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THESIS



AX IRVASTICATION OF THS 5340 WYOT W G0 475 G0, VI0HTS WHe

Zvary sewser syotean §is anst to h;vo wany defects due to
feulty design, censtruction, or a combinatiom of tiie two,
ond sl80 periiape due to the ranid  rTozth of the ¢ity. And
inassuch as the JUtsego .ystem wias ;iving oroor satisfactionm,
and seemed to De alwmost a faoilure, 1ue tu tho rbove re:acohs.
an:l 1180 bec:uge of vary rxlical crimnee #iden ware mide in
the consiruction fro: the ori-inal plineg, .2 chwce tiics
sudject as a theasis, for tis nirzv 9 of 2rojozing imHrove-
ments or the exiasting system. And =8 t.ioc system only covery
about o0a9-half of tag city aii is running sixty-four n-arcabt
full now, we pDrodose to doeuvign & nav gysten, camlaete with now
trunk line =l satio taskx for tiis portion of ihe city rot
alra:dy sunsliel #ith a soser systenm.

ve :3:de a couzplete survay of the existing system, »3 well
as tuking a coudlete sat of levels over e :raa to be couv~oreuy
by tne »rcnoual sewer,

Jaofd JTIUN VY Tooukr AT Ak T THISTIUH .,

Vteego 13 a villwu,e Of avout three thousand ponulution,
‘nd 18 situted avout fiftean miles nortn of kal-wu:nzoo, in
the County of Alle sn. The L. &, % X, L. Railway connecta t.:
villace with Gr:nd t.3f48 on the north and Kalamtzoo en the .
south.

Nunning tarou.n the eaiter of the villas e 48 the laliuidZoo
River, wliich also floaa thirough the eanter of Alleian tvalve

21198 Delow. Tha ra.idont district is sorend out on Both cidag
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of the river, with tie lirgest portion veinyg on the uguth
side. On the north side, the residences follow only one
street which runs nirallel to the rivaer, —unid nre of the
che:par Glass tenement houses. The rnilroad is on this side
alse the total of six l..rge »apsr mills, a zhoe factory and
a chair factory. These mills ani factories hive their ori-
vate .ewer Gystems, a3 hive also a {ew of the houses. The
stores and the better class tenanent houses ure loc:ted on
the south cide, extenliing acout a half of a mile froa the
river and avcout three qu:rters of a mile alon;; the river,
This portion of tne villuge 18 dractically level ground, the
seuter contour not varying over thres feet. 'The original
plan 2:8 to cover t.is side of the river with one system, hav-
ing the trunk line on the west side of towm. lowever, upon
investi atiom, it secansdtn be dracticadble, frou Loth a suni-
tary and econoxnical standnoint, to cover the eastsrn portion,
which has not veen jiped as yet, witnh a saonarate gystem.

The ralamagzoo ‘ifver affurds a vary acceptable outlet
for the sesige at thierrezant timn.. lHowevar, with the vrecent
advance alon;; 'he linez of snitation 4t will only be a chort
time bafore the authorities will take steps to a0lve the
problem in a scientiffic, 1o sell as economic manner. They
are beeoaing arcusad as to Lhe value of maintaining stre:.ms
in a pure oo;bition. bec:uge eve if not used for drinking
purposes, it i1u usually used for domgstic purposes, ~nd then
it aleo is of greatvalue to have the water pure, 80 u8 %0 pre-

s°rve fish 1life, a1l in order to have the ice pure as possible
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and finally because on the broad ground, ﬁhat water courses
belong to the country as a whole, and must be kept pure for
the sake of succeeding generations, not spoiled for them on
account of the selfishness of a few at the present time. It
will be only a few years before the laws of Michigan will
compel . the city to put in some kind of disposal, or purify-
ing plant, because the sewage is certainly a nuisance to the
public. In case Septic tanks are installed, two systems

could be used, one with each trunk line

PRESENT SYSTEM.

The present sewerage system in Otsego was installed between
the year 1912 and the present time, a little being added
each year. Up to that time,the only sewers in use were a
few private ones. The system,as originally designed, had one
trunk line hpon North street, emptying directly in the Kala-
mazoo River. From this trunk line, parallel laterals were to
be placed upon each east and west street, running the entire
length of the street, or as far as needed.

During the process of construction, many changes were
made from the original plans, the location of some of the
laterals being changed by the village authorities, for the
purpose of makigg a cheaper system, and the efticiency of the
system thereby being lessened; dhe elevations and grades were
¢changed during the process of construction by the contractor.
This change in elevation primarily started in the trunk line
between Orleans and Allegan streets, where quick-sand, or at

least bad water sand, was encountered. The contractor speng



tventy-two days trying to lay tile in this material, but
was unable to make any progress at the specified eleva-
tion, and as he had been hired to do the engineering work
as well as the construction, there was nothing to prevent
him from railihg the sewer, and in ordsr to clear himself,
this s shat was done. This made it necessary to raise all
the laterals adove this point, and in order to hnve the
most remote parts of the laterals somevhere near tha spesi-
fied elevations, the grades hnd to be greatly reduced. The
original plan w:s to place siphom flushing tanks at the
ends of each lateral, but this plan was never ocarried out.
However, the Franklin street sewer is flushed by a two ineh
wore stream, which is turned in from the county drain upon
Morrell street. Instead of running laterals eastward from
North to the Plainwell Road on F.raer, Franklin, korrell
and Hammend, as the original design called for, they have
only been run to Fair on Allegan, the whole length of
Eranklin, nnd up as far as Fair on Hammand. On Orleans and
Morrell, two of the orincipal resident straets, short later-
als have besn run for the length of a block in a few places,
then connecting to the lenger laterals by short lines up to
north and south strests. This arrangement, of course, neces-
sitates a2 very s:sall amount of sewage flow in each one, and
also severnl dead ends, which we factors to be avoided if
poseible, =nd would h:ve been if the original plan h~d been
followdd., On Allazan streat, the conditiens are not so bad,

as this sewer, as far as constructed, is very near the orover
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grade and elevations, 80 that it can de extended up as far as
the Plainwell !i0ad, i1f so desired. The Hammond strest seusr,
deing laid to a very low grade, is at a low enough elevation

80 that it can be extended if desired. ’

Upon ivestigating the sewer, we found many of the
lines in very bad eondition, many of the vipes being complate
ly filled with filthy material, which eometimes extended up
in the man-holes, and upon opening up the man-holes, gave
off the foulest kind of gases, showing that the flow had besn
stooped by the lack of flushing water, and by the flatness of
the grades, causing sedimation to take place to such an ex-
tent that the nipes had been completely filled, and they hnd
been in this conditiom o long that putrcfact’ion had taken
‘Place. The Hammond sessr sas in this condition, being com-
pletely filled, and with no avoarent flow aleng fts length
and as far up Nerth street to rranklin. This was a surprise
to us as the vill=ge authorities supposed they had tiiis
sewer flushed out only a few days before, byt the flushing
evidently only consisted of turning a fire hose in the oive
at Pair street until the flow was started, washing the sludge
and sediment dowm the nips for a littlo way, making its con-
dition worse instead of flushing it out eclean. The ¥Franklin
street sewer was compnletely dry at fts upper ead, the two inch
bore stream from the county drain on 2orrell strest having
been shut off, and at the man-hele on Xalamazoo and Franklin,
’ #e found the worse conditions of all, hers the slud;se and
filth was 9ne and thraz-tenths of a foot deep, the next man-

hole, down on the cection line, was filled up to a depth of
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seven-tenths of a foot, and with no appareant flow, dut
at 1ts junction with the trunk line 290 feet further down,
we found the pipe flowing half full of oclear water, show-
ing that there was quitq a perceptable leak in the line
here. 7This may have been caused by the springs washing the
dirt out from under the tile and allowing it to settle, and
then break open the joints, or else due to faulty oonstruo-
tion, and the joints never bdeing cemented together properly
in the first place. The rest ofthe pipes were either dry,
due to the lack of customers having tapped to the sewer, or
else was in good conditien with enough flow to be self elean-
ing. The trunk line north of Allegan gtroot. which is a
fifteen inoch pipe, was found to be flowing eight-tenths of a
foot deep, or 64X of the total depth, and as this system is
comparatively new, and only a very small percent of the
families alongs its course have taken advantage of it as yet,
and also as it is the intentions to extend the lines and
laterals further, it should have a factor of safety of at
least three, or in other words, the present flow should be
one-third the capacity of the pipe, instead of flowing near-
ly two-thirds full., However, this may be partly due to the
ground water, and pay be removed, to a small extent at least,
by digging up the sewer where the worst leaks have occourred,
and relaying it upon some kind of strong mattress, and cement-
ing the joints thoroughly.

There is a separate storm water sewer system to take

care of the storm water in the business district, so that the
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sevage from this district is not large, the principal con-
tributors being the hetel, the barber shop and the lamndry.
In tl;o eastern portion of the ton.' especially along
the river, the private sewers are in operation, but it is
enly a matter of a few years before they will connect to
the main sewer aystem, either By their owm free will, or

else by compulsory means.

Proposed System.

One of the main thinzs we endeavored to correct was
the inadequacy of extending the system any further east,
as originally designed. This would be inadequate for
several reasons; first, because of the small size of the
trunk line, which is flowing 64% full at the present time;
second, because of the flat grades which would result 1:} the
extension of the lines to the Plainwell Road, and lastly,
because of the fact that the population is increasing yearly
and two systems would be necessary in a few years at the
very best.

We propose to have a trunk line upon Platt street, em-
pyting into the river, by means of a trunk line running froa
the corner of Platt and Court to the river, a distance of
300 feet, with a septic tank to remove the spspended matter,
which is thereby subjected to hydrolytic or bacterial action.
By these mamns a portion of the orcanic matter is converted
into unoffensive gasse or soluble compounds which pass off

with the outflowing sewage. From this trunk line, a main
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line is to be run southeast up Plainwell Road to Morrell
street, up Morrell street to Walnut street, up ¥Waldnut street
to Hammond street and following Hammond west to the county
drain; here for a flushing device, we propose to have a con-
stant supply of water on hand by means of a small dam with
slash boards;, and by fitting a woeden head in the end of

the tile here at the drain, with a two inch dore hole, an
amount of water sufficient to keep the sewer clean will flow
through the line all the time. ‘

We propose to run laterals east on Mitchell street,
with a branch for a block north on Rdsell street, also a
lateral west on Allegan running . up within 100 feet of the
man-hole on Pair.. and with a branch taking in the block south
on Wilmet, and a lateral west on Court street with short
Wwanches ruaning south for the distances of a dlock on Fair
and Wilmot, also one north on Wilmot for a distance of 400
feeot.

Inasmuch as the Hammond street sewer is daid to such a
flat grade that it requires constant attention, with flushing
at short intervals of time, which is a big bother as well as
expense, and also because upon imvestigation we found it
pdesidble to extend the line and connect with the county drain.
This il what we proposed to do. It is a distance of 1700
feet, and we found that it could have a grade of .26%, which
will be sufficient, with a two inch bore stream flowing
through the line, from the drain, the same as in the Franklin



street sewer. And this improvement is practical from an-
other standpoint other than that of flushing, as the popu-
lation is thick enough along this section of the stmeet to
warrant the extension alene.

This proposed system takes in all the resident dis-
trict in the eastern portion of the village not already sup-
plied with a sewer system. The portion of the west of the
trunk line should be connected to the trunk line, as this
will not amount to enough sewage to make any particular dif-
ference. The most economical way to take care of the por-
tion acfoas the riveyf is with a separate system, but as this
will not be needed for a few years at the very best, we will
leave its design for some future date.

Automoatisc flushing tanks should be 1nlf;auod at the
dead ends of the laterals which do not have sufficient grade
to be self-cleaning, These tanks should be built of con-
orete and a constant flow of water allowed to flow into them
from the mains. The automatic siphon discharges the contents
into the sewer wvhenever the tank becomes full, and sends a
wave through the system, cleaning it out. If this method of
tluohinc.ic not used, the following method should be followed
whenever the lines aj’vear to become Blocked, or to fill up.
A temporary dam should be placed in a man-hole, and a section
of the sewer and man-holes above the dam filled with water
from the fire hydrant discharged through a hose, and then
quickly removing the dam and allowing the water to flow rapid-



1y, and flush the sewer below, in this way force is given
to the flushing water and better results are odtained. 1If
the troudble seems to be in one partiggff:i or if %ho sewer
is in extra bad shape, a pill or round weoden dall, a little
smaller than the pipe is placed in one man-hole and allowed
te go to the next man-hole, a fire hose is used again, and
the water ascocummulates behind the pill until sufficient
pressure is developed to drive it forward. As the pill
tends to float most of the water dischargesunderneath, and
soours out deposits og the bottom of the sewer, therebdy
cleaning 1t..

We gave the proposed system definite grades, depending
upon conditions, and in figuring the lil;l of the pipes to
be used, we took each eity block in the residental distriot
and divided it into thirty foot lots, allowing five persons
to the lot, and’ootimating the amount of sewage to be one
hundred and twenty-five gallons per €fapita per day. Then
knowing the discharge in gallons per day, and the percent of
grade, we determined the dize of pipes to be used by a set
of curves based upon Kutters formula, with the constant
(n-0.013). But under no conditions would we allow a smaller
pipe than eight inches, and we also aklowsd for the fact
that owing to the flatness of some of the sewers, the present
ones might be replaced by some of steeper grades, and con-
necting tb the pronosed system.

In the proposed system, we prepose to place man-holes

at each corner, and also at the ends of lines which occur mid-



way in a bloock.
The septic tank should be designed for the maximum
flow of 100,000 gallons per day, which will take care of
the flow for a few years, and additions should be made as
needed., The tank should be covered in order to exclude
the 1ight and air, 80 that sentic action which is preform-
ed with aneorbic bacteria will take place. It must be
large enough to retain the flow of sewage for from eight
to twventy-four hours or longser. The plat should dbe bduilt
in one compartaent, in which both the sedimentation and
septic action takes pladce. The estimated cost is 31,000.00
The following table gives the results of our compu-
tations and the sizes of pines we proposed to use in the
different lines,
MRuPOL.L) Sld<s OF PIPL.
From To

Proposed Sisges.

Kouth of main trunk Cor. of Court st. 15*
sewsr & Platt St.

Cor, of Court s5t. Cor. of Platt uit, 12*

& Platt 3¢,

& Plainwell R'd,

Cor, of Platt 3t,. Cor. of Mitchell 10"
& Plainwaell R°'4, & Plajinwell R'4d,

Cor, of Mitchell Cor, of Morrell ge
& Plainwell X'd., % Plajinwall R'd,

Cor. of korrell The County Drain ge
« Plainwell R'd,

Cor, Platt ut, Cor. of #ilmot Lt,. 10"
& Plainwell Rd, % Allegan 6t, :
Cof'. Platt Gt,. co“o U‘lmot 5‘0 10-

.« Court St.

«w Court St,



All other branches and laterals, including the addi-

tion on the Hammond street sewer, to be 8" pipes.
RECOMAENDATIONS AND OCNCLUSIONB.

Ve recommend that the ends of all lines, not flushed
by the county drain, be flushed at regular intervals, not
to exceed one week, Wy one of the methods explained in pre-
vious paragraphs, with the use of the fire hose. And as
flushing is seldom effective for more than 800 to 1000
feet below the point of entrance of the flushing water,
man-holes further down than this should be inspected every
few weeks, to insure their oclean condition, and flushed out
whenever necessary.

Another improvement, which might be added, is to per-
forate the mah-hole oovers. These, as they exist now, make
pcrfoct,.\gcht covers over the man-holes, allowing no venti-
lation through them. By having the covers perforated, con-
sideradble circulation will take place, as the cold air will
go down through a certain number of them and up through the
others. However, the ventilation of sewers is primarily a
questions of aesthetios, and not of sanitation.

Because of the faat that sediment® has settled in the
inverts of the pipes, making a hard coating which is quite
deep in places, and which cannot be removed by flushing
alone, we recommend a thorough cleaning of all laterals by
some mechanical means. The best method to use consists of

a heavy plank disk to which three short 1light chains are
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fastened to as many bolts through the disk. One of these
chains is attached to each side and one at the bottom of
the disk, and their relative lengths are so arranged that
when all are taut thie top of the disk will incline a little
away from the rope. Upon theothe side of the disk, at

its top, is fastened another rope. By the latter, it is
pulled a short distance into the sewer, lying flat; the
other rope is then pulled, when the disk rises into am up-
right position and scrapes along the deposit in front of
it. " It is well not to draw this too far into the sewer at
once, but to clean anly a few feet at each trip. The dirt
can then bde scraped to a man-hole and there removed by
buckets. Ibh case the sewer is entirely stopped, so that

no cord can be gotten through it, an opening must be forced
through. A rod of some kind is used for thie purpose.

This sewer system with the improvements and proper
attention that we have proposed, and suggested, should
give good satisfaction. The cougty drain will keep the
lines,that it is connqctod to, clean at all times of the
year as it is of almost constant flow. And the other
lines will not bother if properly attended to.

The system, although not of the most economical de-
sign, or of the design to give the best satisfaction, still
can be used for from ten to thirty years, and give good
service, making the village much better than it was under

the 014 conditions.
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