulas: 

a0 = loge- 
y' 

_i y,(k-72) 
a1 - 

2y,y2y3 - + y3) 
k - __ 

g = 2.718 

In the application of this equation to the desired 

data, three points are selected with abscissa spaced at 

equal intervals. The constants are calculated from the 

above formulas, In the equation, y is equal to the load 

X years from x1. When additional data is available, the 

constants should he recalculated, extending the equation 

to cover the latest data. 
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Appendix III 

Data For United States Load Growth Correction Factor 

Kilowatthours Forecasted by Use of pirical Equation 

For 10 Year Periods 

Years Data Year Billions of Billions of Per cert 
Used For Kilowatthours Kilowatthours of 
Forecast Generated (Forecast Load) Forecast 

(Actual Load) 

1897--1917 1927 74.68 42.7 1.75 

1902--1922 *1932 95. 71.4 1.33 

1907--1927 *1937 130. 125. 1.04 

1897--1927 *1937 130. 107.7 1.21 

1902--1930 *1940 157. 123.7 1.26 

Average Per Cent of Forecast is 1.28 

* Forecast United States Power Growth 1932 

"Electrical World" statistical nuniber 
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Appendix IV 

Data For United States Load Grovith Correction Factor 

Kilowatthours Forecasted by Use of Empirical Equation 

For 5 Year Periods 

Years Data Year Billions of Billions of Per cent 
Used For Kilowatthours Kilowatthours of 
Forecast Generated (Forecast Load)Forecast 

(Actual Load) 

1897--1917 1922 43.56 36.3 1.2 

1902--1922 1927 74.69 57.9 1.29 

1907--1927 *1932 95. 104. .913 

1897--1927 *1932 95. 95.6 .993 

1902--1930 *1935 115. 110.8 1.035 

Average Per Cent of Forecast is 1.07 

* Forecast United States Power Growth 1932 

"Electrical World" statistical number 




