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To help crops, Iowa farmers install 
more drainage tile 
 
CEDAR RAPIDS, Iowa (AP) — Counterintuitive as it may seem, farm fields with the 
best tile drainage systems generally produced the highest yields during last year's 
drought, Iowa farmers and other experts say. 
 
“I saw that right away in the first field I harvested this fall,” said Marion-area farmer 
Curt Zingula. 
 
Zingula said he became “100 percent convinced” of the benefits of tile drainage in a 
dry year when he observed a disappointing harvest of soybeans on his traditionally 
wettest field. “My conclusion is that you have a better soil structure yielding better 
root growth in well-drained fields,” he said. 



Illinois Agronomy Handbook 

 Improving water management is an important 
way to increase crop yields. By minimizing crop-
water stress, the producer obtains more benefits 
from improved cultural practices and realizes the 
full yield of the cultivars now available. Crops are 
particularly sensitive to water stress when they 
are undergoing reproductive growth. 
 

Richard Cooke, Department of Agricultural and Biological Engineering, 
University of Illinois 



Precipitation and 
potential moisture 
loss for 3 places 
in Illinois from the 
Illinois Agronomy 
Handbook  
 
http://extension.cr
opsci.illinois.edu/h
andbook/pdfs/cha
pter11.pdf 

Moisture deficit 

Moisture surplus 



Trends 

 Trends for some SW Michigan Counties, irrigated 
acres by county from Census of Agriculture 
 Year Branch Cass Kalamazoo St. Joseph 

1964 358 603 571 2,021 

1969 1,154 1,683 635 3,032 

1974 4,060 2,795 769 7,540 

1978 18,826 8,352 7,062 40,366 

1982 24,365 11,870 13,196 56,881 

1987 22,965 12,406 15,162 58,989 

1992 26,506 13,540 20,336 85,009 

1997 30,563 14,599 18,144 91,191 

2002 39,315 25,437 29,615 103,980 

2007 42,923 38,985 31,314 102,859 



Trends for Indiana 



Irrigation 

 Why a speaker from USGS? 



Source of water to wells 
 Initially, water level near well decreases – water released 

from storage 
 Cone of depression forms around well 
 Cone expands until boundaries are encountered 
 All water produced by a well is balanced by a loss of 

water somewhere 
 Loss of water from storage (water level declines) 
 Increase in recharge (decrease in runoff) 
 Decrease in discharge to surface water 

 



Drawdown 
effecting other 
wells 

Streamflow 
depletion 

From: Alley, W.M., Reilly, T.E., and Franke, O.L., 1999, Sustainability of 
groundwater resources:  U.S.Geological Survey Circular 1186, 79 p. 



Potential for well-to-well conflict 
 High-capacity irrigation wells can cause large 

drawdowns that extend far enough to interfere 
with neighbors wells 
 Drawdown amount, extent, and timing depends 

on the pumping rate, geometry, and geologic 
setting of the system 
 Be aware of areas where neighbors rely on 

shallow wells, especially jet wells, a couple feet 
of drawdown can make those wells ‘go dry’ by 
lowering the water level below the pump intake 



Example, Saginaw County, Michigan 

~4.5 miles from Marion 
Springs to irrigation well 

~0.5 miles from USGS 
MW to irrigation well 

From USGS WRIR 01-4227 



Jasper County, Indiana 
 Installation of center pivot 

irrigation systems with 34 wells 
in a limestone aquifer 

 1981-84, nearly 130 household 
wells impacted 

 150-200 more wells impacted 
after this report, especially during 
1988 drought 

 Motivated water right and use 
legislation in Indiana to provide 
means for people with domestic 
wells to work through problems 
caused by high-capacity wells 





Factors determining drawdown 
 Local geology, aquifer type 
 Confined or unconfined 
 Fractured rock, unconsolidated material 

 Geometry  
 Distance to boundaries 
 Configuration of aquifers 

 Pumping rate and duration 
 To minimize drawdowns (Theis): 
 Place wells near discharge areas 
 Spread demand over several wells  



Groundwater/Surface-Water Interaction 
Streamflow depletion by wells 

 Methods to complement field data and analysis 
 Recent report: Streamflow Depletion by Wells-

Understanding and Managing the Effects of Groundwater 
Pumping on Streamflow, US Geological Survey Circular 
1376, by P.M. Barlow and S.A. Leake 

 http://pubs.usgs.gov/circ/1376/ 



Common Misconception from Leake 
and Barlow 

 Total development of groundwater resources 
from an aquifer system is ‘safe’ or ‘sustainable’ 
up to the average rate of recharge 
 If development = rate of recharge, rate of natural 

discharge will approach zero if recharge has not 
increased 
 



Approaches to Estimating 
Groundwater/Surface-Water Interaction 

 Field methods: installation of shallow monitoring 
wells paired with streamgage with addition of 
temperature measurement 
 Analytical modeling 
 Numerical modeling 



Provisional data subject to USGS revision 



Provisional data subject to USGS revision 



Analytical models 

 Mathematical expressions relating streamflow 
depletion to pumping rate and aquifer 
characteristics 
 Simple geometry, homogeneous aquifer 
 Simple input requirements 



Numerical Modeling 

 Irregular geometry of aquifer or boundaries 
 Irregular geometry of streams, lakes 
 Non-uniform aquifer properties 
 Complex pumping schedules and multiple wells 
 Nonlinear conditions- properties change with 

aquifer condition 
 Numerical models or approaches such as 

analytic element modeling 



From USGS Circular 1376 



From USGS 
Circular 1376 



Final Comment 

Agriculture must increase production for a 
growing population while simultaneously 
reducing its environmental impacts. These 
goals need not be in tension with one another.  



Resources 
 Illinois Agricultural Extension, Agronomy Handbook: 

http://extension.cropsci.illinois.edu/handbook/ 
 MSUE St. Joseph County Portal Irrigation Resources page (Lyndon 

Kelley, MSU-Purdue Cooperative Extension) 
http://www.msue.msu.edu/portal/default.cfm?pageset_id=28706&pag
e_id=361029 

 Mark Basch, Water Rights and Use Section, Indiana Department of 
Natural Resources, Division of Water 

 USDA  http://go.usa.gov/Kow 
 Kentucky Cooperative Extension Service 
 Kentucky Geological Survey 
 Water wells and springs 

http://kgs.uky.edu/kgsmap/KGSWater/viewer.asp 
 Kentucky Department of Agriculture 
 USGS Kentucky Water Science Center 
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