| Missouri One Call  1-800-DIG RITE
(800-344-7483) or 811 or molcall.com

Be Careful When Digging

* Digging can be very
DANGEROUS

» There are many dangers
UNDERGROUND

* [Jse Best Practices to
BE SAFE

| Missouri One Call  1-800-DIG RITE
(800-344-7483) or 811 or molcall.com

The MostCommon Causes
of Damages

1. Working withoul a locale reguesL
2. rading toconfirm the esponse of all utilibies
brefore begnnng excavilbon.
. Warking nutside the area described on the locate request
Beginning excavation belone the stan date and time.
. Beginning work before all utiiities at the sie
have marked or responded.

woE W

6. Neglecling Lo place s NO Response” Gcket

7. Assuming the dopth of a facility.

8. Fudure to ceercie due care whilk diggineg, blind Luring
or directional drilling in the “approsimate lncation”
of undergroand lalities.

9. Assuming that the "Appaaimate Location” marks ane
exatLly sccurate and mechenically digging righl
up to the marks

| Missouri One Call ~ 1-800-DIG RITE
(800-344-7483) or 811 or molcall.com

1-600-DIG-RITEOr 611
moicall.com
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’ Missouri One Call  1-800-DIG RITE
(800-344-7483) or 811 or molcall.com

1-800-DIG-RITE .- 811

moicall.com

| Missouri One Call  1-800-DIG RITE
(800-344-7483) or 811 or molcall.com

Callse Chek 3 Werking Days Beore You Dag?
1-$00-344-7483 (DIG-RITE), $11 1 ITIC

| Missouti One Call ~ 1-800-DIG RITE
(800-344-7483) or 811 or molcall.com

An sxeuvstor iz aryens performing 3 digging operabon.

An emcavaton can b

= A homeowner

= Aprefessionsl contrecior

= Anundoraround Facilty owner
MEE0OUA B160a LawW raquiras EVERY paraon, whathar
AigQng on pubhe of prTvale property, to make
NOUACEDON prior 1o Starng thet excevabon

1T EXCAVATOR 15 Mesponsitie 1o making -."Arl axcatator is
i S ¢

"
¥ 1
*  Atleast TWO working days before Sty who gy
baginning the axcavation B
working dey period beging ef midnighf an e
I Ofay the call 16 made).

= But not mors than TEM working daye
béfore DeQinning &xcavenon
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’ Missouri One Call  1-800-DIG RITE

(800-344-7483) or 811 or molcall.com

Provide Key Information Thie following is the information necessary

to complete your locate request.
It s wsornial that all contact information is comect
el LT N GRS B0 R LIURY PepOne.

Wt o riiabaireg rlali ciali on
esseniial o provide detail
ind: n ahaur the loc of o

e &t AVANON, Give! Tama and [HieEhone BT

- Exervater infermatatn
Spetic addess, o

GPS coordinates if
avalkabile

+ Distances and directions

from the nearest Wby Adden
Intercacton of & postad,

numbered, lettersd, of o L

named sirest, road, or Tax Tz
hughsry.

Orste Contart Infermatian

Also describe where yol ars First B Lat Rame- TANae
emcawating at the sitein relation

E en | al
1o a landmark of the site B

Tyme of Work

| Missouri One Call  1-800-DIG RITE

(800-344-7483) or 811 or molcall.com

Ticket Types

ROUTIE
This i & recpulas ot st
MO RESPONSE

I e e e e 20
EMERGENCY

o 3 ararpaary (S page X
o

[yl LT dermacpe - vy
RCHIES, DT 1) e T AT S a2 Tl
150 page 3%

RENCWAL

T b s ek

e e 311
PRELIMINARY DESIGN
o be requested © deverming what facliies are presert when

‘sl o markings vl e made
DEsGN

To b dvehen g sect Wil al
e |

¥ a
et et e placand ek g work. (Sew e B

White Lining

Marking the diq site with white flage or paint it strongly
recrnmended “Whits Liningimproves e ulilities sbiity o do
a fast and accurate locate, directly benefiting the excavator.

Excavator “white-lining”

4. Stakes, Mags or wihiskers | 5 Excavelion corridor
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CallTimeline Chart

Date of call - does not count.
Two working days waiting pencd for locates.

Date digging may begin
Sa5 "No Razponza™ Balow

Call Timeline:

e two working deys shall begin al 12 midnight follewing
m receipt of the request by the notification center.
The syarmnciu does not count as a '\ummm”.
" do not include weskends and ays.

The state kaw says excavatons must give notios at least two but
not more than ten working days before the work is to begin. It
alsa uys that when marki —gs have been provided, excavators

the anea describeed in the notice for
as long as me malklngs alve visible (See page 31, #85)

| Missouri One Call  1-800-DIG RITE
(800-344-7483) or 811 or molcall.com

Color Codes

I'h\'hih [PROPOSED EXCAVATION

(GAS, DIL, STEAM, PETROLEUM !

YelloW  oR GASEOUS MATERIALS

| Missouri One Call  1-800-DIG RITE
(800-344-7483) or 811 or molcall.com

Wait time exception if the utility fails to
complete the locate:

o Excavator must make a second “NO RESPONSE”"
ticket request.

= Utility will have 2 hours to respond if Excavator calls by 2
pm.
OR

= Utility will have until 10 am the following day if Excavator
calls after 2 pm.
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| Missouri One Call  1-800-DIG RITE
(800-344-7483) or 811 or molcall.com

X-MAS

Wait Wait
(1)

| Missouti One Call ~ 1-800-DIG RITE
(800-344-7483) or 811 or molcall.com

Potential Consequences for Non-compliance

MISSOURI STATE LAW
UNDERGROUND FACILITY SAFETY
DAMAGE PREVENTION

m(hm-\- 119018 m V188
3 LI Sevmions 3900 thesugh 319050 thall be kv a5 he-
L a0 . Pt

Migsoun Ona Calllaw applias ta any parcan
excavalng in e state of Missomn

Mon.compliznce may result in
Penalties

Erioruementis adminislered by e Masouri Allorney Geroal
and can be upo 5 ML000 per viokation pex clay fsee poge 385
Tomake: a compisind view the MOCS website faeww ot call oo
under Mansit and Lave”or call the MOCS offosan 570-556-91 14
for contact Infiormation.

Free Educational Packets

Free educational packets are available

on the MOCS website.

Each packet contains the MOCS Excavator Manual,
a Locate Request pad, Quick Reference card,
Color Code card, sticker and a pen.

Keep the packet in your truck for field reference.

To order the packets go to the MOCS website
www.molcall.com.

Click on “Excavator Information”
then “Order MOCS Materials”

to submit your order.
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Planning a Subsurface
Drainage System

- B o b e
\Q} N RCS Marty Comstock, P.E.

Agricultural Engineer

Drainage System Layout
> In this presentation, we’ll look at:
« Factors affecting the layout
« Layout alternatives

« Selecting the lateral drain spacing

Drainage System Layout

> Factors affecting layout

« Operator’s goals

« Field topography
* Low spots
* High spots
* Slope

« Outlet location & depth

MLICA 5-7



Drainage System Layout

» Possible Operator Goals:

« Removing water from an isolated problem area
« Improving drainage in an entire field

« Water table management (Controlled drainage)
« Sub irrigation

« Economics ssss5$$ $
« Increase yields & profits

Layout Alternatives

« Interceptor Drain Drainage Guide - Figure 16
used to drain
hillside seeps.

Drain is installed
parallel to slope

avove seepage | *
| ® Viatortatso Mo drainage
area. i F -~ uosuma/m.mw“v‘;;‘_d_—ﬂ
| e
! Skowly permoable
|
|
|
|
|

Intercepter drain

Source: lllinois Drainage Guide, University of lllinois

Layout Alternatives

— =

% Outlet

Random system

» Random Systems are used to drain isolated wet
depressional areas.

MLICA 5-8



Layout Alternatives

Herringbone system

+ Herringbone Systems are used to drain wet swale
areas with land sloping to it from both sides.

* It provides “double drainage” along the main.

* Also used to optimize lateral line grades.

Layout Alternatives

Outlet

Parallel system

« Parallel Systems are used to drain entire field areas.

+ Can also provide controlled drainage and sub
irrigation.

Pattern Drainage Components

* Main Lines
* Lateral Lines
« Surface Inlets

» Water Control
Structures

« Junction Boxes

. O Utl et s Photo Credit: www.gpsdrainage.com
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Layout Alternatives

* Elements of Parallel
systems can be
incorporated into the
Random (Targeted)
and Herringbone

systems.

Parallel Herringbone

=

—o——

T {'\‘

* In general, the more

q
lateral connections, }
the higher the cost. :‘

Topography Considerations

Pattern System Layout

Laterals should be

oriented with the

field's contours as / 7 ‘
much as possible ST

"

b. Undesirable: laterals
cross field contours
at right angles

a. Desirable: laterals are
aligned with field contours

= Advantages:

« Laterals will intercept more down slope seepage.

» Usually results in more grade on mains.

« Will be easier to “zone” for drainage management.

Topography Considerations

Pattern System Layout

3
2

8

=T

10 Connections 20 Connections

« Long Laterals and Short Mains
(Minimize connections)
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Drainage Water Management

perm
| mowe
\ S

ROOT 200
—_——

[ e «
Waler Tatie Fraffe
g

DungCentraled £ Drop Logp nserted
' S taResiict Dramage

CONTROLLED DRAINAGE

Source:

Extension Bulletin
871-98, The Ohio
State University

Source: Agri Drain

Drainage Water Management

> Field must be managed in zones where

the water table has less than 2 feet of

variation.

» Works best on flat uniform fields
(slope less than 0.5 %)

> Can work on steeper fields if the laterals

are located with the contour of the land.
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Drainage Water Management

> Drainage water management can be
added to existing drainage systems.

« Requires a map of the drainage system
layout.

« Requires knowing the sizes and grades of
mains and laterals.

Topography Considerations

22 Pattern System Layout 4

o F
/ » ’ s/ / !
S . » S/
B » /
» | 4 4
va 7
» 7 // /
. o

Which would work best for Drainage Water Management?

Source: lllinois Drainage Guide, University of lllinois
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QUESTIONS

Drain Outlets

MLICA 5-13



Drain Outlets

> Provide a “free” (not restricted) outlet
with adequate capacity.

> Discharge flow without erosion damage.

»Have adequate depth of cover
(frost action and traffic loads).

> Protected from rodents

and animals.
> Structurally sound.

> Prevent back flooding.

Drain Outlets

Free Outlet without Erosion:

Drainage Guide - Figure 4

Not over
1/3 of conduit

Dgsuable length
minimum
of 1 foot

Not less than 8 feet &
Normal " of rigid, nonperforated
water conduit
surface 5

Figure 4. Entrance of a subsurface drain into an outlet

channel.

Source: lllinois Drainage Guide, University of lllinois

Drain Outlets

"
30 MISSOURI

» NATURAL RESOURCES
257 conseruanon sewmce

COLUMBA, MISSOURI

Average
Annual

Frost
Penetration
Source: wmPs

20"
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Drain Outlets

Adequate Drainage Guide - Figure 18
Cover Depth: o ot et

A. Add more fill.

B. Use stronger
outlet pipe.

C. Recess outlet
in bank.

Source: lllinois Drainage Guide, University of lllinois

Drain Outlets

Preventing Back Flooding:

Floodwater

Flap Gate

Drain Outlets

Animal

Guards:

MLICA 5-15



Drain Outlets

ANY CONCERNS ??

QUESTIONS

Water Movement to Drains

RAINFALL OR ET

RN E RN

DEPRESSION STORAGE S “—>RUNOFF (RO)
Z
SOIL SURFACE

—
m

WATER TABLE 4+

e

] o

X7
RESTRICTIVE LAYER “DEEP SEEPAGE (DS)
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Ellipse Equation
— (4K(b2-a2)/q)0'5

Ground Nuf;i«‘l-1

Ellipse Equation Variables

» ({, Required drainage rate (in/hr), Drainage Coefficient

« Based on climate, crop, soils, drainable soil water volume . . .

> K, Hydraulic conductivity (in/hr)
« Field investigation
« Soil survey
« Predict from other properties, such as soil texture

» d, Drain tile depth (ft)
« Minimum cover requirements
« Restrictive layer

» b, Vertical distance of water table above drain at midpoint (ft)

« Typical design value to meet goals for crop growth

» a, Depth of impermeable layer (ft)

« Soil Survey verified with field investigation

‘ Soil Water

Saturatlon Fleld Capacity W|It|ng Pomt

////////
/////

/

/////

///// / /// .'
&_M/@ Z
Dﬁa’ble A\73i_|?:b|e
Water Water
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& Saturation

' | DRAINABLE WATER 3-11% . .
o & Field Capacity
£|~| PLANT AVAILABLE WATER
= § (Weak Capillary Forces)
={H 13-21%
o= < Wilting Point
o UNAVALABLE WATER
| |(Strong Adsorptive Forces) 15-24%
.- & Completely Dry
e
==
S8 Soil Water
g| 5 Relationships
ol ¢ (Typical for Clay, Clay
= Loam and Silty Clay)
Typical Soil Water Relationships
Soil Texture Wilting Point Available Drainable Water
(% by vol.) Water (% by vol.)
(% by vol.)
clays, clay loams, 15-24 15-26 3-11
silty clays
well structured loams 8-17 12-22 10-15
sandy 3-10 6-15 18-35

Source: University of Minnesota BU-07644-S, Soil Water Concepts, Gary Sands

I DRAINABLE WATER 5%
qé ~| PLANT AVAILABLE WATER
= § (Weak Capillary Forces)
S|z 20%
| =
E = UNAVALABLE WATER

I (Strong Adsorptive Forces) 20%
of
€l=
5|2
ol s
>|o
%

Bz
ol ¢
a| S

&Saturation
& Field Capacity

& Wilting Point

& Completely Dry

Soil Water

Relationships
(Example Silty Clay)

MLICA 5-18



How much water do | need to remove?

Given a soil (silty clay) with a drainable porosity of 5%
with the goal of draining the top 12 inch layer in 48 hours.

Volume of drainable water
=5% x 12 inch depth

= 0.6 inches

Rate of removal
=0.6 inch + 2 day

=0.3 inch/day

How much water do | need to remove?

Given a soil (loam) with a drainable porosity of 12%
with the goal of draining the top 12 inch layer in 48 hours.

Volume of drainable water
=12% x 12 inch depth

= 1.4 inches

Rate of removal
=1.4inch + 2 day

=0.7 inch/day

Selecting a Drainage Coefficient (D.C.)

> D.C. is the depth of water to be removed
from the drained area in 24 hours.

> D.C. is a function of:
« Organic vs. mineral soils

« Soil texture and drainable water
« Sensitivity of crop to high water table
« Topography and surface drainage

« Presence of surface inlets

» Reference NRCS Practice Standard 606
for Missouri
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Drainage Coefficient
Ref: Missouri NRCS Subsurface Drain Standard 606

FIELD TRUCK
SOIL CROPS CROPS

Mineral %" to 1" " to %"

Organic %" to ¥4 ¥ to 1%

Converting the D.C. to cfs

» D.C. units are inch / day
> Pipe flow rates are cfs (cubic feet per second)
> To convert in/day to cfs:

«Q=0.042 x DC x DA

> Example: DC= 3/8 in/day, DA = 1 acre
Q = 0.042 x 0.375in/day x 1ac
Q = 0.0158 cfs

Your Turn
Converting the D.C. to cfs

> Given: DC= 1/2 in/day, DA = 80 acres

What is the total drainage rate, Q, needed?

Q=0.042 x DC x DA

Q

0.042 x 0.5in/day x 80 ac

Q 1.68 cfs

MLICA 5-20



Soils Investigation

Field Investigation:

*Water table depth
*Soil texture profile
*Saturated Hydraulic Conductivity, Kg,;

*Restrictive layer

K, Hydraulic conductivity

HYBRAULIC

Ko Class Permeability Class
™ o0
VERY RAPID
VERY HIGH
14114 2000
10000 1w
RAPID
4234 600
HGH
MODERATELY
oo i KT 200
MODERATE
MODERATELY
HIGH 423 0.00
© Pyor sLow 020
MODERATELY sLow
Low 042 ey
010 001417
VERY SLOW
Low
o001 oooar7fl 001 00015,
VERY LOW IMPERMEABLE
000 000 000 000
o

pmsec x 0.1417 = Inhr inhr x 7.0872 = pmisec

Soil Variability

« Soil Survey only provides typical values for
predominate soils mapped.

« Point measurements don’t necessarily
represent field well

« Installing test drain can provide information
about “effective” field hydraulic conductivity
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Drainage Flow to a Tile

ponded surface i

“potential”

or
pressure

Drainage Flow to a Tile

Drain Spacing

f————————Good Crops

- ~ R
Y.~ Drains Spaced Correctly ‘

Area of Severe

rJGoou Crops—=

p—Good Crops— Crop Damage
| —

S =2
Drains spaced too far apart

- - Water table 24 hours after a heavy rain

——~ Water table 48 hours after a heavy rain
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Drain Depth

> Depth does influence drain capacity.

» Minimum and maximum ranges.
« Pipe material (minimum is 2’ for CPT)
« Pipe size
« Bedding and backfill conditions
« Traffic loading

> Installing machine capabilities.

Drain Depth

inage pipes are typically placed at
depths of 3 to 4 feet in poorly drained soils.

Saturated soil

Flow to main /'

or ditch

Source: Agricultural Drainage Series, University of Minnesota

Drain Spacing and Depth

> For a given Tile Depth, decreasing the Tile
Spacing will result in an increased rate of
drainage.
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Depth vs. Spacing

> For a uniform soil profile, if Tile Depth is

increased then the spacing can be
increased to provide same drainage rate.

Drained
Water Table

High Point

-

Depth vs. Spacing

> BUT,

if the Tile Depth is increased beyond the
depth of an impermeable layer, then the

drainage rate will be decreased.

Drained
Water Table
»n High Point
-

Impermeable ".
Layer

Drain Spacing Economics

> Optimum yield ﬂﬁﬁ
or

> C;ptimum return on investment&%@%

MUDS
Research
Plot, 2005

Subirrigation,
20’ drain
spacing
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Drain Spacing Economics

Profit Increase

System Cost

==

Drain Spacing Economics

Drain Spacing Economics

([DPriNsco

Profitability Analysis

We encourage you to contact your local design professional or contractor for more specific design
quidance and crteria.

@ = Definition

Enter the Projected Job Cost ($) @ 1000
Enter the Acres to be drained E—

Enter Projected Com Yield @ &

Enter Projected Soybean Yield Improvements (bu/acre) @ "—m
Enter Current Corn Price ($/bu.) @ 6

Enter Current Soybean Price ($/bu.) @ 12
Enter Interest Rate @ [

Before Tax Rate of Return (%) @ [
Payback Period (vears) @ .
Breakeven Yield Improvement, Comn (bu./acre) @ e
Breakeven Yield Improvement, Soybeans (bu./acre) @ M—
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Drain Spacing Extras

> Systems that include Drainage Water
Management require a higher level of design
thought.

> Sub lIrrigation systems require even more design
with care and detail.

« Site specific soils investigation
« Detailed topographic surveys
« Crop water requirements

Drain Spacing

In practice, most drainage only system
designs are based on:

> A constant drain spacing for an area
or
» General soil characteristics with a recommended

drain spacing for each soil series
Wayne Skaggs, North Carolina, 1987

Drain Spacing Values for Blount Series

Silt Loam, poorly drained with clay layer 12" to 24"

O Spacing range for 2-layer Hooghoudt
m Maximum

O Typical

O Minimum
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Drain Spacing Values (ft) for Brookston Series

Loam, poorly drained with clay loam layer 23" to 41”

(n=14)

Number of repsonses

16
65

O Spacing range from 2-ayer Hooghoudt
m Maximum

o Typical

oMinimum

Drain Spacing Values (ft) for Crosby Series

Silt Loam, poorly drained with silt clay loam layer 36” to 56”

11)

(n

5
4
3
2
1
0

Number of responses

i T

W oW W W W
W © M~ ® 3

w
3

T

254

T
W )
- <

0 Spacing range from 2-ayer Hooghoudt
m Maximum

m Typical

O Minimum

Why use standard spacing?

» Farmers and contractors are comfortable
with rules of thumb for their area.

> Soil inputs can be difficult to determine
and
Soil properties vary across a field.

> Expertise to do a site-specific design is not
readily available or cost “too much”.
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Ellipse Equation
S = (4K(b*-a’)/q)"°

Ground hmf:i«'r1

s

i - —T
- = /— Drawdown curve
=~ - =L
- e
~
5 - T & ~

o

a

Keat: Hydraulic Conductivity

Kyt Class
T T
VERY HIGH
10000
. HIGH
8 inthr »
1000 1417
O 8 MODERATELY
.Qinthr » HIGH
1.00 o7
O 08 MODERATELY
. infhr » Low
010 oou17
Low
0.0 000
VERY LOW
s

pmsec x 0.1417 = inhr

Spacing Equations
High Hydraulic Conductivity (Ksat) 8 in/hr = 16 ft/day
<175’ Spacing—
= Drainage Calculator B@@

sy | | =

@ DranSpacng  Hooghoud: Equution
 Dranage Costicrt © Kabham Equsion

Oran Dot 1) I 1
Depith 10 birpemmable lape 1] | =

Depth o mid han wales Lo ) 1 T

PR —
A

x

U ET

k)

Disnsge Costicert [ § e :
22 LAYER-
T
RequedSpacig®) [ 1746

0
m
A |
e Conchcivhy W) r W e o[ s
I
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Spacing Equations
Moderately High Hydraulic Conductivity (Ksat) 0.8 in/hr = 1.6 ft/day
<53 Spacing—

~ Drainage Calculator. LEx
Steacy Siae | Transens | The Duameter = A rcben v]
& Duan Spaci ® Hosghoust Equion
© Oransge Costicart © KahamEqusicn

Dran Degsh 1) 1
Dept o et ey 1.  —

Depth 10 i han vt bl ) |

Hihuke Condhcity Widey) T 3

Disnoge Conficrt [ 3
nvda)
Calcudse.

Requred Spacing ) B

»o-nmu P U o ‘

Spacing Equations
Moderately Low Hydraulic Conductivity (Ksat) 0.08 in/hr = 0.16 ft/day
<15’ Spacing—
~ Drainage Calculator EEX

Staady State | Viaiert | Tie Dt = rcher =]
@ DuanSpscing & Wosgreus Equanon
 Drargn Conticent  Kibham Equaten
Dian Degeh ) f O
Dt bmemactie e ). —
Desihto kb e ks ) '
Hydhoe Condctty R/dap) %
Disnae Conticarnt [ 5
e
Reqied Spacrg®) [ s
He Disgam ‘ ‘ Rewet ‘ o ‘

Spacing Summary

K.at Class
— —
e,
100,00 1417
8intr » e <« 175 ft
e
0.8 » T «50 ft
o o
0.08 e » i «15ft
Low
o oo
=
o o0

pm/sec X 0.1417 = Innr.
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Spacing Charts

DRAIN SPACING, Steady State Hooghoudt Ellipse Equation

Orain Degth = 3 feet 0.5
Inpenmesi aerGogh e ThHE
© i x
£ ’
; o
. / %
] . P
¢ iAE
g +
£ :
: .
" : .
- B - ~
E d %
1 < - n
il . -~
w Tal 3
8 B [
s
——
° E @ 52v © = 100 uo % 10 180
-k Lateral Spacing, feet
e x 70572 = ymirec

Can you see a pattern
developing?

Planning a

Drainage System
The End (aka the outlet)
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Natural
Resources
Conservation
Service
United States Department of Agriculture

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,

sexual orientation, genetic |nforma!|on Tpolmoal beliefs, repnsal or because all or a
part of an individual's income is derived from any public assistance program. (Not all
prohibited bases apply to all programs.) Persons with disabilities who require
alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD). To file a complaint of dlscnmmatlon write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S. Washm%ton D.C. 20250-9410 or
call (800 795-3272 (voice) or (202) 720- 6382 (TDD) USDA is an equal opportunity
provider and employer.”
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Planning a Subsurface Drainage System
Kreeland C. I'ves

In order to plan an economic drainage system, you should make full use of
information from field surveys, soil borings, and other sources. Study this infor-
mation carefully and thoroughly in planning your system. See Table 1 for information
on soils and drainage recommendations.

The Drain Qutlet

Location and type of drainage outlet. The first thing to do in planning a
subsurface drainage system is to choose a location for the outlet. Outlets can be
made to drain water by gravity or pumps into natural or artificial channels or tile
outlet mains. Any of these approaches is suitable provided that the outlet is deep
enough and has sufficient capacity to take away all the drainage water from the
tile line. Before proceeding with the design of the system, determine whether the
outlet is adequate.

Capacity and depth of open channel outlets. The outlet channel should be large
enough to remove the drainage runoff from the watershed quickly enough to prevent
crop damage. It should be deep enough that when drain lines are laid at the speci-
fied depth there is at least 1 foot of clearance between the flow line of the tile
outlet and the low-water stage in the channel. This clearance may be reduced where
the outlet channel is on a grade such that silting will not occur and where the
stream recedes to the low-water stage a few hours after a storm.

Capacity and depth of existing tile mains. When tile mains are used as the
outlet, they should be in good working condition. The main should have sufficient
capacity to handle the proposed tile drainage system for the entire area it is in-
tended to serve, and it should be deep enough that the new tile system can be laid
at the depth specified for good tile drainage (exceptions can be made where there
are small depressions; in these areas a minimum cover of 2 feet is permissible).
The graph shown in Figure 1 can be used to determine the capacity of a tile line
that is partially clogged with silt if the slope and size of the line are known.

Outlet by pumping. Where a gravity outlet is not available, you should con-
sider pumping. See section VI for details.

General Planning Principles

The success of the subsurface drainage system depends upon the efficiency with
which the laterals remove free water from the soil. Determine carefully the proper
depth and spacing of the laterals and their relation to the main.

Freeland C. Ives is retired Engineering Specialist, Soil Conservation Service,
Champaign, Illinois.
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Lateral-main length ratio. The laterals should be as long as the topography
permits. A good rule to follow is tomake the laterals long and the mains and sub-
mains short.

Pattern. The laterals should enter the mains nearly at right angles whenever
possible. Long, slanting junctions should be avoided because they result in double
drainage. Designs like that of the herringbone system, in which the laterals enter
a main or submain from both sides, also cause double drainage. They should be used
only where they are absolutely necessary for good drainage.

D - 0 = Inside diameter of drain tile.
-
d d = Depth of sediment.
’ QS = Capacity of choked tile.
1O QC = Capacity of clean tile.
d/D = Ratio of depth of sediment to
diameter of tile.
Qs/Qc = Ratio of capacity of choked
tile to clean tile.
0.8
Assumptions:
Mannings n for clean tile n. = 0.012
Mannings n for sediment surface n, = 0.030
06 Example:
Existing 12" diam. tile has 5" of
olo sediment deposition.
d_. 5.
E‘. "5 = 12 0.42
o4|j—— — — > . . :
Capacity of choked tile is
| =
| 0,/Q x Q. = 0.29 Q
|
0.2 |
|
|
|
0 l |
o) 0.2 0.4 0.6 0.8 1.0
QS/QC
Figure l. Capacity of sediment-choked drain tile.
2
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Design and Layout Procedures
for Drainage Systems

James P. Jensen
General

Surface Drainage

Surface drainage involves removal of excess surface water by developing a
slope to the free water surface. This may be accomplished by open ditches and the
shaping of the land surface to move water to disposal ditches. Drainage by this
method applies to flatland sites with the following conditions:

1. Soils are slowly permeable throughout their profiles, such as slowly permeable
clays.

2. Soils are shallow, 8 to 20 inches deep, over slowly permeable subsoil or rock.
3. Soils are responsive to subsurface drainage but lack free subsurface outlet.
4. Subsurface drainage is not economically feasible.

5. Surface drainage supplements subsurface drainage.

Subsurface Drainage

Subsurface drainage involves the removal of excess groundwater within the soil.
Tile, pipe, and mole drains are used in many cases. Open ditches constructed to
adequate depths and properly located are used frequently to provide subsurface
drainage. Subsurface drainage is applicable to wet sites and to soils of suffi-
cient porosity located where a free outlet is available or where an outlet can be
obtained by pumping. It is also used to facilitate the leaching of salts from the
soil and to maintain a salt balance.

Drainage Outlet

The first major engineering survey job is to determine the location and ade-
quacy of the drainage outlet. Enough level readings and measurements should be
made to enable the technician to reach a sound decision. The proper functioning
of the entire drainage system hinges upon this point. An engineer should be con-
sulted if there is any doubt regarding the adequacy of the outlet.

In determining whether outlets are adequate, the following basic requirements
should be met:

1. The capacity of the outlet should be suchthat the design flow can be discharged
at an elevation equal to or less than that of the hydraulic gradeline used for

James P. Jensen is Area Engineer with the Soil Conservation Service, Sterling,
Illinois.
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design of the project. Where the outlet is a channel, the stage-discharge re-
lationship should be determined. This should take into consideration the run-
off from the entire watershed, computed in the same manner as for the project
design.

The capacity of the outlet also must be such that the discharge from the pro-
ject area after making the drainage improvements will not result in damaging
stage increases below the end of the project channel.

The depth of the outlet should allow any needed subsurface drains to discharge
into it above normal low waterflow.

Flow conditions in the outlet should be capable of maintaining equilibrium
with the sediment transport for the project channel. There should not be
excessive scour or sediment deposited in the outlet.

If the outlet is found to be inadequate, and it is not feasible under present

conditions to improve it or to pump, then it is useless to make further surveys.

Factors Affecting Drainage

The topography, geology, man-made obstructions, or soils of a site and its

surrounding area may result in conditions that block or retard water movement and
cause poorly drained sites. Site factors can be placed in several categories and
they may exist separately or in various combinations. Following are some of the
more important site factors:

1.

to

Lack of a natural drainageway or other depression to serve as an outlet. Such
sites are common in glaciated and Coastal Plain areas where natural drainage
systems are still in the process of development.

Lack of sufficient land slope to cause water to flow to an outlet. Such sites
can be found in the irregular and pitted surfaces of glaciated land, above
constrictions and natural barriers of valley flood plains, or above dams.

Soil layers of low permeability that restrict the downward movement of water
trapped in small surface depressions or absorbed in the soil profile. Many
soils have a heavy subsoil, rock formation, or compact (hardpan) layer below
the surface within the normal root zone of plants.

Man-made obstructions such as roads, fence rows, dams, dikes, bridges, and
culverts with insufficient capacity and depth that obstruct or limit the flow-
of water.

Natural surface barriers that cause enough local concentrations of water to
aggravate the drainage problem.

Subsurface drainage problems in irrigated areas caused by deep percolation
losses from irrigation and seepage losses from the canal and ditch systems
serving the irrigated lands. Deep percolation losses from irrigation fall

in the general range of 20 to 40 percent of the water applied. Seepage losses
from canals and ditches vary widely and may be in the ranges of 0 to 50 per-
cent of the water applied.

Most soils in arid areas contain salts that vary in concentration from slight
strong. High water table conditions caused by deep percolation from irrigation
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tend to concentrate salt accumulations in the root zone. One of the primary func-
tions of subsurface drainage is to lower the water table and keep the level of salt
concentration below the root zone area. Much of the subsurface drainage work in
arid regions is actually salinity control.

There is no danger of overdraining most soils that have poor internal drainage.
On soils in poor physical condition, close spacing of drains aids in the establish-
ment and growth of vegetation needed for soil conditioning. This intensity of
drainage may not be needed on the same soil in good physical condition. The remov-
al of free water in the soil eliminates moisture in excess of that held by capillary
action. Drainage does not remove the capillary water used by growing plants. The
depth of the drains does control the height of the water table. If the water table
is too low in soils with a low capillary ''pull,' moisture may not move upward into
the root zone. This is a desirable condition in irrigated saline, saline-alkali,
and alkali soils.

There is a possibility of overdraining some extremely sandy soils and some
peat and muck areas. These soils have a particular depth of water table that is
best for plant growth, and this should be considered in designing the drainage
system.

Planning

Consider all of the following points during the preliminary planning stages
of the drainage system.

1. The areas on which crops show damage, as pointed out by the farmer or as indi-
cated by the aerial photograph or by personal observations. Elevations of
these areas will generally be low control points in the design of the system.

2. Topography and size of the watershed area.

3. Size, extent, and ownership of the area needing drainage.

4. Location of the drainage outlet and its condition.

5. Location, condition, and approximate size of waterways.

6. General character of soil throughout the area needing drainage, including land
capability, land use, crops and yields, and salinity or alkalinity.

7. High-water marks of damaging floods and dates of floods.

8. Pipelines, roads, culverts, bridges, and irrigation facilities and their possi-
ble effect on the drainage system.

9. Problems of outside water from hill land or floods and possible disposal areas
and control methods.

10. Condition of the areas contributing outside water and possible treatment needed
on these areas to reduce runoff or erosion debris.

11. Condition of any existing drainage system and reasons for failure or inadequacy.
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12. Estimate of surveys needed.

13. Type of construction equipment available.
14. Feasibility.

Engineering -Surveys

General

The size and complexity of the area to be drained determines the kinds and
number of surveys needed. For the smaller, simple jobs a few lines of levels at key
locations, a few soil borings to determine water table levels and the need for sub-
surface drainage, determination of the approximate drainage area, and a rough cost
estimate frequently are all that the technician needs to obtain.

The objective of a survey for design purposes is to obtain elevations, topo-
graphy, and other field information necessary to design the system and prepare
plans, specifications, and estimates of quantities of work to be performed. Gather
only that field information needed for these purposes.

Drainage Outlet

The first major engineering survey job is to determine the location and ade-
quacy of the drainage outlet. Enough level readings and measurements should be
made to enable the designer to reach a sound decision. The proper functioning of
the entire drainage system hinges upon this point.

Establishing Bench Marks

Begin the level work by tying into an established bench mark or establishing
a convenient temporary bench mark (TBM) based on survey needs. As the survey pro-
gresses, establish other bench marks as needed. Properly located bench marks will
be helpful and timesaving during the layout and construction of the job. Temporary
bench marks such as spikes or large nails in notches of large tree roots should be
used. Use of wood stakes or nails in small fenceposts for the more important bench
marks is poor practice.

Topographic Survey

Topographic information on the area to be drained is necessary excepton fields
with sufficient slope so that the general lay of the land is obvious. This infor-
mation is used on the flatter areas for planning land grading or locating field
ditches, drains, or other facilities. The amount and kind of topographical survey
depends upon the drainage problem and the topography of the land, varying from a
detailed grid or contour map to random elevations, valley cross sections, and loca-
ting important features. Following are some of the details to observe in obtaining
topographic information for drainage:

1. Obtain elevations at 100- to 300-foot horizontal intervals on flatland depend-
ing on how nearly level the land is and whether the drainage pattern is appar-
ent from inspection. Take additional elevations in all low or depressed areas.
The flatter the land, the more important it is to take elevations at relatively
close intervals.

2. Where random ditches and tile drains are to be used to drain depressions or
pockets, vary the amount of survey data according to ground conditions.

10
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Elevations .at close intervals will be necessary if depressed areas are numerous,
while in areas with few depressions, a skeleton topographic map may suffice.

In either case, the survey should be in sufficient detail to locate and deter-
mine elevations or depressed areas and the best outlets.

Physical features of adjacent land should be obtained if they affect the drain-
age of the proposed area. Be sure to obtain the location and elevations of all
ditch bottoms or drainageways, size of opening and flow line elevations of
culverts and bridges, and any other similar information needed to plan the
drainage system. '

Other Field Information

Other field data should be gathered at the time of the design survey. Some of

them are as follows:

1.

The area to be drained should be delineated on an aerial photograph or other
suitable map.

The drainage area should also be outlined if it is a factor that will affect
design of the system.

Information should be gathered on crops to be grown and farm machinery likely
to be used after drainage since they may affect the proposed design.

Soil borings are necessary unless the characteristics of the soil materials are
known to a depth of at least one foot below the proposed depth of ditch for
areas in need of surface drainage and to twice the depth of drain where sub-
surface drainage is needed.

Information on frequency and depth of flooding on the area to be drained is
necessary. Drift marks of previous flooding often may be seen on trees,
culverts, or fenceposts. Elevation and frequency of high water should be
obtained if it will have a bearing on the ditch design.
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SUBSURFACE DRAIN DESIGN PROCEDURE

1. Complete initial planning for system

Adequate outlet?
Wetland determination requested
Utilities located

o O O O

Neighboring landowners
2. Complete topographic survey
3. Create contour map

4. Determine soil properties (county soil survey and on-site
investigation)

5. Determine drainage coefficient to use (in/day)
6. Select drain spacing

7. Analyze contour map for drain layout alternatives then lay out and
station mains and laterals on map

8. Plot profile of existing ground along main

9. Plot control points for main on profile

Low points of existing ground (use approx. 3' min. depth)
High points of existing ground (use approx 6'max. depth)
Outlet (need 1’ freeboard)

Lateral depth, min. grade and cover (may need to plot a profile of key
laterals to ensure adequate depth of cover)

O O O O

Obstructions: buildings, utilities, bedrock, poor soils
Wetlands

10. Plot grade lines and calculate grades for mains

o0 Round grades where possible

o On profile sheet, note station and elevation of all final design grade
changes
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11. Determine main sizes and lengths starting at upstream end of main

a) Determine beginning main size (often start with 67).

b) Determine capacity of this pipe.

c) Determine flow area (in acres) of each lateral (lateral length x spacing).
d) Determine flow contribution of each lateral.

e) Accumulate flow contributions of each lateral until they exceed the
capacity of the main. The area above this point is called a reach.

f) Note accumulated flow and drainage area for this reach on the design
chart.

g) Note upstream and downstream stations of the reach on design chart.
h) Select the main size for the next reach.
i) Determine main capacity for this reach.

j) Determine available capacity for main (main capacity less accumulated flow
of upstream reaches).

k) Continue the process with step 11c until the outlet is reached.

Note: If a grade change occurs, consider this a reach change. Accumulate the
flow at that station, perform step 11f and continue the process with step 11h.

12. Check to ensure outlet capacity is adequate to handle the total
drainage system discharge.

*Modified document prepared by Bruce Atherton, Agricultural Engineer, USDA-NRCS Ankeny, lowa
Adapted from material prepared by Paul W. Chester, Area Engineer, Findlay, Ohio
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Drainage Design Reference

Area
1 acre = 43,560 square feet

Saturated Hydraulic Conductivity

1 micrometer per second = 1 um/sec
1 um/sec = 0.2834 feet per day
1 um/sec = 0.1417 inch per hour
1 inch per hour = 7.0572 um/sec
1 inch per hour = 2 feet per day
Pipe Flow
Q=VxA and V=Q+A
Where: Q= Flow discharge rate, cubic feet per second
V = Flow velocity, feet per second

A = Cross Sectional Area, square feet

Required Drainage Capacity

Q = 0.042 xDC x DA
Where Q = Flow discharge rate, cubic feet per second

DC = Drainage Coefficient, inch/day

DA = Drained Area, acres
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