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REA3DL3 FOR COL3IINERATION OF

TAdIS PROJECT



1his subject was selected as a projsct for thesis for

several reasons.

l. Up to the present time there has bteen no mep made

of the Sycamore Golf Course.

2. This courses is elways the last to te in shape for

play in the spring of the year.

3. No observations have besn previously made eas to

the raximum flocd stazs of the creek.

4. The valocity of the creek at flood stazse is such

that 1t 1s eroding the bvanks at its bends.

5. It is & fairly new course, being built on old
swamp land, and has no adeguate system of drainaze at

present.



METHOD OF PRESENTATION

OF THE SUBJECT



This thesis is divided into ssveral subject heads as:

1.

Topozrephic Survey and map.

NDesizn and construction of dyke.

Selasction of draineze system and its locaticn.

Consideration of size and type of punp.

Cost analysis.

Conclusions es to the feasibility of such a systemw of

flood preventione.



TOPOGRAPHIC SURVEY AKD LIAP



The Sycamore Golf Course of Lansinz is located in the
southeastern portion of the city just south arnd adjacent to
Xit. Hope Avenue and west of Sycamore Creek. The entrance to
the course 1s just opposite the intersection of Lindterg
Drive and Mt. Hope Avenue.

Inasmuch as the course wes formed by the filling in of
swamp land, which resulted in a natural settlement of the fill,
portions of the course are caused to become flooded, creating
an abnormral situation in rezard to proper drainaze of the
course. In fact, the general level of the course is so low
that any perceptiole rise in the crezk level causes portions
of the course to become flocded. At the time of construc-
tion, the general level of the course was such that no un-
usual situations wsre encountered in rezard to annuel spring
floods.

Another contributing factor causinz excessive floodirng
of the course is that the topography of the surrounding land
is such as to provide a watershed tending to drain on the
course.

In view of the above mentioned facts, & suitable togpo-
graphic map* of the arece is necessery to determine the

methods of correcting this conditicn.

*.lap in irnside of teck cover.



DESIGN ALD CONZTRUCTION OF DYKE



The purpcse of the dyke is to keep the low portions of
the golf course, which are at an elevation consideredly low-
er than the flood staze of tae river, from becoming flooded
durinz the early spring months. Vater collectirnz in such a
menner is difficult to remove and necescarily resilts in the
closing of the course until the wetsr nas teen teken care of.
A dyke, as vroposed, will limit the flood flow of the river
to the chennel foriwed by the construction of a dyke on the
one side and the bank, which 1is of adeguate hsizht to take
care of any flow waich nizat evar occur.

A dyke as shown in the sk2tch below is considered es

velinz edegquate.

Lo S/5
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The top width was determined by use of the formula,

W = a/d wo= 5.5 = 4.7 H = Heiznt of dyke.



The position of ths dykxe is shoﬁn on tze mep, erd es
can be s2en, originetes end terxinates in banks which mark
the beginning of nisher zround and whose elevation is much
greater than that as selected for the top elevetion cf the

dyke.

To NDetermire the Amount of Fill

In order to determine the volume of fill necessary for
the construction cf the dyke, use was mezde of the end-area

formula,
“

Vi = Ap + A xL
2

There, Ao = Area of cross section at stztion O in
square feet.

Area of cross section at station 1 in
sguare feet,

by

L = Distance in feet between stations.

V" = Voluime of fill in cubic fe=t.

For the sake of convenience, the volumes are converted

—

to cubic yards, V=V~ .

—
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Results of the computations &re as follows:

Station Volure of Fill in Cubic Yards
0-1 300
1-3 380
2-3 455
3-4 438
4-5 617
5-6 463
6-7 385
7-8 _ 87
3104 cu. yds.
allowance for shrinkaze (.235) 3104 = 773 cu. yds.

total fill = 3&8

o

Cu. ydse

To Netermine the Factor of Sefety Azainst Sliding

In order to determine weter pressure the formule,

2
P = VH” , is used.

There, V = 62.4# per cu. ft.

P

H = Heizht of dyke in feet

62.4 x 5.59= 974.05 1lbs.

P

The downward pressure exerted by tre mass of the dyke

is determined from the formula, P = (2 + b)h x wi

3
= (5 + 21.5)5.5 x 1CO =
2 7288 lts.

)
n

top width of the dyke

o
]

bottom ® " " n

o
"

heiznt of the section

wlz unit weignt of the fi11, 100% ver cu. ft.



Assumrinz the velue of the coefficient of friction zs
being 0.5, the factor of safety uay be determined,

Safety fector = (72386)(0.5) =5 ' |
$74.05 '

The factor of safety against sliding can te determired
in this manner vecause the flood stzzge is not continuous and
the fill used in the construction cf the dyke may be consid-
ered as being lOO# per cubic foot at &ll tires.

It wes deemed advisatle to sod the river side of the
dyke to provide adequately azainst erosion bty the swift
currents in time of hizh water. Sod hes proven to te the

most satisfacteory form cf protection.

To Determine the Amount of Sod

Stetion Area of Sod lLeceseeary in Sguesre Yards
0-1 150
1-3 148
2-3 393
3-4 311
4-5 325
5-6 341
sS-7 189
7-8 43

total 18€0 33. yds.



Howsver, in corder that the scenic value of tae course
will in no wey ce impaired, the top and recezininz side of
the dyke will heve to pe seeded, servinz only to preserve
the beauvty of the course and naving no value in rezard to

increasing the gquality of tne dyke.

To Petermine the Area 1o be Seeded
Station Area to bes Zez2ded in Zguare Yards
0-1 480
1-3 383
2-3 484
3-4 583
4-5 730
5-8 433
6-7 329
7-8 38

total 3743 s3. yds.



SELECTION OF NRAINAGE SY3TEi AKD ITS LOCATION



Treiraze Systenm

A drainege system was found necessary for the following

reasons:

l. Portions of the golf course are lower then the creek

staze in early spricsz,

2. There 1s need of a means of concentretinzy the drain-

aze to a pump which is to lift thes weter over the dyke.
Eefore a tile drairnege system could be intelligently
desizned, an accurate survey had to be made and the course
mapped. Insofar as underdrainzze generelly follows surface
drainege, the topographic mag can te used.
The nrap shows possitle outlets, boundery lines of the
course (fence and creek), and the area of the watershed to

De dreined vy the progposed system.

Outlets for the drains were selected at wnat was judged

t o re the rost convenient, as well as effective location.
P oOssivle, the outlets should not be submerged.

Arranzement cf tae drains was determined by the topo-
& ™ apny of the land and, where possicle, the slope of the
l= terals and mains was made to conform with the slope of th
ZxXr ound.

The arranzenent used is wnat is known as the naturel
83y s term, the laterzls making less‘than forty five degzree
@M1 >3] es with the mains to avoid retardation of flow.

In general, ths practice hes been tc lay drains 33 to

4 T eet in loam soil, but on the Sycamcre Course the soil

If

e



beinz principally clay, and it being necessary to keepr the
outlets of the drains &s nigh as possible, the maximum depth

was 3 feet. This depth wes decmed sufficient to aveid

action and would not interfere with growth cf grass.
To determine the size of drains, & run-cff modulus of

% was used. Thils wes found to ve ample for this vicirnity.

Thhe drainazs area was measured on the mep by means of a

1l animeter.
Division of the course into two dreinage areas wes

n<ecessary because of the elevation of a ridge that crosses

The course at green numoer one. All land north of this
ridge is noted as drainage area number one arnd that to
the south is drairnege area number two.

In view of the fact that the tile 1is rnot very large,
i1t would be cheaper to excavate by harnd.

The best time to lay tile in ordinary soil is in tre
1l = te scring when the ground is in the best condition for
A 3 ozinz, tut because of the inconvenience and the retarding
O X +the readiness of tne course for play, it would be ad-
V' 3 _sacle to excavate ard place tn2 tile in the late sunaer,
WIx en fewer people desire to play golf.

Estimated cost of trenchinz, tile, ard covering will

b= found on the cost sheet.

Calculations to determine the size of drain ray be

Towni on tre following page.



Calculetions fcr Size of Nreins

Drainage Area #1 = 30.03 acres
3/4 x 1/34 = .0314
Slcpe = .8%

Flow = .0314 x 30.C3 = 628 c.f.s.

*F rom discharge diagram for tile drains bzsed on U.S.D.A.
formla, V - 13633/3s}
diemeter = ant
Use ©5C0' of 8" mzins

1370Y of 4" laterals

D rainaze Area #2 = 21.93 acres
3/4 x 1/34 = .0314
Slope = .37%
Flow = .0314 x 21.923 = .88683 c.f.s.
From diazram
dismeter = 8"t
Use 10z0' of 10" meins

2435' of 4" laterals

=
Founi in, "Nraincze and Flood Control Enginesring" by

& . w. Pickles.



COLIINERATION OF SIZE AXD TYPE OF PULP



In consideration of the correct style and size of pump
to be used, several items nust te teken into account. These
items include:

1. The amount of water to be pumped over the dyke.

2. The minimum and meaximum head under whicn the puwmp
wvwill be expected to perform.

3. The time which should be allowed for draining of
*t ne course, and finally,

4, Vhether or not the punping equipment should be
ermanently loceted in a predetermined position, procebly
near the outlet of the drairs.

These items will ve considered in tae order neaaoed.

To Determine ths fmount of Tater 1o be Pumped

From previously determined knowledge and observations,
*+ e averaze depth of water over the entire drainaze area
vwasg considered as teing 3 inches. =Raturally, weter will
> & desper in some portions than in others, but based on
O oservatory knowledze this value is acceptavle es being a

& O od averaze.

Drainage Area #1 Draineze Area #3

Area = 20.03 &acres Area = 21.82 acres
Averaze depth = 3 inches Averaze depth = 3 inches
Q = (20.03)(43,580)3/12 Q = 21.282(43580)3/12

Q - 318,125 cubic feet Q = 2384Fl1 cubic feet



The zinimum and maximunr head under waich the pusp will

bs

[{]
Q

xpected to ogerate will not very greetly from & to 10
fest. This value, being es low &s it is, essurss gracter
efficiency end cagacity rezariless of waich type of pump is
vltirately selzacted.

Time, in determining the size of pump, is a very la-
portant item. In selecting the tiwe in which the water must
be removed, first consider the following exawple.

Considering only drainaze arca #1 for purpose of this
discussion.

The total quentity to be removed is roughly 220,C00
cubic feet. If this quantity were to be removed in 24 hours,
the capacity of the pump would have to be 1140 zallons per
minute, if in 30 hours, the capacity would be 930 gallons
per minute, and if in 35 hours, the ceapacity would be 770
gallons par minute. In case the time is elther a 24 or 3D
hour period, the pump would have to be larzer than if a 33
hour period were decided upon. This information would in-
duce the selection of a 33 hour period as the difference
in initial cost of the two pumps under ccrnsideration is
approximetely equeal to the initieal cost of the sazller
machine.

£s one would suspect, the punps might either bte perma-
nently located or of a portavle type. The advantage of the
perxranently located puwp lies in the fact that it would be
on the spot ready for operation at a monent's notice. On

the other hand, a portable setup might be usad to advantage



to help drain small portions of the course waich would not
otherwise be drained in a desirable length of tine.

The cost of the two setups would be agproximately the
same. In case the portable pump were selected, its oriziral
cost would be greater than as though it wers simply mounted
on skids. The difference in price wotld bes recessary to
construct a suiterle foundaticn for the pump taat would ve
peruanently located, meking the resultinz ceosts about eguel.
However, due to the topcyrapny of the ccurse and the pres-
ence of saveral smell portions at exceedirgly low elevetion,
the portavle type of pump would likely prove the mors effi-
cient.

Lfter heving selected the size of puwp and its nmount-
ing, anotner feature of impcrtance is tnat of rriming. Pungs
cf tais type way eltner te self-priminzg or whet 1is conuonly
known es straisht pusps. The self-priminz punp was selected,
at & higher cost, tecause it would ertail no loss of tirme in
geetting the nmachinery to work, and inesmuch as tinme is such

an imgortant item, this feature would be a desired esset.*

*For further informztion, ccnsult the Wovo Fnrine Company's
F) ) N y

bulletins on self-priming pumps.



COST ALALYSIS



A cost analysis in a project of this tyre is of vital
importance because it will show the feasivility of this type
of flood prevention.

For purrosss of convenience, the cost will be divided
into three parts. First, the cost of the dyke; second, the
cost of the drainaze system; and firally the cost of the
puniping equipnent.

The Cost of the Dyke*

3880 cubic yards of fill 3 .33 per cubic yard = $1280.40

n
(-
QO
<)
L]
o
O

1820 sguzre " " sod @ .10 per sguare "

Cost of seeding the remaining portion
3743 sguare yards %2 £.015 square yard =

The Cost of thes Drainaze System™

4,115 fest of 4" pipe 2 $50 psr 1000 feet = £305.75
500 fzet of 8" pipe 2 §70 per 1000 fest = 35.00
1,030 feet of 10" pipe @ &€0 per 1000 fest

[}
08}
-
L]
(02}
o

trenching, laying, and backfilling
5835!' @ %.10 per ft. = 533.50

The Cost of Pumpinz Eguipment**

2--4" self priming centrifuzel pumps @ {535 = #1130

*£11 prices and waze scales determianed from current issues
of the Engineerinz News-Record.

**prijce quoted by local manufacturing ccmpany.



The Totzal Cost

cost of dyke {1534.55
cost of drzinase systen 885.85
cost of pumping equipment 1130.00

$3540.40

This typre of pump has a norxal gasoline consumption
of 1/5 gallon per horsepower hour. Assuminz the puups
to be in use on 20 separate occasions and the naximm

horsepower to be 15, the annual fuel bill will be,

2[:15 x 30 x 3?] x cost of zasoline
5

4330 x £.15 = £848.00
For this type of pump the 0il consumption is negligidble

and its cost may be omitted.



CONCLUSIONS A3 TO THE FEASIBILITY OF

SUCH A SYSTEL CF FLOOD PREVELTION



The results cf this method cof flood prsvention, as
shown conclusively by the cost analysis, would not be satis-
factory if the benefits derived were to be judzed sol=ly on
the increased patronaze of the course durinzg the early spring
months, or at intervals during the playing ssason when this
course would precede the other courses in the city in opening
after veriods of intense precipitation.

Several reasons mey be advanced for the seemingly high
cost of putting a system as proposed by this study into
operation., These reasons, in order of taeir importance,
may be listed es:

l. The present attempt at drairege is entirely in-
adequate, as only a very sxall portion of the course is
affected by the systen in use at present. Thnis means that
all drain pipe and related equipment would have to be pur-
chesad new.

2. In case the present drainage system was expended
to proper progortions, two pumps would e necessary to
purp the water from the outlat of the drains over the dvke
and into the stream. At present, no pumps are provided,
requiriny tne purchase ¢f Two new pumps.

Besed on this study, the conclusion finally reached
was that the system, as proposed, would serve the partic-
ular needs deranded. The conclusions were based on the
followinz points:

1. The cost would not be prohivitive if properly

financed over a pariod of years. Results show that in-



creasel proceeds would not serve to pay for this added
expense of improvement in a few years.

3. If properly installed and mzirteined, this system
would improve the velue of this course from the standcvoint
of retaining its natural scenic qualities.

3. Pllowing for the natural expansion of thz city,
resultinzy in a possible increased patreornaze of tais ccurse,
the rate =zt which the dabt is erased Tty this systew cf

floocd prevention would tend to be increased.






S 2 7 08 e TR WEN M s vy L€
e WL

T i e iRt e e i ac v na

e s T AL L R P S =




MICHIGAN STATE UNIV. LIBRARIES

il

i

0

il

31293 4673




