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Drain Design Procedure

I. Determine if and where an adequate 
outlet can be installed!  

II. Estimate hydraulic conductivity (K) 
based on soil type.

III. Select drainage coefficient (Dc) based 
on crop and soil type.



IV. Select suitable depth for drains 

o Typical range 3 to 6 ft.

o Cover  greater than 2.5 ft

o Depth / spacing balance to minimize cost

V. Determine spacing

o Use soil textural table guidelines

o Use iGrow Web-based calculator.

Drain Design Procedure



VI. Size laterals and mains to 
accommodate the design flow.

– Maintain minimum velocity to clean pipe.

(0.5 ft / s - No silt; 1.4 ft / sec - w/silt)

– Match pipe size to design flow.

(telescope the size of main as drained 
area increases)

– Properly design outlet.

Drain Design Procedure



Design Challenges

 The design process results in a design for a 2 to 5 

year event, controlling larger events too costly.

 Every soil will be different and crop type matters.

 Costs/benefits will vary from year to year.

 Climate trends are unpredictable.



Drain Tile Installation Equipment

Tractor Backhoe Tile Plow

Chain Trencher Wheel Trencher



Drain Tile Materials

Clay Tile (organic soils) Concrete Tile (mineral soils)



Drain Pipe Materials
- Polyethylene Plastic -

Single wall corrugated Dual wall (smooth wall)

Water enters the pipe through slots in wall 



I. The Drain Outlet

 MUST have sufficient 
grade for gravity flow !  

< set preliminary grade>

- If not, a pump station will be

necessary.

 Receiving water must have 
adequate capacity.

 Provide guards to keep 

animals out.

 Daylight outlet pipe

1 ft above base flow 

in receiving channel



Drainage Pump Stations

When you don’t have the fall to use gravity ….



II. Determine Ksat for Soil

 Use web soil survey for site in question.

 Conduct site specific soil survey (test pit).

 Use values base on soil texture.

 Ask local experts (county staff, NRCS, 

drainage contractors).



III. Proper Lateral Depth and Spacing

Drain spacing, water table depth and crop response



Drain depth and spacing integrate the water 

removal rate (Dc) and soil permeability (K)
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Drain Depth / Spacing - Equation

Image from Gary Sands – U of MN 
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Determination of Soil K 

https://websoilsurvey.sc.egov.usda.gov/

The WSS can calculate a 

depth weighted K value



Lateral Depth and Spacing
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The goal is to maintain as 

consistent a Dc value across the 

field as possible.



Lateral Depth and Spacing

 A relationship exists between depth and

spacing of drains.

 For soils of uniform permeability, the deeper

the drains, the wider the spacing (within limits).

 Higher permeability soils can have greater spacing 

 Need to provide adequate root depth above the 

saturated zone.
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Lateral Depth and Spacing

Varies with soil permeability, crop and soil, kind of 
management practices crop, extent of surface 
drainage.

Typical drain depth range = 3 to 6 ft.

Typical spacing = 30 to 100 ft.

Depth / spacing balance to minimize cost.

Minimum cover greater than 2.5 ft.



From Gary Sands – U of MN

Drain Water Flow Patterns

P. Gradient

Gravity



Drain Depth / Spacing - Table

Varies with soil permeability, crop and soil management 
practices, kind of crop, extent of surface drainage.

Soil Texture
Hyd. Cond 

(in/hr)

Spacing 

(Ft)

Depth

(Ft)

Clay 0.02 - 0.04 10 - 20 3.0 - 3.6

Clay Loam 0.04 - 0.20 16 - 33 3.0 - 3.6

Loam 0.02 - 0.79 33 - 82 3.6 - 4.0

Fine sandy loam 0.79 - 2.6 82 - 164 4.0 - 4.6

Sandy loam 2.6 - 5.1 164 - 230 3.6 - 5.0

Peat and Muck 5.1 - 9.8 230 - 330 3.6 - 5.0

Source: Soil & Water Conservation Engineering 5th Ed., 2006



Depth / Spacing - Calculator

http://www.igrowdrainage.org/



Depth / Spacing - Example



Pipe Capacity Side
Design 

Flow Rate

Side

Engineering Design Aids 
- Tubing Drainage Chart -



Flow into laterals

Area drained = L x S; L = 1,500 ft; S = 61 ft; 

AT = (1,500 x 122) / 43,560 = 4.2 ac; Dc = ¾ in. 

S

A1

L

0.14 cubic feet / second = 63 gpm

A2



Manning’s equation for gravity pipe flow 

n =  .009 smooth interior pipe

.015 3” to 8” sizes

.017 9” to 12” 

.020 > 12”

Dc (in/day) x Area (ac) = Flow rate (ac • in/day)

(ac • in/day) / 23.8 = Flow rate (ft3/sec)

From Gary Sands U of MN

VI. Sizing Laterals and Mains

Pipe capacity (cfs)  =  0.4631 x  D 2.667 x  S 1/2

n

D = pipe diameter (ft) and S = pipe slope (ft/ft)



Pipe Capacity

Pipe Capacity Graph

Read pipe flow capacity for 

pipe size from the scale on 

the left. 

Water Volume Table

---------------------------------------

See your drainage design 

chart.

----------------------------------------

Full flow capacity of a

8 in diameter pipe @ 0.22 %

=  0.49 cfs  

=  220 gpm

----------------------------------------

cfs x 448.83 = gpm

0.49



Example Problem

For Dc = 1/2 in / day

Area = 20 ac

Pipe Slope = 0.30% 

= 0.0030 ft/ft

4 in pipe range

0.130.13

4 in pipe range

0.13

Requires:

Pipe needs to carry 0.42 cfs 

(use next highest standard 

size) of 8 in diameter which has 

full flow capacity of 0.57 cfs & V 

~ 1.6 ft /sec.

Use across different scales 

to telescope the pipe size

1.

2.

3.

4.



Area / Pipe Size - Example

Note the non-standard 

pipe diameter. Select 

8” diameter.



Slide Rule Design Tool



Drainage Resources

fyi.uwex.edu/drainage/



Drainage Resources

Learningstore.uwex.edu



Drainage Resources

www.extension.umn.edu/agriculture/water/

From Gary Sands  U of MN

See the UWEX drainage site for other web sites



Pipe Size and Grades

 Desirable minimum working grade is 0.2 %

 Typical minimum pipe size is 3” - 4” in 

humid regions and 5”- 6” for organic soils.

 Minimum grade sufficient to maintain 0.5 ft 

/sec (1.4 ft / sec with sand and silt in flow).



Pipe Size and Grades
- Design Boundary Conditions -

 Very high velocities 
can cause “sink holes” 
when soil is actually 
pulled into the tile line.

 “Blowouts” can occur 
when lines become 
pressurized.

Soil Texture

Max. 

Velocity 

ft/sec

Sand & sandy loam 3.5

Silt & silt Loam 5.0

Silty clay loam 6.0

Clay & Clay loam 7.0

Course sand or gravel 9.0

 Watch out for steep-to-flat grade changes and 

overloading mains ….  Blowouts !



Tile Line Blowouts

Time

During storm event After storm event

Photos from: Eric Cooley, UW Discovery Farms 



Sub-surface Water Management 

 Reduces the total water export.

 Annual nitrate load reductions ~ 15 to 75%.

 There are still a number of unknowns about

performance, research is on-going.

 Requires on-going management.

Source:  Drainage Water Management for the Midwest, Purdue 

Extension Service,   http://www.ces.purdue.edu/new



Maintenance Issues
- Iron Ochre -

 Iron ochre is a red, yellow or tan gelatinous 

material adhering to drain wall openings or 

forms outside of buried tiles

 Ochre is a filamentous 

bacterial slime composed 

of organic masses and 

iron oxides. 



Maintenance Issues
- Iron Ochre -

 Iron ochre formation is most common in sandy 

and organic muck soils (Ford and Harmon, 

1993) or alternating wet and dry soils, such as 

those under irrigation.

 Bacterial growth supported by 

soluble (ferrous) iron in ground-

water. 

 On-going maintenance is the

only economical option for con-

trolling iron ochre formation. 



Drainage System Cost
- Approximate ! -

Drainage system installation costs can 

vary significantly based on terrain, soils, 

outlet availability, etc.

Rough Range

~ $1,000 - 1,500 / ac



QUESTIONS ? ? ?


