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PREFACE TO SECOND EDITION

THE fact that the first edition of this treatise was exhausted in eight
months is proof of an existing demand for it which exceeds any expecta-
tion of the author and which prompts him to send forth this second
revised edition.

The revision consists mainly of a detailed treatment of the market,
flow discussion, pondage, and storage in Part I.; of development scope
and equipment in Part II.; and of Part III. “Operating and Maintaining
the Plant.” The tables of rivers’ drainage areas and low run-off, of navi-
gable rivers, and the forms of Government permits and licenses have been
taken out to make room for the above more valuable matter and because
this information may now be readily obtained from Government publi-
cations.

No corrections have been made in cost estimates of works, equip-
ment, and operation; those given are approximately correct for the
conditions prevailing in the United States during 1907. The reader can
readily make the proper allowances for changes in prices of materials
.and labor. The same holds good for quotations of current values.

In its revised condition “ Hydro-electric Practice’’ is now presented
anew in what is believed to be a more complete and useful treatment.

H. A. E. C. voN ScHON.
DeTtroIT, Mica., March, 1911.
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PREFACE

THE economical transmission of electric energy to distances great
and small, the rapidly increasing utilization of electro-motive power in
industrial establishments, and the advent of the electric interurban rail-
roads are responsible for the marked movement of impressing water-
powers to the service of generating electric current; and now water-
power, which had been almost relegated to obscurity by the perfection
of the steam-engine, is not only regaining but even exceeding its former
importance as an economical prime power source.

It is entirely within the facts to state that a normally conditioned
hydro-electric power plant can successfully compete with the most
refined steam-power plant and the lowest priced fuel, natural gas.

No wonder then that water-powers are to-day being sought after
with feverish activity, and that some remarkable successes have been
achieved, but also that many disastrous failures must be recorded.

Hydro-electric power development is a much more complex under-
taking than a large majority of the promoters of such enterprises realize
when the subject is first approached, but which is most forcibly impressed
upon them when the carrying out of the project is seriously attempted.
Unfortunately, the most dangerous pitfalls are encountered at the
beginning of the undertaking, and unless these are properly guarded
against the finished work may disclose some incurable defects.

Developments of the important natural resources of mines, of forests,
and of manufacturing and transportation projects are rarely undertaken
except upon the findings of recognized authorities on these respective
subjects; not so, however, with hydro-electric power propositions, which
are most frequently begun in a hap-hazard sort of fashion, with the
stream and a fall as assumed assets, while the market, constancy of
output, cost of product, riparian rights, and numerous other controlling
features remain undetermined until some later day. Hence promoters
of hydro-electric projects have not found the investing public at all
eager to take their securities, because of the general and well-grounded

impression that their presentations are not entitled to the same degree
v
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of confidence as other undertakings command, nor can there be any
hope for a tide ir their favor until such confidence be inspired.

Publicity of the realities of a subject will always carry conviction
of merit, if such there be; and much of the reluctance of capital to
recognize the indubitable value of investments in hydro-electric power
plants is no doubt due to the paucity of the proper sort of educating
literature on this subject.

This at least is the judgment of the author, born of the experience
gained by some fifteen years of exclusive hydro-electric power practice,
and this is the reason and purpose of this volume,—to place within
reach of the promoter, investor, and practitioner an analytical treat-
ment of hydro-electric practice in all its phases from inception to
realization.

This subject is treated in two parts; the first is entitled ‘ Analysis
of a Hydro-electric Project,” and is written for the layman, being devoid
of technical treatment, and may therefore be characterized as the com-
mercial essence of the subject. The author believes that an intelligent
perusal of this first part will insure the reader against those errors of
commission and omission which cause most of the failures in these proj-
ects. No engineering training or experience is required clearly to follow
and fully to appreciate and understand the presentation of the analysis,
which covers the topic as completely as can be done without the intro-
duction of the technic.

CuAPTER 1. treats of the market of electric current, where it may
be found and how its value is readily determined. This is purely a
commercial subject and ranks first in importance in the analysis.

CuAPTER II. discusses the power opportunity, how the available
flow can be ascertained and the fall, and from these the power output on
which the project may be safely based.

CuartER III. relates to the feasibility and practicability of the
development. It treats of questions of riparian rights, Federal and
State control of streams, economical limitations and of the investment
balance. -

CuaprER IV. gives a non-technical synopsis of the cost of such a
project, with general reference to the separate features of the required
works and equipment; and

CHAPTER V., which closes the analysis, reviews the value of the
project as an investment and suggests its proper presentation.
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In this part are incorporated sixteen diagrams, from which the
reciprocals of hydraulic, mechanical, and electrical power, horse-power
and kilowatts, the flow over spillways and from reservoirs, fixed charges
of and revenues from hydro-electric plants, and the approximate quan-
tities for dams, foundations, power houses, embankments, bulkheads,
and transmission lines may be readily ascertained. Other subjects,
such as drainage areas, precipitation belts, and report and plans, are
suitably illustrated.

Parr II., “Designing and Equipping the Plant,” is written for the
student and practitioner. The arrangement is in the logical sequence
of the pursuance of the plan. The aim of the author has been to render
the treatment complete in all its phases, with the exception of presup-
posing a knowledge of the principles of surveying and the rudiments of
hydraulics, hydrostatics, and dynamics.

Each subject involving static or dynamic principles is analyzed
from its basic functions, and all formulas are developed in elementary
progression; wherever practicable without complexity of methods or
deductions, the useful constants are reduced to diagrammatical forms,
which become available for ready reference in application. All features
of importance are illustrated by sketches or views from existing plants,
chiefly such as have been designed and constructed by the author, and
the quantities of materials for all structures are given, for useful units,
in tables or diagrams.

CuAPTER VI. treats of the surveys, embracing examination of maps,
reconnaissance, topographic, stadia and photo-topographic operations,
triangulation and levelling, flow measurements by different methods
and deductions of run-off from precipitation and evaporation.

CHAPTER VII. deals with development programmes. This discussion
covers the many possibilities presented by various conditions, with
illustrated examples of the most important and frequent occurrences.

CuaprrER VIII. embraces structural types, beginning with definition
of terms and methods, including the theory and constants of concrete-steel
construction, methods of coffering preparatory to dam and power-house
construction, with tables of quantities for dikes, cribs, sheet pile and wall
curtains, and the various types of cut-off structures.

The treatment of dams and spillways is introduced by an exhaustive
analysis of the basic theories of pressure and resistance and of all the
underlying principles, with original determinations of practical constants
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for a variety of designs, and their detailed parts, such as foundation,
substructures and superstructures, and appurtenant features. The vari-
ous phenomena influencing the design of dams, such as overflow, back-
swell, and the control of flood discharge, are fully analyzed. Especial
attention has been given to this topic of dam designs; it is rudimentary
from start to finish, with some original conclusions, it is believed.

The concrete-steel gravity dam design is fully detailed as to theory
and practical execution; so are several types of the open spillway,
flashboards, sluices, gates, fishways, and log chutes. Timber spillways
are likewise treated, with stability discussion and quantity tables. The
retaining wall theory is presented in connection with abutments, as are
embankments, bulkheads, and reservoir structures of various forms.

Diversion works embrace open channels, flumes, pipe lines of con-
crete, steel plate and wood stave, with theories of flow, slope, and
velocities fully analyzed and development of practical constants tabu-
lated for all the different ranges entering this subject.

Power station follows, with all the practicable variations fully
illustrated and described and with tabulated quantities. This subject
is treated also in detail of foundation, pits, penstocks, and operating
floor, and considerable space is devoted to their full description and
to illustration of existing plants. The submerged power station, which
represents the most recent developments in hydro-electric practice,—
that is, the location of all power equipment in the interior of a hollow
concrete-steel spillway,—is described and profusely illustrated by views
of the first of this kind of plant recently completed.

CuaptER IX. treats of the power equipment, with theory of turbine
designs and efficiencies, dimensions and output constants, the latter
being reduced to diagrams. This treatment of turbines has been compiled
with especial care, for the purpose of conveying a clear conception of
this most important topic of hydro-electric practice. Hydraulic gov-
ernors are also described and illustrated.

Electric equipment follows, with a brief treatment of the magneto-
electric theories, current symptoms, design and efficiencies of dynamos
and their regulation. Dimensions and output of generators are reduced
to diagrams. Transmission of electric current is introduced by an ana-
lytical theory of current transformation and conversion, determination
of line capacity, and the designs of line supports, wire fastenings, and
insulators.
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CHAPTER X closes Part II with a brief generalization on the prepa-
ration of plans, estimates, specifications, and of the engineering control
of constructions.

The author fully realizes that many features relating to hydro-
electric practice are herein treated on the surface only, and he hopes to
present them in exhaustive detail in a future work. This refers princi-
pally to the maintenance and operation of hydro-electric power plants
and such detail subjects as the operation of the generating, transmis-
sion, and distributing plants, with chapters on underwashing of founda-
tions, embankments, and retaining walls, and repair methods; flood
rises, head fluctuations, anchor and slush ice formation and practical
safeguards; trash-rack functions, gate operations, pipe-line defects,
maintenance and repairs; turbine regulation and management; electric
generating plant phenomena and their practical solution; transmission
accidents and remedies; substation practice for lighting, industrial,
and traction power and electric heating service; commercial rates and
business management; valuations of various electric properties, such
as light plants and railroads, and statistical facts of operating costs
and earnings compiled from existing plants located in various sections
and of different capacities.

The author has drawn freely upon standard works for the various
topics covered by this subject, especially Hydraulics and Water Supply,
by J. T. Fanning, C.E., Hydraulics, by M. Merriman, C.E., Hydraulics
and Hydraulic Motors, by Julius Weisbach, Ph.D., Hydraulic Motors,
by G. R. Bodmer, A.M., Electric Motors, by S. P. Thompson, D.S.C.,
and Electric Transmission, by Louis Bell, Ph.D.

In closing, the author wishes to give expression of his full apprecia-
tion of the services rendered by Mr. K. Asker, C.E., who prepared all

the drawings.
H. A. E. C. voN ScHON.

DeTtrorT, MICH., June, 1908.
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HYDRO-ELECTRIC PRACTICE

PART I
ANALYSIS OF A HYDRO-ELECTRIC PROJECT

WHEN it is desired to examine an undeveloped water-power for the
purpose of producing electric current as a commercial commodity, experi-
ence has taught that it is best to ascertain first where the product will
find its market, and to follow up a satisfactory showing at that end by
determining the power capacity of the source, the feasibility of harness-
ing the same, and the cost of accomplishing this. Observing this pro-
gramme, which is really that adopted in any commercial enterprise, is

found to insure a reliable conclusion.

CHAPTER I
THE MARKET

THE MARKET of electric current is to be found in any community.
The commercial unit is the product of quantity of current and time of
service; the measures are one electric horse-power, or one kilowatt, and
the year and hour. The horse-power-year is the basis of mill and factory
power contracts, while the kilowatt-hour is most generally adopted for
lighting, shop, and traction service, because of the greater fluctuations
from continuous operations. v

Diagram 1 gives converted values of the horse-power and kilowatt.

Electric current finds its market for lighting, industrial, and traction
service.

ArrtIcLE 1.—Lighting service consists of arc and incandescent lights.
Arc lights are chiefly used for street, store, and hall illumination, and they
generally require 550 watts. Diagram 1 shows relative current and power

for any number of arcs.
1
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Arec service is either of all-night or moonlight schedule, and the rates
are most frequently per lamp per year, ranging from $50 up, the price
depending solely upon local conditions. Occasionally arc-lighting service
is per lamp-hour. This branch of current service is generally remunera-
tive, and grows with the community if the service is at all satisfactory.
Large stores and public halls, railroad depots, freight yards, and shipping
docks are all light customers.

Incandescent lights are principally of 16-candle power, requiring 55
watts, or one-tenth of the arc-lamp current. Diagram 1 serves to find
relative power. The rates of incandescent lighting are either per lamp
per month, being denominated the “flat rate,” or per kilowatt-hour,
mostly of a sliding scale, the price lowering as total monthly consumption
increases; this is termed the “meter rate.”” In cities incandescent-light
service may be estimated at 700 hours per year per lamp, representing
about 38 kilowatt-hours; in rural districts it is somewhat less. Meter
rates range from 8 cents per kilowatt-hour up, depending entirely upon
conditions of supply. The field for this business is in every dwelling,
store, shop, mill, factory, and public institution and gathering place;
the number of incandescent lamps which can be placed may generally
be taken as equal to one-half the population.

ArTICLE 2.—Industrial service comprises the motive power used in
shops, mills, and factories; the current is furnished as horse-power per
year or month to industries operating for regular periods and with full
loads, and on kilowatt-hour measure where periods and loads fluctuate.
This service reaches every industry; for instance, the laundries and
printing-shops, barbers, hotels, and all places using pumps, fans, and
elevators, saw-mills and turning-shops, grist- and flouring-mills, machine-
shops, textile, woollen, cotton, and knitting-mills, pulp and paper indus-
tries, wagon, buggy, automobile, furniture, piano, organ-factories, and,
in fact, every class and kind of industry, none of which are too small to
use power in some form or other. The power quantity used depends
upon the character and size of the industry; a laundry may use 10 horse-
power, printing-shops about 5 horse-power per press, wood-working shops
5 horse-power and metal shops 10 horse-power per machine, grist-mills
one-half horse-power and flour-mills one-third horse-power per barrel
capacity, ground wood-pulp mills 75 horse-power, sulphite-pulp 13 horse-
power, paper-mills 18 horse-power per ton output.

ArTicLE 3.—There is also a special class of manufactures in which
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electricity, in its heating or decomposing capacity, forms the most im-
portant part and cost of the process, such as the production of calcium
carbide, carbolite, carborundum, and glass; the group which requires
such intense heat as 4000° to 7000° F., which can be obtained more
economically from the electric current than from any other source; also
the manufacture of soda ash, bleaching powders, and aluminum, which
are produced by electro-chemical processes. These seek locations where
electric current can be supplied cheaply, provided they have satisfactory
transportation facilities. The proximity of the raw materials from which
these products are manufactured is desirable, but secondary to the cur-
rent supply; these raw materials are limestone free from clays and
magnesium, anthracite or good coking coal, sand high in silica, salt, and
clay high in aluminum. The amount of current required by them is
large,—250 horse-power per ton of carbide or carbolite, 450 horse-power
per ton of carborundum, and 1400 horse-power per ton of aluminum.

ARTICLE 4.—T'raction is the third class of current service, and
concerns street and suburban railroad systems. A street car is generally
equipped with two 25 horse-power, an interurban car with four 50 horse-
power ‘motors; but the full amount of this power is required only for
the starting of a loaded car on an up grade, while a going car on the level
requires but from 10 to 50 horse-power, depending upon the speed; the
amount of power current used, therefore, fluctuates greatly and con-
stantly. The service period covers from 16 to 18 hours. This service
is supplied by a variety of schedules, from the horse-power-year to the
kilowatt-hour, with more or less supplemental conditions regarding
maximum and minimum supply; the rates are from three-fourths to
one and one-half cent per kilowatt-hour.

ARTICLE 5.—The highest remunerative value of current service is
found in ten-hour (day service) industrial power of the smaller units
but steady loads, together with the arc and incandescent lighting; such
a service combination practically doubles the output,—that is, each
horse-power performs double service, with some provision for the lapping
of the two scparate duties for a short period in the evening. It is not
uncommon that the earning per horse-power with such a market will
be between $50 and $60 per year.

ARTICLE 6. Analysis of the Current Market. — For the purpose of
furnishing data to be considered in connection with weighing the com-
mercial possibilities of a hydro-electric project, something better than
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the fact that the development is within a few miles of a certain city where
more steam-power is being used than this hydro-electric project can
develop, is required.

This commodity, power, must, like all others, find a market on com-
mercial principles, the essence of which is “equal quality and service at
competitive cost,”’ and it is therefore necessary to collect data relating to
the service and the cost in order to analyze the market possibilities.

A list of all existing power plants of any city, their condition, output,
operating personnel, fuel consumption, and the periods and character of
power service furnished by them can readily be obtained from insurance
agents, the fire department, boiler inspectors, and assessors; the same
information concerning central plants may be had from personal inspec-
tion, and the rates paid for power and light current service from the
consumers. A complete power canvass of this sort should form the basis
of the market investigation, from which it may be made more or less clear
how much of this power business can be secured for hydro-electric service.

If the prospective customers are to be found among the present
power consumers they must be convinced of the advantages of the
electric as compared with the mechanical drives in shops and mills be-
cause of the increased power transmission efficiency, independence of the
machine arrangements from the location of shafting, comparative noise-
lessness and cleanliness, and greater practicability for machine speeding.
But the chief influence must come from the cost. The customer will
have to make some investment in motor equipment, and he must there-
fore be convinced that it will be advisable to do so; that he will pay only
for as much power as is doing actual work for him, which will be a reduc-
tion of ten per cent. and more from his present necessary engine output;
that the cost of his power will be in future independent of labor or fuel
prices, boiler, pump, or engine breakdowns and repairs; that there will
be absolutely no power expense from the moment the machine stops
until it starts up again; that the maintenance of his future electric
drives will be nil as compared with that of his present mechanical drives;
that his insurance will be much lower; and, last, but not least, that he
can make of his power charge a fixed item, while now it is to him practically
a speculative one.

The question, what does his power cost him, will bring him frequently
to the realization that he cannot tell. Wages, fuel, oil waste and water
cost are likely enough known; but what about renewals, repairs, and
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depreciation of plant? If the shop tools require, say, 50 horse-power, he
must have a 75 horse-power engine and 100 horse-power boiler; the fuel
consumption will be not less than five pounds per horse-power hour; the
full steam head must be on whether one or all of the tools are running,
and it will be a quite frequent condition that a 5 horse-power drill, the
other shop tools being idle at the time, is being operated with a 100 horse-
power boiler output, the excess of course being blown off or wasted.
What is the cost of the power output per horse-power during such a
condition? What would it be if the drill were operated by an individual
electric motor? This sort of reasoning will convince the steam-power
user that the investment in electric drives will prove a money maker.

The central steam-electric plant cannot compete against hydro-
electric output from a normally conditioned plant, no matter what fuel
it burns or what its output efficiency. Those of steam-turbine equip-
ment in five or ten thousand kilowatt units may produce current of con-
tinuous output at half a cent per kilowatt-hour, representing all charges
excepting depreciation of plant, this is the very lowest yet reached and
represents a 22 hour mill day, $40.15 per kilowatt year, which revenue
would pay all charges and leave a considerable surplus on hydro-electric
current which is developed within a total cost of $150.00 per kilowatt
delivered, and this cost is representative of normal conditions of develop-
ment and transmission. But the central steam plant’s output runs more
frequently above.one cent per kilowatt-hour than below; it increases
with fuel cost, small units, and inefficiency of equipment, none of which
causes exist or are likely to occur with hydro-electric plants where the
everflowing stream is the fuel, the size of units is indifferent, while equip-
ment is likely to be modern and its efficiency is independent of the care
and attention of operatives. The former statement, therefore, that a
central steam-electric plant cannot compete with a normally conditioned
hydro-electric plant, is absolutely correct, and it becomes only a question
of cost and tact to secure this class of business for the hydro-electric
project. In the majority of cases it will be found advisable to purchase
the existing steam-electric central plant and merge it with the hydro-
electric project, thus giving to it the status of a going concern, which is
more advantageously and readily financed than an all paper proposition,
so called.

Market investigations carried on in this manner will make it quite
clear what volume and class of current business may be counted upon for
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the hydro-electric output when ready to be delivered. They will certainly
form a conservative basis for an estimate of first revenue, and none other
should be taken. When the current is on the market at rates which are
no higher than steam-power or other illuminants, only ordinary business
management will be required to sell it wherever power or light have been
used before, while increased consumption will come with the growth of
the community and of its industrial interests, which, however, may be
wonderfully accelerated by the liberal policy of the purveyors of electric
current.

Of the cost of steam-power current and rates for hydro-electric service
some data will be found in Part III., which treats of “ Operating and Main-
taining the Plant.”



CHAPTER I1

POWER OPPORTUNITY

WATER-POWER is the physical effect of the weight of falling water.
One cubic foot of water weighs 62.5 pounds, and when this mass falls
one foot the resultant energy is 62.5 foot-pounds, when it falls ten feet
it is 625 foot-pounds.

The unit of power is the energy which lifts 550 pounds one foot in
one second, being termed one horse-power, and water-power is there-
fore expressed by the product of the weight of water and height of its
fall divided by 550, the period of time being one second,—i.e.,

H. P. = Q (flow per second) X 62.5 X h (fall) + 550.

The components of the power product are, consequently, flow and fall.
The horse-power equivalent of the product of a hydro-electric
development is electric horse-power, being so much of the original water-
power energy as remains available for work in the shape of electric current.
ArTICLE 7.—The flow is the volume which passes a given point
continuously. ,

Precipitation is the prime source of stream flow; it is the only source,
excepting of rivers in the Arctic region which are yet glacier fed.

Rain, dew, snow, hail—all these are embraced under precipitation.

When rain falls upon the ground, its greater part sinks into the
soil; the other portion runs off the surface into the catchment basin,
or remains for a time on the surface if it be level. The quantity which
passes into the ground depends upon the conformation of its surface,
the porosity, depth, and degree of saturation of the material comprising
it; this is the ground water; the portion flowing off the surface is the
storm run-off.

Ground water continues to sink down and to move laterally by
force of gravity as rapidly as the voids and frictional resistances of the
material through which it passes permit, and finally finds its way to its
destination, the nearest stream valley; but part of the ground water is
retained by the roots of vegetation, rises through them up the stems

and tree trunks, is converted into cellular fibre or exhaled as vapor from
8
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vegetation, or from the surface, into the atmosphere, to be collected and
again precipitated.

Precipitation falling on water partially flows toward the destination
and part of it is vaporized.

All the water which is consumed by vegetation and which is vaporized
is evaporation; all that portion which finds its way into the stream is
the run-off.

As precipitation is the source, so is ground water the sustenance of
stream flow, and the storage capacity of the ground is the key by which
the flow characteristics must be sought; in other words, while precipita-
tion is essential as the source of flow, its quantity is not necessarily an
index of proportionate flow; ground storage and the constancy with
which it feeds the stream are the criteria to be applied when stream
flow is studied.

It becomes first necessary to measure the dramage area and examine
its topography, geology, flora, and culture.

ARTICLE 8.—The drainage area comprises all that country which
drains into the system of the stream above the point under investigation.

A topographical map shows the water-shed, height of land, or divide
along which the drainage separates, passing down in opposite directions
into the feeders of adjacent streams, and its demarcation will give the
correct boundary of the drainage area. Topographical maps are not
always procurable, nor do such exist excepting for limited areas to which
the operations of Federal or State surveys have been extended. When
such a map is not available, the drainage area may be found from State
or County maps by marking its boundary as passing midway between
the apparent heads of tributaries or parallel watercourses draining into
neighboring stream systems. This method will result in a very close
approximation of the correct drainage area. The unit measure to be
applied to the marked area is the square mile as per scale of the map
utilized. Care must be taken in this operation, especially when the map
scale, as is frequently the case, is fractional; when enlargement is made
by pantagraph, the ratio must be verified from a standard unit and
multiples of it. State and County maps of Northern, Western, and Middle
States show the section and township lines, marking the areas of one and
of thirty-six square miles, respectively. This is not the case in the Eastern
and Southern States,—that is, in the territory of the original colonies,—
in which geographical subdivision boundaries pay no heed to meridians
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and parallels. When topographical maps are not available County or
State maps furnish the only material from which drainage areas can be
taken with reasonable accuracy; the streams are usually located correctly
on these.

CHART 1 shows the drainage area of Green River, Ky., above U. S.
Lock No. 5. It was taken from a State map, as the U. S. Geological
Survey had not then covered that section. Frequently the drainage area
for a certain point can be closely estimated by reference to the area of
points up or down stream on the same river, for which the areas are
given in the U. 8. Geological Survey records of the stream measurements,
which are published annually, and which now cover the majority of im-
portant rivers in the United States. Generally speaking, large drainage
areas can be taken from wall maps of the United States and of Canada
and those of small areas from State and County maps.

However it must not be inferred that this matter of drainage area
~ and its correct determination is of small importance, on the contrary
it forms one of the principal fundamental factors from which the
flow of the stream must often be found and if considerably in error,
especially in considering small watersheds, the mistake may be a
costly one.

ArTICLE 9.—The topography of the drainage area represents the
undulations of the surface, which exercise an important influence upon the
distribution of run-off. It is self-evident that the storm run-off will be
greater from a hilly country than from table-lands and that the part of
precipitation remaining available for ground storage will be correspond-
ingly smaller; the topography, therefore, is one of the fundamental
conditions determining constancy, fluctuations, and flood characteristics
of stream flow and should receive commensurate consideration.

A topographical map of the United States is published by the
United States Geological Survey, from which the general topography of
all important drainage areas can be readily found,—that is, it can be
learned whether the area is generally of a hilly or flat country, whether
stream channels are narrow and declivitous or broad valleys, and what,
if any, is the area of lakes and swamps. It is not necessary to define
these conditions as to details, but it is essential to understand the pre-
vailing features as distinguished between the flat land drainage areas of
streams in Iowa, Illinois, Indiana, and the middle West, and those of
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rolling and hilly formation in Virginia, Kentucky, Vermont, or the Pacific
slope; or of parts of a river, when perhaps a site on its upper reach is
considered, where practically all of the area is in mountain ranges or
foot-hills, or a point near the mouth of the river, where only a small
part of the area is in hilly and by far the greater is in flat or roll-
ing country.

As an example, the Cumberland River may be cited, of which Chart
2 gives drainage areas for two important water-power sites,—the upper
one at Cumberland Falls, Ky., often called the Niagara of the South, the
lower one near Nashville, Tenn.; the first is almost wholly in the
mountain region, while the Nashville site area is largely of flat and roll-
ing country.

Such general information, as has been said before, can be gleaned
from the United States Geological Map or from the Map of Altitudes
published by the same department. Some conclusions as to topography
can frequently be drawn from location of railroads and highways, espe-
cially from the former, which in hilly and broken country more generally
parallel the watercourses than in flat or rolling parts. Many sections
have been covered by detail topographical surveys, and the informa-
tion then is conclusive.

To secure a sufficient appreciation of the topography from any or
all of these sources requires considerable experience in the reading of
the projections. It is, of course, prohibitive in cost to make surveys for
this purpose, but a horseback reconnoissance or drifting down the river,
or the major portion of it, will frequently enable the investigator to form
correct conclusions on this point. The author has examined several
rivers by going down in a canoe, and the information thus gained proved
exceedingly valuable in planning power developments.

ArTICLE 10.—The geology of the drainage area should be understood
to the extent of influencing the degree of absorption and storm run-off.
Where rock ledge is at surface or crops out in banks, the depth of over-
lying drift is readily ascertained; otherwise borings should be made, if
practicable to rock, and the character of the overlying material found.
The percolosity of the ground determines its storage capacity. A very
satisfactory conception of this latter can be obtained from the observance
of conditions following heavy rainfalls, when frequent accumulations of
pools of water in level fields are evidence of the prevalence of non-absorb-
ent soil, while its rapid disappearance indicates sandy and gravelly for-
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mations. The stream itself gives testimony of these conditions, the water
being turbid where draining clayey soils, while the run-off from porous
earths shows little discoloration. No practical information, for the inves-
tigation in hand, can be gained from this study beyond the formation
of the immediate subsurface, and this can be obtained by a personal
examination of the locality in question and a study of the farming culture.
In many sections conclusive data can be obtained from records of well
borings, which are generally sunk by one concern covering several coun-
ties. Some of the State Geological departments publish such records.

ArrtICLE 11.—The flora and culture in the drainage area constitute
the third characteristic which influences the flow. Forests are conservers
of water, protecting it from the heat of the sun and the winds, and thus
retarding its evaporation as compared with cultivated fields, grazing
land, or open soil, while the many obstructions to the storm run-off in
timbered areas result in a greater portion finding its way into ground
storage. The requirement of moisture for tree growth is considerably
less than that of crops; for instance, long grass consumes six times as
much water as fir trees. Wooded hill-sides, tamarack and cypress swamps
are storage reservoirs; highly cultivated table-lands with tile drainage
leave but little, if any, surplus during the growing season for run-off.
It is important, therefore, to secure an adequate knowledge of these
conditions. The degree of cultivation can be ascertained from the rural
population of counties and the character and volume of produce shipped
out, all of which, together with the forest area, can be obtamed from
the United States census publications.

ArTICLE 12.—As stated before, precipitation is the source of all
stream flow, which latter can only be a fraction of it. Frequently a good
enough preliminary estimate of flow can be made if quantity of precipi-
tation in drainage area and the extent of the latter which contributes to
the river at the point under examination are known, and reliable data
of fluctuations of flow throughout seasons and years can be found from
such information.

Drainage areas, as has been seen, can be readily measured, and
precipitation is ascertainable from public records. For fifty years and
longer rain- and snow-fall have been measured in the United States and
Canada through the agency of the Government, in this country by the
United States Weather Bureau, in the Dominion of Canada by Provincial
meteorological departments; points of observations are distributed over
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the country with somewhat of a uniformity, and one or more of them
can always be found in a certain drainage system. The measurements
are made by means of standard cups, so exposed that they receive the
normal rain- and snow-fall, which is measured as to its depth in inches
and fractions, the snow being melted for that purpose and therefore ex-
pressed in the same quantity as the rain. Observations are made daily
of the rain- or snow-fall during twenty-four hours, and the daily, monthly,
and annual totals are given in public records.

Such measurements require no skill and may, therefore, be accepted
as a fairly accurate record of precipitation.

From these data the general distribution of precipitation is well
known; it is illustrated on Chart 3, on which equi-precipitation curves
are projected, the precipitation being the normal annual quantity in
inches. This may be used with advantage for first investigations of
stream flow, exhibiting neither the wet nor dry but the normal year.

Observations of this character have been carried on for a sufficiently
continuous period to warrant the conclusion that precipitation is not
undergoing any great changes: it does not rain more or less now than it
did fifty years ago, nor does the clearing of land seem to be followed by
any marked change in rainfall in that section. The ordinary fluctuations
of precipitation appear to be represented in a cycle of seven years,—that
is, the totals of seven years of precipitation are very nearly equal; each
of these seven-year periods contains one dry year, the one of least precipi-
tation, and generally one or two extremely wet years.

ArticLE 13.—The information to be sought in connection with
determination of stream flow comprises the quantity and distribution of
rain and snow during at least one complete cycle of seven years, in order
to fix upon the ordinary dry year of the period. The safe method is to
collect the precipitation data by monthly totals from as many observa-
tion points as are obtainable in the drainage area for a period of fifteen
continuous years, which are certain to contain a complete cycle. If the
entire drainage area is located in the same precipitation belt as per Chart
3, the monthly means of all observations are compiled and may be taken
as applying to the entire area; when the drainage area extends through
different precipitation belts, the monthly means of stations in each
precipitation belt are to be found, the drainage area is to be divided into
parts covered by different precipitation belts, and the respective monthly
means applied to each. Such precipitation records from five points in
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the drainage area outlined on Chart 1 served the purpose satisfactorily.
Profile 1, page 17, exhibits the total annual precipitation during a period
of fifteen years, the yearly fluctuations, the wet and dry years, and their
periodic occurrence. The extremes are 353 inches for the low and 53}
inches for the high annual precipitation; the mean of the fifteen years is
45.6 inches, and reference to the precipitation, Chart 3, verifies this as
the normal precipitation for the State of Kentucky. The following is a
summary of these annual precipitation conditions during the period of
fifteen years: ‘

ANNUAL PRECIPITATION SUMMARY.

Dry Years of Wet Years of Normal rs

less than 40 in.  moré than 50 in. 40 to 50 in,
1894 1891 1892
1901}3 1893}3 1895
1904 1898 1896
1897

1899 + 9
1900
1902
1903
1905

Profile 2, page 17, shows the monthly distribution of precipitation
during the dry and the wet year; we are chiefly concerned now with the
first of these—the year 1901, with a total of 35% inches, ten less than the
normal; the low monthly is 0.75, the high 5.75, and the mean 3 inches.

" MONTHLY PRECIPITATION SUMMARY.
Low Months of igh Months of Normnl4Montht
in,

less than 2 in. more than 4 in. 2to

February August January
July 4 September } 3 March
October December April 5
November May

June

From these precipitation summaries all the flow supply conditions
can be correctly learned.

ArtIcLE 14. Evaporation. Investigations have been carried on in
this country and abroad for many years with the object of finding a
standard for evaporation ratio under the various conditions of precipi-
tation, temperature and air currents, applicable to different surface for-
mations and the moisture requirements of vegetation during its stages
of rest and growth. Much research has been given this matter in
Sweden and Germany and of late years in this country to evolve such a
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practical method for evaporation determination, and observations and
measurements of evaporation from water surfaces, forests, uncultivated
lands, and fields with growing crops of all kinds have conclusively estab-
lished such a ratio. Evaporation from water surfaces is found by aid of
evaporation pans which are of considerable area and water-tight, the
contents of which may be found precisely at known intervals of time,
the diminution being due to evaporation. For this determination from
land, known areas are isolated, surrounded by ditches in which the
water draining off can be accurately measured, when the difference
between the quantity of a certain rainfall and that draining off by these
ditches represents evaporation from that area for a given time, other
climatological conditions being duly observed. These experiments have
been repeated in various latitudes by different persons, and from them
certain evaporation values have been determined.

Table 1 gives monthly evaporation in inches from different surfaces
for certain locations. :

TABLE 1 *—EVAPORATION FROM WATER AT EMDRUP, DENMARK.
(Latitude, 55° 41’ N.; longitude, 12° 34’ E. from Greenwich.)
Year. Jan. Feb. Mch. Apl. May. June. July. Aug. Sept. Oct. Nov. Dec. Total.
in. in. in. in. in. in. in. in. in. in. in. in. in,
1849 ....1.1 0.3 1.8 2.5 4.1 5.8 4.7 4.0 2.6 1.1 0.9 0.6 29.5
1850 ....1.1 0.3 1.2 1.7° 45 5.6 4.8 4.8 2.4 1.6 0.9 0.2 29.1
1851 ....0.5 0.4 0.7 1.7 4.2 4.8 5.7 5.1 27 1.5 0.6 0.5 28.4
1852 ....0.7 0.5 0.8 2.4 3.8 4.6 6.4 4.5 2.7 1.7 0.8 0.5 294
1853 ....0.5 0.1 0.7 1.0 4.1 6.2 5.1 4.2 2.8 1.1 0.6 0.5 26.9
1854 ....0.5 0.9 0.9 3.2 3.3 4.5 5.2 4.3 2.6 1.2 0.7 0.6 279
1855 ....1.0 1.1 0.5 1.2 2.6 4.1 4.7 4.1 2.8 14 0.9 0.7 25.1
1856 ....0.5 0.5 1.2 2.1 2.8 4.6 4.3 4.0 2.0 1.9 0.6 0.5 240
1857 ....0.7 0.6 0.6 14 4.1 6.6 59 4.3 3.2 14 0.7 0.4 29.9
1858 ....0.4 0.7 1.2 3.1 5.1 6.1 4.9 5.6 28 1.6 0.7 0.4 30.6
1859 ....0.3 0.5 0.7 1.9 4.3 5.8 53 3.8 18 1.0 0.7 03 26.4

Mean....0.7 0.5 0.9 20 3.7 54 5.2 4.4 2.6 13 0.7 0.5 279
215 387 .860 1.592 2323 2.237 1892 1.118 .559 .301 .215

Mean Evaporation from Short Grass, 1852 to 1859, inclusive.
Mean....0.7 0.8 1.2 2.6 4.1 55 5.2 4.7 28 13 0.7 0.5 30.1

' Mean Evaporation from Long Grass, 1849 to 1856, inclusive.
Mean....0.9 0.6 1.4 2.6 4.7 6.7 9.3 7.9 5.2 2.9 1.3 0.5 44.0

{ Mean Rainfall at same Station, 1848 to 1859, inclusive.
Mean....1.5 1.7 1.0 1.6 1.5 2.2 2.4 2.4 2.0 23 1.8 1.5 21.9

C ‘ *#J.T. Fanning, Water-Supply Engineering.
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TABLE 2.—EVAPORATION FROM WATER-SURFACE AT BOSTON, MASS, IN INCHES—
FOURTEEN YEARS,*—1875-1890.

1876. 1877. 1878. 1879. 1880.’81-’84. 1885. 1886. 1887. 1888. 1889. Total. Mean.

January............. 096 0.96 0.96 096 096 0.96 0.96 0.96 0.96 0.96 0.96 1536 0.96
February........... .1.05 1.05 1.05 0.15 105 105 1.05 1.05 1.05 1.05 1.05 16.80 1.05
March.............. 170 170 170 1.70 170 170 1.70 1.70 1.70 1.70 1.70 27.20 1.70
April............... 298 298 298 298 298 298 298 3.12 3.07 2.78 2.84 47.57 297
May................ 445 405 4.14 589 522 445 3.77 4.45 483 335 4.57 7142 4.46
June................ 544 568 526 532 6.46 555 7.01 525 505 598 3.94 88.69 5.54
July......ooooilll 750 482 6.04 6.41 582 598 7.09 559 596 5.57 504 9572 5.98
August............. 6.21 440 433 523 534 550 7.41 580 6.20 581 4.25 87.98 5.50
September. ......... 348 4.08 4.04 3.80 4.04 420 513 455 4.57 3.91 3.08 6588 4.12
October............. 3.12 251 3.52 299 279 3.11 279 413 361 3.27 3.13 50.52 3.46
November........... 0.66 223 223 223 260 2.23 2.23 269 3.00 2.71 198 3594 2.25
December........... 1.51 1.51 1.51 151 151 1.51 1.51 1.51 1.51 1.51 1.51 2416 1.51

Total.......... 39.06 35.97 37.76 40.07 40.47 39.22 43.63 40.80 41.51 38.60 34.05 627.24 39.20

Evaporation from an entire drainage area of a stream is readily
determined if precipitation and flow for a sufficiently continuous period—
as, for instance, one year—are known. Precipitation may be measured
as already described, while the actual quantity of water passing down
the stream may also be found by physical measurements. This has been
done on many streams for long periods, measuring weirs have been
erected and the overflow recorded by automatic gauges, and thus the
continuous and total flow per day, month, or year determined; the
difference between this flow and the total precipitation is chargeable to
evaporation.

From such data, resulting from extensive systematic investigations,
rules have been evolved to find evaporation, the correct application of
which will give results in harmonious agreement with those found by
measurements, and these rules or formule may be applied to any set
of conditions for the purpose of finding similar results.

A detailed description of the method of determining evaporation
will be found in Part II.; a practical application of it, from the author’s
practice, will go far toward securing for its further study that degree of
confidence in its value for the general investigation of stream flow which
it deserves.

Green River, Ky., was the subject, the development of power to be
planned at a Government lock. The drainage area was delineated from
a State map, as shown on Chart 1; precipitation data were collected as

* Desmond Fitzgerald, C.E., Rainfall, Flow of Streams, and Storage. (Transactions Am. Soe.
C. E., Vol. XVIL) - S o



20 HYDRO-ELECTRIC PRACTICE

given on Table 3 and on Profiles 1 and 2; from these evaporation and
run-off were computed, the results for the latter being plotted on Profile
3, in heavy line, as monthly run-off for the dry year of the period covered
by precipitation records.

The overflow at the Government dam had been recorded daily for
this same year, and from these the flow was computed from the weir
formula, and these results are also plotted on profile in light line. Both
of these operations were executed by different persons. The agreement
between the two profiles is striking, the discrepancies during the winter
months are accounted for by the fact that the run-off as computed was
partially frozen and therefore retained until spring. The reliability of
the computation method is, however, evident. Similar results can be
quoted from published records, especially in New England and Eastern
States, where the flow of many streams has been measured in similar
manner for many years and the run-off as computed from evaporation
compared with it. In fact, the system has been evolved from compara-
tive results on rivers where flow has been established by physical measure-
ments. The author has always used the two methods of calculation and
measurements to check results whenever authentic flow measurements
covering sufficient periods were available, and has found them to agree
most satisfactorily.

ARTICLE 15.—The application of flow deductions from precipitation
for preliminary investigation purposes is expressed by the following rules:

Rule 1. About 30 per cent. of annual precipitation remains avail-
able for flow; the other portion is evaporation.

. Rule 2. The low monthly flow cannot exceed one-twelfth of the
total available flow.

Rule 3. The monthly flow during three months, generally in the fall,
in Northern latitudes is from one-half to one-third, in Southern
latitudes from one-fourth to one-sixth, and in Western States
from one-sixth to one-tenth of one-twelfth of the annual pre-
cipitation excess over evaporation.

The author has met cases where the application of this simple rule
would have saved to the promoters of water-power projects thousands
of dollars. One in point is recalled, where a water-power was projected
on a stream with a drainage area of about 700 square miles, the avail-
able fall was 30 feet, and the opportunity was credited with a power
output of 3500 horse-power, which would call for an available flow of
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about 1450 cubic second feet, requiring run-off of 2.07 cubic second feet
per square mile of area, which represents monthly precipitation excess
over evaporation of 2.3 inches. These facts should be sufficient to reveal
a gross error in the assumed power output,—that is, if the area has been
ascertained. The stream was in a Northern State where normal annual
precipitation is 35 inches, annual temperature about 48°, and annual
evaporation therefore nearly the same as that found in the example
given, or about seven-tenths, leaving a residue of precipitation for annual
run-off of about three-tenths, or eleven inches for the entire year. As a
matter of fact, the opportunity was good for about 1500 horse-power
with a 250 horse-power auxiliary plant supplementing the three months
low flow output. About 1000 acres of lands had been purchased and
paid for, but no power development has yet taken place. Many similar
instances could be cited.

ARTICLE 16.—Flow measurements are made by various methods, but,
unless they extend over a sufficiently long period, especially covering the
low stages, their result is not conclusive as to the available flow. As a
rule, the time necessary to do this properly cannot be taken; when water-
power projects ripen to the stage of such investigations, results are
expected promptly, and, unless it is then the period of low flow, measure-
ments will be of little practical value. On many streams measurements
have now been made for several years by the Federal Government, the
results being published in annual reports of United States Geological
Survey as stream measurements, and, where these have been carried on
long enough to furnish a rating table for the stream, this information
may be taken as conclusive for the purpose provided always that it is
correctly applied to the purpose it is intended to serve.

The most reliable method of measuring a stream’s flow is by an
overflow weir, which is a type of low dam over which the entire flow
passes. It is, of course, necessary that no portion of the flow passes
under it or around its ends, and this is neither readily nor economically
constructed, and, as a rule, is impracticable unless the stream is a very
small one. If the river is already crossed by a dam, it may afford a
satisfactory opportunity for measurement, provided it is free from leaks
and its crest is horizontal. Old mill-dams are generally not water-tight
and are more or less out of alignment, and therefore not very reliable
for this purpose.

The technic of weir measurements and reductions is described in
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detail in Part II., Chapter 6; for practical purposes of first investiga-
tions, the following method will yield sufficient results. Ascertain the
length of dam crest by stadia measurement or triangulation, and the
height of overflow by differential levels between water surface some
thirty feet upstream of the dam and of dam crest, and take correspond-
ing flow from Diagram 2, which gives the volume passing per linear foot
of overfall over a wide flat-crested dam in cubic second feet for depths
of overflow in tenths of feet.

Ezample.—Overflow of 1.2 feet over dam crest 236 feet long repre-
sents a flow of 4.35 X 236 = 1026.6 c. s. f.

Mill-dams, unless in very bad condition, may furnish valuable data
as to flow; millwrights know how much power is required to operate
their plant, the effective head can readily be measured, and, crediting
the water-wheels with an efficiency of about 65 per cent. when of old
pattern, the volume passing through them can be computed. Nothing
is more strongly impressed upon the miller than shortage of water and
the length of time during which he has to shut down to raise the pond,
and the depth below the dam crest to which the pond lowers during
low seasons after running the mill a certain period; each one of these
facts may be utilized in determining the low flow of the stream and its
duration.

The author determined the low flow on the Cannon River, Minn.,
in 1904 from such data collected at a mill which had operated some
forty years with a water-wheel equipment representing the earliest Ameri-
can turbine styles, and the result was only about two per cent. lower
than was afterwards found from measurements and gaugings extending
over an entire year, and this discrepancy was chargeable to leakage
through mill tail-race.

Where weir measurement is impracticable, a well-conditioned cross
section of the stream is selected, its area found by soundings, and the
velocity determined with which water passes through it by meters or
floats. Part II., Chapter 6, treats the technical phases of these measure-
ments and of the instruments, methods, reductions, and computations;
the practical application for preliminary investigations is as follows.

Select a section about one hundred feet long on a straight stretch,
with shores parallel and of gentle and even slope, containing no islands,
visible rocks, or other obstructions, and where the water appears to pass
at a nearly uniform speed throughout the entire width. Stretch two
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lines (}-inch rope) across the river, secured at shore and one hundred
feet apart. Stretch a third line midway between these two and mark it
off in ten-feet sections by tying on it alternately red and white bits of
cotton ribbon. When the river is wider than one hundred feet, attach
two guy lines to this centre line so that a boat may pass along without
sagging it greatly out of straight line. Find the depth of water at each
red and white marker along the centre line by differential level between
water surface and river bed, by means of a levelling instrument reading
on a rod held by a man, in boat, on river bottom. Collect chips of wood
or pieces of lath or bark which can be recognized while floating, and
have man in boat throw one at a time in the river some fifty feet above
the upstream line, time the passage of float under upper and lower lines,
also spot the red or white marker under which it passes; use as many
floats as there are markers in the line, endeavoring to have at least one
pass under each. Find the mean of the velocities observed, the product
of 0.85 of this mean velocity and the cross section area represents the
approximate discharge at that period for the purpose of preliminary
investigation. Part II., Chapter 6, will deal with and describe measure-
ments by meter, surface and rod floats, and of reductions, coefficients, etc.

ARrTICLE 17. —The fall available for development must be found
from the total fall existing in entire reach of stream to be controlled,
that is, from the upper to the lower point to be affected by the develop-
ment, less the fall represented by the slope in the upper pool, which may
be from 0.05 to 0.5 feet per mile. The condition of river stage on which
these fall determinations are based must be that which represents the
flow to be utilized. If the consideration of backswell is neglected, the
upper pool will extend beyond the expected limit, lands will be flooded
which perhaps have not been secured, and, if there is an upper develop-
ment or power site, the upper pool water will trespass on its tail waters.

When available fall is thus fixed, it remains to be determined whether
all or only part of it is to be utilized, which will depend upon the topo-
graphical conditions as influencing location and character of develop-
ment. The constancy of the fall as depending upon flow fluctuations
must be carefully studied; on many streams the fall may all disappear
during extreme floods.

ArrtICcLE 18. Power Output.—The unit of output of a hydro-electric
development is the electrical horse-power, being representative of the
power available for actual work.
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The original energy is hydraulic power, which is converted by means
of turbines into mechanical power, and this in turn into electric power;
both of these transitions entail some loss of originally available energy,
due to friction in one form or another. The amount of this loss from
hydraulic to electric energy depends upon the type of the machines and
their mode of operation, and in practice is generally considerably in
excess of that which is claimed for them or even shown by tests. After
the plant is in operation for a period, it is found that efficiencies of 76
per cent. for turbines and of 94 per cent. for generators may be obtained
with proper equipment correctly installed. Based upon these the electric
power realized is 72 per cent. of the hydraulic energy, or about 12} cubic
second feet with one foot fall represent one electric horse-power.

By the aid of Diagram 3 flow and fall may be readily converted
into electric horse-power, or the flow required for certain output with
fixed fall determined.

Example—Flow 250 c. sec. ft., fall 22 ft. Output = 440 E.H.P. Fall
30 ft., desired output 100 H.P., required flow = 417 c. sec. ft.

Having found, by one method or the other, the monthly mean flow
during a dry year, the volume on which maximum development may
be based, which will be called the power-flow, is to be fixed upon.

The development plant, with exception of equipment, will gener-
ally cost nearly as much for a small as for a large output development,
and, if for no other reasons, this is sufficiently important to seek the
development into useful energy of the greatest possible portion of the
entire flow during the dry year: the most complete utilization of this is
the best development. However, the low month flow presents undis-
putably the maximum continuous volume which is available for twelve
months; if any higher is taken, the deficiency must be made up, and the
substance of the inquiry lies in the question, “ How much can be added
to the low flow, and from what source?”’

The source is threefold: the market conditions may, and most
generally do, call for current service only during a portion of the 24
hours; in that case the plant closes at the expiration of the operating
period, and the natural flow may be accumulated by pondage above the
dam during the remaining portion of the 24 hours, the non-operating
period. This is accomplished by temporarily raising the height of the
pond a foot or more through the fixing of flashboards along the crest;
the ponded flow then becomes available, together with the natural flow,
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during the operating period.

For instance, the low monthly flowis.................... 250 c. sec. ft.,
the fallis............ PP 30 ft.,

the service is for interurban railway, or.................. 18 hours,
and the non-operating period therefore.................. 6 hours.
The ponded flow would be. ........... 250 X (6 X 3600) = 5,400,000 c. ft.

and deducting 10 per cent. for leakage, the volume added
during the operating period would be 4,860,000 = (18 X 3600) =78 c.s.ft.,
representing.......... (78 +12.5) X 28.75 (mean head)=179.4 E. H. P.

In this connection it must be noted that a pondage reserve becomes
available only by sacrificing some of the fall during part of the operating
period; that is, the effective fall gradually drops as the pond is being
drawn down. If the pond for above example were two miles long with
a mean width of 200 ft., its area would be 10,560 X 200 =2,112,000 sq. ft.,
and to accumulate the above 5,400,000 cu. ft. the surface will be raised
5,400,000 +2,112,000=2.5 feet. The effective head will be 30 feet at the
beginning and 27.5 feet at the end of the 18 hour operating period.

That a water power is always increased through the existence of a
large upper pool or pond is a very common and erroneous belief, which
comes down from the former-day mill practice when it was of no moment
that the wheels stopped running for an hour or so, nor did a considerable
difference in their speed cause any inconvenience or loss in power work;
in fact the slow-motion-stone runs would be credited with producing the
finest flour. The pond was indeed a great and valuable asset to the mill
of old, but its present-day significance is radically different, and for the
most desirable condition of a hydro-electric plant, its continuous opera-
tion, the pond above the dam has no power-enhancing value whatever,
and may, then, lay claim to being desirable only for the purpose of safely
collecting logs and ice before passing these through the proper sluices.

Pondage power increase involves, as stated already, decrease of
head during the operating period, and the power output therefore
fluctuates.

In the case of the example given the theoretical output at the start-
ing of the plant is (328 +12.5) X30=787 E.H.P., at closing plant is
(328 +12.5) X27.5="722 E.H.P., and from this it is evident that only the
latter smaller power can be contracted for and that therefore the resource-
ful increase due to pondage in this case is not 179.4, as first found, but
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in reality only the difference between (328 +-12.5) X 27.5 and (250 +12.5)
X30 or 722—600=122 E.H.P. In other words, the increase of 787 —722,
or 656 E.H.P., cannot be contracted for, and, unless it can be otherwise
used, or the contract has a blanket power-delivery clause by which the
customer pays for whatever current is served to him, it is simply wasted.

A further reason why pondage power increase is often of less value
than it is popularly credited with grows out of the fact that the highest
efficiency of the power-generating equipment cannot be realized under
conditions which differ greatly from those which are normal for their
best performance. The power output of a turbine is as the square root
of the cube of the fall and its speed as the square root of the fall, provided
the flow equals the turbine’s discharge capacity.

In the case of a development with the above-described pondage
conditions, but a maximum head of 16 feet and minimum head of 13.5
feet, the output with the lower head is 77 per cent. of that with the higher
and the speed with the lower head is 92 per cent. of that with a higher.

The suitable single turbine unit for 328 c. sec. ft. and 16 ft. fall is a
56 inch (see Diagram 38), its normal speed is 120 revolutions per minute,
but when the head is lowered to 13.5 feet the speed is reduced to 106 r.p.m.
If the generator is driven by 1 :2 gearing the normal generator speed
would be 240 r.p.m. and the reduced 212 r.p.m. This generator is designed
to yield the desired output and the chief basis for such design is its speed;
it is supplied with a certain number of poles in order to generate current
of a fixed frequency of alternations, because any part of the armature
passes a given number of poles in a minute’s time with the assumed speed
of revolution. The field coils and the armature windings are likewise
determined from the assumed speed in order to generate the desired
electro-motive force, and thus all the different characteristics are made to
comply largely to the requirements of speed, as will appear more in detail
in Chapter XI. Therefore a generator designed for a speed of 240 r.p.m.
becomes not only inefficient when slowing down to 212 r.p.m., but the
dropping of the voltage and of current output entail other and costly
losses when the product is transmitted to a distant market.

From all this it appears that pondage as a supplementary flow source
is of doubtful value when the available fall is 20 feet or less, and that the
minimum head secured by pond-level fluctuations represents the maxi-
mum continuous operating head for which the generating equipment
must be designed.
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The most satisfactory source from which the low flood may be sup-
plemented is storage, which refers to the accumulation in reservoirs of
some of the excess over the normal flow volume during any or all of the
periods when it occurs and the utilization of this stored supply during
the low flow periods to maintain a flow higher than the natural low flow.
The run-off may range from two tenths to two cubic feet per second per
square mile of drainage area, without storage supplement and the lower
run-off ratio must be taken as the available potential flow, but reservoir
opportunities may exist where a considerable portion of the run-off
which is in excess of this low volume may be stored to be drawn upon at
will, whereby the low run-off and the potential flow may be increased
many fold.

Storage is one of the most important features to be considered in
connection with a hydro-electric development; during the past it has
received practically no attention and many water power plants now in
operation could be greatly enhanced in their earning capacities if storage
were thoroughly investigated and provided where obtainable. It is one
of the subjects of the conservation of natural resources, and an impor-
tant one; its scope is the diminution of floods, the decrease of destruction
to life and property caused by them, the improvement of river navigabil-
ity and a utilization of a part of these large and now wasting and destruc-
tion-carrying flood waters in and for power development. There really
is no larger question to deal with in water-power utilization and none
which will return greater rewards.

This has been recognized by the older European nations some time
ago. There water power has been given the name of ¢ white coal”
which emphasizes the modern appreciation of this natural source for all
of mankind’s needs as obtainable from energy. European water powers
are now being developed, not hap-hazardly for certain interests, but for
the most good to the communities which should, by reason of their
geographical proximity to the power source, be first entitled to secure
its benefits. Nor are they being developed on programs of smallest
first cost and eventual large revenues without regard to the greatest
practicable utilization of the opportunity, but on the contrary each
power is studied, not for or by itself, but in relation to and in
connection with the other power possibilities on the .stream in ques-
tion and the most resourceful conservation of the greatest portion of
its flood flow.
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In discussing storage the acre is the most convenient area unit and
the acre-foot the most suitable storage water measure. One acre con-
tains 43,560 square feet, and, as one day consists of 86,400 seconds, one
acre of land covered by one foot of water, an acre-foot, practically repre-
sents a 24 hour flow of half a cubic second foot.

Diagram 4 gives the equivalents in continuous flow from various
storage volumes; as, for instance, the flow for ten hours from ten acre-
feet equals 12 c. sec. ft. The practical application of flow supplement
from storage is considered in Article 51, treating of the scope of the
development and giving a complete analysis of the method by which the
most resourceful development from the natural flow, storage, and auxiliary
power supplements may be discovered.



CHAPTER III

FEASIBILITY AND PRACTICABILITY

The feasibility and practicability of a project are not entirely estab-
lished because the power and market are available: questions of Govern-
ment control on the stream, of State laws regulating the use of water,
of riparian rights and land titles must be investigated and settled, while
the practicability of economical development should be established.

ARTICLE 19.—The United States Government exercises constitutional
control over all navigable waters, and the question as to the navigability
of a watercourse rests with the Congress. When provisions are made by
Congressional legislation to examine a river for the purpose of determin-
ing whether the commercial interests and the physical conditions warrant
navigation improvements, the stream passes under the control of the
War Department, and no works of any description for the development
of power along that river, or so much of it as is covered by the act, can
be erected without the consent of the Secretary of War, nor can such
works be erected on rivers where navigation improvements have been
made by the Government without a like consent. The policy of the War
Department is to grant such permits where no interference with navi-
gation works is threatened, reserving, however, a revocable authority
and claiming approval of plans and of construction.

ArticLE 20.—On navigable rivers the title to shore lands carries to
low-water line, while on non-navigable streams it goes to the middle of
the watercourse, securing to the owner the use of the water within the
boundaries of his lands for floatage, power purposes, and fisheries, but
no portion of the volume can be diverted from its normal course or put
to such a use that the natural flow or fall pertaining to any land not
owned by him is thereby periodically or permanently diminished or
changed. The State retains control of the land under the water, and several
have enacted laws reserving the approval of any permanent structures
such as are required for power development; this right, however, does
not include the power of prohibition of such works, but merely of securing
safety of structures and of provisions guaranteeing non-interference with

32
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the floatage of timber and the passage of fish to their accustomed breed-
ing-grounds. Some of the States have constructed navigation canals
along certain rivers, and in this connection have reserved control of a
portion of the flow and of certain reservoirs maintained for the feeding
of the canal system; water-power development on such streams must
conform to statutes enacted for the protection and maintenance of such
State canals. The Western States have legislated on the use of water
of streams for the purpose of guaranteeing its equitable distribution to
adjacent land for irrigation, and in these the permit of the respective
authorities must be secured for the use of any volume for power purposes;
and, finally, the Federal Government has taken possession of certain
streams in the arid regions for purposes of national irrigation projects,
and from these all other utilization of their waters is excluded.

The legal requirements and limitations relating to water-power
development expressed in Federal and State statutes in the United
States, Canada, and Mexico are now being compiled by the author, and
will be published in the near future.

ARrTICLE 21.—The practicability of an economical development is solved
only after the programme has been fixed upon, the plant designed, and
estimates made, all of which is treated in detail in Part II.; in some
cases, however, difficulties to be met may be so apparent and the great
expense of overcoming them so patent that the undertaking may be
pronounced prohibitive without the necessity of detail engineering studies.
Market and power capacity enter into this problem, and in fact their
proper consideration will frequently terminate the entire inquiry. Many
excellent water-power opportunities are undeveloped to-day and will
remain so for some time to come, because there is no market available
for their output, nor is there any in sight for many years to come unless
electric power is utilized by railroads generally for their passenger busi-
ness, which is, no doubt, among the probabilities of the near future. In
some cases even the best available development site reveals, upon pre-
liminary examinations, such difficulties, as to length of required dam
and unstable material at its logical location, that it becomes at once
evident the cost of the necessary works will be out of all proportion to the
power which may be secured; and, finally, the constancy of the output
may be proved to be entirely void of any reasonable guarantee of that
continuity which must underlie the enterprise which proposes to meet
binding contract obligations.

3
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ARTICLE 22. — The investment balance, or the summation of the
capital outlay and the returns promised by the enterprise, is the quintes-
sence of the analysis of a hydro-electric project; if this, being based
upon authoritative facts, makes a satisfactory showing, and the develop-
ment is found to be feasible, its realization is a certainty.

The treatment of this subject is the same as that of any other com-
mercial proposition: charges and revenue are the components. The first
consist of interest on investment, sinking fund, maintenance, operation,
depreciation, taxes, and insurance; the second, of receipts from sale of
product. An annual charge of 8 per cent. on capital investment will
meet the interest of 5 per cent. and the retiring of a bond issue represent-~
ing the investment in 20 years. Maintenance and depreciation should
be charged at 2 per cent. of the cost of the works and 3 per cent. of that
of equipment; operation cost of generating, transmission, and distribut-
ing plant may be estimated on a personnel of two shifts, each composed
of an operator and assistant and of one lineman for day service, which
is required for a plant whether of 500 or 5000 horse-power output, or a
line 5 or 25 miles long; the wages allowed should not be less than $90.00
for the operators, $60.00 for assistants and $75.00 for linemen. The
maintenance charge will cover oil, waste, wire, insulators, and all other
needed repair material. Taxes are generally 2 mills on a } valuation.
Insurance is not always placed on hydro-electric plants, as the fire risk
is small. .

Tabulating these charges for a plant of 1000 horse-power with ten-
mile transmission line, the fixed items are the cost of the generating
equipment, which will be about $20.00 per horse-power, cost of trans-
mission equipment (transformers) $6.00 per horse-power, and of sub-
station at market end $2000.00; no estimate is made for distribution
and service lines and equipment, and the receipts from current are
assumed to be its wholesale value at the substation, or $30.00 per horse-
power-year.

The statement for one horse-power ratio will be

Charges:

Interest on sinking fund.......... ... ... .. i e e $ 428
Maintenance and depreciation............ ... . it ie e, 1.59
L0« - 2371 PP 8.22
Taxes ANA INBUMANICE. . ...ttt ittt itieeeeereeennnnnnnneeeesonasoennnnans 0.80
B 67,0« - 30.00
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This balance must meet interest and sinking fund at 8 per cent.
and maintenance and depreciation at 2 per cent. of the cost of the works,
consisting of a dam, intake, power-house, and tail-race, of lands, right of
way, taxes, and discount from face value of securities and service charges,
and represent a principal of about $140.00 per horse-power; or, in other
words, the cost of these, the works, lands, etc., must not exceed $140.00
per horse-power in order that the enterprise may meet fixed charges,
while a smaller cost will leave a corresponding surplus. If, for example,
the cost of items not above included aggregates $70,000, of which $50,-
000 is cost of works, then the statement is:

Cost of complete development................ ..ot iiiiiiiiiiennnn. $123,500.00

Capital investment........... ... . . e 137,200.00
Interest and sinking fund at 8 percent.................... ... ... oL, 11,000.00
Maintenance and depreciation. .......... ... e, 2,590.00
Operation. ... ... e 8,220.00
Taxes and INSUMANCE. .. .. ..ttt ettt it iiiaae e e eeeneanannnnnnas 1,800.00
Income. . ... e e e e 30,000.00
Surplus ... e e e 6,390.00

or about 5 per cent. on the investment.

The operating charge is the largest item, and, since this does not
materially increase with a greater output up to about 5000 horse-power,
the larger capacity developments will show a greater surplus.

The income from current is here taken rather low, being for ten-hour
motor service at a rate of 1.3 cents per kilowatt-hour, and for eighteen-
hour traction service only about 0.6 of a cent, both of which are con-
siderably below average values; however, the same line of investigation
adapts itself to the probable value of the output as found from market
investigations, and, when investment required is known, the balance
statement can be safely made up along these lines.

Diagrams 5, 6, and 7 show the fixed charges per horse-power for
plants of varying capacity and total investment, and by the aid of Dia-~
gram 8 the horse-power per year values can readily be converted into
kilowatt-hour rates for the three classes of current service, light, motor,
and traction.
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CHAPTER IV

COST OF DEVELOPMENT

THE cosT of the development can be found correctly only from
estimates based upon a well-defined programme and the plans and detail
designs of the required structures, all of which is treated exhaustively
in Part II. Only some general rules and guides are given here, by which
an approximate first estimate of such cost may be found.

ArticLE 23.—The cost of the dam, only the spillway proper being
here considered, depends not only upon the type to be built but also
upon the conditions of flow and character of river bed. A reasonable
allowance must be made for controlling the flow during construction
period, which may require erection of coffer-dams of more or less sub-
stantial design and the operation of a pumping plant. Where the river
is shallow and the possibilities of a material rise during construction
period are remote, this item may not be very important; sheet piling
often proves sufficient to exclude the flow from the area, the seepage
being accumulated in one sump and thence removed by moderate pump-
ing. Again well-constructed timber cribs loaded with rock may be
required to guard against flooding and a large capacity pumping plant
needed to perform continuous duty. Sheet piling, where gravel and
boulders prevail, is best of interlocking steel material, which will cost
from $1.50 to $3.00 per foot length of piles in place, depending upon the
depth to which they are to be driven. In rock or hard bottoms timber
cribs must be employed to coffer the desired area; these are constructed
of square timber suitably framed, from 6 to 10 feet wide, filled with rock
and puddling material; if water is shallow, rock diking with puddling
placed on outside may answer the purpose. The characteristics of the
flow, of material in river bed, and probable duration of construction under
such safeguards must decide the means to be employed; at any rate,
the item “control of flow” is an important one, and may be from a few
hundreds to several thousands of dollars. For some dam constructions
it will be less than for others, even on the same site; with a structure, for
instance, consisting of piers rather than a continuous mass of masonry

the completed portion can readily be utilized for water-way while the
40
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remaining is being built; like methods can be employed with concrete-
steel dams.

This brings us to the type of dam itself, which should be chosen
because of its peculiar fitness to the conditions and purpose as well as
for considerations of first cost. Part II. treats this point in all its prac-
tical phases.

Diagrams 9 and 10 give quantities required for masonry, concrete,
and concrete-steel dams of different heights and for unit length of ten
feet; the cost can be found for different values of labor and material
from Diagram 11.

The dam should contain waste-gates or sluices and perhaps flash-
boards, which must be covered in estimate.

This cost, as given on diagrams, does not cover the construction in
river bed required to carry the dam, safeguard it against underwashing
or the downstream area against scouring. In soft locations a pile founda-
tion, cut-off walls or curtains, and apron construction will be required,
the extent and cost of which depend solely upon the character of the
material on which the dam is to rest. Again reference for details is
invited to Part II.

Dia.gram 12 gives quantities for foundation, cut-off, and apron
construction in alluvial locations for different helghts of da.ms and for
lengths of ten feet.

And, finally, the dam terminates in abutments, unless the site is a
rock gorge into which the dam structure may be built; Diagram 12 also
gives quantities required for two abutments of concrete-steel design for
dams of different heights.

Compiling the cost of the dam in alluvial river bed, with small flow
and no floods during construction period, height above river bed 30 feet.
length between abutments 250 feet, labor being $0.20 per hour, material
for cub. yd. of xxx concrete $4.75, forming timber $25.00 per 1000 ft.
b. m., and re-enforcing steel 3c. per pound.

Item 1. Controlling flow:
Coffer-dam or sheet piling............. ..., $2,500.00
Pumping, 200 days at $5.00............ooviiiiiiiiiiiiiii 1,000.00
Item 2. Preparing bed, excavation, etc.............ccviiuiinenneenannnen. 500.00
Foundation, cut-off and apron dam:
Rubblemasonry ................. ..ol $36,300.00 or
Cyclopean concrete .............cc.ooeeennneannn. 28,117.00 or
Concretesteel ......................... eeeeean 22,100.00
Ttem 3. Abutments. ..........ciuiiiieiiiiiiiii ittt 2,060.00
Item 4. Waste- or sluice-ways and gates depending upon flood flow volume.
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ArtiCLE 24.—The diversion works, by which the water is carried
from dam to the power station, are next in line. These may be canal,
flume, or pipe line, depending upon the volume and distance over which
the water must be conducted. If no diversion is required, these are, of
course, unnecessary. These structures involve excavation of rock or
loose material, timber or concrete lining, slope paving, timber framing,
wood stave, steel plate, or concrete-steel conduits, pipe-line anchorages,
flume supports, intake works, head-gates, culverts, waste- or sluice-ways,
and gates and forebays with bulkheads, all of these being treated spe-
cifically as to design and construction in Part II.

Excavation cost of rock depends upon its character, and may vary
from 75 cents to $1.50 per cubic yard, also that of loose material from
25 to 50 cents per cub. yd.; timber lining of canals, with timber at $20.00
per 1000 ft. b. m., costs $4.50 per square yard, concrete lining $5.00 per
8q. yd., slope paving $1.25 per sq. yd., timber framing of flumes costs
$40.00 per 1000 ft. b. m. The cost of pipe line at present is

36-inch. 48-inch. 60-inch.
Wood 8tave. ....covie ittt iii ettt $4.00 $6.00 $8.00
Steel PIALE. . ..o ettt 6.00 8.00 10.00
Concrete-steel......... ge e 5.00 7.00 9.00

per linear foot of pipe, to which must be added cost of delivery, and
putting in place, painting, etc.

Cost of head-gates, waste- and sluice-ways, etc., depends upon
character of design and size of conduit.

The canal prism should be of an area sufficient to pass the flow at
a velocity not exceeding three feet per second; the diameter of pipe
conduits depends upon the ratio of head which can be economically
expended in friction. The designs of all diversion works should be based
upon appropriate hydraulic theorems.

ArticLE 25.—The power-house is the last of the principal structures.
Its location is determined by the development programme; it may be at
the end of the dam or inside of the spillway, immediately below or at the
terminal of diversion canal or pipe line. The design is fixed by the method
of bringing the water to the turbines, the dimensions by number of power
units it is to contain. Whether it is recommendable to let the water
enter the power station freely or by means of feed pipes depends upon
the height of fall, volume of flow, and topography at chosen power-
house site. In both cases the structure consists generally of three parts,
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—foundation, substructure or pit, and superstructure in which turbines
and generators are housed. Foundation must adapt itself to the character
of the material at the site, pit to volume of flow, height of fall and of
backwater, and superstructure to power equipment. The walls and floors
should be of masonry, monolithic concrete, or concrete-steel. Wherever
permissible the water should be taken to-turbines in conduits, as the
power-house required for such an arrangement will be considerably less
costly than where the water enters freely; and, for the same reason, if
otherwise recommendable, the power units should be rather large than
small, as the length of the power-house materially depends upon this
condition. Especially is this true where water enters freely, since the
structure in that event performs, in a sense, the functions of a dam,
and the foundation and pit structures must in that case be designed not
only for the duty of supporting vertical loads but also to resist horizontal
pressures, which adds considerably to dimensions. The power-house
should be readily approachable by the best available means of trans-
porting the heavy equipment; ample room should be provided on the
operating floor, so that each machine can be readily dismantled, repaired,
or removed; a power traveller, by which parts of equipment can be
handled, should be provided. There should be no stinting of light, and
the roof had best be of the most substantial and fire-proof character.

Diagram 13 gives quantities for power-house per power unit length
and for varying heights of fall, both for structures into which water
enters freely and where it is conducted to turbines by feed pipes; the
same diagram shows quantities required for foundations for structures
in alluvial locations.

ArTticLE 26.—In addition to these works there may be required
reservoir embankments, in the event that a part of the stream valley must
be closed; in fact, this is the most frequent condition. These embank-
ments are a continuation of the spillway, but rise sufficiently higher to
guard them against possible overflow, the spillway proper being designed
of sufficient length to pass the greatest probable flood volume at a safe
height. These structures may be of earth or concrete-steel, depending
largely upon the availability of suitable material for the former type.
Reservoir banks or bulkheads partake of the importance of the spillway,
and require the greatest care of design and still more so of construction.
This consists in preparation of surface on which they are placed by a
complete removal of all vegetable growth, roots, and stones, loosening
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the soil to a considerable depth; constructing a core wall, which must
penetrate into impermeable material, and compacting the material of
which the bank is to be constructed in thin horizontal layers in a wet
and plastic condition. Core walls should be of concrete and the banks
of puddling. material, being a proper mixture of clay, sand, and fine gravel
which will pack solid when damp. This construction involves excavation
at 25 to 50 cents, concrete at $5.00 to $6.00, and compacted earth fill
" at 35 to 50 cents per cub. yd.; the upstream upper slope should be paved
at $1.25 per sq. yd.

Diagram 14 gives quantities for earth reservoir embankments with
concrete core wall in lengths of one foot and for different heights.

Where the ground material is hard, reservoir bulkheads of concrete-
steel construction may take the place of earth embankments when suit-
able material for these is not available. The quantities, in one-foot
lengths, are given on Diagram 15.

This completes the works which are generally required.

ArTicLE 27.—The power equipment consists of water turbines, with
governors and draft tubes, and of electric generators, exciters, and
switchboards. When generators are coupled to turbine shafts and the
units are of standard type, an estimate of $20.00 per horse-power will
generally cover its cost; when turbines have to be geared to generator
shafts, the cost per horse-power will be $24.00.

ArticLE 28.—The last item comprises the transmission line and
equipment. As a rule, a wooden pole line is recommendable, poles being
35 feet long and set 106 feet apart; a single circuit will be sufficient
excepting for large outputs. Such a line requires cross-arms, pins, insula-
tors, and three strands of bare copper wire, the size, and therefore weight,
of which depends upon the amount of current to be transmitted, the
voltage of transmission, and the drop or loss to be allowed. On lines
up to 50 miles the loss may be economically confined to 10 per cent.

Diagram 16 gives quantity of copper wire for transmission line, for
different output and voltage, at 5 per cent. line drop, per mile, to which
are to be added 50 poles, 100 cross-arms, 150 pins and insulators, for
single circuit 3-phase line.

Transformers to raise and lower voltage at terminals of line cost
$6.00 per kilowatt of output.

A substation has to be provided at market end of line, which may
be estimated for at $1.00 per horse-power.

4
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ARrTICLE 29.—The probable cost of the development may be com-
piled from these approximations by finding cost of dam from Diagrams
9, 10, 11, and 12, cost of diversion works from a location profile, cost of
power-house from Diagrams 11 and 13, cost of reservoir structures from
Diagrams 11 and 15, taking cost of power equipment at $20.00 per horse-
power, cost of transmission line from Diagram 16, and cost of trans-
formers and substation as stated.

To these items must be added 10 per cent. for engineering and
inspection, and to the total the value of lands, right of way, of charter
and franchises.



CHAPTER V
VALUE OF PROJECT AND PRESENTATION

THE summing up of the findings from the investigations of the
market, power capacity, feasibility and practicability, and of the cost of
the proposed development are presented in the Engineer’s report with
such documentary proofs and legal opinions as the conditions call for.

ArrticLE 30.—This report should exhaust the subject in every detail
which becomes a link of the completed chain. The market analysis should
contain the list of existing power plants and users and be of the general
treatment outlined in Article 6, with the addition of any other features
which may be peculiar to the case in hand. Frequently the principals
who exploit the project are inclined to pass by this market topic with the
argument that the proximity of such or such a large city is sufficient
evidence that the current will find sale; this is a mistaken policy and
generally leads to a waste of time and perhaps of funds, as this market
analysis will sooner or later be demanded by solicited investors. The
power opportunity must be fully treated and accompanied by detail
plans such as here shown of a report made by the author in 1905.

The drainage area should be so presented on the perspective plan that
it can be readily checked, precipitation, run-off, and flow data considered
in the determination of flow should be given in full in appendix with
proper reference to the authorities from which they are taken, and every
argument and conclusion as to available flow should be fully detailed.

The statements as to fall should be accompanied by the detail level
field notes and by profiles.

Then the development scope must be treated clearly, as presented in
Article 51, giving a tabulation of the daily flow of the dry year, the
required storage and auxiliary power supplements, and finally of the
probable cost of the product for various scopes from available and sup-
plemental sources. This last analysis can of course not be made until at
the conclusion of the report, when it is followed, as will be noted later, by
the detail investment balance.

The recommendable development program is then outlined and
54
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illustrated by suitable plans and profiles. The author of the report should
offer ample evidence by arguments, comparative cost and output data,
and conclusions that the recommended program will guarantee the most
resourceful and remunerative development. It is not a wise or helpful
policy to suggest alternative programs, as one must be capable of being
proven preferable of all.

This is followed by a general description of the structural types of
the proposed works, with brief stability proofs of the essential parts and
a concise specifying of especially adapted construction program and
methods. Then the estimates are presented, introduced by quotations
for materials as of recent date with delivery cost to site. The estimates
should be in greatest detail as to every structure and its divisional con-
struction parts, with dimensions, weights, quantities, etc., of every class
of structural material, proper qualification of labor, machine and shaping
costs with construction profit added. It is unwise to quote estimates
in lump sums for dam, canal, power house, equipment, etc., the items
involved in dam cost may be control of flow during construction by sheet
piling, cribbing, diking, coffer dams, pumping, and others; preparation
of river bed for foundation by excavations, trenching for cut-off wall,
drilling for anchors, driving bearing or cut-off piles and more; the super-
structure may consist of various parts such as base, apron, sluice ways,
piers, spillway, bulkheads, abutments, etc. To lump the estimate of all
of these in one item for the dam is not a satisfactory treatment of the
matter in this report and will sooner or later call for itemizing, and as the
lump cost cannot be correctly known to the author of the report without
his having developed it step by step through these detail items, there is
no reason why they should not be given in the report. The same holds
good of the appurtenances of the dam, waste flume, and sluice gates,
flashboards and fishladders, etc. The estimates for diversion conduit,
power house, equipment, and, in fact, of every structure and part should
all be segregated into the minutest details which call for material and
operations. To the total cost, a proper addition must be made for engi-
neering, inspection, insurance, and finally some arbitrary per cent. depend-
ing upon the thoroughness of the detailing of items, for incidentals which
covers accidents, breaks, washouts, delays, etc.

ArtIiCcLE 31.—The report is now complete to be closed with the
investment balance, which is based upon the most remunerative scope
which can now be definitely determined.
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This balance must assume a total investment which is the develop-
ment cost, interest payable during construction period, cost of lands,
rights, franchises, and legal and engineering services.

The debits for this balance are fixed charges: interest, depreciation,
administration, taxes, insurance, and operating cost, and from this will

be found the cost of the product in horse-power or in kilowatt-hour for
any assumed load factor.



. PART II

DESIGNING AND CONSTRUCTING THE DEVELOPMENT

THIS PART treats of the engineering of the hydro-electric develop-
ment; in it are presented methods, theories, designs, and their execution,
as they have been found, in the author’s practice of this specialty, to
secure the desired results in a manner adapted to the commercial as well
as the engineering requirements of the business. Some of these leave the
trodden paths of former practice; the majority must needs follow them;
only where necessary, in the author’s judgment, to make clear his mean-
ing, have rudimentary methods been employed; on the whole, it has
been the purpose to render the treatment of this subject complete within
its scope. ’

The subheads are of five chapters dealing with surveys, development
programme, structural types, equipment, plans, and estimates and speci-
fications, construction, and superintendence, each of which is divided
into articles covering detail topics.

CHAPTER VI

THE SURVEY

SURVEY embraces all operations by which the hydrographic, topo-
graphic, and geologic characteristics are investigated and determined.

ArtIcLE 32.—The first preparation for the work of surveys is the
examination of maps of the stream and the projected power-plant loca-
tion, if such has been fixed. The best obtainable maps are the United
States Geological Survey topographic sheets, which may be secured from
the Director of the Survey, in Washington, D. C., or at local agencies.
Several of the States provide annual appropriations for co-operative
surveys with the Federal department, and the annual reports of the
State Engineers, or Geologists, contain topographic county maps of
similar origin. This is the available information from which the topogra-

phy of a stream system, or so much as is involved in the examinations,
62
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may be studied; it will reveal the course of the river, the contour forma-
tion of its banks, its fall, by the crossing of successive contours, the
locations of railroads and highways, of fords and ferries, and of settle-
ments. All this furnishes ample data for the appreciation of the general
conditions, which will become useful in locating dam site, estimating fall,
flowage areas, and storage opportunities.

An examination of the drainage area on State maps and of pre-
cipitation records will throw considerable light upon the probable flow
characteristics of the watercourse; note the origin of its principal sources,
whether in foot-hills or flowing out of swamps or lakes, and the length
of its tributaries, the import of all of which will be discussed in detail
further on.

Finally, much practical information as to subsurface formations in
the vicinity of the projected power site can be gained from well borings;
one concern frequently operates a well-boring apparatus in several coun-
ties, and these may be traced through hardware merchants at the county
seat or near-by town.

ARrTICLE 33. Reconnaissance.—With the general knowledge of hy-
draulic, topographic, and geologic characteristics thus gathered, a recon-
naissance is the next best preparation, on horseback or preferably in a
boat floating down the river, equipped with a camera, compass, hand-
level, aneroid, field-glasses, sketch-book, and the plan of the river’s
course, showing county, township, and section lines. On such a trip
many details will be revealed which are not on the maps or are given
erroneously. The aneroid should be read at regular intervals of time,
the location being identified on the map; the velocity of flow, and there-
fore of transit, can be estimated and thus distances sufficiently deter-
mined to aid in fixing the fall. Observe the character of the banks and
make notes in the sketch-book of likely dam sites, estimating the river’s
width and finding the approximate and relative heights of the banks by
aneroid and hand-level; note also the improvements on river bottom
lands and the height of bridge crossings, paralleling railroads and high-
ways. A few days devoted to reconnaissance will prove an exceedingly
valuable investment, the benefits of which will be frequently recognized
in the course of perfecting the development programme; above all, it is
highly recommendable to make copious notes and sketches of whatever
is worth remembering and to take photographic views of the most notable
features.
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ArTICLE 34. Triangulation.—With this general equipment the work
of definite determinations can be approached. It is not always feasible
to foretell what the extent of the survey will be. It must cover the dam
site, the flowage area, and perhaps the tracing of property lines. It is,
however, always advisable first to establish some fixed references for
elevations and points by a system of triangulation of one or more quad-
rilaterals; this should be planned to be readily accessible and safe from
interference during construction and above the highest pond level. The
base should be at least twice as long as the width of the stream valley.
The line is instrumentally projected and
permanent base-point markers of stout
Fig. 1 | posts or of stones are set. Measuring
benches (Fig. 1) are placed at intervals of
100 feet along the line; they consist of
two stout vertical stakes set twelve inches
centres and a horizontal piece with two-
inch flattened top face secured to them;
the bench pieces of each successive 100-
foot section are on same level, and where
this changes two bench pieces are secured
to stakes. Supporting brackets (Fig. 1),
consisting of a stake with one horizontal
piece at the level of the respective 100-
foot section, are set 25, 50, and 75 feet
from the section bench. The measurement
should be made with a standardized 100-
foot steel tape, which is placed on sup-
porting brackets, ends on benches, and a ten-pound weight secured to
each handle; the zero is marked on the permanent base point and the
fractional foot to the marked centre of the bench piece is measured
with a hardwood scale to one-hundredth of a foot; record of the length
of each section of base is kept. This measurement should be repeated
three times and the mean accepted. The selected triangulation points
are permanently marked, and tripods (Fig. 2), constructed of fence-
posts, are placed securely over them, the legs being set three feet in the
ground; tops are covered by a two-inch wooden plate with a two-inch
hole in its centre and plumbed over the base point; the top of the tripod
should be from four to four and a half feet above the ground. Triangu-

Base Benches; Base Supporting Brackets.
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lation points are preferably marked with targets, consisting of two boards
one inch thick, twelve inches wide, and three feet long, secured to each
other as shown in Fig. 2, wings being painted alternately white and red; a
two-inch handle, secured to the end, is set into the hole of the tripod plate.

The angles should be measured with an engineer’s transit reading
by vernier to thirty seconds. The instrument is secured to a trivet plate
with three spikes which rest on the tripod plate. Each angle should be
measured five times in both direc-
tions, giving ten readings; the mean is
accepted.

The azimuth of the base should be
determined from Polaris, so that any
station in the survey system may be
available for the tracing of the mag-
netic bearings given in the boundary
descriptions. The sides of triangles
are computed by trigonometrical func-
tions; the location of points is deter-
mined by co-ordinates.

ArTIcLE 35. Elevations.—A refer-
ence bench is selected or established,
and the elevations of the triangulation
points are determined by return levels
from reference or line-benches and
plainly marked on the station tripod.
An eighteen-inch “Y’’ level in good
adjustment and rods reading to hun-
dredths of a foot are used in running
the level lines. Triangulation benches
being established, a level line is run up and down the stream over
the entire reach affected by the development. When the immediate
river shore is inaccessible or the stream tortuous, the line may follow
along the top of the bank, or at some distance from it along roads, and
levels taken to water at accessible points. Every fifth turning-point should
be a bench of permanent mark, and each section of level line between
benches should be returned until an agreement between two runs within
0.001 foot is secured; where convenient the linc benches should be con-

nected with the triangulation benches for check. Elevations are plainly

marked on all permanent benches.
5

Tripod and Target.
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ArticLE 36. Topography.—A stadia survey is made of all the river
valley to be considered in the development; it is referred to the triangu-
lation system. This survey should develop the topography to one-foot
contours at the probable location of the works, and in five-foot contours
over the remaining territory; the bearings should be of azimuths in
harmony with the triangulation system; distances are read on plumbed
rods; vertical angles are measured to the height of instrument; stadia
stations are marked by stakes with tack,

Fig. 3 and the instrument is plumbed. When-
F_V F ever practicable, reference readings are
|
]
|
}

taken to triangulation and water points.
By this survey, with a rodman on each
side of the river, the shore lines, property
corners and boundaries, buildings, bridges,
roads, and a sufficient number of contour
points to project the true topography are
located. Plan 7 shows the results of trian-
gulation, levelling, and topographic survey.

The instrument’s adjustments should
be checked at the beginning and close of
each day’s survey.

ArticLE 37. Phototopography.—It is
not the purpose to enter upon a broad dis-
cussion of the subject of photogrammetry,
but to describe only the practical process
by which a general projection of the topo-
H.EP.28| graphy of the stream valley and its imme-

H.v.S. diate high banks can be obtained within
contour intervals of about ten feet.

In a photographic camera (Fig. 3) C is the optical centre, being the
middle point of the optical axis between the two lenses of the objective;
N G is the negative plane in which the sensitive plate or film rests; V V’
is the optical axis produced and its vertical projection called the vertical,;
H H’ is the horizontal projection of the same axis known as the horizon;
C V is the focal length which is uniform for distances beyond 100 feet;
P S is the imaginary positive plane, being parallel to the negative plane
and focal length from the optical centre.

The image on the negative plane is the reverse of the object it repre-
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sents and in true perspective, but if reflected on the positive plane it
would there appear as a perfect miniature facsimile; the points F and F’
in the negative plane would
be found as F and F’ in the
positive at like distances hor-
izontally or vertically from
the vertical or horizon.

This is the optical and
geometrical principle on
which the utilization of the
camera for this purpose is
based.

Fig. 4 ABDE, is a
print of the negative laid
down flat with H H’, the
reproduced horizon, parallel
to P S, the positive plane,
and at any convenient dis-
tance above it; V V’ is the
vertical produced; F is the
image of a flag on top of a
hill. To locate F graphically
drop a perpendicular from
F to the positive plane at F’
and connect this point with
the optical centre C, fixed
in V V’ produced and focal
length, in natural scale, from
the positive plane. The true
location of F will be in the
extension of the line C F’,
and will be fixed by a similar
operation with the second
view taken from the other
end of the base line, as the
two projections will intersect at the location of F in the plan.

To find the location of F algebraically measure “y’’ on the print,
being the distance along the horizon of the vertical projection of F to
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the image vertical, then tg. a = g’I (fl = CV focal length) angle a + b is

known from azimuths of triangulation points, so is the length of the
base line C C’ and therefore also lines C F and C’ F which are plotted in
the scale of the base line.

In this manner all points which appear on two views can be located.

To find the -Elevation of an Object Algebraically.—Fig. 5, A B D E,
is the positive plane; F is the flag the elevation of which is to be deter-
mined. Drop the perpendicular F L to the horizon and connect L with
C, the optical centre, measure F L in natural scale from the point; then

Fig. §

H.E.P.30
H.v.S.

C L (focal length in natural scale) : FL = CF’ : F F/; C F’ has been
found as per preceding discussion and is expressed in the scale of the
base line, and F F is the elevation of the flag point above the horizon
expressed in the scale of the base line. This determination can be re-
peated from the other view containing F, thus affording a valuable check.
For F the elevation is above horizon and therefore to be added to H I,
height of instrument or its elevation; for M, being below the horizon,
the reverse is the case. ,

To find the Elevation Graphically—Fig. 6, AB D E, is the positive
print, F the image of the flag, P S the positive plane, C N the focal length;
drop a vertical from F to the positive plane in F’, connect C with F” and
produce to F as per previous discussion in the scale of the base line;
measure X, the height of the flag point above the horizon, on the print,
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draw a perpendicular to CF at F equal to x in the scale of the print,
then CF’ : x = CF : x’, which is the height of the flag point above the
horizon measured in the scale of the base line.

The practical operating programme is as follows:

The camera is attached to an engineer’s transit by means of screw
hooks fixed on the side of one of the standards, and two lugs or sleeves
correspondingly spaced are secured to the side of the camera box.
When the camera is thus suspended from the transit standard and
the latter is levelled up, the following conditions are met:

1. The optical centre of the camera
objective lies in a vertical plane
over the station point occupied
by the transit. A =B

2. The optical camera axis is in a ver- X
tical plane parallel to the optical "Y1
transit telescope axis.

3. The optical camera axis lies in a
horizontal plane with the transit
telescope revolving axis.

4. The negative plane is vertical.

These four conditions remain rigid
throughout the operations here considered—
that is, the more complex and broader prac-
tice of photogrammetry in which the nega- HEP.31
tive plane may be inclined from the vertical : H.vsS.
or of curved surfaces does not here enter.

Any commercial camera can be employed with satisfactory results,
the lighter the better; a 5 x 7 is well adapted; the objective should be
rectilinear and the focal length uniform for distant points.

The vertical and horizon are marked on the ground glass or finder,
and small arrows or pointers are fixed to the interior of the four sides of
the plate or film holder at the intersections of vertical and horizon with
the frame, so that each view taken bears these marks, by which the control
lines can be correctly reproduced on the positive print. The apparatus
is now ready for operations,—that is, the survey of a stream valley, a
triangulation system having been established.

5. The instrument is set over a triangulation station, the camera

attached, and the transit levelled.

Fig. 6
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6. A pointing is made with the transit and known azimuth to the
triangulation target on the opposite side of the stream valley.

7. The plate or film is exposed, removed, and the camera is re-
charged.

Sweeping the horizon in the direction of the operating programme,
up or down stream, one pointing is made and view taken to each visible
opposite triangulation target.

8. A record is kept as in surveys, views being identified as 1 to 2,

1 to 4, 1 to 6, etc., and the same notation is made on the plate
holders as they are taken from the camera.

The same programme is repeated from the opposite side,—that is,
2-1, 23, 2-5, ete.

The operator needs no technical photographic knowledge or skill
beyond adjusting, charging, and unloading the camera, protecting plates
from being light-struck, guarding against halation,—that is, exposures
toward the sun,—and a practical guide to the use of the proper diaphragm
or stop and the length of exposure under different conditions of light and
time of day. Such an exposure and diaphragm scale should be adapted
to the characteristics of the objective and the sensitiveness of the plate,
and the data required can readily be obtained from the photographic
supply house where these are secured.

Development of the exposed plates or films and the printing of the
positives had best be delegated to a photographer. In practice it will
be found advisable to duplicate all views, to make certain by examination
of image on ground glass or in finder that the key point connecting with
the previous view is in the field of view. The instrument must be exam-
ined before each exposure as to its level condition, as the weight of the
camera may throw it out. The prints should be strong, and in order to
secure detail an orange-colored screen may be fixed in the camera imme-
diately back of the objective.

9. For the projection of the plan the horizon and vertical are drawn
on the prints in vermilion, and likewise all objects to be plotted
are marked by small circles or dots of the same color and num-
bered identically on the different prints containing them.

After the principal points are projected and their elevations have
been determined, the contours and topographic characteristics are plotted
on the plan as indicated in the prints.

As stated at the beginning of this subject, the results to be expected
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are of a general character only, and therefore the refinements of guard-
ing against change of paper texture have no place here.

ArticLE 38.—Detail surveys should be made of gauging sections,
recommendable dam sites, and of the location of the diversion works;

Fig. 7
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they are referred to bench marks by determination of land or river bed
and of water surface elevations at intervals of five feet by means of “Y”
level, the points in the river being taken from a boat passing across along
a line held taut by means of upstream guy ropes, the line being suitably
marked off in five-foot lengths. One such section suffices at the gauging
point, the terminals being fixed by posts; gaugings of different days
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should be preceded by re-sectioning in order to detect changes in the
river bed. At the dam locations a section of the stream, two hundred
feet long, should be covered by transverse lines five feet centres; canal,
flume, and pipe line locations must be cross sectioned every ten feet
longitudinally for a width double that of the probable construction, the
centre line being traversed and marked at 100-foot points. The power-
house location site should be cross sectioned as described for the dam site.

Fig. 7 shows the plan and cross-section
of a dam site.

Fig. 8 ArTicLE 39.—Borings should be made
on sites of dam, diversion works, and power
station, being carried to rock or imperme-
Reference Level 100 | able material, and about fifty feet centres
in each direction. The elevation, depth,
and character of each class of material
should be ascertained. The stratifications
of rock for upper ten feet of its depth must
be ascertained in order to discover possible
water channels, nor must the rock surface
found at fifty-feet points be accepted as
being uniformly level between them, but
intermediate borings should be made to
establish fully these conditions. Gravel,
my clay, and sand should be classified as to
| their characteristics, samples of all being
G- ..o | preserved for future reference. These in-

H.EP.33 | vestigations by borings cannot be made

H.v.S. too exhaustively; the more thorough the
knowledge of the subsurface formations,
the better for the sake of safety and economy. A well-digger’s outfit
will prove the best for all purposes; nothing of much value can be
secured with hand-boring apparatus. All borings should be instrumen-
tally located and all elevations referred to bench marks.

Fig. 8 shows the record of a boring station.

ArTICLE 40.—Stream gaugings should be made daily for as long a
period as practicable, which will employ a separate force of three or
four men constantly. ‘A well-conditioned section is selected, preferably
on a straight reach of the river, the best obtainable being a bridge cross-

AN

Rock
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ing, and in its absence a point where the perimeter is of nearly uniform
elliptical shape and the flow is not influenced by islands, shoals, rocks,
or other obstructions. A gauge is set at each shore point, preferably in
a recess of the shore where it will be guarded against floatage; it consists
of a board graduated to feet and tenths, which is secured to a post or
pile firmly set, or-to a bridge pier. The gauge boards are marked to
correspond with the elevation reference of the survey. The cross-section
is determined as described in Art. 37. Gauges are read and a velocity
measurement is made with a current meter. The programme will depend
upon conveniences at hand, most readily from a flat boat passing across
by aid of a ferry rope or, better, from two such boats secured together
by a timber platform. The meter must be rated before and after the
operation, which is most conveniently done
by having two meters, one of which is used , Fig. 9
only as the standard, all the measurements —fm :—
being made with the other. Velocity meas-

urements should be made at depth inter- b
vals of two feet; if the river stage fluctu- — 7
ates during measurements, they should be . €
rejected. The meter is used from the up- ' '
stream end of the boat; three separate
readings of one, one and a half, and two
minutes’ duration should be taken for each
observation, and the mean accepted; the
boat must be held firmly in a fixed position during the observations.
The measurements at all the verticals of one meter station are to be made
before moving to the next station in the section. The first measurement
should be taken two feet below the surface; the last, two feet above the
river-bed, and at least three on each vertical. In great depths, or swift
currents, a sufficient weight must be suspended from the meter to main-
tain it in a vertical position. Weeds and floating sand will interfere with
correct measurements.

The total discharge is ascertained by plotting the velocities found
for each vertical as shown in Fig. 9, where S8’ F represents the verticals
and total depth, a’, b’, ¢/, d’, ¢’ the meter points 2 feet centres, and
a’a,b’b,c’c,d d, and e e the corrected velocities for each; there-
fore the discharge through section §’ F is represented by the area
S’SabcdelF.

Iy SN = Yy
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Fig. 10 represents the entire cross-section; 1, 2, 3, 4, etc. are section
points ten feet centres; the lower ordinates express the depth, the upper
the mean velocities; the discharge at a section point = d x v, and the
total discharge is the product of the sum of all point discharges into
ten, their spacing.

Meters should be run for a short time before beginning the operations,
—1.e., before readings are taken,—as they are likely to overspeed at first.

When current meters are not available, the velocity may be found
by aid of floats. The gauging station is arranged as described in Art. 16;

Fig. 10

H.E.P.35

H.v.S.

surface floats, preferably corked bottles sufficiently weighted to project
only with their necks, are placed in the water fifty feet above the up-
stream gauging section limit, being the “dead run,” the locus of their
passage into the gauging section area is noted by line markers, and the
time of such entry is taken by a stop-watch; one satisfactory run should
pass under each marker; the bottles may be recovered by a boat below
section. Subsurface floats, or double floats, are sometimes employed;
they consist of a surface float from which a lower float is suspended, the
theory being that thus the velocity of lower strata will be indicated; in
practice this result is not readily realized.

Rod-floats are likely to secure a much more reliable measurement of
mean velocity of the stream. They are one-inch square soft wood sticks
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weighted at one end with lead strips or wire to float upright and as near
the bottom of the river as practicable without striking it; they are set
adrift fifty feet above the section, being located and timed as are surface
floats; one should be sent under each line marker.

ARrTICLE 41. Reduction of Stream Gaugings.—The discharge of a
watercourse is the product of its area and the velocity of flow; the former
having been found from cross-section and the latter by any of the de-
scribed methods. :

When surface floats are employed, the observed velocity is the
surface velocity, which is reduced to the mean velocity and then plotted,
as in Fig. 10, for the respective vertical. The ratio of surface to mean
velocity is fixed by the depth and the coefficient of the perimeter rough-
ness, “ N,” which for alluvial stream beds is—

.017 for a smooth channel bed without any obstructions to flow,
such as boulders, snags, or large gravel in bed;

.020 for smooth channels with large gravel in bed;

.0225 for slightly irregular channel beds;

.025 for an irregularly contoured bed with some boulders;

.0275 for same as last with boulders and some weeds;

.030 for rough rock channel beds;

.035 for very rough rock beds with many boulders.

With these values of “ N’ for the respective channels, the compiled
results of many experiments suggest, as an approximate ratio of mean
to surface velocities, the values given on Diagram 17; when the mean
velocity on a vertical has thus been found from the observed surface
velocity it is plotted as shown on Fig. 10.

The velocities of rod floats represent the mean velocity of a vertical
section when their submerged length is 0.99 of the depth of the water;
but it is impracticable to float them of such length, and their velocities
are therefore in excess of the mean velocity; the necessary corrections,
as established by experiments, are given on Diagram 18.

ArTICLE 42. Stream Discharge Curve—When the river’s discharge
is known for a considerable range of its stages, a discharge curve is pro-
jected, as shown on Diagram 19, by which the flow, corresponding to
any gauge height, can be found; only constant repetitions of stream
measurements, especially during the extreme low and high stages, will
furnish the complete data for a reliable rating of its flow.
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ArTICLE 43.—When the stream is small, it may be practicable to
ascertain the flow by weir measurement.

Fig. 11 shows the elevation and section of a weir, being a rectangular
opening of horizontal base and vertical ends, the edges of the weir crest
and ends being wedge shaped. The weir crest should be of such height
that the downstream water surface is below it. The theory of measuring
the volume passing over the weir is based upon the law of velocity of
flow discovered by Torricelli, to wit: ‘the theoretic velocity of the flow
of water is like that of a body falling freely in a vacuum through a height
equal to the head,” — V=\/ 2 gh, where V is velocity in feet per second,
g is acceleration of gravity, 32.2 feet per second, and h is the head or
height of water above the weir crest. '

In Fig. 11, C is the weir crest, S the surface of the water; each film
of water passes with a velocity due to the head acting upon it,—t.e., of
0.1, 0.2, 0.3, etc., feet down to the lowest film, the one near the crest, the
velocity of which is that due to S C=h. Were the respective film veloci-
ties projected as ordinates aa’, bb’, cc’, d d’, etc., they would terminate
in a parabolic line S a’ b’ ¢/ d’ ¢’ P, and the volume passing in a unit of
time would be represented by the parabola segment S P C. In accordance
with the geometric theorem, the area of this segment is two-thirds of the
rectangle of like base and altitude, or S P C=%4hx /2 gh, which there-
fore expresses the theoretic volume passing over the weir.

This value is based upon the free falling of the water in a vacuum,
and the actual volume will therefore be reduced from this theoretic by
reason of the friction of water against the weir crest and ends and against
the air, all of which retarding influences are expressed by coefficients
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which have been determined from results of many experiments. End
contractions are expressed by J. B. Francis in a reduction of length “ L’
of weir = 0.1 h for each such contraction, while the other reductions
from the theoretical volume are expressed by the same authority by a
coefficient

M=0.622.

More recent determinations by M. H. Bazin differ slightly from this.
The weir formula is then

Q (discharge) =M 3h y/2gh X (L—0.2hL).
Solving, Q=0.622 X 38.02h 4/h X (L—0.2h1L).

When L exceeds 5 h the correction for end contractions may be
omitted, and for the purposes of stream measurements

Q = 3.33 &I per linear foot of weir,

where “h’’ represents the height of water on the weir crest measured
at a point upstream of the weir and above the initial depression due to
the overfall.

Diagram 2 is constructed from this formula.

ArticLE 44. Flow deduced from Precipitation and Evaporation.—
When flow measurements are insufficient to yield a rating curve, espe-
cially when the low flow remains uncertain, the only method by which
an approximation of it can be found is by the deduction of the run-
off as the difference between the precipitation and evaporation. The
general theory on which this method is based has been outlined in
Art. 16, Part I. The detail operations of its practicable application
are as follows:

Evaporation computations are based upon the determined monthly
ratios due to the requirements of vegetation, the capacity and condition
of ground storage, and the temperature. The year, for this purpose, is
divided into two periods, the first being from December to May, when
vegetation needs but little moisture and the evaporation is only that
due to the action of the sun; during these six months evaporation is small
and fluctuates only with precipitation or is very similar to evaporation
from water surfaces. The quantity of evaporation during this period is
approximately expressed by E = 4.20 + 0.12 R, in which “ E’’ represents
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total evaporation and “R’’ total precipitation during this period. The
second period is from June to November, when vegetation matures and
requires a large amount of moisture; this is generally expressed by
E = 1130 + 0.20 R. ,

The monthly distribution of these quantities is given by the fol-
lowing values:

For December. ... ... ...ttt e =042 +0.10r
Fordanuary......... ... e =027 +0.10r
For February.......... ..ot e =030 +0.10r
ForMarch............ ... ... i B e =048 + 0.10r
For April. ... .. e =087 +0.10r
For May. ... e e =187 +020r
Fordume...... ... .. e e =250 +025r
Forduly... ... ..o e =300+ 030r
ForAugust........... ..o e e =262+ 025r
For September. ........... ... ... e =163+ 0.20r
ForOctober.... ... ... ... .. . . e = 0.88 + 0.12r
For November............ ... .. i it e =066+ 0.10r

‘““e” is monthly evaporation, ‘‘r’’ monthly precipitation.

These values were found substantially correct for the latitude of
New Jersey, while for others a temperature correction is to be applied.
Five per cent. for each degree of temperature as differing from that
normal in the latitude above referred to appears to correct these values
for stream systems in other latitudes, and it is sufficient to apply this
correction as based upon the mean annual temperature of the drainage
area in question, which correction is expressed by 0.05 T —1.48, in which
“T” is annual temperature; this may be termed the temperature factor,
with which the values above given for monthly evaporation are to be
multiplied.

ARTICLE 45.—A typical case of flow determination will now be taken
up and argued month by month to its conclusion. The river taken is
the Maitland in Ontario, emptying into Lake Huron at Goderich, which
was examined by the author in 1905, the flow being measured for a suffi-
cient period to prove substantial agreement between the two methods.
The year taken is 1903. Monthly precipitation records were available
for five well-distributed stations in the area, and, as the stream flows
generally westerly and its drainage area is located in one precipitation
belt, the monthly mean of all stations was adopted.

The mean annual temperature was found to be 46° F.

Temperature factor 0.05 X 46 — 1.48 = 0.82.

6
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Month. Precipitation. Evaporation.
December '02.....c00000eeenncscacscecicnnns 2.18 (0.42 + 0.10r) X 0.82 = 0.52
January '03. .. ..iiierecncreccniceneienenns 1.36 (0.27 + 0.10r) X 0.82 = 0.33
February '03.......c000evveeneennnnninn.. 1.80 (0.30 + 0.10r) X 0.82 = 0.39
March’03.......coieerniiieneenennneennnns 1.19 (0.48 + 0.10r) X 0.82 = 0.49
April’03..... .o 0.89 (0.87 + 0.10r) X 0.82 = 0.79
May '03....ccvvitiiiiiii i 2.74 (1.87 + 0.20r) X 0.82 = 1.98 -
June’03. . ... 2.85 (2.50 + 0.25r) X 0.82 = 2.63
July '03. .o 2.68 (3.00 + 0.30r) X 0.82 = 3.12
August '03...... ... 2.87 (262 + 0.25r) X 0.82 = 2.74
September 03............ .. ... ...l 3.54 (1.63 + 0.20r) X 0.82 = 1.92
October '03............ ... 3.92 (0.88 + 0.12r) X 0.82 = 1.11
November '03.............................. 0.96 (0.66 + 0.10r) X 0.82 = 0.62
December '03............ ... i, 4.28 (0.42 + 0.10r) X 0.82 = 0.69

Having found the monthly evaporation, it is evident that the excess
of precipitation over evaporation represents the run-off; but an exami-
nation of these two reveals the fact that during July evaporation exceeds
precipitation; this generally will be the case during several months and
apparently there would be no run-off under such conditions. This, how-
ever, is not so, at least only rarely on western streams, which sometimes
dry up entirely during seasons of drought; but there is water stored
in the ground and in lakes and swamps, and whenever the evapo-
ration is greater than precipitation, and in fact when the excess of
precipitation becomes small, water stored in the ground feeds out into
the stream.

It would be well, at this stage, for the reader to retrace his steps
and review the discussion of drainage area, its topography, geology,
flora, and culture, as the important influences of all of these conditions
are about to become more apparent.

The supply from which a stream is fed during periods when precipi-
tation only slightly exceeds evaporation, or when there is no such excess,
which is the case on almost every system during the growing season
from June to September, depends on the drainage area characteristics:
if the ground contains no storage, there can be no supply; if the storage
is large, the supply from it will be correspondingly plentiful, yielding
frequently as much, and a greater flow than a normal rainfall would
furnish. The rainfall is generally very small during two or three
months of this growing season: a wet summer is an exception rather
than the rule.

From a generalization of drainage area characteristics, as repre-
sented by topography and geology, the investigations in this field have
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resulted in a classification of

(1) An area of bold relief and in highlands with no surface storage.
(2) An area of drift-covered rock with no surface storage.
(3) An area of deep drift and large surface storage.

Others could be added as being descriptive of conditions between these,
but in practice the investigator will generally find that the area under
examination is practically described by one of these three classes. It is
evident that the ground storage capacity of these three will greatly differ,
and, as they do, they will be capable of furnishing a comparative supply
to the stream during the periods of small rainfall.

In the course of the search for a practical determination, fixed values
of ground flow from areas of these different classes have been found and
are represented by ground-flow diagrams on Profile 2. The side nota-
tions stand for monthly flow in inches from the ground storage, while
those at the bottom represent the corresponding depletion of the ground
storage, also in inches. Examining the projected curves, their more gradual
flattening will be noted as the storage capacity of the area increases,
while all finally assume almost the horizontal, indicating that storage is
nearly depleted; it will also be seen that each of these begins to feed out
with a flow of two inches, which means that, whenever the excess of
precipitation over evaporation is less than two inches, ground storage
begins to supply in accordance with the quantity of the remaining stor-
age. The essence of all of this ground storage topic may be expressed
by the following:

The ground storage conserves the excess precipitation and from it feeds
to the stream during dry seasons in accordance with its capacity.

We may now go back to the finding of the flow on the Maitland
River, and we note that during the very first month the excess of precipi-
tation over evaporation is less than two inches, and, from what has been
said before, we know that ground storage will add some supply and the
storage itself will be correspondingly depleted. The ground-flow diagram
arrangement shows what the depletion corresponding to a certain out-
flow from ground storage is, which may be expressed as d,=depletion
or condition at the end of the month preceding the one under consider-
ation, when d, for present month =d, + e + f —r, being the sum of existing
depletion and present month’s evaporation and flow less precipitation,
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and for the average condition of the month

d=(_lL;:_(_11’or
d=d,+e;r+—£—,or
_ 1 _r—e
d—2+dl 9

Applying this to December, 1902, where

r=24&mme=osz£§9=a&,

there being no previous depletion, therefore d, = 0 and
_f_
d= 9 0.83.

The ground-flow diagram for Maitland River is that of a drainage
area with drift-covered rock and no surface storage (No. 2), and, exam-
ining the curve, we find that the intersection of d = 0.25 and f = 2.15
fills the condition because % = 1.07 and —; —0.83 = 0.24; “f” is there-
fore 2.15 inches. The difference between the sum of evaporation and flow
and of precipitation must come from ground storage and d = e + f —r,

or in this case
0.52 + 2.15 — 2.18 = 0.49.

When the next month, January, 1903, is examined, r = 1.36, e =
0.33, and ground storage is depleted by 0.49 inch.

Then from _f _r—e
d=l4aq -3¢
=é+&w—om
_f_
~ , — 0.3,

which is practically met by the intersection on the ground-flow diagram
of 0.78d and 1.62f or 0.78=0.81 — 0.03, and f therefore=1.62, while
depletion is again = to total evaporation and flow less total precipita-
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tion = 0.85 + 3.76 — 3.54 = 1.07; or, in other words, the total supply
represented by the total precipitation and the ground storage outflow
(depletion) must always equal the total amount expended, that is total
evaporation and total flow. As rainfall increases, ground storage again
becomes gradually replenished, as appears at the end of the year. In
this manner month by month is taken up and the run-off found in
inches from the drainage area, which, for practical application, is later
transposed into flow of cubic second feet.

The convenient arrangement of these deductions is as follows:

Column 1 gives the months, commencing with December of the
previous year, because the accepted water year is from
December to November.

Column 2 shows monthly precipitation............... ... r
Column 3 shows total precipitation....................... R
Column 4 shows monthly evaporation.................... e
Column 5 shows total evaporation........................ E
Column 6 shows monthly run-off......................... f
Column 7 shows total run-off ............................ F
Column 8 shows depletion of ground storage............... d

The computations are here given in detail in accordance with above
arrangement, and Column 6 contains the resultant monthly run-off in
inches per square mile of drainage area.

TABLE 3.—ORDINARY DRY YEAR MONTHLY RUN-OFF FROM MAITLAND, ONT., RIVER
WATER-SHED. (All measurements in inches.)

1903 PRECIPITATION : EvAPORATION : Run-orr: Ground

Month. Monthly.  Total. Monthly. Total. Monthly. Total. Storage. Remarks.
1 2 3 4 5 6 7 8

December 02 ........ 2.18 2.18 0.51 0.51 1.67 1.67 full
January ’03.......... 1.36 3.54 0.33 0.84 1.03 2.70 full T = 46°
February '03......... 1.80 5.34 0.39 1.23 1.41 4.11 full
March '03............ 1.19 6.53 0.48 1.71 1.44 5.55 —0.73 Ground flow
April '03............. 0.89 7.42 0.77 2.48 0.76 6.31 1.37 taken as
May '03............. 2.74 10.16 1.93 441 0.60 6.91 1.16 from watershed
June '03............. 2.85 13.01 2.56 6.97 0.60 7.51 1.47 of bold relief
July 03............. 2.68 15.69 3.04 10.01 0.40 7.91 2.23 with no
August '03........... 2.87 18.56  2.67 1268 033 8.24 236  swamp or lake
September '03...... ... 3.54 22.10 1.87 14.55 0.44 8.68 1.13 storage and
October '03.......... 3.92 26.02 1.08 15.63 1.71 10.39 full some drift
November '03........ 0.96 26.98 0.54 16.17 1.32 11.71 0.90 overlying

December '03........ 4.28 31.26  0.68 16.85 2.70 14.41 full rock.
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ARTICLE 46.—Reservoir sites should be looked for along the tribu-
taries above the power site, and on lakes or swamps in the drainage area,
and when found they should be surveyed to determine their available
area and depth, location of reservoir dams, and cross-section at such.

Diagram 4 gives the continuous flow capacity, for various periods
of time, in cubic-second feet, from an area of one hundred acres and one
foot depth, from which the area corresponding to a required flow, or
vice versa, can be taken.

Evaporation from reservoir surface, as per Table 4, Article 14, must
not be overlooked, and some allowance should be made for water escap-
ing from storage by seepage and by leakage through reservoir dam. The
time required by the flow, from the storage reservoir to the power site,
must also be determined.

ArTicLE 47.—The prevalence of tmber floating down the stream,
either from logging operations or trees on the banks which will be up-
rooted by the raising of the water above the dam, should be investigated;
also the ice conditions during the winter periods, to what thickness it is

likely to form and whether there is likelihood of its gorging in the river
bends or above islands.



CHAPTER VII

DEVELOPMENT PROGRAMME

THE data collected by the various operations described in Chapter
VI. will furnish the information required to plan the best programme.

ArTICLE 48.—The direct development utilizes all the available fall
at the dam, and the power station is located at its end or in the in-
terior of the spillway. This plan is recommended because of the con-
centration of the entire plant at one point and the consequential saving
in the operation cost, and because of its securing the highest obtainable
hydraulic efficiency of the power components, fall and flow; by any
other programme losses of both of these are incurred. Any diversion
sacrifices a portion of the available fall by the slope in canals and flumes
or the friction-head in pipe lines, while losses of flow are represented by
leakage, evaporation, and ice conditions. When the water is passed at
once from the upper pool through the turbines, no such losses occur.
The conditions which determine this choice are the cost of the dam and
embankments as compared with that of a lower dam and of diversion
works; also the extent and cost of flowage for the upper pool and further
the advantages secured by an extensive pond area; the flood flow condi-
tions as affecting power house; the rise in the lower pool and the fluctua-
tions in the working head. The rapid increase of cost with the height
of the dam is shown on Diagrams 9 and 10, Art. 23, and of the foundations,
if in alluvial location, and of abutments, on Diagram 11, Art. 23. When
the location is in a narrow rock gorge, the entire width of the river will
be required for the passage of the flood flow, and then it is not permissible
to occupy any portion of it by the power house; to create a location for
it in the rock bluff would be a costly undertaking. The solution for such
a case may be found in arranging the interior of the spillway for the
power station, as will be detailed further on, and in this way a spillway
of the full river width becomes available and the direct development
feasible. If the river is subject to frequent high stages, when the discharge
over the spillway represents large volumes, it will correspondingly raise
the level in the power-house pits and may impede the efficiencies of
turbines; floating timber and ice also have a bearing upon this pro-

88
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gramme, as it may necessitate costly safeguards to prevent injury to the
power house or interference with the free entrance of the water to the
turbine chambers. Thus, while the direct development plan realizes the
highest percentage of flow and fall and represents the greatest simplicity
of works and lowest operating charges, and therefore, as a rule, the most
economical, the conditions may sometimes be such that its adoption is
prohibited by the first cost or by considerations of safety and of con-
tinuity of operations.

ARTICLE 49.—The short diversion programme meets conditions where
the dam location of the power house is not feasible because of contraction
of the river channel or of the insufficient height of the spillway to accom-
modate the power equipment in its interior. The power house is then
located as close below the dam as practicable, but at a safe distance
from the spillway overfall. Water is conducted from the spillway pond
in accordance with the volume to be utilized, in a canal, flume, or pipe.
Since this programme is adopted only to escape the excessive cost or
dangerous conditions, it presents more problems requiring careful solu-
tion than the former. No matter how short the diversion works, proper
guards at point of intake are required, which, in combination with the
spillway structure, cover a wide range of types. It may be advisable to
locate the intake at some distance above the dam, in order to escape
heavy rock cutting or ice gorges and to secure the most complete diver-
sion of the low flow into it; to accomplish the latter object, on a wide
river it may be necessary to provide a diverting dike or weir. When the
rock bank continues precipitous for some distance above the dam, a
partition wall may be required, or in some such cases it may be found to
be most economical to arrange for diversion through a tunnel around the
dam abutment. The intake entrance must be guarded by some kind of
head gates, their character depending upon a number of controlling
conditions which will be treated in detail later on. The diversion method
will be shaped by the character and the formation of the river bank and
the volume to be carried, detail considerations of which will be found
under “Canals, Flumes, and Pipe Lines.” The power house is placed
at the most convenient point immediately below the dam; types will
be described in the next chapter.

ArTICLE 50.—The distant diversion programme is applicable only
when the concentration of the available fall at one point is not feasible
or is too costly. The spillway or reservoir dam is located at the most
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advantageous point, and the water is conducted from there to the lower
level by a canal, flume, or pipe line, and the power station is at the
terminal. The features of this class are very similar to those of the short
diversion programme, the difference being only the distance of diversion.

The choice of development programme is, as a rule, not a difficult
problem; as the existing conditions in most cases readily point to one
or the other, only occasionally may some doubt exist as between the
first two.

When the development is on the lower reach of a river without falls
or rapids, aiming to concentrate so much of its natural fall as may be
feasible with the available height of its banks, and when the formation
is generally alluvial, the direct programme is the solution, the power
house being placed at the end of the spillway, as is shown on Plan 8,
of the Mottville, Mich., development; or if this is 30 feet and higher, in
the spillway’s interior, as illustrated on Plan 9, of the Manistee River,
Mich., plant. On such locations high flood conditions may advise the
adoption of the second programme, or the peculiar formation shown in

" Plan 10, High Bridge, Mich., where a promontory juts out into the river,
presents a favorable condition for the short diversion development. The
third would be available only in case sufficient more fall could be secured
by it, for instance when the river makes a long detour, doubling back to
within a short distance abreast of the dam site, the diversion location
being across the peninsula formed by the river’s oxbow course. The fall
of rivers of such characteristics rarely exceeds two feet per mile and the
length of its course around the détour must be five miles or more to war-
rant such a programme; in fact, its advisability must be weighed by a
comparison of the earning capacity of the fall thus gained and the invest-
ment represented by the cost of the diversion works plus their mainten-
ance and operation. This case is illustrated on Plan 11, of the Clinton
River, Mich., Renshaw site development, where the stream departs
easterly for a distance of five miles and returning approaches the dam
site within 1200 feet, gaining 12 feet fall. '

In rivers with rock beds and palisade banks the first programme is
admissible only when the spillway’s interior can be utilized for the power
station, as the entire width of the river channel must remain available,
unobstructed, for the passage of the flood flow, and the creating of a
power-house site at the spillway end involves the removal of rock and
would be very costly. Such a development is shown on Plan 12, of the
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Canon Falls, Minn., plant, the river forming practically a rock gorge,
the spillway 40 feet high, and the power station inside of it; this can be
carried out only when the spillway is 25 feet or higher, and the only alter-
native is as shown in Plan 13, at Little Hickman, Green River, Ky., where
the power house is 200 feet below the dam, diversion in this case being
by tunnel.

‘When falls or rapids continue over a considerable distance, the third

programme only is available,—that is, if a fall exceeding the feasible
accumulation at one point is to be utilized. Plan 24, of the Pennington,
Ind. Ter.,illustrates this, the fall in 34 miles being 135 feet; diversion is by
flume and pipe line; also Plan 15, of the development at Sault Ste. Marie,
Moich. The development of most of the high falls is of this type, as
appears on Plan 16, of the Eugenia Falls, Ont., where a vertical drop of
78 feet is followed by continuous rapids in the stream flowing for one
mile around a rock bluff; the spillway here is placed above the fall, and
% mile diversion by tunnel and pipe line terminates at a point 400 feet
below the spillway crest. Occasionally successive falls can only be de-
veloped by separate treatment,—that is, topography or right-of-way lim-
itations prohibit any diversion programme. This is the case on the
Sandusky River near Fremont, O., Plan 17, where a fall of 40 feet occur-
ring in half a mile can be developed only by two separate dams within
a quarter of a mile of each other. Only the best market conditions will
warrant such a treatment when the operating cost of the two stations
creates a heavy charge against the enterprise.

ArTICLE 51.—Development scope—i.e., what output capacity is the
development to be based upon—should be determined before the plant
is designed. This question is be decided from the considerations of
the available market for the product and of the fall and flow which can
be utilized. The market topic has been discussed in Part I. In the
direct development it is generally advisable to utilize all the available
fall ; with distant diversion the cost of the latter corresponding to the
fall gained is the criterion. If only a part of the available power is to be
developed, the decision whether to use partial fall or flow rests with the
cost of works adapted to one or other purpose; this, however, is rarely
the case; on the contrary, it will be almost uniformly desirable to develop
the largest possible capacity, as the market for the product is sooner or
later created, and the greater the output at a given site the more econom-
ical will be the unit development and the operating cost. An estimate
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of the largest remunerative development is among the first questions
met while the project is being exploited, and this must be based upon
reliable data and should be as complete as practicable.

Logically, therefore, this determination of the scope of the develop-
ment, as far as it influences the extent and character of the works and
equipment, and consequently the probable total investment, belongs to
the topics discussed in Part I., “ Analyzing a Hydro-electric Project,”
but it has been necessarily given a place here, in Part II., because the
various designs of works and their cost enter so largely into it.

This conclusion of the largest resourceful development implies that
the available flow and fall are correctly determined. These represent the
power source. The reliable procedure is to find the lowest annual precip-
itation during a cycle of fifteen years, the dry year, which is a matter of
Government records, and to establish the daily flow during this year.
When gaugings have not been made it becomes necessary to take those
of some other water course in the same drainage basin and apportion the
run-off to the ratio of the respective catchment areas.

For example of a river draining 1000 square miles at the point of the
prospective development the following may be cited as a summary of the
daily flow:

For Days Roni persam. Eie
100t 75 0.075 750
b2 J 100 0.1 2,500
) 150 0.15 3,000
30 i 200 0.2 6,000
45. ... 300 0.3 13,500
50. . i 400 0.4 20,000
35 e 500 0.5 17,500
60.........c0uunnnn 600 0.6 36,000
i 700 0.7 45,500
25, i 800 0.8 20,000

365 Aggregate.......... 164,750
Daily mean........ 451.37
Daily run-off....... 0.45

In reality this tabulation will probably have one hundred instead
of the above ten items. This is the flow record of the dry year and must
be taken as the basis for available flow determination. It would be
disastrous to the enterprise to take a year of greater flow, as this dry year
has occurred and will occur again, and possibly two such in succession,
of which there is ample evidence.
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The low daily flow is 75 c.s.f., the high daily flow is 800 c.s.f., and the
mean daily flow is 451 c.s.f. These represent the normal low fluctuations
of eastern and northern streams; in the west and south they will be
greatly exceeded.

It is evident that a flow basis greater than 75 c.s.f. could be main-
tained only by providing some supply when the flow is deficient; this
may be accomplished by storing a portion of the higher flow and drawing
from it during low periods. How far this can be done depends primarily
upon the availability of suitable reservoir sites and the investment value
of the required lands and works for the purpose of furnishing a flow supply
for power production. The first must be ascertained through intelligent
reconnaissance and ultimate surveys of located reservoir sites to establish
their storage capacities and the required structure to impound the water
The second may be found from an analysis of the daily flow summary by
ascertaining the required supply to raise the low flow during the period
when it prevails to the next higher. From daily flow tabulation it ap-
pears that for ten days the flow is 75 c.s.f.; to raise this to the next higher
of 100 c.s.f. requires the addition of 25 c.s.f. for ten days. This supply
is converted into storage units, the acre foot. One acre contains 43,560
square feet and one day, 86,400 seconds; an acre of water one foot deep
therefore practically represents the aggregate volume of a 24-hour flow
of one-half c.s.f. From Diagram 4 on page 30 the continuous flow in
cubic second feet for any period of time and storage capacity, as well as
the required supply to accumulate any storage volumes, may be readily
taken. Evaporation, normal in the latitude of the Middle States, is al-
lowed for, as well as ordinary seepage.

For the case in hand, a supply of 25 c.s.f. for 10 days, the storage
capacity must be 500 acre feet. This is required to maintain the higher
flow of 100 c.s.f. during ten days. This flow of 100 c.s.f. is now the lowest
in the year; to raise it to the next higher, 150 c.s.f., requires a supply of
50 c.s.f. for 35 days, or a storage capacity of 3500 acre feet in addition
to the last-found 500 acre feet, being a total of 4000 acre feet to maintain
a flow of 150 c.s.f. as the lowest available. In this manner the year’s
flow analysis now becomes:

For Dy Nagural Storage Flow Reauired - Tool Storage
10, ... 75
25, i 100 500 500
20. . i 150 3500 4000
30. .. 200 5500 9500
45. . i 300 17000 26500

50.. i 400 26000 52500
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As the daily mean for the year is less than the next higher the inves-
tigation need not be carried further because any greater storage volume
could not be relied upon during a cycle of two successive years. With
an available storage of some 52,000 acre feet the entire dry year’s flow
could be utilized for power development; but the question is to be settled
whether it will pay, whether the required investment for reservoir lands
and works can be safely saddled upon the enterprise. One or more
reservoirs of an aggregate of 2600 acres and an average storage depth of
20 feet would meet the requirement. Or a flow of 300 c.s.f. could be
maintained with storage capacity of 26,000 acre feet; reservoirs of 1300
acres area with average storage depth of 20 feet would answer. These
are the fundamental data for the available flow investigation, but any
further step toward a final determination must consider practically every
feature of the proposed development, because the scope of storage can be
fixed only by knowing its investment value, by balancing the power
output increase thus obtained against the cost of securing it. For this
the head must be determined and the development program, type of
works and equipment, cost of development and transmission, operating
cost, fixed charges and finally the value of the product in the selling
market. In other words the investment value of the development must
be found for each stage of the various daily flow volumes, and as this is
raised the cost of the required reservoir lands and works, of the increased
diversion conduits, generating and transmission equipment are added.
Thus the final cost of the product for the various flow bases is found, and
the most resourceful will clearly be shown.

The following analysis of the potential flow which may be obtained
from storage supplement will be helpful in arriving at a general estima-
tion of the probable greatest continuous hydro-output.

POTENTIAL FLOW FROM ONE INCH PRECIPITATION PER SQUARE MILE DRAINAGE
AREA PLUS PER CENT. OF CONSERVED FLOW

One inch rainfall per square mile accumulates. .. . .. 2.323200 cu. ft.;
one year contains.................... ... ..., .. 31.536000 seconds;
theoretical run-off represented by one inch rainfall

T U 2.323200 +31.536000=  0.07366 c.s.f.
Approximately two-thirds of this evaporates, or... 0.04911 c.s.f.,

while the remaining third represents the annual
run-off, or........ ... i 0.02455 c.s.f.,
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and one-third of this annual may be taken as the

low run-off,or............................. 0.008 c.s.f.
100 per cent. conservation implies the storing of the

total annual run-off in excess of the low flow

which is always used for development, or from

one inch rainfall on one square mile it means

the storing of annual flow of . .0.02455-0.008=  0.016 c.s.f.,
and the potential flow would be this, plus the low, or  0.02455 c.s.f.
90 per cent. conservation would be the storing of an

annual run-off of............. 0.016X0.90=  0.0144 cs.f.,
and the potential flow, this plus the low flow,or.....  0.0224 cs.f,,

and so forth, which is the basis of the following table giving the potential
flow secured by the partial conservation expressed in per cent. of the
possible total.

To store an annual run-off of 0.016 c.s.f. requires

31.536000 X 0.016
43560 =about 11.6 acre-feet,

and the storage capacities called for by other than 100 per cent. conser-
vation is in ratio of the per cent.

Conservation, Obtainable Potential Required Sto;
per cent. Flow, c. s. f. pacity, a. f.

100 0.02455 11.60
90 0.0224 10.44
80 0.0208 9.28
70 0.0192 8.12
60 0.0176 6.96
50 0.0160 5.80
40 0.0144 4.64
30 0.0128 3.48
20 0.0112 2.32
10 0.0098 1.16

.Example.—For a drainage area of 1000 square miles and a dry year
precipitation of 30 inches:

The total annual run-off is........ 1000 X 30X 0.02455="736 c.s.f.,
the low run-off.................. 1000 X30X0.008 =240 c.s.f.
For 20 per cent. conservation the
necessary storage capacity is. . 2.32x30000. . =69,600 acre feet,
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and if an average of 20 ft. storage
depth can be had it requires
reservoirs of................. 3480 acres area.
This 20 per cent. conservation pro-
gram would maintain a con-
tinuous lowest flow of....... 1000xX30X%0.0112 =336 c.s.f,,

or 94 c.s.f. greater than the naturally lowest flow.

Will the output increase due to this augmented flow warrant the
cost of such a conservation program? If the effective head is to be 50
feet this added output will be about 350 e.h.p., representing an annual
product of about 1,085,000 kilowatt-hours. If this can earn a surplus
of half a cent per kilowatt-hour the net revenue from it is $5425.00,
representing 7 per cent. (interest and depreciation) on an investment of
$77,500.00. Will this cover the cost of the required reservoir site of 3480
acres and the needed reservoir dam, sluice, etc., and leave some margin?
The solutions of such problems determine the scope of storage supplement.

If reservoir sites are not available the supplement of the low flow
must be from auxiliary power supply. A second analysis of the daily
flow summary is then made substituting power for storage for which the
available head must be known. For example, in this case the effective
head is fifty feet; the mechanical power yield of water power is

cu. ft. of water X weight Xhead
550

X0.75,

and for one cubic foot it is

62.5X50
“5’50‘—X0.75—4.26 hp

The power supplement analysis then becomes thus:

o Du. Yo gl T
100t 7
25, i 100 107
20, . 150 213 320
30 .. 200 213 533
45. ... 300 425 958
50. .o 400 425 1383

From this appears that it requires an auxiliary power plant of some
1400 h.p. to supplement the lower than 400 c.s.f. flow output in order to
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maintain this constantly. This auxiliary plant would operate 135 days,
the hydro source yielding a like or greater development during the
remainder of the year. Here again, as in deciding upon storage scope,
the investment value of the various auxiliary plants must be determined
for the different stages into which all the details of the cost of the hydro-
plant for full output, of auxiliary plant, fuel consumed, operating cost,
maintenance and depreciation enter.

In some cases the development supplemented by auxiliary power
may be carried beyond the mean daily flow, but these will be exceptional.
Finally a combination of storage and auxiliary power supplements may
sometimes prove resourceful; if, for instance, storage can be obtained
economically which represents a capacity of ten thousand acre-feet, say
a 500 acre reservior with an average storage depth of 20 feet. The
highest flow which can be maintained from storage is 200 c.s.f. but by
the addition of some auxiliary power supplement the continuous output
may be further raised to a resourceful development, and for this program
the following becomes the third analysis with the lowest storage supplied
flow:

Natural Mech. h.p. R ted Total Auxili
For Days. Elow e bypl:l ig(}ag;esen Pogver S\:ll;‘;‘)lleaxrn{nt
-5 J 200
45, 300 425 425
50. i 400 425 850
12 500 425 1275

From this it appears that the combination of a 1300 h.p. auxiliary
plant and storage capacity of 9500 acre-feet will secure a continuous out-
put of 2125 h.p., or that due to a flow of 500 c.s.f.

As has been said all of these programs may be analyzed as to their
ultimate resourceful value, as appears from the following examples
adapted to this case:

1 2 3 4 5 6 7
Quiput.  FIOW B Storags ™ “Aux. Power Ot Charges  Current Cost
1......... 8350 200 9500 e 120 27 0.6
2. ... 1300 300 26500 e 147 36 0.4
b S 1700 400 52500 e 188 46 0.5
4......... 850 natural  ..... 550 148 33 0.73
L T 1300 natural ..... 1000 170 47 0.51
6......... 1700 patural ..... 1400 198 61 0.68
Y S 1300 200 9500 450 165 42 0.45
- N 1700 200 9500 900 192 60 0.66
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Column 1 is the continuous output in mechanical horse power.

Column 2 flow utilized in c.s.f.

Column 3 flow supplement from storage of acre-feet capacity.

Column 4 output supplement from auxiliary plant in mechanical h.p.

Column 5 development and delivery cost in 1000 dollars.

Column 6 all fixed and operating charges in 1000 dollars.

Column 7 generating and delivery cost of current in cents per
kilowatt-hour of full product.

Items 1-3 represent storage supplement only;

Items 4-6 represent auxiliary plant supplement only;

Items 7-8 represent the combination of both.

From this it appears that a development of 1300 h.p. with all storage
supplement is the most resourceful, the cost of the output being the most
economical (four tenths of a cent per kilowatt-hour); that the same
output with storage and auxiliary power supplement is the next; and
a like development with all auxiliary supplement the third. The ulti-
mate determination now rests solely in the availability of reservoir
sites; when this is established the most resourceful development is
clearly determinable.

It is no doubt a fact that water-power developments are rarely thus
analyzed when the project is promoted or even financed, that it is the
general custom to fix upon some (ordinarily unwarranted high) hydro
output, and that the question of supplementing the low output is left to
the future when, it is said, the market demand for the product develops.
That this is a most unwise procedure will now be clear to any attentive
reader, and that it will rarely result in a final development which repre-
sents the most resourceful utilization of the power opportunity. The
future addition of supplemental flow from storage or power from auxiliary
plant will in almost every case call for changes and additions to works
and equipment which will be more expensive and render the plant less
efficient then if the original development program is planned for the most
resourceful final conditions, even though the storage or auxiliary supple-
ments are not actually incorporated until some later day.

This is the outline of the needful initial precautions in exploiting a
water power development, and if they are followed by competent design-
ing and construction the desired results can be relied upon. The best of
plans, however, miscarry if, by shortsighted economy, their execution is
delegated to inexperienced agencies.




CHAPTER VIII

STRUCTURAL TYPES

IN this chapter are presented some practical designs for the works
of a hydro-electric plant. They are preceded by the nomenclature of
terms herein employed, specifications of material and of methods, fol-
lowed by the development of one or more designs for each separate
structure of importance, with an outline of the theory of stability and
adaptability from which they are evolved, and concluded with estimates
of quantities and, in some cases, of cost. This treatment of structural
types is largely as developed in the author’s practice and as proved
practical, safe, and economical for the purpose.

The dam comprises the entire structure by which the river and its
valley are closed, from bank to bank, for the purpose of accumulating
the water, concentrating its fall at one fixed point, and diverting the
flow in the desired direction. The dam may or may not pass water over
its crest; in the affirmative case it becomes a spillway, in the other a
reservoir dam; generally it is a composite structure of both types, the
river proper being closed by the spillway, which terminates in abut-
ments and is flanked at one or both ends by reservoir embankments or
bulkheads.

The spillway consists of the foundation and superstructure.

ArtIcLE 52.—The foundation’s functions are to prevent the passage
of water below the structure and to afford rigidity of position to the
superstructure. Its design is determined by the character of the material
at its site, as to hardness, strength, and porosity, the height and weight
of the superstructure, the maximum height of water to be ponded, and
the effect of its overflow.

Foundation sites are in rock or alluvial formation.

The primitive rocks, formed by original solidification, fusion, or
later volcanic action, are granite and sienite; they are igneous and
silicious. Granite is composed of quartz, feldspar, and mica, with tale
and hornblende as impurities; its hardness and durability are increased
by the proportion of contained quartz and decreased by that of feld-
spar and mica; it is unstratified. Sienite closely resembles granite; it

109
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consists of feldspar and hornblende with some quartz and mica; it is as
hard and durable as granite.

The transition or metamorphic rocks are gneiss, sienite gneiss, green-
stone, trap, and basalt; they are sedimentary, but have undergone
changes due to heat, pressure, or chemical action. Gneiss or mica slate
is silicious and stratified, resembling granite. Sienite gneiss is a stratified
sienite. Greenstone, trap, and basalt consist of hornblende and feldspar
and are unstratified.

The secondary rocks are the sandstones, which are formed by the
solidification of disintegrated primitive rocks, being composed of grains
of silicious rocks cemented together by silica, lime, and alumina. To
this class also belongs soapstone, silicate of magnesia. The physical
characteristics of sandstone vary with its density and it is generally
stratified.

The tertiary rocks are calcareous, being formed of shells and marine
animals compacted under pressure of superimposed rock or soil; to this
class belong the limestones, marble, chalk, and slates. Limestone, car-
bonate of lime, varies from the hardness and density of marble to the
softness and porosity of chalk. Slate occurs in thin strata, of which clay
forms the basis.

PHYSICAL CHARACTERISTICS OF ROCKS.

Rock. Weight per *Crushing Strength Stratified or
. Cubic Foot. per Square Foot. not.

Granite..............coiiiiiiiiiiaa 180 lbs. 750 tons Unstratified
Sienite. ..ot e 180 lbs. 750 tons Unstratified
GNeiSS. . ...t e 180 lbs. 700 tons Unstratified
Sienite gneiss............. ... .. ..ol 180 Ibs. 700 tons Unstratified
0 Y T 180 lbs. 700 tons Unstratified
Basalt. .. ...t e 180 lbs. 700 tons Unstratified
Greenstone. .. ......coovviiieeennneeennnans 180 lbs. 700 tons Unstratified
Sandstone..............c.ciiiiiiiiiiiiiaaan 150 lbs. 600 tons Stratified
Marble...... ... 168 lbs. 500 tons Unstratified
Limestone (hard).......................... 168 lbs. 500 tons Unstratified
Slate. ..ottt 175 lbs. 600 tons Stratified

Under alluvials are comprised gravel, sand, clay, loam, marl, and peat.
Gravel is fragmentary rock reduced by the atmosphere and water to
pebbles, chiefly of quartz and of crystalline origin. Sand is of the same
origin as gravel and consists merely of smaller particles, generally inter-

* For structural considerations 0.25 only of crushing strength here given should be accepted for
safe load capacity.
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mixed with gravel; it is of angular or rounded fragments as its existence
is due to recent or older disintegration of the rocks. Quicksand consists
of small rounded particles of calcareous materials which, under the
influence of water, becomes like a fluid.

Clay is decomposed crystalline rock, consisting of hydrated silica
or alumina, and generally contains some sand and lime; it occurs in all
colors from lightest to darkest, and, according to quantity of water
contained in it, is soft or stiff. Loam is a mixture of clay and sand, the
latter predominating so far that the clay loses its coherence. Soil is fine
earthy material mixed with more or less organic matter; mud is moist,
soft soil; silf is a fine earthy sediment.

Marl is correctly classed as a tertiary formation, and is a consoli-
dated mixture of clay and carbonate of lime which readily disintegrates
when exposed to the atmosphere.

Peat is decomposed vegetable matter, spongy and containing much
water near the surface.

PHYSICAL CHARACTERISTICS OF ALLUVIALS.

Material. * Weight per t Bearing per Angle of Coefficient
Cubic Foot. Square Foot. Repose. of Friction.

Gravel............coiiiiiiiiian.n. 90-106 lbs. 2-3 tons 38° 0.78
Sand, dry and loose................. 90-106 lbs. 2-3 tons 28° 0.53
Sand, wet.................ial 118-129 lbs. 2-3 tons 28° 0.53
Clay,dry......cooooiiiiiinan, 119  lbs. 4-6 tons ..
Clay,inlumps...................... 63 lbs. 4-6 tons 45°
Clay,damp............. ..ot tiiiiennn.. 4-6 tons 45° 1.0
Clay, Wet. ..o.oiinntiiiii i i 4-6 tons 15° 0.27
Loam, dry,loose.................... 72-80 lbs. 4-6 tons 35° 0.70
Loam, wet..............ooooiuuua.. 6668 1bs. 4-6 tons 35° 0.70
Mud.......oooiiiii 104-110 lbs. 4-6 tons zero 0.70
Gravelandloam.................... ....... ... 2-3 tons 38° 0.78
Gravel andsand, dry................ ... ... ..... 8-10 tons 45° 1.0
Ioamonmoistclay................. ........... Lo 45° 1.0
Joamonweteclay................... oo ... 17° 0.3
Clayongravel..................oo ciiiiiiies Ll 45° 1.0
Peat. . .ii ittt i i e e eeiiee eeeeaen 20° 0.36

Having analyzed the character of the material at the foundation
site, the following arguments and deductions should control the design.

In rock its hardness, stratification, condition and shape of surface
determine the foundation.

* Compacted. t At depth beyond atmospheric influence.
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In hard unstratified rock with level surface no foundation is required;
the homogeneous ledge will not permit water to pass beneath its surface
and it will safely carry the superstructure which is anchored and keyed
to it.

In hard but stratified rock a cut-off wall must be constructed along
the upstream side of the spillway structure in a trench excavated from
the rock to a sufficient depth to pass below those strata which are less
than two feet thick, its upper portion becoming part of the superstruc-
ture. The rock ledge may be of sufficient solidity to carry safely the
spillway.

- In soft stratified rock a cut-off wall is essential. The superstructure
may be founded on the rock surface after the soft, disintegrated upper
portions are completely removed, but an apron must be constructed on
the downstream side of the superstructure to receive the overfall and
resist its erosive force.

In compact alluvial gravel and sand, defined as hardpan, with no
tnterior sand strata to a depth of one-third of the water height on the
upstream side of the spillway, a cut-off wall is required to a depth below
the river bed equal to one-fourth of the maximum water head; when
the aggregate weight of the superstructure and water does not exceed
two tons per square foot of its base, it may be placed directly upon the
levelled, cleaned hardpan surface, but when the load exceeds this limit,
bearing piles must be driven to support safely the superstructure, which
may be placed directly upon them, or a concrete foundation floor may
be laid, the pile tops being imbedded in it. An apron is required on the
downstream side.

In clay with no sand strate or pockets for a depth of one-fourth of
the maximum water head, upstream cut-off walls must be constructed
to a depth of one-third of the maximum water head, and these must form
a part of the foundation floor, which rests upon the bearing piles and is
extended up- and downstream of the superstructure base as aprons.

In soft alluvials of clay, gravel, sand, loam, silt, or peat, upstream
cut-off walls are required to a depth penetrating into impermeable
material or to rock, and a pile bearing foundation with up- and down-
stream aprons, as will be later on described, must be constructed.

In all alluvial locations the foundation must be specially designed
to provide safety against scour or underwashing and secure ample bearing
capacity. Whenever sand strata exist, even at a considerable depth, at
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the spillway site or upstream of it, they may rise or connect with higher
strata of the same material, and eventually form channels through which
the water, under increased pressure head, finds a passage beneath the
spillway base, which will cause leaks and in time remove some of the mass
upon which the structure rests. The only reliable safeguard under such
conditions lies in securely confining so much of the mass between the
cut-off and intermediate foundation walls or beams that its weight
exceeds the sliding force, and to penetrate through and below this body
with bearing piles which will safely maintain the superstructure, even
should it, so to speak, float upon the mass enclosed between the cut-off
and the foundation walls.
Upon this theory the depths
of the cut-off walls should
be based.

This liability of water
passing under the foundation
by way of permeable strata
is not confined to the river
bed, but in fact is much more
likely to have its origin in
the banks, where the con-
stant passage of the ground-
water into the stream has
formed permanent channels which, when the water is ponded above
them, become readily connected by lateral channels; springs issuing
from the river bank are evidences of the ground-water channels, which,
however, are not always thus plainly marked. Of this subject more
will be said under “ Embankments.”’

ArticLE 53. Terms, Materials, and Methods. — (A) Coffering com-
prises the operations and structures required to control the water during
construction, to exclude it from the site.

(B) Dike, Fig. 12, is a loosely thrown up rock-and-earth bank;
its function is to exclude water from the site it encloses; it consists of
a core of loose rock of all sizes and an earth or clay and sand facing fill.
Loosely piled limestone and sandstone weigh 86 pounds per cubic foot;
one cubic yard solid of either yields 1.75 of loose volume. A rock bank
with slopes of one-half in one, no top width, and of height equal to the

depth of water in which it is placed, is safe against overturning by a
8

Dike.
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factor of two, and can be made practically water-tight by placing alter-
nate coverings of straw, hay, or manure and ashes, clay, or coarse loam
against its pressure side, the water on the opposite side being maintained
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Fig. 13

Timber Sheet.

at a lower level while the
facing is placed. The earth
fill should rise 3 feet above
the top of the rock core.
(C) Timber sheet, Fig. 13,
is a vertical curtain or wall,
consisting of planks driven
to overlap, of sheet piles to
interlock, or of close-driven
square piles for the purpose
of coffering; they are effec-
tive only to enclose small
areas, and must be strength-

ened by waling, which are timbers secured horizontally to them at differ-
ent heights, against which inclined timbers, securely footed, are strutted.
With five feet of pressure head against the timber sheet of three-inch

planks, the struts must be spaced five feet.

water-tight by canvas cover-
ing and earth facing. Tim-
ber sheets are driven to a
depth equal to the water
head against them and rise
3 feet above water surface.

(D) Steel sheet consists
of driven interlocking steel
shapes, which are rolled of
different sections from 11 to
45 pounds per foot; they are
driven like timber sheets, are
capable of resisting moderate

Such a sheet is made
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Steel Piling.

pressure heads unsupported, and can be made water-tight by filling ashes
against their pressure side; they can be pulled out and used again. Fig.
14 shows some of the sections now on the market.

(E) Log cribs, Fig. 15, are constructed of round logs laid upon each
other in crib fashion of alternate longitudinal and transverse streaks, the
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first from five to sixteen, the second from eight to twelve feet centres;

the open rectangular spaces enclosed by the logs are the crib bays; the

logs are spiked to each other at all crossings with ” round 18” wrought-

iron drifts set in §” holes;

logs may be gained to secure

firmer connections and to

bring those of the same

layer, or streak, to a uniform

level. Log cribs are used for

coffering, confining and di-

recting flow, or retaining

banks and slopes; they may

be framed in place, the second

streak being formed into an

open log floor and the bays

filled with gravel or loose

rock as the framing progresses, or they may be floated light into position

and there loaded and sunk; they can be made water-tight by planking

or boarding, or by diking. To resist overturning, with a factor of two,

their interior width should equal 0.75 of the water height and their rock-

filled height should rise three

feet above the water surface.

(F) Timber cribs, Fig.16,

are built of dimension timber

in crib fashion similar to log

cribs, or of solid timber walls,

and are filled with rock,

gravel, or sand and made

water-tight by canvas cov-

ering and puddle placed

along their footing on the

Timber Crib. pressure side. To resist

overturning, with a factor

of two, the width of timber crib should be 0.66 of the water height and
the filled height should equal that of the water.

(G) T?mber.—Boards are one inch thick, and sawn; planking is two

or three inches thick, sawn; scantling is 2” x 3” or 4”, sawn. Dimension

comprises all sawn or hewn sticks of rectangular or square section ex-

Log Crib.



116 HYDRO-ELECTRIC PRACTICE

ceeding three inches in thickness; ft. b. m. is the abbreviation for feet
board measure, the unit of which is one square foot one inch thick. Round
timber measure is in cubic feet = length X 102; ; Cis the circumference of the
log in feet.

(H) Bearing piles are straight logs 16 feet and longer, 8” in diameter
at the small end under the bark; they must be of one year’s cut and
sound and are barked. They
are driven to refusal when
they do not sink more than
0.5 inch under a free 20-
feet drop of a 2000-pound
hammer.

The theoretical bearing
capacity of timber piles equals
cube root of fall of hammer
in feet x weight of hammer
in pounds x constant 0.023,
divided by constant 1 + sink-
ing distance per stroke in
inches, which for “driven to
refusal”’ conditions are 4/20
X 2000 X 0.023 + 1.5 = 64
tons. The actual loading
should not exceed one-half
of theoretical when the pile
HEPS6 | stands in gravel, clay, and
H.v.S. sand; one-fourth of theoreti-
cal when the pile stands in
clay and sand; one-tenth of
theoretical when the pile stands in mud. To drive bearing piles in com-
pacted sand is difficult and generally requires clearing by water jet.

(I) Concrete piles are constructed by different processes. In Fig. 17
a collapsible steel core inside of a steel plate shell is driven, the core is
withdrawn and the shell filled with concrete. In the other type a steel
form fitted with a bucket point is driven to the required depth, some
concrete is then lowered into it and the shell is pulled up two feet, by
which operation the bucket point opens and permits the concrete to drop
to the bottom and it is there rammed in place; lowering more concrete,

Fig. 17

ollapsible Core

Concrete Piles.
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pulling shell two feet, and ramming the concrete are repeated until the
pile is completed. These piles can be re-enforced by imbedding steel
rods in the concrete.

(J) Cut-off wall intercepts flow and seepage below the surface; it
may be of puddle, timber or steel curtain, or a concrete wall.

(K) Core wall serves the same purpose as the cut-off in the interior
of earth embankments.

(L) Puddle is a plastic mass of clay, small gravel, and coarse sand
in the proportions of 5 to 3 to 2, compacted in a confined space.

(M) Tivmber curtain serves the purpose
of cut-off or core wall, and consists of
triple-lap sheet piles, Fig. 18, which are Fig. 18
constructed of three planks placed on face
sides, centre plank overlapping, thus form-
ing tongue and groove on opposite edges;
planks are secured by wrought-iron boat
spikes one inch longer than thickness of
pile, spikes are driven from opposite sides
of pile, points are clinched.

Piles up to 8 feet long are 6 inches
thick; piles up to 16 feet long are 9 inches
thick; piles up to 24 feet long are 12
inches thick. One end is scarf pointed so
that, when driven, it crowds toward pre- NEP.ST
ceding pile, forcing the tongue into the HovsS.
groove. These piles should be driven with Trioioian Sheet Ple.

a light hammer and a low drop and be
guided all the way down; the timber for them should be pine or hem-
lock, sound, of uniform thickness, and preferably edged.

(N) Steel curtain is constructed of steel sheet pile sections described
under D.

(O) Concrete herein considered consists of frue Portland cement
mortar and hard broken stone or gravel; the mortar is composed of one
part of cement and two or three parts of sand by weight and of sufficient
volume to fill completely the voids in the aggregate. A 1 :3 : 6 mixture
is designated as x concrete, a 1:2 :5 mixture is called xx concrete.
The cement and sand should conform to the standard specifications of
the American Society of Civil Engineers; the aggregate is sized from
one-quarter inch to two and one-half inches.
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The mizing is by hand or in batch mixers as follows: the cement and
sand are dry mixed; water is added and the mortar mixed, the aggregate
is added, thoroughly washed and wet, and the concrete is mixed to a
wet but not flowing mass,—that is, water should not stand on its surface
nor ooze out of it during handling or transporting.

The concrete 1s placed in a manner to avoid disintegration of the
mixture when dropped from cars, barrows, or shovels; the height of its
fall should be restricted, and the inclination of chutes must not be steep.

When concrete is placed on rock, the surface should be cleaned of
all vegetable and earthy matter and drenched with water, and smooth
rock surfaces should be scarred.

Unfinished joints are to be treated in the same manner as rock faces
before new concrete is added, and the maximum length of unfinished
joints on the same plane should not exceed ten feet.

Finished concrete should be covered, if practicable; with a layer of
wet sand, or otherwise shaded from the sun and kept damp, for 48 hours.

Such concrete may be expected to develop in six months the follow-
ing characteristics, expressed in pounds per square inch:

TABLE 4.—CONCRETE CHARACTERISTICS.

X Concrete. XX Concrete.
Modulus of elasticity......................... Ec = 3,000,000 2,400,000
Compressive strength. .. ..................... fc = 2,000 2,400
Tensile strength................. ... .. ... .. ft = 200 200
Shearing strength.................. ... ... ... C= 300 300
EXpansion......... ..., = 0.000006 per degree F.
Adhesion to rust-free steel.................... = 600

Working stresses should be taken at 0.25 of above.

Cyclopean concrete has imbedded in the concrete mass solid stones
of any size, each stone being surrounded by not less than a twelve-inch
wall of concrete, and no stones being placed closer to the finished sur-
faces of the structure than two feet. Monolithic concrete is a solid mass
of concrete. Block concrete consists of shaped concrete units laid in the
manner of ashlar or coursed masonry in Portland cement mortar.

Forms are shapes of boards, planking, or metal walls in which con-
crete is moulded into blocks, walls, partitions, arches, or beams; the
interior sides of the forms are smooth and oiled. Forms should not be
removed until the concrete is fully set, generally 48 hours.

Concrete steel, or reinforced concrete, is a structure in which the
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imbedded steel increases the strength of the entire section; or in which
the proportions of the steel to the concrete area, and the location of the
steel with reference to the stresses, are determined to secure the action
of both as a unit. The random placing of steel members in a concrete
mass, or the lining or supporting of any side or face of a concrete section
with steel, is not of the class herein considered. The characteristics of
reinforcing steel are taken in pounds per square inch as follows:

TABLE 5.—REINFORCING STEEL CHARACTERISTICS.

Modulus of elasticity....................cciinnl.... Es = 29,000,000
Ultimate strength. .. .................... ... ... ... fs = 64,000
Elasticmit............... ... . ool = 50,000
EXpansion. ........coiiniiiiiiiiii i = 0.0000065 per degree of F.

The concrete steel designs herein used are based upon the concrete
and steel characteristics given in Tables 7 and 8, and are according to
formule of Mr. A. L. Johnson, M. Am. Soc. C. E.

TABLE 6.—CONCRETE STEEL BEAMS.

X Concrete. XX Concrete.
Moment of ultimate resistance........................ = 3620 t? 5505 t2;
Area of steel in widthofsec. ....................... q = 0077t 0.132t;

t is depth of the beam.

Values of t and q for beams to resist various bending moments in
accordance with these formule are given in Table 7. Many different
kinds and shapes of reinforcing steel rods are used in such structures,
but the above formule apply generally and differ only with the change
of concrete and steel characteristics.

TABLE 7.—VALUES FOR CONCRETE STEEL BEAM DESIGNS.

M = ultimate bending moment of external forces in 1000 inch pounds; t = depth of beam in
inches; q = square inches of steel in one toot width of beam. Steel is placed 0.9 t
from compression face of the beam.

X Concrete. XX Concrete.

M. t q t q
100. .. oo 5.27 0.408 4.27 0.562
150. ..o e 6.45 0.500 5.22 0.689
200. .. e 7.45 0.576 6.02 0.795
250, . e 8.32 0.644 6.74 0.889
300. ... e 9.12 0.706 7.38 0.975
350. ... e 9.85 0.762 7.93 1.050
400. .. ... e 10.52 0.816 8.52 1.125
450. .. i e e 11.15 0.861 9.05 1.193

500.....00iiiiii e 11.73 0.910 9.53 1.258
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X Concrete. XX Concrete.

M. t q t q
B50. ... e 12.38 0.956 10.00 1.320
600......... ... . 12.80 0.998 10.44 1.380
650........ ... 13.40 1.040 10.84 1.435
T00. ... 13.92 1.078 11.29 1.486
T80. ... oo 14.40 1.113 11.68 1.540
800........0i i 14.88 1.151 12.02 1.588
850. ... e 15.34 1.188 1241 1.640
900. ... 15.80 1.222 12.79 1.686
950. ... 16.25 1.258 13.11 1.735
1,000.........i 16.68 1.289 13.49 1.780
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