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 Maximizes net returns?

 Reduced annual variability? Reduced Stess?

 Maintenance free?

 Reduces risk of crop loss?

 Improves field operations?

 Incorporates water quality goals?
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 Drainable water

 What is a water table?

 Physics (uh oh!) of drain flow

 How our design choices influence 

drainage
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 “Gravitational” water 

removed (from 

largest pores)

 Water remains in 

smallest pores

 Drier toward surface

 Water table drop 

occurs over hours to 

days

 Doesn’t take much 

water for fine soils
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Example: a 5% drainable porosity means that the 

watertable drops/rises 100 inches for 

every 5 inches of water drained.

Soil Texture

Field

Capacity

(% by vol)

Wilting Point

(% by vol)

Drainable

Porosity

(% by vol)

clays, clay loams, silty clays

well structured loams

sandy

30-50%

20-30%

10-30%

15-24%

8-17%

3-10%

3-11%

10-15 %

18-35 %



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

below the soil surface is drained to a watertable

depth of 3.5’. How much water was drained from 

the soil profile?

 Solution: Assuming a Pd of 8%, the volume 

drained is:

 vol = 8% (3.5’ - .5’) 100 = 0.24’ = 2.88”
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 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



 Design choices 

(controllable factors):

 Areas to be drained 

 Drainage rates 

(coefficients)

Drain depth

Drain spacing

 Drain size

 Which choices are 

most important?

 Design Choices (cont.)

 Drain grades

 Drain materials

 Drainage system layout

 Outlet configuration 

 (elev, pumped, natural)



 Rainfall/climate factors

 Soils

 Topography

 Outlet condition

 Legal/regulatory 

framework
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 Ditch, tile main, other?

 Location (right of way issues)

 Capacity (flow and timing issue)

 Rules & regs

 Elevation (physical structure & water surface)
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 What are we doing by selecting spacing & depth?

 Choosing a  “DRAINAGE COEFFICIENT”

 What is a Drainage Coefficient (DC)?

 How do depth & spacing affect DC?
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 Inches to be removed in 24 hours 

Soil Type Field Crops Truck Crops 

Mineral 3/8 – ½ ½ – ¾ 

w/ surface inlets ½ – 1 1 – 1-½  

Organic ½ – ¾ ¾ – 1-½ 

w/ surface inlets 1 – 1-½ 2 – 4 

 



 Assumes WT at 1 ft within 1 day after rainfall
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 2 to 5 year event is probably what we want

 Controlling larger events too costly

 Every soil will be different

 Crop selection matters

 Climate regions will differ

 Costs/benefits will vary from year to year

 Climate trends will cause an optimum point shift





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

 Experience and long-term observations important

 Risk management for farmer
 Protect crop for any condition?

 Protect crop for average condition?

 How risk averse am I?

 Please send $$ so we can run simulations for all 
soils in MN! 
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 Design for uniform depth throughout system 

(depends on layout)

 Depth will of course vary on flat and rolling 

topography

1000 ft

3 ft depth4 ft depth Tile at 0.1% grade
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 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



Select DC,

Spacing 

& Depth

Develop System

Layout

Determine Grades

& Depths

Background

Information

(soils, topo, crops)

Determine Drain

Sizes

Installation
Drainage

Needed

NO

Confirm

Outlet

NO



Most important step (besides determining an 

outlet!

 Where the real brains are needed!

 Layout determines uniformity of drainage

 Consistent depth throughout field



 2000-ft laterals: 

 @ 0.08% = 1.6 ft of fall

 @ 0.1  % = 2.0 ft of fall

2000 ft

No Appreciable Grade
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 Split the ft of fall in half

 More uniform drainage coefficient

 Yes, more connections and ft of main

2000 ft

No Appreciable Grade



 Should start with contour (topo) map of field

 Only way to look at 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

Figure 1. Various drainage system layout alternatives. 

Targeted  Double Main  

Parallel  Herringbone  
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 Enough grade to:
 Keep the water moving

 Keep sediment suspended in the water

 Flat grades 
 More prone to sediment build up

 Smaller margin for installation error

 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!

 Must pay attention to minumum grades



Table 5.  Minimum recommended grades for drainage pipes. 

Drains not subjected to 
fine sand or silt 

(min velocity 0.5 ft/s) 

 Drains where fine sand 
or silt may enter 

(min velocity 1.4 ft/s) 
Drain Inside 

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

6 ft fall/mile = what % grade?

100%
distance

fall
grade %

0.11%100%
5,280

6
grade %



RR2
RR1

Rod (or Laser) Reading

NOTE: if upstream rod 

reading is larger than 

downstream rod reading, pipe 

is on reverse grade!

100%
length

RR1 - RR2
grade %
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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, once you have 

layout



 Drainage Coefficient (DC)

 = inches/day

 Flow = DC x Area (ac drained)

 Area = Spacing x Length

 Find no. of acres drained by pipe 

size of choice

 Given the grade, material, etc.

 Example 1: (find pipe)

80-ft spacing (above)

DC = 0.5 in/day

Grade = 0.1%

4” pipe drains 2.5 ac (1361 ft)

5” pipe drains 4.5 ac (2450 ft)

 Example 2: (find grade)

 80-ft spacing (above)

 1500-ft distance (2.2 ac)

 DC = 0.5 in/day

 What grade for 4” pipe? (.08%)

 What grade for  3” pipe? (.36%)

 Mixed pipe sizes??



Flow Capacity of Size at Left

4 6 8 10 12 15

4 - 3 6.3 10 16 25

6 - - 2.2 3.4 5.5 8.5

8 - - - 1.5 2.5 4

10 - - - - 1.6 2.5

12 - - - - - 1.5

15 - - - - - -

Example: A 12-in pipe has the capacity of 5.5 6-in pipes





 Acres Drained

 DC

 Grade
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 Pipe size

 Pipe Size

 DC

 Grade

 Material

 Area Drained



 Manning’s Equation

 Also used for flow in ditches

grade
12

D
n

11.05
AreaDCFLOW

2.67

n =  .009 smooth interior pipe

.015 3” to 8” sizes

.017 9” to 12” 

.020 > 12”

UNITS:

Area = acres

DC = in/day

D = ft

Grade = ft/ft



 Acres Drained

 Pipe Size (inches)

0.375

100%grade11.05

AreaDCn
12)Diameter(D

%grade/100
12

D
DCn

11.05
Area

2.67















 acres drained  pipe size 

600 acres at 

½”DC

1.5% grade – 24”

dual wall – 18”



 pipe size  acres drained

25 acres at 

½” DC

0.1% grade – 10”



 Always round up to next larger size

 Don’t create bottlenecks in system

Potential Acres Drained by Selected Tile Sizes and Grades 

Drainage Coefficient = ½-inch/day  

% Grade 4” 5” 6” 8” 10” 12” 

.10 2 4.5 8 15 25 40 

.25  4 7.5 12 25 40 65 

.50 6 11 17 36 58 92 

1.00 8 14 23 50 80 130 

2.00 12 20 32 72 118 185 
 



































Digital Elevation 

Model





http://www.drainageoutlet.umn.edu/



University of Minnesota Extension

www.extension.umn.edu



Ontario Ministry of Agriculture, Food and Rural Affairs

www.gov.on.ca/omafra
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