GROUND-WATER-USE TRENDS IN THE TWIN CITIES

METROPOLITAN AREA, MINNESOTA, 1880-1980

By M. A. Horn

U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 83-4033

Prepared in cooperation with the
METROPOLITAN COUNCIL OF THE TWIN CITIES and
MINNESOTA DEPARTMENT OF NATURAL RESOURCES

St. Paul, Minnesota
1983



UNITED STATES DEPARTMENT OF THE INTERIOR

JAMES G. WATT, Secretary
GEOLOGICAL SURVEY

Dallas L. Peck, Director

For additional information
write to:

District Chief

U.S. Geological Survey
702 Post Office Building
St. Paul, Minnesota 55101
Telephone: (612) 725-7841

Copies of this report can be
purchased from:

Open-File Services Section
Western Distribution Branch
U.S. Geological Survey

Box 25425, Federal Center
Lakewood, Colorado 80225
Telephone: (303) 234-5888



CONTENTS
Page

N 013 1 o 1 PP
INtrodUCHioN ¢ vveevvereeecessesccececcossssscsssosssssssssssssssssssssosscssss
Purpose and SCOPE ¢ e ceevessccsccsssscsssssossossssssssosssssssssssssssssas
Previous investigationS..ccceeeseesseccsssessoscccscssscssssssssassssossns
MethodS ceceeevcsccorccesscssorsoscscsassasossssssssssnsssnassssossassssssssassssns
Data ColleCtion coeeeeeecsseecsccassassscscsssassssssssssssssssssssosssss
Data evaluation and estimation ...cceeescecersoscccsssscsssossssssccsscsasns
Ground-water-use estimation ....ceoeeeeccecccccsccsccscssosssssssssscessns
Water-use data base c.cveeeeeececeecscsccosaossssssssnsssssssssscssssansss
Trends in ground-water withdrawals by use CategOrYy ccceeeercssescecsccecsscnscs
PUDliC SUPPIY teesceessecscacscscssocossosossossssssscnsssssscsssccssscsscs
Self-supplied industrial Water USE....ccceeececscccscosscsscsscssssscssscnss
IPPigation viieeeeecseesceossesssossscsssesscossscsssssscssscssssscssscns
Dewatering.ceeecescereescccserssssssossssssssssssssssssscessossssssossssssss 17
Lake-level MAIiNteNANCe . ..veseeeecescassescessoscssssscsscssscsssssosssoss 17
Summary of withdrawals by use Category ..ccceeeeeececcscessoscascosssosnssses 17
Trends in ground-water withdrawals by aquifer .....cceeveveeseccccsesssssesesss 18
Prairie du Chien-Jordan...cceeeecceceescscecrsesccceoscsccosscscscssassanes 21
Mount SImon-HinCKIeY ¢ ccveeeecescerccscsscssssssscsssssssscssssssnsossas 2D
Ironton-Galesville cveveerseeressccesocsccsocscscossssccosssssscssosssscenss 2D

St. Peter....'----.--.--.-'----.-'-.--..------'-.--....-'-..-.---.-.'--. 25

Glacial drift.veeeeeceerereneercsecsescsesessssoscssescscssssscsvcssssncas 29
Summary of withdrawals by aquifer....ccceeeeeececececescscscocsscscsanass 29
Trends in seasonal water US€....ceesersorsescosscosssssscsscssossscscssccsssses 29
Summary and ConClUSIONS.cseseeeesesesesssassssosssssssssssssossssossssssasess 34
REfEreNCeS . cvieseresesessssssssossssessssssssssossssssssssassssssossesscssssss O34

b b
~I DO OO WO T D O et et e

ILLUSTRATIONS

1. Map showing location of study 8re ....ccceeeeeeeecscerscccsssanses
2. Diagram showing plan for assembly of ground-water-use data ........
3. Graph showing historical per capita water use for municipalities
in southeastern Minnesota c..ccveeesseececcsccoscssoscossonsosess 8
4, Diagram showing structure of Twin Cities water-use data base ....... 10
5. Graph showing historical ground-water withdrawals by use
CALEEOPY s evevversccorssosssossssssessssossssosssssssassssasssss 11
6. Graph showing combined surface-water and ground-water
withdrawals for public SUDPIY «evcecevceccsscenccsccncssosaansaas 13
7. Diagrams showing distribution of self-supplied industrial ground-
water use (a) 1921-30, (b) 1941-50, (¢) 1961-65, and (d) 1976-79 ...... 14
8. Hydrogeologic section through Minneapolis and St. Paul .....cc000... 19
9. Map showing bedrock hydrogeology in the Twin Cities area and
location of hydrogeologic section A-A' . .cveveeeercceccoscncsesess 20
10. Graph showing trends in withdrawals from the Prairie du Chien-
Jordan aquifer by use Category...ceeveeecesencccscrcocosvscscses 22

Figure

(308 -]



ILLUSTRATIONS
Page

Figure 11. Maps showing withdrawals by township from the Prairie du Chien-
Jordan aquifer (a) 1921-30, (b) 1951-60, () 1971-75, and
() 1976-T9 ceviinnnerennerenneosespossesenssessnssssnnssssnnss 23
12. Graph showing trends in withdrawals from the Mount Slmon-Hmckley,
Ironton-Galesville, St. Peter, and glacial drift aquifers by use
CALEZOTY cvevvvrncerenerecanossosassosossssersnsnsnsssosensnons 26
13. Maps showing withdrawals by townshxp from (a) Mount Simon-
Hinekley aquifer, 1951-60, (b) 1976-79 and from (c) Ironton-

Galesville aquifer, 1976-79 Cebecessebesscssssesensssessssensssnns 27
14, Map showing withdrawals by township ft'om (a) St Peter aquifer,
1976-79; (b) glacial drift aquifer, 1976+79..cceeeveereecccccnnenes. 28
15. Graph showing trends in total withdrawals from aquifers............. 31
16. Graph showing seasonal variation in ground-water withdrawals
by use category cveeeecesees teeeces cesecene teevssseccnesssenens 32
TABLES
Table 1. Reliability of ground-water-use data.. et rraaaraeeeaas e T
2. Trends in use of ground water and surface water for publie supply..... 12
3. Trends in self-supplied industrial ground-water us€......cceeeveesvss 15
4, Percentage of ground-water withdrawal by use category....ceeeeeee. 18
5. Estimated percentage of water contributed by each aquifer to
multiaquifer wells...ovoveeveennenns Jeoereoncecsoncsocnnreceness 21
6. Trends in withdrawals from the Prairie ﬁu Chien-Jordan aquifer ...... 24
7. Withdrawals by aqulfer D cessne cessssesseessnes 30
8. Seasonal variation in water use by use category .................... 33
CONVERSION FACTORS
Multiply inch-pound unit By ! To obtain SI unit
ineh (in) 25.40 : millimeter (mm)
mile (mi) 1.609 | kilometer (km)
square mile (mlz) 2.590 ‘ square kilometer (km 2)
acre 0.4047 ‘ hectare (ha) 3
gallon (gal) 0.003785 cubic meter (m®)
gallon per minute (gal/min) 0.06309 liter per second3(L/s)
million gallons (Mgal) 3785 cubic meter (m®)
million gallons per day (Mgal/d) 0.04381 cubiec meter per second (m /s)

iv



GROUND-WATER-USE TRENDS IN THE TWIN CITIES
METROPOLITAN AREA, MINNESOTA, 1880-1980

By M. A. Horn
ABSTRACT

Detailed ground-water-use information from 1880 to 1980 has been collected and
analyzed for the Twin Cities metropolitan area. Interpretation of historic water-use
data was required to help water-resource planners and managers assess future trends in
water use. Data were also needed for three computer-simulation models of ground-water
flow being developed in the Twin Cities area. Methods were developed to collect, eval-
uate, store, and retrieve information from all local, State, and Federal agencies' records
and publications. A computerized water-use data base was constructed to facilitate
generation of statistics on water-use trends and to store and retrieve data for the flow
models.

Ground-water use was analyzed by use category and aquifer and several trends were
observed. Eighty percent of ground water currently withdrawn is from wells in the
Prairie du Chien-Jordan aquifer. Ground-water use increased from 1880 until the early
1970's, and then declined slightly in the late 1970's. Industrial use in particular declined
during the 1970's as a result of conservation that was prompted by increased sewage-
treatment and energy costs. The intensity of pumping has decreased within the St. Paul
and Minneapolis eity limits and increased outside the city limits. The seasonal variability
of ground-water use became more pronounced as the percentage of water used for
irrigation and air conditioning increased.

INTRODUCTION

The Twin Cities metropolitan area consists of seven counties and includes 2,968
square miles (fig. 1). Significant volumes of ground water are withdrawn in the Twin
Cities area, even though the municipal water supply for Minneapolis is from the
Mississippi River and supplies for St. Paul are from a combination of the Mississippi
River and a chain of lakes north of St. Paul. Information on historical ground-water use
is needed by regional and State water-resource planners and managers to help anticipate
future trends and design management plans. Also, three ground-water modeling investi-
gations are in progress that include all or parts of the Twin Cities metropolitan area (fig.
1). These studies use computer models to simulate ground-water flow, and water-use
data compiled by aquifer and time interval are a vital component of the flow models.
Each of the studies required water-use data at different time intervals (decades, years,
and months). Therefore, a data base was developed with sufficient flexibility to meet
the requirements for all three computer models, and to provide water-use information
for planning and management purposes. Because the distinctions between water with-
drawn and water consumed were not significant for the computer models, return flows
were not analyzed to calculate total consumptive use. Therefore, water use and water
withdrawals are used interchangeably in this report.

Purpose and Scope

The purpose of this report is to describe trends in ground-water use in the Twin
Cities metropolitan area, Minnesota, from 1880 to 1980. Water-use trends are discussed
in terms of use category, volume of water used over time, aquifer, and well location.
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The methods used for collecting, evaluating, and storing ground-water-use data are
described in detail so that future studies will have a basis for comparison. Withdrawals
are summarized by the use categories of public supply, self-supplied industrial (ineluding
air-conditioning), irrigation, dewatering, and lake-level maintenance. Withdrawals are
also summarized for the five major aquifers in the area, the (1) Prairie du Chien-Jordan,
(2) Mount Simon-Hinckley, (3) Ironton-Galesville, (4) St. Peter, and (5) glacial drift.
Finally, withdrawals in the Twin Cities area are discussed in terms of seasonal variations.

Previous Investigations

The earliest published data on ground-water use are contained in county summaries
of deep-well descriptions by Winchell and Upham (1884; 1888), Darton (1902), and Hall
(1904). The first actual inventory of Minneapolis ground-water use is summarized by
Winchell (1905). Hall and others (1911) summarized municipal water use for southern
Minnesota, including depths, water levels and aquifer for each well, and average daily
water consumption and population for each municipality. Partial summaries of municipal
water use are in the reports by Dole and Westbrook (1907) and Follansbee (1912).

Declining surface-water availability during the 1930's drought resulted in inereased
interest in ground-water use. The report by the Minneapolis Water Supply Commission
(1932) is an excellent inventory of commercial and industrial wells and water use in
Minneapolis. Sehwartz (1936) tabulated data on municipal, commerical, and industrial
wells in the Minneapolis-St. Paul metropolitan area, although no water-use estimates
were included. Two other reports, Chase (1937) and the Water Resources Committee
Report (1937), provide additional data. Late in 1937, the St. Paul sewer department
began to record water used by private wells within the city. Also, unpublished data
compiled by the U.S. Geological Survey in 1937 summarizes ground-water pumpage for
Minneapolis and St. Paul.

Bradley's (1949) report on declining ground-water levels in the Minneapolis-St. Paul
area prompted more research on water use in the Twin Cities. In 1950, the U.S. Geologi-
cal Survey obtained water-use data for private wells from the Minneapolis and St. Paul
sewer departments and estimated industrial water use outside the city limits in order to
estimate water use for the entire metropolitan area. These estimates were included as
the Minnesota contribution to the first of a series of U.S. Geological Survey Circulars
summarizing water use for the United States (MacKichan, 1951; 1957). These data were
also used in a report on Minnesota water use (Frellson, 1952), and in a report on Twin
Cities water use by Prior and others (1953).

Increased municipal and industrial expansion in the late 1950's and early 1960's
prompted another series of water-use investigations. The report by the Minnesota Con-
servation Department (1961) estimated Twin Cities water resources and use. The report
by MaeKichan and Kammerer (1961) included estimates of Minnesota water use. Consid-
erable water-use information was necessary for an eleectric-analog ground-water model
of the Twin Cities area constructed by the U.S. Geological Survey in 1965 (unpublished),
for which water use was estimated by aquifer for the first time. In 1966, the Minnesota
Department of Natural Resources began collecting annual reported water use from
water appropriators using more than 1 million gallons per year. Minnesota water use was
estimated and included in the report by Murray (1968).



The first water-use report for the 1970's was the Minnesota part of the U.S. Geologi-
cal Survey's 5-year report by Murray and Reeves (1972). A major effort was undertaken
by the U.S. Geological Survey to again estimate water use in the Twin Cities area by
aquifer for the report on the water resources of the Minneapolis-St. Paul metropolitan
area by Norvitch and others (1973). The most recent U.S. Geological Survey report on
water-use was by Murray and Reeves (1977). Finally, a review of Minnesota water
resources and use was done by the Minnesota Water Planning Board (1979). The Water
Planning Board compiled water-use information reported to the Department of Natural
Resources and estimated non-reported water use for'the report.

This report on Twin Cities water use depends heavily on data collected over the past
century for all the previously described reports. The deseriptions contained here of data
sources and methods used to compile water-use information and the water-use data base
should facilitate future water-use investigations.

METHODS

Methods were developed to compile ground-water-use information for modeling
studies in the Twin Cities metropolitan area. Once the data requirements were defined,
a comprehensive plan was developed to collect, evaluate, store, and retrieve ground-
water-use information (fig. 2). Principal sources of information were reviewed in order
to derive a preliminary list of water users and well descriptions. Secondary sources of
data were used to identify additional water users, determine the amount of water used,
and complete well descriptions. Data were evaluated and missing information was esti-
mated. Finally, the data were coded, verified, arfl entered into a computerized data
base. These procedures are discussed in greater detail in the following sections.

Data Cdllection‘

Data collected include (1) well and casing depths and diameters; (2) location of the
well, by latitude and longitude, and township, range, section, and nearest 2i-acre tract;
(3) date of well construction and abandonment; and (4) reported or estimated water with-
drawn from the well since its construction. Data were collected on municipal, industrial,
irrigation, and other private wells from which more than 10 million gallons per year were
withdrawn.

Principal sources of information were the Minnesota Department of Natural
Resources, U.S. Geological Survey, and Minnesota Geological Survey. The Department of
Natural Resources requires water-appropriation permits and annual water-use reports
from water appropriators serving more than 25 persons, and (or) appropriating more than
10,000 gallons per day or 1 million gallons per year.{ These annual water-use reports for
the years 1966-70, 1975, and 1976 were used to obtain a list of ground-water
appropriators with permits and to determine the amo&mt of water used.

The U.S. Geological Survey has extensive files containing drillers' logs of wells and
ground-water-use summaries. These summaries include ground-water-use information
collected for the Minnesota part of the U.S. Geological Survey Circulars summarizing
water use in the United States from 1950 to 1980, the Twin Cities electrie-analog model
(1965, unpublished) and the study by Norvitch and others (1973).
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Figure 2.--Plan for assembly of ground-water-use data



The Minnesota Geological Survey's (MGS) well-log data base contains information
that has been thoroughly checked to assure accurate location and aquifer designation.
The MGS compilation of drillers' logs for municipal wells in the Minneapolis-St. Paul area
is another valuable source of information.

water users. Water-use and aquifer information was collected for each well. Secondary
sources of data were then used to add to the list of ground-water users, complete well
information, and provide estimates for the amount of ground-water used. Secondary
sources include the (1) Minnesota Department of Health, (2) St. Paul and Minneapolis
municipal sewer departments, (3) well owners and water superintendents, (4) Minnesota
Directory of Manufacturers, 1979-1980, (5) Chambers of Commerce in large municipal-
ities, and (6) other published and unpublished historical records.

Information from these three sources was corrjlated to derive a preliminary list of

The Minnesota Department of Health has reports of inspections of municipal water-
works for the past 80 years. These reports provided historical information on the number
of wells, well construction, and estimates of water used. Fluoridation reports from
municipalities contain recent daily water meter readings that provide accurate
measurements of water use.

St. Paul and Minneapolis municipal sewer departments record water withdrawn from
private wells and discharged into the municipal sewer system. These records supplied a
list of active users and the amount of water used in recent years.

Municipal water superintendents and individual well owners were contacted to supply
information not obtained from the sources previously discussed. The water superinten-
dents were also asked for names of industries and institutions in their municipalities with
large private wells. Other commercial and industrial well owners were identified from
the Minnesota Directory of Manufacturers, 1979-1980, and from information provided by
the Chambers of Commerce in large municipalities.

Descriptions of high-capacity wells and estimates of water use before 1965 were ob-
tained from State and Federal publications, as well as from U.S. Geological Survey files.
The report by Hall and others (1911) provided most of the data used in deriving water-use
estimates from 1880-1910. The report by the Minneapolis Water Supply Commission
(1932) was the main source of water-use estimates for Minneapolis during the 1930's and
records kept by the St. Paul sewer department were the main source of estimates for St.
Paul. Water-use estimates for the 1940's and 1950's were developed from water-use data
compiled from the Minneapolis and St. Paul sewer departments, and the U.S. Geological
Survey estimates of water use outside the city limits. The annual water-use reports
required by the Minnesota Department of Natura#‘ Resources are the most valuable
source of water-use estimates for individual wells from the late 1960's to the present,
even though a comparison of known active users with those sending water-use reports
indicated that for any one year only 60 percent of dsers in the Twin Cities area send in
their annual water-use reports.

Data Evaluation and E‘sdmatlon

Methods were developed to determine to which aquifer(s) a well is open and to
estimate municipal and self-supplied industrial ground-water use when data were not
available from any of the previously described sources. Data on each well were assigned
a numeric reliability code based on the completeness and quality of information on the
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aquifer used and the amount of water withdrawn (table 1). These codes helped target
wells for which more information was needed, and resolve problems in interpretation of
water-level and water-use correlations. An aquifer's designation for a specific well was
classified as "known" if the well and casing depths were available, and aquifer(s) to which
the well is open could be substantiated by the well log or detailed geologiec maps. A clas-
sification of "incomplete information" was used when only the well depth was available.
In this case, an aquifer designation was made using geologic maps along with knowledge
of the use of the well and the drilling practices used when the well was drilled. An aqui-
fer designation was "estimated" when no well depth was known. In this case, the most
commonly used aquifer in that area was assigned.

Table 1.—Reliability of ground-water-use data

Aquifer Withdrawal rate
designations . own Incomplete Estimated
information
Known..eoeeeooe 1 4 7
Incomplete
information .... 2 5 8
Estimated....... 3 6 9

Water-use estimates were classified as "known" if the pumpage was known for more
than 75 percent of the years the well was in operation. If pumpage was available for
between 25 and 75 percent of the years of operation, the classification of "incomplete
information" was used. If pumpage for fewer than 25 percent of the years was available,
the classification was "estimated.” A more detailed discussion of estimations of water
use by use category is contained in the following section.

Ground-Water-Use Estimation

When the amount of ground water used by municipalities from 1910 to 1980 in south-
eastern Minnesota was not recorded, it was estimated from historical per capita water-
use (ground-water and surface-water) and census data. Information from Hall and others
(1911), U.S. Public Health Service surveys (1946; 1955; 1964), archived records of the
Minnesota Department of Health, and Minnesota Department of Natural Resources
water-use reports were combined for the 70 municipalities present in southeastern
Minnesota in 1910. Ten percent of these municipalities were in the Twin Cities area. The
municipalities were divided into three groups based on population: less than 1,000 (27
municipalities), 1,000 to 10,000 (32 municipalities), and greater than 10,000 (11 munici-
palities). (See fig. 3.) Per capita water-use values were available for the largest number
of municipalities for the years 1910, 1940, and 1970. Per capita water use for other
years was extrapolated based on these values.
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Figure 3.--Historical per capita water use for municipalities
In southeastern Minnesota

Self-supplied industrial ground-water use was estimated based on analysis of the
well-casing diameter, pump type and capacity, type of industry, and history of opera-
tion. Significant quantities of water, more than 10 million gallons per year, are generally
used if the casing diameter is 8 inches or more, vertieal turbine pumps are used, or the
pump capacity is 70 gal/min or more. Food-processing plants and plants that require
cooling water are types of industries that use large quantities of water. Well owners,
plant engineers, or well-maintenance personnel were contacted for information on per-
iods of plant inaetivity or changes in plant design that would significantly alter water use
in the plant. Suech changes included increases in plant size and installation of eooling
towers, holding tanks, or variable speed drives on pump motors.

Ground-water use for the other three major useé categories, irrigation, dewatering,
and lake-level maintenance, were based on water use reported to the Minnesota
Department of Natural Resources.



Water-Use Data Base

After the water-use information was collected, estimated where necessary, assessed
for rf}iability, and entered on coding forms, it was entered interactively into a SYSTEM
2000~/ data base. SYSTEM 2000 was chosen because it offers flexibility to the user and
has an English-like, self-contained query language that allows users without computer
programming experience to retrieve information from the data base. The water-use data
base is presently (1982) stored in the computers at the University of Minnesota,
Minneapolis.

The Twin Cities water-use data base contains a number of data elements for individ-
ual wells, each with a single value, such as township, range, section, latitude, longitude,
and county (fig. 4). Each well also has a unique U.S. Geological Survey site identification
number. A series of multiple values or repeating groups were set up for (1) aquifers, (2)
time periods, (3) annual water use, and (4) monthly water use. Water-use information is
stored for every well as annual averages over 11 specific time periods, 1880-1900,
1901-10, 1911-20, 1921-30, 1931-40, 1941-50, 1951-60, 1961-65, 1966-70, 1971-75, and
1976-79. Annual and monthly reported water-use information is contained in the data
base for each of the years from 1970 to 1979 if it was available from the Minnesota
Department of Natural Resources (approximately 60 percent of the wells). Ground-
water-use trends described in later sections of this report are from period to period, not
year to year. Seasonal trends described are based on the reported monthly values.

Different retrieval formats were used to generate information contained in this
report. Although data are stored for individual wells, summaries of water use by aquifer
and by use category for different time periods can be obtained from the data base.

TRENDS IN GROUND-WATER WITHDRAWALS BY USE CATEGORY

The five major ground-water-use categories in the Twin Cities area are, from
greatest to smallest amount of current use, (1) public supply, (2) self-supplied industrial
(ineludes air-conditioning), (3) irrigation, (4) dewatering, and (5) lake-level maintenance.
Each category has its own distinctive characteristics and is discussed separately.

Public Supply

Public supply includes all ground water supplied by municipal waterworks to domes-
tic, commercial, industrial, and city (sanitation, fire) users. Ground water used for
publiec supply was less than 1 Mgal/d from 1880 until the 1911-20 decade when it was 1.7
Mgal/d (fig. 5). Ground-water withdrawals for public supplies have increased from 8.9
Mgal/d in the 1940's to 87.6 Mgal/d in the late 1970', nearly a tenfold increase (fig. 5).
Factors that influence withdrawals of ground water for public supply are (1) population,
(2) amount supplied by surface water, (3) per capita use, and (4) industrial and
commercial use,

LY/ The use of the brand name in this report is for identification purposes only and
does not imply endorsement by the U.S. Geological Survey.
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USGS SITE ID
LATITUDE
LONGITUDE
TOWNSHIP
RANGE
SECTION
QUARTER
SEQUENCE NUMBER
COUNTY
INSTALLATION NUMBER
USE CATEGORY
WATERSHED UNIT
MDH NUMBER
MINN UNIQUE NUMBER
DNR PERMIT NUMBER
OWNER
YEAR INSTALLED
YEAR ABANDONED
RELIABILITY
MULTI-SINGLE AQUIFER
FORMATION (FROM LOG)

i
|
|
|
|
)

AQUIFER REP%ATING: GROUP

|
AQUIFER CODE
PERCENT CONTRIBUTION

WATER USE ANNUAL REPORT
REPEATING GROUP REPEATING GROUP
TIME PERIOD START t YEAR PUMPED

TIME PERIOD END ANNUAL VOLUME MG

PERIOD LENGTH , T
PERIOD ACTIVE USE MONTHLY REPORT

RATE IN MGAL/Y REPEATING GROUP

PERIOD TOTAL
- MONTH PUMPED
MONTHLY VOLUME MG

Figure 4.--Structure of the Twin Citles water-use data base
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