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THESIS



PREFACE

In this thesis we will discuss the problems of the Drain
Commissioners Office in Kent County, Michigan; accumulate the
necessary data for their solution, and recommend changes and
additions to the present methods of procedure incident to the
handling of the drainage work in this county with the object
in mind of assisting the present and future drain commissioner
in the conduct of his office.

It 18 our aim to present the problems as successively as
possible, keeping in mind the relation that should exist between
office and field.

The matter of assessments as presented 1is believed to be
entirely new and is in our opinion a judicious application of
the statement in the law that "All appdrtionments of benefits
under the provisions of this act shall be upon the principle
of benefits derived "(Sec.2,Chap. VI; Act #316, Public Acts 1923)

In the chapter on design we have attempted a practical app-
lication of the underlying principles of hydraulics to the de-
sign of open drains.

The authors gratefully acknowledge their 1indebtedness to
Mr.R.B.Patterson, Kent County Drain Commissioner, for his advice
and co-operation, also to Mr,T.0.Williams, who for forty years has

been surveyor of Kent County, for his many valuable suggestions.
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CHAPTER 1
A HISTORY of DRAINAGE

There 1s something repulsive about swampland and marshes,
man instinctively avoids them. They are the habitat of the
most loathsome forms of animal life, they give forth in warm
weather a foul stench, and to one attempting to traverse them
they are a source of constant perll. From the earliest days
man has %géﬁiéd them with the worst and most mischievous demons
of his imagination. Their connection with disease was known
centuries before the bacillus was even imagined to exist. Yet
for generations man himself increased the area of these wastes
with the roads and footpaths which he built above the level of
the surrounding land that he might pass and re-pass dry shod.
Finally he discovered that if the trenches from which the fill-
ing dirt had been taken were properly sloped, the water instead
of standing in them would flow away, at the same time drying up
some of the adjacent land. Thus the cause of the trouble be-
came a factor in the solution of the greater problem.

Every country, both in the 0ld and the New World has had its
drainage problems. Historians tell us that the starting of
Egyptian civilization and the organization of the Egyptian gov-
ernment was for the purpose of reclaiming swamp lands so that
crops could be produced to feed the generation of that day.
There have been many drainage problems that were of enough im-
portance to attract the attention of the historians and poets

of that day, among them being the drainage of Lake Coplas by



the Greeks; and the drainage of the Fens in England which
was started dauring the time of Charles the First and finished
during the reign of Oliver Cromwell. The civilizing effects
of this great project is well set forth by one of the Fen
poets:

" With a change of elements suddenly

There shall a change of men and manners be:

Hearts thick and tough as hides shall feel remorse

And souls of sedge shall under-stand discourse:

New hands shall learn to work, forget to steal;

New legs shall go to church, new knees shall kneel."

One of the greatest drainage problems that the world has
ever known was started by the Aztecs for the drainage of the
Mexican Valley and was under way when Cortez conquered Mexico.

For centuries France, Germany and Italy have grappled with
drainage problems of large dimensions; but perhaps no country
in the world has had drainage problems of such magnitude as
those—ef Holland, a country of seven million acres, four-fifths
of which are below the level of the sea, and yet, let it be
said to the credit of her engineers that nowhere upon the face
of this globe is there a more prosperous agrieultural community.

In our own country we have had our drainage problems in the
Upper Mississippl Valley, in Florida and in Louisiana and all
through the western and central states, and they are by no
means completed at the present time.

The general history of drainage repeats itself in the history
of Michigan drainage Legislation, as is shown by the following



excerpt from a paper prepared by Mr. T.H. Harrod and delivered
before the 1930 County Drain Commissioners Convention:

As early as 1819 a law was passed in Mieckigan Territory
permitting the drainage of roads; it was included in a law en-
titled "An act to regulate highways" and was adopted December
30, 1819. The portion of the act relating to highway drainage,
Section 9, 18 as follows: 'And be it further enacted, that it
shall and may be lawful for supervisors of highway or other
persons, by their orders, to cut timber, to dig in the highways,
and to enter on lands adjacent to the highways and to cut,
make, cleanse and keep open such gutters, drains and ditches
therein as shall be sufficient to convey and draw off the water
from said highways with the least disadvantage to the owner of
the land; the owner and every other person, except such super-
vigor, 1s hereby prohibited from filling up, stopping or ob-
structing such gutter, drain or ditch under the penalty of
eight dollars to be recovered by action of debt with costs, by
sald supervisor before any Justice of the Peace of the proper
county'.

This 1s the pioneer law for the drainage of highways in
Michigan. The drain law as we know it was not started until
1827. In 1833 the drain law was restated with some changes made
in the wording. Thus before Michigan was a State, before the
Upper Peninsula was given to the State as a settlement for the
boundary dispute between Michigan and Ohio, we find our State
settled to a policy of both land and highway drainage.

The first drain law enacted after Michigan became a State
was Act 80 of the laws of 1839. Nothing in this act referred
to the drainage of highways. A petition was filed by the party
wanting the drain with the Justice of the Peace. The Justice
called out a jury of twelve freeholders who determined the
necessity for the drain, approved or changed the proposed plans
for the drain, assessed the damages if there were damages to
offset benefits, and filed their report with the Township Cderk.
The petitioner after paying the expense of the jury and the
damages awarded by them, was entitled with nhis servants, his
oxen ete. to enter upon the lands and construct the drain.

ép 1857 by Act No. 169 the drain law was revised and pro- ./
videdfthe appointment of three commissioners by the Board of
Supervisors to superintend the drainage of marshes and other
low lands. This law no doubt was to permit the construction
of drains traversing more than one township, for in the next
session of the legislature we find Act 257 which authorized
commissioners of highways to establish watercourses and locate
ditches in certain cases. The commissioner of highways seems
to also have been the township drain commissioner.

Act 216 of 1861 repealed the acts of 1857 and 1859. The
Board of Supervisors were given authority to appoint three
commissioners to act on the petition for a drain, which petition



had to be signed by five freeholders. From this time on,
each legislature added to the drain law until in 1881 by
Act 269 the drain laws for both County and Township were
combined. There were still the drain commissioners appoint-
ed by the Beard of Supervisors and the Township Drain Comm-
issioners.

In 1897 by Act 254 the office of Township Drain Commiss-
ioner was abolished and the office of County Drain Commiss-
ioner was made, the Drain Commissioner being appointed by
the Board of Supervisors. It appears that all local acts
affecting drainage in counties were repealed at this time.

During the period from 1827 to 1897 our drain law was
being built up to conform with the necessities of drainage
and our Supreme Court was passing on these laws and con-
firming them. What appears to be red tape and repetition
in our forms of proecedure have generally been required by
the Supreme Court to safeguard the rights of the individual
and the public.

Since 1897 each legislature has felt it necessary to make
some alteration or addition to the drain law until by 1923 it
was 80 badly confused that it was almost impossible for even
an attorney to follow it. In that year the 1897, 1901, 1909,
1911, 1915, and 1921 acts were all repealed and a new act
passed codifying the drain law and thereby clearing the sit-
uation generally. Additions have been made in each session
of the legislature since then, however, mainly designed to
assist the County and State Highway Departments in obtaining
highway drainage. A c¢opy of the law as of 1929 1is included
as Exhibit A. in this thesis.

The records that are available of the work done under thne
township system are very incomplete in many of the townships.
It would appear, however, that the first work was done in the
early '708 and that it steadily increased until the county

systém was organized in 1897.



The drains were almost without exception short and shallow,
what we would class today as laterals, and were of course
all dug by hand or with teams. One interesting discovery
made in going thru these old records is that frequently a
cleanout of a still older drain is requested.

Since coming under the county system 204 drains have
been designated and constructed as county drains in Kent
County as 1is shown by Exhibit B, the total length being 227
miles, the net drainage districts covering approximately 152,
760 aéres and the total cost being about $817,000. These
figures are of Janmuary 1, 1931l. The tendency has been towards
longer projects, more economicaily designed, and more carefully
constructed. Within the last few years there have been a num-
ber of storm sewer systems built to take care of the highways

in the residential areas adjacent of the City of Grand Rapids.



CHAPTER 1II
ANALYSIS OF ADMINISTRATIVE PRACTICE

The County Drain Commissioner is elected bi-anmualy by
the people of the county at the regular election of county
officials, his salary for the last 12 years has been fixed
by the Board of Supervisors at $1500 a year and travelling
expenses and he is allowed $500 a year for clerical work
which includes recording all proceedings. The 6ffice for-
merly required only a small portion of the incumbent's time
and therefore the remuneration was not unreasonable, but for
the present and indicated future he 1s grossly underpaid.
Kent County is fortunate in having a man of Mr. Patterson's
experience and calibre filling the position, for another man
who would assume the responsibilities and duties of the office
and discharge them with equal ability would be hard to find.

In our preliminary investigations for this thesis we found
no other source of information than the legal record books and
a map drawn to a scale of two miles to the inch on which the
drains were approximately located and which was last posted up
to date in 1917. There were no record cards showing the his-
tory of the individual drains, no one knew without going thru
all of the record books how many times a drain has been cleaned
out and at what cost, it was practically impossible to tell
vhat county drain, if any, passed thru a given description un-

less the name of the drain was recalled, and there was no method

vhereby adjoining drainage areas could be assessed without



danger of overlapping or omltting descriptions along the di-
vide line. Many of the questions arising under these head-
ings could be answered by Mr. Patterson because of his long
experience and intimate knowledge of conditions, but what of
his successor?

Our first step in preparing to write on this subject was
to prepare a book of maps, one for each township, on a scale
of 1500 feet to the inch on which we showed all drains now
laid out and the district asseésed for'the construction of
each, differentiating with colors between the respective drains.
In some townships the result resembled the efforts of an amateur
artist of the ultra-moderne school. The map of Grand Rapids
township is included as Exhibit C. The maps in the book are
blue line prints mounted on cloth with photographic enlarge- .
ments of the United States Geological Survey maps, where avail-
able, mounted on the opposite page. Our fifst plan was to show
the contour lines on the blue line prints but a trial convinced
us that the confusion of lines was too great, so the present
form was resorted to and has proven quite satisfactory. The
book 18 bound in buckram and .suitably entitled.

As we searched the records for the necessary information for
the preparation of these maps we also filled in a set of record
cards a sample of which is shown on page 8. By referring to
the book of maps and the record cards we are now able to obtain

nearly any information ordinarily desired in a very short time.
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We next turned our attention to the study of the drain
law, (see Exhibit A). This act as found in the statute books
is rather difficult to understand in that while it is very
specific as to the details of the procedure on the majority
of points it is not arranged according to the order of pro-
cedure. That we might have an outline for ready reference
in keeping track of the various steps in connection with the
construction of a draln, eliminate the danger of not observ-
ing proper time limits, and know which blank or form to use
for each of the various proceedings, we prepared a brief or
abstract of the drain law as shown on the following pages.
The column headed " Form No." indicates the legel form given
in the appendix to the bound volume of the drain law, edition
of 1929, published by the Department of Agriculture. The "Blank
No." is the designation of these printed forms used by the
printing firm of Doubleday Bros. of Kalamazoo, whose legal

blanks are used in this county.



PROCEIURE for CONSTRUCTING INTRA COUNTY DRAINS

Drain Law of 1929

- 10 -

Drain Law
Chapter & Section

Form
No.

Blank

No.

Application for laying out drainage dis. filed
1l - 15 days

Copy served on probate judge and
Petition for board of determination filed

l - 15 days
Appointment of board of determination

Notice of meeting (Pub. 2 wks & served on clks.)
Notice of board of determination

1 - 30 days

Meeting of board of determination who make
order of practicability

Order for survey

Surveyor's report

Drainage district designated
Notice of filing (Publish 1 week.)

Petition to construct or

Petition to deepen, widen, straighten, extend
or cleanout

Copy served on probate judge and

Petition for board of determination filed

1l - 15 days

Appointment of board of determination

Notice of meeting (Pub. 2 wks, served on clks.)

and posted 5)

Notice to board of determination

1l - 30 days

Meeting of board of deter. who make order of necj
essity

1l - 5 days

First order of determination

1l - 60 days

Right of way obtained by release

P

III-1

ITI-2

I11-2

III-2
I1I=-3%
III-4

Iv-1
VIIi-1l

Iv-2

Iv-2

Iv-2

Iv-2

IV-3%4

13

13
14

15
17

18

19
20

2l
64

21

64
14

15
16

17

18

22

D

OovU

Do Vo

oo

312

140

141
142
336

143

313
314

14
79

140

141
142

D 336

143

14




PROCEIURE for CONSTRUCTING INTRA CCUNTY DRAINS

Drain Law of 1929
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Drain Law Form|Blank
Chapter & Section | No.| No.
Petition to probate court for special comrs.
for Rt. of Way not released IV=5 23 |D 18
Day of hearing appointed Iv-6 | 24 (D 19
Citations issued (Personally served # 28, by reg.IV-6 26 |D 20
mail #7, or by publication #9 and #30) Iv-7,8 D 23
Over 10 or 14 days
Hearing on petition for specilal commissioners Iv-9
Appointment of 3 special comrs. & date of hear-| IV=9 32 |D 25
ing
Notice to special commissioners IvV-10| 33 |[D 36
5 - 15 days
34 |D 37
Meeting of board of special commissioners Iv-11| 35 (D 38
1l - 30 days
39 |D 42
Report of special commissioners Iv-12| 36 |D 39
Final order of determination VIi-1,3| 43 (D S50
Apportionment of benefits Vi-1,2| 44 |D 60
Notice of letting & board of review (Pub. 2 wks, VI-4 | 45 |D 51
post, serve on officlals & residents 1if less
than 100 desc. in district)
Drain letting and board of review held Vi-4
1 - 10 days 46 [D 211
J 47 |D 204
Petition may be filed by prop. owners for Bd.Revw.VI-5 48 |D 212
Drain commissioner notified Vi-6 49 |D 205
Bd. of Rev. appointed & time & place of meet.setf VI-6 [50,51D 206
D 207
Bd. of Rev. notified ( 5 days or more before meeit)VI-6| 52 |D 208
Notice of meeting (Personally served and posted
5 days previous) Vi-6| 63 |D 209
Meeting of board ot review who may VI-7| 54 |D 210
(1) Add land to district VI-7 [55,54D 213
(2( Sustain appeal and change apportionment VIi-8 | 57 |D 215
D216
(3) Dismiss appeal & assess costs to appelantVI-§,10 58,99p017
Contract with successful bidders made(Bonds 66& WII-3 65| D 55
Computation of cost made 67) X-1 72 | D 116
Assessment roll made X=-2 73| D 71
Report to state drain comr.(Special form)




PROCEDURE for CONSTRUCTING INTER COUNTY DRAINS

Drain w_ O

Drain Law

Chapter & Section

Form
No.

- 12

Blank
No.

Application for laying out dralnage dis. filed
1l - 20 days

Copies forward to state drain comr. & other
county comrs. of drainage board

15 =« 40 days

Meeting called by comr. of agriculture
Notice of meeting (Published 2 wks, posted &
served on clerks)

1l - 20 days

Meeting of drainage bd. who make order of prac.
& order survey

Surveyor's report
Drainage district designated

Notice ot filing (Pub. 2 wks in each county)
Percentage apportioned between counties

Petition to construct or

Petition to deepen, widen, straighten, extend,
or cleanout

1 - 20 days

Coples forwarded to Comr. of Agri. & other
county comrs.
15 - 40 days

Meeting of Drainage Bd. called by comr. of agri

Notice of meeting (Pub. 2 wks, posted, & served
on clerks)

1l - 20 days

Meeting of drainage bd. who make 1lst order of
deter., divide percentage & decide method of
payment

Balance of procedure 1s the same as for intra-
county drains with board acting in place of
comr. If special comrs. are required, 3 are
appointed from each county.

p

III-5

III-6

III-6
III-6

I1I=-7

III-8
III-9
I1I-9
III-9

VIiI-2
V-1

V-2

V-2
V-2

V-2

V-3,4
5’6,7

12,13

V-8,9
10,11

13

42

D 312

D 75

D 318




It will be seen by a study of the drain law that the com-
missioner has but few duties. the details of which are not
carefully set forth. The most important of these duties which
are not carefully detailed and in which he is allowed to use
his own judgment are (1) the apportionment of benefits and (2)
the maintenance after construction.

According to section 2, chapter 6 of Act 316, Public Acts
of 1923: " All apportionments of benefits under the provis-
ions of this act shall be upon the principle of benefits de-
rived." This seems to be definite enough, but the trouble
comes in determining just what benefit is received by the diff-
erent descriptions of land. At present the method is to con-
fer with the supervisor and see how much he will take on the
township as a whole, then with any other corporate bodies that
may be affeéted, such as the State Highway Department, County
Road Commission, or Railroad Co. and a similar agreement reach-
ed with them. The balance 18 assessed against the drainage
district which includes all the watershed above the lower end
of the drain.

While no definite rule is followed in dividing the percentage
among the different descriptions, the results have been more suc-
cessful than would be imagined, Mr. Patterson reporting only two
appeals from his division of the tax in the sixteen years that
he has been in office and on these occasions his judgment was

sustained. However, it would seem from a review of some of the
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more recent drains that the "run-off" area was paying too large
a percentage of the cost and that the township at large and the
special benefit district were being insufficiently taxed. 1In
other words, it appears to us that the principle stated at the
opening of the previous paragraph has been supplanted by one of
expedi;ncy. We find that this is not peculiar to Kent County
but is common to many of the other counties of the state and
apparently is due to the lack of any established practice hav-
ing been worked out and adopted. We submit the following method
as being simple, determinate, and fair.

We would divide the assessment into four parts,
(1) special or direct benefits
(2) community welfare (township at large)
(3) public and private utilities (county or state highway depart-
ments, railroads, etc.)
(4) general or indirect benefits

The first step after obtaining the plans, estimate,and dis-~
trict map from the engineers would be a field trip to thoroughly
acquaint the assessor with the land; especially that which will
be directly benefited by the drain. While on the ground he
should not only estimate the amount of land that will either be
made tillable or increased in productivity, but also estimate
the amount in dollars that this land will increase in value
because of the drain. This figure he can arrive at in differ-
ent ways; but probably the safest and surest yardstick is the
comparative value of the land at present and the value of sim-

ilar land in the locality that has been drained, deducting from



the difference the cost of clearing and conditioning the soil
and the interest on the investment in the drain over a reason-
able period of time in which to do this work.

With this information he can then go over and list the
owners of the land which will be appreciated in value by the
project, setting down opposite each one the mumber of acres
and increase in value per acre as estimated. When these fig-
ures are multiplied and the products added he will have the
actual amount that 1t is worth to these parties to have the
drain built. This is in accordance with the statement which
we find on page 653 of Volume 9 of Ruling Case Law where it
says, "The foundation of the right to any assessments is the
particular benefit of the land assessed."

The next problem is the township at large. When the direct
benefit list above mentioned is prepared we would separate it
according to townships and total each separately. This gives
the amount that each township will actually increase in value be-
cause of the drain. That means increased reveme in taxes for
wvhich the township should pay. We arrive at the figure this way:
Maltiply the direct benefit total of the township in terms of
thousands of dollars by the average tax rate in the township per
$1000, and again by the average life of a drainlbefore cleanout
1s necessary if no work 1s done on it; which in our county is
about 10 years. This gives the amount of increased revemue which
the township derives, but as they are paying in advance and money

doubles in about 10 years at 7% compound interest we divide this
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amount by two giving us the equation: Amount of benefits ¢ In-

creasexTax RatexLife of Drain. The township must also be assess-
ed for any girect benefits to highways such as those which are
subject to an annual repair charge because of washouts or serious
rutting due to a saturated sub-soil. This anmal cost 1s again
multiplied by 10 and divided by 2 for the same reasons as above
given.

Health is intangible and as near as we can see must be arriv-
ed at by arbitration with the respective supervisors. Bridges
are another nice question; but applying the test of "benefits
derived" the problem is simplified. If, as 1is often the case,
the bridge is in good shape; but the footings are too high, the
cost of lowering the footings should be borne by the district.
If on the other hand, the bridge is in such poor condition that
it will not pay to lower the footings, the major part of the
job should be bdrne by the township; not all, but most of it,
depending on the condition. Where widening is necessary and
the present structure is adequate for the present stream, we
believe the cost of the new structure should be borne entirely
by the district. If the proposed structure is of a more perman-
ent type than the present one, the relative life and maintenance
cost of the two should be compared by the engineer and a portion
of the cost borne by the township.

We now have the direct benefit district and the township
disposed of. Next comes the public and private utilities, par-

‘ticularly the State Highway Department or County Road Commission
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where they are the major beneficiaries - as in several cases

in our county. Our method of handling these cases would be

to assess these organizations the estimated cost of a drain

of sufficient size to care for the runoff from the section of
highway for which the drain is being built. This will always
be considerably less than the estimate for the proposed drain
as no account would be taken of the runoff from abutting prop-
erty, and would represent only what it would cost the highway
department to take care of the runoff from their right-of-way
if it could be entirely segregated from the surrounding land.
Manholes, of course, should be included if the outlet is a tile
job. One point that must be considered is that often the drain
will be designed for a greater depth than would be required for
the highway only in order that abutting houses may connect base-
ments and septic tanks. In this case a higher grade line must
be uged in figuring the cost of the theoretical highway drain
than that shown on the plans for the proposed project.

The above factors are all determinable as has been outlined,
we would total these and deduct this amount from the estimated
cost of the drain, dividing the remainder by the area of the
drainage district. This gives a uniform rate per acre for the
entire district for trunkage, or future benefits.

Following the above procedure the assessor would now have
all the necessary data to prepare his apportionment of benefits

roll in terms of dollars and cents; the total equaling the este



imated cost. It is only necessary to multiply this amount by
the reciprocal of the estimate to obtain the percent of cost
that the statutes provide he shall read on the day of sale.
The first operation can be performed mentally in most cases
and the second operation, conversion of amount into percent,
is very simple with a computing machine or logarithms.

Where the drainage district lies in more than one county
it is only necessary to separate the items according to locat-
ion and total. The prevailing practice 1is to divide percentage
between counties first and then assess, but this appeals to us
as "getting the cart before the norse'. The drainage district
was created long before any governing—body laid out county lines
which are purely lines of convenience for political purposes and
the bargaining ability of the respective commissioners should
not be reflected in the tax rate of the property owners in the
drainage district. The interested commissioners should either
go over the ground together and make all the assessments to-
gether or leave it to their engineer to work out and report in
detail.

As an exemple of this method of assessing we cite the Geers
Drain, a small inter-county project on the line between Kent
and Newaygo counties. 1In this case the drain commissioners and
ourselves went over the ground together to arrive at the special
benefits and upon returning made up the following preliminary

computation. The drain has not yet been declared necessary so



the computation of benefits ( the "per cent sheet" so called)

and assessment foll has not yet been made out, but that is

purely a clerical problem.

Direct Benefits

J.
H.

F.

A,

Geers
Geers
Longcare
Landheer
Slacker

Geers
Berry

Van Galen
Geers

Van Single
Landheer SR.
Gorby

Van Single
Vander Hey
Van Single
De Graff
Veusink
Puit
Mouthaan
Cordes

COMPUTATION of ASSESSMENT

Rate

Per

Acre

Acres

25
16
25
25
18

Geers Drain

Tyrone  Grant

Benefit Kent Co.Newaygo Co. Total

%500
320
500
500
360

30
30
80
600
500

120
100
100

$2180

$3040 $5220

Note: Attention 1s called to the fact that the above

1ist includes only those property owners whose lands are sub-

ject to & direct benefit tax and is not a complete 1list of all

parties subject to an assessment.
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Tyrone Grant
Kent Co. Newaygo Co. Total

Brought Forwerd y 3040 2180 $5220

Runoff Benefits

1410 acres in Tyrone Twp. @ §.50 $ 705
260 acres in Grant Twp. @ $.50 $ 130 $ 835

Townships at Large
Highway runoff

5§ miles $ 23

1£ niles BSSEDRTE: 0 (1 $ 38
Culverts &

#1 and § of #& $ 700

#3 and £ of & . $ 684 $1384

Direct Highway Benefit
w? N. line, Sec. 3-10~- ]2(%mi)
Si E. line, Sec. 3-10-12(imi)
S+ line, Sec. 3-10-12 (lmi)

E} S. line, Sec. 33-11-12 ({mi)

Sz E. line, Sec. 33-11-12 (smi)
2 mile
@$s00 8375 © $1250
Convenience
LxIxR using L=10 & R=30 $ 456 $326 $ 782
il R P 782
Totals...........................55799 $3705 $9504
Estimate  $10,466.50 61% 39%

C. of Ben. : 9,504.00
962.00 = Inc. necessary =10.13% of $9504.
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CHAPTER I1II

PHYSICAL FEATURES

The commanding officer of a body of troops who is laying
out a plan of battle must know not only what forces he has at
his disposal, but he must also have accurate knowledge of the
size and location of the enemy, the quantity and quality of
their defenses, and the nature of the terrain. With this infor-
mation he can plan, with a fair degree of accuracy, his line of
attack or defense. Similarly, the drainage engineer must know
not only how to compute run-offs and cross-sections, but he must
be informed regarding climatic conditions, soil conditions, and
the topography of the area in which he is working. Since we are
discussing the work of the County Drain Commissioner a general
outline of these subjects as applied to the entire area under
his jurisdiction would appear pertinent.

Kent County is twenty four miles wide east and west and thir-
ty six miles long north and south which gives an area of approx-
imately 553,000 acres of which 541,000 are land, the balance be-
ing taken up with inland lakes.

The population, according to the 1930 census, is 240, 515 of
which about 85% is urban and only 15% rural. The City of Grand
Rapids alone counted 183,041 and the suburbs adjacent thereto
together with the outlying villages total about 21,000 more,
leaving only about 36,500 rural residents.,

The climate 1s temperate, the temperature varying from a
maximum of 103 degrees F in the summer of 1916 to a minimum of
-24 degrees F in the winter of 1899 and averaging 48.1 degrees F

over a period of thirty-six years. Precipitation is moderate,
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averaging 33.73 inches annually during the last fifty years
with a maximum of 52.14 inches in 1883 and a minimum of 20.92
inches this last year, 1930.

The ultimate purpose of drainage of cultivated lands is to
bring about a condition of soil moisture best adapted to plant
growth. To accomplish this result the types of soil to be
dealt with should be known and given consideration. It is
necessary to consider the physical properties of soils espec-
ially insofar as these properties affect the moisture content
and the movement of water through them. Soils may be class-
ified in regard to their dralnage properties as porous, or water
bearing, and non-porous. These terms are only relative sincé
there are no soils through which water will not pass, to a lim-
ited extent. However, we have in this county areas of clay so
finely divided that the rate at which water moves through it is
very low, such material consequently may be considered as non-
porous when viewed from the practical standpoint of sub-surface
drainage.

The porous materials, from a drainage standpoint; to be
found in this county are the various sands, gravel, and muck lands.
Sand and gfavel when not mixed with finely divided soils carry
water freely, and may be regarded as our best examples of por-
ous soils.

Broken clay ér clay mixed with gravel is often porous enough

to permit the passage of water through 1t . In our gypsum areas



the upper portion is usually fissured sufficiently to permit a
slow flow of water through it.

For a detalled description of the various soils to be found
in Kent County, see pages 10 to 37 inclusive of the Soil Survey
of Kgnt County, Michigan, by the U. S. Department of Agricul-
ture, a copy of which is included as Exhibit D.

The terrain of Kent County as shown by Exhibit E is marked
by a very hilly mass in the western central area, arms of which
extend off to the south, east, and north, leaving nearly level
areas in the southeast (Bowne township), southwest (Byron, Wy-
oming and Paris townships), and the northeast (Nelson and Spen-
cer townships). The low point in the county 1is of course in
section 18, Wyoming, where Grand River crosses its west line,
the elevation being about 580' above sea level. There are three
high points, located respectively in section 19, Gaines township,
section 4 Solon township, and section 21 Nelson township, which
are all approximately 1020 feet above sea level, making the max-
imum total differemnce within the county about 440 feet.

Geologically the land 1s a mass of eskers and iateral mo-
raines that have been cut thru by the Grand, Flat, Thornapple,
and Rogue Rivers and inmmerable small streams. The southern
parts of Gaines and Plainfield townships are distinctively mark-
ed by "pot holes" of considerable depth but small diameter pro-
bably caused by the melting of blocks of solid ice which remain-
ed after the glaciers receded. The drainage district of the

Flat River 1is characterized by the large mumber of lakes of all



- 24 =

gsizes. There are also a number of other lakes scattered thru-
out the county but not in nearly as great numbers as in the
section above mentioned. Most of these lakes are what are
known as "spring fed", that i1s they fluctuate with the ground
water level although a few of the larger ones, Wabasis, Lin-
coln, and Murray, are fed by running streams.

Erosion has played an important part in the formation of
the contours in this county as is shown by a study of the
United States Geological Survey maps of those parts that have
been surveyed to date. Unfortunately the work has been com-
pleted over only about 2/3 of the county, the unmapped areas
being on the north, northeast and extreme west. The map used
for Exhlbit E was prepared for the Michigan Geological Survey
in 1902, the horizontal measurements being made with a cyclo-
meter and the vertical measurements with a barometer. Natur-
ally a map prepared in such a way would not have the character
that the more accurate federal government maps have so 1t is
necessary to study the latter to observe the work of erosion.

The drainage problem in this county is quite different than
in the counties on the eastern side of the state and in some of
the more level counties to the south and west. It consists to a
large extent of increasing the capacity of the present water
courses either by straightening and widening the channel or by
straightening out the hydraulic grade line. The deposition of

eroded material by present or former streams has in many cases
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formed dams impounding the water in ponds or marshes and in
other cases the outlet of basinsg that were probably lakes at
gome former time have not yet cut sufficiently deep to com-
plete the drainage of the area, leaving a swamp or marsh. A
third cause of over-wet land is the loss of slope in streams
due to the meahdering of the present channel in the former

bed. All three of these types of obstructions are found in
the Pratt Lake Drain in Lowell and Bowne townships, the first
case being found near the outlet into Tyler Creek, the second
case at the upper end, and the third case in the central sec-
tion. Incidentally Pratt Lake practically disappeared during
the summer of 1930 altho the upper'end of the drain is nearly
a quarter mile west of the lake. The facts that the drainage
district above this point amounts to less than two square miles
and that the lake 18 very shallow probably are more pertinent
in view of the especially dry season than the fact that there
is a drain nearby, although a gradual lowering of the ground
water level may have taken place as the drain has been in oper-

ation eleven years.



CHAPTER IV
AFALYSIS of DESIGN

)

As is well known, there are two major types of drains, - cpen
and closed. The latter, known as storm sewers, are a part of the
sewerage system of every city and their design has been the sub-
ject of countless volumes. Up to date in Kent County it has
never been necessary to build storm sewers in excess of 54" in
diameter so special sections have not been involved. In the
projects that have been constructed, the "Rational Method" of
computing capacity as described by Metcalf and Eddy in their Vol-
ume on "Design of Sewers" has been followed.

As nothing original has been contributed to any phase of storm
sewer design in the past, and as in our opinion it 1is unlikely
that large capacity storm sewers will be required in this county
in the future, we shall confine ourselves to a discussion of
open drains.

The design of open channels has been in the past largely a
matter of guesswork. For years the petitioners designated the
size of drain to be built as well as the place of beginning, route,
and terminus. Anyone who could run a level and make a profile
could lay out a drain - and it is remarkeble how many of these old
drains are still functioning. The law in this respect has been
changed 1n recent years and the slze left more to the engineer,
but in general the "rule of thumb" has not yet been superseded by
the "rule of reason". However, as mentioned previously, we are
getting 1into larger projects and undoubtadbly will conﬁinue to do
so ag the increased construction of the feeders or laterals

hastens the concentration of the runoff into the trunk lines.
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For example, there is an application being signed at present for
the laying out and designating of Buck Creek as a dralnage dis-
trict throughout its entire length. We also have prepared plans
within the last two years for the Black Creek Drain in Spencer
Township in Kent County and Maple Valley Township in Montcalm
County but the petition to construct has not been presented, pro-
bably due to the extreme drought of lest year. It would seem that
in view of this tendency, more careful thought should be given
to the matter of design.

The hydraulics of drainage cannot be computed with as much
accuracy as can be expepted in some other branches of engineer-
ing owing to the uncertein data available and the varilable con-
ditions that must be met. For this reason formulae of less re-
finement than are thought essentisl to some other hydraulic work
may be used in making drainage computations, but great care must
be used in the applying of these formulae which necessitates a
thorough understanding of their derivation and the value be giv-
en to the component factors.

The major factors previously mentioned as being involved in
the design of a drain - climatic conditions, topographical fea-
tures and soil conditions - may be divided as follows:

1. Rainfall

2. Temperature

3. Hypsography

4, Size of the district
5. Shape of the district
6. Character of soil

7. Culture of solil
We shall discuss them 1n the above order.



The problem of determining the quantity of storm water to
be carried by a drain begins with the measurement of the rain-
fall upon the watershed. The duration of the peak storms and
their intensity are also important from the standpoint of tot-
al runoff and of the time of concentration which is the tide nec-
essary for the entire watershed to contribute the maximum a-
mount of water at any particular point. This runoff will gen-
erally exceed the natural runoff because of the more favorable
conditions provided by the drain for collecting and discharging
the excess water of the district.

Temperature, as a factor in drainage, must be considered
from the stendpoint of evaporation and the affect of frost.
Quantitative data on evaporation are not available and conse-
quently must be determined by observation. Freezing and lower
temperatures cause a corresponding dimunition of runoff of pre-
cipitation. This accumulates snow and ice which may, because of
a sudden rise 1in temperature, run off in such a short period of
time as to cause a peak load on the drain. Data on both rainfall
and temperature in this vicinity are available at the United States
Weather Bureau 1in Grand Rapids which has records dating back to
1870.

A knowledge of the hypsography of the area to be drained is
essential in order to determine whether necessary slopes and
outlet are available. This may be determined approximately, for

preliminary studies, from a United States Geological Survey map
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when such is available but more definite data is necessary
before the final plans can be prepared and these can be ob-
tained only by inspection and instrument work in the field.
The U. S. Geological Survey maps are sufficiently accurate
however to0 determine the general slopes of the watershed
which must be known before the time of concentration can be
computed.

The size of the district obviously is essential to any
computation that seeks to arrive at the quantity of water
to be handled.

The shape of the district influences the time of concen-
tration at any given point as the distance of the extreme
outlying tributary afeas from the main channel affects the
time required by the runoff from them to cause maximum con-
ditions at the point in question. Evidently, the time of
concentration for a long narrow area will be considerably
less than that for a wide flat area.

The character of the soll is responsible for its degree
ot permeability. Of tne precipitation upon a drainage basin
a part is lost in evaporation, some is absorbed by the soil
and either retained as capillary water or percolates slowly
through the subsoil to a lower Level where it may possibly
reappear as springs, a portion is absorbed by vegetation and
the remainder flows over the surface until collected in nat-

ural or artificial cnanneis.



It is this remainder, the volume of which is largely de-
pendent upon the charscter of the soll, which constitutes the
chief problem of drainage.

The culture of the soil is responsible for the amount of
water absorbed by vegetation and by porous soil and which there-
fore does not find its way into the drain at all or at least
until the peak load has passed out.

From the above we see that the total gross precipitation on
the watershed is determined by the volume of the rainfall and
the size of the area, that the portion of this total which reasch-
es the drain during or immedlately after a storm depends on the
temperature, slope of the terraln, and the character and cul-
ture of the soil, and that the time required to cause the maxi-
mum concentration at any given point on the drain is influenced
by the duration of the rainfall, the slope of the ground, and
the shape of the district.

While the problem of determining the quantity of storm
water to be carried by drains is still difficult some progress
has been made in the methods of attacking it, due largely to
the accurate records of rainfall that have been kept, and the
experimental work done by the different agricultural colleges
and government agencies. In our future work we propose to use
the "Rational Method" of computation for open channels, as well
as for closed drains,because it allows the engineer to ex-

ercise his judgement more readily and design drains
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peculiarly adapted to local conditions. This method involves
the use of the expression Q=CIA where Q is the total runoff
from a given area in cubic feet per second, C is an empirical
coefficient representing the ratio of runoff to rainfall, I
is the intensity of rainfall in inches per hour, and A 1s the
area of the watershed in acres.

A set of curves {pages_34-A to 34-G) have been prepared by

the Kent County Road Commission using the experiments of Mr.
C.E.Ramser of the United States Bureau of Public Roads which
gives values of Q for various areas, soils and slopes. The
values of the coefficient C recommended by Mr. Ramser for the

soills and slopes used are shown in the following table:

Slopes Soil
Sand Clay
Very Flat 0-0.2% .10 «20
Flat 0.2-1.0% .15 «30
Moderate 1-2% .20 .40
Rolling 2-4% .225 .45
Steep 4-8% 25 .50

Only two types of soil, sand and clay, are given in these
curves but theée are the extremes encountered in Kent County
and intermediate types can be judged in respect to these two
and the runoff interpolated for between the two extremes given.

The above range of slopes covers everything that we have

in Kent County. While some portions of an area may be steeper
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than an eight per cent slope, it is doubtful 1f the main thread
of a drainage basin will be found which exceeds this slope. 1In
classifying an area for slope it 1is intended that the basins of
less than a square mile in extent should be governed by the slope
of the main thread. In the larger areas, the slope of the con-
tributing areas should govern. AsS many basins are made up of
areas, some of which are flat and some steep, it will be necessary
to strike an average for the whole area which will éive a reason-
able result.
The values of I, which represents the intensity of rainfall
in cubic feet per second per acre (or nearly enough, the rate
of rainfall in inches per hour), were calculated for the.various
areas by assuming suitable periods of dquration for such areas
and referring to an intensity curve (pageﬁ4ﬁ) prepared from the
rainfall records of the United Stateé Weather Bureau in Grand
Rapids during the last 25 years. The maximum storms for this
period were plotted and a curve selected which most neszrly rep-
resented the expected 10 year storm. This curve may be express-
ed by the following equations:
(1) I equals 175 divided by 24 plus the time duration
in minutes, This applies to storms of less than 120
minutes.
(2) I equals 226 divided by 66 plus the time duration
in minutes. This applies to storms of more than 120

minutes.
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While the runoff curves are very convenient as a guide and
in many cases can be used directly they do not take into con-
gideration the shape of the district which will affect the time
of concentration, consequently the values of Q obtained there-
from will have to be increased for long narrow watersheds.

With "Q" the runoff, in cubic feet per second calculated and
the slope of the drain determined from the profile a cross sec-
tion of the channel is chosen and checked for capacity. This
cross-section must be large enough to give the capacity requir-
ed and also of such shape that 1t can be maintained in working
condition. This means that the side slopes must be flat enough
to have stablility and prevent sloughing that will obstruct the
drain. There 1s no general rule by which the most advantageous
section can be chosen, it must be based upén the conditions of
each particular case. In firm soils that will withstand eros-
ion of the banks a narrow and deep channel is generally the most
economical to construct and maintaln as such a section gives a
greater veloclity for a given grade and volume of flow from a
wide shallow one. The narrow channel also gives less opportunity
for the growth of plants which tend to obstruct the drain,and
for the indiscriminate crossing by cattle. However, in unstable
gsoil where the banks are likely to cave in and partially fill
the drain a narrow deep channel 1s impractical. Wheré a drain
is dug in soft soil, semi-fluid in nature, the bottom may be
pushed upward by the weight of the adjacent banks. This con-

dition can be minimized and sometimes entirely prevented by
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using a wide channel with flat side slopes so as to reduce the
weight of the banks. The cross section of a drain should be as
nearly uniform throughout the entire length of the project as

is practical, however, making variations only in order to obtain
stable banks. Most of the drains 1n Kent County have been dug
with 1 to 1 slopes or steeper. This slope 1is excessively steep
as only clay and some loams have an angle of repose as great as
forty-five degrees under the most favorable circumstances. We
recommend a more general use of a 1 to 1 slope, and in sand and
muck would strongly advise a 2 to 1 ratio,

The velocity for testing the chosen cross section is deriv-
ed from Chezy's formula V =C (R8)3 using Kutter's formula to
determine "C". Substituting this value into Q AV and solving
for Q we are able to ascertain whether or not our cross section
agssumed 18 of the proper size.

The design notes of a typical drain are included as an

appendlXe.



1)

T 7

Maximum  RAINFALL RATEsS
24+t AT GRAND RAPIDS

AND
INTENSITY CURVE UseD

/nches per hour

n

Intensity Curve for 2 to 24 Hours.

8%

Rate of Downpour

fZs]
\ INn CALCULATING RUNOFF
\\
g\\& \%"2 4+
Bas 9
\\\\ \ "
T S BEE o]
\gg
TS a2 ORI 25T LS50 BSOS TSRO0 e S S 60 70 8o %0 /00 /10 120

Duration of Downpour in minutes. (t)

7’7/\,/i\ i




:
700

- N, 11 !
i T H
= 35
Al qAQ
N N

N i ]

N AV T N

x R ]

P = Vs H-
5 T Y T SIE
5 = E T 1 @HH
: h
T T N =
[T \ Ali
mn & ME X T
H B Tt
ImEmEEEEE y s 3 \ t VA N
T =g e Y
I SR \ LS\ INEE B
T ! HREEH Y 1 ]
28 T 3 S5 IS IS RSB e AR
1 I I E. = = T I 1K I
I i W I 2 T I I 19
T i S N i
e 8 2 I I I i N Q
M B a6 [ T o T
T i ! I TN 5
N ; X, .
] : ; i 1 % ]
@ HE [ 1
;i X 3 0 sz
! ) \H
- ; AT _@u
N T 1 2




S00

——

%

400

44

300

AN |
N

R REEE

AN




S0

o

oL

=

20

70




T o
1 I ) m
1 LT
:
I
T
| e
T T
\
1
! 3
] T
RN R !
N ]
3 e 4
— L u
& 1
.
I\ ]
P 1 ¥
1 N
NS lw
= N
! 1
o 1
il
LY
D < LW H
= S 3
i <1 By
= nS

HEEEED = E

Jo

ZO

=5

/10




\ Tt I #
T 7
¥ 1
T
T m; —
\ \ 1 !
| I
T T
N\ T
i\
A\ \ ! 1
T T T
AY \
\ 3 T ]
3
PSR 7
T EEME BN
\ 3 i
\ T 5 z
| A 7
W \ + i 3 :
i 1 A\l [y
3 3 1 i o NS
N "
AY iy TR S {
= 3 o
- ok M
D, o : ! ‘ BN
-~ D N
t
isg! ) a ~_
== 3 |
St , =
5 3 g
= \ T
Ta 1
) il 1] o=
. N
D X
D s
i
I
T A
v W
! -
\ 0
r NS
it
"
T
“J AY \
i\
2 0
Y it
\ i}
BuEEE
,. N
r " '
\ N
o
v tr
Y i
T
A | i
1 \ 1 |
I I !
= - i
Z g T i
I = t T T
o t i H- 1 :
L L R NS EEEy B aEaN L







45

40

L 44

s

I

33

7
="

30

25

i

20

R

5

10

27

e




CHAPTER V
DISCUSSION of CONSTRUCTION

Great progress has been made in the last few years in the
method of excavating open drains. It is easy to remember wnhen
small ditches constructed by hand or with teams were the rule
in Kent County and it is a fact that a large part of the re-
claimed land in the entire State of Michigan has been drained
by this type of structure. But 1t has been found that as the
communities developed and the demand for fertile low lands in-
creased that deeper and larger drains were required in order
to prevent overflow and to more completely drain these areas.
This demand for deeper and larger projects has led to the use
of machinery 1in place of teams even on the smaller jobs and
it 1is now the exception rather than the rule when the abutting
property owners take any part in constructing the drain. This
has resulted beneficielly in many respects and the majority
of the contractors are anxious to do work that will be a credit
to them for the sake of future jobs. However, in this locality
the business is still in a transitional stege °nd the high stan-
dards that highway work has attained to in the last twenty years
has not been paralelled in drainage.

The first introduction which the contractor has to the job
is when he inspects the engineer's plans and specifications.
While formerly these consisted almost entirely of a line pro-
file and verbal instructions the plans which are now used in
Kent County are quite complete and show the alingment of the

drain in its relation to msturs: features such as roads, fences,



trees and streams and property owners. The profile, which is

on the seme sheet, shows the surface elevations taken at inter-
vals of 100 feet and in broken ground at intermediate points.

It is important that the profile show accurately surface eleva-
tions along the line noting depressions or natural waterways
which terminate at or cross the line. The grade line of the
drain is shown together with the necessary cuts, width of bot-
tom, and slope of the banks. The specifications which we use
are simple, coverirg only the ordinary questions that arise rel-
ative to the work to be done and mentioning any special features
that may be involved. As an example of these plans and specifi-
cations we refer to the "Engineer's Report on Geers Drain "which
is included as an appendix.

In addition to preparing pleans and specifications, the eng-
ineer should establish the line in the field and mark the cut to
grade on the stakes. He should also make the necessary inspec-
tions to insure the excavation of the drain to the required ceross-
gsection and grade and to insure the disposal of the excavated
material in the specified manner. On inter-county drains the
Department of Agriculture required a certificate of approval by
the engineer upon the completion of the work and before payment
of the final estimate, and Mr. Patterson has adopted the same
policy for drains in Kent County.

In our opinion, proper maintainence of a drain is so import-

ant that it should be given consideration in the orig'nal plans
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for construction. It is necessary for this purpose that pro-
vision be made for moving machinery along the drain in the fu-
ture. This may be taken care of either by leaving a bezm of
sufficient width or by leveling off the spoil banks. This
latter method has the advantage of removing an unsightly ob-
ject, relieving the pressure on the side slopes and bottom of
the channel, and of making the land available for use by the
abutting land owner. The first is purely an sesthetic consid-
eration, the second is obviously important on certain types
of soil, and the third is entirely an economic problem. Assum-
ing a width of berm of 15 feet and a spoll bank 20 feet wide
at the base, an acre of land is eliminated from the workable
area for every elghty rods of frontage on the ditch and where
the value of the land is equal to or in excess of the cost of
leveling off,this work 1s justified even on the firmest of soils.
Difficulty is often experienced 1n digging drains to the
required depth when the material teken out 1s in a saturated
condition. Some soils when wet have so little cohesion among
particles that the side slopes will not stand to any consider-
able height, yet these same soils when dry may be relatively
stable and open drains may be maintained in them with little
or no difficulty. Drains can be excavated in the soils above
described only to a shallow depth below the ground water level
because hydrostatic pressure forces material into the channel

as fast as it can be removed. Excavation under these conditicns
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can be accomplished only by doing the work in successive stages.
The channel 1s first dug as deep below the water table as 1s
possible without causing sloughing from the sides and then allow-
ed to stand until the ground waier level in the soil adjacent

is lowered and the banks stabilized. Another cut is then meade
and the process of gradually drawing down the water table is
continued until the desired depth is reached. A second cutting
is generally all that is required for drains of ordinary depth.
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CHAPTER VI
DISCUSSION of MAINTAINENCE

Maintainence work has been mentioned as one of the two
duties of the drain commissioner wherein he 1s allowed to use
his own judgement. We have also stated that there are approx-
imately 227 miles of drains in this county in which have been
invested about $817,000 that is of record. Many of these drains
were constructed years ago and have not been cleaned out by the
drain commissioner since. Some are filled up and some have been
kept clean by the abutting property owners. In the first case
the investment is entirely lost and in the second case more ex-
pense has been incurred but in an amount that cannot be estimated.

The drain law of 1929 required4 that an annual patrol be
made of all drains constructed under the 1923 act. However, it
does not specify how this patrol should be paid for and as most
commissioners do not receive sufficient salary to justify their
doing the work themselves and as it would be very difficult to
hire a man to do the work at a reasonable price who would accept
drain orders for the work, it has in many counties not been
attempted. Also it would appear to us that the use of the word
patrol presupposes something more than a mere inspection of the
drain but rather anticipates that the party making the patrol
should be equipped with suitable tools to enable him to remove
minor obstructions before they cause the accumulation of silt
and floating debris that will cause a permanent stoppage or dam.

.In the summer of 1930 an inspection was made of most of the

drains built in this county since 1923, although some were not



- 40 -

covered as the work was not started in time to complete it be-
fore the fall rainy season. A typical report is that given
below on the Saddle Bag Drain an& its branches. Reference to
Exhibit B shows that these drains are located in the extreme
northerly end of the PlasterCreek drainage district. The first
construction was done by the townsnip drain commissioner and
gsince coming under the county system they have been cleaned
out repeatedly,-1896, 1901, 1906, 1914, 1923, - at a total cost
of approximately $10,000. The purpose ot this system ot drains
is the reclamation of the Saddlebag swamp which is a fertile
stretch of land located so close to Grand Rapids that it 1is
very valuable for truck gardens aithough at present owing to the
poor condition of the drain much of it is in pasture. The total
length of the system is 21648 feet, the bottom width according
to the records is two feet and the average widtn is three feet
and the fall at no place in excess of 0.1l foot per hundred feet.
This drain if any in the county should be carefully watched,
yet for seven years has been abandoned with the following result:

September 29, 1930 A.N. Phillips, Inspector.
Main Drain

Section 36 Grand Rapids township. All fair except north 300
feet where bottom 1s narrow and willows are starting.

. Sectiog 251
SWs SWz. Ditcn is crooked following natural gulley, bot-

tom good excegt north 200 feet where willows are starting.
%

NWg SWi. Ditch is deep and crooked, bottom good. Banks
are getting brushy. 1Inlet to mudhole and 200 feet above mud-
hole full of brush with poor bottom. From 200 feet above md-
hole to Bailey Lake ditcn 1is fair except last 200 feet which
is full ot brush. Road culverts 0.K.
Carmody Branch

Commencing at upper end tile has weeds and straw in it
from muiskrats, outlet has about 3" of dirt in it. Michigan Street
culverts.OK.6"dam 10' south of culvert due to road ditch. Ditch
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is open from Michigan Street south, 1s crooked but has good
bottom to 1/8th line. From here to Bailey Lake there 1s pract-
ically no ditch, tramped in by cows and filled up with fallen
trees. Could not find R.R. culvert in weeds, looked carefully.

Main Drain
Section 25
NW}. Fairly straight, about 6-8' bottom and about 2'
deep in bogland, good condition to about 700 feet west of sec-
tion line, where there is a dam 3' high caused by concrete head-
walls falling into ditch.

Section 26. Through E3 Ez ditch is deep and about 3' wide,
good condition. Condition is fairly good to G.T.R.R. no brush.
Iron culvert under R.R. is broken back about 5' on lower end.

Section 22. Between drain is straight and has good bottom,
but brush is beginning on banks near R.R. From Michigan Street
to Powell Lake ditch is 0.K. except for last 50' which is very
narrow and poor - probably under water in a normal year. From
lake to 200' west of section line ditch is 0. K.

Section 23. From 200' west of section line to 100 feet
north of angle point ditch is 6' deep but caved in causing dams
18" high in some places. Ditch is high from here to 500 feet
south of Sixth Street where water 1s standing. Channel under
bridge is O.K. From here to end ditch is 0.K. though not deep,
brush on banks but not in bottom. :

Myler and Medema

From Powell Lake west for 200' the ditch has been tramped
in by cattle. From here to N&S; line section 23 ditch 1is in
good condition. Along quarter line ditch 1s crooked and deep
and has narrow bottom, at angle points dirt has washed in and
made dams. Many weeds in bottom and trees and brush along banks.
From # line to Havens Branch drain is in fair condition. From
Havens Branch to Leonard Street cattle have broken down the
banks. North of Leonard Street drain is O0.K. All culverts are
0.K. Channels are full of anmual weeds.
Havens Branch

From Myler and Medema Drain to Leonard Street drain is in
poor condition, very shallow. North of Leonard Street the ditch
is deeper but full of willows. :

It must be remembered in evaluating this report that 1930 was a
very dry season, the rainfall being only about 60% of normal.

Parenthetically, we would mention an interesting fact in
connection with this drain. When levels were being run for the

1923 cleanout we contimied to the northeast across the northe
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west quarter of section twenty-four and found that about 600’

of deep cutting maximum about 30 feet for a distance of about
150 feet would reverse the flow of this entire area and cause

it to empty directly into Grand River instead of following its
present route to the southeast and back to the northwest. At
this time we attempted to interest the petitioners in such a
project but having no information available as to previous costs
or frequency or cleanouts were unable to convince them of the
economy of such action.

Another drain reported on is the Clark and Bunker Drain
located in Bowne township. This drain was established in 1902
the length belng 14200 feet and the cost $1989. In 1927 it was
cleaned out and extended 6139 feet at a cost of $10295 making
a total investment of §$12284. This is a fairly good sized job
for Kent County, the bottom width being four and five feet and
the depth averaging about six feet. Three years after it was
dug the inspector made the following report:

September 22, 1930 A.N. Phillips, Inspector

Commencing at the south line of section 20, Bowne twp. the
first 800 or 1000 feet runs thru low ground and ditch is only
about 18" deep in some places. In the T. Gougherty property
there is an elm tree across the ditch. The rest of sec. 20
is fairly good. There is a plle of sand at the south end of
the culvert at station 17 plus 20 caused by road ditch to west.
Diteh 1is good all thru sec. 17. At the north side of the ang-
ling road thru sec. 16 there 1is a crossing which partly dams
the stream. Sec. 16 is nearly all muck land but the ditch ex-

cept for a few muck chunks is in good condition. The first +

mile of sec. 9 1s thru higher ground so ditch is deeper and
bottom is quite narrow in places due to bank slides, cattle
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crossings, and stones. North of the highway the land soon
breaks into low muck and water is nearly stagnant due, I be-
lieve, to height of culvert at highway. Ditch is plenty big
clear to lake. There is about an 18" culvert 500' south of
the north lake which 1is c¢lear but seems small for about a

10' ditch.As the highway culvert in section 9 1is high I do
not believe that the bad spots below it will impede the flow.
It would cost a great deal to lower this culvert as it is in
a fill and has heavy wing walls. All other bridges and cul-
verts are 0.K.

It seems unnecessary to comment in detail on these reports,
they speek only too clearly for themselves of the urgent necess-
ity for a wise and firm maintainence policy. One point which we
would call attention to in both reports, however, is the fact
that both highway and railroad culverts are seldom placed at
sufficient depth. Especially when floors are built in them,
the lowering makes an added expense t0 the drain that could eas-
ily be avoided at the time that the culvert is being constructed.
In general we would recommend that the drain commissioner should
be authorized by the board of supervigsors to employ a man by the
week or month, preferably one who has a truck, to go over all
drains twice a year, once in the spring and once in the fall and
clean out all minor obstructions in open drains and all catch
basins in closed drains, reporting any ma jor obstructions such
as dams, cattle paths, or broken pipe to the commissioner who
should then order the necessary work done under the clause which
gives him the right to spread 20% of the original cost each year
for repairs. Payment for this work should be made in orders on

the revolving fund which can be cashed immediately, a balance

being affected from time to time by ledger transfers.
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CHAPTER VII
CONCILUSION

It is nearly as difticult to know where to stop such an
analysis as we have been conducting as it is to know where to
start. Many inconsistencies and errors, both of omission and
commission, occur in the drain law itself; but this is some-
thing that is statewide in its effect and we have chosen to
discuss only those things that can be changed locally under
theApresent law., Some of these changes have takeﬁ place since
we ha#e started our work on this the51§ a year ago. The records
ot the drain commissioner's office have now been brought up to
date with a set of information cards, a book of township maps,
and a filiing system for the original papers of the various
drains. The new method of assessing which we have proposed has
been put into etfect. Better cooperation has been arranged with
the treasurer's office and the financial records brought up to
date.

In summation, the oftice of County Drain Commissioner has
now begun to taske the place among the county offices which its
work justifies and with the dawning appreciation of its impor-
tance and metnod of functioning by the Board of Supervisors,
progress should continue until it becomes one of the major
offices, rather than one of the most minor, as has been the

case until recently.
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MINUTES OF SURVEY AND SPECIFICATICNS

Minutes of survey and specifications to "locate, estab-
1ish and construct" the Geers Drain located in Tyrone Town-
ship, Kent County and Grant Township, Newaygo County, State

of Michigan.

Done by order of Ernest L. Hunter, Deputy Commissioner of
Agriculture; Robert B. Patterson, County Drain Commissioner for
the County of Kent; and Orley A. Rhodes, Drain Commissioner for

the County of Newaygo, the Drainage Board for said drain.



MINUTES OF SURVEY

The following is a description of the hub-line which is 15
feet to the right of the center line of the drain.

Commencing at a point 305.32 feet north and 2225.28 feet
east of the southwest corner of Section 2, Town 10 North, Range
12 West, thence north 79 degrees and 36 minutes west 1838 feet,
thence north 59 degrees and 20 minutes west 460 feet to the west
line of Section 2, Town 10 North, Range 12 West at a point 872
feet north of the southwest corner thereof, thence on the same
course 117 feet, thence north 43 degrees and 37 minutes west 530
feet to the south one-eighth lire of Section 3, Town 10 North,
Range 12 West at a point 475 feet west of the east line of Section
3, Town 10 North, Range 12 West, thence on the same course 380
feet, thence north 65 degrees and 35 minutes west 618 feet to
the east one-eighth line at a point 517 feet north of the south-
west one-quarter of the northeast one-quarter of the southeast
one-quarter of Section 3, Town 10 North, Range 12 West, thence on
the same course 70 feet, thence north 9 degrees and 58 mimutes
west 785 feet to the east and west one-quarter line of Section 3,
Town 10 North, Range 12 West at a point 218 feet west of the north-
east corner of the northwest one-quarter of the southeast one-
quarter of Section 3, Town 10 North, Range 12 West, thence north
20 degrees and 14 minutes west 1395 feet to the north one-sighth
line at a point 581 feet east of the north and south one-quarter
line of Section 3, Town 10 North, Range 12 West, thence on the
same course 533 feet, thence north 60 degrees and 01 minute west
442 feet to the north and south one-quarter line of Section 3,
Tawn 10 North, Range 12 West at a point 842 feet south of the
north line of Section 3, Town 10 North, Range 12 West, thence

on the same course 732 feet, thence north 16 degrees and 39



mimites west 517.5 feet to the north line of Section 3, Yown
10 North, Range 12 West (which 1s the County line between Kent
and Newaygo Counties) at a point 789 feet west of the north one-
quarter corner of Section 3, Town 10 North, Range 12 West. This
point also being 1149 feet west of the southeast corner of Sec-
tion 34, Town 11 North, Range 12 West, thence north 45 degrees
and 50 minutes west 245.5 feet to the east one-eighth line of
Section 34, Town 11 North, Range 12 West at a point 167 feet
north of the south line of said section, thence on the same course
1372 feet, thence north 88 degrees and 29 minutes west 311.5 feet
to the north and south one-quarter line at a point 1096 feet north
of the south line of Section 34, Town 11 North, Range 12 West,
thence on the same course 1028.5 feet, thence south 70 degrees
and 51 minutes west 349 feet to the west one-eighth of Section
34, Town 11 North, Range 12 West at a point 972 feet north of the
south line of Section 34, Town 11 North, Range 12 West, thence on
the same course 1382 feet, to the west line of Section 34, Town
11 North, Range 12 West at a point 481.2 feet north of the south-
west corner of said section, thence on the same course 601 feet,
thence north 88 degrees and 29 mimutes west 1893 feet to the end
which point 1is 206 feet east and 282 feet north of the south one-
quarter corner of Section 33, Town 11 North, Range 12 Vest.

The length of drain on each description of land is as follows:

Tyrone Township, Kent County.

Description Section Owner Length
S. 100A., SW3 2-10-12 Edward Cordes 2298 feet.
SE%, SE1 3-10-12 S. VanSingle 647 "
+, SEI 3-10-12 Fred VanderHey 998 "

Nwi, SEl 3-10-12 H. Van Single gs5 "



Tyrone Township, Kent County

Description Section Owner Length
Swi, NE] 3-10-12 Pearl Gorby 1395 feet.
NW1, NE3 3-10-12 H. vanSingle 975 "
NEZ, NW

3-10-12 Albert Geers 1249.5 "

Grant Township, Newaygo County.

Description Section Owner Length
SEL, SEi 34-11-12 J. Slachter 245.5 "
Swi, SE; 34-11-12 A. Landheer 1683.5 "
SEZ, Swi 34-11-12 L. Longcore 1377.5 "
Swi, swg 34-11-12 J. Geers
st#l, SEZ, SEg 33-11-12 J. Geers 2153 "
Swi, SE} 33-11-12 H. Geers
swil, SEi, SEZ 33-11-12 H. Geers 1723 "

Total 0000000000015600 feet.

Length of drain in Kent County 8417.5'
Length of drain in Newaygo County 7182.5'



SPECIFICATIONS
STAKES

Station stakes and grade hubs are set every 100 feet
and are numbered consecutively from station "O" at the lower
end to station 156 plus 00 at the upper end.

The center line of drain 1s 15 feet to the left of the
hubs going up stream.

BOTTOM

The width of bottom shall be 4 feet from station "0" to
station 84 plus 17.5 (County Line) and 3 feet from station 84
plus 17.5 to station 156 plus 00.

BANEKS
The slope of banks shall be 1 foot horizontael to 1 foot
vertical.

Excavated material shall be placed so that spoil banks on
both sides of the draln shall be the same size.
RIGHT-OF-WAY

The right-of-way shall be 50 feet on each side of the center
line of the drain.

BERM

All earth shall be plesced at least 15 feet from the top
edge of banks.
CLEAR ING

All timber, brush and rubbish within the limits of the ex-
cavation and spoil banks shall be removed or burned. Under no
consideration shall such debris be covered with earth excavation.
OPENINGS

Openings shall be left in the spoil bark for the discharge

of such tributary creeks and farm drains as are now emptying their

waters into the line of the drain.



An opening equal to the cross-section of the Gorby brain
shall be left in the west bank at the junction of said drain

with the Geers Drain.



CULVERTS

Culverts will be required as follows:

Culvert #l

Highwey culvert on section line between sections 2
and 3 Tyrone Township, Kent County at station 22 plus 98.
32 feet of 60 inch culvert pipe with concrete headwalls.

Culvert #2

Highway culvert on County line road at station 84 plus 17.
35 feet of 48 inch culvert pipe with concrete headwalls.
Culvert #3

Highway culvert on section line between sections 33
and 34 Grant Township, Newaygo County at station 131 plus 06.

33.6 feet of 48 inch culvert pipe with concrete headwalls.



CUTS

Cuts from grade hubs are as follows:

Station Cut Station Cut
0 2' 11" 51 6' 1"
1 1' 11" 52 6' 1"
2 1' 11" 53 6' 2"
3 1' 10" 54 6' 6"
4 2' 5" 55 6' 6"
5 2' 11" 56 6' 7"
6 3' 7" 57 6' 4"
7 3' 3" 58 7' 4"
8 2} 10, 59 7o

1cg> - 4' 10" gcl) g' g"
11 4' 5" 62 5' 7"
12 4' 10" 63 5'11"
13 4' 1" 64 7' 6"
14 5' 1" 65 6'10"
15 4' 9" 66 6' 6"
16 5' 6" 67 7' o"
ig g: 1$: 68 6:11:
69 6' 9

19 5' o" 70 6' 7"
20 4: 1" 71 6' 6"
21 4" 9" 72 6'10"
22 4' 4" 73 6'10"
25 5' 5" 74 6' 4"
24 4' g" 75 5' g"
25 4' 3" 76 6' 2"
26 4' 10" 77 6' 3"
27 4' 10" 78 5'10"
2 2 L 5 3
80 5' 8

[} 1] ' "

0 g 3 5
6

32 5' g" 83 6' 6"
33 5' g" 84 4' 4"
34 5' g" 85 3'11"
35 5' 3" 86 4' 3"
33 g: g: 87 4: 4:
36 Bt 3 26 2 o
39 5!' g" 90 4' o"
40 4' 8" 91 4' 1"
:1 g: g: 92 4: 1:
i TR
44 6' 3" 95 4' 4"
:2 2: %: 96 4: 1:
47 5' 11" SZ iv g"
48 6' 2 99 4' 1"
49 6' 1" 100 4' O"






CUTS (cont.)

Station Cut
101 3' 10"
102 4 ] 1" '
103 4' O" Average cut in Kent County 5' 5"
104 4! 4"
105 4' o" Average cut in Newaygo County 4' 6"
106 4' O"
107 3' 10"
108 3' 11"
109 4 ] 4"
110 4! 7"
111 5 "
112 5! ™
113 4' 10"
114 5! o"
115 4' 10"
116 5! 2"
117 4’ "
118 4' o"
119 3' 11"
120 4" 2"
121 4' o"
122 4" 8"
123 5 o"
124 5! 1"
125 5! 4"
126 5 [ ] 2"
127 5! "
128 4' 11"
129 4' 10"
130 4 ] 6"
131 6" 3"
132 4' 5"
133 3' 11"
134 3' g"
135 4' 4"
136 4" 5"
137 4' 5"
138 5' 4"
139 5! o
140 6' 5"
141 6' g"
142 5' 5"
143 5' 5"
144 6' an
145 4 L 10"
146 4 L 3"
147 4' 2"
148 4" o"
149 4" 6"
150 4' "
151 4' 10"
152 4' o"
153 3! VA
154 4' 2"
155 3' 10"

156 4! 2"



COMPUTATION OF EXCAVATION

Estimated cubic yards

Station Station Cubic Yards
0 to 15 (24.9 X 1500)/27 equals 1,383

15 n 40 (45 X 2500)/27 " 4,167

40 " 84 plus 17.5 (64 X 4417.5)/27 " 10,480

Total excavation in Kent County 16,030

84 plus 17.5 to 105 (30 X 2082.5)/27 equals 2,314
105 to 131 (35.9 X 2600) /27 " 3,452
131 " 145 (42.2 X 1400) /27 " 2,187
145 " 156 (30.2 X 110C) /27 " 1,232

Total excavation in Newaygo
County. 9,185

Total excavation on Drain 25,215
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DESIGN NOTES

SIZE OF DISTRICT

The area of the district is 2020 acres or 3 and 16/100
square miles; being divided as follows: Kent County 1760 acres
and Newaygo County 260 acres.

DRAINAGE COEFFICIENT

The drainage coefficient 1is determined by the four
following conditions:
(1) Rainfall and temperature.
(2) Topography of the area.
(3) Size and shape of the district.
(4) Character and culture of the soil.

A study of rainfall and temperature conditions of this
district show that the maximum fléods are caused by excessive rain-
storms which are preceded by § inch to 1 inch of rain, which has
soaked the ground nearly to saturation. This condition occurs in
early summer, when the flooding of growing crops for longer than
twenty-four hours would ruin them.

The area 1s geherally flat with a gradual rise to the
south and southwest.

The district is approximately 2 and % miles long by 1
and 5 miles wide, being rectangular in shape. The district is of
such size and shape that the rainfall will not vary over the area,
that 1s, a storm encountered at one point in the district will be
general over the entire watershed.

The soil i1s a clay loam and the greater part of the
district in under cultivation.

After a careful study of all conditions "C" was chosen

as .20 and the duration of the peak storm as 17 hours, this being



- 11 -
the length of time necessary for water from the most remote part
of the district to reach the lower part of the drain.
DISCHARGE
Using the expression Q=C¥IxA
Let C = 0.200

I for 17 hours _ 226 _226 =0.208
g6+t 0BG -

and A = 2020
Then Q =0.2 x 0.208 x 2020 = 84.03 cu.ft. per second
DESIGN OF DRAIN

Using a bottom width of 4 feet with 1 to 1 side slopes
on the channel and the slope of the drain beilng 0.0023,also assum-
ing a 4 foot depth of water 1n the channel the computations for the
drain are as follows:

Area of cross-section (8 X 4) = 32 square feet.

Wetted perimeter 15.3 feet.

Hydraulic radius (32/15.3) 2.09 feet.

Using Kutter's formula to derive a value for "C" in Chezy's for-
mula V=C (RS)Z we have,by using a value for "N" (in Kutter's for-
mula) of 0.04,a value for "C" of 39. Now substituting in the for-

mula V=C (RS)z we have as follows:

v=C (RS)% =32.09 X 0.0023 = 2.69 ft. per second.
q=av = discharge in cubic feet per second.

When a = cross section of stream in square feet.

\

and Vv = velocity of stream in feet per second.
Therefore:

q=av=32 X 2.69 =86.08 cubic feet per second which is
ample carrying capacity for the channel which has to

handle a maximum load of 84,03 cubic feet per second.
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REMARKS
When construction is about to start on the culverts it is
advisable to have them staked in order that they will cross the
highways at the proper angle and grade.
Since all culverts are crossing highways at a rather sharp
angle with the center line of the road, any slight difference in
the placing of these pipes may cut down the prescribed width of

roadway.






ESTIMATE
Administrative Cost:
Drainage Board $50.00
Serving and Posting Notices 15.00

Survey, plans, report & Inspection 500.00

Total administrative cost

Construction Cost:

25,215 cubic yds. excavation @ .30 7564.50

Culvert # 1 419.00
Culvert # 2 : 531.00
Culvert # 3 435.50

Total construction cost.

Incidental Expenses 10%
Total cost of Lrain
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% 565.00

$ 8950.00
% 9515.00
951.50

$10466.50



DRAINAGE DISTRICT

Kent County

County Road on E. line of Nz Section 9, Tyrone Twp.
and on E and N lines of EZ Section 4, Tyrone Twp.

Tyrone Township - Kent County

Tyrone Township at Large

Section 2.

S. 100 a. of S.W. 3 west of Rogue River
s%, Si, Nw} and N 3/8, Swi
Section 3.

N.W.3, N.Euog
S.8.3, N.Eo}
S.Wei, N.E.g & S.3,5.3, N.W.3
Ne#, Se3, N.W.3
NW.3, N.W.d
N.E.3, N.W.}
N.3/8, W.2, S.W.3 & N.E.3, S.W.%
S.5/8, W.2, S.W.1
Wes, S.Eei, S.W.3
E.2, S.E.%, S.W.3
NeWei, S.E.3
N.E. 3, S.E.}
S.W.%, S.E.}
S.E.3, S.E.q
| Section 4.

N. 30.11 a., N.W.3, N.E.3 & N. 27.28a., N.E.3, N.E.3}

S. 17.5 a., N.W.3, N.E.] & S. 20 a., N.E.3, N.E.1 &

N.2, S.E.i, N.E.}

S.W.3, N.E.} & S.3, S.E.3, N.E.1 (ex. 2.5 a. in S.E. cor)

Commencing S.E. corner S.E.}, N.E.l, thence N. 22 R., thence
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Tyrone Township - Kent County (cont.)
W. 18 R., thence S. 22 R., thence E. 18 R.
N.2, N. W.2, N.W.3 & E.3, N.W.}
S.%, N.W.i, N.W.3
Eex, S.W.%
N.Wei, S.E.i
N.E.3, S.E.3 (ex. S. 14 a.)
S.E.3,5.E.3 & S. 14 a., N.E.3, S.E.1 (ex. N. 1 R.)
We 25 8., S.W.e3, S.E.3
E. 15 a., S.W.3, S.E.}

Section 9.

NeZ, Eow, N.W.o§

N.:, W.3, N.w.1

N.E. %, N.E.3 (ex. 3 a. in N.E. corner)

Piece of land 1 sq. a. S. of School lot in N.E.J
School Lot 2 a. in N.E. corner of N.E.%

Section 10,

N.x, NoW.l, N.W.3
Sz, N.W.3, N.W.]

S.z, N.W.}

L]

N.E.3, N.W.3 & N.W.3, N.E.
N.E.i, N.E.d
So%’ N.E.%

Section 11.

N.W.3, N.w.3
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DRAINAGE DISTRICT (cont.)

Newaygo County

Grant Tcwnship - Newaygo County

Grant Township at Large
Section 33.

E.z, S.E.3, S.w.} & S.w.}, S.E.3 also S.W.3, S.E.1, S.E.2
N.z, S.E.3, S.E.3
SOE.%’ S.E.:J}-—, SQEQ%'

Section 34.

SeWed, SWeg
S.E.3, S.W.3
S.W.i, S.E.%
S.E.3, S.E.}
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OTTAWA CO

colozical and
I Susvey
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Publ!
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Ref-

erence |

]'38

ALLEGAN GO.

MAP OF KEN

Name of Drain.

Township.

Alder Crek. . ..
Alder Creek E:
tension %

Basin . .
Bayou
Bear Swamp
Beaver Dam
| Beaver Dam Ex-|

tension

Beak. ..
Beesing
Behan and Foley
Bennett

¢ Extension

Boss AT
| Boulard and

Thompson
owler.

Bradshaw .

Brewer

Buck Creek. .

Buck Creek Ex-
tension. .

Byron and Dorr

| Caledonia

Caledonia
Cannonsburg
Village . .

County Line

| Carmody
Chase

el

Church Lake ..
Clark and
Bunker
Crinnion Creek

Cobb and Miller

Jole

Colby and Liv-
ingston

Colby and Liv-
ingston Exten-
sion. .

Crippen

De Boer
Downs. .
Driscoll . &
Dunnean Lake
Dunncan Lake
Extension
sty
Dutch
Emmons Lake
Emmons St.
l"(urchlld

Nelson

Nelson
es and Paris
e
Algoma
| Wyoming

Court and

| Courl]anll and
l

1(10 and Paris
(;ame~ and Cale-
onia

‘Wyoming
Courtland

! ‘aledonia

Algoma

Nelson and

Spencer
Alpine

Bowne
Bowne
Spencer
Gaines
Byron

Wyoming and By-

Caledonia

Cannon

Bowne

| Nelson, Courtland
Oakfield

Bowne

Wyoming

Spencer

Bowne

Bowne
\\ \ mnm;: and

\))n a
Ve

nd Cale-

Gaines
donia

Jaines

Nelson

Algoma

Galedonia
Caledonia

Vergennes

| Alpine

| Solon and Algoma

| Paris and Gaines

[ COUNTY SHOW

171 COUNTY

KENT COUNTY DRAINS

Name of Drain. Township.

Fresheter Alpine

Bowne
Walker
Byron

o1l Byx
Heintzelman Caseade and Paris

Heir and
Thomai Bowne
Paris
_.| Byron
| Ada
Byron
.| Alpine
i el
Doyle Gral and Ver-
| Hudson Byron
Hinzenga and .
Branches. . . Wyoming
Irving and
Bowne Bowne
Irvin yron
Jewel Wyoming

Ju)m\.m{ Branch
Clark Bunk-

Bowne
i e e

Godfrey Bowne
Kilgus and Mud

Lake Bowne

Gaines

Klopfenstein
Knight
Kroft

ly ‘gennes
nberton Lake..| Grand Rapids

nback Alpine
Lanback Exten-
Alpine
Bowne

Nelson and Solon

Caledonia
Caledonia
and Cascade

Martin.
Mason and Slay-

ttan

on
\Irl)n\\t]l nes
] Vergennes

Cascade
Grand Rapids
Byron
Byron

Bowne and Lowell

Bowne

Ryron
Walker
Grand Rapids
Conurtlang
Byron

tension
Mullins

DRAINS

BARRY CO.
Ref-
e.ence me of Drain.
| No.
| 2
Mosher and Far-
num
Mosley

n
ols
Nolan.
Oatman

O'Neil
Oshourne
Overlie
Parker
Parnell
P

ol Lake

Phelps
Phelps Extension
Pine Islind
Plainfield

Rettinger. .
Rexford Lake
9 | River Side

Roth
Richardson and
B

atty
> River

vS
idle Bag
and Lake

S-ese
Schindler Swamp
5 Shuman
S | Schooley
5 | Scot Low
5
1
>

Scotch Lake

Sexton

Spaulding

Tobias and Wald-
n

109 | Walker No. 4.

\\ arner

n ;
and Al-

56 | Wyoming

MICHIGAN S

o

”‘Hﬂ

GGH

Township

Caledonia
Grattan

nhr]d and Al-

goma
\;mm

1 and Al-

nd Bowne

Gaines

Courtland
Plainfield
Wyoming

Lo
el

alker
Case <h

Cascade
Caledonia
Gaines
nfield

Cascade
Wyoming and
W

on
rand Rapids
rand Rapids
Byron
Grand Rapids
aledonia
Byron
Nelson

aines and Cale- |
donia
Bowne
Gaines
Bowne
Walker

Alpine
Wyoming
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U. S. DEPARTMENT OF AGRICULTURE
WEATHER BUREAU

ANNUAL
METEOROLOGICAL
SUMMARY

WITH COMPARATIVE DATA

1930

GRAND RAPIDS, MiCHIGAN.

COMPILED BY
WILLIA: TR.
MET]

GRAND RAFIDS, MICHIGAN.
1981



ND RAPIDS

ANNUAL METEOROLOGICAL SUMMA

TENPERATURE [Rex. sosaniry| Prrcremanion  [sessm WiND
(Qegrees Fahrenheit) Cpor cent) (inches
Extremes Z Highest
MoxTi

January 6| —1 5. [sw.| 20 nw
16 7.4 nw. 2 | sw

10 waln 3
9| 3 1.2 sw.| 54 |sw
2| 47 0 14 sw. | 8w
20 50 2 0.4 sw. | 35 |sw
August 3| 80 8 82 ne. 34V
September. | 89 10 104 sw. | Bt |sw
October 12| 2 50 5.1 56 W
November w9 0 18 sw.| 38 sw
December 0 8 i 10,0, 8W:| 278
Year. July —4 5 g, sw.| 51| sw

YEAR 16

108

30

17 14
9| o
0| o
1| o
9| 0
5 0
6 0
8 0
9| 8
9| 3
1| 10
|
123 48




Month ‘ ‘
| H

Sl

E| 8

January 24.0 31.6|
February. 2.3{ 2.9
March X

Soptember. | 62.7] 63,1/ 68.1
October ... 81.2/ 512 50.2
November. | 38.4| 3.0 41,1
Dpcember .| 28,5/ 25.1) 36,0

Year

IFor period 1894 to 1930,

onthly mean maximum

“Monthly mean minimum

Year

/‘

Year

1906

2.77) 2.00] 6.52| 1883 0,06, 1904] 5.1
5 | 7 2,57 2.50[ 6,95 1893( 0.81| 1918] 12.2| 14.0] 1920
9733 0.02(F 8L 53.1) 2.0y 47

\‘ 48.1) 79.8,74LY

*For perfod 1917 £ 01930. * For period 1870 to

MISCELLANEOUS AVERAGES AND EXTREMES
(1903 to 1930 excent as indicated)

y velocity

Average hourl:

Tediie RStk ion Tached i
B
T o | Wettest | Driest ‘ Greatest | % |
£ | month | month depth | 2
W e snow on | |
H | L romna =
7 et
B z |
i ‘ Al ‘ g g
H gl 2| Bl 5| 2| B| Bl B El3
Z % A I O
(153 = e e s
2.8 2.45] 6.00 mu‘u 30| 1010] 16.1] 2.0/ 1018
5.38] 2,00 7,67 1881 0.02 1577 10 q“ 19,0/ 1905
a8 2.0 58 18 008 1010 7150/ 190 49
a7 2,74 8,20 1009 0,00 1857 1.0
7238 101 0197 1570| 0.4
or48] 0212 1802 0.80] 00| 0.0
% e eeesien

i 73 0 0 1 00
16(10.03| 1872 0.27) 1890( 0.0|
o i o 03

10. ¢ For period 18

hour)

or above
or below
Minimum temperature zero|
or below

(miles per

Maximum temperature 90

| clouay
| Thunderstorms
[ Minimum

T T e

0
0
0
0
0
2
5
1
0
0
0

S e e

101930, +Recorded by 4-cup anemometer prior to 1928




Monthly and Annual Mean Temperatures

ay.

Z
]
5.3 5.9/ 32.4
13 5571|2070/ 47
5.2 314 30’6 18
¢ 1573 47
i 7 25.1] 48
007 6206
S 878 %07
2 3772 944 4
N 0 267
95 6/ 227 47
i 6216 45.2
2 8 8014 7.0
1 39 28
7 6 376 297
50 2 %4
37 4210
2.5 022
616 7 2828
515 5 8
74 5 831
w0 396 2476 482
5 6 210 1
78 8 2504 i
St 53 21 d
6Ls 2 31415
6 5601 2914
371 2920/ 4
i 6227 7 502 52
10 4 2777 50
6.8 7 13606 1
07 597 232 100
' %7
0 43500 16
59 6 X 5500 192
B2 50 e
158 86 518 5260 15D
2.4 1716 508 272 876 49.7

Means 24.0 23.3 33,9/ 46.7 57

72,6/ 70,1 63,1 51.2 9.0/ 28,1 48.1

Note—Bold-faced figures indicate highest and lowest tenperasur

Extremes of Precipitation and Wind

Precipitation
Wind 19031930

Great | Di-
st in 24 est ve | rec | Year | Day
| hour ‘ locity ‘nuu

wo| o7
W[ 1008 |

W[ 1005 |
SW [ 1009
10

SW
a6 | 8w

1 | W

5 ‘ SW

0 | W | 1
5 | sw | 106
1 | SW | 1909

* Also

6 west, February 15, 1910,

+ Cofrected to agree with 3-cup anemomater record



Monthly and Annual Mean Maximum Temperatures

v |

Apr.
May.
Dec.
Amnual

S

Means | 80.4 80.4 2.4
{

Extremes of Temperature, 1880—1930

Month ‘*:;5"' T ‘Dm \mw

Year Doy
I

December .




Monthly and Annual Precipitation

wnuy

200

o o R

Nore.—Bold-faced figures indicate greatest and least monthly amounts.



Seasonal Snowfall

ol 72| 0,
04 282
1896.97 0 02 80 8
180708 ol 0| 14| 7
15099 0 185 18
1899-1900. of ol 15( 72|120/856
1900-01 0 0l 80| 55|20 W0
190102 o T 05 90 40 U0
ol 0 51| 7.01 5
190504 T 15.6 | 110
1904.05. o T 06[157 145
of T a1l sl 56
of 2.8 T| 88|11
o o Tlizs|ng
0| of s8] 74 90
of 02| 18212108
of 01 [ 4io] 18l 7is
o w| 6215|147
of | 7| 2| el
0l 03| 10| 23|20 106

Means 0! 04| 5122|150 109 74| 16| 04529

Nors—Bold-faced figures indicate greatest and least monthly amou nts




Lengthof| Latest | Earliest
growing | date | date

Date of Sason | With | With
first  last kill- | tempera-|tempera- -
Year killing  killing | ing frost | ture 32° | ture 32 [
Bost i frostin o firt | or lower o lower &
pring. autumn  killing in in i —
trost” | spring. |autumn. | &
=
190 £
0 S
\ 2
1506 =
L=
: I=n
i=a
i el
E—3
=
=y
H 2
3
g
iis g
i E

ATERIA!

M

SUPPLEMENTARY

*U. 8, Enginer's gage

W.B. O, GRAND RAPIDS, MICH. 1331-80

MICHIAAN STATE UNIVERSITY
EAST LANSING MICH. 486041048






