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GENERAL DESCRIPTION. 

Hydro-Electric Power Development 

is fast becoming one of the 1ar~st branches of engineer-

ing. Much attention is being paid to it in ell good 

engineer ing schools. But it is impo sible to ge t much 

out of the study unless a plant is available for experi­

mental work for the students. Cornell University has such 

a plant for this use. The engineering of this plant, the 

water wheels, the el ectr ioal egu ipme nt, e to. were s upp1 fed 

by various large manufaoturing oompanies at practically 

cost price-. 

Now that the University of Mis­

aouri is gi ving special co urses in hydraulic engineering t 

it is very essent fal that she have suoh a plant at her 

services. The objeot of this thesis is to invest igate 

e. projeot tha t w ill supply this need. It can hardly be 

expected that the project will be a suocess financially, 

tho it should PBS enough in order that it will not become 

a burden to the University. 

On the Hinkson Creek is the only 

place where a plant could be built within easy reach of 

the Uni va rs ity • Abo ut a mil due so uth of 08. demic Hall 

there is a narrow place in the valley t an d it is proposed 

to build the dam and power house at that point. 
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In the investigation of the project 

the follo~~ng points are to be oonsidered: 

Drainage Area. 

Reservo ir Si te. 

Design of Dam. 

Design of Spillway. 

General Detail B. 

Powe r De veloped • 

ApI' rox ima te 00 at • 

C onolu8 ion~ 
" 
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DRAINAGE AREA. 

A map of the drainage area is shown 

on Plate I. The red line is the divide. There are ap­

proximately sixty-one square miles in .the draina~ area. 

This map was copied from an atl11a of Boone County. From 
~ 

this drainage the runoff can be figured approximately by 

using the ratio of runoff to rainfall as determined by 
/f'of'J . 

Messrs. Hunter and Phillips in the ir· thesi~ -'l "Rainfall 

and Runoff Data -of Rinka on and Grindstone Oreeks. If The 

following 
P. res ,.,+n <3e~ oT lelJY1-off! 

are the" pastil: tri- tmy ohtained: -

Hinkson Creek. Grindstone Creek. 

(908 October 5.12, % 7 .78 ~ 
t, November 9.08 tf, 10.45 ", 

t( December 16.75 % 11.61 % 
~Oj January 36.90 % 42.20 % 

L ( j'ebrusry 88.95 tf, 52.7 ~ 

~ March 48.15 % 13 .55 ~ 
"'- Apr il. 33.96 fo 14.56 <f, 
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RESER VOltR SIT E. 
; -

y 
~e survey of the reser~oir site was 

tpade with the transit and 8,tadia. The object of this sur­

vey was, first, to obtain the high water line; sscrond, to 

get the oapaoi ty of the re servo1r. 

!Dbe re are tw 0 th ings tlB t limit the 

hE[ight of the dam, and tl:a refore the high water line: fn-st t 

there is a low plaoe in the hills just (outh of the dam; 

and seco'nd, the water must not flood so muoh land that the 

expense of the site become so great as to mare the projeot 

too expensive. 

Plate 2 shOws a map of the ~ite as -
plotted from thi B survey. As shown by the map, the tVsl-

ley is olosed in by rook bluffs slmos t all :the way. '.Dbe 

lowest point in the low place south of the dam is at an 

elevation of 628 feet, sea level datum. T.herefore, the 

top of the spill way o.an be buil t to an elevation of about 
o v e y-/lo vv.-

624 feet , and allow for a f dlve 'foot ..pise in the -N&er?&· • 
1\ 

This oan be taken care of by building a levee about five 

feet high across the low plaoe for a distanoe of about 300 

feet. 
Ccv. . ;"<'//' M .:'&IJ 

The red line on the map shows the water
1 

Y-ne .where 1\ 

the wat er is just at the top of the spillway. 

!rhe oapaci ty of the reservoir is 

found by measuring the area of the contours, dividing 

the sum of each two suooessive oontours by two, and 
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multiplying 'the result by the distance -between. In this 

project the only essential capaoi ty is that between the 
-10,... "::::Ie> I,.A,. --~lt'" ,. .... 'r ~ 

upper oontours as this only is available. ~ 

The areas were measured with a 

plalllimeter. The following are the results: 

Area of 624 foot contour~ 11,160,000 aq. ft. 

Area of 620 foot oontour: 8,172,000 sq. ft. 

Area of 610 ' foot oontour::=. 2,502,000 sq. ft. 

Oapaoity between 624 and 620 foot contour= 38,664,000 cu. ft. 

Oapacity between 620 and 610 foot oontour= 53,370,000 ou.ft. 

~otal ----- - - 92,034,000 eu.ft. 

~he water. will flood Quarry Road? and this road, therefore, 

mu.st be ab·andoned. Bllt the Ashland Gravel Road wi 11 not 

be darmg ed . 
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DES IGN OF THE DAM. 

A dam of standard dimensions for 

various heights was found in Wegmann. The height of the 

dam is 50 ' feet from foundatchon as shown by Plate 3 and the 

remaining dim{n sions were determined from this standard 

form,. giving width at baeeequal to 33 feet, and width at 

top equal to 5 feet. This height of dam is 3 feet above 

high water mark, and 8 feet above top of spillway. 
+f,~ I -

Drills had been sunk in oleee vici ':: 
"'-

\i ty of this si te to a depth of 10 feet ', and a gravel bot-

tom was found. So the foundation or piers upon which the 

dam rests are to extend down a distance of 20 feet on the 

up-stream side, and 14 feet on the down-stream side, or 

until solid rock is encountered. The purpose of these 

piers is not only to insure a firm foundation, but also 

to guard against allY water seeping under the dam and thus 

undermining it. As these piers ~r foundati ons are constructed 

under the spillway as well as under the dam proper, the entire 

structure my be sai d U> rest upon a solid rock foundat ion. 

~he total length of main portion 0 f 
w.~t. y #vI.t ' 

dam is 390 feet ~ I ength of spillway 200 fe et . The dam 
I\. ' 

is construoted of cyclopean conorete with a mixture of 

1:2i:5 and containing 15,660 cubic yaris. There also 

being 8,632 cubic yards of conorete in the spillway, makes 

• total of ' 24,295 cubic yards', and coats $4 .00 per cubio 

yard, or a total of $97,lSO. 
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DESIGN OF THE SPILLWAY. 

~e fb)m of spillway to be used is 

known as the Plattsbu.rg type. From "Water Supply Paper 
elM ~'ftv.:-'- ~,...L 

No. 200 of the U.S. Geological Survey" a form was found 
A. 

from which this spillway was designed. 

As shown by the dimensions in 

Plate 4 the he ight equals 30 feet from creek bed with 

a slope on the upper' faoe of 4 to 1 t an d a radius of ores t 

equal to 3 fe·at. Wi th this slope and curve, the overflow 
1"4-. ~ I, f 0 f 

wa ter will not "Ie ave the ore at, but ()l ings olosely to the 

' surfac'e of the spillway. Built upon each end of the 6F111-

W8:j is a wall 5 feet high and one foot thick whioh prevents 
_ t:n" ..... ~ ·..,(. - ~W.l·C{<"> vt":U 

the water from spill ing over and undermining the dam. 
" 

fihe length of spillway was determined 

by the formula: 

L""~t 
where ' Q is the quantity of disoharge in oubio feet per second, 

-u, 
C is the coeffioient 3·.52 taken from,-\ table in Water Supply 

Paper No. 200, and H. is the head, 5 feet. 

In order to find the value 0 f Q, dis­

oharg~ ourves for Grindstone and Hinkson Creeks as ascer-

tained by Hunter and Phillips were used. As these ourves 

were naa.e from data wi th reaJling of the guage equal to 5 

feet, they had to be oontinued unt 11 a mad of 10 feet was 

reached. Therefore multiplying value of mean velooity by 
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by va.lue of seotional area. gives an approximate value or 

Q fo r a guage he ight of 10 feet. The Q for Kinkeon Creek 

eq uals 5000 cubio feet per sec ond. and for Grindstone Creek 

equals 2500 cubic feet,- making a total 7500 cubic feet o~ 

water per seoond as the probable maximum flow over the 

spillway. 

~e spillway is construoted of 

oyclopeen 0 onorete, proport ional parts 1: 21-: 5 ·. Rip - rap 

was built on the lower edge of the spillway, forming a 

toe to insure aga.inst any washing under the fojmdation. 

' And unj1er the apron of the spillw~ whioh is '15 feet long. 

rip- rap _s laid to a depth of 4t feet. This give.s .a firm 

foundation and insures against any tlndermining which might 

be caused by seepage water. This deSign ms modeled after 

the Granite Reef dam of the Salt River Project, u.s. Re-

o lama t ion Service • 
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POWER DEVELOpEJ> • . 

From the data colleoted tie quantity 

6f water available for power may be found in two ways: 

(1) By " taking the mean of t m daily rainfa.ll for 

the last ten years a.s showl;1 by Plates 12 to 22, and multi­

plying by the runoff factor; 

(2) ,By u,s1ng the runoff from" October 10,1908 to 

May ·l, 1909 · as found by Messrs. Hunter and Phillips in 
s · " . 

their theei' on "Rainfall and ·Runoff l)ata of Hinkson and 

Gr mdst on e Creeks" .a m f iguri ng the power on that basi S • 

The seoond method was chosen because 

of its simplicity and because of oomparison with rainfall 
~ 

for ~ last ten years shcrBn on Plates 102 to 22, it is seen 

that du.nng the period from October 10, 1908 to May 1, 

1909, the rainfal l is just about what~ may be expeoted 

one year after another. Plate 12 shows the daily run-

off. These . da te were obtained by taking tm sum of the 

ru.noffs from the station at the Ashland Gravel Road Bridge 

on the Hinkson Oreek and a similar one on the Grindstone 

Crj~k on th~ Ashland Gravel Boad. 

ted on Plate 11. 

This runoff is p10t-

i'rom the bed of the oreek to the " top 

of the spillway is 30 feet. Therefore, allowing a 6 foot 
4e.~ . 

loss in draft tube, tail race, e to. hi At a total available 
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head of 24 feet. Since the discharge 1a very small at 

t 1me s, t he storage mu.at be drawn u.pon fo r a good portion 

of the time. It is proposed to draw the level of the 

reservoir down 14 feet. Henoe. the average head at the 

powerhou,se will be 17 feet. 

The n:axt thing to be determined is 

the niJ.ximwn quantity of water available in oubio f:eet per 

aeoond. ~hie is first figured on a 24 hour per day basis 

then c olIVerted into a 10 hour per day basis. By comparing 

the areas be tween the 21 cubio- feet- second line and the 

, lisoharge curve, and the available storage area, all on 

Plate 11. it is .seen tha t 21 cubic f ·eet per seoD~d for 

24 hours per d~, or 50 oubio teet per seoond for ten 

hours per day oan be used the first semester, September 

16 to Febru.ary I '. In a similar way, it is found that 

60 cu.bic feet per seoond for 24 hours per day or 120 oubio 

feet per second for 10 hours per day can be used du.riJjg 

the seoond sens ster t Februar y 1 to June 1. 

It is propo sed to kee p the power oon­

stant. Hence as the head decreases the quantity of water 

used must be increased. 
QYll 

H p= O~o 
60 %,62.5 :x 17 

Power Eev810ped f:1rst semsster=.60 560 -= 40 H)~ 
• 

Fower Develope d S890nd semester=-e '10 )( 120 :x 62.5 % 1 '1-= 160 f-(r-: 
550 
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Hence if power is to remain oonstant . 

, Q R:= Constant. The curve o'f this 

equation is a parabola. Two such ourves were plotted, one 

on Plate 6 for the first semester, and one on, ~late 7, for 

the second. With thes'e ourves, when tm head is known, 

the Q required 0 an be pioked direvtly off the oorve. 

~e' power is worth $90.00 per horse 
. 

power per year, 10 hour days. 

Income first aemester=90 x 5/12:X 40=$1,500.00 

Income sd.cond semester=.90 x 6/12 x 160= 6,000.00 

To ta 1 - - - - - - $ '7 , 60 0 .00 
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GENERAL DE~ILS. 

!l!he ,power house is to be built of 

o OnDrete and oonstruoted at the north end of the dam. It 

is 20 teet wide, being just large enough to contain the 
-~~ 

t u rbines. !rbe up-stream faoe of tm dam forms the outer 
1\ 

wall of the power house • . 

1the turbines are designed :1br a 

head ranging from 24 to 10 teet and are of the ordinary 

low head reaot ion type. ~o of these turbines are to 

be , used with an 811.~iliary one which may be put into , opera-

tion during low water. Cost of the turbine is $8.00 per 

hors e power. 

Between the power house and the epill­

way are two 6 x 8 toot sluice gates which may be raised and 

lowered during high water. These gates are to be hand 

operated, built in the dam and wmn opened will cause the 

s1l t an d mud to be sooured away. 

In the hills south of the dam site 

is a low ridge where the water would overflow from the 

reservoir during high water stage. !rhe elevation of t his 

ridge is at ' oontour 628 and the high water level is at 

C ontou.r 629. So an earth embankment will here be built. 

30'0 fe~t long and 5 teet high. The wid th of base is 30 

feet and w1d'th of top is 10 feet. Abou.t 1200 oubio yards 

of earth will be requ.1red -to make this fill, an d at a cost 
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of 22 cents per ou.bio yard makes a total oost of $265.00 

Approximate Cost of the Project. 

Dam and Spillway, $4 .00 per 00.. yd. --------- I 97,180.00 

Power House, $7.00 per cu. yd. --------------­

Turbines, $8.00 per horse power. -------------

Gates, $300.00 eaoh. -----------------------­

Earth fill, 22 oents per au. yd. -----------­

Property, il00.00 per Aore ------------ - ----

375.00 

1,280.00 

600.00 

265.00 

26,000.00 

Total ----------~ $ 125,700.00 
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COIICIDSIOU. 

~he cost of the project is $125,000, 

and the income $7,500 per year. This is 6 % on the in -

vestment, whieh shows that the project is not a success 

financially. But since the plant is for eduoational pur-

poses it can be made possible by special donations of ap­

propria ti ons . 
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