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LAND DRAINAGE
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Sentor Drainage Engineer, Bureau of Agricullural Engineering
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PURFPOSE AND SCOPE OF THE INVESTIGATION

There are probebly 18,000,000 acres in the United States embraced
in drainage districts using tile wholly or in part. These public tile
drains have an estimated length of ahont 56,000 miles and cost perhaps
more than $100,600,060. The census of 1920 showed 177 counties
in seven North Central States to have drains of 30-inch and larger tile.

The use of large tile for land drainage incressed greastly from 1910
to 1920, especially in Towa and Minnesota where land values increased
most rapidly. Tile drains have some svident advantages, but in large
sizes cost very much more to construct than open ditches of equal
capacity. The economy of using them has been questionable in many
insiances,

To study the economy of using large draintile, dreinage records
= were examined in 31 counties in Mmnnesota, lows, Wisconsin, Illinois,
=3 Indians, Michigan, and Ohio, and county and drainage district offi~

cials, landowners, and drainage engineers were interviewed in these
and other counties. In the four States first named, figures were
obtained useful in comparing the entire cost—ipstallation and main.
tenance—ifor tile drains and open ditches. The greater portion of
the data presented herein were obtained in Iowa.
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REASONS FOR USING LARGE TILE

Landowners have assumed the burden of the extra cost of using
tile in order to avoid having unsightly ditches and waste banks across
their farms, to prevent division of their fields and interference with
farming operations, and to be free of periodical expenss for cleaning
or redigging the drains. Doubtless in many cases landowners have
been influeneced to assume this burden by the belief that the dam-
ages they would receive from the district for the construction of an
open ditch across their lands would be less than the actual loss result-
ing to them from such construction.

COSTS OF INSTALLATION AND MAINTENANCE

The total cost of drainage for a district comprises (1) the installa-
tion cost, including organization and administration as well as
materials and labor; and (2) the maintenance cost, including expenses
for administration as well as those for actual repair of the drains.
Interest on bords or other indebiedness is not part of the cost of
drainage. The installation cost is a capital investment; the main-
tenance cost is an annual charge. The equivalent investment for
the maintenance cost has been computed for combining with the
installation cost, though reduction of the installation cost to a per-
petusl annual charge would give the same results in comparing the
two kinds of drains. The mterest rate used in the computations
herein is 63 per cent per year.

DRAINAGE WITH TILE

For 106 drainage districts comprising 87 in Iowa, 13 in Minne-
sota, and 6 in Wisconsin and Illinois, data as to period of construe-
tion, length and sizes of tile drains, installation cost, and maintenance
expenditures were obtained as shown in Table 1. The districts have
constructed about 570 miles of tile drains 5 to 40 inches in diameter
at & total installation cost of about $1,863,000. The average costs
of these districts have ranged from $1,066 to $10,813 per mile of
drain, During periods of 3 to 15 years, averaging 7 years, the dis-
tricts heve expended some $60,000 for maintenance, the average
annual expenses ranging from nothing to $193 per mile, and from 0
to 6.3 per cent of the installation costs.

For all these districts, the average annual expenditure (not includ-
ing interest on indebtedness) has been gbout 0.67 per cent of the
installation cost. This is about equivalent to an increase of 10 per
cent in the installation cost if the interest rate on loans is 6% per
cent.

. DRAINAGE WITH OPEN DITCHES

.

For 18 drainage districts in the four States previously named,
similar data were obtained comcerning installation costs and main-
tenance expenditures for open ditches as shown in Table 2. These
districts have constructed about 190 miles of ditches ranging from 3
‘o 26 feet in bottom width at a total installation cost of $409,000.
The average costs of the districts have ranged from $549 to $4,784
per mile of ditch. The avera; annual maintenance expenses, for
periods of 5 to 35 years, range from $2 to $508 per mile, and from
0.16 per cent to 13.10 per cent of the installation cost.




TasLe 1.—Ezpenditures for maintenance and repair of tile drains in 106 drainage districts in Towa, Minnesota, Wisconsin, and Hlinois

Drains (nstalled Cost of distriott Maintenance snd repalts? .

Gonstruction A .
State and count Drainage distriot No. Period Expenditures
8 4 o8 - peried Length | Sizes | Depth Per mile :
Dates Longth] - Per year

Per ¢ent
Towa: Feet Per mile
’ 10101019 10 308 $16,62
. , 1015-1525
Boone 06 . 8.9 4, 2-7, 1017-1926
- X 1915-1824

; ; -6 1017-1924
Boone and Webster. 1915-1017 3 1018-1923

Total or average... ...

1913 : : 5 1014-1924
A b

1916-1 9-g, 5
Cerro Gordo..—...... . 1016-1018 1910-1324
; 1019-1920 19211024
1919-1920 1031-1024
1019-1021 19221025

1013-’1014 5 3 1916-1024

&8

Noao

E= BN 1 3--R IS B - I
oS =

-
N
x

3,010

1,831 1921-1925
2,026 | 1021-1925
1921-1025
10211026
10211025
1921-1025
1921-1026
10211925
1921-1928
10211925
1921~1026
19164 10211025
R 10164 2 5,143 1921-1925

Hneludes for organization, engineering, construction, and administration to completion of construction. .
Includes for inspection, labor, materinls, and administration subsequent to construction, but omits for prineips} and interest on bonds and notes.
1Computed from the unit costs of the individual districts rather than from total costs for groups.

4 Year district was established.

¥ Bmaller sizes of drains were also used.

Total or average. .. ....

10094
19104
10104
19134
10154
10154
10154
10154
10154
1015¢
10144
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Tasre 1.—Ezpendilures for maintznance and repair of tile drains in 106 drainage districts in ITowa, Minnesola, Wmsconsm, and
Illinois—Continued

Drains {nstalled Cost of district Maintenance and repafrs

State and county Drainage district No. c°'}f;':]‘(’)‘(’fi°“ Period Expenditures
Longth | Sizes | Depth | Total | Per mile -

Dates Length| Total Per yeor

Towa~~Continued. Inches Feet Dallara Doilars | Per mile
4 824 8 03 1921-1925 414 67 2.33

. 1921-1925 384 31,60

Clay—Continued...._..... 58. 3 1921-1926 1 5 .28

A 1 1921-1925 42 3. 73

1921-1925 ] 6, 56

Total o nverage. - ; . 37.00

1912-1013 ) T014-1024
' 68 PR : | e ioas

1014 - 010, 5
Hamilton....... of 19121914 -79 . I 1915-1024
1913-1014 . 1015-1024
10071908 . 1000-1023

Total or average..

1913-1017 ] 08, 1918-1924
1014 6 1020-1p24
1014+ : : 10%0-1924
10144 . 1920-1924

1915-1017 : 90 1020-1024

19161017 70,500 1020-1924
19164 3.4 1920-1024
1016 . v : 1020-1924
1915 320 | 19201924

g | 18| £ =

- 3-10, 920

Kossuth 1016-1917 5. 38 08, 1020-1924

1916-1917 38, 1920-1974
1016 . 099 | 1920-1024

1020-1924

1020-1024

1020-1024

1920-1b24

1620-1924

1920-10%4

1920-1924

1020-1924
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Kossuth~Continuad... .|

Total or average..

Total or average

21, Grant Township.
35, Grant Township...
78, Grant Township...
84, Grant Township..
26, Warren Township
64, Warren Townshi
29, Howard T'ownsh
32, Milford Township &

€ et v
O\XWS

1020~1024
1920-1024
1620-1024
1020-1824

[
'Y

[
A Bataisi

1909-1010
1910
1917-1918
1018

Pwe, PMNO
vty 2
cmognonn| o

-

14,909

51,312

1911-1624
1911-1924
1010-1024
1919-1024
1911-1924
1915-1624
1912-1024
1915-1924

WebSter—oeoeioeecmncnans

Total or avarage....

102,271

‘Wright.

Total or average.

1908-1911
1912-1014
1012
1912
1913-1914
1916-1817
1912
1012-1913
1913-1914
1014-1016
1918-1920

."P.g
w o
&

19,981
38,380
1,163
2, 687
4,003
6,824
1,400
2,701
12, 883
20,1490
60,783

Rl of o ST S X
[
TIITITT 22
S

°F
N
-

1912~1924
1016-1924
1913-1024
1913-1924
1015~1924
1018-1024
1014-1924
1914-1924
1015-1924
1018-1925
1921-1924

171,030

3,365

1914-1918
1815-1917

8,570
10, 607
11,527
59, 995

3,746
3,722

'1014-1024

1916-1924
1917-1024
1621~1924

Btate total or average

£0, 708

Minnesota:

Blue Earth..

Total or average..

County, 33
County, 35....
County, 47.__
Judiofal, 22

1914
1915
19171920
1917-1918

1,367, 638

10171924
1017~1924
1021-1924
1820-1924

200
3,604
1,600

131

HOVNIVEQ INVI 904 HIIL FHEVI J0 "SN TVOINONO0DE

3 Computed from the unit costs of the indiv

§ Yoar district was established.

110,340

5,715 |

idualdistricts rather than from total costs for groups,

’ Smaller sizes of drains were also uged.
¢ Data shown omit figures for open ditches constructed by this district,
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TapLE ).—Ezpenditures for muintenance and repair of tile drains in 106 drainsge districts in Towa, Minnesota, Wisconsin, and

Illinois—Continued

State and county

Drainage district No.

Construction
period

Drains installed

Cost of district

Mafntenance and repairs

Length

Sizes

Depth

Total

Per mile

Perfod

Expenditures

Dates Length

Total

- Pér year

Minnesota—Continued,

Brown.

Total or average.

19163
1016 *
190163
19173

Inches
316
316

£12
822

Feet

Dollars
4,197

15,418

4, 534

22,303

Dollars

Years
1620-1924 b
1920-1024
1020~-1924
1920~1924

Dollars
20

9
383
51

Per mile
T 1.33

.23
22,53
1,28

Percent
of cost.
0.09

B {0 | S,
Lyon.and Yellow Medi-
cin

Total or average

County, 38...
Judicial, 10.
Judicial, 16

{County, 11

46,452

463

$0.34

1012-1014
1017-1918
1014-1015
1917-1910

5-20
524
5-12
630

1015-1024
1620-1924
1016-1924
1020-1024

2,616
33
454
431

36.43
1.05
9.59
6. 99

Redwood

State total or average

County 229

. 76,460

82,132

3,534

$13.52

155, 108

4, 562

1920~1924

None,

0

‘Wisconsin:

Farm drainage 1_

{Farm drainage 3

Yorkville and
tension ¢

388,370

32,812

9,712

312.95

19201921
1920-1921

1913-10156

4,731
4,617

3,042

3,404
2,748

1,635

1922-1024
1922-1924

1917-1023

732
178

610

175,54
35.32

48,85

State total or avémge-

Illinois:
Champalgn. oo cineioas

“Champaign and Douglas.
Ford

State total or average..

Camp Creek special (10 sub-
AIStrietS) wummnc s oo o v

Okaw (subdistricts 1 to 13)_..

Subdistrict 1 of Hillshury
Slough special.-.oonenoeen.

12,300

32, 596

1,520

385.60

1907-1010
1903-1910

1808¢

2.6
2.1

53,:300

35,518

6,069

2,702
1,503

2,800

1918-1022
1913-1922

1014-1922

644
1,136

49

6.562
4.83

2.59

45.36

04,753

$2,365

1,828

14,65

1 Computed from the unit costs of the individusal districts rather than from total costs for groups.
4 Year district was established.

s Smaller sizes of drains were also used
¢ Data shown omit figures for open d.

itches constructed by this district.

FEALINOIEDY 0 “ILdEd °S "N ‘693 NITATING TVOINHOIL
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Tasre 2.—Exzpenditures for maintenance and repair of open ditches in 18 drainage districts in Iowa, Minnesola, Wisconsin, and Illinots

Open ditches installed Cost of district? Maintenance and repairs

State and county Dralnage district Construction ot Period Expendituros?
Lopgth [FO0 01 Depth | Total } Por mile

Datee Length| Total Por year

Per cent
Towa; Dollars Dollurs Per mile
Hamilton Johnson, No. 93, 1908~1907 . 4- 7 |5.0-11. 2 824 | . 1008-1023 8 §131,22
Squsw Creek, No. 47 1008-1010 . g 1011-1923 4 205,03

Grant Townsh y NO. benaeoea 1003-1009 N 3,888 | 1010-1024 127,61
?Mllford Towns lp, No.32%... 1012 8 4 ; 1013-1047 b 200.71
Kossuth_ No.78 3 . f 8, 688 1814-102L ] 608,08
{} No, 14 s 7 1410-1920 148,77

----------------- 1 No. 107 8 3 29, 38 1016-1023 8 3 05,95

Total or average . 2 33,576 102,300 | 5109, 48

Minnesota: . .
Blue Earth...__.. - Qounty No. 5 - 549 1 1017-1024 9,076 56,72

County No. 5 1,082 1920-1924 409 9, 61

{County No. { 3 R 830 1820-1024 544 10.74
County No. 13.. —— A : 1,223 | 1020-1024 104 1L

Lyon and Yellow Meii-

Judielnl NO. 2. —eeeoeeiaaiaes 1007-1008 . ¢ 8,4 1,073 | 1910-1920 582 6,70
Redwood County No, 233 - 7277777 19172 . 47841 1620-1924 51 6,000 160,00

81,600 . 16,714 541,04

| 1012-1914
Koshkonong-Mud Creek 1913~1915 3 1,764 | 1016-1024 4,017 15,91
Yorkvile' apnd Roymond 1,650 | 1917-1923 1,018 13,00

extension,? i

Total or average... ‘ 41,707 | 5,653 | 41650

1Includes for srganization, enginesring, construction, and administration to completion of construction.

3Includes for {nspection, labor, materials, and administration subsequent to construction, but omits for principal and interest on honds and notes,
- $Data shown omit Agures for tile drains constructed by this district.

¢ Ditches with ns¥vower bottom widths were also use

¢ Computed froza the unit costs of the individusl districts rather than from total costs for groups,

% Year district was established.
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TasrLe 2.—Ezpenditures for maintenance and repair of open dztcées ttn 18 c;11'a«mage disiricts in Towa, Minnésola, Wisconsin, and Illinois— Q0
ontinue

Opeén ditehes installed Cost of district Maintenance and repairs

State and county Drainage nrea Constru?ition Period Expenditures

perio
ngféfl? Depth Per iile

Dates Length{ Tota: Per year

. Per cent
Ilinols; Miles Dollars |- Dollars Years | Dollars | Per mile} of cost

Champaign and Douglas. Ol(-:iavg . ég)m itting for sub- 19028 12.0 424 30,839 2,570 | 1013-1022 16 8,040 76.33 2.93

) istric .

Champaign and Ford....| Hillsbury- Slough _special 18082 15. 84 36,206 2,200 | - 1914-1922 2,800 20.34 .89
(Main and subdistricts 2, 3, . -

Macon Stevens Creek special 18841887 13.15 17,361 1,320 | 1890-1024 19,445 42,25
Total or average. 40.99 84,466 $2,000 31,384 | 84597

s Ditches with narrower bottom widths were also used
3 Computed from the unit costs of the individual districts rather than from total costs for groups.
8 Year district was establighed,

HEALIADINOY J0 "ILdEd S ‘N ‘693 NILETIAE TVOINHOZY
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For all these districts, the average annusl expenditure has been
about 8.7 per cent of the installation costs, and for those in Iowa
about 5.8 per cent. If the average annual expense of matntaining
open ditches in fairly effective condition is & per cent of the installa-
tion cost, this is about equivalent to an incresse of 75 per cent in that
cost if loans bear interest at 63 per eent,.

ECONOMICAL USE OF LARGE TILE FOR LAND DRAINAGE

COMPARATIVE COSTS OF TILE AND OPEN-DITCH DRAINAGE.
SBIZE OF DRAINS

Computations were made to determine the sizes of open ditches
having capacities comparable to those of tile drains of 24 fo 48
inches diameter. Flow in open ditches was computed with the Chezy-
Kautter formuls, using & roughness coefficient value of 0.040 which
corresponds with fhe recommendations of Ramser.! Flow in tile
drains was compubed with the Yarnell formula, V=138 BE¥ 8%, which
gives results practically the same as given by the Chezy-Kutter

rmula with #=0.011, for these tile sizes. It weas thus determined
that the tile drains have no greater capacity than ditches of 1 to &
side slopes with bottom width and depth of flow equal to the diam-
eter of the tile.

BASES OF ESTIMATING FOR COMPARISON

The prices paid for draintile have veried widely, both with time
and with location. They fluctuate according to supply and demend,
and are considerably sflected by the amount of competitive bidding
for the contracts. The costs of labor for iustalling the tile and of
excavation for open ditches vary likewise but not necessarily in the
same direction as the prices for tile. In estimating the installation
cost of drains for making the comparisons in the following pages,
prices have been assumed for the purchase of tile as shown In %xﬁﬂe
3; for the labor of digging the trenches, laying the tile, and back fill-
ing as in Table 4; for excavating open ditches, 12 cents per cubie
yard; and for damages $100 per acre for the land teken for right of
way. Tables 3 and 4 represent about average prices in 1922 to 1925,
as determined from a considerable number of contraects let in Iowa
during that period.

Tansre 3.-—Prices for draintile delivered on sile of work e

Tile
diameter § 1, 000 foet

Cost per |

Tils
dlzmster

! Cost por
1, GO0 feat

Dotiare
705
40

82
830

Trches !

30
33
38

I

1

1

I_

I Dolfare
1 1,060
i 1,310
{ 1500
¥ 1,800

Tila
dlametor

Cost per
1,000 fact

Boflars
2,285
2,700
3,178
3,70

«Dassd on contracts it in Tows in 1022-1925,

LRawsgr, {,
DPETERMINE TEF RGUGENESA COEPFICIENT % IN KUTTER'S FORMULA,
162 p , fliza. 1929,

8776} —~31——2

E. 710W OF WATER IN DRAINAGE CHANKELS, THE RESULTS OF EXPERDMENTS TO
. 5, Drept. Agr. Tech. Bul, 199,
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Tasre ¢&.—Prices for trenching, luying tile, and hack filling* per 1,000 feet of drain

Cost for size of tile (Ingide diamnster, In inches) Indicated

Depth of trench -
71 ] 2t 20

L | Dofis,
175 j
290 285
pirl] k: 330
250 420
440 525
540 636
645 750

780 875

1,018

036 | 1,010 1 1,080 | 1,180

0y L4070 1,150 | 1,225 | 1,260

1,200[1,300 1,375 | 1450

!} Hased on contracts lot in Tows in 1922-1925.

The installation cost of 2 drainage district constructing only tile
drains includes, besides the prinecipal items for purchase of tile and
labor of installation covered by Tables 3 and 4, an appreciable expense
for organization, administration, and engineering. The amount of
these Incidental expenses was determined for a considerable number
of the drsinsge districts shown in Table 1 and were found to consti-
tute from 5 to 25 per cent of the cost of tile and Iabor; for most of the
districts in lowa, the incidental expenses were less than 10 per cent.
They have been computed as 8 per cent in making the comparisons
that follow.

Practice as to the minimum size of open ditch to be constructed
varies with local physical conditions and with the judgment of the
designing engineer. Bottom widths are probably never designed less
than 4 feet, commonly not less than 6 feet, and for some situations
not less than 8 fest. Side slopes ususally are specified to be 1, 1%, 1%
horizontal to 1 vertical. Minimum depths for construction are sel-
dom assumed less then 6 feet, often not less than 8 feet. Further,
ditches to be used as outlets for tile drains are generalty designed to
be 2 to 3 feet deeper than the bottom of the tile. For making the
comparisons of cost, therefore, each size of tile has been compsared
with a ditch of 6 feet bottom width, 3 feet deeper than the tile, having
side slopes of 1% to 1. TFor tile depths of 7 feet and less comparison
is shown also with ditches of 4 feet bottom width, 2 feet deeper than
the tile, having 1% to 1 side slopes.

The principal items in the installation cost of a district constructing
only open ditches are the excavation of the ditches and damages
allewed owners for Iand oceupied by the ditches and waste banks.
Right of way has been computed herein as 5 per cent greater than
required for piling one-half the excavated material on each side of the
ditch, leaving clear berms of 8§ feet—but not less than half the depth
of the diteh—between the waste banks and the edges of the ditch
and giving the waste banks side slopes of 1 to 1. Damages have
been computed as the equivalent of purchasing this right of way at
$100 per acre. The incidental costs, comprising all expenses for
installation except excavation and damunges, have been estimated at
15 per cent of those two items.




BCONOMIOAT: USE OF LARGE TILE FOR LAND DRAINAGE 11
CAPITALIZED TOTAL CO3TS

The capitalized total costs of the tile drains and of the open ditches
have been computed by adding to the installation costs, estimated s
above described, the equivslent investments for maintenance (p. 2)
smouynting to 10 per cent and 75 per cent, respeciively, of the instal-
lation costs. The capitalized totel cost of a tile drain is thus com-
puted as 1,188 times the cost of tile plus labor for trenching, laying,
and back filling, while the capitalized total cost of ax open ditch is
computed as 2.0° 25 times the cost of excavation plusdamages. Tables
5 and 6 show thesa total capitalized costs, per 1,000 feet for drains
of 15-inch to 48-inch tile at 3 to 15 feet deep and for the open ditches
that might be substituted in a drainage system.

TapLe 5.—Capilalized tolal cast of lile drains, including maintenance, per 1,000
Jeet length

Cost for size of tile (inslde dlameter, in inches) indicated
Depthaof
treneh

33

. | Dodlls,

b -]

, (31 3,800 5,203 | 5,088
9,162 | 2, 530 6, 534

TasLe 6.—Capilalized lofal cost of open dilches, including maintencnce, per
1,800 Jest length

+FOOT BOTTOM WIDTH;! 8SIDE SLOPES 134 TO 1

Right-of

Depthof eut |Exeavation o = oiq,

Cost [ Depthofeut |Excavation Wﬁ;gg?é’fa Cost

Cubie yards Feed Dofiers | Cubic yards Peet Doflars
8% 4, 740 BQ

2,130 50  Bfen .
2 86| 1,004 5, 830 &
3,780 B 1,248 |l

§-FOOT BOTTOM WIDTH; §IDE BLOPER 1M TO 1

Trepth of cut  Excavatin | BIERLOL§ oo

Right-ol. Cost et

Exeavation way width

Cubic yards Tipllars Cubje yards Dolinra
0,870 111 3,08

2 1131 . 3 512
2, 650
4 436
1
8,025

f 1;!31& Departmeat of Agriculture does pot favor the gie of 4-feol bottom ditches mora than abonot 8
eet deep,
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Comparison of these costs is shown gra,]ilhica]ly in Figure I,

The Intersections of the curves mark the depths where either tile
or open ditch may be used with equal economy, if tke costs are as
indicated on page 11. The figure shows 24-inch tile as beecoming
economical at & depth of about 5 feet as compared with the ditch of
4-foot bottom 2 feet deeper than the tile, and at all practicable
depths when compared with the 6-foot ditch. The 36-inch tile

Capitalized lotal costin doliars per 1000 feat
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] i | 4
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Fisune 1.—Canitalizad total cost of tila droins (Tsble 5) compared with copitsllzed tofal cost
of opan ditchus of 4-foot hottom width 2 feet desper than the tile, snd of 6-foot boftom width 3 fect
deepar then the file (Toble g}

would be economiceal at sbout 9 feet. At the costs stated in Tables
5 and 6, 48-inch tile would not be economical &t less than 16 feet, at
which depth stronger and more costly tile or expensive cradling
doubtless would be required to prevent crushing of the drain by the
weight of the back fill.

EFFECT OF YARIATIONS IN PRICES

The comparisons in Figure 1 should be recognized as illustrative,
rather than as final determinations of the depths at which tile of
various sizes become economical. Prices of materiels and labor
vary, as before stated; land values and other local conditions affect

Capitalized folal cost of file drains and ditches in dollars per 1000 feet
10 1200 1000 000 2000 2008
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Frapny 2—Eflect upon capliallzed fotal costs of tlls draina of 18 fo 30 inchos diameter, end of
cpon ditehes of 4-foot boitom 2 fest deeper than the tila, of certeln varlations in pricss from
those used in Tables 5 spd & g, Cost as wer Table 5; b, labor prices Incrensed 50 per cant; ¢, tile
prlces increased 25 per cent; 4, bothy labor and tils priees incranssd, o3 sbove staied; », cost BS

. par Table 6; g, dams: incregssd 50 per cont; r, excavation prlece inereased 26 per cent; &, both
. domagss and excavatlon prices incressed, as abovae stated; [, damagaes decreased 50 per cont

&~

&

apth in feet

Y/
@

the amount of damages paid for land occupied by an open diich;
and many circumstances influence the total of incidental expenses in
the instellation cost of & drain. The computations of equivalent
investment for maintenance ars based upon & relatively small
smount of data that vary greatly, and opinions differ as to whether
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adequate, reguler maintenance would cost less or more than the
. average that has been expended. The effect of capitelizing main-
tenance of the open ditches st 100 per cent instead of 75 per cend of
‘the installation cost, upon the comparisons made in the preceding
paragraph, is indicated i Figure 1.
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Flaone 3.—Effect upon capltslized tolal costs of tiia dralns of 18 to 36 Inches diswmater, and of
open ditches of oot bottomn 3 fest desper than the tile, of certain varintions in prless from thome
used Ie Pabies 5 and 0: q, Cost as per Table 5; b, labor prices incraased 50 per cont; o, tile prices
incransed 235 per cvent; 4, both Inhor end tlie prioes jnerensed, us sbove stated; p, cost ns per
Tabisd; g, damages incressed 60 per cert; r, sxesvation prics Ingrengad 25 per cont; 8, both demages
and excevation prices increased, s shove atated; 7, damages decreased 589 por cont

In order to show the effect of varietion in prices of tile, tile labor,
-open-ditch excavation, and damages for right of way upon the rela-
1ive economy of tile drains and open ditches, Figures 2, 8, and 4 have
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Capitalized total cost of tile drains
and of cpen ditchas in dollars per 1000 feet
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Ficugk $.—Efleet npon capitallzed {otal costs of tile dralns of 30 to 48
inches diamater, and of apexn ditches of 6-foot bottom 3 feet deaper than
the tlle, of certaln variations in prices from thoss used in Tables 5 end 0:
#, Ccst as por Tabla b; b, iabor prices Incrensed 50 per cont; ¢, tile prices
inevonsed 25 per cant; 8, both labor and tile prices increased, as above
stated; p, cost pa per Tabfeﬁ: % damages increased 50 per cont; r, excavatlon
prica incrensed 26 per cant; g, noth demagesand excavation prices inerpased
25 above stated; {, damnoges decressed 50 per cent
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Yieen prepered. Kach figure shows graphicsally, for different sizes of
tile, the effect upon the capitalized fotal cost of certaln variations
from the prices used in preparing Tables 5 and 6. The percentages
forincidental installation costs and for mainterance have been applied
to the increases in base prices.

Comparison of capitalized total costs at other prices than those
used in the figures may be made by interpolation between the curves.
An increase or decresse of one-hslf in the estimate of incidentels
would entail a change in the capitalized total cost of 3.7 per cent for
the tile dreins or 6.5 per cent for the open ditches, while an increase
or decrease of one-third in the equivslent investment for maintenance
would cause & change in the capitalized total cost of 3 per cent for
the tile drain . or 14.3 per cent for the open ditches.

ECONOMICAL RELATION OF CONSTRUCTION COSTS

The capitalized total cost of a drsin may be expressed as

TF=CQa+D+M;,

in which T=the capitalized total cost;

C==the comstruction costi—the cost of tile plus trenching,
lsying, and back filling, or the cost of open ditch
excavation plus damages;?

I=the incidental expenses—all items for installation not
ineluded in the construction cost—expressed as a frac-
tion of the construction cost O;

M =the equivalent investment for maintensnce, expressed
as & fraction of the fotal instalistion cost, & (1+171),
The two types of drain are of equal economy when the capitalized
total investments are the same; that is, using the single accent (')
for designating the tile drein and the double accent (7} for the open
ditch, they sare of equal economy when T/=T7, or
C'A+IY1+M))=0"1+I")0+M").
This co&ldition obtains at the intersections of the curves in Figures 1,
2,3, and 4.
Ultimate economy would require that tile be used when

o 14+ (1 +M")

o 1+IN0+M")
and that the open ditch be used when

O~ (1+I"ME+M")

" _ SO+ IO+ M)

Tables 5 and 6 are computed with the values I’ =0.08, M’ =0.10,
Im=0.15M"=075. Then T"=1" whengy=1.69; that is, drainage
with tile is economical when the construction cost (tile plus labor) is
two-thirds greater than the construction cost (excavation plus dam-
ages) for an open ditch.

Figure 1 shows slso 8 comparison of the capitalized total costs
using & larger equivalent investment for maintenance of the open
ditches, the valuessubstitutedin the equetionbeing I' = .08, M’ =0.10,
I7=0.15, M" =1.00.

3The Inglusion of other !tems such ge cullet protecticn and surface Infots for tils or bridees for open
dftches, when of conslderable atoount, wonld {end to make the estimate of capitalized total cost fot any
particular drain somewhat mors aceorate,
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’

Then T =T" when Z;,OT= 1.94, indicating that the tile is economical

even when the construction cost is prectically double that for the
open ditch. '

In the case of any parficular drainage district, various items of
cost may vary considerably from those used in the foregoing compu-
tations. It seems evident, however, that when the construction cost

.will be three-fourths greater for a tile drain than for an open ditch,
the economy of the former is doubtful and should af least be studied
carefully; and when the tile will cost double the other, the open
diteh almost certainly will be cheaper in the long run.

USE OF GRAPHS AND FORMULAS

The following example shows how Figures 1, 2, 3, and 4, or the
formulse on page 15, may be utilized in determining the more eco-
normiecal kind o% drain to use in any particular instance.

Let it be assumed that the landowners :n s proposed drainage
district wish to know, before votlng for construetion of the drains,
just what combination of tile and open ditches will provide drainege
for the lowest ultimate cost. The preferred construction comprises
tile up to 39 inches in digmeter. Soil, topographic, and climatic
condifions make 1t advisable that open-ditch drains be not less than
6 feet in bottom width, at least 3 feet deeper than the outlets of
tile branches, and have side slopes 1% to 1 asin Table 6. For the
30-inch and [arger tile, the average depths will be about 7} feet.
Let it be assumed further that prices for the larger sizes of tile aver-
age about 20 per cent more than shown in Table 3; that prices for
trenching, laying tile, and back filling are about 10 per cent less then
shown in Table 4; that damsages to farms crossedli)) an open ditch
would be $125 per acre taken for right of way, which is 25 per cent
more than those used in preparing Table 6; and that the other coste
are estimated at the same rates used in computing Tables 5 and 6,
namely, open-ditch excavation at 12 cents per cubic yard, incidentals
&t 8 per cent for tile drains and 15 per cent for open ditches, and
capitalized maintenance at 10 per cent for tile drains and 75 per cent
for open ditches.

Inspection of Figure 1 shows that, at the prices used in comput-
ing Tables 5 and 6, 33-inch tile 7% feet deep and the correspondi.nﬁ
6-foot bottom open ditch are approximately equal in capifaliz
total cost. Therefore studyis made of the curves for the 33-inch tile in
Figure 3. (For minimum open-ditch specifications other than used
herein, suitable curves can be plotted.)

The distance between curves ¢ and ¢ in Figure 3 represents a vari-
ation of 25 per cent in prices for tile, and the distance between curves
@ and & represents a variation of 50 per cent in prices for trenching,
la.yin%i and back filling. (These distances are to be measured hori-
zontally along lines of uniform depth.}) Interpolating for 20 per cent
increase in tile prices and 10 per cent decrease in labor prices from
those used for Table 5 and curve ¢ indicates, for 7% feet depth, a
total capitalized cost of about $2,800 per 1,000 feet for the 33-inch
tile, The distance between curves p and ¢ represents a variation of
50 per cent in the cost of damages for an open ditch. Interpolating
for an increase of 25 per cent in damages from those used for Table
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6 and curve p indicates for 7% feet depth of tile trench a total capi-
talized cost of about $2,650 per 1,000 feet {or the corresponding open
diteh. Thus the open ditch isshown as approximately $150 per 1,000
feet cheaper than the 33-inch tile. The difference m favor of the
open ditch will increase with the size of tile, at the same depth.

The curves for 30-inch tile in Figure 3 show that, for a tile depth
of 7Y feet, the capitalized total cost of the open ditch would be
grester than the cost of a dile draln of that size, at the prices used
berein. Therefore 30-inch and smaller tile will be more economical
than open diiches, for depths of 7% feet and more.

The same conclusions as to enonomical sizes of tile are shown b
computations with the formula stated on page 15. For the 33-inc
tile 7Y feet deep and the €-foot bottom ditch 10% feet deep, the fol-
lewing values are determined from interpolation in Tables 5 and 6:

O’ = (1,590X 1.20) + (510X 0.90) =2,367

101,060
43,560

(I+IM1+M)=1.15X175=2.0125
A+IN{1+M3=1.08%1.10%X1.188

o (14 I73(1 + ")
o =1.812> (A+1a+8M")

For 30-inch tile, at the same depth, the comparison is:
C'=(1,310X1.20) + (470 x 0.90) = 1,895

101,000
43,560

g__ _ (1+ 1"y {1+ M")
o7 1B AT M)

These results, like the graphs, indicate that the 33-inch tile will be
Eom expensive and the 30-inch tile more economical than the open

itch.

Either of these methods of determining the relative ultimate econ-
omy of tile drains or open ditches is quicker and less laborious than
computation of the actual capitalized total cost of various sizes of
drains, by the formuls T=C (1+1) 1+ M) without referenece to
charts like Figures 1 to 4.

REDUCTION OF MAINTENANCE COST
ADMINISTRATION EXPENSES

For three-fourths of the districts in Iown and Minnesota listed in
Tables 1 and 2, ahout 9% per cent of the total mmaintenance expend-
itures have been for administration of the districts and iaspections
of the drains, and about 0% per cent, for labor and materials to clean
and repair the drains, both for tile and for open ditches. The data
for Illinois and Wisconsin districts seem to indicate that & fourth or
more of the maintenance costs are for administration and inspections.
The legal fees for preparing and filing routine reports apparently are
much greater in Illinois and Wisconsin than in Iows and Minnesota.

0" = (8,470 X% 0.12) +( X 125)= 1,306

=1.694

C"={(8,4T0X0.12) +

X 1?.5) =1,306

=1.694
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It does not seem probable that a material reduction can be made
in the inspection end administration costs, unless by simplifying the
rocedure of making and filing annual reports in certain States. The
requency of inspecting the drains should not be decreased buf in many
countijes should be increased. Reduction in the annual costs may
best be undertaken in matters of design and construction of the drains.

NATURE OF REFAIR WOREK ON TILE DRAINS

One of the troubles most frequently encountered in the operation
of tile drains is “blow-outs.” These result from internal pressure
where the lower part of e drain can not discharge the water brought
down by the line or lines above. The water forced out loosens the
overlying earth, and the return flow when the flood crest has passed
displaces the tile and washes in large quantities of earth. Repair of
a blow-out ordinarily consists of digging open the drain, cleaning the
undisturbed portion, and reconstructing the damaged section on a
new bed that in many cases musi be of concrete.

In the ground over tile drains holes occur not infreqaently, par-
ticularly during the first few years after construction. They are
caused by surface water flowing down through a loose back fill and
wide joints in the drain, For a time the flow through the drain may
carry away the soil washed in, but finally tiles become displaced or
broken if the injury is not discovered and repaired before actual
breakdown occurs. In some instances long lengths of drain have
had to be relaid or abandoned.

In a great many districts repairs to the head walls at tile outlets
have been required. Some head wells evidently have }acked strength
and stability, but many apparently substantial structures have been
broken or overturned due to undermining by the discharge from the
drain. Joints in the tile line have been opened by settlement of the
earth about the head wall, so that water flowing out of those joints
has washed away the earth and caused failure of the drain and the wall.

Surface inlets often are a source of frouble. The weicht of a ver-
tical column of tile upon the drain causes settlement of the latter,
Water entering the joints of the upright pipe or flowing down outside
wash in earth to choke the drain and allow displacement of the inlet.
Earth and débris are washed in when the screens on the inlets are
broken or displaced.

In some instances deep drains have been broken by the weight of
earth over them in the french; in some locations tile of improper
q];w,lit{'] have failed through the action of certain salts or acids in
the soil.

PREVENTING INJURY TG THE DRAINS

Injury to tile drains can be reduced to a minimum, and a large
part of repair charges such as shown in Table 1 can be avoided by
proper design and construction of the drains. Blow-outs are to be
avolded by giving each section of the drain capacity equel to that
of all the drains above, keeping the hydraulic gradient everywhere
well below the ground surface. oles or ““wash ins”’ over the drains
are to be prevented by fitting the tile closely fogether; by covering
the joints with tarred paper, burlep, or other suitable material where
the drain passes through fine, loose sand; and by giving extra support
where necessary, as at junctions and through soft ground, to main-
tain the grade and alignment. Head walls should be of substantial
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E;oportions. and should be built on firm foundations. They should
ve aprons and cut-off walls {o prevent undermining, and the re-
filling material about them should be well compacted to hold the
drain in place and to prevent percolstion of water behind the wall.
Surface inlets should be adequately supporied sgsinst settlement,
and surrounded with compacted earth. They shmﬁd be covered with
& good =creen fastened in place snd should be located where there is
little danger o1 mjury from machinery, livestock, or other causes.
Inlets of small sewer pipe are said to have been damaged by the
lifting effect of frost under the beils. The tile used for the drains
should be sirong enough and be properly bedded or supported to
bear the loads that will come upon them,® and of quality suited to
the existing conditions.

Good design must be supplemented by good construction to insure
satisfactory results. The contract fer construction should be clear
and definite and should cover all cortingencies, including suthoriza-
tion of extra work and payment therefor. No ambiguity should be
left as to what constitutes fulfillment of the comtract. Continuous
and thorough inspection is essentisl. The importance of adequate
inspection during installation of the drains should be fully realized
by all drainege district officials, and parsimony in the matter of
employing inspectors is the opposite of economy. The cost of &
“ penny wise and pound foolish 7 policy in this matter appearsin the
Tepair and replacement expenses that may continue over & period of
several years.

Tile may be tested at the factory, but each piece should be inspected
as it is laid in the trench. The width of the trench below the
top of the tile must not exceed the determined maximum, as that
width rather than the tile size determines the load upon the drain.
Close fitting of the tiles in the drain, smooth and firm conneetion at
the junction of two or more lines, covering of joints through running
sand, and preservation of grade and alignment through unstable soils
should be obtained without exception. Carelesspess in back filling
the trenches must not be permitied, for sometimes tile have been
broken by falling stones and frozen lumps of earth, and large sods off
jumps dumped upon the tile without being well mixed with finer
msterial have many times been the cause of *‘wash ins’’ requiring
expensive repairs. The inspector’s work is not completed until the
last bit of refilling has been done over the drain and properly com-
pacted sbout the outlet head walls and other structures,

ESTIMATING DAMAGES CAUSED BY OPEN DITCHES

In the foregoing comparison of costs of tile drains and open ditches
it has necessarily been assumed that the damages allowed to the
owners of land feken for right of way or other purposes represent
the actual losses to those owners. In the opinion of many drainage
district officials, however, the damages awsrded have not been ade-
quate. Therefore it seerns appropriate to diseuss briefly the subject

of estimating these damages, although presentation of a formula for
corcputing them is not attempted.

iThe strength requirements and methods of testing of drain tile were published In the foilowing:
AMERICAN BOCIZTT FOR TEIITNG MATERIALS. BTANDARD SFECIFICATIONS FOR BRAIN TILE. Designation
C4-M. A, B, T. M, Standards, 1530 (lpt. 23 ME, 1930, Methods of bedding and cradling tle to carry
Iperensad loads ate described ‘n the lfollowing poblication: 3caricg, W. J. SUPFOPTING STRENGTH OF
DRAIN TSLE AND BEWER FIPE UNDER DIFFERENT FIPE-LATING COMDITIONS. Iewa Engin. Expt, 8ta, Bul.
57 {v. 18, oo. 46}, 88 p., 10us. 1020,
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COMMCN METHODS OF APPRAISING DAMAGES

The method of determining the amount of demages to each farm
depends largely upon the judgment of the board of appraisers
appointed for the drainage district. Consequently there are many
variations in the methods followed. The valuation of the various
tracts of land taken and of other items of damage are determined by
the board, the tetsl amount of each award being subject to court
review if appeal is made by the landowner,

It is & common practics to computs as right of way the area oceu-
pled by the ditch and waste banks and to sllow damages for ‘that
aecreage at the average value for the whole farm. Some drainage dis-
tricts have paid only for & strip equal to the top width of the diteh,
anticipating that the landowners would plow down and cultivate the
waste banks, Some districts have partly leveled the waste banks,
and for the ares under them have asllowed damsages equal to two
years’ rental,

Some drainage districts have built and meintained fences along the
right of way, but probably the more common preetice has been to
include in the damage awards the estimated cost of building the fences
if such 2re deemed necessary. The latier method is not adequate
unless the allowance is sufficlent to cover repairs and renewsals as
well as original construction. The cost of bridges to give aceess to
isolated portions of individua! farms has been met, in general, like
the cost of the fences.

ITEMS OF ACTUAL LOSS

LAND TAEKEN FOR BIGHT OF WAY

The most apparent damage suffered by an owner whose farm is
crossed by an open ditch is the loss of land occupied by the drain and,
. ordinarily, by the waste banks. Widths

a 1320 of right of way for ditches of 4-foot and
N 6-foot bottom widths and 134 to 1 side
N LN slopes and of various depths are stated

N in Table 6 {p. 11). The widerditchat 8

™.,

{eet depthis shown asrequiring an 85-foot
right of way, which would take 2.57 acres
from a square 40-acre field if it crossed
parallel to one side a-b, (fig, 5), or 3.56
acres i it crossed straight between oppo-
site corners. (¢-d, fig. 5).
The waste banks for this ditch cover
£ o nearly half the right of way. (Fig. 6,
A} If the meterial in them would make
FioURE 5—Representative loeations of £00d soil, it could be spread to have side
drainage dltches soross squere 10aere glopes of 4 to 1 instead of 1 to 1, which
would permit farming machinery to be
used over them. {Fig.6,B.) Then the right of way purchased would
need be only 46 feet wide, but the damages allowed should cover the
extre work of smoothing and preparing the new seed bed and full
rental of the land until it yields at least half & normal crop. Leveling
the waste banks, when the ditch is constructed, may be expected io
add about one-fifth to the price of excavation.
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INJURY TO CROPS ADJOINING RIGHET-OF-WAY

Unless the waste banks are leveled, along either side of the right
of way through crop land there will be a strip from which the farmer
will get but partiel returns owing to injury from turning of feams
and machinery. If each strip is 20 feet wide and the average yield
is half that from land farther from the ditch, the damages from this
cause may be estimated as equivalent to purchasing a strip 10 feet
wide along eachside. If the waste banks were leveled, these turning
strips would lie along the edge of the ditch instead of outside the
waste banks. Where the ditch is located on a fence live the turnin
strips slong the ditch merely replace those along the fence and Woul§
not be considered in computing damages.

LOS8 OF PROFITH

A strip of land a few rods wide has greater value as part of the
adjoining field then as & separate tract, because of its accessibility
for cultivation with that field. Farming a like acresge separately
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Figurz 6.—Cross-section of strip oteapied and damaged by constraction of open diteh; A, Wasta
banika narrew, high, and oot cultivable; B, waste banks loveled so they can ba culiivaled.
{Width of cight of way cemputed as statad on p. 20)

entails extra labor and therefore greater cost for producing the erop.
In well-developed regions like much of the North Central States,
purchase of a few acres to replace land taken for a ditch right of way
1= generally impossible. Therefore taking of the land causes & reduc-
tion in the farm owner’s gross income wit%out. a proportionate reduc-
tion in his expenditures, and more than a proportionate loss of
profits. It would seem only just under such circumstances to com-
pensate the owner for reduction in his profits.

EXTRA LABCR IN WORKING DIVIDED FIELDEB

Division of a field of convenient size by a diteh or other obstruction
increases the labor of workingit, The amount of extra labor required
will vary with the kind of crop and the shape of the parts of the field; -
it may be measured by the loss of time in turning teams and machin-~
ery. It is greatest with row crops that are cross-cultivated, and least
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with crops for which all operaiions parsllel the perimeter of the tract
being worked. It increeses with the number of rows and crossrows
intersected by the ditch,

Division of a rectangulsr field by a ditch perpendiculer to the direc-
tion of the long furrows will double the nmumber of turnings in the
lengthwise operations and will multiply the turnings in those opera-
tions that parallel the perimeter of the field by the ratio of the length
of the whole field to its breadth.* Division by a ditch parallel fo the
long furrows will only double the number of ¢urnings in the cross
operations. Division disgonally into two equal triangles will double

e number of turnings in the lengthwise and cross operations but
will make no material change in the labor of the circumferential
operations.

In raising a crop of corn on a square 40-acre feld divided into vwo
rectangles as by ditch ¢-b in Figure §, the number of turnin%.r. is doubled
for probably two harrowings and two cultivetions. (All operations
in produciniflhe crop are assumed to consist of harrowing, disking,
plowing, disking, herrowing, packing, pienting, harrowing, cultivating
four times, and harvesting.) 'The extra time required is estimated
&t 12% hours for one man and & 2-horse team. Division of the field
diagonally as by ditck e-d (fig. 5) would double the number of turnings
in every operation that must follow the rows or crossrows, which for
corn probably would be two harrowings, planting, four cultivetions,
and harvesting. ‘The extra time for this is estimated ss 25 hours for
one men and two horses, or double that for the rectangular pieces.
Division by & ditch at a-2 (fig. 5) cutting half the rows and all the
CTOSSIOWS, OF 3% g-¢ cutting three-fourths of the rows and three-fourths
of the crossrows, would entail extra labor in cropping equsl to three-
fourths thaf resulting from ditch ¢-d, or half more than from ditch a-b,
sbout 19 hours for & man sand team, For small greins and hay the
extra lsbor would be very small, probably none for the rectangular
division, and perhaps four hours for the triangulsr division,

REDUCTION IN GENERAL FARM YALUE

The presence of an open ditch scross a farm gererally detracts
from the sale value of the farm more than in proporfion to the
reduction in acreage. Part of this probably is due to fouling of the
fields with weeds seeded from the growth in and along the ditch,
causing a loss in quslity or amount of crop that is none the léss roal
hecause it is difficult to evaluate. The unsightliness of the diich
and waste banks covered with weeds and brush is also a factor in
lowering the value of the farm, because the farm is valued as a home
and not merely as income-producin, equi}l)ment.. The effect of this
factor probably varies with both physical and economie conditions
in the region. In some cases opinion placed the reductionin value
due to these ceuses as high as 10 per cent of the farm value. The
unsightliness of the open grain and the losses in crop value resulting
from weeds growing along the ditch can he obvia,t.etf at lesst in large
measure, by lowering and smoothing the waste banks for cultivation
and then occasionzlly mowing the weeds in and along the channel.

+ Exaot computation should deduet a very smell zumber of turnlsgs on sceount of the ares 1o ditek right
of way, which is not cultivated.
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COMPUTATION OF TOTAL DAMAGES

A ditch 8 feet deep with 6-foot bottom width and 1% to 1 side
slopes requires a right of way 85 feet wide, according to Table 6.
In crossing o square 40-acre field, parallel to one side {(e-}, fig. 5),
the sres occupied by ditch and waste banks would be 2.57 acres,
which at $100 per acre would have a value of $257. The 20-foot
turning sirips occupy 1.21 acres, for which damages at 30 per cent
of full value would ge 360. If the average annual profit from the
field is 82 per acre, the loss would be $6.35 per year, whick capital-
ized on a basis of 6.7 per cent, interest (the rate used in capitalizing
apuuel expenditures for mainienance of drains) would be equivalent
to $95. I this field were worked in & 4-year rotation consisting of
corn twe years and small grain or hay two Fears, the average amount
of extra labor caused by division of the fiald would be ahout six and
one-forurth hours for one man and two horses, which at 30 cents per
hour for the man and 15 cenis per hour for each horse would cost
$3.75 per year. Capitalized on a basis of 6.7 per cent interest, this
would be equivalent to $56. The total ampunt of damages com-
puted in this way is then—

Right of way occupied

Turning strips injured

Lost profits capitalized__ . _________
Extra labor of farming capitalized

The cost of leveling the waste banks on this ditch probably would
exceed the saving in cost of right of way, and in addition rental
‘would be paid for the land covered by the material.

If the ditch were located along the side of the field, the above-
mentioned items for turnivg strips and extra labor would be avoided,
the lost profits would be based on only the 85-foot right of way and
be capitalized at $77, and the total computed for the damages would
amount to $334,

If the same ditch crossed the field diagonslly as at e-d (fig. 5), the
land occupied by ditch and waste banks would be 3.56 scres and by
the turning strips 1.62 acres. Lost profits on the equivalent of 4.37
acres would be §8.74 per year, and the extra labor of working the
divided field would average about 14% hours and would cost about
$8.70 per year, at the rates previously steted. The total damages
for this case are thus summarized:

Right of way oecupied
Turning strips injured
Liost profits capitalized
Extra labor of farming capitalized

Total

If the total damages computed above were charged as value of
land in the right of way, the prices would be, respectively, $182, $130,
and $196 per acre instead of the assumed average selling value of
8100 per acre. From these computations are omitted the items of
fences, private bridges, sud {ouling of the field from weed growths
along the ditch. It would seem that the drainage district could build
end maintain the fences and bridges and mow the weeds more cheaply
than pay proper damages for putting the work and expense upon the
individual landowners.
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The foregoing discussion omits consideration of possible legal
obstacles to payment in particuler of the item for loss of profits.
Nevertheless, failure to reccive compensation for such losses doubt-
less is an important factor in causing opposition to the use of open
ditches even when they would be cheaper than tile drains.

COMCLUSIONS

Tile of large dismeter have been used for draining land in many
instances where open difches would have provided drainage for less
cost. Lack of dats for comparing the totsl cost of drainage by open.
ditches and by tile undoubtedly has been partly responsible for use
of the more costly type of drains.

The annual expenditures for maintenance of tile drains by 106
drainage districts, believed to fairly represent general conditions in
the upper Mississippi Valley, averaged about two-thirds of 1 per
cent of the cost of the tile and labor of installation. The average
annual cost of keeping open ditches in fairly effective condition in
the same region is indicated to be about 5 per cent of the cost of
excavation and demagas.

On the basis of average prices paid for drainage construction during
1922 to 1925 and annuaf) maintenance expenditures capitalized at
634 per cent per year, it appears that tile drainage and open ditches
may be equal in ultimate cost when purchase of tile and trenching,
laying, and back fifiing will be 70 to 100 per cent greater than the
cost of excavation anﬁ damages for the open ditch., If the ratio of
these installation charges falls within this range, the more economi-
cal type of drain is $o be determined only by comparing costs accord-
ing to prices applicable to the case in hand. Use of graphs and
formulas given herein will reduce the labor of making such
COMPATISONS,

Care in design and construction work will be conducive to low
repeir costs for tile dreins. Inspection should be continued until the
last bit of construction is completed.

In appraising damages to be paid for right of way for an open
ditch, across cultivatef land particularly, cognizance 'siould be taken
of other damages than merely the area occupied by the ditch and
waste banks. Such damages may result from injury to crops on
turning strips along the right of way, from loss of profits through
raduction in the size of the farmer’s business, and from increased
expense of labor for cultivating fields divided by the ditch.
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