




































































Processing facilities use water in a variety of 
w ·": for cooling and condensing of dairy prod­
u . . , for the cleaning of equipment and tanker 
trucks, and for boiler makeup water. "Cow wa­
ter," which is the condensate of evaporated or 
dry milk production, is often recycled within the 
plant for boiler feed or cleaning. 

Dairy processing plants are concentrated in the 
southern half of the state, with a number of 
plants in or near the Twin Cities metropolitan 
area (Figure 20). 

Figure 20. Dairy Processing 
by County 
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Beverages 

The production of beverages may be considered 
a secondary step in agricultural processing, but 
it is included here because it constitutes a major 
portion of the water used for food production in 
the state. Minnesota beverage producers include 
four major breweries, two wineries, one dis­
tillery, and forty-four soft drink plants (Figure 
21). Related facilities also included are eight 
malting companies and seven producers of fla­
voring extracts and syrups. 
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Figure 21. Location of Beverage 
Processors 
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Water is obviously a necessary ingredient for 
processing these products. It is also required for 
cooling, cleaning, and boiler makeup. Non-alco­
holic beverage plants tend to be located in 
larger cities and use municipal water supplies 
instead of drilling their own wells. Breweries 
and malting plants prefer to have their own 
source of "naturally pure spring water," which 
usually means a deep well. 



Vegetables 

The Minnesota River Valley is a major produc­
tion area for several national brands of 
vegetable processors. Minnesota produces more 
sweet corn for processing than any other state 
and ranks second in the production of green 
peas. (Minnesota Department of Agriculture, 
1986). Potatoes and pickles are also important 
agricultural products (Figure 22). 

Figure 22. Location of Vegetable 
Processors 
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Some processing plants have the capaci_ty to can 
both peas and corn. Peas are usually packed be­
tween mid-June and mid to late July. The corn 
season then starts in mid-August and goes until 
mid or late September. The plants are shut 
down between runs for cleaning and changing of 
equipment (Minnesota Department of Agricul­
ture, 1977). 

For most products, plant operations are sea­
sonal, and so are water demands. Water is used 
for transporting and cleaning vegetables, cooling 
sealed containers, cleaning of equipment, and 
boiler makeup. Some water is used directly in 
processing, either pure or as brine. Most can­
ning operations reuse wastewater by irrigating 
nearby cropland. In 1985, an estimated 2,080 
acre-feet of water were reused in this manner by 
sixteen canneries (Trotta, 1986). 
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Sugar Beets 

Minnesota farmers harvested 5 .1 million t01 ... .., 0f 
sugar beets in 1985, almost 14 percent more than 
the average harvest between 1977 and 1985. The 
number of acres in sugar beet production has 
climbed steadily over the last four years, as gov­
ernment supports have maintained prices well 
above the world market (Minnesota Depart­
ment of Agriculture, 1986). At the same time, 
the amount of water used for sugar beet , 
processing has declined dramatically. Water use 
at the five major processing plants in Minnesota 
has dropped from 3094 acre feet in 1973 to 806 
acre feet in 1985 (Figure 23). 

Figure 23. Location of Sugar Beet 
Processors 

A change in processing methods was primarily 
responsible for the decrease in water use at 
these plants. Largely because of environmental 
concerns, the sugar beet industry has gone from 
using water on a "once-through" pass for cooling 
and washing to a closed loop system where 
water is recycled through the plant many times 
before it is finally treated and discharged. 
Extensive . treatment, including the use of 
aerobic and anaerobic microorganisms, is 
required in order for the plant to be ~-­
compliance with their Minnesota Pollut 
Control Agency discharge permits (Heinbauch, 
1987). 



Water serves several purposes at a sugar beet 
( ·ocessing plant. It is used to wash the beets, as 

"n ingredient in processing, for boiler feed 
water, for non-contact cooling, and for 
sanitation and general cleanup. Typically water 
is pumped from a river into a holding pond 
where it becomes a readily available source to 
be recycled back and forth between the plant 
and the pond. Sugar beet processing is a 
seasonal activity, beginning in September and 
ending whenever the beets are gone, usually in 
March. Little or no water is pumped during the 
summer months, when other demands for water 
are highest. (Minnesota Department of 
Agriculture, 1977). 

Meat and Sausage 

Like the sugar beet industry, the demand for 
water in meat and sausage processing has 
declined over the last fifteen years. Unlike sugar 
beets, the demand has declined because of a 
decrease in meat and .sausage production. 
Americans are eating less beef and pork than in 
the past. In fact, per capita beef consumption 
has dropped from 94.4 pounds per year in 1976 

( ~o 79.8 pounds in 1986. (Cohen, 1987). This 
reduction has led to the closing of many small 
packing plants and the consolidation of 
production at a few large plants. Another trend 
appears to be a movement by large corporations 
out of the upper Midwest and toward the major 
cattle producing regions of the central Great 
Plains (Stinchfield, 1987). 

Meat packing industries require large volumes 
of water for animal slaughtering. Most of the 
water is used for cleaning carcasses, floors and 
walls, and livestock holding pens. Some water is 
used to feed livestock while they are in the 
holding pens. Processing facilities which do not 
slaughter animals, such as sausage plants, 
require much less water (Minnesota 
Department of Agriculture, 1977). 
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Large meat processing plants are concentrated 
near the Iowa border; virtually all of the plants 
are in the southern half of Minnesota (Figure 
24). Since the plants operate year round, their 
demand for water is fairly constant from season 
to season. 

Figure 24. Meat and Sausage 
Processing 
by County 
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Poultry 

Chicken and turkey production has seen a fairly 
steady increase over the last fifteen years. Min­
nesota ranks second in the nation in turkey pro­
duction, behind North Carolina. (Minnesota 
Department of Agriculture, 1986). 

Cleaning of poultry products and processing 
equipment requires a constant supply of water. 
Entire plants may be cleaned four times a day. 
Birds are scalded with water before processing 
to remove feathers and dirt. More water is used 
during slaughtering to remove feathers and en­
trails. Additional water is used for cooling of 
poultry products (Minnesota Department of 
Agriculture, 1977). While accurate data on the 
past use of water in the industry are not 
available, an increase in poultry production 
would imply a similar increase in the demand 
for water for processing (Figure 25). 

Figure 25. Poultry Processing 
by County 
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TRENDS IN WATER USE 

... fo reliable data are available which show long­
term trends in water use among agricultural pro­
cessors. One way to estimate these trends is to 
look at known statistics regarding these indus­
tries and make assumptions based on available 
data. Employment figures offer such a potential. 
Statistics regarding employment are easily 
obtained and should be fair indicators of trends 
in water use, since a growing industry will 
probably require an increased amount of water 
ii: proportion to its increased employment and 
vice versa. 

Figure 26 shows employment trends since 1972. 
These categories, from the Department of Jobs 
and Training, do not correspond exactly to our 
major water users. Canned and frozen foods in­
clude vegetables as well as jellies, sauces, fish, 
and pizza. Beverages and confections include 
confectionary i terns such as cookies and cakes, 
but not sugar beet processing. 

Figure 26. Statewide Employment in Agricultural Processing 
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The most significant change in agricultural pro­
cessing employment over the last fifteen years 
has been the decline in the number of workers 
at meat and sausage plants. A smaller increase 
in employment in poultry processing partially 
offsets this change. Dairy, canning, and 
beverage and confections have exhibited minor 
fluctuations, with canning showing a net decline. 
Total employment for all sectors decreased 
from 37,375 workers in 1972 to 31,189 workers in 
1985. (Wandersee, 1987). Based on this 
information, it is likely that water use for 
agricultural processing declined at a similar rate 
since 1972. 

Estimating trends in water use solely on the 
basis of trends in employment ignores any other 
changes which may have taken place in these in­
dustries over the last fifteen years. As we have 
seen with the sugar beet industry, a change in 
manufacturing processes can greatly affect water 
withdrawal. It is likely that similar environmen­
tal concerns have caused changes in the other 
industrial sectors which would reduce water 
withdrawals. However, data which could sub­
stantiate this assumption were not available. 
Improved enforcement and data collection ac­
tivities by the DNR will make this information 
available in the future . 



LIVESTOCK PRODUCTION 

The scale of livestock production in Minnesota 
ranges from a couple of horses in the back pas­
ture to feedlots holding hundreds of cattle or 
hogs to chicken hatcheries housing hundreds of 
thousands of chicks. The primary use of water at 
these operations is for drinking, although some 
washing of animals and their quart~rs is ~e­
quired. While water use may be widely dis­
persed around the state, the total volume 
pumped each year is substantial. Sii;ic~ virtually 
all operations pump less than the 1!111!1mum v~l­
umes required for a DNR appropnat10n perrmt, 
all water use data for livestock production must 
be estimated based on the number of animals of 
each type and an average volume of water con­
sumed each day. 

The United States Geological Survey has been 
estimating livestock ~ater use in M_innesota 
since 1950. County livestock populat10ns are 
taken from the Census of Agriculture and 
multiplied by standard consumption figures. 
Where county breakdowns are not available, 
estimates are made from statewide numbers. 
Average daily consumption rates are given in 
Table 10. It is assumed that 85 percent of all 
livestock water comes from wells, and 15 percent 
is taken from surface water sources. The 
exception is water for turkeys, which is assumed 
to be exclusively ground water (Trotta, l~o 7). 

Large animals use more water than small ani­
mals and lactating or egg-producing females 
use i'nore than other animals of the same size. 
Cows consume about 75 percent of all water 
withdrawn for livestock; dairy cows alone 
account for almost one-half. Despite its minimal 
water requirements, the Minnesota mink 
industry is significant -- the state ranks second to 
Wisconsin in total production. 

Much of the livestock production in the state is 
concentrated in a band which runs from Winona 
County in the southeast ~orner to qtter Tail 
County in west central Minnesota (Figure 27). 
Most beef cattle and hogs are raised in counties 
along the Iowa border. Stearns County, by far 
the leading dairy producer in t.he state, is a~so ~ 
major source of turkeys and chickens. Kandiyohi 
and Swift are major turkey-producing counties 
as well. Benton and Morrison Counties are also 
important chicken suppliers. 

Figure 27. Livestock Water Use 
by County 
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Table 10: Water Use for Livestock Species in 
Minnesota -1985. 

Estimated Use State 
per Animal Total 

Species (gallons/ day) (acre-feet) 

Milk cows 18.4 32,900 
Beef cows 8.7 4,100 
Other cows 6.0 15,300 
Hogs and pigs 2.6 11,500 
Sheep and lambs 2.0 410 
Horses, mules, etc. 12.0 730 
Laying hens 0.061 630 
Non-laying hens 0.039 75 
Chicks 0.03 56 
Broiler chickens 0.037 930 
Turkeys 0.12 3700 
Ducks, geese, etc. 0.04 10 
Milk goats 6.0 20 
Other goats 1.0 3 
Mink 0.01 5 
Rabbits, chinchilla 0.5 13 

Total 70,300 

Subtotals do not add to totals due to rounding. 
Source: Trotta, 1987 
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The decline in water withdrawals shown in 
Table 11 probably reflects the decrease in the 
cattle population in the state. Although other 
animal populations increased during this time 
(Table 12), their consumption is small 
compared to that of cattle on a per-animal basis. 
Future trends in livestock water use will 
probably continue to follow changes in the diet 
of the American consumer. 

Table 11: Trends in Livestock Water Use 
(acre-feet per year). 

Year Ground Surface Total 
Water Water 

1950* 89,600 22,400 112,000 
1955* 80,600 23,500 104,100 
1960 61,600 17,900 79,500 
1965 68,300 8,200 76,500 
1970 66,100 10,100 76,200 
1975 73,900 12,300 86,200 
1980 65,000 11,200 76,200 
1985 60,300 10,000 70,300 

Includes rural domestic water use. 
Source: U.S. G.S. Circulars 115, 398, 456, 556, 676, 765, 

1007 and unpublished data for 1985. 

Table 12: Trends in Livestock Populations 
(thousands). 

1976 1985 

Cattle 4,430 3,550 
Pigs and hogs 3,000 4,200 
Sheep and lambs 315 255 
Chickens 11,680 12,700 
Commercial broiler 
chickens 15,200 26,900 

Turkeys 24,370 30,400 

All populations are on farms except broiler chickens and 
turkeys. 
Source: Minnesota Department of Agriculture, 1981 and 
1986. 



WATER ISSUES AND AGRICULTURE 

This report has focused on the ways in which 
water is used in the agricultural sectors of Min­
nesota. The volumes necessary for production 
have been described. Trends m use over time 
and the locations of major use within the state 
have been identified. If we turn the discussion 
around, however, we can examine the ways in 
which the use of water for agriculture affects the 
water resources of the state. Do we have enough 
water to meet all of our needs? How does the 
quality of the water we return to the stream or 
apply to our soil affect users down the road? 
These issues have been and will be important 
concerns for Minnesota. 

IMPACTS ONWATERAVAILABILITY 

When examining the impacts of water use on 
the total amount of water available from a 
certain resource, it is important to distinguish 
between the volumes of water withdrawn and 
the volumes which are consumed and are not 
returned to the source. 

Irrigation is a consumptive use of water, since 
water is not returned to its original source and 
made available to another use. Similarly, almost 
all water used for livestock production is con­
sumed, since its primary purpose is for drinking. 

In contrast, much of the water withdrawn by 
agricultural processors is returned to a surface 
water source, such as a lake or stream. 
Typically, water is circulated through a coolant 
system, mixed with products or used for 
cleaning, and then treated and discharged. Only 
a portion of the water evaporates or is 
incorporated into the final product. The amount 
of water consumed varies with each industry 
(Table 13), but is usually less than one third. 

Environmental regulations have encouraged 
processors to increase the amount of recycling 
and reuse of water in their plants. While this 
practice decreases the amount of withdrawals 
necessary for their operations, it also tends to 
increase the percent of water consumed. Each 
time water is circulated through the plant, more 
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of it evaporates away or is incorporated into th 
final product. The net result is a decreas,r , th 
amount of water discharged. 

Table 13: Consumption of Water in Agricultural 
Processing. 

Percent of Water Withdrawn 
Sector Which is Consumed 

Meat and Poultry 
Dairy 
Vegetable 
Grain Milling 
Bakery Products 
Sugar and Confections 
Fats and Oils 
Beverages 
Miscellaneous 

Source: Water Use in Manufacturing, 1982. 

7.7 
7.5 

11.5 
6.3 

33.3 
20.5 
15.2 
22.9 
18.7 

When water is consumed, it is no longer avai: 
able for use by anyone else .. This becomes 
problem when the total amount of wate. rai: 
able is less than what is required by each usei 
To further complicate the equation, water us 
and water availability do not remain constan 
The availability of water changes from season t 
season and from wet year to drought. The de 
mand for water also changes with the season 
and over longer periods of time. 

The DNR, Division of Waters is responsible f c 
resolving any situation where pumpage by on 
or more water users prevents other users fror 
obtaining adequate supplies of water. Thes 
interferences can occur with either ground c 
surface water sources, and procedures hav 
been established to handle both situations. 

Ground water 

During the 1970's, ground water use conflic1 
and well. interference situations emerged ~ 
highly volatile issues in ground watE 
management. The stresses created by the 197 t 
77 drought and the increased use of groun 
water for irrigation brought these issues into th 



nmlic consciousness. Prior to the 1977 
'lative.session, there was no legal framework 

'or dealing with these issues. High capacity well 
)wners were not liable for the impact of their 
)peration on nearby domestic wells. The 1977 
egislation, and administrative rules which fol­
owed, created a policy for resolving these 
dtuations. 

:n most instances, conflicts over ground water 
:ources occur under two sets of circumstances: 

.. When a well is pumping, the water level of the 
pumped aquifer is lowered in a pattern around the 
well known as a cone of depression (Figure 28). 
Nearby wells within the cone of depression may 
experience lower water levels or run dry; this con­
dition is referred to as a well interference. It is 
most often the case that the well causing the 
interference is a high capacity well with a lower 
priority for water use, while the affected wells are 
smaller domestic users with higher water use 
priority. Well interference problems are relatively 
localized, and the magnitude of a problem is de­
termined by the rate of pumpage of the high 
capacity well, the condition of the ·affected well, and 
·1ocal geologic conditions. In a well interference 
, .ituation there are generally adequate supplies of 
ground water available, but the pumping of the 
production well interferes with the ability of the 
domestic well to capture the supply. 

. A water conflict occurs when several wells pump 
from a ground water source with limited or inade­
quate reserves. The users may be of the same size 
and have the same priority of water use, but the 
combined water demands are greater than the ca­
pacity of the aquifer. In this case, the supply itself 
is threatened. 

Figure 28. Cone of Depression: 
Aquifer Response to Pumping 

High Capacity Well 

~ 
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Most of the situations encountered in 
Minnesota involve the first set of circumstances 
- well interferences between high capacity wells 
(most often irrigation wells) and domestic wells. 
The goals of the DNR well interference 
procedures are to determine the validity of a 
complaint and to mediate a solution acceptable 
to all concerned parties. The procedures are 
designed to protect domestic well owners from 
interference caused by the high capacity 
withdrawals, while ensuring that high capacity 
well owners are not held liable for poorly 
constructed domestic wells not conforming to 
the state well code. The DNR evaluation of a 
well interference complaint usually involves 
inspections of the affected well( s) by a licensed 
well driller and collection of available in­
formation (such as drillers logs, observation well 
data) by DNR technical staff. The evaluation 
may require DNR staff to perform ground water 
investigations, modeling studies, test borings, or 
pumping tests to determine the impacts of the 
larger well on the capacity of the smaller well, 
and to evaluate feasible alternatives. 

The results of the evaluation of a well interfer­
ence complaint could be: 

A. A determination that the complaint is not 
valid, i.e. that pumpage from the larger well does 
not significantly affect the domestic l}.ser. In this 
case, the complaint is dismissed, although the 
complainant (the domestic user) can take civil 
action against the large appropriator or request 
that the courts review the DNR decision; or 

B. A determination that pumpage by the larger 
user does restrict the amount of water available to 
the domestic user. In this case, the larger user is 
notified that he or she is responsible for providing 
the domestic well owner with an adequate supply of 
water with the same quality and quantity as existed 
prior to the interference. At this point, the large 
user has four choices. He/she can: 
1. Agree to restrict pumpage so that an adequate 

supply of water will be available to the domestic 
user. The DNR appropriation permit for the 
larger user would be modified to reflect the new · 
pumping limits. This is acceptable only if there 
is assurance that the domestic water supply can 
be adequately protected. 

2. Demand a public hearing contesting the facts, 
findings, and order of the DNR. 



3. Negotiate a reasonable settlement with the 
complainant. This is the preferred alternative. 
The settlement may involve improving the exist· 
ing domestic well by deepening it, extending the 
drop pipe, or installing a new pump, or it may 
require drilling a new well. If the existing well 
does not meet Minnesota Department of Health 
standards, the complainant is responsible for 
some of the costs of drilling a new well. 

4. Do nothing. If the large user does not respond 
to the DNR's notification of a valid complaint, 
the users appropriation permit is suspended. 

Since 1977, the DNR has received 76 well inter­
ference complaints regarding irrigation wells, 
and no complaints about an agricultural pro­
cessing or livestock wells. The final disposition 
of these complaints are given in Table 14. Upon 
investigation by the DNR hydrologists and 
licensed well drillers, 34 percent of all 
complaints were dismissed as not valid and 36 
percent of the domestic users were able to come 
to an acceptable agreement with the irrigators. 

Table 14: Outcomes of Well Interference 
Complaints. 

Complaint Withdrawn 
Complaint Not Valid 
Complaint Valid 

Negotiation Resolved 
Limited Permit Issued 
Permit Terminated 
Total 

Pending 

Number 

10 
26 

27 
6 
5 

38 
2 

Figure 29 shows the locations of these well 
interference complaints. Complaints have arisen 
in all parts of the state, except northeastern 
Minnesota, and in areas underlain by major 
aquifers as well as in areas with limited ground 
water reserves. 
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Figure 29. Location of w~n 
Interference 
Complaints 

The DNR well interference procedures are 11 < 
often used to resolve water availability con 
among users who have the same priority of us1 
The well interference procedures are of limite 
application where several wells compete for w: 
ter in an aquifer with limited or inadequate n 
serves (a water use conflict situation). The DN: 
has a separate procedure for water use conflict 
An overriding concern of the DNR is that tl: 
aquifer not be mined - that is, that extende 
pumpage cannot permanently lower the wat< 
below an acceptable level. In the case of cm 
flicts, DNR staff examines the reasonableness ( 
the water use, the water use practices, and tl 
possible alternative sources. The most desirah 



,olution in this situation is to limit the rate of 
· ~- ,page for each well owner through modifica­
h.-... .1 of proposed and existing permits to a level 
Lt which all users are allocated an equitable 
>ortion of the resource, and the water level of 
he aquifer is maintained at an acceptable level. 
f a solution is not possible through modi­
ication, the DNR may terminate existing per­
nits. If water users of different priority classes 
tre involved, water is allocated based on 
dative priority of use. 

v1ining an aquifer arouses concern because it 
mplies that the rate at which water is being 
1ithdrawn exceeds the long-term rate of 
echarge from precipitation. Prolonged mining 
ould deplete the aquifer until water is no 
)nger available to any user. Often, it is difficult 
::> detect when an aquifer is being mined; water 
:vels can fluctuate widely in response to 
hanges in precipitation and nearby pumpage. 
_,ong-term monitoring of water levels is 
equired to distinguish between cyclical or 
hort-term fluctuations and permanent 
lrawdown of the aquifer. 

33 

The DNR, in cooperation with the U.S. 
Geological Survey and local Soil and Water 
Conservation Districts, measures water levels in 
600 wells located throughout the state. 
Measurement records are stored in computer 
datafiles maintained by the DNR. If the period 
of record is sufficiently long, plots of the depth 
to water over time reflect any changes in water 
availability at that location. Analysis of the plots 
(hydrographs) from several wells in the same 
aquifer can reveal changes in the amount of 
water stored in the aquifer. 

Figure 30. Sample Hydrograph - Otter Tail County 
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A sample hydrograph from an observation well 
in Otter Tail County (Figure 30) shows the im­
pacts of pumpage and precipitation on water 
levels. The sharp declines each year indicate the 
effects. of irrigation water use during the sum­
mer. Note the rate at which the level returns to 
"normal" once pumpage stops. Seasonal changes 
are most evident when pumpage is minimal, as 
in 1969. Water levels are highest after spring 
rains, then reach minimum levels in winter. The 
impacts of a drought can be seen for the years 
1976through1978. Spring maximums are greatly 
reduced, and several years of average 



precipitation are required before the aquifer is 
recharged to its pre-drought levels. 

In its analysis of well levels, the D NR has found 
no evidence that pumpage for irrigation, live­
stock, or agricultural processing has resulted in 
the mining of aquifers anywhere in the state. 
However, the potential for mining exists, partic­
ularly in areas of intensive irrigation water use. 
Furthermore, this does not imply that local well 
interferences and ground water use conflicts will 
not occur. These conflicts occur even in years of 
normal and above normal precipitation. 

Surface Water 

Surface waters tend to be less dependable than 
ground water as a source for agricultural use. 
The demand for water generally peaks during 
the summer months, when streams and lakes are 
at their lowest levels. This combination greatly 
enhances the possibility for conflicts of over wa­
ter use. 

Both Minnesota law and DNR rules strictly limit 
the amount of water which can be taken from 
streams and lakes. Appropriations from lakes of 
less than 500 acres are discouraged. For any 
lake, the maximum combined withdrawal by all 
users cannot exceed the equivalent of six inches 
off the top of the lake. If there is potential for a 
conflict among irrigators taking water from a 
stream, then each irrigator is limited to no more 
than one-half acre-foot per acre of riparian land 
under his control (owned or leased). Only tem­
porary appropriations may be authorized from 
designated trout streams. Finally, all surface wa­
ter appropriation permit holders must submit a 
contingency plan describing alternatives to the -
use of their water source during periods of water 
shortage. If no alternatives exist, then the permit 
holders must agree to withstand the results of no 
appropriation. 

In addition to the withdrawal limitations set 
forth in water appropriation permits, the DNR 
is required to establish protection elevations on 
the waterbasins from which the water is taken. 
This elevation is defined as "the water level of 
the basin necessary to maintain fish and wildlife 
habitat, existing uses of the surface of the basin 
by the public and riparian landowners, and 
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other values which must be preserved in tb 
public interest." (Minnesota Code of A[ 
Rules). No appropriations are authorized bc.ttY 
this level. 

Similarly, the DNR is authorized to establis 
protected flows on streams "to accommodate i1 
stream needs such as water-based recreatioi 
navigation, aesthetics, fish and wildlife habita 
water quality, and needs by downstream highc 
priority users." (Minnesota Code of Agern 
Rules). At present, there are 43 streams fc 
which protected flows have been established. ] 
the spring of 1987, the DNR requested fundir 
from the Legislative Commission on Minneso1 
Resources in order to develop appropria 1 
procedures for the establishment of protecte 
flows on rivers with existing or potential wat< 
use conflicts. It is expected that new protecte 
flows will be established and some existing flov 
re-evaluated as a result of this project. 

The procedures for the resolution of a surfa< 
water conflict are similar to those used 1 

resolve a ground water conflict. Authorizatic 
to use water is based on the establishc 
priorities of use and the number of acres of 1°-r 
owned or controlled riparian to the sour~ 
water. If the conflict involves users who are , 
would be in the same priority class, then tl 
users must develop a plan which will apportic 
the water among themselves. If the users cann 
agree to a plan or if the plan does n 
adequately protect the waters of the state, th< 
the DNR may develop its own plan. 

IMPACTS ON WATER QUALITY 

Water, water everywhere, 
And all the boards did shrink; 
Water, water every where, 
Nor any drop to drink 

(Coleridge, The Ancient Mariner, 

As the ancient mariner discovered, all t 
waters of the ocean cannot quench your thirst; 
the water quality is not suitable, you might 
well be surrounded by an ocean of sand. Wh 
Minnesota is far from any ocean, we are n 
immune to problems with water quality. Oftc 
however, these problems result not from acts 
nature but from our own hands. 



;round Water Quality 
I 

. _ ..., 'degradation of the quality of Minnesota's 
:round water resources has become a major 
oncern in recent years. Much of the focus is 
entered on non-point sources of contamination. 
11e term non-point refers to the fact that no sin­
:le facility, such as the outlet of a waste dis­
harge pipe, can be identified as the source of 
he pollution. Non-point source pollution results 
rom wide-spread, low level contamination of 
;round water from a multitude of diverse 
ources. 

~oth crop and livestock production are major 
Lon-point pollution sources. Fertilizers and pes­
icides applied to agricultural cropland 
lercolate through the soil and into the 
mderlying aquifer. A recent study in Iowa 
:oncluded that 30 to 50 percent of the nitrogen 
vhich was applied as fertilizer ended up in the 
~round water (Short, 1986). Animal wastes 
vhich are concentrated in livestock feedlots can 
~nter the ground water in the same manner as 
ertilizers and pesticides. The Minnesota 
>ollution Control Agency has identified 1,500 
mimal feedlot waste storage areas in the state, 

) of which is a potential site for ground 
v a.ter contamination. 

)ince virtually all private drinking water 
upplies and most municipal supplies depend on 
~round water, the health effects of non-point 
ource contaminants is of greatest concern. The 
nost widespread problems are associated with 
Litrates. Nitrates have been shown to inhibit the 
lbility of the blood to carry oxygen to the brain 
.nd other vital organs. Unborn and newborn ba­
des are most sensitive to nitrates because of 
heir small body size and rapid brain develop­
rrent. This condition, known as methe­
rroglobinemia, or the "blue baby syndrome", 
1oses a risk of brain damage if left untreated. 

"'hroughout Minnesota, natural concentrations 
,f nitrate in ground water are extremely low, so 
11 existing levels in excess of the drinking water 
tandard (10 milligrams per liter) are assumed 
J be caused by human activities. The three 
kely sources of contamination are crop 
~rtilizers, feedlots, and septic systems. Nitrates 
re extremely soluble in water and are not 
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removed by natural processes. The only known 
methods of removal from drinking water are 
distillation and reverse osmosis, both of which 
are very expensive. 

As scientists continue to study the problem of 
nitrate contamination, the link between nitrates 
and fertilizers appears to strengthen. For a time, 
concern was centered on southeast Minnesota, 
where it was thought that the karst topography 
of the region, with its many sink holes and 
underground caverns, would present the 
greatest opportunity for direct contamination 
via surface water runoff from feedlots or 
cropland. 

Geologists now believe that up to 90 percent of 
the nitrates contaminating Minnesota and Iowa 
aquifers were applied to crops as chemical fer­
tilizers and percolated downward through the 
soil with each rain (Short, 1986). Therefore the 
potential for contamination of ground water ex­
ists wherever chemical fertilization occurs. 

The presence of nitrate in ground water is an in­
dication that other, more dangerous chemicals 
may also percolate downward through the soil. 
For years, the manufacturers of pesticides have 
contended that their products remain in the top 
few inches of soil and quickly decompose into 
more harmless chemicals. A study of surficial 
sand aquifers in central Wisconsin showed the 
presence of the insecticide Aldicarb in some ar­
eas. Further investigation has shown that 
Aldicarb eventually decomposes in water, and 
by properly managing the timing and rate of 
application the problem can be controlled. Tests 
of ten wells m Winona County, Minnesota, 
showed traces of Lasso and Atrazine, two 
popular herbicides,· in six of the wells (Short, 
1986). A recent study by the Minnesota 
Departments of Health and Agriculture found 
one or more pesticides in 38 percent of all wells 
sampled (Klaseus, 1986). 

The practice of conservation tillage, which has 
been ·encouraged over the years as a method of 
improving surface water quality by reducing the 
amount of erosion, may increase the 
degradation of ground water. Farmers who 
practice conservation tillage tend to use more 
pesticides in order to maintain crop yields. One 



study found an increase of between 14 and 43 
percent in the use of herbicide and insecticide 
(Short, 1986). Further study is needed to ensure 
that we are not trading one water quality 
problem for another. 

The use of irrigation presents some special con­
cerns regarding ground water contamination. Ir­
rigation is most common on coarse, sandy soils. 
Unlike clay, which has very fine, platy particles, 
sand particles do not readily adsorb individual 
molecules of pesticides and fertilizers. 
Adsorption would slow the movement of the 
contaminant through the soil into ground water, 
and thus allow more time for absorption into 
the plant or decomposition into less harmful 
chemicals. Instead, sand particles allow 
pesticides and fertilizer to pass through with 
relative ease. Moreover, the water applied to 
the soil through irrigation provides a medium to 
dissolve and transport these chemicals into the 
soil. The higher yields expected from irrigated 
land also require heavier applications of 
pesticides and fertilizer. The results of a study 
by the U.S. Geological Survey (Table 15) seem 
to indicate that irrigation is a greater threat to 
ground water quality than dry land farming. 

Table 15: Nitrates in Shallow Ground Water (milligrams 
per liter). 

Uncultivated Irrigated 
Cultivated Residential 

West Central Minnesota: 
2.5 3.4 

Anoka Sand Plain: 
0.15 1.8 

14.0 NA 

5.6 2.8 

(Um;ultivated = apparently natural and undisturbed; 
Cultivated = non-irrigated row crops; Inigated = inigated 
row crops; Residential = h01nes with septic tanks; NA = not 
available). 

A recent trend in irrigation has been the com­
bined application of pesticides and fertilizer 
through the sprinkler system. This practice, 
known as chemigation, can reduce production 
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costs by eliminating the need to apply th 
chemicals separately. Studies show ,r J ~ • 

chemigation may also reduce the total am\.. j 

of pesticides and fertilizer required to achiev1 
comparable yields. The Department o 
Agriculture and the Department of Health nm 
regulate the use of chemigation because of th 
potential for contamination of ground water a 
the well site. A well offers a direct pathway ti 
the aquifer in the event of a spill or back 
syphoning by the irrigation pump. ThereforE 
these agencies require the storage and mixing c 
chemicals at a set distance away from the wel 
and the installation of one-way valves o: 
irrigation pumps to prevent any chemicals fror 
moving down the well into the ground water. 

Surface Water Quality 

Surface water quality problems can result fror 
both point and non-point pollution source: 
Among agricultural water uses, point sources ir 
elude a wide variety of poultry, meat, an 
vegetation processing facilities. Non-poir 
surface water pollution comes primarily fror 
runoff from animal feedlots and erosion c 
cropland. 

Unlike non-point pollution sources, direct di~ 
charge of wastes into a lake or stream is strict: 
regulated by the Minnesota Pollution Contn 
Agency. Thus, not only is the source of pollutio 
known, but limitations are set on the amount c 
pollution which can be discharged. Over the la: 
15-20 years, great strides have been made in n 
ducing the amounts of pollution discharged d 
rectly into the surface waters of the state. Inn 
turn, the quality of many of our lakes and rivei 
has remained constant or been improved durir 
this time. 

Organic wastes from animal feedlots and ferti 
izer from cropland are a major source of surfac 
water pollution in many parts of Minnesota. Tt 
nutrients in these materials cause an increase j 
plant growth while depleting the amount < 

available oxygen in the water. These chang< 
impair fish habitat and enhance the eutrophic: 
tion of lakes. 

The erosion of soils laden with pesticides m' 
present a greater threat to water quality. Runo 



from cultivated fields can carry pesticides di­
r,/~ ·1y into streams or lakes. Higher concentra­
A~ _.._s of pesticide may enter surface water 
through accidental spills or improper disposal of 
leftover materials and their containers. 

Even uncontaminated soils can degrade water 
quality by increasing turbidity and sediment de­
position. Soil particles which remain in suspen­
sion reduce light penetration, thus decreasing 
plant photosynthesis and visibility for fish. In­
creased light absorption also increases water 
temperatures, making the environment less suit­
able to cold water animals such as trout. 
Deposition of sediment on rocky stream 
bottoms can limit the value of these nesting sites 
for several fish species (Warren, 1971 ). 

Some experts claim that the recent farm crisis 
has resulted in an increase in the amount of soil 
erosion from agricultural land. Farmers who 
own their land have a strong incentive to mini­
mize soil erosion in order to maintain soil fertil­
ity. If these farmers default on loans, the title to 
their land reverts to the lending institution, usu­
ally a bank, insurance company, or federal 
ar:rency. These institutions may wish to generate 
( "e income from the property, so they com­
monly rent the land for farming. The renters, in 
turn, have less incentive to preserve the soil for 
future production, and more incentive to maxi­
mize their income for the term of their lease. 
Renters are more likely to abandon soil conser­
vation practices and plant row crops from fence 
post to fence post. (Short, 1986). This change in 
production methods not only reduces the value 
of the land through soil loss but also degrades 
the quality of nearby surface waters. 

Both the state and federal governments have re­
cently implemented programs which they hope 
will reduce soil erosion and improve the quality 
of surface waters. The state Reinvest in Min­
nesota and the federal Conservation Reserve 
programs are designed to take highly erodible 
croplands out of production, accomplishing the 
dual purpose of reducing production surpluses 
while benefiting the environment. 

Reinvest in Minnesota (RIM) allows farmers to 
sell permanent easements to the state for 
marginal and erodible lands. Participating farm-
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ers agree to. plant trees, grasses, or other 
suitable cover on the land or allow water to 
return to former wetlands. Payments for the 
easements are funded through the sale of $16 
million in state bonds. Farmers who do not wish 
to grant a permanent easement may also par­
ticipate in a ten year set aside program. In both 
cases full payments are made soon after the 
completion of the contractual agreement. 

The federal Conservation Reserve Program 
( CRP) authorizes ten year set aside agreements, 
but no permanent easements. Farmers submit 
bids on the amount of rent they will accept to 
remove erodible lands from production for ten 
years. The lowest bids are accepted for partici­
pation in the program. Payments are made an­
nually, rather than at the beginning of the ten 
year period. This annual payment plans has dis­
couraged many heavily indebted farmers who 
must maximize their income in order to make 
their loan payments. 

Many questions have been raised regarding the 
ability of the federal program to remove the na­
tion's most erodible lands from agricultural pro­
duction. By offering only annual payments, CRP 
competes directly with existing government 
price support programs which may provide a 
better return. By requiring participating farmers 
to have owned the land for at least three years, 
CRP excludes farm renters, who may be less 
likely to use proper conservation practices. By 
excluding alfalfa from the list of qualifying 
crops, CRP may encourage dairy farmers who 
recently sold their herds to convert their alfalfa 
fields to row crops in order to generate more in­
come. Given the amount of controversy 
surrounding this program, some changes in CRP 
are likely. 

In Minnesota, RIM seems to garner more atten­
tion than CRP. Supporters of RIM have been 
careful to obtain the backing of sportsmen and 
conservation groups by emphasizing the parts of 
RIM which will improve fish and wildlife 
habitat. Debt-laden farmers have been attracted 
to the up-front payments for land easements. 
Renewal of RIM "unscathed" by the 1987 state 
legislature provides further evidence of its 
broad-based support in Minnesota. 



CONCLUSIONS 

Minnesota is highly deI?endent on ag~iculture 
for its economic well-bemg. Cro~ and hve~tock 
production, a~C?~g with th.elf associated 
processing facilities, are maJor sources of 
employment and income in the state. 

Agricultural production requires large volumes 
of high quality water from both ground or sur­
face water sources. In 1985, irrigation, livestock, 
and processing facilities accounted for 9% of ~11 
withdrawals and 23 % of all water consumed m 
the state. 

There was a dramatic increase in the use of irri­
gation during the 1970's in response to 
extremely dry weath~r conditions. Once 
irrigation systems we!e mstalled, i;nany farmers 
began watering theH crops ~~nn$ Y.ears of 
normal and above normal precip1tat10n m order 
to increase yields. Since 1982,, t~er~ ha~ been 
little increase in the use of ungat10n m t~e 
state. This is due to unfavorable e~o_noi;nic 
conditions and above normal precipitat10n 
during this period. 

Only 2.3 percent of all cultivated land in th.e 
state is irrigated, although the percen~age. is 
much higher for some crops, such as wild !ic_e 
and potatoes. Corn is the most common Hn­
gated crop followed by soybean, alfalfa, and 
potatoes. Much of the fruits and ve~eta?~es 
grown for local markets, such as the Twm Cities 
metropolitan area, is irrigated. Over 70 percent 
of irrigation comes from ground water. Center 
pivots and travelling guns are the most common 
distribution systems used. 

Most of the irrigation in the state occurs in the 
sandy soils of glacial. outwash plains .. The low 
water holding capacity of these s01ls makes 
them least tolerant to drought and m?st 
responsive to timely amounts of water dupng 
the hot summer months. Shallow aqmfers 
capable of yielding sufficient quantities. of water 
for irrigation tend to ~e located m th~se 
outwash plains or along nver valleys. Counties 
with the greatest number of irrigated acres are 
Dakota, Otter Tail, Pope, Stearns, Sherburne, 
and Swift. 
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The production of wil? rice is un;iqu~ ai;nong 
agricultural crops. in ¥innesot.a. Irngat10n is

1 

quired because wild nee P3;dd1es are co~plei:-1 
flooded during the spnng. All wild nee 
irrigation uses surface water because of the 
large volumes necessary for production. Wild 
rice accounts for over 75% of all surface water 
withdrawals for irrigation. Major wild. ri.ce 
growing counties are Clearwater, Aitkin, 
Beltrami, Polk and Cass. 

Future increases in the use of irrigation are pri­
marily dependent on improvements in the farm 
economy. For most farmers in 1987, crop prices 
are too low to warrant the increased expense of 
a new irrigation system. The o~Y: ot~er v~riable 
which might induce more Hngat10n is the 
weather. An extended period of low rainfall 
might convince some farmers th3:t they need 
irrigation in order to generate any mcome from 
their land. Most new irrigation will use ground 
water from the aquifers which are .capable of 
yielding more than 500 gallons per rmnute. 

All agricultural processing facilities require 
some water for cleaning products, machinery, 
tools, and buildings. Some. facilities use wav~.r 
for boiler feed make-up or mcorporate wate: 
the final product. Major water users incluue 
dairy beverage, meat and sausage, poultry, and 
vegetable processors. The majority of these 
plants are located i~ southern Minnesota. or 
near the Minneapolis-St. Paul metropolitan 
area. Some plants have their own sources of 
surface or ground water, other purchase their 
water from municipalities, while still others use 
both their own and municipal supplies. 

The amount of water withdrawn by agricultural 
processors has declin~d <?Ver the last fifte~n 
years. Part of this declme is due to a change m 
demand for meat products by American con­
sumers. Withdrawals by some industries (such as 
sugar beets processing) have declines .in 
response to limitations set by discharge permits 
issued by the Minnesota Pollution Control 
Agency. 

There are some areas of the state where the 
consumption of water by livest~ck constitutes a 
significant portion of total withdrawals. The 
largest withdrawals are taken in Stearns County, 



a center for dairy and poultry production and 
al"o a major hog producer. Southern Minnesota 
( ig the Iowa border is also an important hog 
producing area, as well as the location of many 
beef cattle and turkey farms. 

Virtually all of the water consumed by livestock 
comes from wells. Like agricultural processing, 
withdrawals for livestock consumption have de­
clined over the last fifteen years due to a change 
in eating habits by the American consumer. 

As with any withdrawal, the use of water for 
agricultural production can affect the 
availability of water for other users. The impacts 
of pumpage can vary from temporary water 
shortages affecting a limited number of users to 
steady depletions of water resources affecting 
many. current and future water users over a 
broad geographical area. As the agency for 
managing the waters of the state, the DNR must 
develop and implement procedures to mitigate 
shortages caused by water pumpage. 

Temporary shortages of ground water which 
result from withdrawals for agricultural 
production are not uncommon in Minnesota. In 

( 
+ypical well interference, pumpage from an 

_ . _gation well lowers the water table, causing 
one or more domestic wells in the vicinity to run 

( 

dry. Resolution of the conflict usually involves 
the improvement of the domestic well, financed 
at least in part by the irrigation well owner. 

The DNR maintains an extensive network of 
observation wells to monitor long-term changes 
in ground water supplies. Declining water levels 
in wells indicate that the rates of withdrawal 
exceed the amount of recharge to the aquifer 
from precipitation. To date, there is no evidence 
to indicate that water used for agricultural 
production has resulted in the mining of 
aquifers anywhere in the state. 

Withdrawals for agricultural production most 
often affect surface water supplies when there 
are several users of single resource, and their 
collective withdrawals exceed the rate of flow 
into the lake or stream. In order to protect 
surface water resources for fish and wildlife 
habitat, recreation, and other instream uses, the 
DNR not only restricts the amount of water 
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available to each user, but also establishes a 
minimum flow or level on the resource below 
which no withdrawals may take place. 

Over the last twenty years, the implementation 
of stringent environmental regulations has 
greatly reduced the level of pollutants which 
enter lakes and streams from industrial and 
municipal discharge systems. As a result, 
concern for water quality has shifted to non­
point pollution sources as the most significant 
threat to clean water. Typically, non-point 
pollution sources, including crop and livestock 
production, are not subject to regulations 
controlling the quality of the water which leaves 
their operations. 

The most widespread problem associated with 
ground water quality comes from nitrates. While 
livestock feedlots and septic sewer systems are 
potential sources of nitrates, recent studies point 
to the use of nitrogen fertilizers as the primary 
means by which nitrates enter ground water. 
Nitrates have been shown to cause 
methemoglobinemia, or the 'blue baby 
syndrome' in infants. 

Runoff from livestock feedlots and cultivated 
land carries nitrates, pesticides, and silt into 
lakes and streams. These materials degrade fish 
and wildlife habitat and destroy the value of the 
resource for recreation and for drinking water 
supplies.· 

The state of Minnesota has recently shown a 
commitment to the improvement of our surface 
water supplies with the implementation of 
Reinvest in Minnesota (RIM). This program 
promises to remove marginal and erodible lands 
from cultivation, thus helping to reduce our 
surplus of farm products while removing a major 
source of surface water pollution. Strong 
support from environmentalists, outdoor sports 
enthusiasts, and agricultural groups off er hope 
that RIM will provide a focus for water quality 
issues for years to come. 
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