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SUBJECT :

“Power Utilization of Meramec Spring.”

F. H. WALSH, LAWRENCE MAY,
For C. E. For E. M,

MAY, 1902,



POWER UTIDIZATION OF MERAMAC SPRINGS.



Power Utilixation of Meramec Spring.

Meramec Spring 1e situated in the east central part of Phelps
County,Missouri,about one quarter of a mile west of the county line.
The spring proper is in the center of a small natural amphitheatre
from which the water flows through a valley which has a bearing of
approximately N. 30 degrees W,, about one wuarter of a mile from the

the spring the course of the stream is changed about sixty degrees to
the east,one wuarter mile from this bend the stream joins the Meramec
River. The spring is situated about six miles S 30 degrees E, from
the town of St, James,Missouri and is about thirteen miles due east

of Rolla,Missouri. By wagon road the distance from Rolla to the
spring 1s sixteen miles.

The volume:- of water delivered by the spring is modified to
some extent by the amount of rain precipitated in the seaerrounding
district. In the latter part of the summer of 1901,after several

months of prolonged drought,the flow from the spring}was found by
actual measursment to be about 55 000,000 gallons per day(one set of
observations gave 47,000 000) of twenty four hours, On M&rch 26th
1902,after several weeks of ordinary weather,the flow oT tMa spring
was found to be about 60,600,000 gallons per day. ‘ After a raiﬂ of
several hours duration the flow was materially inﬂ%;ésad and probably
reaches 100,000,000 gallons at such times. ??g )5“
The improvements contemplated are a dam andzgiuicé to impouhd

and deliver the water from the spring to the turbine in the power

house ( ses Plates I and II), This turbine will be diresctly connected
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to Three Phase Alternating Current Dynamo. The energy will be trans-
formed at the power plant and transmitted to St -.James and Rolla by‘
Duplicate Three Phase Transmission ILines. The water from the turbine
is carried away by an inclined draught tube to fhe tail race which
Joins the present valley below the old dam,as shown on Plate I,

The dam is to be of the ordinary rock fill type,built of
material taken from the surrounding hill sides., This material is well
ddapted for the purpose,consisting of boulders from head size down,

mixed with gravel,sand and clay. This dam is about ninsty-thres
feset long and three feet wide on the top. The section will not be

regular as the material will he dumped and not placed. The westerly
end of the dam will terminate in the side of the head sluice. This
sluice extends in a straight line to the pen stock which is sigply
an enlargement of the sluice proper. @Gqtes are provided near the
entrance of the sluice and a grating is to be built in the penstock
to prevent floating objects from entering the turbins.

The datum of slevations is at the level of that point from which
the water of the spring issues,therefore this being zero the present
water line 1s at fourteen feet. As the intention 1s to use 2. he xd of
thirty feet the dam 1s to be thirty-two feet high as about 0ne foot
head will be used to obtain the proper slope 1n the ta;l raoe thg
gates must be manipulated in order to keep a hsad of thh"ty one

.....

feet in the reservoir. The effective head will then be %Hirfj feet
The foot loss in the tail race is occasionsd by the 5act thet the
level of the water in the stream and the level of the point where

the water tssues from the spring 1s the same,approximately.
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The head sluice is of trapezoidal section twenty-three feet
wide on top,sixtesn feet wide on the bottom and seven and one-half
feest dfb,the watsr'standing fo a helpght of six feet. The earthwork is
part cut,part fill,the two approximately equal.

The forebay or penstock i1s simply an enlargement of the sluilce
and 1s provided with the usual grating and may be covered,it is
separated from the power house by a water tight timber partition. The
powsr house partition and the gates are described in description of
Plate II,

The tubbine as worked out (see notes on pages .~ - ) is to be
a 27" horizontal shaft,inward flow Victor turbine as built by the
8tillwell,PMerce and Smith-Vaile Co. of Dayton,Bhio.,

The inflow 1s taken to the turbine through a short sheet iron
pipe, In order to get an effective head of thirty feet a draught
tﬁbe,inclined to the tail race as shown in Plate I, is to be used.
| The turbine,which under the given head and running at 286 R.P.M,
devslops 246 Hp is to be direct connected to a 150 K.VW.,General
Blectric,three phase d ternator which gives a currént of 15,45 ampheres
under an B.M.P. of 1000 volts. A masonry plt and foundation fnr the
dynamo is to he provided as shown on Plate II., The current from the
dynamo is to be "stepped up",with a three phase stationary transrorm-

er,to 10,000 volts and will be transmitted at this tension bVer a three
wire pole line to St., Uames and Rolla, A switch boa;d and tool room
are to be provided,in the power house as shown on Plate II k&

The draught tube,which is of sheet iron and slightly enlarging

as it goes downward,terminates in a dead water pool which is twenty

seven feet long,and twenty four feet wide and six feet deep,the tail
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race flowing from thls pool 1s eighteen feet wide at the water 1line,
ten feet wide on the bottom,the water flows at a depth of thyee fest.
This sluice is approximately one thoudand feet long. ’

The intention is,that on account of the spring being in a
small basin and as there 1s no opportunity for the storage of water,
the reservoir will be nothing more or less than a tank,water enter-

ing at one part and being drawn out at another., As before stated,a
defdnite head(of thirty-feet) is to be maintained by manipulation of
the sluice gates and any excess of water which can not be used by

the turblne is to be wasted over the dam. @p effect this,the top of
the dam will be slightly lower at the center than at the abutments and
an apron of broken stone,laid dry is to be buililt on the down stream
side of the dam to prevent undercutting by the wasté water.

Plate No, I,

This plate shows a topographical map of the spring and
surroundings,with the imppovements contemplated,the contours being
shown up to eighty seven feet above phe datum, This datum is the

plane passing through the exit of the spring and all contours are
taken above it.

The topography of the ground above water was determined by the
stadia,in the usual manner,from the stations s,s,: the topography of
the ground covered by water was determined by soundings from a boat,the
position of the boat at time of sounding was taken by an observation m

on a stadia rod mounted on the boat.

Two sections are shown,one on 4he& lines AB,BC is projected
on the line AB,produced,this section shows the relative elevations of

the bluff,spring,proposed gam,present dam and the submerged ground.
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The present and proposed water lihes are also shown, Tﬂe other
section is taken on the line DE and is projected at right angles
to the direction of the head bay.
A section of the head bay is shown,giving also the slope of
the hill at the line of section, A plan of the gates and frame work
is indicated. These gates are two in number. On each gate afe two
vertical racks meshing in two gear wheels on the same horizontal
shaft, This shaft is turned with hand spikes inserted dn the orifices
of a disk on the center of the shaft as in the ordinary gate for low
heads. Bach end of the horizontal shafts i®¥ supported by a cast
ifon bracket fastened to horizontal timbers in the framing of the
gate, Theframing of the gates and gate supports must be rigld and
of naceésity is to be braced in a proper manner so that movements or
displacements of the gate structure or any of its parts may be im-
possible, HRach gate 1s entirely separate from the other and may Be

operated independently.
The® scale throughout is fifteen feet to the inch.

Plate No, II,

This plate shows sketches of the power house in plan,side
elevation and cross section to a scale of one quarter inch equals one
foot. The location of the various devises and a general arrangement of
the tisber 1s shown., The roof is to be supported by five timber truss-

as of extra heavy construction,in ofder that great weights may be sus~
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pended from them without genger to the structure. The building is to
be roofed and sided with corrugated iron and windows and a door are to'
be provlided for as shown,

The bulk head Between the head bay and power house 1s to bé
supported on a well braced framing of timber. This bulkhead consists
of two thicknesses of two inch plank with joints at right angles to
each other and a layer of water proof roofing material between the
layers of plank,

Also on Plate II is shown a cross section of the stream,flowing
from the spring,fhe horizontal scale is,one inch equals five fest,
the vertical scale is,one inch equals two-tenths feet.

This profile was obtained by the use of the level, The réadings
were taken at intervals 6f five feet on a tape stretched across the
stream, These points are indicated by the numbers 65,60,55 etc. At
the points marked 65a,65b,60a,60b,etc., readings of the cufrent

meter were taken in the usual manner.

Probable Horse Power Developed.

Measurements taken during the summer of 1901 showed that the .
minimum flow during a severe drought was 84.28 cubkc feet per second,
March 1902,measurements were again taken,when the flow was supposed
to be an average and it was found as shown on Plate No.I to be 93,41
cubic feet per second.

The Horse Power developed theoretically from 84.28 cubic feet
per second with 30 feet head is 289,

The water wheel selected wés efficient to 79.8 %; This leaves

230,.,6 Horse Power to be delivered to the dynamo,
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During high water the effective head is decreased on acw unt of
back water one or more feet but since the volume is increased we can
keep the power nearly constant by using a larger wheel. This wheel :
is as before stated,a Bictor Horse Power 246,04, ‘

) Losses in Dynamo and Pransformer.
Thee 1lsswes 5enera11y allowed in dynamo and transformer are a% and
2% respectively. _ _
This leaves 207.5 Horse Powser to be delivered to the lims .
Whater WRheel.
Outward Fhow.

The equations used are taken from P,.387 Merriman's Hydraulics.
The angits referred to are the same as those in dilagram on page 379.
Anmmme - 287; ¢= 90; =, 128";, r-17,5" Give h=30 ft.

From Equa, (107)

u = /- ), 31.04 ft.sec.

50-44&%4,-4)_

T - ) ff e 35.2 1t. sec.
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Line Prom Meramec To Bt. James.
There shall be three No. 8 wires placed 18" apart,the center
one being placed on top of pole. Thesé‘willlbe transposed every héif
mile. 10000 volts shall be used for transmission, The voltage at
machine shall bs 1000 and will be steped up to 10,000 volts by a

Three Phase Statalonary Transformer.

<
per mile for No.8 conductors spaced 18" apart is.712 omg

fhe reactféﬁ-

The Resistance per mile for #8 is 3.32 ohms,

The Capacity per mile for #8 spaced 18" is given by Crocker Vol.IT
IO SR oot B W

p 138, Formula 67 is foupd to be ,00344 micro foreed, This is so

small it maylbe'heglectSd.

Therefore the empedence per mile where R=<Rs -y“ﬁ*
Zop = Incbecetiis ~ U
- Z"j 2L %0 2

Total resistance =12 X 3.39 =40.,68 ohms.

— |
; _— 3.3
. ) s T8 7 oo,

Volt drop=C R=15,45 X 40,68= 628,5

.*, 10000 P 628.5= 937.5 volts delivered at St. James.

Al

Per cent drop in line - 9371.5 =$.3%
~10000~—
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Cost of Line from Meramec to St.James.

Poles per mile at $1.10 $49.40
Insulators 264 per mile at $1.40 per 1000 39.96
Pins,porcelain base at 25¢ ” 66,00
fross Frames at 6 f per foot 17.52
Iron braces 5/16 x 1 x 20" (wt.104# per ft) at 64 18.20

#8 B & S guage,aldowing 107 for losses at 71/2f per # 278.84

putting up line wire 20,00
Setting in poles 22,00
Total cost per mile 510,92

Length of line is six miles.

Cost of line from St. James to Rolla,
The same size wire will be used and the same material in con-
structing the line. Therefore the cost per mile is same as above.

length of line is ten miles.

Total cost Meramec to St. James 2065,.52
St. James t0o Rolla 5109.20
potal cost of line 8174 .72

1.0ss in Line from 8t. James to Rolla.

The resistance per mile is the same as before since the same
slze wire will be used,spaced same distance apart and at the same
height from ground.

;ength of line 10 miles.
rotal resistance equals 3.39 X 10 X 2=67.8 ohms,
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¥he probability is that only half the current will be used at
Rolla., | |

Probable volt drop =C R=7,72 X 67.8 =523,.,4
Voltage delivered at Rolla equals 9371— 523 -8848

Cost of Bynamo,
oi theee phase 1000 volt alternatdm:will cost nearly $35 per K.V,
Capacity of Dynamo is 150 K.,W,
Cowt of Dynamo will be $5250

w
Cost of Pransformer fopr Pqpr House.
Voﬁkgge must be raised from 1000 to 10000
Cost per K.W, nearly $10

Cost of Pransformer $1500

Capacity of Reservoir., Contents of Dam. Amount of
BExcavation,etec,

The areas within the contour were found by means of the
planimeter and knowing the distance between contour the volume can be
figured,

Phe capaclty of Reservoir and head race is found to be
109273 cubic feet.
vhe contents Of the dam is approximately 691 cubic yamds.
The cost per cubic yard,including excavation,hauling,labor,etc. is

taken as 755
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Potal cost amounting to #518,

Yolume of Excavation for éead gace.

rhe material excavated at upper side will be approximately
enough to raise the lower side sufficiently high.

ﬁfnot excavated equals 891 cﬁbic vards.
Cost per cubic yard.25¢
Potal cost $222. |

fall Raee.
The total length of tail race is approximately 1000 feet.
éhe amount of excavation equals 41000 cubic yards.
fost per cubic yard 25%

m0tal cost $1020,

Switch Board.
vhisnshall consist of Blue Marble up which will be mounted
switches,circuit,breakers,Instruments,etc.

Total cost will approsimate $200.
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Approximate cost of Power House $1200.00
farbine and fittings ‘ 3000,00
Total line M to St.J and St. James to Rolla 8175;00
Dynamo 5250;00
Trans 1500.00
Dam. ' 518.00
Ex. Head Sluice 222,00
Pail Race 1000,00
Bwitch Board and fittings 200,00

Total,including labor but exclusive of

superintendenca $21.065,00
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Levels run for obtaining difference in elevation between
present water level and proposed exit of td 1 race.
Assumed Datum 40 ft.
H.I. B.S. F.5. Blev.

42,19 2.19 40
35.75 4.08 12.52 29.67
34,995 8.515 7.27 26,48
| 9.28 25,715
Diff of Elevation 14.285

Point of exit is opposite rolling mill in diréct line with
front of mill, |
Rating of Meter.
The following tabulated distance and time are for tWenty

revolutions of meter.

Dis.in f¢t. Time in sec. Rev.per sec. Vel,
48 25.1 .87 2.09
46, _ 22, .91 2.09
4775 22 .91 2.16
46,5 17 1.176 2.74
47 .5 16.3 1.23 2.92
48. 15.3 1.31 3.14
47.5 16;2 1.23 2.92
48, 15,7 1.27 3.06

These readings were used to plot the following curve which is

used to find the velocilty having given thenrevoltions per second,



(21~
Meter Meaeureﬁents.
Levels taken for obtalning profile of spring branch. These were
taken every five feet and also every two and one-half feet whs®e bed
of spring was irregular. The elevations refer td the water surface

as a datum, For profile see Plate #.

Sta, H.I, F.S. Elev.
46.85
65 4,85 0/17
60 5.22 0.54
55 5.43 0.75
50 5.89 1.21
45 6.15 1.47
42 1/2 6.38 1.70
40 6.11 1.43
37 1/2 5.65 0.79
85 . .87 1.19
32 1/2 6.35 1.67
30 6.40 1.72
27 1/8 ' ©6.19 1.51
25 5.85 1.17
22 1/2 5.93 1.25
20 5.80 1.12
15 5.56 0.88
12 1/2 5.31 0.63

10 5,06 0.38



(22)
Meter Readings,

Pwo readings were taken between the five feet station as shown

in drawing #

Time of Time of Av.Time of ¥el in ft. Rev/éec

Station 10 rev. 10 rev 10 rev. per sec.

65a 44,2 45.6 43.9 0.44 - 228
65D 28.2 28.0 8.1 0.74 .356
60a 23,4 25.3 23.3 0.94 429
60b 15.6 15.6  15.6 1.46 641
55a 15.0 15.2 15.1 . 1.5 .662
55b 12.8 13.0 12.9 1.79 776
50a 13.4 13.2 13.3 1,74 L7582
50D 15.4 16.0 15.7 1.44 636
45a 15.0 12.8 12.9 1.79 775
45 11.4 11.6 11.5 2,04 " .870
40a 12, 11.8 1.9 1.96 840
40b 12.8  12.6 12.7 1.88 .787
35a 12.4 12.0 12.2 1.92 .820
35b 11.8 12.0 11.9 ' 1.96 .840
30a 12.0 12.0 12.0 1.95 .833
30b 12.6 12.6 12.6 1.80. 793
258 15.2 15.0 15.1 1,5 . 662
25 16.8 17.0 16.9 1.35 .592
20@ 16.4 16.4 16.4 1.39 .610
20b 18.0 18.2 18.1 1.24 .552

15a 30.8 30.6 30.7 0.68 .326
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