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Water Fower Developments on the Hiwassee 

River between llurphy and Appalachia ,l.C. 

The work done in this thesis is similar to that re 

quired by any party or company or copporation which is consider- 

ing developing the power of a stream, However, all information 

on this project was secured from government bulletins, reports 

and former surveys and not by personal survey. Therefore, this 

report could not be accepted as a basis for actual and definite 

conclusions. It is, nevertheless, a sample of what 1s required 

before any steps are taken to develop a stream'g power, iethods 

of calculation and procedure are Standard. The gources of in=- 

formation are given in the bibliography. 

The method of procedure was this: UsweGgological 

Topographical maps of the vicinity were secured and the nature 

of the terrain studied. OUross sections of the river were also 

secured at several places, From this material two dam sites 

were Selected, one at Coleman where a dam of 170 ft. will back 

water to Murphy and one at or near $he mouth of Shoal Creek 

where a dam of 117 ft. will back water to the Coleman dam. The 

back water curve was assumed a straight line, horizontal, from 

the creat of the imaginary dams up stream to its intersection 

with the bed of the river. A gaging station is located at 

linrphy but there is none near Solensn or ~hoal Creek. Irom 

these readings as recorded in government bullétins the mean 

monthly flow at liurphy for the period 1900 = 1920 was figured 

and a hydrograph plotted. It is assumed that the flow of the 

river at different pointe along the river varjpsdirectly as 

the drainage areas for these points. The drainage area for 

Murphy is given in the government bulletins and that for the 



Coleman and ohoal Creek sites was measured by planimster on the 

topographical maps. From this material the hydrograph or rather 

the flow at Coleman was determined. The primary power ig determin 

mined by the minimum flow reached in any month during the entire 

twenty year period. This minimum flow occured in 1904. bee Fig. 

Ze Another dry year was 1913. Drawdown curves were plotted 

between acres covered and head on plant. The data for acres 

covered at different heads was secured from a former survey as 

the contours on the topographical maps were off badly. The curve 

between aere feet drawdown and head on dam was then plotted and 

it was determined how much continuous flow of water was available 

the year round and 24 hours a day. Mass curves and another 

method, which will be explained in detail later, were used in tais 

determination. The secondary power was figured from duration 

curves and normal nead on the plant, The enstalled capacity of 

the project was based on & 50% load factor and 1.6 times the to= 

tal of primary and secondary power, From a study of lire Vegmann's 

i Lesign and Construction of Dams" a profile was selected and 

calculations made for the volume of the dam. The cross section 

of the river at Coleman showed that the dam would be 950 ft, long. 

As this territory is rocky it was assumed that excavations would 

not have té exceed 10 ft. to reach rock. w~o the cubic yards oi 

excavation was figured on this basis. The length and height of 

spillway had to be figured to care for the maximum flood which 

might ever oceur. From the government bulletin it was found that 

in 1899 a flood of 50,000 sec, ft, occured. To be safe a factor 

of 2 is used and the conclusion is that the spillway must care 

for 100,600 sec. ft./ day. Also from a curve in Tyrneaure =-Rys- 

sell's "Public Water supplies” it was found that a flood might 

possibly oceur to eyual 96,000 sec. £5./ day. The size of tainter 

“oe 



gates was next figured and the volume to be occupied by them was 

Bubtracted from the volume of the solid dam as figured. On ac- 

count of so great a possible flood the spillway extends from oae 

bank to the middle of the stream. This makes it necessary to 

figure aprons for one side and the bottom of the stream. 4as it 

was possible to put the power house near the middle of tae stream 

it was figured to be built into the dam itself. An estimate was 

made by a local contractor and apchitect at <0¢ per cubic foot of 

volume. This estimate may seem high but was taken so on account 

of so much solid work and complicated forms, The cost of ture! 

bines, generators, switching, transformess and auxiliaries was 

figured from handbooks on the #nstalled capacity basis. The 

last item to figure was the cost of water rights. The acres 

covered has been determined. Dut the acres wanich tie stream 

actually occupies bafore a dam has been erected do not have to 

be purchased. Only the land flooded has to be bought. Lg by 

determining the length of the river affected by back water and 

pubtracting this from the acres covered the acres to be bought is 

estimated. dlr. ReWe.Coward gave an estimate of 50,00 per acre 

as a possible average cost of this land. After all the above 

calculations and determinations are made and the costs totaled, 

about 158% of this sum is added for engineering, contingences 

and legal advice, * Sjnce it would take about two years to con- 

strucé and get into operation such a project interest for two 

years must be added in as part of the capitol cost, This total 

capitol cost divided by the installed capacity gives the cost 

per Kole This final figure determines whether or noi a projece 

is practical. There would be no trouble about marketing power 

developed in this vicinity sp that a cost of $145.00 per K.W. 

would be very reasonable. Liven & higher cost than this might 



not be exemp¥itory. 

From a study of the United States Geological Topo=- 

graphical Maps of the Hiwassee River below lurphy, H.Ce and 

“Water Towers of Worth Carolina" Bulletin Koe 20 together 

with cross sections of the river at several points, two good 

Sites for dams were selected, The upper one, Coleman, will 

afford a dam 170 feet high and 950 feet long which will back 

water to the dam at llurphy. The lower site, Shoal Creek, will 

afford a dam of 117 ft. height an& 610 ft. length. The lower 

dam will back water to the Coleman dam. The terrain in this 

country is hilly and rdcky. This condition insures good foun=- 

dation and plenty of rougn material. The back water from the 

lower sight f306ds out a considersble portion of the highway 

and also the village of Ogreeta, But these are small matters 

and will not mean much to so large a project. The Louisville 

and Nashville X.R. comes to Appalachia, within 5 miles of the 

lower site, and roads can be built from this point on. The 

lower site could be developed first and the power generated by 

its plant used in constructing the Coleman project, & much 

more detailed discussion could be made on this topic had a per-~ 

sonal survey been made of the stream. See Fig. 1. 

COMPARATIVE HYDROGRAPH 

The flow of a stream undergoes great cnamges. From 

year to year conditions are very different. From month to month 



the fluctuations in flow are very great. In order to get 

any kind of conception of the water power value of a stream 

a study must be made of its flow over a considerable period 

of time. There were no records of flow of the river at Cgyle= 

man or shoal Creek, but daily readings were taken at kurpay 

and from the government bulletins of 1900 =~ 19&0 gage readings 

and rating tables furnished data to make a hydrograph for this 

place. The mean monthly flow for the entire twenty years was 

plotted against time. The flow was expressed in cubic feet 

per second as ordinates and the time in months as abscissae. 

While this does not give the conditions at Coleman or shoal 

Créek, it does give comparative results. It is assumed that 

the flow at Coleman will equal the product of the flow at 

Murphy times the ratio of the drainage area at Coleman to that 

at Murphy. The bulletin gives 410 sq. mi. drainage area at 

llurphy. By drawing off the drainage area at Coleman on the 

topographical map and planimetering it, its drainage area was 

found to be 410 plus 505 or 915 sq. mi. Lvery reading taken 

at surphy multiplied by 915/410 gave the comparative reading 

at Coleman, The drainage area at shoal Creek was found to be 

47.7 sq. mi. greater than that at Coleman. w~ince tne flow of 

water in the stream below the Coleman dam is going to be regu- 

lated to a large extent by the discharge from the turbines at 

that site, a comparative hydrograph could not be made for 

vhoal Creek but another method, which will be discussed later, 

was used. vample tables and calculations for the aydrograph 

will be shown on page 6. 



Daily Gage Height, in Feet, of Hiwassee River at Murphy, N.C. 
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Rating Table for Hdiwassee Riwmer at ilurphy, ud.Ce, for 1900. 

Gage ‘Discharge’ Gage 'Wischarge' Gage 'Uischarge' 
Height !(~econd~ ‘Height !(Second- Height '(Lecond- ' ete. 
(Feet)! feet) ‘fPeet)! feet) '(keet) ! feet) ! 
4.80.7 B10 1-5.60--  BOi- rT 6.40. £,085. ~~ 
4,90 1-368 1! 5.70 1 977 15.80 2 2,200 
5.00.1. 415 I 5.,80:1%,098 15.80 L 2,875 1 
5,10 1 48] ' 5.90 1,209 1°6.70 ! 2,850 : 
5.20 1 - 547. 55.00 11,320 bsgi80-1 3.726 1 
5.301 "613 ..1 8.10 21,500 ' 6.90 ! 2,900 : 
5.40 1 679 ! 6,20 11,675 1 N.00:- 125.075 ! 
B.80 Yo nin ob pomyaty SRS Yin 20 1 nm son 3 

Take for example the lst. day of July 1900. The gage 
height was 6.80 feet. For this height the rating table shows a 

discharge of &,725 cubic feet per second. By adding the values 

for each day and dividing by the number of days in the month we 

get the mean flow in sec. ft. for the month, These are the 
values plotted as ordinates on the hydrograph. 

Other tables in the government bulletind give the 

maximum, minimum and mean flow for the month already figured 

out. The same table gives the run-off in sec.-ft. per sq. mi. 

so that the flow at any point along the river can be figured by 

multiplying this value by the area of the drainage for the point, 

The hydrograph plotted from these results is tae comparative 

Hydrograpl. 

PRIMARY POWER 

On account of the storage afforded by the reservoir, 

the primary power of am hydro-electric plant does not depend 

upon the minimum flow of the stream, but on that minimum flow 

plus a certain amount which may be economically drawn out of 

the reservoir, 

The method used in determining the primary flow of the 

stream is as follows: 



The draw-down curve ¥ige 4, having been plotted, is 

carefully considered to determine the economical limit to 

ghich the water in the reservoir may be drawn down in order that 

the highest possible efficiency of operation mayhFealized. When 

this draw-down limit has been decided upon, the amount of water 

which would have been drawn out of the reservoir may be read 

from the curve. This reading is usually in acre feetb i.e. an 

acre of water 1 ft. deep), In this method of determining primary 

flow, the available storage is expressed in terms of the average 

flow in second feet per square mile of drainage area which tha
t 

amount of mkmzmxx water could maintain for a period of one month, 

For example, take the most economical limit of draw-down to be 

o5ft, on a 150 ft dam and the amount of water in the reservoir 

above the 125 ft. level is 50,000 acre feet. Thex availabde 

storage is then 50,000 acre feet. Considering this amount of 

water to flow during the period of one month the average flow 

in acre feet per day is 50,000/30.4 and in cubic feet per sec- 

ond 50,000/30.4 x 1.9835, 30.4 being the average number of days 

in a month and 1.9835 the conversion factor of acre feet per day 

to cubic feet per second. If the result is divided by the drain- 

age area in square niles the quotient will be the flow in cu. ft. 

sec. per sq, mi. Yor a drainage area of 1,000 sq. mi. this flow 

would be 0.868 sec. ft. per sq. mi. This is the rate,over and 

above the rate of inflow, at which water might be drawn from the 

reservoir over a period of one month without drawing d
own the 

water level more than 25 ft. 

Now to consider the natural flow of the stream. This 

igs also given in terms of the average monthly flow in
 sec. ft. 

per 8g. mi. Suppose the monthly flows for the driest yeark om 

record are as follows: 



Jan. 6.09 ligy 2.57 ~ept. 0.59 
Feb. 6.83 June 1.70 Oct, 0.63 
Mgr, 5.23 July 0.82 Nov, 0.89 
Apr. 2.17 Aug, 0.76 Dec, 2.57 

The dry period of the year extends from July to December, and 

the average flow for that period will be 0.738 sec. ft. per sd. 

mi. However, if the available storage is added to the natural 

flow, thu aveiags Laue at which water might be used would be 

0.9116 sec. ft. per sq. mi., an increase of 0.1736 sec. ft. per 

84, mi, The availabe storage would be divided up as follows: 

lionth Hatural Flow Drawn from vtorage  Regulab- 
ed Flow 

July 0.82 0.0916 0.9116 

Aug. 0.76 0.1516 0.9116 

wept. 0.59 0.3216 0.9116 

Octo 0.63 0.2816 0.9116 

Nov. 0.89 0.0216 0.9116 
lean 0.738 Total 0.8680 

At the end of the dry season, the reservoir is drawn 

down to its limit and must be again filled. This is done by 

the surplus flews of the Succeeding months, In the year under 

discuss iorfould be completely filled during December and still 

the average flow let thru the turbines would not go below the 

regulated flow of the preceeding month, If this were nét the 

case, the reservoir would be only partially filled in December 

and completely filled during the following moath or months. In 

the present case, the natural flow of December would be divided 

so that a flow of 0.868 sec. ft. per sg. mi. would go to filling 

the reservoir and the remaining 1.808 sec. ft. per sq, mi. al- 

lowed to flow thru the surbines, 

From a study of the hydrograph it was found that the 

driest years .in the 20 yr. period were 1913-14, The data re- 

corded below is that actually used in figuring the primary flow 

and power, since this date is used also for determining the 

regulated flow at ~hoal Creek, the shoal lreek calculations 
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will also be recorded and referred to when the ~»hoal Creek pro=- 

ject is discussed in part two. 

Bxplanation of the table. 

Column 1 = Natural flow of stream in sec. ft./sq.mi. 
8 Drawn from Storage J 
a Total draw-down to date x 
5 otored in reservoir n 

Regulated flow from Coleman 
# in ced. It, per 

4d, mi. difference in drainage area. 
«~ Total flow to “hoal Creek in secs. ft. per 

sq. mi. difference in drainage area. 
.= Total flow to Shoal Creek sec.ft.per sqg.mi. 

3 
2 
3 
4 
8 

6 

I 

8 

6 = 8 = 5 x 915 = 6 4 1 8 7 x 47.7 
7.7 O62. 

~ 

; The drainage area at Coleman is 915 sg. ni. 
Phat at Shoal Creek is 47.7 sq. mi. more or a total 

of 962.7 8¢q. mi. 

OL.H28) 0. 249'0, 229" i T.O071 20.88 121,402) 1.068’ 
i 3G. 344 0, 593° Y,. 871 .20,58 21 307 1.008" 
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Hi 

L698 0,573 0,966" YY. 071 50.88 21.278. 1.084 
2: 507 0.504 1.530" TY. Ol 20.58 101 OB7) 1,040) 

: 07 80,50 21.5651) 1,088) 0.971.0,100. 1. 630° 
YL. 200] : G.179 1.071 20,.58 121,820" 1.052" 

7.650 £.,649 50,80 154,900" =2,7:=0" 

5 
Lliote: The lowest value in columnpdetermines 

the primary flow. This is 1.071 sec. ft. per sq. mi, 

of drainage area, The flow will never go below tais. 
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A table similar to tae one above was made for 1905= 

1904 as it was also a dry season. But the period covered by 



the above was the driestnand, therefore
, governed what the pri=- 

mary flow should be. The product of 1.071 x 915( the drainage 

<
5
 

area at Coleman) gives 980 sec. It. as the minimum total flow 

for this development. It would be proper to ©6831 this 1,000 

sec, ft. The theoretical horse power will be tne product of 

1,000 x 140 (minimum head) divided by 8.8 = 15,800 

Primary Power for 100% load factor 15,800 H.E. 

50% load factor 31,600 4.P, 

Turbines reguired & 15,000: H.%, 

Alternators € 95% eff. 2 10,6580 K.W, 

Rated in K.V.a, a 15,000 K.V.A, © 80% p.f. 

The actual primary power which could be guaranteed le hours a 

day with 90% turbine and 95% alternator efficienc
ies would be 

51,600 x 9% 9b X 746 F 20,150 KW, 

»L8ONUARY FO &R 

secondary power is the difference between the total 

power the stream can afford and the primary 
power. The total 

power developed 1s figured from a duration curve ( see fig. 9) 

Pnis curve is made by plotting the monthly flows against time, 

phe mean monthly flows in sec. ft. were arranged in order of 

magnitude and not in order of occurance, The entire <U yr. 

period is used. The total flow availabke for 50% of the time 

is taken as that shown on the curve in tae middle 
of the period. 

phis was done and the value found to be 1,900 sec. ft. Assums 

ing that the head would be normal ( 170 ft,) the power for 100% 

1oad factor figures 1,900& 170 x 1/ 8.8 = 56,700 h.p. 

lc, 



For 50% load factor this figures 73,400 H4.F. The secondary 

is, therefore, 75,400 « 31,600 = 41,800 H,F, 

INCTALLED CAPACITY 

The total theoretical horse power which is available 

in the stream for 50% of tne time has been figured at 73,400, 

It is not practical to install merely for this H.¥. Ageuming 

904 efficieny for the turbines, penstock ete., the value 

changes to 66,000 H.FP. It has been found that this value 

Should be multiplied by 1.6 to give the practical capacity to 

ingtall for. In extremely wet seasons a great amount of power 

would go to waste for want of machinery to convert it to electri- 

energy. Practice has founfd that 1.6 is the economical factor 

to use. The installed capacity would be, therefore, 75,400 x 

1.6 2 105,000 4.7. Seven 15,000 H.F. turbines would care for 

this, Assuming an alternator efficiency of 95% the total K.W. 

capacity would be 105,000 x 746 xX .95 = 74,400 K.W, This 
T,000 

would be 93,000 K.V.4. at 80% p,f, Seven 13,000 K.V.h., 8l= 

ternators would work witn the seven 15,000 d.P. tarbines, 

Design of Lgm 

The type of dam to be used wae decided upon by a study 

of Mr¢ Wegmann's "Design and Construction of bamsi, Practical 

Frofile lo. & was selected ( see fig. 7). All dimengions were 

converted to those for 170 ft. dam. For this profile, the width 

varies directly with the height. A4ll principles of dam construc- 

tion are met with in this type. since this section of country is 

very rocky there will bentpaUble in securing a good foundation 

and bond with the banks of the stream, From a cross section of 

the stream at Coleman ( see fig. 6) the maximum lengtn ol dam 

11. 



was found to be 950 ft. It was decided that a safe estimate 

on the depth necessary to dig for rock foundation would aver- 

age 10 ft. The cross section was, therefore, outlined with a 

margin of 10 ft, amd vertical lines drawn at convémient inte- 

vals to divide the dam into sections. The altitude for each 

section was taken at the center of the section and from the 

table accompanying the profile the width of dam for this neignt 

was figured. The product of this width times the length of 

section and 10 ( depta of excavation) gave the volume of exca=- 

vation in cu. ft. for this section. This was figured for each 

section and the total excavation for the dam found to be 30,054 

cu. yds. The volume of a solid dam was next to be figured. 

The table mentioned above gave volumes of dam at different dis- 

tances dpwn from the top. Using tne same sections mentioned 

above the volumes for thse corresponding heights were figured 

from the tabge ( volumes for 1 ft. length of dam) and tais times 

the length of section gave the total volume of scetion. The 

total of these sections was found to be 130,581 cu. yds. From 

this will have to be taken the volume of tainter gate space and 

other construction other than solid dam. 

Before the length of spillway could be figured a study 

of flood flow of this and otner streams was made, Jfrom the 

government bulletins it was found that in 1899 the largest flood 

for many years occured. it was 50,000 sec. ft. irom a study of 

“Public Water ~upplies’ by Turneaure and Russell it was figured 

that it was very s11ightly possible and not at all probable that 

a flood flow of 105 sec. ft. per sq. mi, might occur at some 

,000 sec, 2%, Therefore, it is safe to o
n
 

time. This figured 9 

take 100,000 sec. ft. as the maximun flood ever possible. Us=~ 
; = 5 2 fe : = 

ing the equation ¢q - GC 8/3 FS n*/ where ¢q is the dis 



charge is ssc, ft. per foot of spillway, C is the coefficient 

for the spillway (weir) and h is the head on the spillway. 

Setting C = .85, h% 13 ft. and solving, the g = 212 sec. ft. 

per ft. of spillway. Dividing the 100,000 sec. ft. flood flow 

by 212 gives 474 ft. of spillway with 1.00 for the coefficient 

of contraction. Using 93% for this coefficient the length of 

spillway required for the flood flow is 507 ft. Taking <0 ft. 

as the width of tainter gates and dividing 507 by &0 gives £5.35 

tainter gates, This means that &¢6 tainter gates <0 ft. wide 

and 13 ft. high will take care of the flood flow. Jee fig.’'8. 

It will be necessary to have a four foot pier between each pair 

of tainter gates, so that the total length of spillway will be 

26 x 20 plus x5 x 4 = 620 ft. leaving 330 ft. for power nouse. 

bata from the Knoxville Boiler and lron Works saowed that 5/8" 

boiler plate weighed 23# per sq. ft. and came in 14 ft. Widths. 

On account of the slight curvature in tainter gates the 14 ft. 

width would work fine for the 13 ft. gates. The cost of the 

boiler plate alone for «6 gates would be «6 X £0 x 14 x 23 xX 

$0.045 ( cost per #), = $7,5@0 The brace and frame work was 

estimated at about 47, 500 and phe extra concrete work and hoist- 

ing mechanism at 10,000 making a total of about $25,000 for 

tainter gates, The volume occupied by the tainter gates to be 

taken from that of the solid dam will be the area of cross seckx- 

tion of the dam for 13 ft, down times the lengthqof spillway de- 

vided by &7. = 203 X 620 = 4,670 cu. yds. 
& 

Volume of solid dam 130,581 cu. yds. 
Tainter gate space 4,670 cu. yds. 

Volume of concrete 325.911 cu. yds. 

Cost © $10.00 #1,259,110 

Since the spillway will extend from one bank to the 

middle of the stream an apron will have to be constructed on 



that bank and in the bed of the stream, It was estimated from 

the erose section of the stream that tae apron at the side will 

take the form of section of cone 400 £t. in altitude and 10 ft. 

upper base with 70 ft. lower base. The section is so near that 

of a trapezoid that its area may be figured as such. Assuming 

that 10 ft. excavation will have to be made to strike good rock 

foundation we figure the excavation for this apron 200 x {0 plus 
3 & X &f 

70) x 10 = 59,300 cu. yds. It is only necessary that the apron 

be 3 ft. thick reinforced for heat and compression. Therefore, 

the concrete required for it will be 5,980 x & = 17,790 cu. yds. 

The bottom apron should be 300 ft. wide by 50 ft. long. The ex- 

cavation would be 300 x 60 x 10 = 65,500 cu. yds. and the con~- 
27 

crete 5,660 x 3 = 16,650 cu. yds. 

Cost of concrete for aprons reinforced for heat and 

compression is $18.00 per cu, yd. Total cu. yds. 17,790 plus 

16,650 = 34,440 cu. yds, Cost lz x 34,440 = ;4413,000 

The total excavation for dam and aprons is 

for dam 30,054 cu. yds. 

side apron Bo, 508 v1 

bottom apron 55,500 '' rs 

At $2.00 per cu, yd. the cost of excavation will be 

$289,708 

DESIGN OF PLANT 

Since the spillway occupies only 6<0 ft. 0f the 950 ft. 

dam, the power house can be placed near the middle of the stream. 

see fig. 9. The total length of the power house was figured to 

be 180 ft. to accommodate seven turbines, The width of the tur~ 

bine room should be 30 ft. and the transformer room should be the 

same, Phe height of the down stream side would be about 100 ft, 

14. 



and the average width may taken (for the purpose of 
figuring 

volume) as 50 ft. The total volume of the building would be 

100 x 60 x 180 = 940,000 cu. ft. A cost of £0g¢ per cu. Iv. of 

volume was given by Barber and ieciurry, Architects a
s a safe 

cost of sueh a building. This figured $788,000, The cost of 

the building with finished FR FS should be g00000 . 

From a handbook on costs of mechanical and elec
trical 

equip@ment the following data was secured: 

Water wheel, gates and governor $4 +35 per K.We. 

Alternators and exciters . 4.50 

Switehing and wiring £.68 

Transformers 2.956 

Heating and miscellaneous RA) 

Total cost per K.W. installed capacity 
$13.80 

Cost of Mechanical and LZlectrical eguipment for 74,4
00 K.W, plant 

would be 13,80 x 74,400 = $1,027,000,00 

WATER RIGATS 

Tae agricultural value of land in this section 
is very 

small, but should a farmer hear that his 
land was wanted for the 

development of power, its value would greatly inceease, However, 

it is right and just that the owners of such land be 
paid more 

than the actual agricultural value for it. There is a water power 

value algo. A price of $50.00 per acre would be safe 
enough, ac=- 

cording to Professor R.W.Cowayd, University of Tennessee. 
only 

land which would be flodded should be bought. The total dr=inage 

area less the area of the natural bed of the stream will 
be vhe 

land which has to be purchased. Irom fig. 4 the total acrea 

covered is 5,670. To be safe for flodds this should ove taken as 

4,000 acres. The bed of the stream is 300 ft. wide and 16 mi, 



or 300 x 16 x 640 = 581 acres, Therefore, the acres 
5,280 

to be 

purchased would be 4,000 = 581 = 3,419 At $50.00 per acre 

this figures ¢ 170,950.00 as cost of water rights. 

TABULATION OF GOoTo FOR COLEMAN 

Water Rights....3,419 acres ¢ $50.00 per acree...y 170,950.00 

bam 

Ixcavation...144,854 cu. yds. ¢ $2.00 /cu.yd...489,708.00 
Goncrete...1éb,911 cu. yas. #10. 00/ cu. Yd eeol, 59,110.00 
aprons concrete) 4.54, 440 cu.yds./$le. 00,2 ees sad 000 .00 

« 225,000,000 Tainteyr ELBE svar seine ta sn vommons tases soeeveny 

Total for daMe...l,986,818.000 

Tower House 
Including crane, offices and interior work. 

2,000,000 cu. ft. @olume & 20¢ per cu. ft.. 

Hquipment 
Turbines, gates and governors,, ¢4.sd ker K.0, 
Alternators and exciterfeescsece 4.20 
Bwitching and Wiringe. cesses ce. R63 
PIGNETOTERTE sos on sss trevor eras Ze 56 
deat ing and misgellaneous......_ 0.26 
74,400 K.W, installed caPe w 4 13.80 

11t 

Tr 

1 Tt 

LES 

Pell ings, SHOPS 6L Ce esssessesssvecvevsssnsesise 

Roads and Rell oadl ue. sissies sl aise ven ssnsvite vas 

&00,000,00 

111,047 ,000,00 

50 4000.00 

160,000.00 

Engineering, contingencies and $ 9,583,768.00 
537 .564,.,20 legal advice 150, secs csncsvnssinsassansvonsony 

Interest two years ¢ 4% 
4,141,352 .40 

329,706.58 

Total capitol cost 3 

Cost per K.W,. installed capacity 
of 74,400 

4,451,058 ,00 

59.90 

16. 



or 

The selection of the dam site at shoal Creek was 

made at the same time as that at Coleman, but no other 

work was done on this project until the first development 

was finished, that is, intal all calculations had been com= 

pleted. The height of dam was found to be 117 ft. and the leng- 

$h to bs 607 ft. 

: The drainage area for this site was found to be 47.7 
sqemi, 
XEEX greater than that for the upper site, or a total of 915 

plus 47.7 = 962.7 8g. mi. 

REGULATED FLOW 

In case of the development of several power sites 

on the same stream, the flow into all reservoirs below the 

upper site will be the regulated flow from the plant immediate- 

ly above plus the natural flow from the drainage area between 

the two dams, At all times, accept during the dry period of 

the year, the regulated flow from the upper dam is at the same 

rate as the natural flow of the stream, and phe combination 

of the regulated and natural flow into the lower reservoir is 

at the same rate as the natural flow, In other words, regula=- 

ted flow differs from natural flow only in dry weataner when the 

water in the reservoir is being drawa down. 

The flow in sec. ft. per sq. mi. from tae upper plant 

must be multiplied by the ratio of the upper drainage area to 

the difference in drainage areas of the upper and lower sites. 

The result is the flow in sec. ft. per sq. mi. of drainage area 

between the two sites. To the Tlow thus obtained is added the 

natural flow of the river the sum being the total flow into the 

17, 



lower reservoir in sec, ft. per sg. mi. of drainage area be= 

tween the sites. The product of this flow times the 47.7 

( difference in drainage area) divided by the total drainage . 

area of the lower site gives the flow in sec. ft. pwr sq. mi. 

of drainage area. 

byamples = 

Given D.A. of upper site 1,000 sq. mi. 

Doh. of lower site 1,100 sg. mi. 

Difference of D a, 100 Sq. mi. 

To determine the average flow in sec. ft. per sq. 

mi. to the lower site for the month of August { see discus- 

sion of primary flow on pages 7 and 8) . ! 

Regulated flow from upper plant 0.9116 sec.ft./ 
8G, mi. 

See, ft. / sq. mi. difference in 
drainage area = Qs2118 % 1000= 9.116 

Hatural flow for Aug. : : 0.760 

Total flow to lower site 9.876 sec. ft. 
per sq. mi, of difference in D.Ae 

9.876 x 100 = 0.897 see. ft, per sq. mi. of D.A, 
1.0 

The following figures for acreg covered are based on 

a survey of Epofessor John a. switzer on the Coleman site. 
The 

figures for the same on shoal Creek site are reduced from 
those 

at Coleman in proportion to the respective areas of reservoirs, 

H., of water Acres covered 

A820 ft, 3,670 

1510 5,200 

1500 £,800 

1490 £,350 

1480C 2,000 
1470 31,770 
1460 1,530 
1450 1,300 

18. 



ARIA COVERED 
Shoal Creek 

H, of Water Acres Covered 

134s 1,390 
1536.575 1,736 
1331,150 1,518 
1525.75 1:275 
1320,3 1,085 
1314.875 2960 
1309 .450 830 
1304.05 705 

DRAWDOWN 

H. of water Acres Acre Feet. 

1342 ¢] [6] 
1340 3,895 3,895 
1330 16,775 20,670 
1340 14,670 33,340 
1210 9,620 44,960 
1300 7,250 50,210 See Fig. 10. 

From a study of tne table on page 9, it is easily seen 

that the driest period extends from June to November,inclusive, 

of the year 1914. Taking the limit of drawdown for one month 

to be <x ft. we see from tne above data that the acre feet a« 

vailable is 33,340. This converted to cu. ft. per seec./éq.mi,is 

0.575 . Averaging this flow available from tae reservoir with 

values in column 8 page 9 for June thru Hov. 1914 gives the regu- 

lated primary flow at shoal Creek to be 1.157 cu. ft. / sq. mi. 

donth Flow in sec.st./sq.mi. Drawn from reserve 

June 1.06% 0.095 
July 1.086 0,101 
aug. 1.054 0.103 
sept. 1.045 O.11« 
Oct. 1.068 0.089 
lov. 1.082 0.075 

0.875 0.075 
6.944 

ilean 1.157 sec. ft./ sq. mi, D.A, 

Primary Flow 1.157 x 964.7 = 1103.84 cu. ft. / sec, 



i
 

Erimary Power at 80% efficiency 1105.84 x 

=
h
 
o
j
 

c
r
 

®
 

8 
9,833.25 A.B, The head being 117 -~ 2« = 9b 

SECONDARY POWER 

The flow at Coleman for 50% of the time was found to 

be 1900 sec. ft. On the comparative basis, tne flow at ohoal 

Creek would be 964.7 x 1900 = 2000 sec. ft. The total power 

at 115 f£%. aa. and 80% efficiency would be 2000 x 116 

20,909 H.E, The secondary power will be 20,909 ~ 9,533 =11,376 

HE. For 50% load factor Erimary Yower 19,066 
80% efficiency secondary &%,75& 

Total 41,818 

For 100% efficiency Erimary 9,800 
wecondary «8,500 
Total Dz, 000 

Less b% loss in head gates,penstocks 
ete, &,015 

Total H.¥. to turbines 49,680 O
o
»
 

Install 1.6 x 49,685 x 0,9 = 71,546.4 HE, i 
D0 

Or five 15,000 H.P. turbines = 75,000 i4.E, 

Assume alternator efficiency 95% the total K,W, 

capacity would be 75,000 X 746 X .,95 = 53,400 K,W, 2ais 
1,000 

would require five 13,000 K.V.hq alternators at 8C% pf. 

Da8UIGN OF Dal 

The same type dam can be used nere as at Coleman. usee 

Fig. 7. All dimensions were converted to those for 140 ft. dam. 

The volume of solid dam was figured as in the first case and 

found to be 94,473 cu. yds. The excavation figured 135,07< cu. 

yds, wee #ig, 1& for cross section of stream. 

; : be 
The maximum flood flow may, taken as 105 x 47,7 <= 

5,000 sec, ft, more that that at Coleman. See page lz, 

<0, 



The total flood flow possible is,then, 105,000 sec. It. The 

Spillway will. no doubt, have to extend the full length of the 

dam; that length being only 607 ft. This means that practi- 

cally the same size and number of tainter gates will be neces= 

sary as was figured for Coleman. This is Z6 gates 14 ft. x «0 

ft. with BSe4d ft. piers at a cost of 25,000 dollars. The 

volume displaced by these gates, to be subtracted from that of 

the s0lid dam, will be different, however. It will be 14 x 1% 

x £0 x £6 = 3,440 cu. yds. The factor 1 being the width of 

Bane This leaves a volume of solid dam 92,473 ~ 3,440 = 

89,235 cu. yds. at 430,00 =  89%,330,00 

wide aprons will be necessary for both banks. These 

figure 10 x 30 xX 1456 = 16,100 and 10 x 50 x 300 = 55,500 
i a 

cu. yds. The bottom apron figured 55,500 cu. yds. and tne 

second side apron figured 10 x 30 x 196 = 81,800 cu. yds. 
27 

The total excavation for dam will then be:w 

Dam proper 13,07& cu. yds. 
aprons 16,100 

«1,800 
Cost at ¢ &.00 per 106,47 cu. yds. 8 ¢ 2le,944,00 

Concrete for aprons 95,400 x 3 = 48,000 cu. yds. 
10 

This concrete has to be reinforced for compression and tempera- 

ture. The cost is given as ¢ 12,00 per cu. yd. Total cost of 

concrete for aprons «8,000 x 12 =$336,000,00 

DECIGHN OF RLaANT 

wince the spillway was dos ighed for the entire length 

of dam, there is no place for the power house other than down 

stream about 150 ft. This means that the water will have to be 

conducted this distance thru conduit of some description. 

at. 



The construction of a concrete pipe line at Pento 

Arizona in 1906 as described in the American Civil Zngineerds 

Handbook presents conditions somewhat similar to those at ’ 

Shoal Creek. The conduit was designed to carry a maximum in- 

ternal head of 31ft., at a velocity of discharge of 450 cu. ft. 

per sec, and an external head of 10 ft. It was 10.5 ft. in 

diameter with a minimum wall thickness of 6 in. and was rein- 

forced by 5/8 in. steel hoops 6 in. from center to center and 

6 longitudinal rods. It was built without expansion joints. 

Phe Shoal Creek conduit must be capable of carrying 

a maximum of 6,400 sec. ft. &t an average velocity of 9 ft. 

per sec. this would require a conduit of 711.1 sq. ft. cross 

section, which requirement would be fulfilled by two pipes 

each 21.4 ft. in diameter. 4 modified cross section of tne 

Pento conduit could be uded for these pipes. vee Fig. ls. 

It will be necessary that the top of tne Shoal Creek 

conduit be below the maximum drawdown level, which is about << 

ft. below the top of the dam, Allowing about 33% for water 

hammer, the maximum internal pressure on the pipe will be 

1.33( 2« plus £1.33) = 58 ft. approximately. This increase 

in pressure over that in the Feénte conduit may be overcome by 

increasing the thickness of the walls to 7 inches and by using 

larger reinforcements placed closer together, 

Phe Fento conduit cost $10.00 per linear foot in 

1906. Increasing the cost in proportion to the size and allow- 

ing 50% for increase in labor cost and material, the Shoal 

Greek conduit ( both pipes) would cost about $70.00 p.l.f. 

Phe total cost of conduit would be 150 x 70 = 10,500.00 



The conduit is designed to stand an external pressure 

of about 10 ft. of earth. Referring té fig. 14, the amount of 

excavation per linear foot is 50 x 30 = 150 cu. ft. or 50 cu. 

yds. The conduit plus forebay is «kb ft. long, making a total 

excavation of 11,250 cu. yds. At $4.00 per cu. yd. this will 

cost $$: 500,00, 

On account of the fact that the conduit id not to be 

covered it is necessary to build a 40 ft. retaining wall for 

the portion of the conduit not protected by the apron below 

the dam, The wall should be about 100 ft. long and £ ft. thick 

and will contain approximately 300 cu. yds. of concrete. At 

$10.00 per cu. yd. this cost will be 3,000.00. 

The enclosed forebay of reinforced concrete at the 

end ot the conduit just above the power house must be long e- 

npugh to accomodate five 13.5 ft. penstocks, 4llowing for 

rounded approaches, it should be 75 ft. long. Its height is 

21 ft. 4 in. and the width tapering from about 45 ft. at the 

upper end to about 9 ft. at the lower end. Basing an est inmate 

of coat at 15¢ per cu. ft. of space occupied ( about 45,000 cu. 

ft.) the total will be § 6,750.00 : 

: From the forebay five steel penstocks will conduct the 

water to the five units installed in the power house below. 

Kash of these must be capable of carrying a maximum of 1<80 

eu. ft. per sec. which, at a velocity of 9 ft. per sec, re- 

quires that they shall be 13.5 ft. in diameter. The static 

head above the lower end of the penstocks is not more than 

100 ft. Allowing 50% for water hammer and 10% for corrosion 

the total working head is 160 ft. The following formula from 

Gillette's Handbook of Construction Costs gives the thickness 

*Gillette's Handbook of Construction (Costs, 

cde 



of pipe walls in terms of the diameter, the head, the working 

stress of the material and the efficiency of the joints, 

t= 0.217 D H 
oo 

© for steel pipes is taken as 16,000# per sq. in. Using a 

double rivited joint, 72% eff., the required thickness of pipe 

is 1/2 in. while with the lock bar joint, 90% eff., the thick- 

ness would be 13/3% in. This comparison does not show much to © 

the favor of the lock bar joint and the double rivited joint be=- 

ing easier and cheaper to install is chosen. According to 

formula the weight p.l1.f. of pipe = ( 12,6 D ¢) plus 10§# = 

1,022.5¢ . The penstocks will be approximately 100 ft. long. 

The five will weigh, then, B11,250# . In 191% the cost of 

steel pipe in place ( without anchors, extra fittings etc.) 

was $3.39 per cwt.,* J allowing for a 50% increase in cost of 

materials, labor ete., the five penstocks would cost approxi- 

mately $25,500.00 , Allowing 41.00 per ft. for foundations 

and anchorage there would be an additional cost of 500.00, 

making a total of $26,000,00 as cost of penstocks. 

The power house is figured at 130 ft. length, 60 ft. 

width and 100 ft. height, making a volume of 780,000 cu. ft. 

at a cost of 20¢ per cu. ft. is $156,000,00 , This sounds 

reasonable, since the Coleman power house was to accomodate 

seven units of the same size as the five for this plant. 

The installed capacity is 53,200 K.W. and the cost 

per K.W. installed capacity for electrical and mechanical 

equipment has been given as $13.80 « The total cost will be, 

therefore, ¢ 735,000,000 , 

WATER RIGHTS 

The total acres covered will be 2,000 , The area 



“cb. 

of the river bed 8 miles long and «<0 ft. wide gives «19 

acres. Total to be purchased £,000 = £13 = 1,787 at 

$50.00 per acre gives ¢ 89,350.00 , 

PABULATION OF GOouTw FOR SHOAL CREEK 

Water Rights 1,787 acres & $50.00 per acre..¢ 89,350.00 

Dan : 
Excavation 106,472 cu.yds. ¢ ¢<.00per.. 2le,944.00 
Concrete 89,233 cu. yds. ¢ $10.00 per.. 89,330.00 
Aprons (concrete) £8,000 cu.yds. ¢ 12.00 336,000.00 
Pa inborn CATO B ese rsvrivosssnsenssniessasne &5,000,00 

Power House 780,000 cu.ft. volume ¢ 20¢ «eo. 156,000,00 
Conduit two 21.4ft. concrete pipel(diameter) 

150 ft. long at $70.00 p.l.f4... -10,500.,00 
Bxcavation for couduit and forebay 

11,250 CU .JASe @ $4600 cecevcscae 2% ,500,.00 
Retaining Wall 300 cu. yds. concrete 

ak $10.00 per cu. Jl eses stoner 3,000.00 
Forebay 45,000 cu.ft. volume ¢ 15¢ecsces 6,750.00 
Penstocks five 13.5 ft. diameter steel 

pipe B11,250F ¢ $3.39 per cwte... 26,000.00 

Bquipmeht 
Turbines, gates and g0V. $4.35 per W.K, 
Alternators and exciters Gen ¥Y 11 
wowitehing and wiring 285 1 
Transformers Pele) 
Heating and miscellaneous 0O.&b6 ! 

53,400 K.W, installed « $13480 ¥ w
m
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1 736,000.00 

Dwellings. shops €LCecssnccssstonscscasssnne 50,000 ,00 

Roads and Rallro8dB8ececccsovsssssscncscscsse 150,000 ,00 

&,715,574,00 
Engineering, contingencies and 

egal advice 160... cesrevivriacrrinavsven 407,306.00 

: 8,122,680,00 
Interest two yrs. ¢ 4% L249,814,.40 

Total capitol cost § 997,494.40 

Cost per K/W installed capacity 53,400 H.W. $ 63.35 

Cost per K.lW, 127,600 K,W, installed cap. 
of both pProjecCtSecesscecssssnccscsvnacccnssoe #6163 
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