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Agenda

» Planning and site evaluation

» What to ask the landowner
» What to look for when visiting the site

» Preliminary design
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Planning and Site Evaluation

» Sometimes called “Inventory & Evaluation” or I&E

» Is the site appropriate for a saturated buffer?

» If not, is there a better site nearby?
» Or is there a more suitable conservation drainage practice?

» Plan maps and quantity estimates so client can make planning decisions

» Client preferences
» Preliminary design alternative(s)
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Saturated Buffer I&E info needed — basic

ID info (county and client name, legal description/location)
Is the land currently under a conservation program?

Preferences of the client

» Active or passive management?
» Open to doing DWM as well?

What crops are grown (including any cover crops)?

Will the site be used for monitoring/research?
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Set it and forget it?

» If topography allows, set saturated buffer lower in
elevation so it can operate year round without affecting
field trafficability.
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What is DWM?

» Drainage Water Management (CPS 554)
» If the site is relatively flat, some measure of DWM will likely be required.

» May be able to hold back water and nutrients for crop production.

After harvest Before planting or
harvest

B After planting
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Structure type depends on monitoring

Basic structure Monitoring structure

. stoplogs
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Saturated Buffer I&E info needed - maps

» Aerial, with property boundaries, location of proposed practice

» Topography/soils with drainage area delineated (LiDAR preferred)

» Tile (or at least tile diameter and material, depth, grade, location, surface intakes)
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Case Study
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Surface Drainage
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Preplanning - Soil

» Presence of Organic Matter

Soil Physical Properties @ @

» Capable of holding a water table

Bulk Density, One-Third Bar

» Poorly or somewhat poorly drained LEETE A
Saturated Hydraulic Conductivity (Ksat)

» Absence of sandy or gravelly

Water Content, One-Third Bar

?
Iayers . Soil Qualities and Features @ @
» Hydraulic properties e
» Ksat

» Drainable porosity

Prepare for the site specific geologic investigation
http://websoilsurvey.sc.egov.usda.gov 0

Natural Resources Conservation Service Helping People Help the Land



USDA

s
United States Department of Agriculture

Do the solils on this
site look feasible
for a saturated
buffer?
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Organic Matter (top 30”)

<=0.70

>070and ==149
=149 and <= 247
=247 and <= 326
>326and <=379

Mot rated or not available
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Drainage Class

Excessively drained

Somewhat excessively
drained

Well drained

Moderately well drained
Somewhat poorly drained
Poorly drained

Very poorly drained

]
]
]
]
]
]
]

Subaqueous
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Saturated Hydraulic Conductivity
(Mm per second)

<= B,

> 65381 and <= 8.0483

> B8.0483 and <= 10.1485

>10.1485 and <=
13.5588

> 135588 and <=
16.8937
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Tile Map

» “Sorry, we don’t have one for this site.”

» What we do know:

» Location of outlet to ditch is shown on the map
» Tile is 8" diameter corrugated plastic
» No surface intakes
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Saturated Buffer I&E info needed - site conditions

» Vegetation on site (photos?)

v

Crops/ proximity

v

Elevations (baseflow, crop, proposed buffer site, etc)

» Info about the tile outlet

v

Receiving channel/ area (bank stability)

v

Geologic investigation

v

Any abandoned tile we need to be aware of?
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Q&A: Any sites we should avoid?

» Subsurface drainage system must
have NO surface inlets

» Soils need to be able to hold a water
table and have enough organic matter

» Bank/channel must be stable

» Avoid locations where restrictive layer
is significantly above channel flowline
(unless you can show bank stability)

Natural Resources Conservation Service

Helping People Help the Land ‘ . ’



USDA
il  Uniced states Department of Agriculture

Q&A: Any sites we should avoid?

» Minimize flooding from
receiving channel

» Avoid flooding the crops!
(and neighbors)

» Avoid locations within drip
line of trees (to reduce root

plugging)
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Vegetation: corn and soybeans.
No cover crops.
Cropped area 100’ back from ditch bank.
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Critical elevations

» Elevations of:

» Crop field edge

» Ground surface at proposed
distribution line and any low spots
along that line

» Tile depth near proposed distribution
line

» Tile outlet flowline

» Baseflow in ditch

» Get survey data (or save for design
phase)

» Control elevation
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Geologic/ Soil Investigation

» Possible to hold a water table

» At least 1.2% organic matter in top 2.5 feet
» Abandoned pipes or tile?

» Depth to restrictive layer

» Hydraulic conductivity (or save for design
phase)
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Spoil spread out from recent
ditch dredging includes sand,
silt, cobbles.
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30” deep soil sample using tile spade shows
k, high c layers.
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At the bank, red mottled sandy

material is showing, although the
material ribbons.
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above base flow is saturated,
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Along ditch bank about 1




| Tile probe brings up water droplets from
36" depth.




| Soil surface cracks can be a sign of
1_* hydric soil.. but this is spread sp0|l




Looking downstream, are these
banks stable?

Proposed saturated buffer
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Ready for preliminary design?

» Is the site appropriate for a saturated buffer?

» If not, is there a better site nearby?
» Or is there a more suitable conservation drainage practice?

Natural Resources Conservation Service

Helping People Help the Land ‘0’



USDA

—

wEa]
United States Department of Agriculture

Determining Drainage System Capacity

1. Mainline configuration (tile size, type, grade - capacity of outlet main)

2. Drainage Coefficient (Q = DC inches/day X acres drained)

»  With tile map (known drained area)
»  Without tile map (estimated drained area)

3. Modeling

»  Library of DRAINMOD runs for typical soil textures
»  Site specific modeling

Natural Resources Conservation Service Helping People Help the Land \0’
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Drainage System Capacity — Otion

"

» Mainline configuration

» Tile size and diameter
» Tile grade
» Roughness coefficient

1.486
Q= —AR
n

2 1
352

S

» Tends to be conservative
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Case Study

» Spreadsheet calculator needs to know:

» Tile size = inch

» Tile grade = %

&
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Case Study

Determine System Capacity:

» Tile size = 8 inch Option 1 - Mainline Configuration

Mainline tile size (in)

» Tile grade = (86.3 — 85.4)ft / 120 ft [ " #**™
— 00075 (Or 075%) Mainline tile material

Peak velocity in mainline given size and grade
Peak flow from mainline size and grade

g v

0.75
CPT A 4

Manning's n'= 0.016

2.44 ft/sec
0.853 cfs

(=] 2 e * NS
§ o 87.1
7 .
=L
- =L " - .
87 & =
86 |
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8" CPT B-inch dual wall tile 8-inch Corrugated Plastic Tile (CPT)
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Drainage System Capacity — Option 2

» Drainage Coefficient method

» With tile map — determine acres drained by the system

» Find the drain spacing for the soil type and estimated depth, from the state
Drainage Guide, and divide in half (V/2S)

» Delineate drained acres by drawing a line around the tile system, "2S on each side
of the tile.

» Then multiply drainage coefficient times drained acres (with units conversions)
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Option 2 - Example
Given:

Random tile system 3,075 ft long including lateral. Harpster soil: tile
spacing for 48” depth 80-90 ft. Typical lllinois drainage coefficient = 3/8” per
day.

Find drainage system capacity: first, find area drained

Area drained, ft2 = length x spacing

Area drained =

Natural Resources Conservation Service Helping People Help the Land \0’
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Option 2 - Example
Given:

Random tile system 3,075 ft long including lateral. Harpster soil: tile
spacing for 48” depth 80-90 ft. Typical lllinois drainage coefficient = 3/8” per
day.

Find drainage system capacity: first, find area drained

Area drained, ft2 = length x spacing

Area drained = (85)(3075) = 261,375 sq.ft. (= 6.0 acres)

Natural Resources Conservation Service Helping People Help the Land \0’
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Option 2 - Example
Given:

Random tile system 3,075 ft long including lateral. Harpster soil: tile
spacing for 48” depth 80-90 ft. Typical lllinois drainage coefficient = 3/8” per
day. Remember our drained area calculation just now.

Calculations: now find capacity of tile — let the spreadsheet do it!

Capacity of tile Q, cfs = coeff. x area

(Convert inches to ft; days to seconds, [Rton2- Drainage Coefficient

Keep area in square feet.) Drainage area of tile system (ac) 6
Drainage coefficient (inches/day) 0.375
Capacity of drainage system 0.095 cfs

Capacity of tile Q = (24 " 31230 " 12) (DA)

Natural Resources Conservation Service Helping People Help the Land \0’
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What if there is no tile map?

Tile outlet is here
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Drainage Area Soils

Total approx. 96.4 acres

Natural Resources Conservation Service
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Acres Drained by Tile — Optlon 2 Method 2

M__r.'
i

» If you can’t get a map of the tile system,
delineate the entire watershed for
surface flow to the tile outlet.

» Acres Drained = all of the watershed
acres with poorly or very poorly drained
soil, and half of the acres with
somewhat poorly drained.

» Use Web Soil Survey to determine the
I . th t h d d h Soil Qualities and Features @ @
SOlis In € watershe ’ an ow many AASHTO Group Classification [(Surface)
dacres Of eaCh. Depth to a Selected Soil Restrictive Layer

Depth to Any Soil Restrictive Layer

Drainage Class

http://websoilsurvey.sc.egov.usda.gov
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Option 2 — Case study with no tile map

MUSYM Sum_Acres

: _ 125A 0.82
Given: 14582 19.77
_ o _ o i 154A 18.89
Typical lllinois drainage coefficient = 3/8” per day 17182 15.02
- 198A 0.4

Soils in watershed: 199A 4.27

199B 3.93

60B2 4.71

721A 28.61

Find drained area and drainage system capacity:

first, find area drained

Drained Area =

Natural Resources Conservation Service Helping People Help the Land \0’
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Option 2 — Case study with no tile map

x:: Soil Name Acres Drainage Class

125A Selma 0.82 Somewhat poorly drained
14582 Saybrook 19.77 Moderately well drained
154A Flanagan 18.89 Somewhat poorly drained
17182 Catlin 15.02 Moderately well drained
1S8A Elburn 04 Somewhat poorly drained
159A Plano 427 Well drained

1998 Plano 393 Well drained

60B2 La Rose 471 Well drained

721A Drummer and Elpaso 28.61 Poorly drained

Find drained area and drainage system capacity:

first, find area drained
Drained Area = .5 (0.82 + 18.89 + 0.4) + 28.61 = 38.7 acres

Natural Resources Conservation Service Helping People Help the Land \ ’
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Option 2 — Case study with no tile map

Given: Typical lllinois drainage coefficient = 3/8” per day

Remember our drained area calculation just now.

Calculations: now find capacity of tile (let the spreadsheet do it)

DC

Capacity of tile Q = (

24 x 3600 x 12

Option 2 - Drainage Coefficient

) (DA in acres x 43,560)

Drainage area of tile system (ac)
Drainage coefficient (inches/day)

Capacity of drainage system

Natural Resources Conservation Service

Helping People Help the Land
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Design Flow

9% of Drainage System Capacity...figured whichever way
you determine is appropriate

EXAMPLE:
Given: Drainage system capacity = 0.61 cfs

Calculation:

Design flow = .05 x 0.61 = 0.031 cfs

Natural Resources Conservation Service Helping People Help the Land \0’
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How to achieve the design flow?

» Unit flow per foot of “leach” pipe Board setting = /,

Ksar
q= ZSCL‘ (h? — h3)

» Impervious layer closer to surface i
means less unit flow

» Maintain water table within 12”7 of “-—-—-____
ground surface @ distribution

pipe impervious layer

The spreadsheet will help with this calculation.
Longer distribution pipe means more flow.
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Saturated Hydraulic Conductivity

» Web SOII Survey? Soil saturated hydraulic conductivity, Kes: (um/sec) 9.17

» Guelph Permeameter

» Other methods

Natural Resources Conservation Service
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Complex topography can be a barrier

==

» Divide the analysis into reaches

» Similar distance from stream
(£ 10%~7)
» Similar change in elevation from
distribution pipe to stream
(£ 1.5 1)

» Consider a different
conservation drainage
alternative

. o 2
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Project Name EXAMPLE

Designed by:

Site Location

Checked by:

County

Determine System Capacity:

lllinois NRCS Version 2.1 - 4/10/2017

Date:
Date:

SATURATED BUFFER DESIGN

[Option 1 - Mainline Configuration

Mainline tile size (in)

Mainline tile grade (%)

Mainline tile material

0.75

CPT

Manning's 'n'= 0.016

w

Option 2 - Drainage Coefficient

Drainage area of tile system (ac)
Drainage coefficient (inches/day)

Capacity of drainage system

38.7

0.375

0.610 cfs

Option 3 - Saturated Buffer system flow rate (Based on DRAINMOD Model

Peak velocity in mainline given size and grade 2.44 ft/sec or other source)
Peak flow from mainline size and grade 0.853 cfs
Describe Value Used and source
Minimum Design Capacity: | 0.030 cfs
(5% of Option 1, 2, or 3; whichever is lower)
Selected Design Capacity 0.031 cfs
Size Distribution Pipe: « b wiviigy 00000 wmeew
Distribution pipe min. grade (%) 0.10
Design distribution pipe diameter (in) 6in Drainage Area
Distance from dist. pipe to outlet channel, L (f) 40.0
Ground surface elevation at WCS (#t) 90.0 Plan View
Depth of impenvious layer (ft) 8.5 1
Design water control weir elevation (ft) 89.0
Baseflow water elevation in ditch or outlet (ft) 82.1
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Criteria - Distribution Pipe
» Meet criteria for CPS 606 — Subsurface Drain
» Target is flow uniformity
» We analyze this 3-D problem in 2-D (at the main water control structure)

» Add structures as needed (3’ max elevation diffenence between structures)

|
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.
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. —

— - — =" Zhannel baseflow
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Other Distribution Pipe Layout Options

» Level 2 ft min cover : NN
5 S it 3 A\ ki é-\ AN
AR A LA A - ‘ .
bl WBBSETE B LowerAhead from pipe fo sfream

VN ‘n);"‘ .

2 ft min cover

(ORI

i\
AV Y

\ ik \J‘”‘
il \..\\ VY A Ao

» Drain to structure

—_— "

—_— "
—_—
= 9
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Sizing the Distribution Pipe Diameter

» The limitation needs to be flow through the soil, not flow through the pipe.
Think of it as a manifold with much larger potential input than output.

» IL standard drawings show 6” distribution pipe. This should be adequate
for most situations.

y "j{_l OO ‘-’,)

w O ONAOOL
O O \JEJ“'
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Equal Opportunity

The U.S. Department of Agriculture (USDA) prohibits discrimination against its customers. If you believe you experienced
discrimination when obtaining services from USDA, participating in a USDA program, or participating in a program that receives
financial assistance from USDA, you may file a complaint with USDA. Information about how to file a discrimination complaint is
available from the Office of the Assistant Secretary for Civil Rights.

USDA prohibits discrimination in all its programs and activities on the basis of race, color, national origin, age, disability, and
where applicable, sex (including gender identity and expression), marital status, familial status, parental status, religion, sexual
orientation, political beliefs, genetic information, reprisal, or because all or part of an individual’s income is derived from any public
assistance program. (Not all prohibited bases apply to all programs.)

To file a complaint of discrimination, complete, sign and mail a program discrimination complaint form, available at any USDA
office location or online at www.ascr.usda.gov, or write to:

USDA
Office of the Assistant Secretary for Civil Rights
1400 Independence Avenue, S.W.
Washington, D.C. 20250-9410

Or call toll free at (866) 632-9992 (voice) to obtain additional information, the appropriate office or to request documents.
Individuals who are deaf, hard of hearing or have speech disabilities may contact USDA through the Federal Relay service at
(800) 877-8339 or (800) 845-6136 (in Spanish). USDA is an equal opportunity provider, employer and lender.

Persons with disabilities who require alternative means for communication of program information (e.g., Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice and TDD).
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