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What are tile drains?

Water-management tool to 
lower water table:

Reduce stress on roots

Facilitate cropping practices

Also may be connected to land 
surface to drain areas prone to 
ponding.



Drainage in the U.S. (1980s)

State

Drained 
Cropland
(percent)

Drained Land–
Subsurface Drains

(percent)
Ohio 50 85
Indiana 50 70
Illinois 35 85
Michigan 30 60
Iowa 25 85

USDA. 1987. Farm drainage in the United States:  History, Status, and Prospects. USDA-Economic Research 
Service. Misc. Pub. No. 1455. 



Tile drains and
agrichemicals
Water and agrichemicals move 
through soils by displacement 
(soil) and preferential 
(macropore) flow.

Tile drains intercept  water and 
agrichemicals, draining them 
to streams and ditches.

Without tile drains, more 
surface runoff and transport 
may occur.



Measuring Flow
The critical element that makes measuring flow 
in a tile drain difficult is submergence of the 
outlet.



Measuring Flow: No Submergence

Tipping Bucket
Leary Weber Ditch, Indiana

Circular Flume
Dr. Richard Cooke, University of Illinois

Circular Flume
Leary Weber Ditch, Indiana

Simple Stage Rating
Leary Weber Ditch, Indiana

Flume
Discovery Farms, Wisconsin

Less expensive
Field calibration 
and checks
Submergence of 
outlet is a problem

Discovery Farms photo courtesy of Matt Komiskey, USGS Wisconsin Water Science Center



Measuring Flow: Submergence

Monitor flow and 
collect samples away 
from outlet to avoid 
possible backflow.

Requires construction 
and space (land 
access from farm 
operator).

Photos courtesy of Matt Komiskey, USGS Wisconsin Water Science Center



Measuring Flow: Area/velocity meter
Installs through tile-drain outlet
Detects and measures backflow and no-flow conditions
Works during submerged- and open-outlet conditions
Communicates with autosampler

Examples include:
Acoustic Doppler
Electromagnetic

Drawback: Higher instrument cost than other methods



Water-quality considerations
Agrichemical concentrations in tile-drain effluent 
may be more variable than expected because of 
hydrologic conditions and cropping practices.

Quarterly or monthly sampling may be too infrequent. 

Preferential-flow transport may be missed if sampling 
frequency is too infrequent.

Water-quality parameters that may be useful in 
understanding agrichemical transport to tile drains:

Temperature

Specific conductance

Major ions



Example: Leary Weber Ditch

Single tile drain in east-central 
Indiana

Poorly drained soils

No man-made surface 
connections to the tile drain

Corn/soybean crop rotation

Target hydrologic condition: 
Storm flow during growing 
season



Sampling setup

Flow measurement
Combination of circular flume and direct flow measurement 
(under submerged-outlet conditions)
Positive flow from tile drain verified during submerged-outlet 
conditions

Autosampler
Hourly samples during the rise and through the peak of the 
tile-drain hydrograph, less frequently during the recession
Pesticides, nutrients, and major ions

Temperature and Specific Conductance



Relations for two storms

Discrete samples showed a 
relation between chloride 
and specific conductance.

Estimate chloride 
concentrations throughout 
the two storms, using the 
specific conductance data 
from the probe that 
recorded data at 15-minute 
intervals.
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Contributions to 
tile-drain flow
Simple, mass-balance 
mixing analysis based 
on chloride

Preferential (macropore) 
flow represented by 
chloride concentrations 
in overland-flow samples

Displacement (soil) flow 
represented by chloride 
concentrations in tile-
drain samples at low flow
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Glyphosate Transport

Based on the mixing 
analysis:

Glyphosate concentrations 
in the tile-drain effluent were 
related to the amount of 
preferential flow in the tile-
drain flow.

First storm occurred after 
glyphosate application.  To 
match concentrations 
measured in first storm, 
more preferential flow was 
required during the second 
storm.
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Tile drains versus overland flow…

Glyphosate

Leary Weber Ditch 5.47 0.16 1.69 10

Max
(μg/L)

Min
(μg/L)

Mean
(μg/L) n

Tile Drain 4.71 0.15 1.77 10
Overland Flow 427 21.5 206 12



Conclusions

Submergence of the tile-drain outlet complicates flow 
measurement.

The Leary Weber Ditch example shows how tile-drain flow, 
specific conductance, and chloride data can help explain the 
transport of glyphosate to the tile drain.

Presence of preferential (macropore) flow increases the 
significance of tile drains as agrichemical-transport pathways to 
streams.

Overland flow, when present, can transport higher concentrations
of glyphosate than do tile drains.



For more information

Leary Weber Ditch Study Site
http://in.water.usgs.gov/NAWQAWHMI/act_map.php

NAWQA Agricultural Chemicals: Source, 
Transport, and Fate

http://pubs.usgs.gov/fs/2004/3098/

wwstone@usgs.gov
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