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ASABE Tile Drain Standards

Design Standard

ASAE EP480 MAR1998 (R2008)
Design of Subsurface Drains in Humid Areas
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American Society of
Agricultural and Biological Engineers

ASABE is a professional and technical organization, of members worldwide, who are dedicated o advancement of
engineering applicable to agricultwal, food, end biological systems. ASABE Standards are consensus documents
developed and adopted by the American Society of Agricultural and Blologlna Engineers 1o meet standardization

needs within the scope of the Society; principally agri field farmstead structures, soil
and walter resource management, turf and landscape equipment, forest engineering, food and process engineering,
electric power licati plant and animal envi and waste

NOTE: ASABE Standards, Engineering Practices, and Data are informational and advisory only. Their use by anyone
engaged in industry or trade is entirely voluntary. The ASABE assumes no responsibility for results attributable to the
application of ASABE Stendards, Engineering Practices, and Data. Conformity does not ensure compliance with
applicable , laws and Prosp users are for protecting against
liability for infringement of patents.

ASABE Standards, Engineering Practices, and Data initislly approved prior to the society name change in July of 2005
are designated as "ASAE", regardless of the revision approval date. Newly developed Standards, Engineering
Practices and Data approved after July of 2005 are designated as "ASABE".

Standards designated s "ANSI* are American National Standsrds as are all 130 adoptions published by ASABE.
Adapfion as an American National Standard requires verification by ANSI that the requirements for due process,
consensus, and other criteria for approval have been met by ASASE.

Consensus is established when, in the judgment of the ANSI Board of Review, has
been reached by directly and materially affected interests. Substanfial agraement means much more than a simple
majrity, but nat necessarily unanimity. Consensus requires that all views and objections be considered, and that a
concerted effort be made toward their resalution.

CAUTION NOTICE: ASABE and ANSI standards may ba revised or withdrawn at any fime. Additionally, procedures of
ABABE require that action bs taken periodically ta reaffimm, reviss, or withdraw sach standard

Copyright American Society of Agricultural and Biclogical Engineers. All rights reserved.
ASABE. 2050 Niles Road, St. Joseph, M| 40085-9658, USA, phone 269-428-0300, fax 269-429-3852, hgi@asabe.org

ASAE EP480
MAR1998
(R2008)
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ASABE Tile Drain Standards

Construction Standard

ASAE EP481 FEBO3
Construction of Subsurface Drains in Humid Areas
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Drain Design Procedure

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

Il. Estimate hydraulic conductivity (K)
based on soll type.

lll.  Select drainage coefficient (Dc) based
on crop and soll type.
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Drain Design Procedure

V. 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
0 Use soil textural table guidelines
0 Use iGrow Web-based calculator.
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Drain Design Procedure

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

— Maintain minimum velocity to clean pipe.
(0.5 ft/s-Nosilt; 1.4 ft / sec - w/silt)

— Match pipe size to design flow.

(telescope the size of main as drained
area increases)

— Properly design outlet.
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Design Challenges

v" The design process results in a design fora 2to 5
year event, controlling larger events too costly.

v Every soil will be different and crop type matters.
v Costs/benefits will vary from year to year.

v Climate trends are unpredictable.
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Drain Tile Installation Equipment

Chain Trencher Wheel Trencher

EXtension



Drain Tile Materials

Biological Systems
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Drain Pipe Materials
- Polyethylene Plastic -

Single wall corrugated Dual wall (smooth wall)

PN Water enters the pipe through slots in wall
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|. The Drain Outlet

v MUST have sufficient
grade for gravity flow !

< set preliminary grade>

- If not, a pump station will be
necessary.

v Receliving water must have
adequate capacity.

v Daylight outlet pipe
v Provide guards to keep 1 ft above base flow

animals out. In receiving channel

:"‘ €
uw [}
Af Engineering EXTE"SIO"
UNIVERSITY OF WISCONSIN-MADISON



Drainage Pump Stations

When you don’t have the fall to use gravity ....
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ll. Determine K__, for Soll

sat

v' Use web soil survey for site in question.

v' Conduct site specific soil survey (test pit).

v Use values base on soil texture.

v' Ask local experts (county staff, NRCS,
drainage contractors).
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Ill. Proper Lateral Depth and Spacing

Drain spacing, water table depth and crop response
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GOOD CROPS

“DRAINS SPACED JUST RIGHT
GOOD CROPL.

Vite s AREA OF SEVERE 5
,{-.;F/‘.g 1\!’.{, .-." r— CROP OAMAGE—, .
:{\d\k\’\uﬁﬁ“&“a‘ 2wl
>

D _//-"""DRAINS SPACED TOO FAR APART ™~ :\

GROUND - WATER LEVEL 24 HOURS AFTER RAIN SATURATES SOIL
T T 77" GROUND- WATER LEVEL 48 HOURS AFTER RAIN
=== GROUND~WATER LEVEL IN DRY WEATHER
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Drain depth and spacing integrate the water
removal rate (Dc) and soil permeability (K)
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Drain Depth / Spacing - Equation
(8@*d*h) - (@axkaxh?)

Hooghoudt Equation, 1940

soil surface

K, (in/day)

K, (in/day)

equivalent confining/layer.

confining layer

Image from Gary Sands — U of MN EXHWTEHSI.O"



Determination of Soil K

Browse by Subject
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Four Basic Steps
n Defne.

Use the Arva of Interest tab
b define vour ares of interees,

Sk iz v rpe mage

1 Wamt To...

= Start Web Sed Survey
{wss)
Know the reguirements
for running Web Soll
Swevey — will Web Soil
Swrvey work m my web
browser?
Know the Weh Sol Surery
Poure of oparation
Tind what aress of the
U5 have sod data

= Fud whurmatmn by lope
Xnow bow to hyperink
from cther docum-nu to
Web Soil Sueve

= Know the ‘ﬂllﬂfﬂ data
atructurs

Announcements/Events
Weh Sod Survey 1.2 bac
beanrelassed! View
descnption of new
features and fues,

Web 5ol Sureey Release
Hietory

“Sun up for & mad
updates via GovDelbvery

1 Went Help With

Gettog :umd with web
Sl Swrvel
How to Use Web Sol

How Ic ues Web Soll
Servey Ocline Hel
Xnown Problems and
Workarvunds

= Frequently Acked
Quastions
CRing Wab Soll Survey ax
2 sowrce of sofs data

The WSS can calculate a
depth weighted K value

Tables  Saturabed |Iydraulic Conductivily (Ksat)  Sumimary By HMap Unit a

Summary by Map Unit — Brown County, Wisconsin [WL009) e}

Map unit Map unit name Rating [ micromeatars par hrras Im Parcant of
symibnl wpcnnd) AOT AT
KhBZ Kewaunes sit loam, 2 ©0 6 percent skopes, | 2.0931 .1 85.5%
erockad
M Manawa silty day loam, 0 te 3 peroent 1.1856 ] 13.4%
sopec
Tolals for Area of Interest 0.1 100.0%
Dascription — Saturated Hydraulic Conductivity {Ksat) 2]

Saturated hydraulic conductivity {K=sat) refers to the zase with which pores in a saturated soil fransmit water
The estimates are expressed in t?l ms of migromekers per second, They are based on soll characteristics
ohserved in the particularly structure, parosity, and texture. Saturated hydraulic conductivity is considered
n ﬂ'a deslgn af sall dralnags systams and septc tank absorption ‘h:lu_'l-;

For aach sall layer, this attrdbuba |5 ackually recorded as thrae separaka values In the dakabase, & low value and 3
high walue indicate the range of this attribute for the soil component. A "representative” valee indicates the
expected walue af this attributa for the componant. For this sall praperty, anly the reprasartativa value s =ed.

Tha numerc Ksat valsas hava besn grouped according to standard Ksat class limits,

Rating Uptions — Saturated Hydrauolic Conductivity (HKsat) ]

IMnits of Measure: micrometers per second
Aqoregation Mathad: Dominant Companent

Compomnent Percenl Cuboff: Vooe Specife
Tie-treak Rule; Fastest
Interpret Nulls as fero: Ho

Layer Oplions (Horizon Aggregation Method): &l Layvers [Weghied Sverage)

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




Lateral Depth and Spacing

The goal is to maintain as
consistent a Dc value across the
fleld as possible.
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Lateral Depth and Spacing

v' A relationship exists between depth and
spacing of drains.
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Lateral Depth and Spacing

v For soils of uniform permeability, the deeper
the drains, the wider the spacing (within limits).
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Lateral Depth and Spacing

v Higher permeability soils can have greater spacing
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Lateral Depth and Spacing

v" Need to provide adequate root depth above the
saturated zone.
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Lateral Depth and Spacing

Varies with soil permeabillity, crop and soll, 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.

&
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Drain Water Flow Patterns

P. Gradient

From Gary Sands — U of MN Exuwt E"Sion



Drain Depth / Spacing - Table

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

: Hyd. Cond Spacing Depth

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 5" Ed., 2006
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Depth / Spacing - Calculator

A Sarvice of 505U Extension

w
I IGrow Drainage Calculators

Utilize these calculators to address common drainage questions. Additional information is available on iGrow

Pipe Size -= Area Drained Area Drained by Pipe Sizes Avg. Hydraulic Conductivity Drain Spacing
Drainage Coefficient Grade -= Fall Fall -= Grade Min. Grade Needed
Hydraulic Conductivity Converter Max. Lateral Length Length -> Lateral Sizing Max. Laterals on Main
Area Drained -> Pipe Size Pump Size Subirrigation Spacing Sump Storage

Visit iGrow.org for the latest information from SDSU Extension. This tool was developed in collaboration with University of Minnesota Extension

@ 2014 South Dakota Board of Regents

http://www.igrowdrainage.org/
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Depth / Spacing - Example

l‘ 7
"GEQW Drainage Caleators
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Engineering Design Aids

- Tubing Drainage Chart -

PLASTIC TUBING DRAINAGE CHART

AC !-’La ;_,PAH ED

\Plpe Capauty Slde

4|

FEET PER SECOND)

RGE (CUB

DISCHA

) E;(isl%geig?ilnéystems - ':}HA:.,:'l {I'H !"r'-‘lF.H AI;IL‘(]‘-'%F'U | I DR H‘J‘ \k‘f—llt OEF L.lI.IVF'JE‘ ExuthHSion
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Flow Into laterals

Areadrained =L x S; L =1,500 ft; S = 61 ft;
Ar= (1,500 x 122) / 43,560 = 4.2 ac; Dc = %in.

. == 7~ 1 0 i Tl il
I i ' 5 + & [ s
(a1 | e b | | |
I l A2 )l“' ..:;I S
I i : i =N
| I o™ b [P ks
I l I : [ +: ;5 4 % 2
| i I T b b L
| i I [ | _:_ : ’
I I ' HERIT ;
| i : : 18 T [ | w2
' : : GRADE {FEET PER 100 FEET) URANAGECOETRISENY
: : SZEQR) | M
I l 3-8 [ 0015
| i ' | 10*-12" 1 007 ]
| i | = 0.620
| [ '
e - - —%
0.14 cubic feet / second = 63 gpm
«— S —>
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VI. Sizing Laterals and Mains

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

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

Manning’'s equation for gravity pipe flow

Pipe capacity (cfs) = 0.4&381 x @7 x (5”2
D = pipe diameter (ft) and S = pipe slope (ft/ft)

n = .009 smooth interior pipe
.015 3” to 8” sizes

.017 9” to 12”
From Gary Sands U of MN .020 > 12”




P i p e C ap aC i ty PLASTIC TUBING DRAINAGE CHART

L :3; ot 11 2 13 14 25 U8 Lo 2 3 - ,{C_\ERES Dli,A..l,NED
Read pipe flow capacity for REEE
pipe size from the scale on £
the left.

. Lo F5
_______________________________________ ' s 1o
See your drainage design 2 e R
chart. 3G s
---------------------------------------- BE|
Full flow capacity of a : WS c
8 in diameter pipe @ 0.22% {49 |~ Ls S
= 0.49 cfs 3 //
= 220 gpm MEE

// [ 3
________________________________________ == L.

ST
cfs x 448.83 = gpm |

o GRADE (F.EETII"ER 100 FEET) . DR"’NAG‘EégEFF'é'ENL

[sizepiay | "n |

uw = Y — -]
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PLASTIC TUBING DRAINAGE CHART

Example Problem

a4 DR 0 0| b2 03 14 8596 33 10 20 1 f ACRES DRAINED 2
nr TT1 | AT 1 T R0 O O T T T T tTassal356 1530

For Dc = 1/2 in / day ;‘:" |
I

Area =20 ac il

Pipe Slope = 0.30% W e e e e s

22 e L 8
= 0.0030 ft/ft e T D
&) L//‘(;/ \ = /{//

Requires:

EE

T PER SE
\/
\
N

Pipe needs to carry 0.42 cfs

(use next highest standard 3

size) of 8 in diameter which has <\ 13N LN

full flow capacity of 0.57 cfs & V| |2 . | \_ 1\ 1]
N\ A

~ 1.6 ft /sec. T LR

DISCHARGE (CUBIC F

\

' \
/
oM\

\~7TQ
R

|
\
4—La
S\ AR\
a3
\

\ |

Use across different scales | R M o 11 e n
to telescope the pipe size ot | |

RN E ] ]

1/ Iy Ya B 2
DRAINAGE COEFFICIENT |

SIZE (DIA) } "n ‘

=

GRADE (FEET PER 100 FEET) |

EINE]
v-12t
- —

D
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Area / Pipe Size - Example

j ‘row
| [Aeamane e \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
=

Drained Area

//

Drainage Coefficient Flow Rate (full pipe) 04201 «cfs
P::pf Glradf o8 e Flow Velocity (full pipe) 1.45 ips
Grade -> Fall alculate =
. . ) ) Required pipe size is 7.3 inches
Pipe Material Single Wall Plastic v 3
Fall -» Grade ﬂ

CALCULA

Min. Grade Needed
CLEAR ALL FIELpS

Hydraulic Conductivity Converter

Note the non-standard
pipe diameter. Select

8” diameter.

IR ki Sintae EXtension
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Slide Rule Design Tool

) Biological Systems
Engineering
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PIPE SIZE & AN : .
ACRES DRAINED s |
CALCULATOR

single Wall
( in inches)
ENGINEE

RED WITH INTEGRITY

800.992.1725 i m o e e T Y |

Dual Wall PIPE SIZE : R
WWW.PRINSCO.COM i, i) [1 3| 24 1 | 3 ) |36 36 36 a3
M GENERAL DRAINAGE COEFFICIENTS (INCHES/24 HOURS

without _Soil Type Field Crops Truck Crops

UNIVERSITY OF MINNESOTA 0 z
0 ) 220 20 3} surface Mineral

1
4 >
3 485 440 inlets
" ) b Organic 2 to 3/4 3/ to 1-1
5 4 ] =
7 - s Field Crops Truck Crops

with Soil Type

surface  Mineral
intets

Organic

s UL i ‘
® ‘ \ *
FLOW RATE & VELOCITY CALCULATOR o LA i stor
¥3 I I ‘ ‘
¢35 b
2 e
32 o | - |
3 : o
93 FLOW RATE ) ! I 1 ‘ L I i
Es ) ; i : 0 ;
- VELOCITY 5 ] m
C 3 (fps)
33 il il Tt
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Drainage Resources

fyl.uwex.edu/drainage/

University of Wisconsin-Extension Cooperative Extension =

Tile Drainage Resources E)E(n'[vEHSfOH

{-:mrhirrﬁﬂu'ﬂ I xtension Unhenrsty of Winconmn-Exteraice

Home  Tralnings & Workshops  Unbversity & Agency Links  Video Resources  Web Resources

This site is designed to provide farmers, conservationists, and agronomists with a variety of

. . ) Uriversity B Ager ks
infarmation and resources related to agricultural tile drainage. - gency L
ideo Resources
Resources
Workshops
Understanding Agricultural Drainage Mapping Tile Drainage Systems Controlled or Managed Drainage Systems Research UW DISCOVERY FARMS

Update - What we've learned from Wl Farms Drainage District Overview Enabling no-till yields to increase with earthworms,

drainage Corps Regulatory Process
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Drainage Resources

Tile Dralna
Understanding and Locating
Tile Drainage Systems
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Drainage Resources

www.extension.umn.edu/agriculture/water/
M UNIVERSITY OF MINNESOTA | EXTENSION

COMMUNITY ENVIRCHMENT FAMILY FOCO GARDEN YOUTH ABOUT

Agricultural Drainage

Drainage calculators History

Drainage industry Science and drainage

Drainage law Technical, planning, and design
Economics Water quality and environment

The Universey of Minnescta Fasnsion
team brings Gulf hypoxia Reports

aroqucers anc

agreukural cranage

INAL 10 IMprove waler

management prachices

Agnculieat Qrainage 2015 Drainage Design Workshops
betwesn Minnesota

14 3 The Orainage Desgn 'Workshops are a colaborat bete.
o Drainage program 2am - >
- . - Nerth Dakota, ane South Cakata This years wo % |
s Extenson publicaticns v Sio 3 24 = 2510 St Chud, MN. and March 10-=11In

ons be Feb 17 - 18

Find mare information on the warksneps hens (293 K
Anvone wishing to attand &3 3 vendor n

= Recen! pressntabons

nere

Two-stage drainage ditches can be & win-win

ane ditch repair cests by moditying

Reduce tropland nutrient

traditional crainage citchas
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Pipe Size and Grades

v Desirable minimum working grade is 0.2 %

v Typical minimum pipe size is 3” - 4” in
humid regions and 5”- 6" for organic soils.

v' Minimum grade sufficient to maintain 0.5 ft
/sec (1.4 ft / sec with sand and silt in flow).

;Q\\ iological Systems uw [
A ErEneE v Extension



Pipe Size and Grades

- Design Boundary Conditions -

Max.
: " Soil Texture Velocity
v" Very high velocities ft/sec
can cause “sink holes” [ sang & sandy loam 35
when soil is actually ——
i : : Silt & silt Loam 5.0
pulled into the tile line.
Silty clay loam 6.0
v' “Blowouts” can occur Clay & Clay loam 7.0
when |II’)€S become Course sand or gravel 9.0
pressurized.

v' Watch out for steep-to-flat grade changes and
overloading mains .... Blowouts !



Tile Line Blowouts

Time

"l_-'\’(

During storm event After storm event ow .
Photos from: Eric Cooley, UW Discovery Farms EXtE"S’O"



Sub-surface Water Management

v' Reduces the total water export.
v' Annual nitrate load reductions ~ 15 to 75%.

v' There are still a number of unknowns about
performance, research is on-going.

v' Requires on-going management.

Figure 3. The outlet is raised after

= 3 Figure 2. The outlet is lowered a few
Figure 1.The outlet BB 3’56’@3“” weeks before planting and harvest fo planting to potentially store water for
harvest to reduce nitrate df‘?fﬂ"{?!}’. aflow the field to drain more fully Crops.

Source: Drainage Water Management for the Midwest, Purdue
oo Extension Service, http://www.ces.purdue.edu/new
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Maintenance Issues
- Iron Ochre -

v Iron ochre is a red, yellow or tan gelatinous
material adhering to drain wall openings or
forms outside of buried tiles

v' Ochre is a filamentous
bacterial slime composed
of organic masses and
Iron oxides.
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Maintenance Issues
- Iron Ochre -

v" Iron ochre formation is most common in sandy
and organic muck solils (Ford and Harmon,
1993) or alternating wet and dry solls, such as

those under irrigation.

v’ Bacterial growth supported by
soluble (ferrous) iron in ground-
water.

v" On-going maintenance is the
only economical option for con-
trolling iron ochre formation.
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Drainage System Cost

- Approximate ! -

Drainage system installation costs can
vary significantly based on terrain, soils,
outlet avallability, etc.

Rough Range
~ $1,000 - 1,500/ ac
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