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GENERAL DESCRIPTION.

- Hydro-Electriec Power Development
is fest becoming one of the largest branches of engineer-
ing. Much attention is being paid to it in all good
engineer ing schools. But it is impossible to get much
out of the study unless a plant is availsble for experi-
men tal work for the studenmts. Cornell University has such
a plant for this use. The engineering of this plant, the
water wheels, the electrical equipment, etec. were supplied
by various large manufactur ing companies at practically
cost price.

Now that the University of Mis-
souri is giving special courses in hydraulic engineering,
it is very essential that she have such a plant at her
services. The object of this thesis is to investigate
a project that will supply this need. It can hardly be
expected that the project will be a success financially,
‘tho it should pay enough in order that it will not become
a burden to the University.

On the Hinkson Creek is the only
rlace where a plant could be built within easy reach of
the University. About a mile due south of Academic Hall
there is a narrow place in the valley, and it is proposed
to build the dem and power house at that point.
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In the investigation of the project
the following points are to be considered:

Drainage Area.

Reservoir Site.

Design of Dam.

Design of Spillway.

General Details.

Power Developed.

Approximate Cost.

Conclusio nf.
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DRAINAGE AREA.

A map of the drainsge area is shown
on Plate I. The red line is the divide. There are ap-
proximately sixty-one square miles in the drainage area.
This map was copied from an atlas of Boone County. From
this drainage the runoff can be figured approximately by
using the ratio of runoff to rainfall as determined by
Messrs. Hunter and Phillips in the ir thesi/éff”naainfau
and Runoff Data of Hinkson and Grindstone Creeks." The

Percentages of Cun-off
following are the zesulis they ohtained:—

Hinkson Creek.

Grindstone Creek.

[908 October 5.12 % 7.7 %
“  November 9.08 % 10.45 %
C e December 16.75 % 11.51 %
1909  January 36.90 % 42.20 %
«(  February 88.95 % 52.7 %
« ldarch 48.15 % 13.56 %
«w  April. 33.96 % 14 .56 %






RESFRVOIR SITE.

The survey of the reser&bir site was
made with the transit and stadie. The objeet of this sur-
vey was, first, to obtain the high water line; secohd, to
get the capacity of the reservoir.

There are two things that 1imit the
he ight of the dam, end tlerefore the high water line: first,
there is a low place in the hills just south of the dam;
and second, the water ﬁust not flood so much land that the
expense of the site become so great as to mgke the project
too expensive.

Plate 2 shows & map of the site as
plotted from this survey. As shown by the mep, the val-
ley is closed in by rock bluffs aslmost a1l the way. The
lowest point in the low place south of the dam is at an
elevation of 628 feet, sea level datum. Therefore, the
top of the spillwey can be built to an g;evation of about
624 feet, end allow for'a five footi;;géfgs the reservoir.
This cen be teken care of by building a 1levee about five
feet high across the low plece for a distance of about 300
feet. The red line on the mep shows the wateriiiﬁé Whgré~
the water is just at the top of the sPillway.

The cspacity of the reservoir is

found by measuring the area of the contours, dividing

the sum of each two successive contours by two, and






multiplying the result by the distance between. 1In this
rroject the only essential capacity is that between the
upper contours as this only is availablé':"j o
The areas were measured with a

plenimeter. The following are the results:

Area of 624 fobt contour= 11,160,000 sq. ft.

Area of 620 foot contour—- 8,172,000 sq. ft.

Area of 610 foot con’cour; 2,602,000 sq. ft.
Capacity between 624 and 620 foot contour—= 38,664,000 cu.ft.
Capacity be tween 620 and 610 foot contour= 53,370,000 cu.ft.

Total ------- 92,034,000 cu.ft.
The water will flood Quarry Road end this road, therefore,
must be sbandoned. But the Ashland Gravel Road will not
be damaged. '
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DESIGN OF THE DAN.

A dam of standard dimensions for
various heights was found in Wegmann. The height of the
dam is 50 feet from foundation as shown by Plate 3 and the
remaining dimghésions were determined from this standard
form, giving width at base equal to 33 feet, and ﬁidth at
top equal to 5 feet. This height of dam is 3 feet above
high water mark, and 8 feet above top of spillway.

Drills had been sunk in c;éé%\vicii’
hity of this site to a depth of 10 feet, and a gravel bot-
tom was found. So the foundetion or piers upon which the
dam rests are to extend down 8 distance of 20 feet on the
up-stream side, and 14 feet on the down-stream sidé, or
until solid rock is encountered. The purpose of these
priers is not only to insure a firm foundation, but also
to guard against any water seeping under the dam and thus
undermining it. As these piers or foundations are constructed
under the spillwey as well as under the dam proper, the entire
structure mﬁy be said to rest upon a solid rock foundation.

' The total length of main portion of
dam is 390 feetgfé%h-ieggth of spillway 200 feet. The dam
is constructed of eyclopean concrete with a mixture of
1:2%:5 and containing 15,660 cubic yerds. There also
being 8,632 cubie yards of concrete in the spillway, makesf
& total of 24,295 cubic yards, snd costs $4 .00 per cubie

yard, or a total of $97,180.






DESIGN OF THE SPILLWAY.

The m of spillway to be used is
known as the Plattsburg type. From "Water Supply Paper
‘No. 200 of the U.S. Geological Survey" a form was found
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 face of 4 to 1, and a radius of crest
equal to 3 feet. W;tthhis slope and curve, the overflow
water will not leave‘ tne crest, but clings closely to the
surface of the spillway. Built upon each end of the spill-
way is & wall 5 feet high and one foot thick which prevents

the water from spilling over and undermining the dam.
The length of spillway was determined

I.=—8"33/L

where Q is the quantity of discharge in cubic feet per second,

by the formula:

C is the coefficient 3.52 taken froxn;table in Water Supply
Paper No. 200, and H. is the head, 5 feet.

In order to find the value of Q, dis-
charge curves for Grindstone nnd Hinkson Creeks as ascer-
tained by Hunter and Phillips were used. As these curves
Were made from date with reading of the guage equnl to 5
feet, they had to be continued until a head of 10 feet was

reached. Therefore multiplying value of mean velocity by






by value of sectional area, gives an approximete value of
Q@ for a guage height of 10 feet. The @ for Kinkson Creek
equals 5000 cubic feet per second, and for Grindstone Creek
equals 2500 cubic feet, making a total 7500 cubic feet of
water per second as the probable maximum flow over the
spillway.

The spillway is constructed of
cyclopean conerete, proportional parts 1:2%:5. Rip-rap
was built on the lower edge of the spillway, forming a
toe to insure against any washing under the foundation.
And under the spron of the spillway which is 75 feet long,
rip-rap was laid to a depth of 4% feet. This gives a firm
foundation and insures ageinst any undermining which might
be caused by seepage wafer. This design was modeled after
the Granite Reef dam of the Salt River Project, U.S. Re-

clamation Service.






POWER DEVELOPED.

From the data collected the quantity

of water available for power may be found in two ways:
(1) By teking the mean of the daily rainfall for
the last ten years aa.shown by Flatee 12 to 22, and multi-
Plying by the runoff factor;
(2) By using the runoff from October 10,1908 to

May 1, 1909 as found by Messrs. Hunter and Phillips in
their theais\on "Rainfall and Runoff Data of Hinkson and
| Grindstone Creeks" and figuring the power on that basis.

The second meth§d wes chosen because
of its simplicity snd because of comparison with rainfall
foffiést ten years shown on Plates 12 to 22, it is seen
that during the period from October 10, 1908 to iay 1,
1909, the rainfall is Just about what may be expected
one year after another. Plate 12 shows the daily run-
off. These dats were obtained by taking the sum of the
runoffs from the station at the Ashland Gravel Road Bridge
on the Hinkson Creek and a similar one oh the Grindstone
Crapk on the Ashlan& Gravel Road. This runoff is plot-
ted on Plate 11. |

From the bed of the ereek to the top
of the spillway is 30 feet. Therefore, allowing a 6 foot

L /
Al ltd.r(’/;

‘loss in draft tube, tail race, eto;fhtv5~a tbtal available
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head of 24 feet. Since the discharge is very small at
times, the storage must be drawn upon for a good portion
of the time. It is proposed to draw the level of the
reservoir down 14 feet. Hence, the average head at the
powerhouse will be 17 feet.

The next thing to be determined is
the maximum quantity of water available in cubic feet per
second. This is first figured on a 24 hour per day basis
then converted into & 10 hour per day basis. By comparing
the areaes be tween the 21 cubic-feet-second line and the
discharge curve, and the available storage area, all on
Plate 11, it is seen that 21 cubic feet per second for
24 hours per day, or 50 cubic feet per second for ten
hours per day can be used the first semester, September
16 to February 1. In e similer way, it is found that
60 cubic feet per second for 24 hours per day or 120 cubic
feet per second for 10 hours per day can be used during
the second semester, Februmry 1 to June 1.

It is proposed to keep the power con-
stant. Hence as the head decreases the quantity of water

used must be increased.

QYH
H P- 076b0
‘ 50 x 62.5 x 17
Power Developed first semester-.60 550 — 40 H [

Fower Developed second semester=.70x120 x 62.56 x 17_160 +( /=

e

50

ol
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Hence if power is to remain constant
gnd H and Q vary ﬁim, Q H-Constant. The curve of this
equation is a parabola. TIwo such curves were plotted , one
on Plate 6 for the first semester, and one on Plate 7, for
the second. With these curves, when the head is known,
the Q required can be picked direstly off the curve.

The power is worth $90.00 per horse
power per year, 10 hour dayé.

Income first semester—=90 x 5/12 x 40 =$1,500.00
Income sdcond semester-=90 x 5/12 x 160=6,000.00

Total ------ $7,500.00
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GENERAL DETAILS.

The power house is to bte built of
concrete and constructed at the north end of the dam. It
is 20 i’eetﬁwide being just large emough to contain the
t'?z'&;):(l{;eﬂs( ) The up-stream face of the dam forms the outer
wall of the power house.

The turbines are designed for a
head ranging from 24 to 10 feet and are of the ordinery
low head reaction type. Two of these turbines are to
be used with an auxiliary one which may be put into opera-
tion during low water. Cost of the turbine is $8.00 per
horse power.

Between the power house and the epill-
way are two 6 x 8 foot sluice gates which may be raised and
lowered during high water. Thase gates are to be hand
operated, built in the dam and when opened will cause the
8ilt and mud to be scecoured away.

| In the hills south of the dam site
is a low ridge where the wster would overflow from the
reservoir during high water stage. The elevation of this
ridge is at contour 628 and the high water level is at
contour 629. 'So an earth embankment will here be bdbuilt,
300 feet long and 5 feet high. The width of base is 30
feet and width of top is 10 feet. About 1200 cubic yards

of earth will be required -to meke this f£ill, and at a cost
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of 22 cents per cubic yard makes a total cost

Approximate Cost of the Pro ject.

Dam and Spillway, $4.00 per ocu. yd. .........

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

Turbines, $8.00 per horse power.

- e e - —-————

Gates, $300.00 8@Ch., ==----===cccccc oo

Earth £i11, 22 cents per cu. yad.

Property, $100.00 per Acre

B

of $265.00

$ 97,180.00
375.00
1,280.00
600.00
265.00
26,000.00

$ 125,700.00
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CONCIUSION.

The cost of the projeect is $125,000,
and the income $7,500 per year. This is 6 % on the in -
vestment, which shows that the project is not a success
financially. But since the plant is for educational pur-
poses it can be made possible by special donations of ap-

propriations.
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DALY DISCHAKGE AT DAM IITE

OCT 16,1908 — MAY 1909

PLATE M™\° \O
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/ 3./ SHH 544 Y42, @& /9.6 /04
2 /3.0 /2 23 @ 40 0 /7.6 /0.2
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7 &3 /7.3 g 2 650 /4 0 /5.4
8 6.3 /05 56 5.2 J# O /2.2
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/0 40 5.9 38 5.9 736 55 7.9
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/2 33 483 SO d H#1.5 I35 ! 7/ 6
/B3| a.rF 4.8 &7 43 542 255 78.4
4 z 5 4.8 e #3 sz320 | 208 137
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/6 Rz 43 7 .2 Sz /70 /5.2
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18 2./ 48 58 3 5 JOH S Ved< 0.5
/9 2. 2 78 o X7) 2.8 205 & /9 /66.4
z20 Z.3 438 5./ g5 /28 2 /a0 /328
2l z 5 4 8 5 0 26.0 /30§ ra J52.0
z2 z.3 4.8 .9 24.8 95.8 7 213.0
23 /8 25.2 4.9 272 3780 /0 G 486
Z 4 = 2 o4 o 4.9 Z3-4 /28.0 /75 7781
25 /38 /2.0.0 49 178 77 /5.8 240
26 Y5 58.@ 45 /2. 4/ HO. 4 /3.9 /8 6
27 “ 3 23.2 43 #7 6 F2.7 230 17/
z8 47 Juq | 48 742.0 240 /17 /2.8
29 Y5 G2 4 43 /000 AOE /0.2
30 4 5 Jo4-Y S5 9270 V72% /5.0
3/ i 572 572 9 9
Total S/ 4/ &30 340.2 167 %1 | 4ROPZ | 7545 17704
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