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DESIGN of a HYDRO-ELECTRIC PLANT on the MATTAWAMKBAG RIVER 

PREFACE 

This thesis•contains all the preliminary work necessary 

to show the feasibility of the construction and operation of 

a hydro-electric plant on the Mattawamkeag River in Maine. 

A part of the work contained in this thesis is taken from 

data worked up while the writer was taking the course in " 

"Hydraulic Design" under Professor P.P.Walker, Dean of the 

School of Engineering. Other parts of the work are taken from 

work done in the course on "Central Stations" under 

Professor 0.C.Shaad, Read of the Department of Electrical 

Engineering in the School of Engineering. The remainder 

of the work was done independently of the two courses above 

mentioned, although some of it may have been touched slightly 

in the courses. 

In order that any olant may be successful, it must have a 

market for its output. Por this reason, it was necessary to 

make assumptions concerning the load which the plant is to 

supply. Prom the assumptions concerning the load, and from dat 

on stream flow and maps, a fairly complete study of the 

installation of the hydro-electric p lant has been made. 

In the design work, only the more important items have 

been taken up, as the smaller details are unimportant in a 

preliminary study, and are of no use except to complicate 



the calculations without much gain in the accuracy of the 

results. 

In the financial study, only the rough cost approximations 

have been used to determine the cost of the plant installed. 

Depreciation, maintenance, and operation charges have been 

obtained. From the above costs and the assumed yearly output, 

that selling price of power was determined which gave a good 

return on the investment. 
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Chapter 1. 

Power Load in the Mattawamkeag River Basin. 

The great forests of the Penobscot River basin, of which 

the Mattawamkeag River is a portion, and the power afforded 

by the river and its tributaries, have an important influence 

on the industries of the region. About 3,POO square miles of 

timber lies in the Penobscot basin. Forest growth is rapid in 

the basin, and if economically cut and guarded from forest fires, 

the supply of available timber should last for many years. 

The manufacture of pulp and p aper has during the last 15 

years come to be one of the leading industries of the area. 

Conditions are ideal for this industry, which has probably not 

yet reached its maximum development. The mills now have a daily 

capacity of over 800 tons of pulp and about 550 tons of paper. 

The greater part og the territory north of the Mattawamkeag 

River consists of wild lands, mostly covered with forests. 

A. number of towns on the border of these wild lands having rail 

communications carry on a thriving business as depots of supply 

for the lumbering interests. Many of the small towns and settle

ments scattered through the area support some local industry, 

but more are populated chiefly by those who raise crops in summer 

and who work in the woods cutting and h auling logsin the winter. 

The Mattawamkeag River basin is readily accessible on 

the Maine Central Railroad, which p asses along the Mattawamkeag 

River from Mattawamkeag to Bancroft. 
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For the sake of something definite to work upon in the 

design of a hydro—electric plant in the Mattawamkeag River 

basin, a pulp and paper manufacturing plant was assumed. 

This plant is a continuous process plant and forms a steady 

load throughout the year. It was assumed that the plant 

uses 1,300 kw. of three-phase, 60 cycle alternating current. 

In addition to this load, another load of 600 kw. three-phase 

30 cycle alternating current for 12 hours per day was assumed. 

This load may be a small- manufacturing concern, a planing mill, 

or any other establishment. An 30 kw. night load for series 

arc lighting, and a small lighting load, such as would b e consumed 

by the average town of 15,000 inhabitants, were also assumed. 

The above combination gives a very desirable load curve, 

and, in fact, very much better than the average load curve 

today. This is due to the very large 24-hour load, and it is 

most probable that the corporation owning the pulp and p aper 

plan.t would be the one to install this proposed hydro-electric 

plant. 

The load curve for December 22, when the nights are the 

longest, was drawn, Tig. 1. It is composed of the sum of its 

constituents, the continuous, the 12-hour, the arc light, and 

the lighting loads. The maximum load i s 3,130 kw. The average 

load, as obtained by the use of a planimeter, is about 

2,428 kw. The load factor, or the ratio of the average load 

to the maximum load, is 0.77. The load curve for June 22, 
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when the nights are the shortest, was drawn, Fig. 2, and for 

curve, the maximum load is 2,880 kw., the average load 2,330 kw., 

and the load factor 0.37. 

Assuming the average load for the year to be an average of 

the maximum and minimum loads, and that the plant runs at 

this average load for 300 days in the year, allowing the remainder 

ior Sundays, holidays, and shutdowns of the various loads, 

the total yearly output of the plant is 17,124,000 kw-hrs. 



Chapter 2. 

Opportunities for Water Power in Mattawamkeag Basin. 

The Penobscot River basin, of which the Mattawamkeag 

liver is a oortion, comprises about 3,500 square miles, or 

more than one-fourth of the area of the state of Maine. 

The basin is about 160 miles long and 115 miles in extreme 

width. The Penobscot is formed by the junction of two principal 

branches, the lest Branch and the Bast Branch. Two other 

important branches of the Penobscot are the Mattawamkeag and 

the Piscataquis rivers.- T he Penobscot drainage system is 

remarkable for its large number of lakes and oonds, which 

assist markedly in eaualizing the flow, of the river. They 

offer many opportunities for economical storage, and, with 

proper development, will produce some of the best p ower. 

1n the state. 
i 

he Mattawamkeag River basin comprises an area of 1,500 

square miles, and i s in the extreme eastern portion of the 

Penobscot basin. Mattawamkeag River rises near the eastern 

boundary of Maine and drains a country that is generally 

low and oi +hor«o rare on the river a few ^ood 

sites for power development, none of which have been utilized 

up to 1912, Bams are maintained at the outlets of several 

large lakoc; and ponds in the basin, but the stored water is 

used only fo** log driving. 

There are several water power sites on the Mattawamkeag 
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capable of economical development, all within easy reach of 

the Maine Central Railroad, which extends through the basin 

near the river. Between the moubh of Mattawamkeag River and the 

mouth of Baskahegan Stream, the distance is about 35 miles 

with a total fall of 150 feet. Dead water occurs in only two 

places, and one of these is more than 11 miles long. In the 

remainder of the course, the current is swift and in some places 

rapids are formed. 

The river easily divides into five distinct stretches: 

1. From the mouth of Mattawamkeag R iver to the mouth of 

Carlisle Brook, is a stretch eight miles long with a total fall 

of 103.5 feet, of which two-thirds occurs in about two miles. 

This is the largest orooortional fall on the river. The 

shores are of gravel or ledge, rise high above the river, and 

are wooded most of the way. 

2. From the mouth of Carlisle Brook to the canoe landing at 

Kingman is a stretch over three miles long known as Kingman 

deadwater. Quick water begins just above the canoe landing. 

The river banks are low and wooded, and t he country is more 

or less swampy in the vicinity of the river. 

3. Between the foot of the swift 'water at Kingman and Grants 

Mills, the distance is two miles and the fall is 19.3 feet. 

The banks are fairlv M rfh noorl %t to Grants Mills , where they 

are rather low. The <?hr»r»<; or»o wooded on the left bank and 

open on the right, and are comDOsed of gravel, with many 
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large boulders* 

4. Between Grants Mills and Wytopitlock bridge there is a 

stretch known as the Drew deadwater. It is 11.2 miles long ' 

with a total fall of 0.2 feet. The shores are low and wooded. 

The surrounding country is low and swampy. 

5. Between Wytopitlock bridge and t he mouth of Baskahegan 

Stream at North Bancroft", a distance of about ten miles, the 

fall is 22 feet. The banks are in most places high, especially 

where the greatest f all occurs. 

A cnreful study of the rainfall in the Mattawamkeag basin 

has been made. This study has been made oossibie by the 

records of the Onited States Weather Bureau Precipitation 

Stations, of which there are three, at Danforth, Houlton, and 

Patten,in this at Houlton was established 

in 1B92. and the stations at Danforth and Patten in 1902. 

In order to arrive at an average value of the precipitation 

over the whole drainage area of the basin, the average of 

the monthly orecipl tatiorts of the- three stations in the 

basin was taken as the eouivnlent p recipitation. 

The values of the precipitation for the three stations 

a n d  t h e i r *  a v e r a g e  a r e  g i v e n  i n  t h e  A p p e n d i x  i n  T a b l e  l r f ^  

The length of the period for which the data was readily 

accessi ble is about nine years. Since rainfall and runoff 

data are best studied graphically, the average monthly 
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precipitation values have been plotted in Fig. 3, 

The amount of precipitation at any given point vafcies 

from year to year, and the records may show marked variations 

from t hose for other periods, so that records for short periods 

can not, without proper corrections, be safely accepted as 

indicating even approximately the average which would be 

determined from observations covering a long period. But 

however much the precipitation in a district may vary during 

certain periods from the average of a long period, there is 

a more or less constant ratio between the fall at different 

points in the region, some places receiving on the average 

more or less than other places, owing to the influence of 

local topography, exposure of the rain gage, and other 

conditions. 

Despite the fact that this p ortion of Maine is directly 

in the course of nearly.all the.storms p assing across the 

United States, the annual amounts of precipitation are subject 

to wide fluctuations, as shown by the records maintained at 

the Orono station, which is in the Penobscot basin within 30 

miles of portions of the Mat tawamkeag basin. It is worthy 

of note also that these variations are largely similar for 

groups of years; thus for the period from 1869 to 1879 the 

yearly amounts were almost continuously near or above the 

normal; from 1830 to 1882 the amounts were continuously below 

the normal; from 1333 to 1891 the amounts were continuously 
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above the normal; from 1392 to 1397 the amounts were contin

uously below 1 ,0.9 normal; from 1393 to 1902 the amounts with 

one exception were above the normal; from 1903 to 1910 the 

amounts with one exceotion were below the normal. Fig. 4 

shows the yearly fluctuation of the precipitation at Orono. 

The average annual precipitation for Orono for this period of 

•years was 42.93 inches. 

Since the station at Orono and the Mattawamkeag basin 

are practically in the same region, there must be a direct 

ratio between the precipitation values at the two places, and, 

knowing this ratio, the average annual precipitation of the 

Mattawamkeag basin can be approximately calculated. The 

mean annual precipitation of the Mattawamkeag basin for the 

years 1903 to 1910 inclusivewas 34.97 inches, and the mean 

annual precipitation at Orono for the same period was 33.08 

inches, ^or this period of years, the mean annual precipitation 

at Orono was 11.31 below the mean for the period from 1339 

to 1910 inclusive, thus making the mean for the Mattawamkeag 

basin fofc the same period, using the same proportion, 

39.53 inches. 

The value of 39.53 inches as the mean annual precipitation 

shows that the period of years for which rainfall data was 

available fell below the average, and therefore represent 

a fairly conservative estimate of the rainfall in the region. 

It is important to note here that there are only two years on 
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record since 1389 that the annual precipitation at Orono fell 

below the value it reached in 1905. This shows that any 

estimates based on the precipitation in Mattawamkeag basin 

for the period of 1903 to 1910 inclusive may be considered 

as very conservative and will fail only in the most abnormally 

dry years. 

A study of the runoff of the Mattawamkeag basin was made 

from data taken at the United States Geological Survey gaging 

station at Mattawamkeag, Maine, at the mouth of the 

Mattawamkeag River. 

The flow of the st ream was determined by erecting a gage 

from which the daily depth of the river can be read, and a 

rating curve for the river at that p oint, from which the flow 

of the river can be readily obtained if the gage height is known. 

A point on the rating curve for a definite fage height 

is determined by the product of the area of the cross section 

of the stream at right angles to the flow times the mean 

velocity of the flow normal to that section for that gage 

height. The profile of the river at any point can be easily 

obtained by taking soundings. In order to determine the 

mean velocity of the stream, the cross section is broken up 

into narrow .vertical strips, and t he average velocity of flow 

in each of the strips is obtained by the use of a current meter. 

Then the flow in each of the narrow strips is calculated. 
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'he total flow is the sum of the flows of the individual strips. 

Practically all current meter measurements made under 

fair conditions are will within five per-cent of the true 

discharge at the time of the observation. Inasmuch as the 

errors of meter measurements are largely compensating, the mean 

rating curve, when well defined, is much more accurate than 

the individual measurements. The work is, of course, dependent 

on the reliability of the observers, and with relatively few 

exceptions, the observers perform their work hinestly. It is 

obvious that one gage reading a day does not always give the 

mean height for that day. As an almost invariable rule, 

however, errors from that source are compensating and virtually 

negligible in a period of one month, although a single day's 

reading may, when t aken by itself, be considerable in error. 

A good rating curve for the Mattawamksa§ River has been 

obtained, see Tig. 5. 

Tig. 8 shows the monthly runoff as given by the records 

of the wattawamkeag gaging station. During the winter months 

heavy snows often accumulate to a depth of several feet, 

especially in the wooded districts. With the advent of warm 

weather, often accompanied by copious rains, a large amount 

of water is frequently liberated in short periods of time, and 

floods are liable to occur. these spring freshets show up 

very plainly on the runoff chart. 

The maximum recorded flow on any day was 24,400 sec.ft. 
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on lay 2, 1907, and the minimum r ecorded flow on any day was 

38 sec.ft. on October 4 to 12 inclusive, 1905, September 19 and 

October S, 1906, and September 24 to 29 inclusive, 1908. 

The maximum mean monthly flow was 14,600 sec.ft. in March 1903, 

and the minimum mean monthly flow was 98 sec.ft. in October, 1905. 

Tig. 7 shows the relative fluctuations of rainfall and 

runoff in terms of inches on the drainage area. That is, the 

quantity of water for a period, represented by the product of 

the average runoff in second feet for that p eriod, times the 

length of that period in seconds, was divided by the area of 

the river basin and the result expressed in "inches on the 

drainage area". 

Tor the sake of comparison, curves were drawn, Tid. 3, 

showing the ratio of rainfall to runoff for the different 

months of the year. These curves show the effect of the 

spring freshets in April and May, and also the low water 

period during the dry weather months of A ugust and September. 

Also' the"! yearly totals curves, Ti.gr. 9, were drawn. The grand 

total for the four years of 1907 to 1910 inclusive, 145 inches 

of rainfall and runoff eauivalent t o 104 inches of rainfall, 

making the rationof runoff to rainfall about 72&* 

Since the runoff is proportional to the rainfall, 

evaporation, and dryness of the soil, all of which are dependent 

upon the rainfall, and since the rainfall for the period of 
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1903 to 1910 inclusive was 11.3% below the mean for the period 

of 1339 to 1910, any calculations made on the runoff values 

during this period of years from 1903 to 1910 will give 

results which are conservative and may be counted upon except 

in the very dryest of years. 

Owing to the wide fluctuation in the flow of Mattawamkeag 

River between the two recorded extremes of 24,400 sec.ft. and 

88 sec.ft., the river would be worthless for a water power 

development if it were not for the numerous natural storage 

basins in which large amounts of water can be stored during the 

soring floods and then released d uring the dry periods of the 

year. n 

There are three large lakes in this region suited for 

storage purposes. Of these three, Mattawamkeag Lake and 

Pleasant Lake are eliminated because of the limited storage 

available in comparison to that of Baskahegan Lake. 

Baskahegan Lake is in the southeastern p art of the 

Mattawamkeag basin. It is about five miles long from southwest 

to northeast, and i s very irregular in shape. At ordinary 

low water its surface is probably about 450 feet above the 

sea level, and its area about 12.5 square miles. It is a 

shallow lake, the greatest depth being 35 feet. The shores 

rise gradually as a rule, and there are large tracts of 

low land near the outlet brook and O^ad B rook inlet on the 
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north. Baskahegan Stream, the outlet of Baskahegan Lake 

into Mattawamkeag River, flows in 'a general northerly direction 

and reaches the river at Bancroft. Ths drainage area of the 

lake is 151 square miles. 

At present there is a dam at the outlet of the lake, 

controlling a head of seven feet. This dam is used solely 

for log driving, and the gates are left open after the drive 

is over. By placing a dam at the sharp bend in the outlet 

stream known as "We'oer Place", about one and one-half 

miles below the oresent dam. where the bed of the stream is 

gravel and the banks are high, and by building an earth dam 

or dike at the low area near "Dung Pork Points", at the 

northeast corner of the lake:;.an increased storage death of 

12 feet eould be readily provided. As the shores are practically 

wild, flooding could cause little damage. 

The general plan of the lake is given in a contour map, 

Pig. 10. The area and storage capacities of Baskahegan lake 

at different elevations are shown in Pig. 1.1, which was 

prepared from data taken by the. Oni.ted. States Geological Survey. 

A study of the stream flow of the Mattawamkeag River as 

affected by using Baskahegan Lake to its greatest capacity 

was made, and-the highest constant d ischarge of the river for 

the whole year was found to be in the neighborhood of 1000 sec.ft. 

It was assumed, since the drainage area of Baskahegan 

Cake is one-tenth that of ths total Mattawamkeag basin, that 
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the water flowing into Baskahegan Lake is one-tenth of the total 

flowing from the Mattawamkeag basin. Thus the stream flow was 

divided into two sections for this study, nine-tenths of the 

total amount flowed down the Mattawamkeag, and the remaining 

one-tenth flowed into the storage basin, Baskahegan Lake. 

the capacity of the storage basin for calculation purposes 

was assumed to.be 3,053,000 cubic feet, which, according to 

the government report, is about the maximum economical storage 

obtainable from this lake. This capacity would necessitate the 

building of a dam to a height of tenfeet above the crest of 

the present dam. and flooding about geven square miles. 

As a trial, 1000 sec.ft. was used to see if Baskahegan 

Lake could f urnish enough water from storage piled up during the 

flood p eriods to maintain a flow of 1000 sec.ft. in the 

Mattawamkeag River during all seasons of the year. 

It is evident, then, that as long as nine-thnths of the 

total flow of the basin was over 1000 sec.ft., the remaining one-

tenth of the flow could be stored i n Baskahegan Lake. It is 

also evident that when nine-tenths of the total flow was less 

than 1000 sec.ft,, the deficit would have to be supplied 

from the storage in the lake. 

In this manner, Rig. 12 was prepared as a graphical 

illustration of the conditions imposed upon the storage 

basin. It shows each month the amount flowing into the lake, 

and also the net gain or loss in the storage, maintaining at 
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all times, a flow of 1000 sec.ft. in Mattawamkeag River. 

In this chart, the storage was assumed to be zero at the 

beginning of the spring floods of 1907, and at the end of 1912, 

was nearly one-fourth full, with the spring freshets not far 

away. Fig. 8 shows the effect of the above storage on the flow 

in Mattawamkeag river. 

It is evident that it is not advisable to count on any 

greater flow than 1000 sec.ft., since, as the chart shows, 

the lake was nearly empty at one time during the period of the 

five years investigated. 

In the above discussion on the available storage, the 

effect of evaporation is not taken into account over the incre 

increased area of Baskahegan Lake. ^rora May to September, 

the Maine evaporation is about 17.5 inches, and this amount 

over the increased area of about seven square miles when the 

basin is full, is a large item. The evaporation varies from 

month to month and from year to year so that no definite 

study in which the evaporation is included, can be made. 



Chapter 3. 

Selection of the Site of the Plant. 

m the previous chapter, Mattawamkeag River was divided 

into five distinct stretches. Of these, the first is the best 

adapted for water power purposes because of the large head 

that may be obtained. The profile of this section of the 

stream is given in Ticf. is. 

By niacin;? a dam between six and seven miles from the 

mouth of t he river at the 270 foot level, and by raising the 

water to the 300 foot level by means of a dam, and by conducting 

the water down stream in an open canal, a good head for power 

can be obtained. 

In raising the level of the water above the dam to 300 feet, 

land is overflowed. In order to determine the amount overflowed, 

2  study of the backwater curve of the river above the 

proposed dam was necessary. This backwater curve shows the 

profile of the surface of the water above the dam. 

The backwater curve was drawn from data of the maximum 

recorded flow of the river, which is probably the highest 

value that it will attain except in some exceedingly abnormal 

year. In times of lower water it will not have so steep a 

slope, and will flood less territory. The slope of the curve, 

Pig. 13, was determined from the maximum recorded flow of 

24,400 sec.ft., and the cross section of the stream at various 
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points above the dam. The approximate cross section of the 

stream at the point considered was drawn, and from this, the 

area (A), and the wetted perimeter (P) were obtained, and the 

hydraulic radius fr-A/PV, was calculated. 

Then, from a hydraulics formula, 

Q=cA\frs* where 0= maximum flow = 24,400 

s= slope of curve at point 

investigated 

4. 4. 0.37 c= constant =-------I?r— (Bazin) 
0.o32+^f, 

m= 0.35 for earth beds. 

Starting with a section near the dam, the slope of the water 

was obtained. Prom this slope, the depth of the water at the • 

next section investigated w as derived. As the cross section 

diminishes in area, the slope increases. Pour such sections, 

'i?. 15, were taken at points above the dam, and from the 

slopes obtained at these points, the backwater curve was drawn. 

Knowing the profile of the backwater above the dam, 

is was an easy matter to draw in the new river boundaries. 

The overflowed area was then measured b y a planimeter and 

found to be 335 acres, which ' can be obtained at a 

reasonable price. Pi?. 14 shows this section of the river. 

By runnin? a canal from the dam to t h e  bottom of Upper 

Jordan Palls, a total head of 70 feet could be obtained; or 

by making the above canal a mils longer, and cutting? through 
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a low hill, a total head of 101 feet, or a gain of 44$ over the 

other site, can be obtained. 

'he latter site was chosen, as an increase of 44% in head 

means much when the total sower itself is limited by the 

continuous flow of water available for power pumoses. 

The total theoretical power avajlable, assuming a four foot 

loss in head due to canal and penstock: friction, or a net 

head of 97 feet and a flow of 1000 sec.f t., is 11,000 hp. 

Tig. 16 shows the relation between the dam, canal, and 

power house. The canal follows the 300 foot level as far as 

practical, and then cuts through the hill to the plant. The 

total length of the canal is 10,450 feet. Penstocks carry the 

water down to the plant, and it is discharged into the river 

directly. 



Chapter 4. 

Design of the Dam, Canal, and Penstocks. 

The average load on the plant during the summer months, 

from Chapt. 1, is about 2,400 kw. or 3,200 hp. With a turbine 

efficiency of 303 and a generator efficiency of 903, the 

average flow required to oroduce this power with an effective 

head of 96 feet, which is the head on the plant under extreme 

i . . 3200*550 low water conditions, is =407 s°c ft 
0.80*0.90*98*62.5 

Prom Rig. 6, it is seen that t he dryest recorded flow 

was in 1905, and the total deficit f or that year was 

calculated a s follows, assuming an average flow of 407 sec.ft. 

Month Av. "low Ay. Deficit Total monthly deficit 

Aug. 250 • 157 421,0$0,000 cu.ft. 

Sept. 203 199 516,000,000 cu.ft. 

Oct. 93 309 327,000,000 cu.Ft. 

Total deficit for 1905 1,764,000,000 cu.ft. 

303 for waste and other losses 539,200,000 cu.ft. 

Storage reauired i n 1905 2,293,200,000 cu.ft. 

Referring to Rig. n, it is seen that the present dam 

controlis a total of 2.463,000,000 cubic feet, which is 

amply sufficient to stuonlv the total deficiency, and hence 

no additional storage is required. 

R'rom Rig. 16, showing the relative location of the plant, 

dam, canal, and penstocks, it is seen that the dam must be 
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1080 feet long to maintain the water level at 300 feet. 

The dam is to be constructed of concrete poured in forms. 

The dam may be divided into three p arts, the headwords, the 

spillway, and the plain portion. A plan view of the dam is 

given in Fig. 17, showing the relative positions of the various 

sections, and the general appearance of the completed dam. 

The requirements of a good dam are that it must have a 

good rock foundation to keep the dam from sliding or toppling 

over, and it must not have tension in the masonry at any 

point, which might crack and allow water to get under and 

weaken the dam or cause it to fail. This tension is avoided 

by so designing the dam that the resultant of the forces 

when the dam is full and when the dam is empty, fall within 

the middle third of the base of any section. 

The plain section of the dam is to be constructed according 

to the method outlined in Wegmann*s "Design and Construction 

of Dams". In this treatise, a formula for the width of a 

triangular shaped dam for any moderate height is developed, 

in which the resultant of the forces when the dam is full and 

when the dam is empty, fall within the middle third of the 

base of any section. The formula is 

d 
w=-— where w = width of section at depth d 

r = specific gravity of masonry, 

= 2 1/3 for concrete 

from which d = 0.c55w 

The too of the dam is made rectangular in shape with a width 
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of one—tsotn. the maximum depth of the dam, and extends one—tenth 

of the maximum depth of the dam above the normal water level. 

The cross section of this portion of the dam is given in Fig. IS. 

The area of the cross section of this portion of the dam 

corresponding to different depths is given in Fig. 19. ' Fig. 20 

gives the depth of the section, and the corresponding areas, 

and was integrated by means of a planimeter to give the total 

volume of concrete required for this section of the dam, giving 

a total of 106,840 cubic feet. 

The spillway is to be so designed that it can carry off 

the maximum recorded f low without an increase in the water level 

which is to be maintained constant a t El. 300 above the. dam. 

'This means that the spillway must b e large enough to handle 

24,400 sec.ft. without difficulty. 

A spillway length of 200 feet was assumed. Then, 

neglecting velocity of approach, 
f, 

0 = 3.33LH& (Francis formula) 

where 0 = maximum discharge in sec.ft. = 24,400 

L = total length of spillway = 200 

H = head on the spillway crest 

from which the head works out to be 11 feet. 

The spillway will be divided into ten sections, each 

20 feet long. A parabolic spillway will be used, as this 

is the natural form taken by water when falling over a dam. 

The equation of this parabola is determined by the head under 

which the water is falling over the dam, which, in this case, 
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is 11 feet. The equation of the parabola is determined as 

follows: 
x = vt 

612* 

" " 2 

2V2?h 
v - —-— Hydraulics formula for average velocity over 

a weir. 

9x* 
from which y = -----

Ich 

where x = horizontal component of the path of the water 

y = vertical downward component of the path of water 

t = time in seconds 

v = average velocity over entire cross section 

h = head on weir = 11 feet 

i = 32.2 

and x* = 19 5/9 y, or say xc = 20y, 

This, then, is the equation for the downstream side of the 

spillway. The upstream side is to be vertical with a rounded 

upper corner having a hhdius of three feet. The crest of the 

spillway is to be placed 11 feet below the elevation of the 

water above the dam. The lower part of the downstream section 

is to curve outward i n the arc of a circle of about ten feet 

radius to discharge the water tangent to the bed of the stream 

and thus avoid any erosion at the foot of the dam. The 

cross section of the spillway p ortion of the dam is shown in 

^ig. 21. This section was investigated to determine the 

lines of the resultant pressures, with the reservoir both 

f u!1 snd thooo i i noc; ofo shown in ^ig* 21, and are 

seen to fall 'well within the middle third of the section. 



23 
« 

The average area of the cross section of the spillway 

is 325 square feet fby planimeter), making a total volume of 

concrete in the spillway section of 825*200 or 125,000 cubic 

feet. 

Pig* 22 shows the general shape and dimensions of the 

piers and arches, which extend over the spillway section. 

An arbitrary thickness of four feet and a top width of 18 feet 

for the piers was assumed, with the upstream face vertical 

and the downstream face sloping to meet the spillway section 

as shown in Ptg. 22. The arches were assumed to be ten feet 

wide, with a thickness at the crov/n of one and one-half feet, 

a.nd a thickness at the piers of six f eet. The lines of pressure 

of the piers for closed gates with the reservoir both full and 

empty were calculated and the results shown in Pig. 22. The 

sharp turn in the pressure line for the full reservoir is due 

to the fact that above the spillway section, the water is held 

back by gates which are supported by the piers, thus increasing 

the side thrust above the top of the spillway. These lines 

of pressure fall well within the middle third of the section. 

The gates fit in the grooves in the piers in front of the arches. 

'The area of the cross section of a pier is 1,344 sauara 

feet, and with a pier thickness of four feet, the volume of 

concrete for 11 piers is 59,138 cubic feet. The area of an 

arch is 57.3 square feet, and with a thickness of ten feet, the 

volume of ten arches is 57.300 cubic feet. 
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Tie canal headgates are to be set in piers with arches 

similar to those over the spillway, with the exception that 

the gates are to be placed at the back: of the arches so that 

trash racks may be olaced in froat of them where they will 

be readily accessible for cleaning. A smooth concrete floor 

is to be placed between these piers. 

The total volume of concrete in the three arches is 

1,719 cubic feet. The cross section area of a pier is 720 

square feet, and with a thickness of four feet, the volume 

of three such p iers is 17,230 cubic feet. The floor under the 

.arches is to be about two feet thick, making a total volume 

of about 3,c00 cubic feet. 

The wall connecting the dam with the canal is of the same 

cross section as Tig. 13, and contains approximately 27,000 

cubic feet. The wall connecting the headwords with the bank 

of the stream contains approximately 2,000 cubic feet. 

The total concrete in the dam and headworks is 399,375 

cubic feet or 14,310 cubic yards. The cost of concrete in 

place varies from six to ten dollars oer cubic yard for 

massive construction. Assuming a mean value of eight dollars 

oer cubic yard, the. cost of the concrete in the dam and headworks 

headworks is $113,480. 

The gates for the sr>illwav. of which there are ten, are 

12 by 22 feet in dimensions, built of steel truss framework 

faced with three-eighths inch steel plates, and are lowered 



and raised singly by means of manually operated gearing. 

The design will be similar to that shown in Pig. 23. The 

total weight of a gate is about 10,000 pounds. The headgates 

are similar in construction to the gates used for the spillway 

except that they are 13 by 22 feet in dimensions. The weight 

of these gates is about 15,000 pounds. The total weight of 

the steel in the gates is 145,000 pounds, and at four cents 

per pound, which is a fair price for such material, the cost 

of the gates is $5,300. The cost of the handling mechanism 

per unit is $100, or a total of $1,300 for the 13 units. 

The log boom shown on the plan view of the dam, Pig. 17, 

is.not absolutely necessary, although at times it might keep 

driftwood from stooping up the racks at the headworks. 

The trash racks are for the purpose of preventing logs 

and other large objects from entering the canal. They consist 

of one by five inch iron bars spaced four inches between 

centers, with the flat side parallel to the flow. The bars 

are held apart by iron spools, through which the assembly 

bolts are placed. These bars are placed vertically and are 

cleaned by means of rakes when necessary. The cost of the racks, 

assuming a price of three cents oer pound for the rack erected, 

is $1,350. 

The canal is to be designed for the ultimate capacity 

of the plant, whisfi ls ab out 1000 seo.ft. Allowing 25 for 
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obstruction to the flow by ice and sediment, the canal should 

be designed to carry 1250 sec.ft. 

Then Q = Av, 

where G = maximum flow = 1250 sec.ft. 

A = area of cross section of canal 

v = velocity of flow, 2 1/2 ft/sec. for earth beds 
from which A = 500 souare feet. 

Dsing a trapizoidal canal with a side slope of one and 

one-half to one, which is the best for earth ditches, Tig. 24, 

the dimensions are: 

Depth 15.40 feet 

Bottom width 9.35 feet 

Top width 55.50 feet 

Wetted p erimeter85 feet 

hydraulic radius 7.11 feet. 

The slope necessary to secure a flow of two and one-half 

feet p er second was obtained from the following formula: 

v = cYFi" (formula for canals, etc.) 
where v = velocity = 2 1/2 ft./sec. 

r = hydraulic radius = 7.11 

s = slope 
0 = constant, by Baz-in's formula, = 35 

from which s = 0.0001217. 

The total length of the canal is 10,450 feet, making a 

difference in head between the inlet and outlet of 1.29 feet, 

which is necessary to produce the required flow. 

The cross section of the canal excavation is to be similar 

to that in Tig. 24. In case rock is encountered, the slope 

mav be much steeper and hence the area of the excavation 
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much less, which would tend to counteract the increase in 

the excavation cost in rock. The total excavation for the canal 

was computed from Pig. 25 and Pig. 28 and works out to be 

13,825,000 cubic feet. Average earth excavation for canals 

costs about 30 cents per cubic yard, making the total cost 

of the canal construction .1151,339. 

The forebay and penstock system is shown in Pig. 27. 

The forebay is merely an enlargement of the canal and is 

constructed of concrete walls, 'the side walls have the same 

cross section as shown in Pig. 13, and contain anproximately 

78,540 cubic feet of concrete. The end wall is 100 feet long, 

allowing space for the two extra turbine units. It is 

constructed of concrete and has the general cross section as 

shown in Pig. 28. This cross section is taken through a 

penstock inlet to show the general method of construction. 

Considering the wall as solid, to allow for the extra forms 

for the open circular wells in which the penstock valves are 

placed, the wall contains approximately 37,100 cubic feet of 

concrete. This makes a total of 4,235 cubic yards of concrete 

in the forebay, and at eight dollars per cubic yard, costs 

334,280. 

Pour penstocks are to be installed, or one for each 

turbine. At full load under So feet head, and with an 



efficiency of 30%, each turbine takes 171 sec.ft., or say 

175 sec.ft. Then each penstock must carry 175 sec.ft. for 

a distance of 450 feet, the length of the penstock required 

to connect the forebay to the turbine. 

Assuming a penstock velocity 0f six feet per second, 

which is cosuitable velocity, the diameter necessary to carry 

175 sec.ft. is a little over six feet. The nearest standard 

diameter is six feet, for which the corresponding velocity ia 

6.20 feet per second. 

The loss in head in a pipe in feet is given by the following 

formula from Merrimar.'s "Pocket Book": 

RVn L. 

WVV; 1J 
where \ ~ constant average 0.33 

n = constant average 1.37 

L = length of pipe 450 

0 = diameter of pipe 6 

V = velocity of flow 3.20 

from which the loss in head is 0.54c feet. 

'H*rom data in ^erriman's "Pocket Book", a five-eighths inch 

steel lockbar penstock six feet i n diameter has a safe working 

pressure of 231 feet head of water, weighs about 573 pounds 

per lineal foot, will stand a cover of nine feet of earth, 

and costs about $23.50 per foot installed. Lockbar pipe is 

preferable to riveted pipe because it is stronger ana offers 

less resistance to the flow of water. 

The penstock is to be covered w ith six feet of earth for 
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protection from freezing and to eliminate the temperature 

stresses which would be set up in the metal due to extreme 

heat and cold. 

the flow in the penstock is to be controlled by a gate 

valve at the head of the penstock, as shown in Pig. 38. 

Owing to the excessive cost of large gate valves, a four 

foot disc gate valve will be used, with a taper connection 

to the penstock. The cost of an electrically operated gate 

valve of this size is about $700. The loss in head due to 

the use of this size valve on a six foot penstock works out 

to be 0.93c* feet at full load (from a formula in .V.errlman'a 

"Pocket. Book".) 

An air vent must be provided just below the gate valve 

to prevent the formation of a vacuum when the pipe is drained. 

The vacuum might cause the pipe to collapse if it 'were not 

relieved. This vent consists of a nine inch pipe extending 

from just below the valve to a point above the level of the 

water in the canal. 

A trash screen, Pig, 33, is provided over the inlet to 

the penstock to intercept all solid b odies which might injure 

the penstock or turbine in any 'way. fhis screen consists 

of a rack of one-fourth by three inch iron bars spaced two 

inches between centers. This screen collects leaves, grass, 

and other floating matter in the canal and must he cleanea 

periodically by means of rakes, the cost of four such screens 



31 

assuming a cost of three cents per pound for the rack completed, 

is 1300. 



Chapter 5. 

Selection of Station A pparatus. 

The selection of apparatus for any plant is dependent 

upon the amount of the load, and the nature and reliability 

of the service to be rendered. In arranging generator units 

for a new plant, it is best to supply four units of the same 

size and type, any three of which will carry the total peak 

load. This arrangement is the ideal one in most cases, as it 

allows for one reserve unit for use in case that it should 

be necessary to shut down one unit for repairs. 

The maximum peak load as assumed in Chapter 1 is 3,130 kw. 

Selecting generator units as arranged above, it was found that 

four 1,000 kw., or say four 1,250 kva. alternators were required. 

The nature of the load is such that two of the generators can 

carry it from eleven in the evening' to six in the morning, and 

three will be required for the remainder of the day. 

Curves given in an article by W.I.Slichter in the "American 

Handbook for Electrical Engineers" show the modern practice 

in the speed, weight, and approximate cost per kva. for all 

sizes of hydro-electric alternators. For a 1,250 kva. 60 cycle, 

2,300 volt alternator, the suitable speed is about 360 r.p.m., 

the weight is about 42,000 pounds, and the cost per kva. is 

about S3.75. The dimensions of a horizontal machine of this 

capacity are approximately: length ten feet, width eleven feet, 

and height nine feet. The cost of the four 1,250 kva. alternators 
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is $43,750. 

The excitation required for an alternator of the above 

capacity and speed is about two per cent of the output, or 

20 kw. The standard voltage used for excitation is 125 volts. 

Three alternators require 60 kw. for successful operation. 

By making the exciter units 75 kw. each, there should be no .. . 

trouble from weak excitation. To insure continuity of operation, 

the excitation systen should be provided with sufficient 

reserve units to allow for repairs on part of the excitation 

equipment without shutting down part of the generating apparatus. 

To insure this continuity of the excitation system, two induction 

motor generator sets of 75 kw. output each should be provided, 

and in addition, a 75 kw. generator should be so placed that it 

can be geared to one of the turbine shafts to provide excitation 

for starting purposes and emergency. The induction motors are 

to be wound for 2,300 volts, the busbar potential. The cost 

of the induction motor generator set is about $40 per kw. for 

machines of this capacity, and about $20 per kw. for the 

generator. This makes a total cost for the excitation of $7,500. 

In the arrangement of the turbo-generator units, it was 

considered advisable to made them direct connected vertical 

units, owing to the extreme fluctuation of the tail water, 

which would otherwise necessitate the placing of the turbine 

and generator at too great a height above the tail water to 
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allow of the successful use of a draft tube. 

The turbine units, which are to be direct connected to 

the alternators, must deliver enough power to furnish the 

1,000 kw. output of the generator, which has an efficiency of 

about 204, including the excitation losses. This means that 

each turbine must furnish 1111 kw. or 1490, or sa.v 1500 horse-

Dower. 

The net head on the plant is equal to the gross head less 

the friction losses to the tail water. This figures out to be 

about 93 feet under extreme low water conditions, when the tail 

water is at the lowest. Under extreme flood water conditions, 

the net head is about 88 feet. A value of 9o feet was used in 

the turbine calculations. The variation in head with the flow 

of the stream, due to the variations in the tailwater, is shown 

in Tig. 22. 

The study of the various tyoes of reaction turbines as 

given in bead's "»ater power Rngineering", in which the relation 

between the diameter, speed, discharge, and power for the 

various types of A merican stock turbines is discussed, treats 

only of low heads, and cannot be used to any great extent in 

the selection of the type and make of units to be installed in 

the plant under consideration. 

Tor a head of 98 feet, the Victor-Francis type of turbine 

is the most suitable. To obtain the maximum efficiency with 

this type of wheel, the ratio (j>) of the peripheral velocity 
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of the wheel to the spouting velocity of the water should be 

about 0.7. 

That is, -"-JL-—— = $ = 0.7 
\% izjh 60 * 

where D = diameter of wheel in inches 

n = revolutions per minute = 380 
g = 32. 3 

h = head on wheel = 96 

From which D works out to be 35.1 inches. 

A letter was sent out to several manufacturers of waterwheels 

requesting data on turbines suitable for the following 

conditions, 1500 h.p. at 380 r.p.m. under a ftead of 96 feet. 

The Piatt Tron Works of Dayton, Ohio was kind enough to 

consider the matter, and even went to the trouble to send 

blueprints of similar installations^. A copy of their letter 

is given in the A noendix, D3ge St . They recommend the use 

of a Victor-Francis tyoe of turbine having a 36 inch runner 

set in a scroll case. The general appearance of the turbine 

may be obtained from Fig. 39. At full load the efficiency is 

33-, and at half load 77%. The efficiency at various loads is 

shown in Fig. 30. The auoted anoroximate cost of four such 

units is $25,000. The weight p er unit is 75,000 pounds. 

The Piatt Iron Works recommended the use of a Lombard 

Oil Pressure Governor in connection with their turbine, each 

governor to have a capacity of 12,000 foot-pounds. A Lombard 

governor of this capacity will have approximately the following 
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dimensions: length seven and one half feet, width, four and 

one half feet, height, six feet, and weight 4,000 pounds. 

The approximate cost of four governors with the piping, etc. is 

about $6,000. 

On a penstock of any appreciable length, some system of 

relief must be provided to take up the increased strains 

due to sudden changes in the velocity of the water in the 

penstock, such as is caused by the action of the governor in 

closing the gates. 

Tor this purpose a Lombard Relief Valve will be used. 

Its diameter is determined by the following work. The velocity 

of the water in the penstock at full load is 6.2 feet per 

second, from Chapter 4. The total length of the penstock is 

450 feet. Assuming that the governor selected closes the gate 

in one second, the average extra pressure exerted at the end of 

the penstock due to the change in the velocity is calculated as 

follows: 

F? = Ma 

where M = total aeight of water in penstock 4- 32.2 
= 24,630 

a = rate of deceleration of the water =8.2 

from which the force T = 153,000 pounds, or about 70 tons 

average thrust on the end of the penstock. This pressure, 

distributed, amounts to 37.5 pounds per souare inch average 

pressure during the second, and is equivalent to an additional 

head of 36.5 feet on top of the existing head of 96 feet, 
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making a total head of 182.5 feet. This pressure must be 

prevented by the use of a relief valve. Prom the Lombard 

catalog, a 25 inch relief valve will discharge 13.6 cu.ft. 

of water per second under a head of one foot, the discharge 

varying with the square root of the head. Under a head of 

132.5 feet, this valve would discharge about 133 cu«ft. per 

second, which would be ample for the case in question, as the 

total flow in the penstock at this velodity is 175 cu.ft. per 

second. The cost of a relief valve of this size is about $800, 

making the cost of the four $3200. The valve is to be placed on 

the turbine casing and ss to discharge into the river. 

The draft tube is to be constructed of concrete in the 

foundation of the turbine unit. It is to be made conical so 

as to gradually reduce the velocity of discharge and thus 

gain some of the velocity head which would otherwise be lost. 

At the upper end, it must be of the same size as the discharge 

opening of the turbine to avoid any abrupt change in the 

velocity of the water. The velocity of discharge from the lower 

end should be about three feet per second, which, for the full 

load discharge, reauires a diameter of eight and one half feet. 

he upper diameter of the draft tube is the same as the outlet 

of the turbine or five feet four inches. The lower end of the 

draft tube must be water sealed, at least six inches at low 

water level, in order to insure a continuity of the vacuum, 

which is necessary for the successful operation of any draff" 
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tube. The above size of draft tube will work satisfactorily 

and will maintain a vacuum up to a total head of about 13 feet. 

T>he DU ID and paper manufacturing plant for which this 

station is primarily designed, would b robably be located at 

a point just above the dam, so that the handling of the logs 

through a logway in the dam would be avoided. This would 

necessitate the use of a transmission line about two and one 

half miles long, following the canal from the plant to the dam. 

,7or such a short distance, it would p robably be cheaper to 

install a wooden p&le line, with 35 foot poles, spaced about 

42 to the mile. 

The economic voltage and size of conductors for use on 

this transmission line were calculated from equations given 

by Shelden and Hausmann in their "Electric Traction and 

transmission Engineering". 

'or a three phase line, ft =\/ ——-— ~~T . kilovolts. 
V Kr + t * ̂  

A = -I— \L—SEE—I circular mills, 
cos $ ̂ 3000pcfcw 

where ft = economical voltage between line wires in kilovolts. 

A = economical cross sectional area of the conductors 

in circular mills. 

^c.= (109cPS/cos p) crhpcw 

-^P = 3pCjS/g 

k/= a+fiz) 
cos (j> = assumed power factor at load - 0.85 

P = maximum kilowatts (from load curve) = 3,130 

Zx. 
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h = eauivalent effective yearly hours of operation 
at full load = 5,£03 

S = lingth of line in feet = 13,200 

g = distance between poles in feet = 123 
n = number of substations = 1 

s = weight of a mil-foot of copper in pounds 0.00000303 
r = specific resistance of cooper = 10 
K = constant = (0.50) 

c; = cost of insulators per kilovolt = (0.20) 
D; = depreciation and interest on insulators =(0.12) 
C X= cost of copper per pound = (0.13) 

pz= depreciation and interest on conductors = (O.Oo) 

Cj = mean annual cost of delivery per kii.hr. to 

middle of the line = (0.03) 
0^= cost p er unit kv. auxiliary apparatus = (50) 

p^= interest and depreciation on auxiliary apparatus (0.12$) 

Pj. = interest and depreciation on transformers 3 (0.12) 

Prom the above equation and constants?! the economic 

voltage figures out to be 26.13 ki&ovolts. The nearest 

standard transmission voltage is 22,000 volts, which value 

will be used in the calculation of the size of the conductors. 

18 economical size of wire was calculated from the equation 

and was found to be 702,000 circular mills. The nearest 

standard size is 700,000 circular mills, which will be used, 

^he approximate cost per mile of this transmission, assuming 

copper at 20 cents per pound ejected, and poles at $15 each, 

is $7,394, or about $13,435 for the total line. 

The transmission line is to be protected from lightning 

and potential surges by the use of an aluminum cell lightning 

arrester in series with a short double horn gao. Sach arrester 
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is to contain about 75 cells, each of which may be used up to 

300 volts. The function of the double horn gap is to furnish 

two gaps, a main gap through which the heavy potential surges 

pass, and a shorter gap with a resistance in series through 

which any light surges pass, and by means of which the arrester 

may be charged daily to keep it in good working order. A 

choke coil is to be placed between the arrested and the 

disconnecting switch. This coil tends to reflect back onto 

the line any high frequency high potential surges and give the 

lightning arrester time to discharge them. A separate arrester 

is required for each line wire at both ends of the line. The 

approximate cost of a single arreater and choke coil is $200, 

making the total cost of the protective apparatus about $1200. 

The general switching system is outlined in "i?ig. 31. 

As the transmission line on which this system is to work is 

short, the liability of transformer trouble due to lightning 

and other potential stresses is very slight, and a single 

bank of transformers only will be installed. It is advisable 

to connect them in delta so that in case one transformer 

should fail, the plant could still furnish part load on an 

open delta connection. The low tension bus is sectionalizecl 

by the use of disconnecting switches, and disconnecting switches 

are placed on both sides of the transformers, thus allowing 

1 or an easy method of disconnecting the line, and also the 
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individual transformer in case of trouble. • 

A front viev; of the switchboard is given in Fig. 32. 

Blank boards have been provided to take care of two ddditional 

alternator units and another exciter unit, which, when installed, 

will be the ustimate capacity of the plant. There ate six 

generator panels, four exciter panels, three induction motor 

panels, and one feeder panel. The minimum number of instruments 

has been used in every case. 

The generator Danel contains three line ammeters, one 

field ammeter, a line voltmeter, an indicating wattmeter, an 

integrating wattmeter, a potential receptacle and plug, a 

field switch, a rheostat handle, a synchronizing receptacle 

and plug, and a manually operated three pole oil switch wi$h 

a trip coil, all mounted as shown in Fig. 33. The diagram of 

connections is also shown in the same figure. 

The exciter panel, Fig. 34, contains one ammeter, one 

single pole single throw switch, and one rheostat handle. 

The induction motor panel, Fig. 35, contains one triple 

cole manual oil switch, one ammeter, and on one panel, a Tirrill 

regulator. The regulator is to maintain a constant alternator 

potential, and is planed on this panel because of the available 

space. 

The feeder panel, Fig. 36, contains three .wwaters, and 

a manually operated three pole oil switch with a trip coil. 

The cost of the suitchboard, transformers, station wiring, 
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and lightning arresters amounts to 122,333. The detailed 

prices of the various articles are given in the Annendix, 

cage . 



Chapter 8. 

Powerhouse and A rrangement of Pquipment. 

The powerhouse is to be placed on the north bank of the 

Mattawamkeag River at the 199 foot level. Since there is a 

great abundance of good building rock in the Penobscot basin, 

it is advisable to make the station building permanent by a 

good masonry construction. The construction of the powerhouse 

will not be taken up in detail, .as such refinement is totally 

unnecessary is a preliminary study of this type. 

Prom the arrangement of the units as shown in v1g. 37, 

it is seen that the powerhouse must be about 40 by 74 feet in 

dimensions. Pig. 33 is a cross section of the building and 

shows the general appearance of the building. The basement is 

ten feet high, and the main story 27 feet to the roof. 

The shores along the river at this point are of gravel 

and ledge, so that a good rock foundation should be easy to 

obtain. The basement is to be excavated to a firm rock 

foundation, and the foundation is to be wedged in the solid 

rock so that there will be no chance of the slicing of the 

biilding. The excavation for the basement amounts to about 

37,000 cu.ft., and at a cost of 30 cents per cu.yd., amounts to 

3411. The basement floor is to be 14 feet above extreme low 

water, or about two and one half feet above extreme flood 

water. The volume of concrete necessary to provide a good 
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foundation for the building and machinery, a satisfactory 

draft tube, and a basement floor is roughly 37,560 cu.ft., and 

at 312 per yard, a reasonable price for this type of work, 

costs 316,693. 

The three walls of the basement contain approximately 

4°4Q0 cu.ft. of masonry, and, at 312 per yadd, costs $1,958. 

The main floor will be of reinforced concrete, having a 

thickness of one foot, and supported by steel I-beams to make 

a solid foundation fot the generation equipment. It contains 

approximately 3,500 cu.ft. of concrete, and at $12 per yard, 

costs $1558. The heavy generators will rest on steel I-beams 

imbedded in the concrete, supported by steel columH5at the 

center of the 40 foot span. A rough estimate of the steel 

required for reinforcement allows for 55,000 pounds, and at 

three cents oer pound, costs 31,650. 

The three walls of the main portion of the building 

contain approximately 5,500 cu.ft. of masonry, which, at 312 

Der yard, costs 32,444. 

The fourth wall is to be of temporary brick construction, 

to allbw for the expansion of the plant, and contains about 

?,150 cu.ft., and costs 3600, assuming brick furnished and 

laid at 315 per thousand. 

The roof will be of slate, preferable because of its 

psrmanancy, with a slope of one to two, supported by steel 

roof trusses, spaced IS feet. The weight per truss, from an 
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approximate formula in Merriroan's "Civil Engineer's Hand Book" 

is 2,400 oounds. ^ive such trusses, erected, at a cost of four 

cents per pound, amount to 5480. Sheathing and slate roofing 

at 520 oer sauare amounts to SoSS". 

The total cost of the powerhouse building is, then, 326,458. 

A manually operated travelling crane, with a lifting 

capacity of 30 tons, is to be provided. This necessitates a 

steel double track extending the entire length 6f the building. 

The track and supports weigh approximately 30,000 pounds, and 

cost 51,200 at four cents per pound installed. The cost of a 

30 ton crane with a 40 foot span is about SI,500, making a 

total cost of 32,700 for the crane equipment. 

'"he generators, governors, exciters, and switchboard are 

to be arranged as shown in Tig. 33. This arrangement allows 

sufficient room to get around the various machines for 

inspection, oiling, repairs, etc. The vertical exciter unit 

is placed between generators 3 and 4, so that it may be easily 

connected to either for starting purposes on short notice. 

1 he governors are back of the generators and may be easily 

reached and adjusted. The induction motor generator sets 

ace placed to the left of the switchboard. This leaves 

space to the right of the switchboard for an office, stock 

and tool room, heating plant, or whatever may be desirable. 

39 shows the method of setting the turbine, and also the 
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relative positions of the generator, governor, and turbine 

units. The turbine shaft is to be connected to the governor 

by means of bevel gearing. The relief valve is not shown 

in this figure because of its complexity. 



Chapter 7. 

Financial Considerations. 

In a financial study of the water power development, it 

is necessary to ascertain the construction cost of the plant, 

the development expenses, the 5/early depreciation, the yearly 

operati ng and maintenance expenses, and the returns desired 

on the capital outlay. 

in this financial study, it was assumed that half of 

the capital is represented by stock bearing nine per cent 

dividends, and the remainder by bonds at ftvc> per cent, 

making an average charge of seven per cent on the entire 

capital. 

The construction cost of the plant, see Appendix, page , 

is $597,923. 

To this cost must b e added the development expenses, 

which, according to Floy, may be assumed as follows, all 

in percentages of the construction cost: 

Organization and Promotion 1Q£ 

Engineering 5% 

Contingencies oi 

I§2§§_MJ_I]]§urance_____________ 1% 
Total Development Expense 2\% of Construction 

This makes a total cost of construction and development or 

$723,493. 

Assuming a construction period of one year, seven per cent 
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must be paid on the total- capital outlay for interest and' 

dividends, making a total capital of $777,950. This reduces 

to a cost of $194.50 per generator kilowatt, or $155.59 per 

generator kilovolt-ampere. 

It was assumed that the scrap value of the sum of the 

articles that decreelate, is zero, as some will more than 

Day for their removal, and others will not pay removal 

expenses. The depreciation was calculated from the life of 

the various articles, assuming a straight line depreciation, 

and the annuity required to amount to the desired depreciation 

at four per cent compound interest was used. The total yearly 

depreciation, see Appendix, page-^7, id $5,488.95, or 

or say, ner cent of the capital. 

The pearly exoenses that must be paid from the revenue 

are as follows, expressed in percentage of the eapitalt 

Depreciation I 3/4? 

Interest and Dividends 7 % 

Sinking ^und 1 

Administration 1/2% 
Operating Labor 2 % (Ploy) 

Oil, naste, and Suoplies 1 l/2t (ploy) 

Reoairs 1 t/2t fn°y) 

Taxes^and_Insurance 1 1—IIiIQYL 
Total Yearly Expenses 1$ l/^fc Oapital 

'hat is, the yearly expenses of the plant are 15 l/i^* ^he 

caDital or ,, or say jr.nSfW. 
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The cost per kilowatt hour, then, is dependent upon the 

amount sold. For the assumed yearly output of 17,12-4,000 kw.hrs. 

the total cost per kilowatt hour' is 0.695 bents. Fig.'40 shows 

the cost of generation per kilowatt hour for various yearly 

outluts of the plant, assuming the yearly expenses to be 

constant. These prices will entirely remove the bonded 

indebtedness of the plant in 50 years, and at the same time 

pay ali the operation expenses, depreciation, maintenance, 

and other charges. 

Respectfully submitted, 



APPENDIX 
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Table 1. 

Rainfall in the Mattawamkeag Basin. 

D Danforth H Houlton P Patton A Average for basin 

Jan Peb Mar 

I] ?.§1 5.02 2 
R 1.39 4. vo 2 

* 2.40 4788 1 

8 g.93 4.1P. 4 
2 v.§4 .Op 2 
i g:f| 4.2? 4 

L-OS ° 
SILL 1;2 

2.57 37.74 
J.50 24.83 
l.nn 
1.87 31.31 

34 42 
,-8* & 
2-M It 

1.65 30.4$ 

l'.*? J 
1.34 J 

1.05 2.33 }•*§£ 
?.30 5.Bp i« Py 
I:i8 ?:§i I'M 
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Copy of Letter from the Piatt Iron Works. 

PLAIT IRON WORKS 

Dayton,Ohio,0.S.A. 

March 27th, 191o. 

V!r. Dan Hazen, 

329 Indiana Ave ., 
Lawrence, 
Kansas. 

Dear Sir: 

In answer to your letter of the 25th would advise that 

we have no drawings, showing exactly the size of unit which you 

desire to use in connection with your thesis. 

However, for a 1500 h.p. Vertical Onit, 380 r.p.m., 

96 ft. head, we would recommend the use of a 36 in. runner,set in 

a scroll case, having dimensions practically duplicating that 

shown on the Horizontal Unit, our drawing No. 20310, enclosed. 

The change in dimensions would be as follows: 

The inlet to the scroll case would be 42 in. instead 
of 43 in. The dimension of the shaft would b e 7-7/8 in. instead 
of 9-3/3 in. 

We are sending you blueorint showing the design of a 

Vertical 10,000 h.p. Wheel, which we recently installed in 
•lew York State. 

Combining the principles of design on these two drawings 
ss 'oslieve that vbu can make up the nroper drawing to be usee! in 

connection with your thesis. 

ou should obtain on a unit of this kind, efficiencies 

^Proximately as follows: 

IliLPower 9/10 Jower c/l0J?ower 4/lO_Power__ 

37% 32% 70% 
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The approximate cost of four (4) such units 

would be $25,000. The Approximate weight would be 300,000 lbs. 

We would recommend the use of a Lombard Oil Pressure 

Governor in connection with this design; each governor to have 

a capacity of 12,000 ft.lbs. 
The approximate price of four (4) governors, with 

the connecting piping, etc., would be $6,000. The Approximate 

weight would be 16,000 lbs. 

Should you desire details regarding the governor, 

we would suggest that you write direct to the Lombard Governor 

Co., Ashland, Mass. 

We are enclosing our bulletins 708 and 710 showing 

our general wheel design. The unit shown on page 2 of bulletin 

703 is the same design as shown on our drawing No. 20310. 

We trust that the above information will assist you. 

Yours truly, 

THE PLATT IRON WORKS COMPANY. 

(Signed) R. L. Yates 
Asst. Sales Mgr. 

RLY-MMB 
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Generator Panel 

3 Ammeters 0-400 @335 3105 

1 Ammeter 0-200 @330 30 

1 Voltmeter 0-2300 @345 45 

1 Indicating Wattmeter 0-1500 @375 75 

1 Integrating Wattmeter0-1500 @375 75 

1 4-pcint Synchronizing Receptacle and Plug 4 

1 B-point Potential Receptacle and Plug /> O 

1 D.P.S.T. Tield Switch with discharging clips 7 

1 Manual Automatic Oil Switch (2000 amps 2500 v 1 250 

1 Rheostat Handwheel and Chain 5 

1 Reverse Povier pelay 33 

2 Potential Transformers @330 80 

2 Current Transformers @330 80 

1 9Q',X24"X2" Slate Panel . 7 

Total Cost of Apparatus 3782 

—15i-for Drilling, Wiring, and Erection —IM-
Total Cost of Generator Panel Erected $378 

Exciter Panel 

1 90"X*[2»X2" Slat? Panel 

1 Ammeter 0-750 

1 S.r.S.'f. Switch 750 Amos. 

1 2-point Voltage receptacle and Plug 

l-^jjgostat_Handwheel and Chain 

fetal Cost of Apoaratus 

—l§!L£og_DrilHng1 Wiring, and. Erection 

fetal Cost of Exciter Panel Erected 

1200 kva. Water Cooled 'Transformers t$3 per kva. 

s tat ion Wiring @34 per kw. 

$ 6 

40 

10 
3 

$84 

_10 
$74 

310,300 

3 4,000 



Induction Motor Panel 

1 90"x16t,x2" Slate Panel $ o 

1 Manual Oil Switch 250 

1 Ammeter 1 0-25 amps. 30 

1 Tirriii_Reguiator 500. 
Total Cost of Apparatus &73o 

l§j_£orJ3rilling, Wiring, and Erection 118, 

Total Cost of Induction Motor Panel Srected $904 

The other Induction Motor Panel does not carry a 

Tirrill Regulator, and its total cost is $329 

Feeder Panel 

1 30"x18"x2" Slate Panel $ 6 

3 Ammeters 0-2000 amps. @$30 90 

4 Current Transformers @$30 120 

2 Potential Transformers @$30 80 

1 Overload Relay 20 

1 Differential Relay 20 

1 Manual Automatic Oil Switch (2000 amps 2500 volts! 
350 

12 Disconnecting Switches (2500 v 1200 amps) 

#$30 380 

3 Disconnecting Switches (23000 v. 300 amps) 

f 318 43. 
Total Cost of Feeder Panel Apparatus $1,094 

l2l_for_Drillingj__Wiringj._arid_f.rect ing_ 164. 

Total Cost of Feeder Panel Erected $t,2o3 

Swinging Bracket 

1 bracket and Hanger 
1 S ynchroscope 

---5lt meter 0r150_v. 

Total Cost of Apparatus 

—lil-lp** Drilling, erecting, and_Wiring, 

Total Cost of Swinging Bracket Srected 

$ 10 
55 

45 

3110 

17. 

$127 
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4 Generator Panels #$876 $3,504 

2 B lank Generator Panels §$12 24 

3 Exciter Panels @$74 222 

1 Blank Exciter Panel @$ 10 10 

2 Induction Motor Panels @ $904 and $329 1,233 
1 Blank Motor Panel @$ 10 10 

1 Feeder Panel #$1253 1,253 

1 Swinging Bracket @$ 127 127 

Transformers 10,800 

Station Wiring 4,000 

ii^2in^„frotection __ 1 200 

'total Cost of Station Switching and Wiring 

Eauipment, to the Transmission Line $ 22,383 
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Total Cost and Depreciation 

Annuity Table at 4 Per Cent 

Tine in Years 10 20 33-1/3 100 
Annuity 0.03329 0.03356 0.01510 0.000303 

VT „ Cost Depreciation 
Real ©state at .£100 per acre wo Depreciation 

Overflowed by Backwater 335+5 acres 

Necessary for Canal and Plant 200 acres 

$80,000 $ 000000 

Buildings and ©ixtures Life 100 years (Ploy) 

Building? $26,456 
:iane__ 2.700 

29,156 23.55 

Canal ©xcavation \To Depreciation 151,389 00000 

Ban} and Rights at 

Baskahetfan Lake. Life 100 years (assumed) 25,000 20.20 

••ssonry Dams Life 100 years 

"am and Readworks 
" o t*e b » v 

$113.430 

34". 230 
152,780 123.2,0 



58 

Iron Work Life 33 years (Floy) 

Penstock $42,300 

Racks and Screens 1,100 

Sate Valves 2,300 

Turbines 25,000 

Relief Valves 3.200 

Cost Depreciation 

(Annuity) 

$74,400 $1,122. 

Iron Work Life 10 vears 

Sovernors $8,000 

3ates 5,800 

Sate Mechanism 1,300 

13,100 1,091 

Electrical Equipment Life 20 years (Floy) 

Alternators $43,750 

Excitation System 7,500 

transmission 13,435 
S?/itcfi£ear and 

protection 22_. 333 92^123 

92,123 3,090 

Total Cost and Yearly Annuity Charge. 

Oost Annuity 

^sal Estate $ 80,000 

buildings and Fixtures 29,158 $ 23.55 

and Rights 25,000 20.20 
canal Excavation 151,339 

Masonry Dams 15 2,780 123.20 

^°t^l Iron Hydraulic |quipment37,500 2,213.00 

»iSotrical_Eqrap|ent 92.123 3_j.Q90._00, 

Totals $597,923 $5,480.95 
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