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POWER DEVELOPMENT OF THE NOLICHUCKY RIVER. 

The Nolichucky river flows for a great part of its 

course through the wild and mounts nous region of the Unaka 

Range, and a glance at a government contour map will show that 

its descent from the source to the level land bordering the 

mountains is a steep one, so that the character of the stream 

through this descent partakes more of the nature of a mountain 

torrent than of a river. 

The river passes within three-fourths of a mile of the 

° town of Brwin, and at a point almost opposite the town it dis= 

appears into a deep gorge. It was at this point that we first 

viewed the stream and we were at once struck with the favorable 

conditions for power development, and determined to investi- 

gate the vicinity as a probable site for this development. 

Just before the river enters the gorge it flows through 

‘a considerable valley, offering ample place for storage, and 

if it were not for the fact that the tracks of the C.C.& O. Ry. 

also pass through this valley, the amount of available storage 

would be almost unlimited. 

The region in this immediate neighborhood has been 

several times surveyed by different parties for prospective 

power development, but so far as we know there have as yet 

been no active steps taken toward power development, although 

it was rumoured at the time we made our survey that a large 

corporation had made arrangements for buying up the land a- 

round the gorge for the purpose of eventually developing pow- 

er, this power to be generated for running several proposed
 

cotton mills. However rumour is not to be relied upon, and 



we began our investigation about the first of March, 1912, and 

this paper contains the results of the investigation. 

THE SURVEY . 

The location of our proposed hydro=electric plant is 

on the Nolichucky river between Erwin, Tenn. and Embreeville, 

Tenn., about twenty miles south of Johnson City. 

This river between Erwin and Embreeville affords an 

almost ideal location for power development in flowing through 

the gorge spoken of in the preceding paragraph, 

We began a survey at a point one mile south of Erwin, 

at the mouth of Martin's Creek, selecting as a bench mark, a 

merking on an old concrete bridge pier, three feet above the 

surface of the water on that date. The elevation of this B. IM. 

we called 250, the elevation of the C. C. & O. Ry. Tracks here, 

being 15 feet above the B. M. These tracks run southward,par- 

allel with the river and along its bank, for several miles, but 

the grade is ascending from point of B. M., and as there is 

also an ascending grade from this point northward, this is the 

point of lowest elevation of the tracks within the limits which 

concern us. : 

Plate I. is a map of our survey and shows the features 

mentioned above. It is seen from this map that in order to se= 

cure any considerable storage it will be necessary to raise the 

storage elevation as near to 265 as possible, because the area 

flooded is small and the depth of layer of water stored must be 



correspondingly deep. Upon completion of the survey we found a 

drop of 133 feet from B. Ml. to a point approximately four and 

one half miles down stream, marked site of power house on the 

map. This point is situated directly across the river from Em=- 

breeville., Here we decided to discontinue the survey because any 

obstruction of the stream below this point would flood the 

town, and because examination of government maps shows that the 

slope of the stream decreases decidedly below Embreeville,so 

that the advantage gained by running a line of penstocks along 

the river bank would not warrent the extre cost entailed. 

There are two or three good locations for a dam be- 

tween Erwin and Embreeville, but the site chosen was selected 

because of the natural features available only at this point, 

there being an outcrop of limestone on both sides of the river 

‘extending entirely across the river bed. The lines of cleav- 

age making an angle of about 115° to a line drawn horizontal= 

ly in direction of stream flow. The sides of the gorge rise al- 

most vertically to a height of about 150 feet above the river 

bed, and are only 500 feet apart, but gradually diverge as one 

passes down stream until a point is reached about 600 or 700 

feet below the outcrop where the walls spread rapidly apapt, 

and the gorge itself becomes a valley of moderate dimensions. 

Any site, therefore, below the outcrop would necessitate a highe 

er and much longer dam. There would be no advantage in placing 

the dam further up stream except in the resulting decrease in 

heigth of dam, but this advantage would be offset by two things, 

first , the decrease of storage, and secondly, the necessity of 



extensive excavation for the dam foundation, because there is 

no other visible outcrop of rock occurring simultaneously on 

both banks of the stream. 

After carefully comparing the increase in height and 

length of dam with head gained, it was found utterly out of the 

question to select a site lower down stream, and we therefore 

decided to place the dam at the point marked on our map. The 

consideration which determined the heigth of the dam was the 

maximum elevation to which we could back our storage water, and 

as we found from the survey that we had a rather small storage 

basin, we determined to utilize Susry possible opportunity for 

increasing the storage. We therefore decided to select the 265 

foot contour as the crest of our dam, and to protect the. C. 0, 

& 0. tracks at the B. l., by raising the tracks 5 feet for a 

distance of about one half mile, and furthermore, protecting 

same by constructing a concrete wall for a like distance along 

the tracks, the heigth of which we determined later from our 

headwater curve to be 5 feet. 

The storage obtainable with a dam at this point and 

with a maximum storage elevation of 265 will of course depend 

upon how low we wish to drain the basin. After examination of 

numerous hydro-electric plants already in existence, and tak- 

ing into consideration the effect of varying head on the dif= 

ferent makes of turbines, we found a twenty foot variation of 

head to be permissable, but owing to the additional variation 

of friction head in the penstocks which we use and which will 

be discussed later, we took fifteen feet as the depth of layer 



available for storage. The volume of this water was found from 

the map to be approximately 223,000,000 cubic feet, and it covers 

dn area of 348 acres, part of which is above the 250 foot con=- 

tour, thus making the average depth of layer stored 13 feet. 

Having found a location for the dam, and decided upon 

its heigth, the next question was to determine the flow of the 

stream, and see what could be expected in the way of steady dis 

charge, and this brings us to the= 

HYDROGRAPH. 

"The flow of a stream is constantly changing and any 

single measurement of that flow will pot furnish sufficient 

data upon which to base an intelligent estimate of the extent 

of its possible,or even, probable economical development of 

power. A knowledge of the economical possibilities of such de=- 

velopment must be based upon a much broader knowledge of the 

variations that take place in the flow of the stream. In order 

to fully appreciate the power value of the stream, the charact- 

er and extent of its daily fluctuations must be known or es- 

timated. Averages for the year, monthly averages and estimates 

for the average power have been ordinarily taken as a basis for 

water power estimates, but they are more or less misleading, 

unsatisfactory and uncertain, for the reason that such averages 

include extremes, the maximum of which are often unavailable 

for water power purposes without more extensive storage than is 

ordinarily available. The maximum and minimum flow which affect 



the power of the stream not only through the quanity flowing, 

but also through the head as well, are of the utmost importance 

for a broad consideration for water power. So also is the know 

ledge of the various stages of the flow, and the length of time 

that each will prevail. Such knowledge demands daily observa= 

tions or estimates of daily flow, which can be represented in 

graphical form by the hydrograph.” 

Since no hydrograph of the river at this point existe 

ed, it was necessary for us to construct what is Yaond 58 a cone 

parative hydrograph, based upon the assumption that the flow 

per unit of area at different points on the same stream, or at 

points on different streams under similiar circumstances is es=-- 

sentially the same. We measured the discharge ot the river at 

Section A-A, Plate I., this section being located at a point 

comparatively free from eddies and cross currents. This measure- 

ment was conducted by dividing the cross section of the 
stream 

into 5 foot sections, soundings being taken at the edge of each 

section and the average of each section being determin
ed by the 

use of a Price current meter. Plate II. shows the method of 

procedure and the results obtained thereby. This discha
rge we 

found to be 2,400 second feet on the 8th of larch, and on t
he 

same date the government gaging station at Bird's Brid
ge, about 

30 miles below Embreeville, and on the Nolichucky, 
showed a 

discharge there of 3,300 second feet. The ratio of discharges 

at Embreeville and Bird's Bridge is then 0.73 . As a check upon 

this method we found the ratios of the drainage areas at the two 

places to be 780 + 1,099 = 0.71 . Taking a mean of the two 
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ratios , or 0.72, we were now able to plot a hydrograph of the 

river at Embreeville by multiplying the discharges at Bird's 

Bridge station by the factor 0,72 . The Bird's Bridge discharges 

we first plotted from rating curves and daily observations, Ob 

tained through the kindness of Mr. Hall, U. 8 . G. S., of Atlanta, 

these observations extending over a period of nine years. Plate 

111. is the hydrograph of the Nolichucky at Embreeville for the 

same period, i.e., nine years. 

THE RELATION OF STREAM FLOW AND STORAGE TO POWER DEVELOPED. 

As stated before the storage is 223,000,000 cubic feet 

with a 15 foot layer of water available for use. On examination 

of the hydrograph from 1903 to 1912 it is seen that 1903 and 

190 4 are the lowest years, 1904 being an exceptionally low year 

the discharge remaining at 250 second feet during the entir
e 

month of October. Going back to 1903 and supposing that 
we wish 

to take 600 second feet as our minimum average daily 
flow, the 

average flow during July is 800 second feet, hence our basin would 

be full at the end of July. The average daily flow for August is 

650 second feet up until the 24th of the month, wh
en the dis- 

charge falls to 400 second feet, so that for a period of 39 days 

we must supply 200 second feet from the amount p
reviously stor- 

ed. 223,000,000 + 200 x 86,000 = 13, ie, the rainbr iat toys 

that our storage would supply the deficit, which carries
 us to 

October the 4th. F rom October the 4th to November 15th
, the av- 

erage discharge is 350 second feet, therefore equivalent aux- 



iliary power must be supplied to cover the deficit of 250 second 

feet for a period of 43 days. From November 15th to D ec. 17th 

the average discharge is 450 second feet, and since there is no 

water stored, the equivalent power of 150 second feet must be 

supplied by the auxiliary plant for a period of 33 days. From 

December the 17th to January the 20th, 1904 the average dis- 

charge is B00 second feet, and there is yet no storage the auxe 

iliary plant must supply power that is equivalent to 100 second 

feet for a period of 33 days. From January 20th to September 5th 

1904 the flow is at no time below 600 second feet, except for 

three or four days, and on the 5th of September the basin is full. 

From September 5th to November 15th the average discharge is 

300 second feet and 300 second feet must be drawn from basin 

which will last nine days,or until September 15th . Then 300 sec 

ond feet equivalent auxiliary power must be supplied for a per=- 

iod of 60 days, i.e., until November 15th when the equivalent of 

100 second feet must be supplied for 20 days. Again on Septemb=- 

er 15th, 1905, the discharge drops to 500 second feet and re- 

mains there for a period of 76 days, but as the basin is full on 

September the 15th, the water stored will supply deficit of 100 

second feet for 28 days, so that the auxiliary plant will be call- 

ed on for power equivalent to 100 second feet for a period of 

48 days. From December 2nd , 1905, until September 20th,1910, 

the flow is at no time below 600 second feet for a period greatm 

er than 15 days which deficit can be supplied from storage. On 

September 20th, 1910, the basin is full, the discharge drops to 

500 second feet and remains there until October 15th, a period 
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of 2b days, during which time the storage must supply 100 sec- 

ond feet, which it does, and on October 15th the storage supply 

being exhausted the auxiliary power must again supply equive- 

lent power of 200 second feet for a period of 45 days. In Aug- 

ust, 1911, for a period of 30 days, power equivalent of 200 gece 

ond feet will be demanded of auxiliary. The total demand for 

auxiliary power from January, 1903, until January ,1812, is 

800 days, the demand varying from 100 to 400 second feet equi- 

valent power, sc that the auxiliary plant will have been in op- 

eration for 9.4% of the time during the nine years. The above 

calculations are based on unity load factor, i.e., we have sup- 

plied an output of power equivalent to 600 second feet discharge 

continuously, day and night, for nine yesrs, with the aid of 

auxiliary power supplied for length of time as already stated. 

Daily load curves were plotted for five large cities, 

and an average curve taken from these, this curve being shown on 

Plate V. The load factor derived from this average was 48 %, 

while the load factor of the Knoxville Railway and Light Co. was 

46 %. The question now arises whether it is more hdvisubic to 

take the average of these two,i.e., 47 % of the load factor and 

with the available 600 second feet solve for peak load on the 

assumption that the load factor will never go beyond 47 %, or 

whether it is better to take a lower load factor, thus obtain- 

taining a lower peak load and allowing for future sale of off 

peak power. We decided to take 50 % as our load factor, which 

value is extremely high for the locality in which we shall mark. 

et our power. On this basis our peak lcad would rise to power 



10, 

equivalent to 1200 second feét. 

This amount of power can be, with the assistence of 

the auxiliary plant, generated the entire year, however the sum 

mer demand will be lighter than the winter demand by about 20 

to 256 %, and the winter discharge would be sufficient to gener-- 

ate a great deal more power than the average power as czalculat- 

ed above. Further examination of hydrograph shows that the sum=- 

mer season must extand to the middle or last of December, atl 

from then until first of July secondary power could be obtained. 

It would be entirely unusual and extremely unwise to take care 

of all of this additional power at the outset, neverkheless, we 

finally determined to install one additional unit as a reserve 

and as a means of supplying some secondary power, However, we 

will base all of our calculations as to output on the 600 second 

feet average daily discharge, with a peak demand of 1200 sec- 

ond feet. 

If the power house were located at the site of the dam, 

the theoretical peak output would be 1200 x 71 + €.8 = 9,700 

H. P. ( Since the available head at that point would be 71 feet, 

neglecting friction losses.) But if the power house location 

were carried down stream by use of penstocks, the head would 

rapidly increese, thereby increasing the output. The topogra= 

phy of the locality makes it possible to construct a pipe line 

as far as Embreeville in an almost straight line, this pipe 

line following the river bank for a distance of 8,500 feet, 
then 

leaving the course of the river to cross a neck 1500 feet 
wide, 

as noted on Plate I., meking a total length of line of 10,000 
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feet, the head gained in this length being 61 feet. The question 

might be asked , why extend the line across the neck, thereby 

demanding a much longer penstock, but this is answered by the 

fact that 40 feet of the 61 feet drop lies between the opposite 

asides of the neck. With a power house located at Embreeville’ 

the theoretical cutput would be 1200 x 132 + 8.8 = 18,000 H.P. 

( Since the head here is 132 feet, neglecting the losses due 

to friction.) We have then the choice of two alternatives, the 

location of the power house at the site of dam, developing 

9,700 T.H.P., and the location of the power house at Embree=- 

ville, developing 18,000 T.H.P.; in the latter case we must 

construct in addition to the power house and dam, an expens= 

ive penstock line, 10,000 feet in length, and it is very proba=- 

rer nts line would exceed the cost of the dam itself.(Which 

we later found to be the case.) The only wise and raticnal 

course to pursue in the selection of the proper alt
ernative is 

to allow the issue to be governed by the conditions of the = 

MARKET FOR THE POWER. 

Since there are no large towns in the immediate 

vicinity of the proposed plant it will be ne
cessary in any case 

to construct long transmission lines to reac
h points where the 

total sale of power would amount to more t
han 3,000 H.P., and 

if we choose the site of the power house 
at the dam, thus deve 

eloping 6,700 H.P.-actual ( Under the assumption of an overall 

effeciency of 70 %.) We woul
d be compelled to run the tr

ang= 
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mission lines to Knoxville in order to sell all the power gen= 

erated, unless we count upon future growth in immediate vicini-- 

ty eventually demanding the excess of power. If we did this our 

first several years of sales would be exceedingly low and the 

investment would be & losing one during those years as the re=- 

turns from the sale of 3,000 H.P. would not pay dividends enough 

to more than cover the interest on the money invested. Under 

these conditions we thought it advisable to extend transmission 

lines to Knoxville, and by so doing we could find a market for 

our power which would take a large percent of the total amount 

generated , even when the power house is located at Embreeville,. 

Assuming that we could sell 50 % more power in the 

towns considered than is sold by steam-electric plants, we pre 

pared the following table showing the probable distributien and 

sale of power. 

TABLE I. 

BrWit evi vvasnvrinranvrnes «200 -H.P. 

JORNSON Clt¥eessrsoneineass1500 HP, 

Greenville... .. vii ices vonns 800 HP, 

Horristowhe.sseeive vs rains sdBB50 EP, 

Jefferson City... ovaries 280 HP. 

Eroxvl lle. iti cece sien eee tang n.P, 

Total 11250 H.P. 

Of course the allowance of 50 % beyond the present 

steam-clectric output of the various towns gives room for growth 

of at least two or three years, as it would take that long, or 

longer,to raise the demand to the figures cited above, but there 
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is no doubt that this can be done in this length of time, pro=- 

vided that we can afford to sell power at rates reasonable 

enough to induce factory owners to demand additional power. From 

the above figures we think it is safe and advisable to develope 

as large as output as possible, and therefore conclude to select 

the Embreeville alternative as the proper location of the 
power 

house. Having now determined the conditions governing the
 seleo- 

tiens of the site of dam and power house,the height of dam and 

the theoretical output of plant, we are ready to begin calcu=- 

lations as to size and strength and cost of the installation. 

DESIGN AND COST OF FLOOD WALL FOR PROTECTING C.C.& 0.
TRACKS. 

The cost of radsing the double line of ¢.C.% 
0. tracks 

for a distance of one half mile to a maximum hei
ght of 5 feet, 

and an average height of 21 feet, is approximately as follows i= 

Pilling 2,640 x 2% x 23 = 150,200 cubic feet ,or 

5,600 cubic yards @ $0.25 per cubic yard = $ 1,270.00 , cost of 

track alignment to be borne by railroad comp
any. 

A concrete wall 5 feet high will need to be 3 feet thick 

at base and 1 foot at top in order tec safely withstand the 

pressure that would result in case water should rise to the top. 

These dimensions were calculated on the
 basis that the specific 

gravity of the concrete was 2.00, and w
ere calculated to pPro= 

vided against overturning when water
 is at top of wall, This 

wll, one half mile long will contain 88
0 cubic yards of con- 

crete @ § 4.50 per cubic yard-- 
including setting-—gives $3,950

.00 
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Excavating 150 cubic yards @ § 1.0C per cubic yard = § 150.00 

Total cost of track raising and protection.......$ 5,370.00 

COST OF LAND AND WATER RIGHTS. 

Total land required is 360 acres, including pipe line 

right of way, which is 50 feet wide, and power house site, but 

the area of the river bed itself is 55 acres, leaving 315 acres 

to be purchased. The average cost of land in this neighborhood 

is § 38.00 per acre, making & total cost of land...$ 12,000.00 

The right of way for pole setting will be included under the 

transmigsion department. 

Since the stream is not navigable the United States 

water rights are free to whosoever chooses to utilize them, and 

go far, the state of Tennessee has been content to blindly give 

away any and all water rights, so that our water rights will 

cost us nothing. 

DESIGN, CONSTRUCTION AND COST OF DAM. 

THE SPILLWAY:- See Section B-B Plate VIII. Th
e type 

of spillway most widely in use in present day construction seems 

to be the Ogee, or a modification of the Ogee. After a care= 

ful consideration of the many different t
ypes, we thought it 

pest to use the Ogee spillway, first, becaus
e the downstream 

face is curved in such a manner as to insure that the water will 

always cling to the surfece, and wi
ll prevent the formation of a 
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vacuum under the falling sheet, and as it is generally conceded 

by engineers that the formation of a vacuum on the down stream 

side is responsible for the trembling cften felt in the vicinity 

of an overfall dam; secondly, because the crest on the upstream 

side is sloped in such a menner as to prevent any undue shocks 

caused by floating bodies striking against the crest, this slope 

at the seme time materially increasing the effective discharge 

of the spillway. Mr. Merrimen states ( Page 16Q-— Hydraulics) 

that the coefficient M in the equation for discharge, as deter=- 

mined by experiment by government engineers for this particu=- 

lar type of spillway, has the value, N=(3.78== Ti 

where s is the ratio of the horizontal to the vertical projec= 

tion of the straight inclined part of the crest. A good value 

for s is 1.73, making the included angle 30°, an angle which 

will permit logs of usual diameter to ride easily over the cresi. 

With this value of s, M = 3.51 £7 and the formula of dis- 

3/2 1.55 
charge, 9 MbH , becomes, q = 3.51 H , because b is taken 

as unity. The discharge as found per linear foot of spillway is 

age shown below: = 

TABLE 11. 

: H= q : H= 

0.5 1.22 3.0 19.25 

1.0 3.51 3.5 24.50 

1.5 6.56 4.0 30.10 

2.0 10.25 4.5 35.90 

2.5 14.50 5.0 42.60 
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TABLE 1I. Con. 

= q H= q 

Head on Sec.Ft. Head on Sec.Ft. 

Crest Crest 

8.5 49.25 9.0 1085.45 

6.0 56.40 10.0 123.20 

7.0 71.580 11.0 144.85 

8.0 88.20 12.0 165.00 

The only way of determining the proper length of spill 

way is to draw a number of curves for different lengths, and 

noting which one comes nearest to fullfilling the desired con=- 

ditions. W e drew discharge-head curves for 80, 100, 120, 140, 

and 300 foot spillways, as shown in Plate VI. There were two 

conditions governing the selection of any one of the above 

lengths, first, the maximum height of flood water must not rise 

above elevation 272. From the hydrograph it ie seen that the 

maximum discharge did not exceed 20,000 second feet during the 

Jast ten years, and a discharge of 20,000 second feet would 

raise the water elevation to 272 with a 300 foot spillway , as 

is shown from the 300 foot spillway curve. It is therefore nec- 

essary to use at least a 300 foot spillway, since a shorter one 

will not meet the above requirement, and ss this this leng
th is 

sufficient to meet this requirement, there will be nothing gain- 

ad by using a longer one. The second consideration 
is that the 

variation of head with variation of river di
scharge shall be as 

small as possible. To determine this variation 
of head it is 

first necessary to draw the tailwater cu
rve of the river at the 
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power house site. This curve was drawn from a few points obe 

tained as follows:- The elevation of water surface at power 

house site was noted on certain date, later, from the hydro- 

graph we were able to find the discharges corresponding to the 

heads measured. We were fortunate enough to obtain one measure= 

ment during a flood when the head, or depth, reached 7 feet. 

Since one bank of the river is very steep and the other extends 

backward with a gentle uniform slope above the 7 foot mark, we 

assumed that the curve would have almost the same slope beyond 

the 7 foot mark as it has between the 5 and 7 foot marks, and 

drew our tailwater curve accordingly, as is shown on Plate VI. 

This curve might be in error from 20 to 30 % and yet such an 

error would not effect the results obtained by its use more than 

14 %. With all turbines running, or 1200 second feet discharg- 

ing through the turbines, the maximum variation of head with 

the 300 foot spillway as found from curve, is 0.9 foot with 

river discharges ranging from the zero ,or no flow gotnt, to 

the maximum. For constant river discharge and varying turbine 

discharge , the maximum variation of head is 1.6 feet as found 

from the short dotted curves of Plate VI., which curves are the 

headwater curves under varying turbine discharge. The total max 

imum varietion is then, only 2.5 feet, which is very satis- 

factory indeed. The next step is to work out the curve for the 

down stream face . Bvery one knows that the curve taken by a 

jet of water issuing from an orifice is a parabola, undoubted- 

ly then , the surface of the spillway must be a parabola if the 

friction is to be a minimum, only it must be a somewhat flater 
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parabola than the one calculated for the maximum head in order 

that water shall not shoot clear of the surface during times of 

flood. The equation for the parabola necessary to meet our de- 

mands was found to be:=- 

Gen : c wi on w=1/20 
y = gx= , and since v ® Mxh®, y = gx" x H SZ, RL, 

2y (2x3.51)% 

We took H in the above equation to be 6 feet, although the maXe 

imum height taken by the water during the last ten years was 

6.5 feet, but we may take this value of H.2 8.0 ,since the 

force of adhesion of water to the concrete surface will more than 

the difference due to a head of 0.5 foot. Placing H 26.0 in the 

above equation,it reduces to y = 0.163x%. This parabola we ex= 

‘tend from the crest of the spillway to a distance 43 feet be- 

low the elevation of the crest, the remaining length of the 

Sarvs being a circle of radius = 65% feet, this circle being 

tangent to the parabola at the point of junction, and extends 

ing far enough sc that water leaves it at lower end parellel 

with river bed 2nd at a height of about 1} feet 
above same. The 

13 foot space being filled with rip-rap, extending 
for some 30 

or 40 feet down Stream as an additional protect
ion against : 

scouring of the river bed . Plate VIII.-"C" shows dimensions 

of the cross section of the spillway. Calculations of this sec- 

tion for strength and stability were deferr
ed until after cal- 

culation had been made for the Section 
C=C, and were then de- 

termined by comparisen with the latte
r section. 
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8EC.C-C. "The following general principles of dam construction 

must be observed:=- 

(1)...The dam must have suitable foundations to sustain the 

pressure transmitted through them, which must be either imper- 

vious or rendered practically so. 

(2)...It must be stable against over-turning. 

(3)...It must be safe against sliding. 

(4)...It must have a sufficient strength W withstand the strains 

and shocks to which it is subjected. 

(5).:.It must be practically water tight. 

(6)...1t must have essentially water tight connections 
with its 

bed and panks, and if bed or banks are pervious, with some ime= 

pervious strata below the bed end within the banks o
f the streams! 

Since the foundations are to be laid directly upon a 

stratum of limestone, and since the lines of cleavage of this 

govutun make such an angle with the river be
d as to make it im- 

pervious, grouting will be un-necessary, and 
it is only essential 

that a water tight joint be obtained to prevent leakage. Have 

ing satisfied all of the above stated principles except the 2
nd, 

3rd and 4th, we will now turn our attention to 
these. 

The possibility of the dam sliding on its base we safe 

guarded against by excavating three 
trenches in the solié rock, 

to an average depth of 5 feet, and for an average width of 12 

feet, also extending same from bank 
to bank. The detail of this 

method of anchorage is shown on Plate VIII.,S ection "
CY. 



20. 

lr. Mead states that for masonry and concrete dams not 

over 100 feet in height , built on rock foundations, the de- 

sign can be based on the conditicn thet the lines of pressu
re 

must lie within the middle third of the profile, and he gives 

the following formulee for the calculaticns of such dams:=-
 

b ZOE 0% Hi wren ssnradaiail) 

¥oS 1.8+ 0.06 XH cevvrnvnrvnna(?) 

where b is the width of the top, I, the heigth above water le=- 

vel, and H the greatest depth of water. These tw
o emperical 

formulae ave due to Coventry. Taking H = 86 fee
t (Allowing a 

factor of safety.) y ®= 6.5 feet = Distance BX, Section C=C, Plate 

VIII. = "C" , and b = 10 feet = Distance AB of sane section and 

plate. A 1lso, yz bX BE ri seis seal) 

where y,®* Height of the rectangular portion 
= Distance BD, 

Plate VIII.--"C", and s = Specific gravity of the material used. 

Kent gives 2.20 as an average value of
 the specific gravity of 

concrete. Since our dam is to be of cyclopean concrete its 

specific gravity will be even higher,
 but we will use the fig= 

ure, § © 2.00 in order to provide an additional
 factor of safe- 

ty. With this value of s, we get y,= 14 feet. 

The down stream side of dam is now to be sloped s0 

that the resultant pressure , with water at the top of dam, 

shall fsll within the middle third 
of length of any joint. 

We divided the height of the dam into ten foot sections and 

calculated the length of each joint fro
m the formula below. 



Taking for example section GH, Plate VIII.-"C", 

GH = ( B ~c2)? ER GI LUO gol 

where, 

B= 6m (Area ABFE) + (pH)°+ E ,and where 
FH : s YH 

¢ = + (Area ABFE 4 ZF) 
FH 

m being the distance from F to the line of action of weight of 

mesonry above BF. Substituting in this formula we get GH = 20 feet. 

"When m becomes greater than one third the length of the joint it 

becomes necessary to batter the upstream face, also $0 that the 

lines of pressure with reservoir full and empty both lie at the 

limits of the middle third of the length of any joint." The: 

lengths of the joints, as NP may be found from the formula:=- 
1 

s LO. 2 10 LO 2 

and the value of OP is, 

OP = 2(Ares ABUK)(NP=3 m) = (LO x ANS) , 
6 (Area ABUK)= LO{ SKN + TP) 

where m is the same as already explained. Substituting in this 

equation gives us, NP : 463 feet, and OP = & feet. The other 

sections were calculated by the same formula. As a check upon 

these formulae the following calculations were also made:- 

The center of pressure is known to be at a distance one 

third the depth from the bottom, which is 29 feet. P was found 

by the formula P = uf? dy to be 230,000 lbs. per linear foot. 

The center of gravity of the dam lies in a line marked W,in 

Section C-C,Plate VIII.-"C", found by a simple process of mechan=- 

ics , 28 feet from what may be called the acting toe of the dam, 

i.e., a point, where, if the dam really overturned, the concrete 
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would hold as a fulcrum, and the value of W must be equal to 

P x 20428 = 235,000 lbs. per linear foot. The actual weight of 

the dam with dimensions as used, and with s = 2,00 is 434,300 

lbs. per linear foot, giving a factor of safety of 2 against 

overturning. 

The shear along any section is equal to the algebraic 

sum of all the loads above that section, or, V = wx, where v 

is the shear in pounds es square foot, x the lotta in feet 

from top of dam, and h the length of section. For example, 

elong section BF, V 2 62.4 x 24 = 110 lbs. per square foot, 

and the remaining sebtlon eal show an even less value for Y., 

while shearing stress of concrete is commonly taken at 100 lbs. 

per square inch.(Merriman.) | 

Returning now to the spillway, we find that section 

C=C is not as thick as the spillway must be if we are to use 

the curve previously derived for sone, Ba desiring by all 

means to use this curve, we increased the thickness of sgecticen 

C=C , as shown by the solid line drawing ef Section C-c,Plate 

VIII.-"C"; dotted line drawing shows this section as calcu- 

lated. by formulae. The reason for so increasing the thickness 

of Secticn C-C is twofold,to give additional strength, and to 

provide a flanking wall for spillway. Even then we had to build 

a low flanking wall at the lower part of the spillway, as is 

shown in the plete. The calculation of the strength of the 

spillway portion now takes care of itself, as it has already 

been steted thet it is thicker than section C=C as derived from 
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the preceding formulae. 

The cross sectional area of Section B-B is 3,070 square 

feet, its length being 300 feet, giving us 34,200 cubic yards 

of concrete. 

The cross sectional area of Section C-C is 2,900 square 

feet, and referring to Plates IV, and VIIl-—A, and VIII- B, the 

average length is found to be 200 feet, giving us 21,500 cubic 

yards. From these figures is to be deducted the volume of two 

sluiceways, two penstock intakes and a passage way, totaling 

800 cubic vards as shown by figures based on dincuetons of Plates 

VIII. and IX. This leaves 34,200 — 21,500 -— 800 = 54,900 cubic 

yards of concrete to be used in the structure, @ $ 4.50 per 

cubic yard ( Gillette's"Handbook of Cost Data" says average cost 

of concrete laid, is § 4.85 per cubic yard, but we can procure 

all necessary stone for the cost of digging.) gives § 247,000.00 

for cest of material used in the dam, and laying of the sane. 

Excavation for anchorage, both on banks and in river 

bed, of 5,000 cubic yards @ $ 1.00 per yard = & 5,000.00 . 

Total cost of dam, not including cost of engineering, 

Io ben oi. si ia ir ee Sa en eae A RBS 000.00 

The calculations for sluiceways, penstock intakes, 

gates and racks, and passage ways are now to be taken up in 

the order named. 



SLUICEWAYS. 

The sluiceways are intended as an additional safeguard 

against the excessive rising of water above the crest of the 

. spillway, and are designed to discharge 3,000 second feet when 

the depth of water on the crest is 5 feet. At time of maximum 

past discharge of 20,000 second feet the water level would be 

at 272, and a possible further rise of 3 feet would flcod val- 

uable property, namely the C.C.& OC. tracks. Any further rise 

beyond the 3 feet could be handled by the opening of these 

sluicewzye. The head on the sluiceways being approximately 75 

feet, q = C a (2h)? , taking C = C.80 ( Merriman, page 187.) 

then a = 54 square feet. If we use two 9 foot compound tubes 

with central section 4 feet in dizmeter and ratios of lengths 

of sections ( See Merriman) as shown in Plate VIII-"C", we 

cam discharge 3,000 second feet. The object of reducing the 

central section is to decrease the size of valve required to 

close the sluiceways. Two motor-operated 4 foot valves,design- 

ed for a pressure of 50 lbs. per square inch, which is about 

the pressure to which they will be subjected, can be purchased 

from the Crane Co. for § 1,700.00 each, total § 3,400.00. 

Two 2 H.P. motors required for the operation of these 

valves can be had for § 172.00 ,(S ince the price of valves 

as quoted above does not include motor.) 

Total cost of sluiceway equipmente.ieecsesd 3,572.00. 



25. 

THE PENSTOCK INTAKES. 

Plate IX. gives details of the intekes. & ach inteke 

is divided into two openings, each opening having a well rounde 

ed approach. This arrangement almost excludes entrance 
losses, 

and at the same time requires two gates and racks, each 19' x 

94! ,instead of a very much larger gate,as would be required if 

there were no division. This larger gate would be extremely dif- 

ficult to design owing to the great pressure it ie forced to 

bear. The intake of penstock No. 1 was placed approximately 28 

feet from the bank, since much trouble is caused by swirling if 

the intake be placed nearer to the bank than two diameters. The 

principle reasdn for placing the intake 
so low,is, that a pen- 

stock intake passing through the dam from
 outside bottom to ine 

side, near water surface, is a source of great weakness to the 

‘gtructure, and would call for much greater dimensions at this 

section. Again, in time of low river discharge, it may be found 

advantageous to draw the water level in the basin to a lower 

depth than the 250 contour, in which case , the upper edge of 

the intake should be at least 10 feet below the new level, If 

this level were 240, the upper edge would properly be at ele=- 

vation 230, whereas it is now at elevation 215, or,15 feet low- 

er than is necessary. This difference of elevation does 
not in- 

crease the pressure and consequently the size of the 
gates— 

enough to warrent the abandoning of the lower position in favor 

of the higher one. The interior of the down stream portion of 

the intake is 11 feet in dia
meter, allowing the wooden s

tave 
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penstocks to be properly connected with the intake. The con- 

crete column, or rather division, between the gates of each in- 

take was designed to bear the pressure exerted upon one gate, 

but is to he of re-inforced concrete. 

GATES AND RACKS. 

The area of each gate is 180 shunts feet= 10 be built 

of % inch plate steel, the weight of this plate being 3,700 lbs. 

The pressure of water at this depth is 3,700 lbs. per square 

foot; using twelve cross braces, the load per brace is 45,000 

lvs., and a brace of sufficient strength, and at the same time 

of the smallest possible size, is best made of two 8"x 8" an- 

gles, placed back to back, and rivited to the plate. Total 

length of braces per gate is 216 feet, weight is 12,300 lbs.The 

vertical braces are to be four in number, each consisting of one 

12" channel, the weight of the four being 1,560 lbs. Total weight 

of gate is 17,000 lbs., @ 3% cents per pound, gives cost of 

$ 620.00 . The total cost of the four gates, including the mater 

ial and construction, is then $§ 2,500.00 . Since whe weight of 

each gate is 17,000 1lbs., and the total pressure on the gate is 

8 x 19 x 3,700 = 666,000 lbs., the coefficient of friction of 

iron on iron being 0.50, then the load of the motor is 17,000 + 

0.50 x 666,000 = 350,000 lbs. Raising the gate two feet per mine 

ute gives us 700,000 foot lbs. per minute, 80 that it will take 

a 21 H.P. motor to do this work. We prepose raising the two gates 

belonging to one penstock by the use of one 50 H.P. motor. 

Hoisting machinery capable of standing this service may be 



purchased from the James Leffel Co. for $ 95.00 per wolst.. 

‘One 50 H.P. motor ( D.C.Motor ) will cost $670.00 ,80 that the 

total coat of the four gates,two hoists, and two motors will 

BINOUNE 40 Jit s vas saunonnsis vonsnvosysaniine +84, 030,00 

The operation of these gates is discussed later. 

TRASH RACKS. 

These racks are designed to stand two thirds of the 

gate pressure, and are to be built of 3" x 3" iron rods,spaced 

horizontally 2 inches apart. It takes 10 cubic feet of rods 

per rack, or 5,610 lbs. @ 3% cents per lb. = $ 204.00 . 

Allowing $ 280.00 for braces and framing, the cost per rack is 

$ 484.00 , making the cost of four racks § 1,930.00,this,plus 

the cost of two sluiceway racks ,which is approximately $780.00, 

gives § 2,710.00 for all racks. Cost of bracing § 65.00. 

As the weight of each rack is 5,600 1lbs., and the 10431 prose 

sure ( allowing two thirds pressure of gate ) is 444,000 1lbs., 

it will require 455,200 foot lbs. of work per minute +0 raise 

rack at rate of 2 feet per minute. This equals to 33.8 H.P., 

and we will use one 30 H.P. motor for raising 
the two racks be= 

longing to the same penstock, the cost of a 30 H.P, D.C. moto? 

being $560.00 . Hoisting machinery @ $75.00 per hoist. 

Sluiceway racks are to remain permanently in posit
ion. Total 

cost of the six racks, two hoists and two motors i= 

TR OTE Ba CL Se NR ANTI D 
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THE PASSAGE WAY. 

This passage way gives access to the sluiceway valves, 

the motors for operating these valves being placed within it. 

The passage also gives access to the penstock intakes by means 

of a manhole. The passage floor is at a sufficient height above 

the top of the intakes to insure against the pressure in ine 

takes breaking through into it. The manhole opening will be close 

ed by a heavy iron plate, suitably fastened into position in 

such a manner as to be easily removed. The dimensions of the 

passage are made large enough to allow handling of all material 

that will necessarily pass through it. Outlet of passage is at 

‘convenient point at bank of stream. 

THE P ENSTOCK LINE. 

The penstock line is to be 10, 000 feet in length, and 

as this length is great enough to cause a large loss of head 

due to friction, unless the line is of large diameter, it will be 

seen at once that the cost of construcing such a line will be a 

very heavy one. As the cost of pipe increases rapidly with a 

slight increase of diameter- when the diameter is above 5 or 8 

feet—lt became necessary to decide upon what would be the best 

course to adopt,namely, to purchase smaller pipe, and thereby 

lose 2 large head, or to install a larger line and save several 

feet of head. The problem wes solved in this fashion. 

At peak load we have 1200 second feet to discharge. 

From catalogues furnished us by different manufacturers we found 
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the coefficient of friction for the different sizes of penstocks 

as manufactured by them, and obtained the loss of head in a 10,000 

foot line discharging 1200 second feet. This loss at peak load 

being 12 feet when using two 11 foot inside diameter steel lines. 

These lines as manufactured by the Dayton Globe Iron Works will 

cost § 44.80 per foot , not including rivets or construction. 

The following data were furnished us by the Pacific Coast Pipe 

Co.:=- " A 12 foot inside diameter wooden stave line, discharg- 

ing 1200 second feet , would have a loss of 1.62 feet per 1000 

foot length. The same diameter,discharging 600 second feet, would 

have a loss of 0.45 feet per 1000 feet. A 10 foot inside diame 

eter wooden stave line, dLentaraing 600 second feet, would have 

a loss of 1.08 feet per 1000 foot length, and a 9 foot wooden 

stave line, discharging the same amount, would have a loss of 

1.81 feet per 1000 foot length" No other manufacturers showed 

as favorable figures as those quoted above, therefore, the cal= 

culations are based upon their figures. Again quoting from the 

P.C.Co.:= " A ssuming average head on line to be 90 feet, when 

reservoir is full of water, and under static conditions, a 12 

foot wood stave pipe line of proper thickness, would cost 

$ 23.00 per foot, a 10 foot line, about $ 16.70 , a 9 foot line 

about $ 14.25. These prices cover the delivering of all mater- 

ials necessary for the construction of: the pipe line, namely, 

staves, tongues, bands and shoes, f.o.b. cars, Knoxville,Tenn., 

and the assembling of these materials into acceptable pipe on 

a prepared right of way. No allowance is made for the transe 

portation of the materials from Knoxville to the point of use, 

and the distribution of the same along the trench; neither is 
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any allowance made for eatth work of ‘any description, nor the 

providing and placing or permenent supports, such as sills, cra 

dles, trestles,&, that may be required. A determination of wheth= 

er one or two limes would make a better instzllation for the 

work could only be made by one thoroughly acquainted with all lo- 

cal conditions. As a general rule, two parallel lines cost about 

35 % more than a single line of the same carrying capacity. The 

two pipe lines side by side, require considerable more excava= 

tion,if laid in & tremch, than a single line, but some advantage 

is gnined by having two independent pipe lines, in that , repairs 

might be made on one without throwing the plant entirely out of 

commission.” 

The cost of the first mentioned double 11 foot steel line, 

including construction and riveting, is § 468,000.00 , maximum 

loss of head being 12 feet. The cost of a single 12 foot wood 

staye line is § 230,000.00, laid in place, maximum loss of head 

16.2 feet, minimum, 4.5 feet. The cost of double 10 foot wood 

stave pipe line is $334,000.00 , laid in place, maximum loss of 

head 10.8 feet, minimum, 2.8 feet. Cost of double 9 foot line, 

$ 285,000.00 , laid in place, maximum loss of head 18.1 feet, min- 

imum 5.5 feet. The steel pipe may be here dropped out entirely, 

because of its excessive price, particularly, when we find from 

actual proof that the life of the wood stave line, when proper 

ly laid, is even longer than that of the steel line. A great ad 

vantage of the wood stave line over the steel , in addition to 

the greater durability, is that the former is never affected by 

tuberculation. 
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Let us take the 10 foot double stave line as the stand- 

of comparison. Suppose that we were to use a single 12 foot line, 

then the loss of head exceeds that of the above chosen standard 

by 5.4 feet, the difference in cost of the two is § 104,000.00in 

favor of the 12 foo: line, but a loss of 5.4 feet head means a 

loss of 740 theoretic horse power, OT, assuming an overall effi- 

ciency of 72 % we would actually lose 550 H.P., and 
at $ 20.00 

per Horse Power per year, this would amount to $ 11,000.00 an=- 

pual loss, so that in nine years time, the sale of power due to 

the extra head saved by using the double 10 foot line 
would pay 

the difference in initial cost between 
the double 10 and the 

single 12 foot lines. 

Since a single 9 foot line is out of the question,ow= 

ing to excessive loss of head, we will 
next examine the double 

9 foot line. The loss of head exceeds that of the chosen stand- 

ard by 7.9% fest, meaning a loss of 800 
actual H.P., which at 

# 20.00 per H.P. per year equals # 16,000.00 . The difference in 

cost of the double 10 and-the:double 9 foot lines would be 

$ 49,000.00. The sale of power due to head saved by using a 10 

system would pay the difference of
 initial costs in three years. 

These figures point conclusively 
to the selection of 

the double 10 foot line as the 
proper one to be used, since a 

double line Virgo: than this wo
uld cost more than the small in=- 

crease of gained power is worth. Penstock lines will 
then cost 

us a total of LRT RI COREE 334,000.00. 

These penstocks are to be tapped at their lowest 
ele- 

vation by 24" drain valve
s, one to each penstock. These v

alves 
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afford a ready means of draining pipe in case of necessity for 

repairing. The cost of these two hand-operated valves, as quote 

ed by the Orane 00., Will Bo .iu.vesresssesnasil. 1,020.00. 

From experimental data furnished us by the manufactur- 

ers we found that the head loss due to bends would be 0.70 feet 

for the 20° horizontal curve- shown on Plate I. This curve was 

selected because it was the smallest one we could use without 

running line below the high water mark; the loss for the verti- 

cal curve at the power house will be approximately 0.33 feet, 

making a total loss due to bends of 1.03 feet. 

Plate VII, is a virtual profile of the penstock lines, 

showing the relative elevation of dam, power house , and the 

vertical curve of the penstocks, 

PENSTOCK RIGHT OF WAY. 

The cost of land for pipe line right of way has Hoek. 

already taken up under the heading " Cost of Land." The type 

of trestle, used to support the pipe, is shown in P late IX. 

These trestles are to be placed every eight feet. It takes 80 

board feet of lumber per trestle, and takes 1200 trestles per 

line, ziving 95,000 feet lumber, which @ § 15.00 per IM gives 

$ 1,450.00. Hach trestle rest on two concrete piers. Allow=- 

ing 2 cubic feet per pier, it requires 180 cubic yards of con- 

crete perpipe line, which @ § 4.50 per cubic yard = § 800.00. 

Cost of Yabo Lov erection=also allowing for necessary clear= 

ing = @ $ 5.00 per M ( Gillette ) = § 500.00. 
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Excavation for piers, 2 cubic feet per pier = 180 cubic yards per 

line, and allowing 500 cubic yards for other necessary excavation, 

makes total excavation of 680 cubic yards @ § 0.75 per cubic yard 

( Excavation mostly in dirt ) = $ 510.00. Total cost of preparing 

Gouble line OF Tight Of WBY «.revvnsrvsrernneensensd 6,520.00. 

THE POWER HOUSE. 

As previously mentioned, the power houseils to be located 

at Embreeville. It is to be located at the foot of a bluff, which 

rises to a height of 100 feet immediately behind it, forming here a 

sort of saddle. The penstock passing through this saddle, enters 

the power house from above. The location is better shown than dee 

scribed and a reference to the map of Plate I, will make it clear. 

At the foot of the bluff is a narrow shelf of rock about 15 of 20 

feet wide, and it is upon this shelf that the building will be er= 

ected. The rear portion of the building is to be built against the 

face of the cliff itself, the main portion, that is, the generator 

room will be out just beyond the present river bank, while the 

tail races will have to be excavated from the present bank and bed. 

Plate X. is a cross section of the power house and shows in detail 

the features just mentioned. The number and the size of the units 

to be installed, will of course be the chief factor in determining 

the power house dimensions. Having obtained these sizes and number 

of units by calculations which will be discussed later, and allow= 

ing liverally for extra floor space, we planned the building as 

shown by plate X. The overall dimensions being 150 feet by 66 feet. 

The height of the main building is 45 feet , that of the transforme- 
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er and switch room department is 41} feet. 

Qur method of turbine installation is a rather novel one, 

namely, that of installing the turbines all in one casing, this 

casing ,however,to be so arranged that it can be divided ipto two 

sections by means of a hydraulic-operated dividing gate,see Plate 

X. This scheme of installation was chosen because it renders one 

set of turbines accessible for repairs without shutting down the 

plant, and because it does entirely away with the loss of head en- 

tailed in running a separate pipe from the penstock header to each 

turbine, it also offers additional advantage of cutting down pen= 

stock loss when only one or two untis are in operation. 

The turbine casing, or, more properly speaking, the wheel 

chamber iw to be constructed of re-inforced concrete, and as the 

length of the turbines is 20 feet , it will be 20 feet in width. 

Allowing 20 feet between center lines of turbines, except the middle 

two, where we allowed 28 feet on account of dividing gate, the in- 

terior length of wheel chamber will be 86 feet. The thickness of 

the walls determined by calculating them as beams loaded 
to the 

extent of the pressure of the water under a head of 110 feet, this 

pressure is 7,200 lbs. per square foot. The rear chamber wall is 

4 feet thick, the required thickness found as follows. 

The height of this wall is to be 9 feet, therefore we have a bean 

9 feet long, supported at both ends loaded uniformly with 
a load of 

7,200 lbs. per square foot. Taking a strip 
of one foot in width as 

the basis of our calculations,gince the concrete 
is to be reinforc-- 

ed, the value of S is taken as that of steel, that is, 10,000 lbs. 

The formula for a beam loaded in this manner is :=- 
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SI. 1/24 wl®, where w is the load per linear foot, Iz bh” = 
C 6 

200 x 81 , from which h = 3.8 feet,and we took it as 4 feet. 

x For the front wall, which is to be 11 feet high, h 3 5 

feet, calculated as above, the end walls being same as the front , 

since they are of the same height. Ten iron tie rods, 1% " diameter, 

are to be placed in the chamber in addition to the re-inforeement. 

The penstocks are made t0 enter this chamber in such a 

manner as to eliminate nearly all shirance losses, the curves being 

gradual, and there being at no place a sudden expansion, the wood= 

en pipe being built into the concrete and the two coupled by a plate 

steel coupling. The dividing gate openings are two in number and are 

8 feet by 8 feet , the contraction of the chamber here 1s also 

gradual. Behind the wheel chamber, and extending entirely along its 

length, is a passage way 5% by 10 feet excavated from the solid rock 

giving access to the rear turbine bearings. 

The generator room is supported on five piers, under the 

front wall, the rear wall being a vertical extension of front wheel 

chamber wall , which latéer rest upon solid concrete foundations, 

These piers are joined by 16 foot arches of re-inforced concrete, 

4 feet thick at the center, this thickness being determined from 

Merriman's discussion of arches. The pilers are also joined tothe 

solid foundations by a 28 foot re-inforced concrete span, 4 feet 

thick at center, so that the generator floor rest upon a series of 

groined spans or arches. 

The draft tubes are partially excavated from rock, and 

partially built of concrete, their size and shape being such as to 

eliminate all possible friction losses. The length ot these tubes 

is such that the distance from the center of turbines to mean 
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water elevation is 17 feet. A longer tube was at first considered, 

but Mr. Mead and Prof. Switzer cited instances where plants were 

wrecked by using too long a tube, the water having a back hammer 

effect when turbines suddenly shut down, caused by the vacuum 

created in the tube. We took as long a tube as was deemed advisable 

by hydraulic experts, that is, 17 feet; the lower end of these 

tubes empty into the tail race at an elevation which provides for 

their upper edge being always below the water surface, thus insure 

ing draft tube action. The tail races are combined into one large 

excavation as shown in Plate X., gradually extending from their 

lowest depth at inner wall to the river bed elevation somewhat 

beyond the line of piers. 

It was necessary to place the transformer room at one end 

of the power house proper, owing to the narrow space available, and 

we chose the downstream end as the most suitable, both because it 

would require much less excavation for foundation, and because it 

could be more easily reached by the Southern Ry.The natural place far 

the high tension switch room is above the transformer room, and here 

we again allowed liberally for wiring space and extra room in the 

design of the department. The three foot wire space behind the trans- 

former room where the wires coming fwom the low tension bus go up 

to the high tension switch room give ample room for this wiring. 

The rear wall of the power house is to be of concrete,2 

feet thick, while the three remaining walls, and those of the transe 

former house are to be built of brick, whose thickness we took as 

one foot, or four brick, this being the usual thickness of walls 

of similiar structures. 



The roof of the wheel chamber is of course to be of the 

re-inforced concrete, calculated for the pressure to which it is 

subjected, that of the generator room is of the ordinary type, 

slate covered, while that of the transformer house is flat and made 

of gravelled roofing. 

Especially was attention given to the detail of windows, 

they being provided of sufficient number and size large enough 

to insure pleasing and comfortable lighting. 

The upstream end of the power house is protected against 

flood water damages by a solid concrete wall , the top of which wall 

encloses a space avaiable for the storage of surplus material, 

Provision is made for the installation of a large crane 

to handle the power house machinery, the railroad tracks are to be 

run into the north end of the generator room far enough to allow of 

the crane picking machinery off the cars. 

This covers the description of the power house and we will 

now procede to the question of the cost of construction, 

COST OF CONSTRUCTION OF POWER HOUSE. 

EXCAVATION:- It has alreddy been stated that the power 

house is to be located upon a shelf of rock at the bottom of a 

high cliff. This shelf will have to be excavated for the draft 

tube openings as shown by Plate X., and there will also be quite a 

large amount of excavation to be done in the building of the tail 

races. We measured the amount of the total excavation by drawing 

the cliff as it now exists and integrating the area taken out in 

Plate X. with the planimeter. We find it will be necessary to eXe 



cavate a total of 3,300 cubic yards of rock @ $ 1.00 per cubic 
yard gives Tre ests seme y an ntan adnan reins sarees 5,500.00: 

CONCRETE :~ Total amount of concrete used in foundations, 

flooring, piers, wheel chamber walls and roofing, is 2,050 cubic 

yards @ § 4.50 per cubic yard "aes wiv ve sien se +2 809,000.00, 

Part of this to be re-inforced as per description. 

BRICK:- It will require 192,100 brick for the walls if 

built four brick thick. According to Gillette this will cost $15.00 

per M for material and labor. Total cost of the finddhed walls will 

then be CL EER RR I a I 2,880.00. 

POWER HOUS K ROOF:- The roof will be supported by 

seven Fink trusses, costing approximately $ 850.00. The roof it- 

self is of slate and contains 4,880 square feet, @ $ 10.00 per 

100 , including the cost of labor, amounts to § 480.00. Total 

cost of all ig RR eR I Sn a 1.320.060, 

TRANSFORIER HOUS E ROOF: This roof to be supported by 

four 8 " I-Beams @ $ 22.00 each, cost of roofing and sheeting 
for seme, $500.00. Total cost of this roof, including the cone 
Struction is TEs sien oa vais Sa sade sae ie es B-B88.00. 

SWITCH ROOM FLOORING:- Ares is 1,035 square feet , 

which gives approximately 1000 board feet, @ $ 15.00 . Si 11s 
for same $ 7.00. ig LEE Ol SR 21.00. 

WINDOWS ;- Total area of all windows = 1,444 feet ,and 

@ $ 1.25 per square foot ( Obtained from Vr. R.F.Gref,s local 

architect.) CAE SCE RT DIE a nL 1810.00. 



POWER HOUSE EQUIPMENT. 

TURBINES :-" Great care and attention should be given to 

the selection of a turbine intended to operate under any given 

set of conditions, and these conditions should be carefully 

determined before the choice of a wheel is made. To determine the 

best installation of turbines to fullfill these conditions, the 

value of Ky in the equation K.= N° P , where N is the number of 70 

B 

revolutions per minute, P is the power to be developed , and H is 

the head , should first be determined, this having been done, a 

turbine should be selected having a value for Kg not less than 

the amount determined, and if the turbine is to operate at its 

meximum efficiency, the value of Kg for the wheel selected should 

not greatly exceed the value found by computation, If the com 

puted value of Xe greatly exceeds the value of K, for the various 

makes of turbines, then the power must be divided among 
two or 

more units in order that the conditions may be satisfied. As 

E, igs in direct proportion to P , one half, cr one third, or any 

other fraction of KX, would give the value of 2 for a
 wheel have 

ing & similiar fractional value of the power P, and will therefore 

show the type of wheel which must be selected in order that two, 

three or more will do the work in question." 

From adviee received from turbine manufacturers 
, we 

selected the speed of the machines at 360 R.P.M. , the effective 

average operating head is 1ll feet, and the power which we may 

therefore expect to develope is 12,000 H.P. Substituting these 

values in the equation for Le we obtained as th
e value of Boi 

12,000. Upon examination of a table showing the value of Kg for 



all the important makes of turbines, we found that our value greatly 

exceeded any of the given ones, and it was necessary that we use 

two or three units. We found that by using three Sampson Turbines 

we could most nearly approach our conditions, so of course this 

was the turbine to use. We received the following letter from the 

makers of these turbines, also advising us to install three of 

their turbines:- 

"We note that you wish advice as to the number of tur- 

bines to be installed in a plant operating under a head varying 

from 105 to 125 feet , with an average flow of water of 600 sec- 

ond feet, and a maximum discharge of 1200 second feet. 

It occurs to us that probably the best arrangement would 

be for you to install three units each of 3,800 H.P., each of 

these units would use 400 second feet. Two of these units run- 

ning at 3th gate, which is the point of highest efficiengy, would 

use 600 second feet, and the three units running at full gate 

would use 1200 second feet. This would seem about the best way to 

divide wp this power, and as to the variable head, we would se- 

let a speed for you that would be best suited for this variable 

head conditions, as we understand that it is necessary to have 

these turbines running at a constant speed under the different 

heads. This we can take care of for you and would make the tur= 

bines to meet the conditions. It seems to us that a speed of 360 

R.P.M. would be the most suitable to meet the conditions set forth, 

therefore we could furnish you these hydraulic units as follows:- 

Bach of these units, when operating under a net working 

head of 105 feet would develope 3,800 H.P., vsing 400 secon
dfeet 
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and running at a speed of 360 R.P.M. The gross shipping welght of 

each of these turbines would be 11,000 lbe., price net f.o.b. cars, 

Springfield, Ohio, $ 10,080.00. Suitable governors for controlling 

the speed of this unit, would be a 45,000 foot-pound, Lowbard,oil 

pressure, quick acting governor. Gross shipping weight, 9,000 lbs. 

Price net f.oc.b. cars, Springfield, Ohio, $ 2,500.00," 

Although only three such units are necessary to handle 

the power toc be developed, we decided to install four units at the 

outset, using one in case of breakdown as a reserve, and also in 

order to avail ourselves of secondary power during the winter 

months. A 8 can be seen from the hydrograph, this sedondary power 

may be obtained for a period of from five to seven months during 

most of the year covered by the hydrograph. The total cost of 

four of the above units, including Lombard governors for same, is 

® % € 9 € 9 OCF FT PQ SC PO 0 8 ET EQ OQ ST OVO DB OE PPO SE SP Ce arava 50,320.00, 

POWER HOUSE ELECTRICAL EQUIPMENT. 

A generator suitable for direct connection to the above 

turbine unit, generating 3,300 H.P., or, a2 2,500 K.V.A ,,2300 

Volt, 3-phase, 60-cycle, 360 R.P.M. generator , can be purchas- 

ed from the General Electric Company for § 11,400.00. Tetal weight 

of 80,000 lbs., this generator having a rated efficiency of 86%. 

Four of these units to be installed ,total..........$§ 45,600.00. 

One, 150 H.P. , 3-phase, 2300 volt, inductiecn motor,for 

drigine exciters, will coBL i. .uihivsrivn. urviinh “1,500.00, 

One, 150 H.P. , D.C., 720 R.P.l., 250 Volts,generator, 

direct connected to the above induction motor....... $ 1,450.00. 
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One, 175 H.P., Francis Turbine, 720 R.P.M., for driving 

LID NE SOE Re i Canta steve val 400.00. 

One, 150 H.P., 720 R.P.M., 250 Volt, D.C. generator,te 

be directly connected to the above turbine..........$1,450.00. 

One, 250 H.P., 2300-250 Volt, rotary converter, for 

supplying the 250 D.C. power to motors operating hoists, valves,. 

and for supplying the current for lighting, remote contrel,etc., 

RT Fee EER Le NR PR 

Four, 2,500 K.W.,2300-66,000 velt,d-phase, delta con=- 

nected, step up transformers, 8 § 5,000.00... u0455++5 20,000.00, 

Bight, time limit reley, coverlecad, oil switches, for 

66,000 VOlE68 @ § 350.00 svvvanenneesessvessrevesssy § 2,800.00. 

Bight, non-automatic,66,000 volt, cil switches, arrang-- 

ed for remote control, @ $ 270.00... cetrccssrssoesad 2,160.00. 

Sixteen, 2300 volt, hand operated, oil switches,@ 

$ 125.00 datos Titus San itn saw ve SY ve san sens ae sn 000,00, 

Switch board pannels for the above units, including 

BUBINETE, Lo Tes cre cavdisioinssssasssnnmesrsns senses 1,500,00, 

Fourcléctrolytic ligntenning arresters, 66,000 volts, 

@ BBD. 00. cesses sais iss: tras vires eva vane val $200.00, 

High Tension Bus bars and cables for connecting H.T. 

BNE LT. DUE Bare, eevsencirorastnssssrassvnns evs ns 500.00. 

Allowing 3 % of cost of machinery for installation or 

cost of Installation. .veveirecnvenvea ha rr eee ee, £80 00, 

YL PAE SIR IE I RCS ae I 83,960.00, 



HIGH TENSION AND LOW TENSION WIRING. 

Plate XI. is & simplified diagram of wiring of the pow- 

er house, showing only the 2300 and 66,000 volt wiring. This plate 

shows the method by which edther of thw two transmission lines 

can be operated from either set of generators, or the “two lines 

can be operated from a single high tension bus, by closing the 

transfer, high tension oil switch. Two, 2300 volt, bus bars are 

provided in duplicate, and any generator can be thrown on either 

set, also any transformer can be thrown on either set. This makes 

almost any combination possible, and makes it possible to make 

repairs on any part of the equipment without danger to the worke- 

men because that particular unit of the equipment may be thrown 

entirely out of use by merely opening or closing t
he proper 

switch, without making it necessary to shut down the ent
ire plant 

or any other portion of the plant except the unit or units that 

may need the repairs. 

The switchboard itself, is to be located in the genera= 

tor room as is shown by Plate X. This switchboard being raised 

to an elevation such that all pabtis of the generating room are 

visible to the operator, and the board includ
es panels controling 

high and low tension switches, both in genera
ting room and in 

switch house, panels controlling exciter
 sets, rotary converter, 

and smell panels equipped with the necessar
y wiring for controll- 

ing the motors operating gates, hoists, 
etc., at the dam. It is 

here on these latter panels that in
dicator lamps are to be placed 



44, 

that will show the position of these gates, and etc. In the 

space immediately below the board, provision is made for placing 

of the disconnecting generator and disconnecting low tension 

transformer line switches, there being sixteen of these switches 

located in the small apartments provided for them. 

The low tensions wires are to run from switchboard in 

conduits laid in the concrete flooring, into the space marked 

"Wire space and Arrester Chamber." Plate X., where they are led 

to their respective destinations through conduits. The cross 

section of switch house in Plate XI., shows the wires coming 

from the switchboard into the low tension side of the transform= 

er. This cross secticn is intended to show the disposition of the 

high tension oil switches and the high tensicn bus bars. The 

conductors are led from the high tension side of the transform= 

ers to the high tension bus through a time relay and remote con- 

trolled oil switch, and are made of heavy copper tubing as is 

consistent with the best practice of today in handling problems 

of extreme high voltages. The bus bars are of heavy copper rods 

swung from the roof of the switch house upon built up insulat- 

ors, each of these units of insulators, capable of standing 100, 

000 volts pressure. From the bus bars the copper tubing conduct= 

or runs to the time relay and the remote controlled hand operat- 

ed oil switch through a choke coil, and from there through 
a 

specially constructed window of thick plate glass, in the center 

"of which Shdre 1% a large porcelain tube, and it is through this 

tube that the copper conductor passes to the outside, 
This win- 

dow is arranged in such & manner as to obviate the possibilities 
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of grounding during a rainstorm. A fter passing through the win- 

dow the conductor is received upon a substantial truss on the 

roof of the house, and it is at this point that the regular line 

wires are connected to the ¢opper tubing conductor. The connect= 

ion to the lightenning arrester is made just outside of the wine 

dow as may be seen from Plate XI. It was the object in designe 

ing this department to provide plenty of room between all high 

tension equipment, and we think that there will be little danger 

of possibilities of sparking or leaking from one unit to another, 

as we have taken most of our wiring dimensions from descriptions 

of 66,000 to 100,000 volt switch houses , and have showed a de=- 

cided preference in selecting the dimensions as céited for the late 

ter, thus providing extra guarding against mishap due to failure 

of insulation. 

RELIEF VALVES. 

Since it is impossible for us to construct a stznd- 

pipe to absorb the water hammer owing to the undue height of 

such a pipe,and since a surge tank is impractable on a high head 

installation, it was necessary that we take care of the water 

hammer by installing a set of relief valves. The largest relief 

valves manufactured by the Lombard Governor Co.,, is a 23 inch 

valve and this valve will discharge 116 second feet under a head 

of 100 feet, so that in order to properly take care of the: 

hammer effect , we must provide for 1200 « 116 = 11 valves. 

These velves cost $ 300.00 each, approximately, and we will in- 
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gt2ll 12 of them, which will smount 10 ....vseeeees$d 3,600.00, 

OPERATION OF PENSTOCK GATES AND DIVIDING 

GATES . 

Since the water pressure on the penstock gates is 

3,700 lbs. per square foot, it will take a positive force to close 

the gates as well as to open them, unless the operation of clos- 

ing be as follows: suppose that we wish to close gates in pen- 

stock No. 1. Penstock No. 1 is full of water, either at static 

pressure, or slightly less than static pressure if water is flow 

ing through it. We must first close down both turbines in the di=- 

vision of wheel chamber into which penstock No. 1 enters, and 

then close the dividing gate. This latter can be easily done be- 

cause there is water is both divisions of the chamber. As soon 

as the dividing gate is closed, the penstock gate of No. 1 is 

cjosed, and the weight of the gate is gufficient to do the clos= 

ing, as the penstock itself and the wheel chamber are near enough 

water tight to hold the water for the time required in closing 

the gate. To open the penstock gate, we merely start the moter in 

the required direction, whether the penstock is full or empty, &s 

the size of motor is designed to raise the gate when penstock is 

entirely empty. The gates when raised are to be supported by an 

arrangement which can be projeéted into the space between gate 

guides, so that the weight of gate will not be thrown upon the 

hoisting chains and hoisting machinery,except during 
time of raig- 

ing or lowering. These chains are of course, to be large enough to 
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stand the load due to raising the gatesplus smplefactor of safety 

To operate the dividing gates in wheel chamber, it is 

only necessary to open the valve H ( See Plate X.) for open- 

ing the gate, and valve J for closing same, provided that both 

sides of wheel chamber are full of water, but when division No. 

1 is empty, division No, 2 being full, it will be necessary to 

first open a 24" by-pass valve before gate can be opened. This 

by-pass valve is shown on Plate X. and will Co8t.... of 800.00, 

The D.C. motors used in operating, valves, gates and 

racks at the dam are to be provided with a device for indicat- 

ing when valve, gate, or rack is in closed or open positien, this 

device operating a signal located on low tension switch board at 

power house. : 

Plate XII. is a series of curves usually made in connece 

tion with the design of a dam for power purposes, showing the 

total horse power of the river for any given discharge, and 

with 2 given head.lt also shows curves giving the variation of 

head with all turbines running, height of crest ofdam above 

tailwater, and gives scales of the theoretic and actual horse pow= 

er of the turbines. 

As has already been stated, the electrical ocutput of the 

plant, with a generator efficiency of 86 %, is 10,000 H.P. 

AUXILIARY POWER PLANT. 

Referring to pages 7 and 8, it is seen that we will 

need auxiliary power equivalent to 400 second feet discharge as 

a maximum value, the power equivelent to thie is 5,000 T7.H.P.,and 

assuming an effeciency of 72 % we will need a plant capable of 
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supplying 5,600 H.P., but we will take 4,000 H.P. as the de= 

sired size of plant, for if there should be a demand for aux- 

iliary power beyond this amount, we can easily run the plant for 

a short while at 50 % overload. 

The location of this plant is to be at Johnson City, 

for there is already a plant in operation at this point having 

a maximum capacity of 1200 K.W. output, and by slight changes 

the buildings of this plant could be altered sufficient to ane 

swer purpose. Vs would need to purchase this plant complete and 

add one 1800 K.W. turbo-gererator, build a transformer house, 

installing two 66,000 volt, cf 1000 K.W. capacity, a complete 

new switchboard, and add four boilers of 500 rated H.P., an 

enlargement of boiler room being also necessary. The estimat- 

ed cost of this plent, ineiuaing the price paid for the present 

installation , the required new units and changes, and of addi=- 

tions to building , amounting to approximately.......$ 115,000.00, 

TRANSMISSION LINES. 

The question of transmission limes is a very important 

one indeed and should be the object of much careful thought and 

attention. It is becoming a common practice to erect steel 

towers for transmission lines, even though the line is a very 

long one, and the cost of erecting of such a line is not so ex= 

cessive as would at first seem, because of the much greater dis=- 

tance apart at which steel towers may be placed. We quote below 

a few prices showing approximately the cost per wile of erecting 



a transmission line suitable for a 66,000 volt circuit, both for 

wooden poles and steel towers. ( Quoted from Thesis of W.W.Carson, 

who obtained prices from the manufacturer
.) 

WOODEN POLE LINE. 

53 wooden poles-100 feet apart @ § B00 visas siny 206.00. 

3x53x4 insulators @ $ 2.50 per set ( 4 sections® 1 set.)397.00. 

cross arms-metallic,and iron pins @ § 1.20 per pole..§ 66.00. 

erection per pole § 1.25, TRL ae Se Tiel Sa 66.00. 

right of way @ § 3.00 per BOMB vss cviassvnenssivwe sang: 180400, 

number O, 7 strand B.& S. Wire @ 20 cts per lb-3 wires 990.00, 

stretching WTB ie a a ie ie Cnn sve Bn 20.00, 

Total cost per AYE re ie ave 1804.00, 

STERL TOWER LINE . 

9 steel towers,45 ft. high, with cross ar
ms and pins complete, 

EB 8 B0.00.0 cade rssvrrsssrvsnivissesssisnsnsanesnnss 
540.00. 

3x9x4 insulators(4 meking a set) @ § 2.50 per set 69.00. 

40.00. 

$ 

RE 

assembling and erection § 7.00 eachiccereracacrncess 
$ 63.00. 

right of way © § 4.50 per tOWeTiec.eacacrsrerreces 
Sa 

8 = 

No.0 gage,? strand B&S wire @ 20 cis 1b (3 wires). 990.00. 

stretching wire id
 ves Teed B 12.00, 

Total cost per BA LBs ah seve es seven
s 1814.00. 

The above insulators are of the built up type, each in= 

sulating unit made of four insulators hanging one b
elow the other, 



each section cepable of standing 20,000 volts, so that the com= 

plete unit will stand 80,000 volts. Since there is only § 10.00 

difference per mile in the cost of the two systems of transmission, 

and since the steel tower system is by zll m eans the most de=- 

sirable , we will use the steel tower line as the basis of our 

figures. 

The transmission lines of a great many power companies 

are made in duplicate, yet we can cite instances where lines 

gounily as long as ours and carrying as much power are not du- 

plicated. We therefore decided to count upon a single line from 

the site of our power house to Knoxville, that is a single line 

of steel towers , but we propose to place another metallic arm 

upon the towers below the first arm, and to carry a second lene 

upon these arms as is done ii Onteric Power Co.'s transmission 

system. This second line will be of No. 2 B&S gage wire, the 

three wires of the circuit costing § 650.00 per mile. The cost 

of arms and pins for same being § 66.00 per mile, and the cost 

of insulators will be § 69.00 per mile, so that the cost per 

mile of the second line is $ 785.00. 

The nearest route from site of power house to Knexville 

is the railroad line, that is, to go first from Embreeville to 

Johnson City, and direct from Johnson City to Knoxville, a to= 

tal distance of 126 miles. The secondary line is to be discon=- 

tinued at Morristown, so that there will be 84 miles of single 

tower, three No. CO, and three No. 2, line, and 42 miles of single 

tower, three wire No. C. 



84 miles double line @ $ 2,599.00 per mile..eo......$ 218,100.00. 

42 miles of single line @€ § 1814.00 per mile........$ 76,000.00. 

Total cost of all lines. evn P 294,100.00. 

SUB=STAT IONS, 

We will of course need a sub-station wherever we intend 

to supply power. We have not counted on running a 66,000 volt 

line by way of Brwin, so we can supply this town with current at 

2300 volts and stepped down to 110 volts at the Erwin end of the 

line. We need then five sub-stations located as follows:- 

Johnson City Jefferson City 

Greenville Knoxville 

Morristown 

The cost of equipping these stations will vary almost 

directly as the power to be delivered to the towns, and will be 

approximately as follows:- 

Johnson QIEYLevnrvsrurasnnresonsrnrarsonn 1,900.00. 

BEE Vi I lC vaveos ss naieinisnssvneinssninry sh %4200.00, 

BOTT  EEOWN: civ avaies wvnniivmneitine sve +8 1,500.00, 

Jefferson I OPE TE PR 800.00. 

EBORv i evan ium snninanienn noite sass vers 9,800.00. 

Total cost of Sub-stations.§$1l5,200.00. 

This cost covers all necessary equipment at the various 

sub-stations such as lightenning arrester
s, switches,etc. 
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COST CF ENGINEERING. 

Mr. Gillette says that the usual cost of engineering for 

any work ranges in value from 2 % to 5 % of the construction, we 

will take 2 %, as we have figured high in all previous cases. 

hh 2 % the cost for engineering and superintending is...$ 7000.00, 

TOTAL COST 

The probable error in calculation of tokal cost is 

probably § 20,000.00 to § 25,000.00, assuming it to be the latter 

figure, this will mean an error of about 1.7 % which is accurate 

enough for a preliminary investigation of the subject at hand. 

By total cost we mean the cost of everything covered in the pres 

ceding vaces, and this amounts $0. .vescvvannvas 81,211 ,266.00. 

We are to develope 10,500 electrical H.P., so that the 

total cost of the completed plant, lines, sub-stations, etc., is, 

PET. BotURL. Sletteltal BoB. i iia i naa 115.00, 

This cost per H.P. does not include any reference to 

gecondary power at all, but is based upon the continuous power 

which we will develope with three uhits, and secondary power, 

which we might be able to develope and sell to the extent of 

3,300 H.P. will of course reduce the initial cost per H.P. if 

figured upon this basis. The cost per H.P. when thus figured bhe- 

ing only § 87.00.



TABULATED COSTS. 

Raising & protecting CORO Tracks. ..csrevenssssssssvassnsvd B370.00: 

ER eR OI Sis ANG ER iE i NS SE «+ +«$ 12000.00 

Cost of a Ee Ee CR 9 8 8s ..$252000.00 

Bu CeWnY tea IPMN E. oi ivi ve navies sae via sean aa ae Ds BB72,00 - 

Gates, racks and equipment... ssevvssvasvsnsersnsrssnnsn enh. 8075.00 

RP enB OCR LAINE. iin i snaniveie ini sessddrne iss verve soa4000.00 

Penstock drain valves... eves. Ca Mine LTS Se iE ti eve 0 1020.00 

Penstock right of way, clearing and excavation.............$ 6520.00 

CONE TUCLION OF DOWET TOUBE. «ovr snsnisinssrarssnsvenssnnney 18029,00 P 

Hydraulic equipment at POWET HOUSE «vies ecsscrscnsnseasases$ 50320.00 

Blectrical equipment at POWET HOUSE. ..vsvssssvscssssssnsnns 83960 .00 

ELBE VALVES. oss cues vanities retanaisuinsaiisites sundenneess 3560000 

BURLLIBTY PLEA ois soe ds ar dE env eae 4 2115000, 000 

BY DEES WE IVEE. sss vss sarah ies ir sil snrs ena serene gt 600,00 

Meanomission. ] iNeS. coco son rvsrm votes dns snes oiicies via eision «+ ++.$294100.00 

BUBBA ORE. soos van dant sr iis rans en nadie en va dunes 25200,00 

BNE inee ini ce sev ss ss Tivansssss vansins sensi snsnnryns eaves 7000.80 
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