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We wigh to express our gratitude to Professor C. L.
Allen and the Civil Engineering Department of Michigan
State College for the kind cooperation and guidance which
has been shown us in the preparation of thisg thesis. We
are also grateful for the use of the College-owned instru-
ments, without which we would have been unsble to complete

the thesis.
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A study to determine ¢ suitatle way to mske the Red Ceder Golf
Course availeble for use during the eprins months.

This thesis problem wzs chosen by us beccuge 0f several favore
sble conditionss

1. The City of Lensing had no toposrenhicel man of the Red Ceder
Gol? Course.

2. T™iag gave us an opportunity to get on the course to study the
effects of flood weter snd reinfall while wa were malting s toposrephie
cel mep. Our thesis work occurs during the months of inril, May and
June, fortunstely the months when the Golf Course is most frequently
inundsted.

3. The City of Lensing is concerned ebout meicddng the course
available for use bdecause the resular crew of worimen must bde meine
tained to care for the gresns anli feirwsys that are not inundeted.

4, The City has slresdy made s payment of ebout 163 of the
total cost of a pump for its use this sorins., Thils money elreedy
peild will go towsrds the totsl payment of the pump when it {3 boucsht
b7 the City. The pump 1s satisfactory for the use our desizn will
demend, but it is not pvracticsl under the present dyke end tile
gystem. The present dyze is not sufficiant to prevent the ueusal
yearly floodinz, end the tile systex is not properly srranzed to
concentrate the weter at the pum.

R. Ve find thet the elevstion of the Golf Course is lower than
the usurl Fed Ceder Niver level during the monthe 0f April and Lay.
This necessitates

8. A dyke %o keep out the river water.

b. A tile system to concentrste the water at the pum.



6. A pump to 1ift the water ahout gix feet over dyke to river.
The problem ia divided up into five parts:
1., iapplng of Golf Course.
2. Determining peast flood stages 80 e£s to determins a ressonsbdble
dyke elevetion.
3. Vertawork snd sod on dyle,
4, Tile eystem. (County drain)

5. Cost and cost distridution.
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The object of tue followin: dete is to obtezin tle hei it of woter
in the Red Celder River e2djolnin; the N=d leder Golf Course during the
pest years (1922 to 1°975; 1229 to 1523)., Tue dzta which I heve gathered
is as follows:

1. Gege reight resdings for thie month of 4oril from 3 gages:

a. "nited Stzates Geologicel Survey gazze locoted 2hoat 200 feet
east of Form Lane,
e tridg

b. United Steztes Veestuer Biresu z2ze loczted or

-~

»

ar

next to il. §. 0. Gymuesium 3uilding
c. Cur geze locetel zdjocent to tliz Ned Cedar Golf Clource.
2. TUnited Stztes Geolozicel Survey gege heijnt realdings, messured
cuibtic feel per second flow, aud velocity of weter, tezen gt 29

&

different tires.

3. Tnited Stetes Veether Zureau stztion hijh veter reedings from
their groe during the seoet reezrs (Lerch, anril end Ley of 1222

~n7 n
to 1250 and 1722 to 173%),

~ich oresents 1tgelf now is to trensfer the Ll water

n

resdings from the United Stetes Veslher Zurccu geze to whst the soo
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would have rezd 2t the Golf Zoursas dur: sest years. Tiis

g
~e a sound besis upon wiich to bese the helzght of drize to be desizned to
witlinold rormel flood waters so tiz®t tle 30lf Course would e aveiletrle
for use much eerlier esch Sohring. The following pere:redhs exnlein

° v

how the Unitel States Weatler Zirecu goge height rezldizngs for tle vest

years were irzrneferred to grgoe heiglt reslin

r reeding



I heve 2§ readings from Tnited Stetes Geological Survey
&iving cece nielgnt, velocity of water, £nl cuentity.
&. Averzge veloclty is less tlien 1.9 feet mer second, end

o~

is tiierefore useless to me as & source of power.
b. If I mzke e redn zZeie helght to ocuentity, I cen odbtein
tiie cupntity for eny zese neiziut

(1) Assorins the ouentity pessin. e2ll three ge

same on gny dey.

—~
n)
~

Teze the ouentity for ezch day of anril from t:e
graoh end record it (cuentity) for each corresnonding
dey for the other tvo geges. Tren drewv two more

curves (rece hei kit to cuentity) for the other two
seces.
(3) Usirg the 0ld rarimum gege heishts I can get the
cuantities for those heigtte (United States Testher

2weeoua deta).

(4) The=n using the

7]

e cuantities on =y Golf Course gece

curve, I cen get the meximam weter eleveations for
the yeers west eg tley vrohetly were cijecent to the

Golf Cource.
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Culvert Testher Bureau United States Stresm Control

Gege = Fridge Coce % ¥.5.C, Game B, of College Lane
117.39
117.4D
116.8
116.6
119.6 4.6
120.4 8.6 1.02
120.4 8.8
119.5 7.2 5'0
119.0 6. 5.3
118.9 5.6 5.2
119.0 6.1 5.0
119.0 6.0 4.8

?.h 4.55
118.0 4.8 4,3
117.9 4.3 4
117.8 4.1 4,07
117.5 3.95
117.3 3.6 5.9
117.3 3.8 .0
117.6 4.2 4.15
117.55 4.1 4.1
119.0 5.8
119.2 6.1
118.58 5.5
117.7 4,7

4.0

3.5

3.2

3.0
115.1 2.9

2.8

2.7
114.9 2.7

2.7
115.5
116.2
117.2
118.4



PLOTTHN FOINTE TO OBTAIT PAST TIAT VATT™ RILOTG

Pt T oY o Yo

U.S. Feather Duresm
Gace Peading

berch  fpril  Lay
6.3 8.5 3.1
8.2 2.4 4.7
1.9 5.6 6.1
5.5 2.6 1.0
9.7 8.0 2.3
See bound copy of
1006 for missing
records et lLsnsing.
5.7 5.4 4.7
2.6 2.3 2.2
6;3 u.7 6.2
1Y 6.2

Probable Belsht et
GolZ Course Gage

Feb. Ligreh April Ley
119.2

120.2  120.5

120.5 120.3

120.6

119.2 119.0
120.4% 119.0

wxtreme flool bay 1%, 1915, Westher “Mrasu gece resd 12 feet.

Probzble heigzlit et Golf Course = 125, "is ig the elevetion of

Xichigzen svenue, end weter up to Kichlgren lAvenue
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RRTHHORX FOR DYIKS

Elevetions czrefvlly taken slong provosed dyke centerline.
Distances between slevations cerefully tslen,

The shepe of the dyke cross section drawn for each elevstion.
Area of the cross sections tsken with a planimeter,

Cubic yards fisured by

Area A ¢ Area B x distance
2

Sod to Ye placed uwpon the river side of the dyke.

8 (Cubic yards



VOLU.ES
EATY A'D SOD

For dyke top elevation of 123 feet

Borrow Sod

AtoB 610 ou. yds. 273 sq. yd.
B toC g2y * ® 298 » ®
¢ toD 30 & 176 »
D to E 259 ® g3 * =
Eto? 107 » 66 W »
¥ to @ 252 » ® LY A
G to N P2 * Wy = =
Htol 53 30 »
I tod 1% v 15 %

A L ]

23y » W 1217 » ¢



DYXT IMTE3TIGATION
Borrow sa'rplas wera tested from several hills close to tha Golf
Course to see 1if ths earth wse suitadble for d ke £111. The one closest
et hanl 1s tl.e hizh perking lot that touches tha west sile of trhe Golf
Course. Thls gemple tested as follows, and ig considered suitable for
s dyke fill.

Report on Sub rade Soil

Percenta:a of sand | 6.6
Parcents;ze of material retzined on s ¢19 sieve 16.3
rercentazs of silt 75.0
Perceata;;e of clay 10.0
kolgture equivelent (percent) 7.4
Yolunctrie shrinsge (in percent) 0.0
Conillery mnisture (in percent) 0.0
Liculd 1imit (in percent) 16.4

Flestic limit (in percent)

The dyime veas desiimed to have & top widtn of ien feet., Trlsg would
furnish 8 trector rmal if one were nceded to drive the tractor over,
from tiie west gile 02 thae county drain to the escst of the county drain.
A wide dyke weas recomrended By the Clity Forester and head of the Perk
end Cemetery Department for this purpose.

Caecking the Scofety of Investization of Dyvie for Slipning

, Consider the rectan;uler section only.

wr 2
Fater preseure on the side T iwh-

" » wlx625x9as221
wxuelfo0 x 5 8 2,750f can be resisted.

Sefety factor ¢ 2250 3 g
€61



COsT PO DYXK:

Totel volume of earth 2839 cu. yils.

$.30 per cu. yig. to plece dyite ( ir,sineering tews Ilecord prices)

$.30 x 2839 = $851.70
Totsl emount of eod 1217 ea. yds.
$.10 ver =o. yd. for sgod

$.10 x 1217 = £121.70
Total Cost for Dyxe $973.40

Labor cost basing 80 uncertain, tie unit price was msde rether

high to cover for roeasonably priced ledor.



Part IV
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TILS SYSTZM

By accurste gsurvey the existing tile syestem wo= loceted end
found to be entirely insdequate to drein the coursa in = satisfactory
manner, ¥ith the new eystem which we have 1nvestigeted; designed‘
and 1aid out on the mep it was found thet the 0ld tile could be
salvazed end vseld in this new layout, Tre new system wes designed
to cerry off £11 soring runoff end rein water. Ry locating the
systen ps ghown on mep the laterels drsin into the almost natural
sump nesy river benk. Miess maing heve mrntoles every so fasr end
can therefore be washed out when necessary. This system which mi:ht
geert rsther eleborate, 1s sufficlent to drain the courss thorous:ly
in the wettest waather, thereby meldng the ccurse evallsbhle in e=rly
soring. The tile cusntities hiave been cut down to the very miniwum
for excellent drainsge, and by having the course evellable so sarly

in the season, this syatemn would pay for itgself in the next two years.



4 Ti1e
Yr selvag

6" m™1e
" Salvege

g Tile
8" Selvege

Tile cost eccordinz to %Engineorti

1000 faet.

Totel

Total

motal

CCCT ¥CR TILS

5716
300

1260
250

£10
£00

Total amount of tile

Total cost 6736 x 240 = $269.4Y

£4156 lineal feet

1010 lineal feet

310 lineel feeot

6730 lineel feet

evs Necord prices = tU0 per









CC3T AVALTSIS

Dyke ¥ork Cost $ 973.40
mi{le System Cost 269 .14
Totsl Tstimated Cost sohe.ek

This Golf? Courss opens spprroximately fifty daoys later per year
then other (olf courses in this vicinity. Assuming fifty people
would play per dey at 3.25 each, tte edded income with no other cost
exceant for tiie dyke and tile would be

£ x 50 x $.25 ®» 3$(25.00 per year
more income due only to spring pleyinz. Playing time would also be
increased during tie spumer and fell bYecause of the gquick removsl of
reinfall,

The dyke end tile system suiould psy for itgelf in two yesrs.

This dyke end tilae system should last over s period of twenty
years or more.

Not only woull this provosed syctem pay larze profits to the City,
but the syster would vrevent the edjoining oroverty omers! lots and

besemente from becorming {nmundeted.
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