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How drainage works
Drainage design objectives

The Design Process:
Outlet
Layout & location of lines
Spacing & depth
Grade
Drain Sizing

Design Tools (throughout)






Drainable water
“Physics” of drain flow

Influence of design choices




Gravitational water



Field Wilting Point Drainable

. Capacity 0 Porosity
Soil Texture (% by vol) (% by vol) (% by vol)
clays, clay loams, silty clays 30-50% 15-24% 3-11%
well structured loams 20-30% 8-17% 10-15 %
sandy 10-30% 3-10% 18-35 %

Example: a 5% drainable porosity means that the

watertable drops/rises 100 inches for
every 5 inches of water drained.



Example:A clay loam soil with a watertable at 6”

below the solil surface is drained to a watertable

depth of 3.5’. How much water was drained from
the soll profile?

Solution: Assuming a Pd of 8%, the volume
drained is:

vol=8" (3.5 -.5") . 100 =0.24' = 2.88”






midpoint

ponded surface

1a

otent
or




Design choices:
Drain depth
Drain spacing
Drain size
System layout
Outlet configuration (elev, pumped, natural)

Do all of these affect water flow to the drains?



Drainage Design Objectives

You tell mel




Remove as much water as quickly and as
cheaply as possible

Design a system that functions with hydraulic
efficiency and uniformity

Design & install a maintenance-free system
Provide for the agronomic needs of the crop

Minimize unwanted environmental effects to the
extent possible

Design with future outlet management in mind
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Develop System
Layout
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Determine Drain
Sizes

Determine Grades
& Depths







Ditch, tile main, other?

Location (right of way issues)
Capacity (flow and timing issue)
Rules & regs

Elevation (physical structure & water surface)






What are we doing by selecting spacing & depth?
DRAINAGE COEFFICIENT

What factors push us wider/narrower,
deeper/shallower?

Importance of uniform drainage



Inches to be removed in 24 hours

Soil Type Field Crops Truck Crops
Mineral g — Y2 Yo — ¥4
w/ surface inlets ¥%o—-1 1-1-%
Organic Yo — Y4 Yo —1-%
w/ surface inlets 1-1-% 2 -4

We don’t really know what the “right” number is
for our soil, crop, and region

Risk management for farmer
Protect crop for any condition?
Protect crop for average condition?



- Good Crops -
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Issue Is both economic and environmental



DRAINAGE GUIDE DATA FOR MIKNESOTA
S0iL NAME 11D NO, 1t DRAIN DESIGN RECOMMENDAT JONS 11 S01L CHARACTERISTICS
UNIT KIND ! ! COMMENTS YDSNIDRAIN! _SPACINGS, Ft. ttHOREZ! UNIFIED SOIL t PERMEA= ! pH 1 DEPTH !'DEPTH
MODIFIER 1 ! !GRP!DEPTH'DRAINJ\GE COEFF, 1 1DEPTH! CLASSI|FICATION 1BILITY 1| RANGE 1 T0 1 TO
t t 1 t In. In, /24 Hrs. 1 In. ¢ tin, /Hr. ! 1 WATER 1 BED-
t f H 1 '1/4'3/8'1/2'3/“" 1 ! 1 1 TABLE 1 ROCK
1 ] 1 ! 1 ! H H rt. . In,
1 1 1 ! ! ! ! ! !' 1 1 t ! '
BLOMFORD 1MNO2391 111 L] ! 1 ! 11 0-9 I5M t 6.0-20 15.1-7.310.5=1,5! >50
SERIES L ! 15 1 36 114311151 98) 7911 0-9 !SM,5P-SM 1 6.0-20 '5.1-7.3! !
1 1 15 1 B8 1794412401001 9-25!SM,SP-SM t 6.0=-20 '5.1-7,3! !
1 1 ] 1 1 ! 1 1 1125-391ML,CL, SC, SM I 0.6=-2.015.1=-7.31 !
1 1 ! ! ! f | 1 139= 60|ML CL, 5C, SM P 0.6=2.016.1-8. 41 !
1 ] 1 1 ! t ! 1 1 t 1 4 !
BLOOMING 1MNO 150! 1 71 ! H ! 1 'y 0-8 !ML CL, CL-ML 1 0.6-2.015.6-6.5t »6.0 ! 250
SERIES 1 1 ] ! t ! 1 !! 8-151CL 1 0.6=2.015.6-6.5" !
- . - e -] X Aa ¥ Y Y . P WP L. T L X N 4 4 _ 7 LX) 1
S01L NAME TID NG.! DRAIN DESIGN RECOMMENDAT | ONS 11
UNIT KIND ! 1" COMMENTS  IDSNIDRAIN! SPACINGS, Ft. !'HORIZ!
MODIF I ER Y ) {GRPIDEPTH!DRAINAGE COEFF.!IDEPTH!
t I t 1t In. ! In, /24 Hrs. 1 In. !
1 t 1 1 |1/u13/a-1/2'3/u!! 1
1 ! ! ! 1 ! | 1 11 1
t ] 1 ] I 1 ] 1 T 1
BLUE EARTH tMNOOG6Y ! 111 ' 1 t 1 11 Q=101 PT
SERIES ' ) 15 1 36 1 95! Tht 621 491t 0-10!0L,ML
1 ! 1 5 1 Que ) )-+rett—5en(81D) 641110-6010L,ML
1 t ' 1 1 \ 1 ! 1160-70!CL, ML
- - - - - 1] L] [ 1 1 [ ]
ST , , T SO T ;
L) ! 1 ! 1 ! L " ! 1 1 1 t
BLUE EARTH !MN017TI 11 ' 1 H 1 11 0=1610L 1 0.6=-2.017.4-8.4! +1~-1,0! »&60
VAR ANT 1 11t t 1 1 1 1116-251MLL 1t 0.6-2.077.4-8. 4! 4
1 r 151 36 112711611 86! 681125~ tmsu SP-SM 1 2.0-6.017.4-7.81 t
] t ] 1 { 1 1 1 1y7- 60' t 0.6-2.017.4-7.81 r
t t 1 1 1 1 ! L] 1 ! 1 !
BLUE EARTH 'MNU'IHE! 151 36 13 6!276'235'186![ 0- 2810L 1 2.0-6.017.4-8.4!1 +2-1,0! »60
VARIANT 1 15 0 48 '4241341129212341128-331CL-ML,CL 1 0.6-2.0t7.4-8. 41 4
1 ! 1 1 ! H ] t 1133-60!5P-5M ' 6.0-20 '6.1-8.4! 4
! ' [N oo ! ! ! ! !
BLUFFTON TMNO 1841 11 L] 1 t 1 11 0=191CL 1 0.6~2.015 66,5 +2=2_0! »60
SERIES ! 1L,S1L 151 36 1 53! 46! 39! 301! D-19!SC,SM, SM-SC ! 0.6-6.015.66.5! t
[] 1 1t 51 48 1 76! 601 511 LO!1119-2215M,ML,CL,SC ' 0.6-6.0!5.6-7.3! t
1 1SL, SCL 151 36 | 66! 53! h5! 351122-601CL,ML,SC,SM 1 0.2-0.617.4~8.41 1
1 ! 1 51 48 | 851 68! 58! 4s11 1 1 1 ] ]

Assumes WT at 1 ft within 1 day after rainfall



Design for uniform depth throughout system
(depends on layout)

Depth will of course vary on flat and rolling
topography

1000 ft
4 ft depth Tile at 0.1% grade 3 ft depth
l -
Q.




For the previous soil: dn eaomms sne
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A foot of depth means a significant change in DC!



Many combinations of depth/spacing are possible

Resources:
Mn Drainage Guide
Local experience, (farmers, contractors)
Extension

Two important issues:
How narrow is economically justified?

Moving from deeper/wider to shallower/narrower may
have important environmental benefits



For a well-bedded drain:
2 feet minimum cover for 3, 4, 5 & 6 In pipe

2.5 feet minimum cover for 8, 10,12, 15, & 18 In
pipe



Design Process Flowchart

Background . :
_ Determine Drain
Information Select DC, Sizes
(soils, topo, crops) Spacing
1 & Depth !
Drainage l Installation
Needed

NO

evelop Syste
Layout

Determine Grades
& Depths

Confirm
Outlet




Most iImportant step (besides determining an
outlet!

Where the real 'brains are needed!

Layout determines uniformity of drainage
Consistent depth throughout field

Should start with contour (topo) map of field
Only way to consider entire field at once



Put (sub)mains on steepest grades

Field laterals more on contours (intercept water)




Consider & plan for future needs

Make maps of everything:

As designed
As built

R




Design Process Flowchart

Background . :
_ Determine Drain
Information Select DC, Sizes
(soils, topo, crops) Spacing
1 & Depth !
Drainage l Installation
Needed

Develop System
Layout

NO

Confirm
Outlet

termine Grad
| & Depths




Enough grade to:
Keep the water moving
Keep sediment suspended in the water

Flat grades
Shallower average depth, less digging
More prone to sediment build up
Installation errors more costly

Steep grades -- Higher Velocities

Increase tile capacity

Too steep -- very high velocities can cause tile failure by _
“suckholes” or “blowouts” when soil is actually pulled into the tile
line

Watch out for steep-to-flat grade changes....blowouts!



Drains not subjected to Drains where fine sand

Drain Inside fine sand or silt or silt may enter
Diameter (min velocity 0.5 ft/s) (min velocity 1.4 ft/s)
(inches) Tile Tubing Tile Tubing

3 0.08 0.10 0.60 0.81

4 0.05 0.07 0.41 0.55

5 0.04 0.05 0.30 0.41

6 0.03 0.04 0.24 0.32
8-12" 0.07
12 and larger’ 0.05

¥ recommendation for these drain sizes are from the Minnesota Drainage Guide.
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% grade =

Distance

fall

distance

~100%




1% Grade = 1 ft/100ft = .01 ft/ft

6 ft fall/mile = what % grade?

% grade -5 100% =0.11%
5,280

)

fall
distance

% grade = ~100%



% grade = RRZ-RRT- 1 00%
length

NOTE: if upstream rod
reading is larger than
downstream rod reading, pipe
IS on reverse grade!



Design Process Flowchart

Background
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What 3 things determine flow capacity of a drain
pipe?

Grade (determined from topography)

Material (plastic-single & dual wall, cement)

Size - we determine

Typical Procedure
Grade, material, and DC set
Determine drain size with tools or tables
Just bookkeeping with acres-drained



Drains not subjected to Drains where fine sand

Drain Inside
Diameter min velocity 0.5 ft/s min velocity 1.4 ft/s

(inches) Tile Tubing Tile Tubing
3 0.08 0.10 0.60 0.81
4 0.05 0.07 0.41 0.55
5 0.04 0.05 0.30 0.41
6 0.03 0.04 0.24 0.32
8-12" 0.07
12 and larger’ 0.05

¥ recommendation for these drain sizes are from the Minnesota Drainage Guide.



Drainage Coefficient

}DC =in/day

Flowrate (Q)=DC x A

(ac-in/day or gpm)



..2.67
FLOW =DC’ Area:%' 12% " \[@rade)

Mannings Equation

Also used for flow in ditches

n = .009 smooth interior pipe
.015 3" to 8" sizes
.017 9” to 12"
.020 > 12"




Acres Drained

Area =22 - gD c"2'67'J°/g|rade/1oo
— e 0
n" DC g 12 5

Pipe Size (inches)
.0.375

é " DC” U
Diameter(D) =12" & n, DU Area U
811.05" /%grade /100 §




Can | use 2 Smaller Pipes?

Flow Capacity of Size at Left
4 6 8 10 12 15







Rate of discharge in cfs

Acreage drained
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Calculators-Slide Charts
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Grade Drain Size (inches)

(%) 4 5 6 8 10 12 15 18
0.1 2.5 4.5 7.3 16 25 41 63 103
0.2 3.5 6.4 10.4 22 36 58 89 145
0.3 4.3 7.8 | 127 27 44 71 110 | 178
0.4 5.0 9.0 14.6 32 {0) 82 126 206
0.6 6.1 | 11.0 | 17.9 39 62 101 | 155 | 252
0.8 7.0 | 127 | 20.7 45 71 116 | 179 | 291

1 7.9 14.2 | 23.2 50 80 130 200 325
1.5 96 | 174 | 28.4 61 98 159 | 245 | 398

2 11.1 | 20.1 | 32.8 71 113 | 184 | 283 | 460




On-line Calculators
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Rate of discharge in cfs

Acreage drained
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of discharge in cfs

Ra

Acreage drained
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Rate of discharge in cfs

Acreage drained
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Rate of discharge in cfs

Acreage drained
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grade/pipe size = flowrate/velocity
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Always round up to next larger size

Don’t create bottlenecks in system

Potential Acres Drained by Selected Tile Sizes and Grades
Drainage Coefficient = J2-inch/day

% Grade | 4” 5" 6” 8” 10” 12”
A0 2 4.5 8 15 25 40
25 A 1.5 12 25 40 65
.90 6 11 17 36 58 92

1.00 8 14 23 50 80 130
2.00 12 20 32 72 118 185
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Cut & Profile Datasheet
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