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U of_M Extension Drainage
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WORKSHOP GOALS

= Expand knowledge

= Nail the concepts

= Build on fundamentals
= Learn new tools

= Learn new practices

= Learn from others
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Learning Units for Workshop

Safety
| |
Design 2: Intro to drainage design
. [ ,
» Design 4: Managed drainage design
| |eam design pi
Design 7:  Lift station design

Conservation drainage practices

Drainage Software
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Take Home Points

Be safe in the field (esp. trench safety)!

Be kind to your neighbors

Generally, state laws support drainage, but there
are limits

Make your drainage systems function as uniformly
as possible

Design with conservation drainage in mind

Drainage isn’t rocket science, but there is plenty of
room for excellence!

If going to self-install, walk before you run!




Poorly Drained Soils in the Upper Midwest

Agricultural land benefiting from improved drainage

Percent "
|:| 0 or not agricultural
[ J1-2

B 2a1-5

| |s1-10

B 0.1-20

| ]201-40 B
[ l401-60
B more than 60

\

Drainage Class: Poor, Very Poor, Poor/Very Poor, Very Poor/Poor
Hydrologic Group: A/D, B/D, C/D, D

Slope: Less than or equal 2

[t — | 7

Courtesy of Dan Jaynes, ARS — Ames, IA
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U.S. Water
Management

World (30% land)
11% arable
18% irrigated
~25% drained




Soil Water and Drainage

Field Wilting
Capacity Point

Saturation
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What is a Water Table

e “Gravitational” water
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Drainage Flow: Water Flows “Up”




Drainage pipes
or “tile”

Flow to main
orditch

Introduction to
Drainage Design
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A New Age of Drainage

e Water still flows downhill, but "

eee oo

e Today’s issues call for new
approach

e Golden Rule of Drainage
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How do you know when you’ve done
a good jOb wnth dralnage desngn‘-‘

: |
o I\/Iaxnmlzes net returns?

3 Reduced annualvarlablllty? Reduced Stress?
¢ Malntenance free? —'5 e .&___f;, - —-—

* Reduces risk of crop Ioss? o e L

—p— = —



Drainage Design Choices

Design Choices Design Choices (cont.)
(controllable factors):

» Areas to be drained

-

Drain grades

» Drainage rates » Drain materials
(coefficients)
» Drain depth

» Drain spacing

-

Drainage system layout

-

Qutlet configuration
» (elev, pumped, natural)

» Drain size

» Which choices are most
important?




Drainage Design Conditions

» Rainfall/climate factors

» Topography
» Outlet condition

» Legal & regulatory
framework

» Client’s risk aversion?

» Landowner’s priorities?




Design Process Flowchart

Drainage
Needed

NO

Confirm
Outlet

Select DC,
Spacing
& Depth

Develop System

Layout

Determine Grades
& Depths

Determine Drain
Sizes




Selection of Drain Depth &
Spacing ...

» Determines drainage rate/coefficient
" Influences cost of system
" Influences performance and impact

M UNIVERSITY OF MINNESOTA | EXTENSION
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Effect of Drain Spacing

+ Profitability
+ Downstream or unwanted effects?




Drain SpaCi NQJ. How close is close enough?

How close is too close?

- Good Crops -

A
AR EAAE ,§ VA RIPE

T 7= e 5 S
J

\\/‘ L — — - = ‘2’&:\;
/ Drains Spaced Correctly “\X
: %
Area of Severe
+—Good Crops—-1 Crop Damage [——Good Crops—
173952 : EEF AR S AR
\ﬂ ’ v v L —— _ i S
,"(;' " - Drains spaced too far apart T~ /;1
A\~ ' ~N
» - - = Water table 24 hours after a heavy rain ~

—~ Water table 48 hours after a heavy rain




“Optimized” Drainage Design

Annual Nitrate Loss
Benefits

/

Capital Cost

SSO1 N

Annualized $$

Net Return

Drain Spacing



How do you come up with drain spacing?




Drain Spacing Equation

soll surface

Dy ,— Watertable

equivalentconfining layer,

confining layer




Estimating Drain Spacing: SOSU /U of M

eve I A S = " 0% o GOWDAIN g oy . 0 5 »
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Grow' [

Uslize these calculators 10 address Commen drainage queshions. Addsonal infarmation is availatie on Grow

Pipe Sizo <> Area Drained Area Drained by Pipo Sizes
Dranage Coefticent Grade <> Fal
Fal -> Grace Min. Gragde Neadad
Hydrauic Conducavity Converier Max. Lateral Length
Length -> Lateral Sizing Max. Laterals on Man
Aree Draned -> Pipe Size Pump Size
Subimgation Spacing Sump Storage

Visit iGrow arg for the latest indormation trom SOSU Extensian. This ool was deveioped in cotaboration with Universily of Mimnesota Extanaion
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http://www.igrowdrainage.org/#/
http://www.igrowdrainage.org/#/

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

Display a menu

DRAIN SPACING

Drainage Coefficient
Calculate #

Tile Diameter

Tile Depth

Depth to Restrictive
Layer

Minimum Water Table
Depth

Hydraulic
Conductivity Units

Hydraulic
Conductivity Value

igrowdrainage.org ] O

RESULTS

Drain Spacing

CLEAR ALL FIELDS




Resources for Soils Data

NRCS Web Soil Survey
Soilweb (ARS) (www, Google Earth, smartphone)
lllinois Online Drainage Guide (U of IL)



Web Soil
Survey

Home Page

USDA |

240 3 5 NIRTRTRA (4 T A
! ‘I ! 2]....,“.1.3

Y ey
BT

EWeb Soil Survey - Home

€« > CH

_) websoilsurvey.nrcs.usda.gov/app/HomePage.htm

esoarces conserrva

Enter Keywords | Go |
All NRCS Sites &

b Soils Home

b National Cooperativa
Soll Survay (NCSS)

b Archived Soil Survays
b Status Maps

b Official Soil Serias
Descriptions (OSD)

b Soil Series Extant
Mapping Tool

b Soil Data Mart
b Geospatial Data Gateway
b eFOTG

b National Soil
Characterization Data

b Soil Geechemistry
Spatial Database

b Sail Quality
b Soil Gaography
b Geospatial One Stop

You are here: Web Soil Survey Home

Welcome to Web Soil Survey (WSS)

Sl o) ‘3]\ Web Soil Survey (WSS) provides soil data
i and information produced by the National
Cooperative Soil Survey. It is operated by
| the USDA Natural Resources Conservation
Service (NRCS) and provides access to the
largest natural resource information
system in the world. NRCS has soil maps
| and data available online for more than 95
percent of the nation’s counties and
anticipates having 100 percent in the near future. The site is
updated and maintained online as the single authoritative source
of soil survey information.

‘Three Basic Steps

!I Define.

{ Area of Interest (AOI)

Use the Area of Interest tab
to define your area of interest.

CIER o view 1arger image.
View/Explore.
Click the Soil Map tab

to view or print a soil map, or

| Soil Mmap

| Want To...

Start Web Soil Survey
(WSS)

Know the requirements
for running Web Soil
Survey

Know whether Web Soil
Survey works in my web
browser

Know the Web Solil Survey
hours of operation

Find what areas of the
U.S. have soil data

Announcements/Events

Web Soil Survey Release
History

| Want Help With. ..

How to use Web Soil
Survey

How to use Web Soil
Survey Online Help
Known Problems and
Workarounds

Frequently Asked
Questions

Citing Web Soil Survey as
a source of soils data



http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm
http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm

USDA unied Sians

= Deparmaont of
Prransct Aodathre

O NRCS
Natr
Resources

Consarvation
Serdce

A product of e National
Cooparative Sol Survey,
& joine effort of the United
Staxs Depatman of
Agricuture and other
Fadaral agences, Stwe
Sgences incuding he
Agriculurad Experionant
Statons, and local
paniceants

Custom Soil Resource
Report for

Waseca County,
Minnesota

March 25, 2013




Soilweb:

http://casoilresource.lawr.ucdavis.edu/soilweb-apps

\f' UCDAVIS

CALIFORNIA SOIL RESOURCE LAB
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HOME SOILWEB APPS PEOPLE PROJECTS SOFTWARE

HOME » SONLWEB APPS

SoilWeb Apps

SollWeb preducts can be used 1o access USDA-NCSS detailed soil survey data (SSURGO) for most of the United States. Please choose an interface to ScilWeb:

SoilWeb SoilWeb Earth

Explore soll survey areas using an interactive Google map. View detailed Information
about map units and their components. This app runs in your web browser and is
compatible with desktop computers, tablets, and smartphones.

Soll survey data are delivered dynamically in a “)L file, allowing you to view mapped areas
In a 3-D display. You must have Goog'e Earth or some other means of viewing KML files
installed on your desktop computer, tablet, or smartphone.
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http://casoilresource.lawr.ucdavis.edu/soilweb-apps
http://casoilresource.lawr.ucdavis.edu/soilweb-apps

) ® I] A ( C = |} v > casoilresource.lawr.ucdavis.edu ol

Saint Paul, MN {55101) Foracast | Weather Underground California Soit Resource Lab 1 SollWeb Apps SollWeb: An Online Soll Survey Browser | Californ.,..

SoilWeb

imagory 2016, DignalGlobe, USOA Farm Service Agoncy

M UNIVERSITY OF MINNESOTA | EXTENSION
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@& ® il A O v > casoilresource.lawr.ucdavis.edu

Saint Paul, MN {55101) Foracast | Weather Underground

SoilWeb

Map Unit Name: Zurich silt loam, 2to 6 Symbol: Zz8
percent slopes
Component Name: Zurich
Component Key: 12089352
Soll Data Explorer | Series Extent Explorer
Official Series Description

California Soil Resource Lab ! SollWeb Apps SollWeb: An Online Soll Survey Browser | Californ,..

A Soil Profiles

Typical Profile >
{Org. Matto; ‘-Clay“»

Lat: 44,4096
Lon: -88.7356

imagory 2016, DigitalGlobe, USDA Farm Sarvice Agoncy | 50 M e | Tovms of U | Roport amap arror

7

Display a menu
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| & Google Earth
File Edit View Tools Add Help

v Search

| FiyTo | FindBusinesses [ Directions |

Flytoe.q

e Google: Soilweb, Soilweb.kmz, or use:
e — http://casoilresource.lawr.ucdavis.edu/drupal/book/export/html/902

Champaign, IL

v Places

Continental Rift Bou... #
» Continental Transfor..
Oceanic Convergent...
» Oceanic Spreading Rift
: o% Oceanic Transform F...
- & Subduction Zone
[CIED Plate Convergence

) Seil Polygons
= T

Tk Pk

+ v 2

Earth Gallery »

* Primary Database
IP Borders and Labels
J Places
[Tl = Photos
‘ /E= Roads
(1 & 30 Buildings
H € Ocean
‘i} Weather
Clge Gallery
Global Awareness

I3 More

o

© 2012 Europa Technologies
Data SIO, NOAA, U.S. Navy, NGA. GEBCO
© 2012 Google
USiDeptiofiState Geographer

_Google"earth

Eye alt 6066.96 mi O

37°19'56.51" N 92°27'65.97" W elev 673 ft




s Google Earth E

File Edit View Tools Add Help

¥ Search

Fly To | Find Businesses | Directions |

Fly to e.g., Tokyo, Japan

-[Q

champaign

- []F5] Champaign, IL

v Places

- & continental Rift Bou...
[C1 % Continental Transfor..
[ 0ceanic Convergent..,
[l % Oceanic Spreading Rift
D:) Oceanic Transform F..

i D:) Subduction Zone

~ C1ED piate Convergence

- [Fl& uses Logo
- D@ Legend
4 [VI9R soilweb

Streaming, searmless

interface to USDA-MNCSS

4 [VI'Q SoilWeb Network Link
SoilWeb is a streaming
interface to USDA-NCSS

@ £ Soil Polygons
SSURGQ/STATSGO

Linewark
© B s0il Polygons

L =T S
E] +[v]@
v Layers Earth Gallery 3>

4 @z Primary Database
' P Borders and Labels
! Places
s [ = photos
(= Roads
- IR 30 Buildings
l> El” Ocean
's ] ﬁ’ Weather
's Dfﬁ Gallery
's D@ Global Awareness
[= DD Mare

¢ Back to Google Earth
Urban/Recreational
Wildlife

Hydraulic and Erosion Ratings
Wind Erodibility Group

Wind Erodibility Index

T Erosion Factor

Runoff

Drainage

Hydric Rating / Hydrologic Group

Parent Material:

Total Plant Available Water (cm):

Geomorphology

Landform stream
terraces
autwash

plains

[Toeslope]

Landform [Toeslope]

Plants

Symbol Scientific Name

Organic
Matter (%)

Percent Sa

Percent Clay

Irigation
Runoff

Negligible
Poorly drained
Yes (Farmable under

natural conditions) [Group
B/D
loess over stratified loamy

outwash
o Satu

2363

http://casoilresource.lanr.ucdavis.edu/soil_web/ssurgo.php - Seil-Web: CA, AZ, NV (— —) c w Open in Firefox

rated Hydraulic Conductivity

o Permeability

Range

Common Name Prod.

Ks_at (mm/hr) (1:1 Hzgl

K¢ Factor

0 ] 17 Al

33 ] 02 04

Ocm Ocm

EC (dS/m)

Ocm

38em

7 fiem

114em

152em

{cmol + kg
sail

(%)

Linear
Extensibility

14 20 16 45

Ocm

Ocm

Ocm

x

-
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Herringbone

Parallel
Double Main

Drainage system layout & design is about matching
field topo with desired drain grades and depths so
system works well and is economical!

Drain Layout, Grades & Depths



DRAINAGE DEPTH:
GOING FOR UNIFORMITY




Drain Depth

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
—
]




Design Process Flowchart

Develop System
Layout




Layout

Most important step (besides determining an
outlet!

Where the real brains are needed!
Matching field grades with desired tile grades

Layout determines uniformity of drainage
Consistent depth throughout field



Uniform Drainage Example: Long Fields

No Appreciable Grade

2000 ft

e 2000-ft laterals:
@ 0.08% = 1.6 ft of fall
@0.1 % =2.0ftoffall



Possible Solution for Long Fields

No Appreciable Grade

2000 ft

Split the feet of fall in half

More uniform drainage coefficient

Yes, more connections and feet of collector (but
collectors are smaller)




Another Example: Long Fields

0.5-ft Contour Interval

o
——
—_—
—
—

- - —
- -
-~

2000 ft

e Natural field grade is 2.0 =~ 2000 x 100% = 0.1%

e Easy to keep laterals at uniform depth and
maintain plenty of grade



Layout

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

e Put (sub)mains on steepest grades

e Field laterals more on contours (intercept




Layout

e Consider & plan for future needs

e Make maps of everything:

As designed
As built

—

o) ¢ q

Parallel

)
A

—

—————{—
——)-
i B
P
P——————

b
]

Double Main

Herringbone

S L
f—)w\

e &

4 I

Targeted



Design Process Flowchart

Determine Drain
Sizes




Drain Sizing
To determine tile capacity, we
nheed:

a Grade (get from layout)

Q Material (we choose)

3 Pipe Size (what we’re after)




Design Tools

M UNIVERSITY OF MINNESOTA
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Design Tools

Acres Drained <) < Pipe Size

DC DC
Grade Grade
Material Material

Pipe size Area Drained




Design Tools

A8

UNIVERSITY OF MINNESOTA

B 1 Search Extension:

Home > Agriculture = Drainage Outlet > Drainage Calculators > Online Calculators

Agriculture
Community
Environment
Family
Garden
Youth

Find convenient educational
offerings and e-learning

Shop Extension for
educational materials.

The Drainage Outlet

Online Calculators

These calculators are based on corrugate
clay pipe can be approximated by using th

= Calculate pipe diameter
= Calculate area drained

= Flowrate calculator/converter
s Prinsco Drainage Calculators

Calculate Pipe Diameter
Pipe Diameter (inches)

Use this calculator to compute the requirg
Smooth Interior Pipe? @ Yes © No

Area Drained:
Acres: % Grade*

*%Grade is the feet of fall per 100 feet off

Calculate H Reset ]

Required Pipe Diameter (inches):
*

Full pipe flow (cu ft/sec):
Velocity (ft/sec): **

Products
Accessories

Resources
Catalog
Product Brochd

Installation Gu

Specifications
Technical Note
CAD Drawings

Calculators

In the News

Sales Reps

Legislative
Regulatory

nenounce cenred !

Home/In the Nevws

{ ‘ml http://prinsco.com/article.cfm?ID=99

([DPrinsco

Calculate by Acreage

Our drainage calculator was developed to assist you in the preliminary design and understanding of your
drainage needs. We encourage you to contact your local design professional or contractor for more specific
design guidance and criteria.

These calculations are based on the Manning's Roughness ASAE EP 260.3 Plastic Tubing Drainage Chart and
should be used for estimating purposes only. Consult a Water Table Management Professional for design criteria
information.

® = Definition

Enter the Acres to be drained:

Enter the Grade (%): @

View Results

(see below)

Acres Drained
Drainage Coefficient (in: /24 hours) ®

1/8" 1/4" 3/8" 1/2" 3/4" 1"

Q, flow (cu ft/sec) @

GOLDLINE - Single Wall
Velocity (ft/sec) @

Calculated Pipe Size (Inches) @
Commercial Pipe Size

GOLDFLO - Dual Wall
Velocity (ft/sec) @ 0

Calculated Pipe Size (Inches) ®

Commercial Pipe Size

m




Design Tools (cont.)

[llinois Drainage nline)
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Estimating Drain Spacing: S0S'//U o' M

eve O a4 0 o & =@ m o®eo prowdrainege oy ¢l 0 & O »
B GWhkshee Feport (8 Vi Paped MER Frops  MREA  BgpwRucker | Dahhsard Gougie Virce  Gosge 5

e ey

Drainage Calculators

i gr owd l'ail'l age‘org Drainage Calculators

Usiize these calculatars 10 address common drainage questions. Acdsional infarmation is availatie on iGeow

Avp. Hydraulic Conguctivity

n UNIVERSITY OF MINNESOTA EXTENSION


http://www.igrowdrainage.org/#/
http://www.igrowdrainage.org/#/

Computer-aided Design




Extension Drainage Publications

University of Minnesota Extension
www.extension.umn.edu

Soil Water Cc

The Agricoitural Drainage sones covevs &
COMOTICE. ermwormer ! STt Wl

Tn- Qowing e of articial subsurta
the” dranage  Minreaots has 509
much detaatn sboul v mpact o K
hyovology and walel Gasraity and cuaiy,
Diacustons ase typecall) cussd o the il
cuestions hiat hawe Important paticy mpasy
for kocal ang state decaoon maken

* Doos pulzeriace ANago keasen of wo
losiited fooding?
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Take Home Points

Be safe in the field (esp. trench safety)!

Be kind to your neighbors

Generally, state laws support drainage, but there
are limits

Make your drainage systems function as uniformly
as possible

Design with conservation drainage in mind

Drainage isn’t rocket science, but there is plenty of
room for excellence!

If going to self-install, walk before you run!
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