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LETTER OF TRANSMITTAL

To the Honorable, the Board of Geological Survey:

Albert E. Sleeper, Governor.
Fred L. Keeler, Superintendent of Public Instruction.
Frank Cody, President of the State Board of Education.

Gentlemen:—I have the honor to transmit for publication a ree
port on the drainage situation in Michigan. In recent years various
proposals for State aid in drainage problems have been brought
forward for the consideration of the Legislature. Through con-
ferences with members of the Legislature, county drain eommission-
ers, the State Highway Commissioner, judges, members of the State
bar and others in official and civil life who have had to do with the
drainage problems in their various ramifications it appeared that a
thorough inquiry into the whole situation should be made preliminary
to any material modification of or addition to the present laws and
the administrative system which has been developed under them.

There is no special reason why this inquiry should have been
initiated by the Board of Geological Survey;it may as well have been
made by some other appropriate State agency. It was not until it
became apparent that no inquiry would be made or perhaps could
be made except through your Board that you consented to the plan
which I laid before you late in 1917. Pursuant to this plan, early in
1918, an agreement was entered into between the Board of Geological
Survey and the Bureau of Public Roads, U. 8. Department of Agri-
culture which contained the following governing provisions :—

(a) The acquisition of complete and accurate information con-
cerning the existing drainage conditions in Michigan.

(b) Inso far as possible, the ascertainment of present and future
drainage needs in Michigan. , '

(¢) The study of the relations of drainage to ocher inter-related
problems. . '

(d) Preparation of abstract of the drainage laws of other States
having problems similar to those in Michigan.

(e) Recommendations for improvement in the general drainage
situation in Michigan.

(f) The preparation of the manusecript and illustrations of a
report which shall embody a complete account of the investigations
and conclusions based thereon. ’
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Pursuant to this agreement investigations were commenced and
during 1918 every county in the State wasvisited by a representative
of Drainage Investigations, Bureau of Public Roads, U. S. Depart-
ment of Agriculture. The general plan followed in each county was
to first meet the county drain commissioner and confer with him
relative to the drainage situation in that county. Following this
conference the drain records were examined and such data abstracted
and compiled as was desired, the method followed in the different
counties being as nearly uniform as was possible. In many of the
counties the county surveyor was interviewed as was also the county
clerk, treasurer, and such other officials and individuals as might
have particular knowledge of or interest in drainage and as could be
readily interviewed. In many of the counties, field trips were made
and drains inspected in order to arrive at a better understanding of
the practical phases and results obtained by the drains under actual
working conditions. The investigations in the counties were made
by Dalton G. Miller, Perry T. Simons, and Fred F. Shafer, Senior
Drainage Engineers, Bureau of Public Roads.

Conditions beyond the control of either party to this investiga-
tion made it impracticable to secure all the assistants needed for the
work, and it was not therefore possible to complete some parts of
the investigation as had been originally planned, which would have
made certain details of the report more complete.

In addition to the information obtained in the manner as out-
lined, the authors of this report have drawn upon such other reports
and publications as in their opinions would throw any additional
light on the whole drainage situation in Michigan. The single idea
has been to make the report as complete as possible, working within
the time and appropriation limits, and still keep it concise.

Certain parts of the report would have been amplified had time
and means been less limited but I think it covers the subject in its
present form in a way that will meet the purpose for which it has
been prepared and any further delay in publication would make it
unavailable for use in the impending session of the Legislature.

Thanks are tendered to the County Drain Commissioners, super-
visors and other county officials without whose cooperation this re-
port could not have been prepared.

Very respectfully yours,
R. C. ALLEN,

" Darector.

Lansing, Michigan.
Dec. 6, 1918.
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CHAPTER 1
CONDITIONS AFFECTING DRAINAGE

RAINFALL AND CLIMATE

Rainfall in different parts of Michigan varies but slightly. In
the Southern Peninsula, the total annual rainfall ranges from be-
tween 25 and 40 inches and averages about 33 inches, and in the
Northern Peninsula it ranges about the same with an average of 34
inches. :

The climate* of Michigan is insular to a marked degree on
account of the Great Lakes.

The mean annual temperature of Southern Michigan as a whole,
is about forty-six degrees, ranging from forty-nine degrees in the
extreme southwestern part to forty-two degrees in the extreme north-
eastern portion. The mean temperature of the Northern Peninsula
is about forty degrees. The average maximum, or day temperaturs,
ranges from about eighty-two degrees in summer to twenty-eight
degrees in winter, and the average minimum, or night temperature
is approximately fifty-seven degrees in summer and twelve degrees
in winter. Extreme temperatures of one hundred degrees or more
are not of frequent occurrence, although they have been recorded
at some places on one or two days, during a majority of the summers
in the past twenty-five years. Zero temperatures are an invariable
rule during most winter months in the northern half of the Southern
Peninsula; in the southern half of the Peninsula zero temperatures
usually occur, although there have been some winters in the extreme
southern counties when there has been an entire absence of zero
temperature. ‘

TOPOGRAPHY

The surface topography of the Southern Peninsula varies from
level to hilly, extreme elevations ranging from 580 feet to about 1,700
feet above sea level.

The surface of the Northern Peninsula ranges from level to
mountainous, although the per cent of rugged area proper is very
small as shown below under the classification of “rocky knobs and
ridges.” The extreme variation in altitude in the Northern Penin-
sula is from 580 feet to 2,023 feet above sea level.

*C. F. Schneider, *C:imatic Conditions of Michigan.” Michigan Geological and Bio-
logical Survey. Pub. 25, Geo!. Series 21. 1917.
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The surface slopes of both P
related to drainage,
mile although some of
feet per mile,

eninsulas of the State, in so far as
generally average between 3 to 7 feet to the
the larger streams have slopes of less than three

SOILS

Michigan lies in a heavily glaciated area and as a result the soils

E(;Ifldbo‘ch Pgninsulas are very complex in the matter of distribution
range in texture. In different sections of the State certain types

predominate and in man i isti
nat Y sections sever i
found within very small areas. # distinet types il be

The total areas of the
by Leverett in Surface Ge
cal Series 21 as follows:

Southern Peninsula: Swam
. ; p and lake 11.60
till 55.209%, sandy and gravelly 33.209,. %
Northern Peninsula: Swamp and lake 25.009,

till 49.029, sand
80007 %, sandy and gravelly 17.509, rocky

principal types of soils have been classified
ology of Michigan, Publication 25, Geologi-

clayey and sandy

clayey and sandy
knobs and ridges
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CHAPTER II

WET LANDS OF MICHIGAN

Michigan, generally, is given fifth place among the States in area
of swamp and overflow lands, Florida, Louisiana, Mississippi, and
Arkansas being placed ahead. Swamp and overflow lands do not,
however, form a fair basis for comparison among the States of the
total areas which will be benefited by drainage nor do they form a
fair basis in any one particular State for estimating the actual ag-
ricultural benefits which will result from drainage.

In the first place there is much land which properly may not be
classed as swamp or overflow land but which by proper drainage
will receive benefits almost—if not wholly—equal to those that result
from the drainage of these two types of wet land. This applies
particularly to the clayey soils, which are usually rich in available
plant foods, but through which, because of the fineness of the clay
particles, soil moisture travels but slowly. As a result this type of
soil, although frequently not appearing actually too wet and which
may not even be low lying, is prone to retain an excess of free water
and for this reason warms but slowly during the early spring months.
These lands, frequently and with reason, are referred to as being
cold and damp. By surface drainage, and thorough tiling the pro-
duetivity of such land may be greatly increased and sometimes more
than doubled. Therefore it is almost impossible to overestimate the
actual monetary value of adequate drainage to any agricultural
community, where there is as much of this kind of soil as there is in
Michigan. It has been estimated* that about 22 per cent of the
Southern Peninsula and about 15 per cent of the Northern Penin-
sula are of a clayey type.

Certain other types of wet land may have agricultural possibil-
ities which have not been fully determined and which by ordinary
methods of farming as practiced by the average farmer under average
conditions, do not give satisfactory returns even after drainage.
Consequently reclamation by drainage, alone, of certain types of
land may be of questionable value unless followed by specialized
intensive farming. This applies to sand bottom swamps covered
by a thin Iayer of muck.

RECLAIMABLE WET LANDS OF SOUTHERN PENINSULA.

In order to secure some definite information as to the undeveloped
wet land resources of Michigan the following questionnaire was sent

*Frank Leverett, Surface Geology of Michigan: Michigan Geological and Biological
Survey, Pub. 25, Geol, Series, 21, 1917.
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to each of the 1,111 township supervisors of the 68 counties of the
Southern Peninsula., Replies were received from 666, or 60 per cent
of the supervisors. :

INFORMATION REGARDING DRAINAGE IN MICHIGAN
FOR THE U. S. DEPARTMENT OF AGRICULTURE
AND THE MIicHIGAN GEoOLOGICAL SURVEY

1. Estimate of the total number of acres of land in your
township which is too wet to profitably cultivate. This to
include both timbered and cleared wet land of all kinds,
—lakes, overflowed land and land too wet to farm during
ordinary seasons.

2. Estimate the number of acres of this wet land which
can be reclaimed by proper drainage.

3. Give present average assessed value of the land in
your township.
Peracre, $......... ... .. . .. ..

4. Give the present average assessed value per acre of
the wet land in your township which might be reclaimed
by drainage.

Peracre, $.......... ... ..

WET LANDS OF MICHIGAN 17

In the interviews with the county drain commissioners generally
an estimate by him was secured as to the area of reclaimable wet
land within the county.

From the questionnaires returned by Supervisors, from the inter-
views with the county drain commissioners, from field inspection
trips and also from information obtained from Soil Survey and
Geological Survey sheets and from the State Board of Equalization
Reports the information contained in Table No. 1 was compiled.
This table relates only to those 47 counties of the Southern Peninsula
lying south of the U. S. Land Office 2nd Correction Line, about
latitude 44°-10"; crossing the State just south of Manistee, Cadillac
and Tawas City.

This estimate in no way represents the total area of swamp and
lake lands of this section of the State but applies wholly to the wet
lands which are deemed reclaimable by ordinary methods of drain-
age. The area totals 2,175,000 acres which is 12 per cent of the
combined areas of the 47 counties and is just about equal in size to
the combined areas of any six of the seven counties in the southern
tier of the Southern Peninsula. This particular area of reclaimable
wet land does not lie in a section of the State in which the benefits
of drainage are in any sense uncertain or experimental as much of
it is immediately contiguous to lands which already have been
drained and all lies within that part of the State where more than
99 per cent of the total expenditures on county drains have been
made during the past 20 years and where the benefits of drainage
have been repeatedly proven.

The total increase in assessable value which will result when these
lands in the 47 counties have been drained has been Very conserva-
tively estimated at $62,697,000 as shown by Table No. 1. This is
more than three times as much as has been spent on county drains
within these counties during the last 20 years.

In addition to the area of 2,175,000 acres of reclaimable wet land
in the 47 counties just mentioned, it has been similarly estimated,
as shown in Table No. 2, that there are 661,000 acres of reclaim-
able wet lands in the 21 counties of the Southern Peninsula lying
north of the U. S. Land Office 2d Correction Line. There has been
spent for drainage in these 21 counties in the last 20 yearsa total of
but $125,316.

The character of the wet lands of this part of the State varies
widely, the soil ranging from a clayey type to sand. Methods of
reclamation of the clayey lands have been well worked out in the
southern part of Michigan and in many of the other States. The
sandy lands and those swamps in which a thin layer of muck overlies
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the sand, should be reclaimed on a large scale only‘ after careful
consideration is given to the methods of drainage and the uses to
which the lands will be put after drainage.

TABLE No. 1.

Showing Estimated Areas and Increase in Assessable Value of the Reclaimable Wet
Lands of the South 47 Counties of the Southern Peninsula of Michigan.

Reclaimable Wet Lands.
Areas Increase in Assessable
of Value if Drained.
Counties. Counties Estimated
(Acres). Areas
(Acres). Per acre. Per county.
Allegan. .. ... 529,873 48,000 $27 50 $1,320,000
ATENAC. . .. vt e e e 235,098 93,000 14 00 1,302,000
Barry. ..o ccvciinvinennenon 354,029 35,000 24 50 857,500
Bay. . i 284,627 36,900 20 50 738,000
Berrienm...... ... 361,982 12,000 37 00 444 000
Branch.........ooveveaevnn 320,720 56,000 50 50 2,828,000
Calhoun. ... oo v 447,452 52,000 27 00 1,404,000
CASS. o o tv e eie e 316,393 38,000 35 50 1,349,000
(0] % - T 364,757 27,000 12 00 324,000
CHRBON. ..o v vt 364,793 38,000 35 00 1,330,000
Batol. ..o veir i iaineeenns 366,033 52,000 50 50 2,626,000
GENEeSeO . .. oo it 403,980 48,000 32 00 1,536,000
Gladwin. ...... .o 330,765 100,000 14 50 1,450,000
Gratiob. ... oo 364,624 40,000 32 50 1,300,000
Hillsdale........ ..o 386,087 18,000 41 00 738,000
HUTOM. o ovvee oot iceeeanns 536,983 59,000 27 50 1,622,500
INERAIO. .. ov et e e 355,273 24,000 35 00 840,000
Jonia. . ..ov v 366,291 29,000 34 50 1,000,500
Tsabella. ..o ivinanns 368,746 32,000 22 50 720,000
JaCKSOM. .o vecn i e 453,452 31,000 29 00 899,000
Kalamazoo. ....oovv v vveennn 359,235 72,000 38 00 2,736,000
Kenb. ..o v e i 345,815 17,000 37 50 637,500
LaKe. ... v 365,394 22,000 9 50 209,000
LADBET. . ovoi e 423,536 47,000 35 00 1,645,000
LENAWEE. . o v v ior s 466,678 64,000 45 00 2,880,000
LAvVIngston. ... .o v 370,871 29,000 33 00 957,000
Macomb. .o 300,030 20,000 40 50 810,000
MASOM. .o oo i e 315,527 30,000 13 00 390,000
MECOSHA. « v v v v v 362,779 40,000 21 50 830,000
Midland....... ..o 336,476 119,000 19 50 2,558,500
MONIOB. .o evier v 355,293 24,000 44 00 1,056,000
Montcalm, . ... 454,461 51,000 27 50 1,402,500
MUSKEZOMN . . . oo oo oo 322,435 34,000 16 00 544,000
NOWAYZO . .« ccvovvnraennos 542,741 39,000 12 00 468,000
Oakland. ... ... .. .o 575,400 30,000 34 50 1,035,000
OCEATA. . oo v v v e v nma e 345,416 15,000 12 00 180,000
0SCEOIA ., oo e e 367,337 68,000 14,50 2,021,000
OBLAWA. . vvev vt vvnraneeeons 357,839 79,000 47 00 3,713,000
[AINAW. ..o v 520,291 77,000 21 00 1,617,000
SANIlAC. v vt 616,214 95,000 27 00 2,565,000
ShiaWwassee. .. ... .ocvvesoon 345,200 25,000 34 50 862,500
St Olair. .. vv v e 443,391 65,000 27 00 1,755,000
St Joseph. ... oo 319,794 51,000 37 50 1,912,500
TUSCOlA . oo e e i i s 510,698 64,000 28 50 1,824,000
Van Buren. .. 391,443 83,000 24 00 1,992,000
‘Washtenaw. .- 454,047 27,000 34 00 918,000
WAYHE. o ccvvenansres s L. 367,039 20,000 27 50 550,000
Totals. covveeeeennvonn .| 18,447,338 2,175,000 $28 83 [$62,697,000
(average)
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TABLE No. 2.

Showing Estimated Areas of R i i
tho Baoing stimated A 1\,ﬁchiga}fnejc1&1mable Wet Lands in the North 21 Counties of

Reclaimable
A Wet Lands.
Counties. Coag%?e(s)f
(Acres). Estimated
areas (acres).
Alcona...... ...
Alpena.,_..,,“:: ...................... .. 435,247 4
Antrim..... ... .. 0l - 50 508 10&1;'888
Benzie..... ... .. ... ... .. o 302 308 000
Benzie. ...l S 204192 8,000
o 266,225 19,000
eboygan
Crawfgrgd ........... e 462,440 73,000
Brmot. I » “ 300585 11000
ﬁ)randTraverse.“‘.,......:.'::““ . 3883?3 13000
SCO. ..ot , 33000
............ 354,822 33,000
Kalkaska,........ Y
ey EEE R .. 359,669 8,000
Leelanau. ...t o 220,234 24,000
Missaukee. . ... ... . .. . 203,200 43.000
Montmorency. ... ... .1 . ggg’ggg 18000
e s 18,000
Ogemaw......... '
Oy .. 366,811 26,000
Qeoda .. . 364,760 20,000
ﬁresque Isle... ... ... . ... ... o 2333;3 12,000
oscommon ‘318 2
oscom 338,315 521888
exford..............
............................ 366,676 4,000
Totals...........
............................. 7,138,188 661,000

SWAMP AND WET LANDS OF THE NORTHERN PENINSULA

The data relative swamp land for the different counties of this
Pgn@sula as shown in Table No. 3 were compiled as shown on the
original survey plats of the United States Land Office. Because of
the 'generally undeveloped agricultural conditions of the Northern
Per'unsula of Michigan no effort has been made to estimate the re-
claimable wet land area of this part of the State.

As.indicated by the table there are 2,598,000 acres of swamp
lands in this section of the State which is very nearly 259, of the
total area of the Northern Peninsula. There has been bﬁt little
effort made to reclaim any of this, as only 4 of the counties have
§pent anything whatever on county drains; the total to date amount-
ing tp but $8,528 spent on about 12 miles of ditches. In addition
to thlS‘ fchgre have been some 70 or 80 miles of open ditches construct-
ed by individuals and corporations under land development schemes
The area of land fully reclaimed and made suitable for farming b :

these schemes has been very small. i

The possibilities of drainage for improving the almost wholly
undeveloped agricultural resources of the Northern Peninsula are

only j}lst beginning to be generally appreciated and only then in those
counties where agriculture is well established.
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TABLE No. 3.

Swamp Lands in Northern Peninsula of Michigan.

Swamp lands.
Areas
Counties. Countes
(Acres). Area in Per cents
Acres. of counties.

AlZET . o 589,949 121,500 20.6%
Baraga . ... ..o oot e 583,806 74,800 12.89,
Chippewa . . . .. oo e 999, 960 340,500 34.0%
IEA . . .. 748,915 234,500 31.3%
Dickinson. ... ......cooiivininnnnnnnn 491,925 110,500 22.5%
GOBEDIC. ..o e 712,033 82,000 11.5%
Houghton......... ... ... 647,466 49,300 7.6%
Iron......... 760,143 115,300 15.29%
Keweenaw. . .. 348,468 50,000 14.4 %
UGB .o ot 582,654 223,500 38.4%
MackinaC. ... ...t 650,255 259,000 39.89%
Marquette. ... ... ... 1,182,851 235,000 19.99%
Menominee. ..........o vt 670,279 292,700 43.79,
(8733773 4 -7 =) o W 844,754 27,200 3.29,
Schooleraft. ... .....ccov i 758,096 382,200 50.4%
TOLAIS . . vt ot et e i 10,571,544 2,598,000 Av.24.6%

In addition to the part that drainage will play in the develop-
ment of such of the swamp lands of the Northern Peninsula as may
be profitably reclaimed, the history of the south half of the Southern
Peninsula is sure to be duplicated to the extent that a large per cent
of the clayey lands will also require drainage. As stated previously
it has been estimated that almost 15 per cent of the soil of the North-
ern Peninsula is of a clayey type. This 15 per cent is largely in
addition to the estimated 25 per cent of swamp land.

SUMMARY OF WET LANDS OF MICHIGAN

In a general way the wet land situation of Michigan can be sum-
marized as follows. The estimates for the two Peninsulas are essen-
tially different in character and are not comparable:

Southern Peninsula.
Reclaimable wet Lands:

47 southern counties. ................ ... 2,175,000 acres
21 northerncounties. ................... 661,000 acres
Total for the 68 counties............. 2,836,000 acres

Northern Peninsula
Swamp and Lakes:
Total for the 15 counties................. 2,598,000 acres

In addition to the swamp and lake land the Northern Peninsula
has about 1,586,000 acres of clayey land much of which will need
drainage if the agricultural possibilities are to be fully realized.

’\-{Wwwwwwr;" Vo
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CHAPTER III
DRAINAGE IN MICHIGAN

EARLIER DRAINAGE

As stated elsewhere in this report the first comprehensive drain
law of Michigan was passed in 1839. Between 1839 and 1897 con-
siderable drainage was done under both county and township sys-
tems but in compiling the statistics for the different counties no
general attempt was made to ascertain the amount so expended as
in many cases the township records were unobtainable and many of
the earlier county records were incomplete and difficult of access.

Some little information relative to that part of the earlier drainage
which is properly of the nature of county work was obtained in a
few of the counties. The amounts recorded in Table No. 4 probably
very nearly represents the total so spent during the inclusive periods.
In most of the counties much more was spent on public drains during
the same period but spent under the township plan. This may be of
passing interest and is contained in the following table. No informa-
tion is at hand relative to the number of miles of drains on which
these sums were expended excepting for Wayne County, which
expenditures for the period from 1859 to 1897 were on about 1,050
miles.

TABLE No. 4.

Early Expenditures on County Drains.

County. Period. No. Expendi-
years. tures.
Branch... ... ... ... .. ... . .. . 1861-1897 37 | $ 36,157 76
Calhoun. ... ... ... ... it i 1871-1897 27 29,901 54
Oe_x.ss ......................................... 1871-1897 27 28,827 04
Hillsdale. ... ... ... . .. ... . i, 18611897 37 26,126 18
JaCKSOM. ... 1867-1897 31 52,459 25
Kalamazoo 1878-1897 20 7,285 87
Oakland................. ... ... 1863-1897 35 104,940 40
OttaWa. . ... e e 18941897 4 10,639 73
St.Joseph........ ... .. .. ... ... 18871897 11 19,500 35
Van Buren 1882-1897 16 95,964 21
Wayne. ... ... .. e 1859-1897 39 516,423 21
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PEVELOPMENT OF COUNTY DRAIN SYSTEM

Drainage in Michigan, under the county system as known at the
present time, dates back a little more than 20 years when the county
drain commissioners were given supervision of all county drains by
Act 254 of the Michigan Laws of 1897. At present county drain
commissioners are serving in 70 counties of the State; sixty three are
located in the Southern Peninsula and 7 in the Northern Peninsula.
Thirteen counties: Antrim, Crawford, Kalkaska, Oscoda and Otsego
in the Southern Peninsula, and Baraga, Dickinson, Gogebic, Hough-
ton, Iron, Keweenaw, Mackinac and Schooleraft in the Northern
Peninsula are without county drain commissioners.

During the 20-year period from 1898 to 1917 expenditures were
made on county drains in 63 of the 83 counties of the State. The
following twenty counties, of which the first nine are in the Southern
Peninsula and the remaining eleven in the Northern Peninsula, have
spent nothing: Alcona, Antrim, Crawford, Kalkaska, Leelanau,
Montmorency, Ogemaw, Otsego, Oscoda, Alger, Baraga, Delta,
Dickinson, Gogebic, Houghton, Iron, Keweenaw, Luce, Marquette,
and Schooleraft. One of these counties, Alcona, during 1917, estab-
lished its first drain so that this county might almost properly be
excluded from the list as the county records will show expenditures
in 1918. However, strictly speaking these will not have been made
within the 20-year period, and no expenditures are shown for Alcona
in Table No. 5, although a cost anaylsis has been made of the ex-
penditures for one drain as shown in Table 6.

Expenditures on County Drains

Table No. 5 shows expenditures in the State as a whole and in each
county during the 20-year period from 1898 to 1917 inclusive.

In the chart in Figure 1 the different counties of the State have
been arranged in the order of total expenditures for these 20 years
and at the right hand side of the chart the expenditures in the dif-
ferent counties are compared graphically.
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0 7UZ/V054’£D THOUSANDS

) 4 & 6 7 8 9 10 /v
[.Gratiot___8/,22/85686. 2
2.8anitac._____1,159566.06.
3.7uscola_____ .. 956,058.87
4.Saginaw._____ 92/ ,856.58.)
S.Eaton..........850,2675]..
6. Huron.....__..807,700.25..

18. Monroe_ __
19. Berrien. __

27.Van Buren.._ 2655497/
28. Washtenaw._.249,63338.
29. Monfcalm.___. 238,687.58.

30.Arenac... .. 226,66259.
31.Gladwin. - 21340445,
32 Otfawa. .. 193,093 09.

9494.58.

33, Aalamazoo.__ /5
_159,199.7(..

39 Muskegon___"/00,22003 =
40.Ma. 4 92,/60,50 jmmm
4L Cass N
42.Jacksorn.. . e
43,0sceola. _6 p—
[7) 65,0. e
45.Clare . _. .60,5. =
46. Mecosta__ ,961.00. =
47.(osco. .. ... _. 3/,283.53 =
48 Missaukee... 24.84783 ==
49, Manistee. _____ 23,/67.94. =
50 Wexford.______. 17,57789 =
51. Cheboygan._ ... 17,249.80
$2.Chippewa._..__ .. 549779+
53, Roscommon._.. 2,96/./9. ¢
54. Menominee.__.._2,172/8 .+
55. Alpena________.2,06596.F
56. eséaue Isle... 1,83597 F
57 Laké_ ... .. 1,37/,00}
58 Emmert......... 1,291.77 ¢

59. Charlevoix._:._._ 1,03688.
60. Grand Traverse.__938.22.
6/. Benzie.. ... .856.99.
62. Onfonagon.
63, Mackrnac._
64’ *‘""_‘ T T e e
Toral .. _$1/8859575.56

*No expenditure in the
following counties:—

Alcona  Halkaska
Alger Heweenaw
Anirim  Leelonau
Baraga Luce
Crawford Marqueite
Delra Monimorerncy
Pickinson Ogemaw
Gogebic QOscoda
Houghton Orsego
lron Schoolcraft

Figure 1. Expenditure on Michigan County Drains for 20-year period (1
inclusive) showing relative importance of counties with Iyespelc)t to eépgggiggrlezl
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The average amount spent annually in the State on county drains
has been $942,978 and totals $18,859,576 for the 20 years. Of this
amount all except $135,209 has been spent in the 47 counties of the
Southern Peninsula lying south of the U. 8. Land Office 2nd Correc-
tion Line about latitude 44°-10’, crossing the State just south of
Manistee, Cadillac and Tawas City. This represents, for these 47
counties, an average per county of $398 390 for the 20 years; and a
yearly average per county of $19,920.

The chart in Figure 2 shows graphically the annual expenditures
and clearly illustrates that the trend, although fluctuating to some
degree, has been decidedly upward from 1898 to 1917 as the increase
from $285,555 in 1898 to $1,683,457 in 1917 represents an increase of
490 per cent in 20 years.

1898 28555289
1899 E} 353,843.07
1900 [ 4779606/
190! " s04m95.90
1902 [ 575 577

1903 | 66650777 ]

1904 (709,926 )

1905 (1,263,252.34

1906 | 1,/78,/38.04

1907 | /127,745, 57

U

1908 | /,/39,666.69

O vrrr —
1910 [z
1012 [ 773085

Y e a—

1914 [7,20.352.00 ]

1915 (730790725 —]

1916 (7469.055.78 ~]
1917 [7.683,9%5.77 ]

Figure 2. Chart showing total annual expenditures for county drains for 20-year period,
1898-1917 inclusive.

Note.—The expenditure $1,263,252,34 for 1905 is correct, although through an error
the diagram for 1905 was made shorter than that for 1906 in which year the expenditure
was less than in 1905,
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As nearly as could be determined from the many records examined
the total of $18,859,576 for the 20 years was expended on about
9,300 separate drains, having a length of approximately 19,400 miles,
of which 1,775 miles were tile drains and 17,625 miles were open
ditches. The average length of all classes of drains has been 2.1
miles, the average cost per drain $2,028, and the average cost per
mile of drain $972, or $3.03 per rod.

During the last five years of this period as shown in Table No. 6,
2,605 drains were worked on, of which 1,395 were new and 1,210 were
old drains that were cleaned, deepened, widened or extended. The
2,605 drains have a total length of 5,323 miles, of which 1,058 miles,
or 207, are tile. The average length per drain for the last 5 years is
shown to be 2.0 miles and the average depth 4.4 feet. The drains
have cost $3,057 per drain and $1,496 per mile of drain, while the
average cost per acre of lands assessed has been $2.48. The number
of acres assessed for each drain has averaged 1,234 acres or little
less than 2 square miles.

Comparing the data in Table No. 5 for the 20 years from 1898 to
1917 with that in Table No. 6 for the last 5 years of this period it is
found that the amount spent per drain has increased 519, while the
amount spent per mile of drain has increased 549,. The average
length of drain has remained about the same so that this increased
cost is accounted for, in part, by the increased cost of labor and
material, but principally by the increase in depth and bottom widths
of the open drains. This increase seems to have been quite general
throughout the State. The use of tile has also materially increased
as 1,058 miles, or 609, of the total of 1,775 miles of tile laid in county
drains in the State has been installed within the five-year period from
1913 to 1917. As all the factors entering into the increased cost per
drain and per mile of drain, the one of increase in the price of labor
and material alone excepted, have made for more efficient drainage,
from an agricultural standpoint the increases probably have been
well justified. :

Cost Analysis of County Drains

Table No. 6 is primarily an analysis of the cost of county drains
for the 5-year period from 1913 to 1917 inclusive, for each county and
for the State as a whole, compiled from data taken from the records
of the county drain commissioners.

As shown in this table the total expenditure for the 5-year period
is $7,962,998.98 as against $6,780,675.15 shown in Table No. 5.
This apparent discrepancy is accounted for by the fact that nearly
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all of the figures in Table No. 5 refer to actual disbursements made
by the county treasurer on drain orders and are definite for the in-
clusive periods. On the contrary the expenditures for part of the
drains analyzed in Table No. 6 for the years 1916 and 1917 will not
be paid for until 1918 and some not until 1919. Also in selecting the
drains at the beginning of the 5-year period it was the plan to
analyze only such drains as were petitioned for after January 1, 1913.
It was not always possible to secure complete detail data relative to
every individual drain in each county. Sometimes within this 5-year
period the records have shown that two or more drains were com-
bined into one drain which sometimes made the number of drains
worked on in a county rather indefinite.

In comparing expenditures one year with another, or one county
with another, only those figures used in Table No. 5 or in Figures 1
and 2 should be used for the reason that Table No. 6, as already
stated, is not entirely complete. It represents, however, an analysis
of cost which is concise in detail and as nearly complete and uniform
for all counties for the five years as it was practicable to prepare
from the drain records.

A study of Table No. 6 shows that the division of expenditures
in county drains for the State as a whole for the 5-year period be-
tween 1913 and 1917 has been as follows:

TABLE No. 7

; clSummanzod Analysis of Expenditures on County Drains for 5-year Period 1913-1917,
nclusive

Construction. ............ .. ..., 74.31%,
Bridges and Culverts. ... .. 13.879
Cost of Survey......... 2.76%,
Printing............ ... . 1.329,
Damages...................... 1.279,
Recording and Abstracting. . . . 0.869,
Probate Fees and Special Com-

missioner. .. .. 0.339%
Cost of bervmg Notices.... ... . 0.199%,
\Ilb(,ellaneous Expensbs .......... 0.667,
Contingent. . 4.439,

Total...................... 100.00%

Fig. 3 Percentages of expenditures.
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The item of construction includes the cost of all tile used in
county drains and in fact includes everything entering into the actual
construction of the drains with the exception of the bridges and
culverts which have been recorded separately. All these expenditures
can be classified under three general heads, (1) Construction Expenses,
(2) Overhead expenses and (3) Contingent expenses, which includes
items which if they could be properly classified, could be placed under
cither of the two foregoing heads. From this it is seen that of all
moneys spent on county drains in the several counties in Michgan
during the 5-year period from 1913 to 1917 inclusive, as shown in
Table No. 6, that 88.18%, was Construction expense, including
bridges, 7.399%, Overhcad expense and 4.439, Contingent expense.
This is a good showing as work of this character ordinarily goes. In
view of the small size of the individual projects it would not have
been surprising to have found that the everhead expense ran as high
as 209, of the total cost of the work. However, it will be said in this
connection, that a better showing could be obtained by combining
drains wherever possible so as to reduce the number of separate
projects to be handled. This would result at the same time, in in-
creasing the average size of the area assessed per drain. ‘

There are three items of expenses in connection with the opera-
tions of the Michigan county drain system that have not been in-
cluded in the data of either Tables No.5 or No. 6 as they are not
paid for directly by the property owner. These are the items of
drain commissioner’s salary, expenses contracted by the drain com-
missioner while on official trips over the county, and in some of the
counties the clerical hire for recording the proceedings in the Drain
Record books. The drain commissioner is paid from the general
fund and in about half the counties it is the practice to pay for re-
cording from the contingent fund but in other counties this expense
is charged against the individual drain funds. No data are at hand
as to the exact amount so spent in the State but for the 5-year period,
1913 to 1917 inclusive, it has not averaged to exceed $1,400 per year
per county for the 70 counties which at present have drain commis-
sioners. In some of the counties the total will greatly exceed this
but in others practically nothing whatever has been spent. Assum-
ing $1,400 to represent a fair annual average, the total for the 70
counties for the five years immediately previousto 1918 would amount
to $490,000. If this be added to the total given in Table No. 6 it
will increase the amount from $7,762,998.98 to $8,452,998.98, and
increases the overhead expense from a total of $588,856.27 to $1,078,-
856.27.
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Recomputing the percentages on the basis of these totals it is ' N el Sy and Fublication 28,
shown that 83.079, was for Construction expenses including bridges,
12.76%, for Overhead expenses and 4.179, for Contingent expenses,
which still makes a very credible showing.

Geological Series 23,
at

Plate 111

SUGGESTIONS ON DESIGN OF DRAINS

Certain defects of the present Michigan drain law with respect
to the handling of the larger projects has resulted in the construction
of too many small independent drains. In this manner many
areas of considerable size have been drained piecemeal by the ex-
pensive and unsatisfactory method of building several small ditches
Wwhich have been separately applied for, established and constructed
where a single main outlet with a well planned system of laterals,
looking towards the drainage either of the entire watershed or of
complete units, would have served all the lands much bette:. Too
often small drains constructed independently, without following any
general plan has resulted in discharging the water from the in-
dividual drains into existing natural or artificial water courses which
already may be overtaxed; resulting in the flooding of the lower lying
lands, thus aggravating the necessity for improvements of the water-
courses. Because of this situation, in fairness to all, an adequate
outlet for all the lands should be designed after the manner indicated
by the map in Figure 4, and in accordance with suggestions which
follow later in this report.

The tendency in the construction of county drains in Michigan
has too often been to limit the size and depth in order that they might
be of a type readily constructed by teams and scrapers (Pl. II1) or,
as in many cases, by hand.

This frequently has resulted in securing ditches that were known
to be of insufficient size at the time of construction and which has
necessitated another petition for enlargement at a later date followed
by all the other legal processes.

The evils which follow from this practice could be largely elimi-
nated were the watershed considered in its entirety, or by complete
units, and adequate outlets designed and constructed on this basis.
Also in many cases contracts for the construction of part or all of
the laterals could be let at the time of letting the contract for the
outlet. In this way the contracts would be larger and attract more
bidders owning and operating different types of ditching machines.
Ultimately a much more effective type of drain would be secured than
1t is practical to construct by team or by hand. In the end the cost
would also be less as the larger machine constructed ditches with

FOUR FEET DEEP

, THREE FEET BOTTOM WIDTH,

WITH BOARD SCRAPER AND TEAM

CONSTRUCTION OF OPEN DRAIN
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their greater capacities would require but infrequent cleanouts as
compared with the smaller ditches. The drain shown in Pl. VI was
constructed during 1918 to replace a shallow team and scra. er ditch
constructed but four years previously in 1914, g ¢
There are certain practical details that enter into the design of
a‘ (.iralnage system which, of necessity must be left to judgment
Chief among these is the size and depth of the proposed ditch and
whether it be open or tiled. It is not unusual for these details to b
made wholly matters of guess work without a fajr appreciatién o?
certain well recognized underlying principals. The result of this is
that often, in order to hold down the first cost, the drain is constxruct‘—
ed Loogmall and too shallow. This necessitates enlargement b
fleepenmg and widening at some future date, which all too frequentl ’
1s long postponed resulting in partial or entire loss of crops for %everil’
seasons because of insufficient drainage. o

Run-off From Watersheds

In.the design of a drainage system the first question arising is the
qu.an.tlty of water that must be cared for in order to give adequate
relief.  Now this quantity, called “run-off”, will depend princi(g)all
upon the amount and distribution of the rainfall and upon the sizey
shape and general nature of the area, or watershed under considera:
tion—whether hilly or level-—the type of soil, and the character of

surface vegetation.
TABLE No. 8.

Number of storms occurring in differ i
- ) ] > ent ; i gt i
from 1902 to 1917 inclusive. (Compiled frompaﬁr.t%4Oévé\a/{tllcllelig%%rggélrll{gecé?&gejar period

24-hour rainfall.

Station. | -
2-3 inches. | 3—4 inches. 4-5 inches. 5-6 inches.

Alpena............... . ..
Detroit. ........ ... . ]
Escanaba (N. Py, ... ... .. ..
Grand Haven..... . .. . . . .
Grand Rapids....... ... ... .

Houghton (N. P.)........ ...

Lansing............... ... ...
Marquette (N. P.y......... . .
Port Huron..... .. . . . .. ..
Saginaw............. .. .. ..

—

bt

-
W REONNG OO

WChRNW twSoo
(=
o

Sault Ste. Marie (N. P.).... ...

=
—_

.The ra}ins in Michigan come in a manner to make for economical
(lralqage in that they are quite uniformly distributed throughout the
growing season and exceptionally heavy rains of long duration such
a§ cause a high rate of run-off, are of infrequent occurrence
Table No. 8 above clearly shows this and ditches constructed on.

-

v
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4 hasis of providing for relief from floods following a 24-hour rainfall
of 2 to 3 inches will be satisfactory for ordinary drainage of agri-
cultural lands throughout practically all of the State. However,
in some few localities towards the northern part of the Southern
Peninsula, and in some places in the northern Peninsula, the table
indicates that 24-hour rains of 3 to 4 inches oceur often enough to
warrant some consideration in the future development by drainage.
Next in importance to rainfall the size, shape and general surface
features of the watershed should be considered. Other things being
cqual, it naturally follows that the larger the watershed the greater
the run-off, although the per cent of the run-off reaching an outlet
ditch, within a given time, will be less for large watersheds than for
small ones. The shape of the watershed should also be considered—
as excess water from a long narrow divide or from a fan shaped
watershed, all parts of which are more or less contiguous to the
drain, will find its way to the drain more quickly than it will from a
watershed of irregular shape,-parts of which lie-a considerable dis-
tance away from the drain. This does not necessarily increase the
total amount of run-off but it causes heavier floods so that a larger
proportion of the run-off is required to be cared for by the drain,
within a given time. This can only be accomplished by increasing
the size of the drain. ’
Next after the size and shape of the watershed the surface condi-
tions should be given consideration as both the rate and actual
amount of run-off will be greater from a hilly watershed than from

a flat one.
The kind of soil is a factor in the matter of run-off as clay will

shed surface water more rapidly than will soil of a sandy nature.

For open ditches this is of considerable importance and also for the
larger tile drains that are provided with inlets which permit the
ready entrance of surface water. For a well designed farm lateral
system of tile drains the variations in the type of the soil does not
greatly influence the run-off as the drains are more closely spaced in
the clay soils than in the sandy ones and consequently, while the
water enters the clay more slowly than it does the sand, it has a less
distance to travel after entering the soil before entering the drain.
After having made a study of the factors governing the run-off
from a watershed the actual amount of water the drain should be
designed to carry can then be estimiated. This is best done by
assuming that the ditch must be sufficiently large to remove a cer-
tain depth of water from the entire watershed within a period of
24 hours. This depth is generally expressed in fractions of an inch
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and. 1s usually spoken of as “coefficient of run-off.” For open outlet
firam_s fqr various sizes of ‘watersheds representing average conditions
in Michigan the coefficient of run-off should be 34 inch in 24 hours
for the smaller watershed areas—one to five square miles: & incl;
1n 24 hours for areas of 20 square miles; 14 inch for areas of 66 ssquare

miles; and § inch for areas of 150 square miles.

Table No. 9, following, has been compiled on this basis from the

C. G. Elliott formula C= 1557 w55~ 11.3 in which C is the maxi-

mum rate of run-off in cubic feet per second per square mile and M
1s the drainage area in square miles. This table will serve as a guide
t9 show the quantity of water for which it will be necessary to pro-
vide capacity in the drain if adequate drainage is to be secured.
TABLE No. 9,
Run-off from Michigan Watersheds.

Area.
Es}t{imated
un-off
Acres. Square (Cu. ft. per
miles. second).

.............. § 9

381000 T L 46.9 | [ gsg

307000, 1T I 4.7 | 765

387000 Tt I 62.5 |0 845

.................................... 70.3.... 000000 920
50,000........ . ..

781000, 1T 8.0 990
}gg-ggo~-4v--'-'--~~-l-f ............................. iég.g ............ 1,305
1000, [T L B :
20000007 11T e L 23430 1 ggg

..................................... 3125 2,170

» S B
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As stated carlier the run-off from arcas of equal size will vary,
depending upon certain characteristics of the watershed. Con-
sequently the quantities stated in foregoing table should be slightly
imereased or deereased as the local conditions seem to warrant.

Size and Shape of Open Ditches

After having estimated the run-off from the watershed and hav-
ing ascertained the required. capacity of the proposed drain the
question of determining the depth and bottom width of the drain
then arises. This will depend in considerable part, upon the grade
or fall, that the drain will have, and upon the shape of the diteh,—
whether side slopes are flat or steep. Generally throughout the State
the side slopes are specified to be 1 to 1, 114 to 1 or 114 to 1. It
probably would be better were no slopes steeper than 114 to 1 speci-
fied while for sandy soils the slope should be 2 to 1.

A deep ditch with a narrow bottom has slightly greater capacity
than does a shallow ditch with a wide bottom when the amount of
excavation for each is the same; it is more efficient as a drainage
channel for the reason that it gives deeper, and consequently better
drainage for the adjoining lands during all periods of small flow, and
provides a much better outlet for the tile drainage systems of the
individual farms. Also, water confined in a deep narrow channel
flows more swiftly than it does in a wide shallow channel. This is
important when the fall is light as the ditch with the highest velocity
of flow will more nearly keep clean. A narrow bottom also serves
better to confine the flow during low stages and thus eliminates the
tendency to form bars such as are so frequently seen where the
low water flow meanders back and forth across the bottom of a wide
drain. However, it is not good practice to design open drains with
bottom widths of less than 2 feet as small drains of this type are much
better tiled.

Exceptions to the foregoing relative to the bottom widths should
be made where the drains are constructed in sandy soils or in soft
mucks. Under these conditions the bottoms of the ditches should
be made wider and the side slopes flatter, no steeper than 2 to 1.

Ordinarily an open ditch should be so constructed as to carry a
depth of water of not less than 6 feet during flood stages and as the
size of the drain is increased the ditch should be designed to carry
an increased depth of water. Ditches of these types must neces-
sarily be machine constructed and more and more throughout the
State the tendency is to build this better class of drains as indicated
by Plates TV, VI, VII, VIII and IX in this Report. Such ditches
afford good outlets for tile drains.
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M WIDTH, IN CLAY SOIL.

EATON COUNTY.

DREDGED DRAIN EIGHT FEET DEEP, 8IX FEET BOTTO
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In accordance with the foregoing suggestions the following tables
have been compiled showing the amount of water that open ditches
of different bottom widths will carry. Side slopes in all cases 114
to 1 and those ditches in Table No. 10 to carry water 6 feet deep,
and those in Table No. 11 to carry water 8 feet deep, during flood
stage. Taken in conjunction with Table No. 9 for run-off the proper
size of open drains for watersheds within the limits of sizes covered
by these tables, can readily be determined.

An open drain for a watershed should be so designed that it will
not have insufficient capacity in certain sections and excess capacity
in others. This will mean that no drain of any considerable length
will be of the same size throughout its length. The ditch should be
divided into sections and the run-off from the area of land draining
through each section computed, beginning with the upper section
and continuing in order with each section to the outlet. These sec-
tions need not be of the same length as this is often controlled by
local conditions making it desirable to change the size of the drain
where it changes grade or at a junction with another drain or natural
water course.

Grade for Cpen Titches

The grade of an open ditch should be as nearly uniform through-
out, with as few changes, as possible. It will be impossible to keep
the depth uniform and accomplish this—which will necessitate
deeper cutting through the higher land resulting in a slight increase
in the first cost of the drain. However, the general results will be
much more satisfactory in that the ditch will keep cleaner, be more
efficient and more nearly self-maintaining after construction so that
the additional first cost will be well justified.

Width of Berm

The width of the berm is of importance in the problem of main-
tenance that develops after construction. This width should not be
less than 6 feet for the small team constructed ditches and for the
larger machine constructed ones a width of 8, 10 or 12 feet should
be specified, depending largely on the depth of the ditch and the
character of the soil. Pl IV.

To illustrate the foregoing relative run-off and design of open
ditches, suppose it be assumed that a project is under consideration,
the total watershed of which embraces about 19,000 acres, 29.7
square miles, of gently rolling land. Assume the watershed to be'
fairly uniform in outline and that the soil of the area is part sand and
part clay with some muck in the lowlands, a more or less typica]
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Michigan watershed. By survey the outlet drain proposed for the
watershed has been found, should be 5 miles in length. Of these
29.7 square miles it has been determined that 5,000 acres will drain
through the lower end of the upper section of the diteh which will
be designated as Section No. 1 and which is 34 mile long. It has also
been found that 9,000 acres will drain through the lower end of the
next section designated as Section No. 2 and this seetion is 1 mile
long. Section No. 3 is 114 miles long and 14,000 acres drain through
the lower end.  The outlet end of the drain is at the lower end of
Section No. 4. This section is 2 miles long and through the outlet
the entire watershed of 19,000 acres drains. The survey shows that
it is possible to construet the ditch so that Section No. 1 will have a
fall of 2 feet per mile, Section No, 2, 4 feet per mile and Sections Nos.
3 and 4, five feet per mile. :

By consulting Table No. 9 it is found that Section No. 1 should
have a capacity of 150 second feet, Section No. 2, 255 second feot,
Seetion No. 3, 370 sceond feet and Section No. 4, 475 second fect.
Now referring to Table No. 10 it is found that, with the fall per mile
as determined for the several sections, a ditch with a 4.0 feot bottem,
side slopes of 114 to 1 and carrying water to the depth of 6.0 feet will
be about right for Section No. 1 while for Sections Nos. 2, 3 and 4,
the bottom widths should be 6, 9 and 12 fect respectively. The
capacity of a ditch with a 9 foot bottom is not shown in the tables
but from inspeetion it is obvious that such a ditch will come nearcr
having the desired capacity than onc with either an 8 or a 10 foot
bottom, as the quantity of 370 cubic feet per second is about half
way between the capacity of the 8 and 10 foot bottom ditches when
the fall is 5.0 fect per mile.

Such lateral drains as’it will be necessary to construct in connde-
tion with the drainage of the larger watersheds should be designed
on a basis of run-off from the area drained by each lateral in the same
manner as for the outlet drain.

In the foregoing watershed of 19,000 acres assume it to be neces-
sary to construct a lateral 1.mile long emptying into the main drain,
having a fall at the rate of 5 feet to the mile, and-through the outlet
of which 3,000 acres will drain.  The run-off from the 3,000 acres, as
indicated by Table No. 9 will amount to 95 cubic feet per sccond.
By reference to Table No. 10, it is readily scen that a diteh with a
2 foot bottom width, with a fall ¢f 5 fcet to the mile, will have more
than twice the 1equired eapacity. Asitis rot to Le desired that an
(ren ditch with botton: width of Iess ther 2 fect Te construeted ccn-
sequently this width should be specified for the lateral.

3 511
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Open ditches with bottom widths, side slopes and fall per mile
the same as in Tables Nos. 10 and 11, but designed to carry a depth of
water of 7.0 feet, will have capacities which may be roughly estimated
as half way between those given in Tables No. 10 and 11. When the
depth of flow of water is 9.0 feet the capacities will be about 409
greater than in Table No. 10 and when the depth of flow is 10.0 feet
they will be about 809, greater.

CONSTRUCTION METHODS

Greater progress has been made in the methods for handling con-
tracts throughout the State gencrally than has been made in the
organization and administrative affairs previously discussed and in
many of the counties the construction and contract features of the
work are on a substantial business basis.

There are still several localities where small open ditches con-
structed by team outfits are the rule. No doubt a great amount of
land in Michigan has been drained by this method which however,
is not, adapted to the construction of the deeper, more effective and
more modern type of ditch which is rapidly displacing the shallow
team constructed ditches in so many communities. But it has been
found, that as the communities developed and more lands were
cleared and the demand for the lower lying lands increased, that
deeper and larger drains were needed in order to prevent overflow
and to more completely drain the lower lying lands.

The necessity for new and deeper drains has led to the use of
dredges of which there are two general types, the land dredge as
illustrated by P1. V, and Pl. IX, Fig. 1, and the floating dredge as
illustrated by PIL. IX, Fig. 2. The land type of dredge is adapted to
the construetion of open drains with sloping sides, depths from 6 to
14 fcet and bottom widths from 4 to 12 feet. The floating dredge is
adapted to the construction of larger drains and ditches in swamp
land which is too wet and too soft for any of the land type machines.

Outlets

A very fundamental part of any drainage system is an adequate
outlet, the sccuring of which is sometimes a serious problem. Iix-
cmplifying this Pl. VIII, Fig. 2, shows the outlet for a drain which was
dredged through a sandy ridge. This channel originally was opened
with the land type of dredge similar to that shown in ' Pl. V. The
original dimensions of this channel were about as follows: depth
23 feet, bottom width 4 feet, top width 28 feet. Dimensions at the
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time the picture was taken less than two years after the channel was
opened were found to be: depth 24 feet, bottom width 35 feet, top
width 125 feet. Conditions seem to indicate that the material was
at that time about stable and that very little, if any additional en-
largement would take place. .

In Pl. X, Fig. 2, is shown the lower end of a dredged ditch which
has become more than half filled with fine sand and silt carried down
by the water and deposited because there was no outlet below and
the drain as located had very little, if any, fall.

Pl. X1, Fig. 2, shows the lower end of a drain which is so near the
main stream that a satisfactory outlet cannot be secured until the
water in the main stream is lowered and Pl. X, Fig. 1, shows a dredged
ditch farther back from the main stream than the one shown in the
preceding picture. At this point a good outlet can be secured. The
soil of this particular area is muck and clay and is very fertile.

In the construction of drains to reclaim wet land it sometimes
becomes necessary to construct outlets through ledges of rock. The
outlet for the district shown on the map and profile in Fig. 5 is of this
type. Pl XI, Fig. 1, shows a waterfall over a rock ledge about 36
feet in height located in the Northern Peninsula. A large area of
land along the stream above the falls cannot be drained until the
rock ledge is lowered and a better outlet provided for the lands along
the river above the fall. In one portion of the valley along this stream
a few drainage ditches have already been constructed.

The utilization of land occupied by spoil banks along machine
constructed channels may be carried out very successfully by grading
off the material. In some counties it is specified that the contractor
so spread the earth taken from the ditch that it may be readily leveled
by the owners of the adjacent land. The beneficial results of such a
practice is well illustrated by Pl. VII, showing a drain where this has
been done and where the land ordinarily occupied by spoil banks is
under cultivation.

Uniform Method of Staking Ditches

In the examination of the drain records in the different counties
it was noted that no uniform practice prevails as to the length of
the station used in staking the ditches, previous to receiving bids. In
some counties a stake is set every 4 rods or 66 feet, in others every 6
roads or 99 feet, in still others every 100 feet while in many the stakes
are set every 8 rods or 132 feet. The law specifically provides that
the drain commissioner ‘‘shall set survey or grade stakesnot more than
cight rods apart,” Compiled Laws of Michigan, 1915, Scction 4881.
Consequently the greatest length of stations allowable is definitely

Michigan Geological and Publication 28, Geological Series 23,
Biological Survey. Plate VII.

Fig. 1.

DREDGED DRAIN WITH SPOIL BANKS LEVELED AND CULTIVATED.

Fig. 2.

DRAIN, WITH LEVELED SPOIL BANK, DREDGED IN 1896 MADE
POSSIBLE THE RECLAMATION OF A LARGE AREA ¢
OF FERTILE LAND.
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MMichigan Geological and
Biological Survey.

Publication 28, Geological Series 23,
Plate VIII.

Fig. 1. DREDGED DRAIN

THROUGH MUCK SOIL, SANDY SUBSOIL.

SANILAC COUNTY.

Fig. 2. DRAIN 23 FEET DEEP THROUGH RIDGE OF SAND, MUCK SUBSOIL.

TO DRAIN:SWAMP

BACK OF RIDGE. HURON COUNTY.




Michigan Geological anda Publication 28, Geological Series 23,
Biological Survey. Plate IX.

Fig. 1. LAND TYPE OF DREDGE CONSTRUCTING OPEN DITCH TEN FEET
DEEP AND TWELVE FEET BOTTOM WIDTH

s )

Fig. 2. FLOATING DREDGE, TWO-YARD DIPPER, SIXTY-FOOT BOOM,
28x30 HULL. SAGINAW COUNTY.



Michigan Geological and Publication 28, Geological Series 23,
Biological Survey. Plate X.

Fig. 1. DREDGED DRAIN WHICH DISCHARGED INTO LOWER FLAT AREA. !
THIS TYPE OF DRAIN MAY BE ADVANTAGEOQUSLY REPLACED WITH
TILE WHEN PROPER OUTLET IS PROVIDED.

Fig. 2, DREDGED DRAIN PARTLY FILLED WITH SEDIMENT BECAUSE IT
IT HAS NO OUTLET. '




Michigan Geological and Publication 28, Geological Series 23,
Biological Survey. Plate XI.

Fig. 1. FALLS THIRTY-SIX FEET HIGH ON THE TAHQUAMENON RIVER IN
CHIPPEWA COUNTY. THE ROCK LEDGE AT THIS POINT OBSTR ucTs
THE OUTLET FOR DRAINS IN THE VALLEY ABOVE THE FALLS,

IN CHIPPEWA AND LUCE COUNTIES.

Fig. 2. DREDGED DRAIN WHICH HAS POOR OUTLET.
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fixed but otherwise the length is entirely optional. It would simplify
somewhat the prepartions of estimates and also make for a uniform
method throughout the State, and at the same time conform with the
general practice followed in all other public works, if the ditches
were staked in 100 foot stations.

Cubic Yard Basis for Letting Contracts

In many of the counties it is still the custom to let the contracts
for excavation, whether new or clean out work, on a basis of so much
per rod of ditch leaving the bidders to estimate the volume of material
to be moved. It would be more satisfactory were these contracts
let on a basis of cubic yards of material to be excavated. An estimate
of this kind has many advantages for the smaller drains and is almost
indispensible for the larger machine construeted ditches, as a bidder
must have this information if he is to bid intelligently on the job.
If it is not of record, based on careful calculation, he guesses at it
and in order to be safe generally guesses high.

In several counties this practice is already quite generally fol-
lowed and were it done in all it would then be possible for contractors
to bid more intelligently, and for drain commissioners to compare
on a fair basis, prices paid for work in different counties. It would
also enable a commissioner to more intelligently compare prices paid
in different jobs in his own county. The yardage, after computation,
should be made a part of the “Minutes of Survey” with the length,
bottom width, depth, side slopes, width of berm and grade of the
ditch and should be included in the published ‘“Notice of Letting.”
This would give prospective bidders a definite idea of the nature of
the work under consideration and in the end, in connection with a
uniform length of station, would serve to further standardize and
reduce the cost of the work throughout the State.

TILE DRAINS FOR COUNTY WORK

The use of tile in county drain work is increasing as indicated by
the fact, previously stated in this report, that 60 per cent of the tile
0 used has been installed during the five year period, 1913 to 1917.
This increase in the use of tile conforms with the practice in other
States. In Pl XTI, Fig. 1, is shown 27-inch tile that are to be used in
the reconstruction of the shallow open ditch shown in the same pic-
ture. In Pl XII, Fig. 2, is shown the outlet of a 36-inch tile drain.
The road culvert just above the outlet of this drain is necessary in
this particular case because it is not possible that all the storm water
which reaches the valley be carried off by the tile drain but a certain
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portion of it will flow over the surface of the ground. Culverts of Mighigan Geological and Publication 28, Geological Series 23,
this type are to be found quite frequently. ' .

Substitution of tile in county work for the smaller open ditches .
has many advantages. Chief among these is that, for a slight in- '
crease In first cost, a drain is obtained which wastes no ground, does
not cut up fields, calls for but little maintenance, and is as cfficient
many years after construction as it was at first. So many of the
small open ditches are no sooner constructed than they begin to fill
in and become less and less effective as time elapses, finally neces-
sitating a clean-out which ordinarily results in an expense about
cqual to the first cost of the drain.

The limit to the size of tile for county drains beyond which their
use cannot be justified on account of the cost, must necessarily vary
beeause of local conditions such as the slope of the land, soil and
subsoil, and also upon the general development of the farming com-
munity. With the prices such as prevail in Michigan during normal
times, the use of tile as large in diameter as 24 inches certainly is
warranted and in many cases the use of tile larger than 24 inches is
well justified. Much depends, however, upon the fall available, as
the greater the fall the more capacity a tile will have. This means '
that the area which can drain through a tile of any size will increase Fig. 1. OLD TEAM AND SORAPER DITCH TO BE REPLACED BY 27-INCH
as the fall increases. It is ncarly always possible to so design the '
drainage system that the fall will somewhat excecd the natural sur-
face slope of the land. This can be accomplished by deepenng the
open ditch part of the system, giving the tilelines good deep outlets.
These tile outlets, while being deep, should not be so near the bottom
of the open ditch that they will be submerged, excepting for short
periods during highwater stages. The depth to which the tile should
be laid in the line should be governed by the top of the tile rather
than by the bottom as is done in so many cases and which has resulted
in laying many of the large size tile too shallow. Generally for coun-
ty drains this depth should be not less than about 414 feet which will
mean that the bottom of a 15-inch tile—allowing for the thickness
of the tile walls—will be very nearly 6.0 feet below the ground.

Table No. 12 following has been compiled to show the amount of
land which different size tile will care for when laid with a fall per
mile ranging from 1 foot to 26.4 feet per mile. This fall has been
expressed in three different ways in the table, as a matter of conven-
ience. The areas are figured for outlet drains where surface water is
admitted directly into the tile by suitably constructed inlets and
consequently from a drainage standpoint the tile will act essentially
as an open ditch with respect to the removal of flood waters. For Fig. 2. OUTLET OF 3¢-INCH SEGMENTAL BLOCK DRAIN.
drains where surface water is not admitted directly into the tile the
number of acres which each size of tile will care for, when laid with
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the fall as indicated, will in each case be twice that given in the
table.

The latter class of tile drains might well be used to gradually re-
place many of the small open ditches as they come up for clean out.
As in many cases these small ditches have been constructed rather
from the standpoint of under drainage than for the removal of flood
waters and could safely be designed on the basis of ability to care
for twice the area as indicated in Table No. 12.

INSPECTION

At frequent intervals in the progréss of the construction of county
ditches, it is advisable that the work be checked. In all cases before
final acceptance enough measurements and levels should be taken
by the engineer to definitely ascertain whether the depth and other
dimensions of the ditch are in accordance with the specifications.
The depths of the drain should be checked by the engineer from
established benchmarks wherever possible. For tile work inspection
and checking of grades and depths during construction of the drain
and before final acceptance is even more important than for the open
ditches.

MAINTENANCE

All drainage systems require some maintenance after construec-
tion, if they are to retain anything near their maximum efficiency.
Rapidity of deterioration of ditches varies under different conditions
of soil, subsoil, size and shape of cross sections, grade of the drain
and upon the nature of the vegetation that thrives along the slopes
of the ditch. The drain should be kept free from logs, brush, sods,
from cave-ins, refuse and other obstructions. The slopes of the ditch-
es should be kept free of rank growths of weeds and willows and sap-
lings should be kept grubbed out. This was not donc in the case of
the drains shown in Pl. XIII, Figs. 1 and 2. In fact, everything that
reasonably can be, should be done to maintain the efficiency of the
drain for only by so doing can an expensive cleanout be long de-
layed. :

Experience in other States indicates that a ditch properly main-
tained will cost less to the landowners over a period of years than if
constructed and allowed to deteriorate until a reconstruction is
necessary. As in the case of the ditch shown in Pl. XIII, Fig. 1,
which is to be replaced by a machine dug ditch similar to that
shown in P1. IV.

The maintenance of tile drains is much less of a problem than
that of the open ditches but they sometimes require attention which
if long delayed, may necessitate the digging up and relaying of con-
siderable sections.

lichi je ical a Publication 28, Geological Series 23,
Michigan Geological and Piate itk

Biological Survey.

g, 1. PEN DRAIN NEARLY FILLED IN, CONTRACT LET FOR
tig. 1.0l ERECONSTRUCTION WITH LAND TYPE DREDGE.

ig. 2. TYPICAL OLD OPEN DRAIN IN MARSH PASTURE LAND. DRAIN
FlgEN'I‘IRELY FILLED IN AND GROWN UP WITH VEGETATION, LARGE
TILE WOULD BE PRACTICAL FOR REPLACING THIS DRAIN.
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CHAPTER IV
THE MICHIGAN DRAIN LAW

PURPOSE OF THE LAW

The:construction of drains is provided for in Chapter 93 of the
Compiled Laws of Michigan, 1915, and in the Public Acts of the
Legislature, 1917. The legislature has also passed certain acts which
amend the provisions of certain sections of the general law in certain
counties.

Since the passage of the law its constitutionality has been estab-
lished by the Supreme Court of the State and various judicial deci-
sions have made clear obscure provisions of the statute. The Act
provides “Tor the construction and maintenance of drains and the
assessment and collection of taxes therefor, and to repeal all other
laws relative thereto.” The law states, (Chapter 93, No. 4870, Sec.
1) “that drains may be located, established, constructed and main-
tained, and drains and water courses may be cleaned out, straigh-
ened, widened, deepened and extended whenever the same shall be
conducive to the public health, convenience or welfare, (No. 4871, Sec
2). The word “drain’” whenever used in this act shall be deemed to
include any water course or ditch opened or proposed to be opened,
and improved for the purpose of drainage and any artificial ditch

“or drain, levee, dike, or barrier, or tile drain proposed or constructed

for such purposes.”

The responsibility for initiating the petition for the drain rests
entirely with the land owners whose lands will be traversed by such
drain, who must file an application requesting the establishment of
the drain with the county drain commissioner. The drain, but not
the assessment district, is covered by the petition.

After the application is filed, the drain commissioner becomes
the executive officer charged with the duty of carrying out the pro-
visions of the law. The operation of the law and the relationship
of the various parties to the proceedings are shown in diagram,
Figure 5, to which references are made in the following paragraphs.

PROCEDURE IN ESTABLISHING A DRAIN

The law provides that when it is desired to take action in regard
to a given drain that an application requesting the desired action,
signed by not less than one-half the freeholders whose lands are
traversed by the drain, shall be filed with the county drain com-
missioner (1, Figure 5).
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Upon the filing of an application for a drain, the county drain
commissioner is required to submit the petition to the township
board in the township through which the drain passes (2, Figure 5).

The board advertises in a newspaper for one week and holds a
meeting and proceeds to determine the necessity of said drain and
whether the same is necessary and conducive to the public health,
convenience and welfare. At this meeting all persons whose lands
are liable to assessment for the drain, or whose lands are crossed by
the drain may appear for or against the drainage proceedings. After
hearing the evidence offered, the board determines whether or not
the drain is necessary and conducive to the public health, conven-
ience and welfare. If the board’s action is unfavorable the petition
is dismissed and no further petition for the drain is legal within one
year of the date of such determination. If the board’s action is
favorable an order is made to that effeet and filed with the county
drain commissioner (3, Figure 5).

The commissioner, as a means of determining the practicability
of the drain, now has a survey made of the proposed drain (4, Figure
5). The minutes of the survey are then prepared from the notes of
the survey for use in the First Order of Determination. (5, Figure 5.)

If the commissioner finds that the drain is practicable, he makes
the First Order of Determination naming the drain and giving the
essential facts in regard to it and the drain is staked out on the
ground to show its exact location as described in the petition.
(6, Figure 5.) ‘

Until twenty days after the first order of determination any
person who may consider himself aggrieved by the determination
of necessity or by the survey, may make application to the probate
court for the appointment of an engineer. Upon receipt of such
application the court notifies the County Drain Commissioner and
the State Highway Commissioner. It is the duty of the State High-
way Commissioner to appoint an engineer, who confers with the
County Drain Commissioner and the aggrieved land owner and makes
such investigations and surveys as he deems proper to determine
the necessity for the drain. His decision in regard to the necessity
for the drain is final.

The drain commissioner, after making the first order of deter-
mination proceeds to secure right of way for the drain. This seem-
ingly minor matter is in reality a very considerable task on most
drains, (7, Figure 5). In the event that any land owner refuses
voluntarily or is prohibited by law to grant a release of right of
way the commissioner makes application to the probate court for
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the appointment of threespecial commissioners ora jury of twelvefree-
holders to determine the necessity of the drain and for the taking of
private property for the use and bencfit of the public, and the just
compensation to be made for the property taken.

The probate court to whom such application is made makes an
examination of all the proceedings of the county drain commissioner
so far as had and if they are found in accord with the statute the
court sets a time and a place for the hearing and issues a citation to
all persons who have not released rights of way and all who claim
damages, to appear at the time and place and be heard. The court,
at the time and place set, proceeds to hear all persons whose lands
are traversed by the drain. If no sufficient cause is shown against
granting the application, the court makes an order appointing three
disinterested and competent freeholders as special commissioners to
ascertain and determine the necessity for such drain and to appraise
the compensation to be allowed to the owners of the property to be
taken for the right of way.

Any freeholder who has not released the right of way may demand
a jury at any time before the appointment of the speaeial commis-
sioners. The special commissioners or jury view the premises and
hear the interested parties, and file their award with the county
drain commissioner. The drain commissioner deducts the damages
from the benefits when made and pays the balance to each land
owner in case the damages exceed the benefits. Special provision
is made for securing right of way across the property of railroad
companies. The jury, if one be appointed, makes its report to the
probate judge who reports to the Drain Commissioner. The special
commissioners or jury may determine the drain to be unnecessary
and in such case the drain commissioner shall dismiss the proceed-
ings for a year at the cost of petitioners.

After all the right of way for a drain is secured the drain com-
missioner makes a Final Order of Determination establishing the
drain along the route designated by the survey (8, Figure 4) and then
proceeds to determine which lands will be benefited by the drain and
to establish the special assessment district to apportion the per cent
of benefit to each tract of land and to let contracts for the con-
struction of the drain.

The county drain commissioner is required to give not less than
10 days notice of the time and place of letting by serving personal
notice upon every person whose lands are affected by the assess-
ment and who reside in the township or township affected. Notice
must also be given by publication and by posting notices in the man-
ner prescribed by the law. The notice shall contain a description
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of the lands to be assessed and shall also state that the assessment
of per ‘cent of benefits on the land within the district shall be subject
to review on the day of the letting or at such other time and place
as the county drain commissioner may adjourn to. (9, Fig. 5.)

This notice although it is termed “Notice of Letting Drain Con-
jcra.ct,” is primarily intended to serve as a notice to land owners to
inform them that special assessments are to be made againgt their
lands to pay for the drain. )

At the time and place of letting and before receiving bids, the
county drain commissioner usually by a vote of the tax pa’yel‘s
determines whether the taxes to be spread for benefits to lands shaH)
be assessed and collected in one, two or three years.

For approximately 60 per cent of the drains in the State the assess-
ments have been paid in a single installment and for nearly all of the
other drains the assessments have been paid in two annﬁal install-
ments, three installments being very rarely used. On the day of the
letting the drain commissioner announces the per cent of benefit
aprrtioned to each tract of land. (10, Figure 5.) Bids are then
received and contract let for the construction of the drain to the
lowest responsible bidder. (11, Figure 5.)

. The owner of any land assessed for any benefit or the construc-
tion of a drain who may counsider himself aggrieved by the assess-
ment made by the county drain commissioner, may, within ten days
after the day of review, make application to the probate court for
the appointment of a board of review. The court, upon receipt of
such application shall notify the county drain commissioner and shall
the.n appoint three disinterested freeholders of such county not
resident of the township or townships affected, as members of the
board of review. A time and place where such board shall review
the a}ssessment shall then be fixed. Due notice of the hearing must
be given to all interested parties. At such hearing the board shall
hear all parties with respect to the matter of appeal and shall view
thellands benefited by the drain and review all assessments on such
fil'aln and if in their judgment there be manifest error or inequality
in such assessment, they shall order and make such changes as they
deem equitable. The action and decision of the board shall be final
and shall be delivered in writing to the county drain commissioner.

. The proceedings in establishing any drain is also subject to re-
view upon certorari, provided the proceedings are instituted within
ten days after the Final Order of Determination is filed with the
county clerk.

Wit}.lin ten days after the letting of contract, or in case of an
appeal immediately after the appeal is decided, the county drain
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commissioner shall make a computation of the entire cos.t of t.he
drain which shall include all expenses incurred in connection with
the same. (12, Figure 5.) .

The county drain commissioner shall make a spemal'assessment
roll for the drain for each township or townships and city affec’?ed
thereby. This roll shall contain all information necessary for lev_ymg
the tax and shall be filed in the office of the clerk of the tqwnshm or
eity in which such lands are situated. The clerk shall deliver a cer-
tified statement of the several amounts of drainage taxestobe assessed
during the coming year and a description of the property to be asses-
sed to the supervisor of the township. It is the dut.y of the super-
visor to spread on his roll the total amount of the drainage thes and
the description of the lands to which they are assessed. (13, Flgu.re.z 5.)

All drainage taxes assessed are subject to the same provisions
and are collected in the same manner as state z‘md other general
taxes by the township treasurer and paid by him to the county
treasurer. The county drain commissioner issues orders on the
county treasurer for services rendered and work done. Thfa funds
for each drain are kept separately and expended for that drain only.

(14, Figure 5.)

The clause “‘public health, welfare and convenience’’ is the basis

upon which all taxation for public improvements is r.nade.

The benefits, however, which result to any agricultural commu-
nity when certain of the lands are improved and.made. to produce
more by drainage are actual benefits and definitely increase the
welfare of the community, the county and the State, and are not

- dependent upon any real or fancied betterment of the health and
increase in convenience. _ .

Drainage under the county systém is in every sense & community
problem although it is often hard for some of the property owners
of the higher lying and better drained lands (W.hether na,tu.rally or
artificially drained) within a watershed, to real.lze that the.lr lands
should be assessed for benefits for the construction of a dran.l, from
which they may apparently receive no direct beneﬁts_. It is true,
however, that the rain falls in equal amounts on the highest and on
the lowest acre in the watershed. It is also true that as much falls
on the driest acre as on the wettest and is no respecter of fence lines
or the farm unit. A part of all this water ultimately must' be eare.d
for by the drain. It becomes a burden upon the community and it
is impossible for the individual farm unit to escape the responsibility
of assisting in some measure in caring for such part of the burden as
originates on land comprising the unit. It matters not whether this
water reaches the county drain directly or indirectly, whether through
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small open or tile farm drains or whether it runs in plow furrows into
the roadside ditches, and from there finally into some part of the
county system. All lands contributing water to a drain are not
equally benefited by the drain and because of this the principal of
assessing the costs of the drain in proportion to benefits has been
worked out and when this principal is carefully applied the results
are probably as equitable as it is possible to make any system of
taxation.

It is the duty of the county drain commissioner to make a full
record of each drain in the drainage record books of the county
(15, Figure 5). All original papers must be filed with the county
clerk and the law provides, “that no drain tax shall be spread until
all records have been deposited and filed in the office of the county
clerk.” :

The county drain commissioner may without petition, on the
written request of one or more tax payers on a drain, expend an
amount not to exceed 10 per cent of the original cost in repairing the
drain where in his opinion an emergency condition exists, endanger-
ing crops or property. :

Whenever a drain or portions thereof needs cleaning out, any
five freeholders of the town or township in which the drain is situated
one or more of whom must own land liable for assessment, may make
application to the county drain commissioner setting forth the
necessity of such proposed work and the county drain commissioner
shall then proceed in the same manner as provided for locating,
establishing or extending a drain. If the work is found necessary,
he shall fix the per cent of cost that the owners of the land benefited
shall pay. Assessments shall be made according to benefits received
and shall be subject to appeal as when a drain is established. The
commissioner shall cause to be published at least once in a newspaper
a notice which shall give the time and place of letting the contract;
and shall also cause notices to be posted in regard to the letting in
the manner provided by law. The steps thereafter to be taken as
provided for in laying out and establishing a drain. If necessity for
such cleaning out arises from the act or neglect of any land owners
such act or neglect shall be taken into consideration in making the
assessment. The county drain commissioner may in his discretion
without application use any surplus funds for cleaning out obstruc-
tions.

In case a drain is to be deepened, widened, or straightened, the
county drain commissioner shall make his First Order of Determina-
tion and steps thereafter shall be taken as provided for by law in
establishing 2 drain.
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All the powers conferred for establishing and constructing drgins
and for the enforcement of assessment, shall include the deepening,
the widening or extending of any drain which has been. constructed
or may be constructed and the straightening, cleaning o.ut and
deepening the channel of creeks or streams and the ponstructmg ajnd
maintaining, remodeling and repairing of levees, dikes and barriers
for the purpose of drainage. The commissioner may relocate or extend
the line of any drain if the same be necessary to secure an outlet,
provided that no proceeding affecting the rights of persons or property
shall be had, except upon like application, ngtlce, hearing and
award as provided for the construction of the drains. o

Whenever any person shall obstruct any established drain 1t 18
the county drain commissioner’s duty to compel the removal of the
obstruction. The person causing such obstruction ghall be liable
for all expenses of removing the obstruction provided that the
owners or occupants be given five day’s notice to remove the ob-

struction.

DRAINS WHICH AFFECT MORE THAN ONE COUNTY

When it is decided to locate, establish, widen, deepen or extend
a drain traversing more than one county or affecting land in two or
more counties, an application therefor shall be made to the county
drain commissioner of either county traversed by t}.le proposed
drain. The application shall be subject to the same obhga@on“s anfi
liabilities as for a drain in one county except that the apphcg‘mon 18
not passed upon by the township boards. If upon examination, the
county drain commissioner shall deem the drain necessary al}d for
the good of the public health, welfare and convenience, h(; f}xes a
time and place of meeting and notifies the county drain commissioners
of the other county or counties to be affected and furmsh?s them
copies of the application. The commissioners_ meet at the time and
place fixed and thereafter jointly take all stepg and perform Z.Lu acts
and sign all papers as county drain commissioners are required to
do in other drains, including application to probate (?oul‘t. o

If they are unable to agree in regard to anything p.ert.alnlng to
the drain they may appeal to the State Highway Commlsswner Who
has the right to subpobna witnessess and take testimony relative
to the drain, and his decision is final. .

Right of way is secured in the same manner as for a drain in one
county. Before the contract for construction is let, the ecounty
drain commissioners agree upon the per cent of the cost of construc-
tion that each county shall bear. If they cannot agree they appeal

THE MICHIGAN DRAIN LAW 51

to the State Highway Commissioner who apportions the costs bhe-
tween the counties. Kach county drain commissioner then assesses
the per cent of benefit aceruing to the lands in the county for which
he serves in the same manner as he would for a drain located entirely
in that county. Each commissioner is required to make a full record
of the drain in the drainage record book of the county for which he
serves and a certified copy of each paper shall be filed in the office of
the county clerk of each county.

Cleaning and widening, deepening or extending, on joint county
drains are handled in the same way as for drains in one county by
the drain commissioners of the counties affected by the drain in a
manner similar to that provided for drains in one county and if they
are unable to agree they may appeal to the State Highway Cominis-
sioner whose decision is final.

DEFICIENCIES IN PRESENT PROCEDURE

The first law provided means by which a farmer could secure an
outlet across his neighbor’s lands for the ditch necessary to drain
his farm. As the country became more thickly settled the necessity
for larger drains in which a number of land owners were interested
became apparent and the first crude public drain law was passed.
As need for better drainage developed, or a clearer idea of existing
need obtained, the law was either amended or a new law passed.
In this manner, the present methods of drainage in the State and
the present drain law were developed.

Under the provisions of the Michigan drain law now in force
about 9,300 drains, having a combined length of nearly 20,000 miles
and costing over $18,000,000 have been constructed. The investiga-
tions show that in general this law has quite successfully served the
purpose for which it was passed. As a rule the organization of and
construction of the drains have been accomplished within a reason-
able period of time after the work was initiated, although on many
drains there have been serious delays. The administration and
overhead charges in most instances have been low. At every stage
of the proceedings ample opportunity is given to land owners who
may feel aggrieved to appear and have any mistakes or Injustices
corrected. The litigation over drainage matters, except in a few
counties has been almost negligible and the showing in this respect
compares very favorably with that of other States.

In working under the law the officials charged with the adminis-
tration of the affairs of the drain find that certain difficulties in the
operation of the law tend to increase the time required to establish
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and construct a drain, to make it impossible to always secure the
most efficient drain and to increase the cost of a drain and in few
instances to entirely prevent land owners from securing drainage
outlets. Any or all of these difficulties may occur in connection with
any drain.

The petition or application for a drain on which the whole pro-
ceeding rests covers a drain limited as to size, location and kind by
the petition of individuals who may have, but who frequently do
not have, the best information obtainable as to size, location, kind
of, and most economic drain which might be used in a given territory.
A majority of the owners whose lands are to be traversed by a drain
must sign the original petition and it 1s not possible for other owners
whose land would not be crossed by the drain to initiate a project
1o matter how wet their lands may be or how badly they may need
improved drainage. Parties desiring to drain certain lands have
been unable to secure a lawful petition because a majority of owners
of land to be traversed by the drain refused to sign the petition, even
though a majority of the owners of the land to be assessed to pay
for the drain were in favor of the project.

The interpretation of the law which requires the applicants for
a drain to state in the petition the location of a drain, its course,
commencement and ending point often hinders work which would
otherwise be undertaken or it leads to the construction of inade-
quate drains. In many instances an inefficient poorly designed drain
has been constructed because the location or size was limited by the
petitioners who were not fully informed as to the proper location or
size which should have been adopted. In certain sections of the
State property owners would prefer to leave these facts to be deter-
mined by a survey, but drain commissioners are not anthorized to
establish a drain which is not definitely located by the application.
Furthermore, the land to be benefited 1s not described in the peti-
tion although it would appear that the approximate amount of land
to be benefited should be known before the necessity for the drain is
determined. ‘

For a small drain the land owners usually have a good idea as to
the general requirements but for a large drain they have no idea of
the necessary requirements and this can be obtained only after sur-
veys have been made to determine the essential facts in regard to
the project and the ditches are then designed to give the required
drainage. The law makes no provision for such surveys and requires
that certain facts in regard to the drain or drains shall be fixed in
the application and these cannot be varied later. In certain counties
of the State the necessity for this information has been recognized
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and it has become the common practice in these counties for the
drain commissioner and the engineer to work out a plan of drainage
for a given area before the application for the drain is filed. Howevér,
it would be much better if the application merely described the land
to be drained and the general location of the drain or drains, leaving
the details in regard to the location, points of beginning and ending;
and the size and depth of the drain necessary, to the Drain Com-
missioner or Engineer, after sufficient data have been secured by the
preliminary surveys on which to base the design of the system.

Prior to the letting of the contract no official estimate or cost of
a drain is prepared and consequently the tax payers have no definite
hasis from which to determine the probable amount of money they
will require to pay for the drain. However, various unofficial esti-
mates of cost are prepared for practically all drains by tax payers
or other individuals and usually data for such estimates are incom-
plete or meager. This method often leads to the preparation of un-
reliable statements under the guise of estimates which frequently
results in arousing opposition to worthy projects because the esti-
‘mates of cost are excessive or on the other hand, it may result in
making projects of doubtful worth appear to be feasible because the
estimates are too low. Because of this situation a reliable official
estimate of cost is desirable for all drains of any considerable size.
The lack of proper information on which properly to base the appli-
cation has resulted in the construction of many ineffective drains,
and in many cases has greatly increased the cost of the work. The
investigations forming the basis of this report show that the best
results have been secured where the drain commissioner has realized
the advantages that come from the construction of properly designed
drains, but in many counties where larger work has been handled
without competent- engineering advice, many expensive mistakes
have been made.

The time required to secure action by the township board causes
a serious delay in the proceedings without adding any apparent cor-
responding benefit. Frequently the board in ascertaining and deter-
mining the necessity for a drain acts in a superficial or arbitrary
manner and in reality contributes nothing of value to the drain
proceedings. When the drain passes through two or more townships
the proceedings become unnecessarily cumbersome.

The actual value of land required for right of way is much less
than the value of the special assessments which are levied to pay
for drain yet the acts necessary to secure the right of way are fre-
quently more expensive and require more time than the making of
assessments of benefits. The practice of not requiring land owners
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to elaim damages on account of the construction of the ditch, or for

the land taken for rights of way, has been followed for several years
in Arkansas, Missouri, Mississippi, and other States which have or
have had, large drainage problems and the same authority that as-
sumes benefits also allows damages; Kansas recently so amended its
drainage law as to provide for this. This method has the effect of
simplifying and expediting the proceedure, lowering the cost and
reducing litigation—all desirable changes from the viewpoint of the
land owner. Ordinarily the authority that assesses benefits has
made a complete study of the project and consequently Is in a better
position to equitably assess damages than is any other authority.

In some of the counties of the State considerable difficulty also
has been experienced under the Michigan Act in securing rights of
way from railroads for drains.

The amount of recording now required for each drain is large and
considerable duplication.occurs. Frequently for a drain of ordinary
size the record covers 100 or more large record book pages. The
minutes of survey after having been recorded once reappear many
times in other papers. In one record that was examined it had been
copied 13 times. In preparing statements to show the area of land
embraced in assessing districts, the per cent of benefit apportioned
to the separate tracts of land, and the assessment of cost of a drain,
three separate statements or lists are prepared and recorded. The
records could be materially shortened by combining these three
statements and making a single lists of lands benefited. The number
of acres of land assessed in each tract and the total acreage in the
district are not recorded on the assessment roll.

The law makes no provision for paying expenses incurred in
connection with the drains before the taxes are levied and paid ex-
cept that payment may be made for the surveyor’s services from the
general fund of the county. Orders cannot be drawn on the drain
fund until the contract is let and are not payable until March 15
of the year in which the taxes are required to be paid, and do not
bear interest except after drain taxes become delinquent. The ina-
bility to make payments in cash for expenses incurred in connection
with the drain does not make for efficiency.

The law requires that personal notice of the letting of a contract
for the construction of the drain shall be given to all land owners
whose lands will be assessed. Notice is also given by advertising
in a newspaper and by posting notices. On a large drain where there
are many landowners the serving of personal notices is a task of
considerable magnitude, the necessity for which is not apparent.

Wi
Sn
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In some States formerly having drain laws similar to the Michigan
Act, considerable change in procedure has been made. Personal
service of notice in regard to the drain or assessment rolls has been
quite generally abandoned; notice being given by publication In
newspapers and by posting of notices in public places in the district.

The contractor for the work performed on Michigan County
Drains is required to finance the construction until the taxes are paid.
When the taxes are paid in one year this is not a serious matter, bul
when the taxes are paid in two or three installments it may materially
increase the cost of the work to the land owners.

Information obtained during the investigation indicates that iu
a few counties the increased cost where payment was deferred to
two years was from 10 to 20 per. cent, and probably averages about
10 per cent. This increase is substantially the same as is found in
other States where payments are deferred. The ability to pay a
contractor in cash materially reduces the cost of the work as the
contractor is not required to discount the orders or carry them until
funds are available.

In order to have a drain cleaned out it is necessary to file an
application with the county drain commissioner who determines
the per cent of benefit assessed to each tract and then proceeds as
though he were constructing a new drain. There is a demand for a
simpler and more expeditious method of cleaning out drains. Ex-
perience in other States indicates that an annual tax for maintenance
is advisable and results in better drainage at a lower average annual
cost than where the drains are repaired and cleaned only after the
have become practically imperative.

No provision is made in the law for aland owner whose land is
not traversed by a drain to secure an entrance to the drain across
land owned by another party. If the matter cannot be arranged be-
tween owners the only way the outlet can be secured is by securing
necessary signatures to an application and then constructing a drain
in the manner provided by law. A simpler and quicker method than
that now available is needed.

Many features of the present method of handling drains which
affect two or more counties are not very satisfactory. Some counties
may be vitally interested in a project but others may be interested
but slightly. This inequality of interest is certain to cause delay
where no centralized authority is provided. When a number of
counties are interested in a drain the procedure becomes very slow
and cumbersome as each county drain commissioner must sign all
orders and papers connected with the work. If a drain were to be
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undertaken involving one of the larger streams in the State, as many
as 20 drain commissioners might be required to sign each paper.
Such a large body cannot work efficiently and rapidly and would
make the administrative expense heavy.

NECESSITY FOR BONDING PROVISION

The problems connected with the drainage of agricultural lands
are complex, depending upon many factors and are continually
changing. In the early days land was cheap and when the cost of
contemplated drainage went beyond certain limits, it was deemed
cheaper to buy other land with better natural drainage. As the value
of, and demand for land increased it often became profitable to re-
claim lands which a few years earlier the cost for reclamation would
have made prohibitive.
| | In many localities small drains have been constructed which
empty into a natural water course, which does not give an adequate
outlet, and which must be dredged before much of the land im-
mediately tributary to it can be properly drained. The improve-
ment of this outlet is frequently expensive and the cost to the lower
lying lands, which frequently are undeveloped, is so high that it is
very difficult if not impossible for the land owners to pay for the
construction under the method that now prevails. When cultivated
Iands could be cheaply reclaimed by a drain, the land owners could
readily pay for the work in one or two years. As the cost of drainage
increased it became difficult and sometimes impossible to do this.
The necessity for paying for the construction of drains within a
comparatively short time has had the effect of delaying or wholly
preventing the construction of large projects draining an entire
watershed although from every standpoint these larger projects
are most desirable. This difficulty in constructing outlet drains
is one of the reasons why so many small drains such as are so numer-
ous on Plates I and II are constructed.

Many large tracts of timbered wet land are still to be reclaimed
in the State, and many of these are so located that physical conditions
make it necessary that they be drained as units, if adequate drainage
is to be secured. Much of this type of land is so wet that it cannot
be cultivated until it is drained, so that drainage of necessity must
be the first step in the development of these lands. After the outlet
ditches are constructed the lands must then be cleared and the
field ditches built before they can be made to yield an income to the
owner. As is well known by everyone who has had experience with
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such lands this takes considerable time especially if the fields to be
cleared are large. The farmer who is trying to reclaim such lands
usually is not in a position to make large payments for the con-
struction of drains. To meet this condition it is desirable that some
arrangement be made under the terms of which the construction
work can be financed and payment for the work deferred until the
land is producing and yielding returns.

Many States having undeveloped wet lands similar to many of
those in Michigan, have met this difficulty by giving the assessment
district the right to issue bonds which later are paid off from the
taxes collected from the landowners. These bonds command &
ready sale and in many States the landowner is given the privilege
of paying only the interest on the bonds for the first few years while
the lands are being brought under cultivation, after which the bonds
are then paid off in annual installments. This arrangement has
worked well in Minnesota and many of the southern States.
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