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INTROTUCTION.

The object of this introduction is to
briefly outline the course iollowed, in guthnering
and conputing data and drcwing such plans or maps,
as have been included in the Subject matter,

In t. 1s work, on the loore's Park Lam epd
Reservoir, ( owned by the "i’ich. Power Co." of Lans-
ing) no attemrt has been made to analjze the power
possibilitieﬂ cf thie water after it pesses the sluice
catess The cofforts put forth Lhave be=n entirely con-
fined to z study of the prime factors which must be
determined and provided for before tlLe actual work
of construction can begin. +4s the cdam has been cone
gtructed some jeecrs, tlie actual coastruction ofthe
dam has been omitteda from ti.e consilderation. The
concrete end mesonry is assumed to Lavc been proper-
ly leid, the finished dam imoonding suiticient water
to procduce & 14 foot hcade £ larre rart of the bale
‘ance of the study, has been taken up in a survey of
this reservoir, including drainage and rainf'all con-
ditions over the supply basin.

In accordance with the above, it has been
found convenient to deal with the complete sub ject
ynder the followingz heads;

I. Location of Danm.

II. sanalysis of Design.
III.Present Power Conditions,

IV. Power Possibilities. (If any)

In concluding the authors wish to thank Mr.
Benedict, Chief Fngineer of the lMichigan Power Com~
pany, for assistance which he has given them ropard-
ing blueprints and plans of the ich. Power Co's.
ddm at Moore's Park, Lansing.

C.L. Dietrich.
G.Jds Henshaw.

Eest Lanaing, Mich., May 25, 1917.
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ANARYSIS OF .hie LESIGN, a:i CTUTY CF THE PCYER
DEVELOPxMINT OF THL MOORE'S Ti#“K DCUIM LAM,

LOGATION,

Tis ti:esls is int3anded to cover the
pointa of & hydroelcctric plant which are of inier-
est to one of the Civil Inrlneering rroiccsion,.
Obviously tnis does not include the cnarring of the
water head into electrical emegy, nor the latter's
transmission to tie consumere. But wrct is of importe
ance is tlie investli ction of the cam, (especislly
it's design), the rescervelr, and iis drafnise srea
or basine

The Nichi un Power (o's Tam of wiich we
have written, in this thesis, 1s lccrted within the
city of Lansing, Xiche It is on Crarnd Eilver in the
Se.%s part of tro city, in lioore's Tart, 4 blocks
" west of 5. Tashington Ave. 8t the bezinninz of the
mMoore's River Irive,

The General direction of the river, going
up strcam, at this point 1s westerly. The river
bed kecps & westerly direction to a distance of
abort 1 nlle west of Voverly Puck, (33 mt. from
Lansing). Here it assumes a south westerly directiom
and keeps this direction as far as the back water of
the dam extwnds.

The dam is & masonry dam, with height of
19' from crest to river bed, and 14' from tail water
to orest. It is 179! long and has a retaining wall
to south bank 215' emvanked on the down stream face
to witnin 2%' of the top. The dam itself has 3 typie-
cal sections, viz, (1) Thru Spill way 105' long, (2)
Section thru flood gzate, and(3) Section between flood
gates (conbined are 65'5. These three sections are
shown on Plate 1 . The up siream tace of c¢am, on
flood gate sectTons has an embankment, up 5 /4, so
as to conform to the shape of the dam. This emtanke
ment is gravel fill,

The Power Station is loczted on the north
bank of the river, taking water thru gates 50% long,
two turbines being used. Beyond the Power house &
retaining wall extends up the bank, rmaking a ©45/



with the dam and is so placed as to pervent damage
to the earth embenks, in case of over flow at high
water. Its length is 110°.
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ANALYSIE OF THE DANM.

The Analysis of the dam structure consists
in determination of the factors used in its construct-
ion Beardsley in his text "Hydro-electric Plants”, on
PPe. 236-265 (Chap. V) gives the things which are teo
be found in order to determine the safety of the dam.

¥e have found the dam can ve suffieiently
examined by considering under these heads:-

1. Safety against over-training, -2 condi-
tion - reservoir full and res. empty.

2. Safety against sliding -2 cases - slid-
ing on itself or shear, and against its rock or earth
foundations.

3. Crushing strength, especially at heel
and toe.

Other factors than can be considered, are
(4) see page underneath dsm, with iss bouyant and
undermining effect, (6) effeot of iee expansion (6)
weakness of greem caoncrete, etc. (7) and effect of
vacuums

We have checked these factors
ne corrections or alterations eoti the design of the
dam itself, as the dam is now in service but to find
the factors as used by the Fargo people. The orig-
nal dam only give a 15' head, but was latter added teo
{original deslgn make provision for this) to produce
the present 14' head. All calculations are based on
the dam as it now stands.

On examinatiom of the section on Plate 1
i1t can be seem that the section thru the rollway s
the cne to be considered as here stresses are greatest.

Following Fige 1 Plate 1 the calculations
are ss follows. :

I. To find Overturing moment.
Determination of Center of Gravity.

This sectiem has been figured as composed of
2 sections. Set abed (Fi%. 1l -Plate 1)= section X
eand defg = section II. t will be seen that this has
excluded a small amount of masonry at e, and also the
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twe lugs beneath line gec. These 4o not inocrease

the base however and hence do not effect the

sis, except they tend to increase the facter of uro-
tye.

Ares of seotiom A = (19 x 9%) ¢ & =175.72 or

87.868q.ft.
. = = B =(19 x 9/2)3171 or
85.50sq.ft.
- Total Area of Sec. I S b\ . elte
85.50 x 2& s 192, Note: For finding C.G. Seo.
87.88 x 7.58% 685.98) Y 1s subdivided into a rectangle
B and a triangle A,

gsg‘ 8 173, 4.96' which §
igg disu.neo hor:.zonully om the yy axis to
the center of gravity of Sec. I.

For this section (I) be the yy*' axis and
go the xx* axis.

Total area = 173,36 8Q. ft. (1 ’ B)
87.86 x 6.332=556.88
85.50 x 9.50 =811,28

1368.18

Then 1368.16 2 173.36 7.88 ft. which is
1 for X.

Then C.G. of Sec. I is at 4.96%, 7.88*

Sec. II has also been subdivided into a
triangle and rectangle for ease in finding C.G. The
right #riangle whose long side is de is B and the
rest is the rectanglec A,

5 = 19,6 fto
- %B.5 "

19.5 x 1,625 =
9 x 4.25 = 38.28

R A
69.94 § 28.5 & 2,45 £t, = X

9x4=38
19.5 x 3 = 58.8

4.5 2 = 3.31 ft. = g

Then C.G. of 8Sec. II is at 2.48° 3.31'
where the xx' axis ss dg and the yy! lxiail

Then next step is to combine the centers
of gravity of the two parts I and II and thus get
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the C.C. of the whole section showmm in Fig. I.

Area I < 173.38
. II = 28.50
201.88

173.2 x 4.96 z 859.0
28.5 x (1100.20‘5’ = 414.9

1273.9 § 201.86 = 6.33 Ft. § go being xx' axis

86.60 x 7088' = 1386.0
286.6 x 3.31 = 94.3

I150.3
1460.3 2 2017 = 7,26 ft. = X where be
is the yy' exis. Thus the C.G. of the total section
is ab 7086. 6330

OVERTURNING MOMENT OF DAM.

Assuming the dem is unsble to slide (as it
must be), the pressure of the water against the up-
stream face tends to rotate the cam about the point
€s in a counter-clockwise direction. The weight of
the dam, acts downward thru iis center of gravity
andtends to hold the dam in place, that is, it exerts
& clockwise direction, moment

Let ¥ = total waier pressure on upstream

face. P 2 wsf
where § g the wi. of water per cu. ft.

® 7 = distance to the C.G. of the area.

. S the area which water is egainst.
In this case 1* along the dam is taken,
Thuss

wif

) 4
64.5 x 9.5 x 19
11, 642.25 1bs

To take the most extreme case, no counter-
acting tall water pressure has been used.

let ¥ = the weight of a portion of the dam
1' a1 its length, Assuning masonry as we
150fs / cu.ftey3 W = 201.86 x 1x 160 = 30,256/8.

W.= the effective wt, of the dam. If the
footings unfer the line ge do not cut off all see
pege the dam will be beuyed up by the amount of the
water displaeed, which will extend up to the height
of the tell water. This amount must be subfracted

vz
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from the wt. of the dam, to give the foroce sffective
to prevent or counteraet overturning,

Then '°: 30,265 =(6 x 17 § 3.25 ¢ 5.75)150
- a2 30’255.5’“3 b ] ’"2 #‘0

Then taking moments about g3 Resisting
W x 17-7.28
28,712 x 9.74

240,500 ft. pounds.

Overturning mom. g P X 6.333
811,642 x 6.338
873700 foot poundse.

Thus in the most extreme csse, as taken, the moment
to prevent overturning, is more than 3 times the
moment which would tend to cause over 7 s

Then Factor of Safety g 240,500.or 5.26

Gdviocusly the dam is amply safe against overturning
SATTTY AGAIRST SLIDIRG.

moment

Case X. At soms horisontal plane betweea
the base and the orest., It can be seen from Fig.l
that below elevation 85' the tail water would tend
to keep the dam from shearing off, so evidently
somewhere above here lies the most dangerous sectieam.
1 above here at elevation 86' the dam has a much
smaller horizontal cross segtion, wvhile the pressure
is nearly as grest as at 85°%,

Let § g the shearing stress, caused by water
pressyre down to elev, 86°.
P e WZF '
= B452.2§s = 8.

Let R = the foree which will temd to prevent
horizontal sheare R g U(We)‘ Where Ug the coefficient

of friction. Witk masonry on masonry U= .85
With masonry on rock U g «50
Thea K = 065(1008&_1 4.0 X 13)150 x1

>

9,81¢
To prcvgnt.'rauuro by shear K must be greater than S.
9,810 18 greater than 5452.2
HBenoe The deam is safe at this most precarious







sectiom,
SAFETY AGAINST SLIDING

Case II. At the base,

The extreme case has beem used, that the
foctings below go have already beem shear, or at
least not in the same integral mass as the rest of
the dame. Also no tall pressure has been figured,
whicbh makes it the rare case, where no water has
been allowed to escepe by the dam for some time.
(Never has occured).

s s P g 11,642

22872 x .5

12,386 #80
R 18 greater than s, hence dam will not slide.
However in this extreme case the dam has a factor
of safety of only a little over 1, wvhich is not suf-
ficient, However the footings should never become
injured in so small a dem.

CRUSHING STRENGTR.
To get the resistance ti erushing at the
downstrean toe of the dam,

Bage of dam go g 17

s 24,772 §s. Taking momnts about the upstream
oage ¢, we have;y (11 642 X 6¢33)¢(24,T72x7.26)3164F 6.
Where F, & the crushing foree exer on the last
square ft.. of oconcrete to the left.
253,189.3 z 16.8 F, or F.= ‘
Aecording to Ket.ohu-, in his Siructural Engineer's
Bandbook,®™ the allowable crushing etrengt.h of granl
agzregate concrete is 2000 #8/sq." or 288,000 Za/Sq.?
(on & 1:2:4:mix} Thus this dem is way cafo as re-
gards danger of concrete being crushed.

This completes the investigation of the
section no.l for the 3 main faectors. There are sev-
eralminor ones however, as mentioned before, which
are worthy of irvestigatiom.

S.OE:E .

The dam is safe as regards seepage under
the dam. Ve have already allowed for scepage in
eamputing for overturning momemt hence tlre only
thing yet to investigate, is danger of seepage becom-
ing excessive underneath the dam and undermining 1it,
This has beem guarded against in 3 ways;

(1) The dam 1s brot down to the rock which
is but, about 2' below river bed. This will prevent
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wearing amay, by water action, umderneath the dam.

(2) A gravel fill, or embankment, has been
made on the upstream face. It 18 7.75 ft. Mgh next
to the dam and has a 2 on 1 slocpe downward, upstream.
This alse prevents washing near the tos, as it ez~
cludes the water from that vieinity.

(3) At the heel a 1*' cut-off arm or sill
has been built intesral with the dam proper- which
i1s 3' .thick at the bage. At the toe there is onse,
having a depth of 2% and 2.25' thick at the base.
These two "curtaina" prevent any percolation of
water taru the roeck at the bvase. These projections
beneath the base of the dem alse make the dem safer
agalinst sliding off, its base,

The factor of safety against overturning
18 large enuf to take care of the effect of ice
expansionm.

: The dam being only 19' from erest to base,
the conslderation of the green concrete being srushed,
at the bottom, by the sddition of the top layers,
while 1t was in process of eonstructiom, need not be
made. :

This dam 1is provicded with flood-gates (Fig.
8.« Plate 1) and hence in flood time, the flow over
the erest is not much greater than ordinary times.
The slight vacuum effect that the sucking of the wat-
or as it leaves the rollways, produces, need not de
eonsidered,

GRAPHICAL SOLUTION
FOR
OVERTURNING MOMERWT,

This solution is given on Fige. 1, Plate 1.

To find the Center of Gravity of See, I
(abed) lay off db? to the left of 4 g ad
be' " " right .bgdﬂ
Connect e with b?
Next conneci the middle of the do with the middle
point of ab. ¥Where this line intersects b'e', there
is the C,G, of section IX.

Section I is worked in the same mammer
gf'! being laid off horisontally to the left of g,s
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ef and 6d' g gde Those tue ceniers of gravity are
then combined as in the previous solutiome. It is
founé ihat this center of gravity occurs 1/3 of the
distance from the bottom, that is 19 & 3 or 6.33. :
Also, the center of pres3ure, of any csubmerged area,
18 1/3 the distance from the tottom. Hence P (the
water pressure) aots thru the C.G. of the dem as does
also the weight, This is the best possible plaee

for P to act as it thus produces no secondary stiress-
08,

Then using the scale: £000 /8 = 1"P was laid
off to the left thru the §.C.and W vertically downward
thru the C.C, Then the resultant of P and W was
drawn. This cuts the tace R.Ce, 7.9' from g.

If this resultant faells within the middle
third of the bese, no cverturning monsnt will be pro-
duced by the conditions, relating to the resultente
In other words, no tension has been placed in the con-
erete, in the right hamd 1/5 of the base Daugherty
Rydrau (pp.cZ cnd 33) 17 2 3 g 5.66 Thus thies dam
is very safe and is really not the most economical dam
that could liave been built, for the Kesultent falls
2,2 inside the iddle third.

Thug have found the folloring things conw
cerning the dam; That the C.G. has been made on the
lime of aprlication of the total water pressure, Pj
that the rasultant of P and W, falls well within the
midcle third ( shown by 5raph2ca1 solution); eand
thet the factor of safety agalnst over-turning is
arnple, teing 3.25 for section which is tne most peri-
louses The dam 18 also sufe against sliding in the
most extreme casese 4lso the alloweble crushing
strength of concrete is many times, what the outaide
sections of this com are called upon to standes The
domstrean iace of the dam however should nave beem
given a greater horizoatal pitch as im flood season
the water leaves the face of the dam at ths crest and
encounters it agalin abouil €' lowers

As this unalysis does not attempt to go inte
the economical gide of construction, or shape, of this
dam, it has not been concldered necessary to further
analyze the other two sections, Their bases are the
same and of the same ccmensione Certainly the flood
gete séction showvn 1in fig., 8 will not over-turn as the
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height is muoch less, and hence P is applied much
lovier domn, relative to he C.G.

The section beiween the fleod gates is
ghown in Fig. 4, plate 1. This section will be more
safe than the spillway sectlon, as to overturning,
ae we will be much greatere 4Also will be safer
aguinst shear, '
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FRESENT POWER CONLITIONS.

The condition of tle dam, ag it 1is at pre-
sent has been s iven in the foresoing mattere. The
dam furnishes water enuf to satisfy thie capacity of
the turbines for 9 ;wonths iu the yeare LCirecte
connacted to the z, ilmpluse turbines are 2 A.C. cur-
rent 500 XK,¥. senerators which deliner current to
eonsumers, in the ¢ity of Lansinge Thus when the
dam is farnishing a nomial amownt of water, 800
horsepowar 1is produced.

On Lhe 26th. of April (1817) the authors
of this tiesis, took current readings, and obtained
a oross section of the river at the Lo an Street
bridge. This 13 4 bLlocks upstiream from the dsm,.

The oross section wis made in the follow-
ing mammer; The river was 195' wide at this point,
(narrowed uabout 110* by bridge ap;roach). From ihe
south bank 5% intervals were laid off to the north
on the bridge. At these points the depth of the
river was obtained by liead line noasuremenise
This data was used in plotting the cross-sectiom of
Plate 2.

Then starting 10' from the south bank
eurrent readinga were iade every 10 with a
Electrical contuect current metere Th3 curreul moter
was placed on river bottcm end drawn wp as evenly
a8 possible c£o thut 10 "ticlso™ of the instrument
would briag it to the surface. {(The rapidity of the
tieks depeniing on the veloecity of the water)e. The
time teken for these 10 tiocks was recorded in seconds.
Then from the table coupiled for this instrument the
velociily of the water wac founde The tsable on Plate
2 gives all resulis as obtained.

After rcsdings were tcken avery 1l0' across
the first time, tue alternate 10' were taken the se-
eond time. Table on Plate 2 gives the twe cambined.

On the C¢ay mentioned spproximately 800 H.
P. wag being cenerated by the turdbines and the amount
of water passing the dam was 693.5 cu. ft. per second.
A8 this was well past the spring Freshet the flow was
not more tham 10§ above normal.

693.5 001‘69305) g8 624.1 cu.ft. of water for
the normal flewe. According to reports of power house
employees at this time, probably 5S¢ of the flow was



vasted over the dam, the water being 4 inches
above the crest,

624,1-.05(624.1) = 592.9 cu.ft. of water,
»hich is the amocunt (approxf flowing thru the sgluice

1T é‘i +:';‘ g )

Tneoretically this should produce the H.P,
computeds

5929 x 14 x 64.5 g 535,388.,7 foot pounds
per sacond.

535,389 & 550 = 955.3 theoretiocal H.P.
Real appe H,P. = 2(500 x ,746 x V3
- OB 5y e :w '

L " © 1290.58 or 1300 H,P.
Probably max. production s 2/3 of capaeitye
«66 x 1300 ¢ 858 Actual H.P,

F2ficlency ¢ 658 £ 955 g 689.8€

This effieiency oeing figured from the
water conditions at present and is really only the
efficliency of the Power house machinerye. To get
efficiency of the whole power project it would bej
858 § (694 x 14 = 64.5) f 5560 = 7645 %

Now assuming that 693.5 eu.ft. per sec.
was the nom.al fiow we oen figure, run off, perco-
lation and eveporation for tie drainage basine.

The area of the drsina;e basin between thes Noore's
Park dam and ihe iimondale Dam is 11,699 Sq. miles.
This erea is the mean obtained from ¢ planimeters
readings of the a1'ea ag8 given on the Topographical
May of the Lansing Guudrangle, as made by the U,.S,
Geological Surveye. (Board of Geologleal Survey,
R.C. Allen- State cgeologist). -

From figures tsken from the Anaual Het-
eorologicel Summcry and Comperative Data of Lans~
Ang WMich, for the y<ar onding Les. 21, 1916, the
mean rainfsasll fcr April, covering a period of 53
years, is 2.4l inches. This year (1917) no snow
wae on the ground at 4pril 1. Hence all drainage
water, whether underground or surfaee, was caused
by the months precipitatiane

From table 14, p. 68, of Turneaure's and
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Russel's, "Public Tater Sup.lies" we find that a depth
of rainfall of 1" produces a volume of 2,232,200 cu.ft.
per square mile. Then 2,232,200 x 2.41 x 11.7 g the
total volume of precipitation over the basin mentioned
above = 62,948,040 cu.ft. 48 most of this land is
under cultivation, or in wood lots ( at least 75 %)

the evaporation is not large, espccially in April. Al-
s0 the crops are not in the growing season and hence
take but very little water. Accordin; te teable No.ll,
PP.58 and 59 of Turneaure and Russel, give in the

Lower Leke Kegion, at Detroit, the evaporation of April
as 3 2 36 that of the whole year, or 1/12, As the
soil In this basin 18 also not heavy, the yearly eva-
poration probably does not exceed 25 5 12 a 2%

2 x 2,232,200 x 11,1 = cu.ft., of evaporation g 652,
333,480, 62,948,040-52,333,480 s 10,614,560.

Allowing 10f as taken up by the plant 1life;
10,614,660-1,061,456 = 9,563,104

9,653,104 cu.ft. of water is what perco-
lates into the groumnd, and rumn over the surface, inte
the river, 9,533,104 = (30 x 24) = the flow in the

river per hr, ¢
= 13268 cu.ft;/hr.
or 221.1 " °

This shows that only a very small amount of
the flowage comes from this area, practically the
same amnount of water flows over the Dimondale Dam as
does the one at Moores Park.
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POTER POSSIBILITIES.

In order to ascertain whether it would be
feasidble, if possible, to produce more power at the
Moore's Park Dam, a line of levels was run from this
dam, upstream, The object of this was two-fold; first,
to determine the fall of the river, and seconc, to find
the extent of the back-water,

There were two in the level party, (the
authors of this thesis) and a direct reading instrument
was used (A Deitzgen, from the M.A.C. Civil Engineer-
ing Dep't.) which was of good power, the average leng-
th of shots being 150 yards. An ordinary "hizh,low®
level rod, with a target was employeds The leveling
was started April 4. There being no bench marks in
the vicinity, the Reight of the south wing wall of the
dan was assumed as 22,00 feet. The water on this day
then had an elevation of 18.28'., The levels were themn
run upstream, B.M.s being set at convenient intervals.

On aceount of the raising and lowering of
the water level, caused by the opening and partial
closing of the sluice gates, on different days, the
exact extent of the back water could not be determined.
But 2 miles north of Dimondale at the bridge on the
Township line the elevation of the water was 19.51'
(From B.M. No. 14). Back down the river 1% miles on
the same day the water elevation was 19.50' (B.M. Noll)
On this day (4/5/17) the water was about 1.1 hizher at
the dam, than the day when first levels were taken,

From Dam to le. 14 18 a distance of 6.8
miles. 14' & 6.8 z 2.05" fall per miles,

The elevation of the Dimondale Dam tail-
'ater'io 21.77'. The elev. above Dimondale Dam is
28.57%'.

From B.M. 14 to tail-water at Dimondale
18 1.5 miles., 21.77 - 19,51 ) 2.26' fall,
2,26 £ 1.5 = 1.5 ¢ . which shows assuming river has
uniform fall, that the back water extends somewhat
beyond B.M. #1l4.

21,77 (T.W.elev, at Dimondale}-18.22¢1.1~
14 (elev. of T.W. at Moore's Park) = 16.45
16,45 = (6.8 ¢1.5) = 1.98' which is the actual fall
per mile.
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14 < 1.98 g 7.07 miles. This shows that the
back-water extents 7.07 - 6.8 or 0.27 of a mile beyond
the Township line bridge (B.l. Ko 14). After levele
ing was completed a transit line was run as shown on
plate 3. A Keuffel & Esser Transit from the 4.A.C.,
C.E. Dep't. was used, The object of this line was
also two fold., First, it was meant to serme as a
"backbone” line for the msp of river basin (Plate 3)
and second, t0 plot contours from. Three contours
were located, the 22°', 24' end 26°,

After studying the map as drawn it can
plainly be seen that the land west of Lansing on the
na th bank of the river is quite generally, lowe. This
is along the Grand Trunk L[ailroad and will eventually,
under present conditions, be wvaluable factory sites.

Therefore in covelusion of this study, the
following facts, we think, should be emphasized:

The Grand River is by no means an ideal
power stream, it having slightly less than 2 feet
per mile fall thru this region, and its banks being
being very sloping and any increase in height of pre-
sent dam, would necessitate a much longer span, in
order to reach the bounding banks at a sufficient ele-
vation. This would incur and enormous expense.

The present dam could not be made higher
as its foundation is not sufficient {from part I)
and also its crest has now only a width of 43'.

It also could only be made a fort higher
because of the Dimondale Dam. The mill rights at
Dimondale would have to be purchased to go above this,
and upon inquiry it appears the owners are not in
favor of selling.

Also as conditions are at present there are
S months of the year when the dam cannot run at capac-
1ty because of the swiftness of runoff on the drain-
age tasine This would, te a lar:e extend, be the
same with a higher head and a proportionately larger
reservoir.

But most important of all, if the head was
increased 8', which would be about the maximum inecrea-
se, the new reservoip would have the shape of the 26
contour (Plate 3) which would cover much valuable
land between Lansing and Vaverly Park and even be-
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yond. This land would command a high price. The
Grand Trunk Railway would also undoubtedly enter
a protest.

In view of these facts we think it in-
advisable to attempt to increase the power produoct-
ion of the Moore's Park Lam, as the capital ine
vested would not produce a sufficient amount of re-
turn, because of the possible additional 480 M.P-
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