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INTRODUCTION -

In various places of the southern part of lMichigan
there ar: quites large areas of lov or niarshy land, sur-
roundea in mos% cises by yool firming land ani near sood
markets. The s0il in these marshy places 1s usually rich
in plant foou, the soil deep and free from rocks - - nmuch
better, in itself, thain the soil surrounding it.

But due to tne level of the ground beins so low, the soil
is cold and wet, soreti.es flooded, ani so cin ot be used
- for any useful fuirwing purpos=zs. It is usually used for
pasture, or perhaps a little hay of a very inferior quality
is cut fror it. Such landi is valued at only about twelve
dollara per acre, waile land richt teside i:, no%t nearly so
rich in plan* fooi, rocky or hilly is vallued at one hundired
dollars. per acre Or more.

If only such are:s co.ld be drained, they would imusediately
agsume a value equal to or in excess of the land surrounding
them , and tne productivity of the farms concerned woull be
grextly increised by tihils opening up of new farmin: ar-as.

Some such yplaces, of course, could not be drained withous
installiing purpines staticns, and 1ifting the watzr over
levezs or erbankiients. In most cases th2 cost of such a

drainaze systen wouli be far 1In exc:cs of tie ben:zfits to be
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'.5But sorie other areas reqiire ruch simpler ani cheaper
druinage. They have a river or s+all streawm flowing throurh
thm;,,but usually it winds and meaniders around so much that

"ité vélocity is much less than 1% should be. This low
kvelo?ity andi tne fact that the land is so level ani that the
ruanf is very slow, accounts for a good deul of the excess
" water in the soil. Added to these two factors is, of course,
tne additional one of the so0il level bein: only slightly above
the water level in the streanm.
| In moat of these latter named cases, about all that is
required to rake this soil good and prodauctive is to straighten
out the drainave chan-el so the velocity of tn: water will
be increased, and then insure a quicker runoff by the
;1ns;§11ation of a syster of tile drainage.
L Tnis 18 tne condition encountered in thes arza under
gonsideration in this work, the south one-half of the southeast
one-fourth of Section 19 of Township 3 South Ranse 1 West in
Jaokson County, Michigan. Here we have a small strean,
meaédering tarough a valiey about 4000 feezt wide all of —which
i3 marshy. Surrounied by gooi farmin- lani, any of wnich
‘will sell for one hundred dollars per acre, this marshy land
is valued at twelve dollars per acre. Its only use is as
rather poor pasture, and as a source of marsh hay, worth
ﬁabout‘oqe-fourth or one-fifth what cuitivited hay such us
?ehould be grown there is worth.
J
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The authors in uniertaking this work wish to find if
it wiil »e possible %o drain this area, and chance this
poor ani unproiuctive land into scome such valuable provsrty
as 1% seems th:t 1%t should b2, and 4i cover if the cost of

the improvement woull b2 riore thian would be justirfied bv the

benefits galned.



STATEVENT OF PROBLE.

It shall be the purpose of this worx taen, to do

the followiny; -hings:

1. Investirate the feiasibility and probable
benafits to be derivei from changing the

river channel through this arca.

3. Investigate tne practic«bilisy of a tile
arainage systen, and if dee-cd advisable

to design such a systerm.

3. To detsrmine the probable cost of such an

irproverent.



SECTION NO. I.

CHANJEL CHANGE.

As shown by the accompinying rmap, the river flosa 4t
this point in a wide arc so that its lzn.th is almost tvice
whiat sould be necessary if a direct chan el were rzaide fronr
tne scush to ths norti side of the ar-a. S-orteninrs tnis
distance vy a nev cnzinnel would give 4 gre ter velocity and
80 carry the water awav Iuster. An investi¢ition of vh:
rossibility of this is now provosed.

Three #ood e£ized lakes only akou’ 1 1ile upstrew. act
a8 a re:ervoir to practicu.ly eliminate a larze floocil flo-,
so :nhe channel need not be desi:ned for very extrene coniitions.

One of tan: writers has lived For ten vea-~s within sirht
of the river, so his kno-ledge as to the maximum flow %o
be espectal, bised on his long cbservation, wis used in the
cornputations Jor tne.eize of the new chian.el. Measurer:nts
of th: depth of water ani size of the old chinnel were rale,
at a time waz2n the flo:v was about fifty per cent of thne
maximur. The corputiti.ns for tnis are o.ini on th2
accomnanysh ne comrutaition sheet Narber 1.

The proposad new channel does not follov tae shortest
possible line bewween its uvner andi lower enis. Insteal it

is deilected slirhtly in order to follow th2 ropertv li.e,



since thec area unider counsidaration belongs to %o wifferant
farns. But this deviation is so slight, andi tie increas:!
lenzth so neglivripble, +thit t-is course was dearel aidvisable.

In the corputations fo. earth wo:u quantities in the
chan:..el chan.c, & constant cross uec:ioﬁ v assa.cd, lastead
of the more often used me-hod of c.oss sections at reoular
intervals and corputition of quantitizss by enil areas. At
first this seens inaccurate, but in visw of the very lovel
nature of the vround, anil the fact tnu. a straicsht zraile wis
a-cumedl for the channel, this wis deerel %o be enzirely
suillicient.

To arrive 3zt -his cross section the mmexun derth wic
taken rorm the profile, by adlin- u: all the cuts 2t the
different statiouns, andi iiviiin: bv the totil nuwber. Sile
slopes of 23:1 werz2 assw:ed, ani a bottorr vidtn of scven fe:1,
walch wus found to be sufficient (Comput.sti. n Saeat N.aber 1).

In conclusi n, it seems thi% such a channel souli bLe
a very gooi trin , ani would serve verv well the purnose for
wailzh 1t is intended, and so such a chinnel change shoull be

put in as the first ster in draining this area.



Coumput-tiocn wiizat Jo. 1.

Doteriiination of Mlow raiw Zieccorary Size of New Channel

Tor tnece ocouputations Kutter's formula was used, a8

follows:
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SECTION NO. II.

TILE DRATTAGE CSYSTEM.

In the study of tnhe poosibiiity for a tile drainase
syste five thin.s ar: necessary, as follows:

1. A contour ran of the arca.

2. A study of th2 mracticabllity of a tila
drainare svsten for the ar-s:a.

3. A determina-ion of the plan ani graics
of the virious systens.

4. Deterrination of tile sizes in the virious
rarts of thz systems.

5. An ~2s%ina-e of the cost.

To obtiin the duta for the contour mapr a transit ani
stadia survev wias maie of the entire area. A riagnetio
bearing wis used to establlsn a base line, as it wis not
decemed necessa: v $t0 tuke the extra trouble to establisin

a true meridian for thi

2}

problem, which was in no way
connected with anvy other 'rojzct.

For similur reasons a purely arbitrary datur plane
was assu:ed and tvo bench marks wlaceil in outstandiang trces
on the edges of the urei. The location ani elavations of

thece bench marks are given on the accorpanving rup. So far



as the purrose of this investivavion 1s concernel, tais

scemed entirely adequate, and a% anv tire a reduction to

mean sea level data is necessary 1t can be

6¢ reiucei by

reference to these tench marks estabhlisn:24d.

Frow this base line, thca, and with this assurel

elevation, a transi® and s3l1al . survey wus

rrade, and laver

plotied up and wane contour iuw of the area drawn.

In this survey distances were re.sureid to the nearest

foot, ani elevations were usually t:iken to

she neares?t

tenth of a foot. Angles w.re measurea very carefully,

especially in roving tne transit fro: one point to auncther.

In making the man, the contours were dravn with a

contour interval of five tenths of 1 fort,
extrerely level grouna suriace.

The next probler, then, wais to stuly

bescause oI ho

132 practicubility

of a tile drainaze sys-em for the area. On the wcet siie,

no ecyecial difficulties were encountered.

Thsre 1t w-.3

euslly aprarent that 4 vary poed drainags svewern cculd be

installad , which would take cure of %he excess soll water

an1 wnile the slone mivht be a little flat, tals could b:

taken care of bv increasins 30 2wvhat the size of the tile.

But on the exst side, or the svsiem d

the *C®" svstewm, more difficulty was enco.ntereil. Tuis is

the area throuch wnica the streamnneow flows, so it is,

of course, the lowest ground of all. Investigaticn show:d

-8-



only a s8-ull difference in elev.tion betw:en the .round
sur face anl the bottonn of th: prorosed channel c .an.-e.

In Merrimans "Anericwn Civil Engineers Yocket Book™ ds-th
for drainire tile of tvwo anl one-huzlf feet is recomreanied,
to avoid durare frow freezin:, anag interference vitn
cultivation of the land.

Such a depth, however, was found to be Impousible,
if any slope wis 42 be r:idained in the tile lire. Bat 14
w.s found th=t 17 the bo.tc: of %h: tile 1i:e were - iazed
two feet decp, this wo.ld male avallatle a slore whica w3
considered adequite, and would peimit the latecals to b
taiil at a sufficient dz2 tih, since toue ground slopes upr on
each side of the prorosed location of tuis "C" rnain.

Tnis prowosed placing of the rain tile at suca a
saallowv depsh, howevir, introduced the danser of bre .xins
it hy cultivation of the iland, or by wheels driving over it.
But it w=s thou:hs thit this danver rni-nsy be avoiled Ly
leavin- uncultivated a strip of land abo.t five or tan feuo-
vide, directly ov:r this rain tile. ESuch a strip woulid
soon become heavily sodded and would rax2 an excelient
vrotection for the tile underneath.

It is adwl.ted thit sicn i thingz would b: botherscre
in an otherwise unobssr.ctedl fizld, anl woald ucuully be

voor practice. But since tne dralnuge of $a: entire svatem



iepeni1s upon a rain placed a% thuas locition, and ghis
s22m8 the on'y safe way to have a raln so rlaced, it was
deened advisakle anl vwracticable %7 do whi.s.

So it ss=2ms thit a tile drainag: systen for Lais arca
is praczticable, ani coull be .iwie to reiuce the wassc level
suificientlv to riake the lanl a gool farwing areai.

The next 1iter, 4he determination of the plan and rraiies
for tne different systenms, 4.5 cowparasivaly sim le.
plin was o run one lar-<2 railn, with literails le-diu- off

Lo

D
0~

)

[}

fron one or both siias, de;énlinz on tae conto .r o ;
srouni. Vitious autnorsitizs consultz2d as %0 “h=2 necessary
distance differedl rather widely, bus it wis thou-a% thit
in vi»2w of <h2 saniy, fuirily porous natase of the soil o
alstance begween drains o7 one hunir2i fifty feey, ag
recor wended in Ellioss's "En-ineering for Saail Drainags”,
would b2 about risht. T-i¢, %h:n, was the distance us:zi
in dravinz ur e plan of tre driins.

An effort was wade wierever possible %o have <he

dr2ins follow <he natural slope of the ugrcund. The mai'n

Fy

benefit from this wig to decrcuse %ae naecessary am unté o
excav.tion for thz tile lin=s, wnd g2% .6 mucn fall as
rossible.

Tne ;zrades for each syster were aifferent, but the suime
wrale was adontel for all parts of‘encn indiviiual sys®t .

Thhis was deorel bsiter, in viev of th2 very level srount

-10~



than to break graude 14 vae mains, or 50 use a numahar of
different grades in the lat=2rals, and increas2i the necessary
excavasion only vaery slichtly 1f at all.

£

Tais srade wis arrivza at by pliacia; he upper end of

-

tne rains at what w:.s 4nouzhs to b2 the correct depth, ani
tnen, knowing tih: length of the raln, lay a stratsnt raide
for 1vs entir¢glenctn, utiizinzg all tn= fall wviiladle.

Tae rains ware mecle fairly sihort in tone "A® ani "3"
systers, in order to keep th2 size of t-.e *ile los. But in
the cise of the ®"C" systiem this could not b2 done, for c¢cv:ry
bit of fall aviilable hwi $0 be utilized to obtain encu
of 2 rade tc kzep :the tile frce frow sazinent. As a rosult
wve h:ve a quite long tile, with quite large siz2s.

The next iten na2c2esiary was the deterrminaticsn of bz

siz-s of tile neceesary. Ponceless forzmala was us:d 1n

™N

tRe courpusations for these “ne work is c¢novn

)
-
7
(a4
[y
—
T
&
).
N
W
o
-
(%)
—
-
—

on Lne acconpanying corsputations sheats.

.

In =very ca2s2 larc2r tile was used thnan would aupe r

Rl

nec2ssary fro: these computations. The rexsons for shese
larser sizee wers 8 Jollow:. Ta=2 rrade in everv case is
quite flat, anil the soil 1s 2 finz2, of<en silty saini or
riucke Th's will haive so 2 tendency to 2n%2r th2 tile anid
clo - it. Tais woull rend22 usz2less a small tile 1iae, but a
larger one could s:ani soce seilment wivhout beco-ini fully

stopned up.  So for these rzasons larger tile wer: used Laan

-11-



woald at first appeir to be anccessary. Tails will, of

course, make tne first cost of ta=2 proj=2ch meora tnun if

waller tile were us i, duv it will ne 2 much more
verr anent improvoeriznt.

I% will be notz2i taat on tae plan the tile sizzg are
increas:2d to 18" oun tac "C" syscen, vithoubt any new tile
gnovyn enteriar Lhe paine. This wac don2 with she id2a in
mind that later tne arca nerth of that in tois proble:
might be drained, and cais maln is wmaiae lartze encu-2 o
care for this rossible future develiorment.

The last iters of this section, the cost, will bt tizaen
care of in the next sectiouan.

In concliusion, it scers that $his land cun well be

drained by 4 system of tile iryinare w6 here outlined. The

©

systens "A" and "B"™ arc gooa ani surficicni systens, vhzirc
le

onlyv dravbacks velng btuad sSowewaiy oversiz: tile nave be:n

syssan "S" 13 not sood, ovinz to

decmed necessary. The
the fact thut tne miin must o2 laid so shallov, asni lac.oe
ana exn2nsive tile re necessary at tiic lowzsr eni. But

tnese obstacles were unavoilanle, ani aire nos coasidered

serious enoura to renier tn2 [roj:s2ot linrasicable.



Co:putntion Shet lTlo. 2,

guantity cf Fiew in Gla Jooanel

' r e 1.43

v « 1.05 feet/second

Q ®» aren X velocity @ (20 x 1.05) = 21 cu.ft/ sec

Mnis wag estiiated to Lo 8Q per cent Laxkiiauna flow.

Quantity of Fiov ia New Channel
Assunad bottomm widtii of 7 feet, side slopes 2 tc 1, nnd

depili of water 2,5 feet,

S e .()0144
ne .0:)0
ral.d?s

v a 2.18 ft/=aec.

Q8 22 x 2.18 & 43 cu. ft/sec.

Yince this quantity is more tihan tue estinataed maxiiium

Tlow, tuis cununel is consiuersd wuolly adequate.



N

Computation Jnect lHo. 3.
Tile izes.

PYonneletn forimula for velacity in closed clruinzls:

T dn
"‘m/-r;m

wnen v 8 velccity
m e constant for ench tile size
l @« 1engtn of tile
h & head in feot
d & tile dinuzeler in feet
To find ars:a drained by e:nci swizs of tile. liunoff

coerfficient equals 1/4 inch/ 24 lLour.

.l-)-r"li’n C'.3 Smwmwasonm 16 i.‘lC.’l ti]eo

1.33 x 2.6 - .
M 47)/1‘300 +(04 X 1.99) .85 ft/scc.

Jiscyurge = Area (sq. Tie) X velocity (ft./vec.)

D @ 1.3¢ x 2.66 « 3.71 cu. ft/sec.

disclinr.-e
runcff coervicizat

Posaible area drained e
3.71 o et

A = ..‘6.]'..05-— 22 NOT2T
.

Therefore a 16 inch tile is muaple for tiie drin Cne.
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Co: mutation Sl.est Tlo. 4.

Jrainl C) ewceve- === 12 inci tile,
v e 45 / 2 » L0606 £1/vec,
46 ¢ L4 -
D t 3 .785 X 636 [ Y 05 CU, ft/ﬂeCp/
.5 ‘4 >4
A 3.31—05 - 7.5 acres

Tiizarefo-e a 12 inchi tile is =3 m1a Yor Ch.

e @ e @ en M @ @ = e w &= s G B W e o @ W e ©® e =

Ornin Cd --e--e--- ~e=== 10 inch tile,

’:';Ll) e S 9.1R
Ve 44 [ s S - 765 ft/sec.

(SR 29
D e 5375 x 765 e 411 cu. ft/sec.
. 411 -
Aw T0105 - 59 nores,

Therafore a 10 inch tilz is ample for Cd.

" e e e e W W B @ @ = e e e W o e A @ W W@ w W W > @ @ = o =

2raing An, 8a, and €8 eeee-=-- 8 liuca tile.

—————

- 40 /ﬁ‘—:g7 X el 4.47 tt/eec,
Ve O JEEor s 5rx ey " /
D w 349 x 4.47 @ 1,56 cu. ft/sea.

1.56

G .
m ® 147,95 ~creaeas,

Tharafore an 8 inech tile is n-mle For uraine Aa, Ba, =nad (e,

S S
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Co. . -*ion Stizet "n. B,

All Laternln e-ce-we- - O ince.l Liin,
o5 x 2.7 .
v a 36 /’000 To7 = 1o ft/sec.
D e ,197 X 1.67 o 528 cu. f£t/sca.
328 N
2 = 3 [ ] > ’ e
- =105 s 3j,15 acres

80il

Tnera27ore n 6 inch tile i+« :-mia for :

liote: All eslzaes ara taken large becnuse of t.ue sandy

tarouza waich they are 1hid.
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SECTIOT NO. ITI.
casrs.

Tae co:38 of this improvement a-z guitz wvell sacvya ia
tne follioviny estiwate sne23s. Some explanition, acyzver,
a3 %0 no7 these costs w2re arriveil at will b2 necessary.

Toe autaors speati some tinme scexing inforzation oa
vile suvject frou various sourc2s, vithout nuch success.
Ro+here, apparensly, coulid e founa verr good and recent
informziation as tc cost of excavatica, lay.ns ant backfliling
for tn2 tile syeiar.

S0 a requast wis riaae V0 o frizndly consractor,

Lr. Victor Uik.n, livins as Dacuand, M.oceiaa,wio ovas a
aiveain.: machine and docs &« rocd deul of ozls kind of +v rk.
Tne 14t 0rs daesire o %$age thic orporsunisy to :h“n&'hi

for hisc kint assisi.ace.

His esilicate ol cou s for machiae t.eaching, layin. tile,
s 0:ckfilling, and for . .ckin frofiie rullroad so ivax
farn nave be2n usci. Compctitive biading on th2 jJob wight
r suib ia a lover price, bu. wne auticr: hwe naie no ast npt
as ta t.

Tne costs for tile delivered at tne neurect rillrold
point ware tasen from = price list of the Aneric.n Visrilied
Products Comrany (idichiyzan Brincn) with offices at Ja:kson,

Lichigan. Tnhis tile is, of course, higher in price ti:n

-]13-



or:inarv dArain tile, but 3 browrht out in ancsher part of
this .epori, tne added exrense was thougit justifiublea.

In computing the cost of excavatiar the channel chings,
zhe authors are indebted tu ¥r. F. A. Gouid of ta: Civil
Ensinesring Department, anl o 1nforma:ion;obcained froi whne
"Handbook of Cost Data™ by Gillet4e, In istermining ucon a
guitable unit price for excavation. The unit price nw.v s-en
rather low, but in view of sthe Iict tnid no rocks cr vary
aifficuls excavation is te be anticicateld, and that 1t will
not be nece sarv to naul the excavatad earth for any vary
great distance, it was thou ht bv the authors to be arrcle.

Tn2 estimats sheets coverins &ach itz of cost, a-e

found irmr-ediately follovinz this section.

-14-
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in th s reporsy, 1V sczns &

<
.
[$)

arained, and that 1if id

that tais luat

..‘.e‘: 1

+

Lay very

its viluz w111 Dbe

S R
aAlaianla

wore than eadwh 30 rmase 13 economicil:vy worth walle.

e cosy of the improvi:man: averagss

wWere,

ke
cous%. For after Arilaure
ta2 farn.

bzs%t land on

Ausricultural Collece Exrori

Usilizati.n of Nuck Lanic"®,

this laad woull yrobi:ly be

rment Stition Bullesin "Tue

tiiie lana is good for a

in

(o2

e

o~

v

a r2eult of tne inq.iry ani investigation e:bodietl

eased

whout Fifiy Lollars

wipich is a fzirly oish Lut not at 4ll pronibitive

the

As brousht out in the Yichnigzn

viZicuy

vi crors, and wili rdise rose tnan the lani surrounidines.

Iz will riise corn, proferadbly 2aciiuze courn, requ ring
v n2aVvy, renik crovih e well ws hisher lana. 1t will . row
nay, yicldin very oftaen t-c and one-=iull %o threo teus »or

@Cre, a8 ovrowsni oubt is ths

yieldi of 1+0 tons por aese

Ca lanas of = eirilar
LucCk neit w.as

LreTn %0

ol about Pwelve dollars jcer
* '...i(i .

<€ This was ncht an e:s

Gune,
A:viin, <8 brou.ht out

rians: truck 1nil 8uch cro.s

Y2Lre ago,

afore..=nvicned bul
on laii w,oinines i
n.turs, on tane swu.e faire,

vioca yleldel a nsi
sere, after ail expano

e

recially favorable yaar.

BICRe

There is no reason why this land wiil not uo une

i

i sne buliedtin wmentionel,
:6 onions, be2:is, etc., v . v

-15-

will



succersfuliy. To yuose Iro tiis .ullesin, ".a2 urea (on
tne Yichiran Stuve Prison Furu, on ruck iani) was ars ros-

irately six and oseg-=quurter awcrzs. It wes f2rtilive:r with

about 130 spreadere-loans of coarss horse ranure and 2,375
pounic (33C ywouncs por .cre) of a cornulzs: fertilizer. Toe

roilowin: yielas wsre obtained:r L3CC crictes of cuiens, 5.0

2

o

crabtes of berus, approxirately 3588 crates of caurrois, anl
Syl crates of parsales
Ceroulnly 1azui tnat will vielaw crops 1ik2 Sl ig . rTth
vas cxpenulituse of fidtvy duilass poer acre for drinw::.
3at 1csuully the cost of tais 70Tk ailon2 is lewus than
Saat, 00 no small pwrt of tnc Sotal i3 Tinsn un Oy Lacz

~ . s .
S

lover pact ol wtne "C" sviion main. ni8 pact of t.a2 8y oo

LY visn 3 ozoca d2al ol reason be sulc to soirve tae ascs.

nor.n of ta2 vracy undzre cowslider-ation, siincs 14 ~us rue
la gzr in 8ize so care for tae robadliisy of wantlas Lo

connecs onto i3 for dciiniay tnis z2ress So a good nurt of

-~

she cosy of tnis raln mar b2 con=iieredl 23 a nart of $..:
cost of dridining onils oth:zr 4fea, aai would unlodbiziiy Le
pwil for @8 B8uCH DY axre-2aenh visa a2 owvasr of tYhio ac ..

oeacfivai.

The draianas=2 svster as here outliinel woull be

~,

adsolusely permanzans. Thils 1s asgsured by thz us2 o

tile, and of the large eizes us:i. If thz oraer of ta: 1and

vit-ified



diegired to cut %12 facsor of safety sorevhat - - waich, in

vhe orinion of the authors, cooldl be done and still harse so

rrargin of safety = - tne cost could bz aprreciibly cu% by
usin.: ordinary dariin vile, or by usinr 4% laterals. Tia:
8lz:3 .s i ar2 verv consarvasive; rmore, 2van, thin is
asuaily recoresendsd.  So If 14 wis dosirei 4o be a little
rore liberal in d:sien, a quite srpraciable savines in cost

cgoull he efiect=1 In +thas wav.

e




Estinmate Sheat lo. 1.

Bxeavation for e Cinnazl 2ad Cost.

From coumputations as suown on vonputation Saeget Le. 1,
a vottom of 7 feet witih a 2:1 siue slope aind a depth of 2.5

feet will be adequate.

Average deptnh of tie giaannel is 2,7 feev from profils,
T™a cross=-section aresa using A depth of 2.7 fez2t 1w
33.48 guare feet.

hengsta of civinnel is 2175 feet,

33.48 x 21795
27

2697 cubic yards.

2697 cu. yds. © $.20 B 539,40



Eastimate Shieet Ho. 2.

Lengtns and Sizes of Tile Required

Jdrainage Systems A. B, & C,

8 inch “Yile

. e

Length Average; Length Average: Lengtih Average

Ho. in Jepth :No. in Jepth :No. in Jepth

Faet in Feet: Feet _ in Feet Yeet _ in Feet
Ab ... 400 5,00 3 Bf... 700 3.00 :Cm «4.900 3.25
AC eea 7730 2.560 § Bg..o 750 3.00 :Cn .. 910 3425
Ad eee 740 2.75 : Co...1800 3.00 :Co .. 490 2.50
A8 T 746 2,756 : Cf 420 $5.00 :Cp 590 2.756
AT 570 2.7 : Cg 570 3.00 :Cq 440 2.75
o 51C 2.75 : Ci Su9 3.00 :Cs 360 5400
5o HUC 2.25 : CJ 590 35.00 :Ct 310 2.50
Ba 310 2.50 ¢ Ck 730 3.50 :Cu 310 2.50
Be 640 2,76 ¢ C1 780 320 :Cv 90 2,00
Total 17,505 e
AV3rage ee--- 2,82

Coet of tile delivered at nearest freight depot $1,342.00

8 incih Tile

0. Lengti in feet Average depth in feet
An 160 3.00
Ba 160 2.75
Ce 470 2.15
Total 790 Avarage 2.94

Coet of tile delivered at nearest freignt depot $98.00






Istirite Ginezt Ho. 3

Lengths and Hizes of Tile Required

Hrainage Systems A. B. & C. (con't).

10 incn Tile

LS — = = T e L e - _ - ———— T -]
10, Length in feet Average Jepth in feet
Cd 600 2,75

L - e e = = ]
Cost of tile deiiverzd at nearest freignt depot $107.00

12 incn Tile

o. Lengtn in feat Average Jepth in feet

Co - 640 3.00

Cuoet of tile delivereu nt nerrest freight depot $153.00

16 inch Tile
P e e ——  —— _ — _ _ _ — ——~—— ]
Noe Lengtnh in facet Aver.ge Jaepth in feet

Ca 750 3¢ 00

Cost of tile delivered nt nenrest freignt depot 3300.00



Estimate ulicet llo. 4.

Nuinoer of iirancaes lLieeded

S8ize Nunber nit Totnl
of of Cost Cost

Tile Branches

15 ia. 1 o 1.7% v 1.75
12 in. 6 l1.11 6.0b
16 1in, 9 «82 7.40
8 ia. (3] « 03 J¢50
6 i“o 9 035 3.20

722450

Total coet of tile laid ucyn at neareet freigiat depot 2,022.50
Coat cf trucking to Job -~ 35 ;niler at $2.00 per
tOn-mile. 134 thB @ &6000 P00 00eccscsvssescses o oo 3

Coet of tilz on the JOD eecsceccceas. 2,826.00

Coet of excavation and laying tile:

6 incua tile, 1060 rods U $.00 w636.00
8 iuca viie, 48 rous & .GU 30.50
10 in., 12 in., and 16 1ile COlLi=
oined, 120.5 rous U .60 72.50
Total ceceee $739.00
Cest of back-filling, 1228.5 rods G 3.11 _135.00
Total cost of excnvation, laying and backfilling 874,00

Total coet Of BYTLem ceeceeccssnccsceases 30,700.,50
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