




















































































































WATER YEAR DATA SUMMARY, 1993 and 1994 May 1995

Figure 13. i ,
. MEAN DAILY DISCHARGE |
30000 v &
25000
@®
o
— 20000
w
[}
oC
= 15000
O
@D
o
10000
5000 -+
O i
O ND JFMAMJ JASONDJFMAMUJJ A S
OCTOBER 1, 1992 TO SEPTEMBER 30, 1994
—MEAN DAILY DISCHARGE
30000
25000 :
o L MEAN ANNUAL DISCHARGE
&S 20000 . - / ! : L
o | / (o |
£ 1s000 5 : i »
= | / | |
S 10000 4 ) — { - A ' D
Ji
5000 50
Qso
o
OCTOBER 1, 1984 TO SEPTEMBER 30, 1994
Flows in the Mississippi River at Anoka were
high, ranking 14th and 15th respectively, for Year(s) Mean Annual % of
Water Years 1993 and 1994. These compare to (Rank) Discharge (cfs) Normal
the early 1980's when high flows were maintained 1031-1994 (63) 5,003 100
for a longer duration. 1985-1994 0.485 119
1993 (14) 11,160 139
1994 (15) 10,955 137
1986 (1) 17,750* 222
1934 (63) 1,603** 20
*Highest Recorded **] owest Recorded
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Minnesota River at Mankato
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Figure 14.
MEAN DAILY DISCHARGE
20000 <
16000
@0
O
= 12000
(B H]
(&3
cC
<C
g 8000
o
o
4000
o
O ND JFMAMJ J ASONDJIJFMAMJIJ A S
OCTOBER 1, 1992 TO SEPTEMBER 30, 1994
—MEAN DAILY AVERAGE
20000
16000
(@]
&S
S L2000 MEAN ANNUAL DISC
[N W)
[4>]
o
=
&S 8000 -
(72
(o
4000
(0]
OCTOBER 1, 1985 TO SEPTEMBER 30, 1994
The Minnesota River flows from west to east Minnesota River for the last ten years were 178%
through predominantly agricultural lands. A of normal.

record peak stage of 30.11 feet for 1993 was

reached on June 26, with a corresponding T MANKATO
discharge of 74,600 cfs. This discharge is ) S
significantly lower than the record discharge of Year(s) Mean Annual % of
94,100 cfs during the spring flood of 1965. Water {Rank) Discharge (cfs)  Normal
Year 1994 ranked 6th in total discharge for the
73 years of records. 1921-1994 (73) 3,290 100
, 1985-1994 5,842 178

For the 10-year period of 1985 to 1994, five 1993 (1) 14,890 452
years ranked In the top ten (1993, 1986, 1994, 1994 (7) 7,655 233
1992, and 1991). Conversely, 1988 to 1990 have 1934 (73) 136+ 4
flow rankings of 58, 59 and 42 respectively. In /
spite of these three dry years, flows in the * Highest Recorded ** Lowest Recorded
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OCTOBER 1, 1985, TO SEPTEMBER 30, 1994

The Pomme de Terre River, in west-central
Minnesota, flows due south into the Upper
Minnesota River. Of the 59 years of flow records
at Appleton, Water Years 1993 and 1994 rank
second and third highest, respectively. Both
exceeded the mean annual discharge for the
entire period by over 250%. '

For the ten-year period of 1985 to 1994, four
years ranked in the top ten (1986,1993, 1994
and 1985). The three-year period of 1988 to 1990
had annual discharges that ranked 57th, 40th,
and 50th. Overall, the 10-year average from 1985
to 1994 is 172 cfs, or almost 150% of normal.

Year(s) Mean Annual % of
(Rank)  Discharge (cfs) Normal

1931-1994 (59) 117 100
19085-1994 172 147
1993 (2) 303 259
1994 (3) 294 252
1986 (1) 363* 327
1977 (59) 21%* 19

* Highest Recorded **] owest Recorded
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OCTOBER 1, 1985, TO SEPTEMBER 31, 1994
Flows in the Red River of the North during
Water Years 1993 and 1994 rank eighth and « ‘EROF T
ninth highest, respectively, for the 90 years of Year(s) Mean Annual % of
records at Grand Forks. Heavy rains in 1993 filled (Rank) Discharge (cfs)  Normal
Lake Traverse and the Whiterock Reservoir to
near record stages. Flows from these reservoirs 1904-1994 (90) 2,625 100
were limited at times during 1993 and 1994 to 1985-1994 3,136 119
prevent downstream flooding. A significant 1993 (8) 5,353 204
portion of flow in 1994 was due to water stored in 1994 (9) 5,202 108
the reservoirs from 1993. For the ten-year period 1950 (1) 7,580* 289
of 1985 to 1994, three years rank in the top ten 1934 (90) 244 10
(1986, 1993 and 1994). The years of 1988 to 1992 * Highest Recorded = ** Lowest Recorded

ranked 72, 39,76, 70 and 61, respectively.
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Figure 17.
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OCTOBER 1, 1985, TO SEPTEMBER 30, 1994
The St. Louis River in northeastern Minnesota — -
flows through mostly forested lands. Flows in the 5T. LOUIS RIVER AT SCANLON
St. Louis are affected by five reservoirs operated Year(s) Mean Annual % of
for hydroelectric purposes. These reservoirs may (Rank) Discharge (cfs) ~ Normal
either reduce peak flows from storm events or
increase low ﬂows by draining water for power lgfgéé?fggfe) ggg; i(l)g
generation. 1993 (19) 3,007 127
1994 (20) 2,993 127
The St. Louis River was at 127% of normal 1972 (1) 4,276¢ 181
discharge for both Water Year 1993 and 1994, 1924 (86) Q45%° 40
\:il:rl; ;lhe average for 1985-1994 was 112% of * Highest Recorded ssLowest Recorded
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Figure 18 is a map showing the year
that the highest instantaneous dis-
charge (cfs) was observed for each of the
81 major watersheds. The map shows
that the major floods in Minnesota for
most of recorded history were in 1950,
1965, 1969 and 1993. Many of the
floods listed as "Other Years" occurred
in 1972. The 1993 flocds were caused by
spring and summer rains, while the
others were the result of spring rains
coinciding with snowmelt.

1965 and 1969 were the years of the
highest instantaneous discharge for
much of southern Minnesota. However,
1993 was the year of the highest annual
discharge for southern Minnesota.

Figure 19.

Other Yrs
1950
1966

B3 1986
& 1993

Figure 18.

Figure 19 is a map showing the
year of the highest annual discharge
(total volume) for all 81 major
watersheds.

Figure 20 shows the highest flood
frequency attained by the largest flood
event in Water Year 1993 and is based
on calculations by the USGS. All 1993
peak discharges were the result of
spring or summer storms and none
were caused by the spring snowmelt.

The map shows that much of
southern Minnesota experienced floods
that were greater than a 10-year flood
event. The surprising exceptions were
the Zumbro and Root Rivers which
experienced significant damage, even
though the highest recorded discharge
was less than a 10-year event.

SURFACE WATER
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May 1995

A July 1993 storm caused the Red

Figure 20.

< 10 Years
10t0 25
: 2510 50
B8 50to0100
@ - 100 vVrs

River of the North to rise approximately 7
feet in 8 hours, yet amounted to a less
than 25-year flood event. Surprisingly,
with approximately 100 years of records at
several gage sites, a 100-year flood event
has yet to be experienced on the Red River
of the North.

Flooding along the Des Moines River at
Jackson was in the range of a 25 to 50-
year flood event while flooding on the
Watonwan and Cottonwood Rivers and the
Minnesota River (at both Mankato and
Jordan) were 50 to 100-year flood events.
Only the Redwood River experienced a
flood event with a frequency greater than
100 years. The highest peak at Marshall
was between a 100 and 200-year event,
while three smaller peaks on June 17,
June 19, and July 5, 1993, were all 10 to
25-year flood events. The last peak at
Marshall, August 16, 1993, was just
under a 10 year flood event.

Figure 21 isa

Figure 21.
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1993, 1965 AND 1969 DISCHARGE COMPARISON

hydrograph showing
discharges for the
Minnesota River at
Jordan during 1965,
1969 and 1993. The
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100 YEAR FLOOD map shows the mean
daily discharge and the
50 YEAR FLOOD expected discharge for a
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50 and 100-year flood
event. The area under
each curve represents
the total volume
discharged. 1965 and
1969 were major flood
years on the Minnesota.
However, the combined
total volume of water
discharged during those
two years is approx-
imately equal to the
total volume discharged
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during 1993.
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Lake level fluctuations are primarily a response to changes in the quantity and
distribution of precipitation (rain and snow). They may also be the result of outlet dam
operation or beaver dams. Shoreland development and use can be adversely affected by lake
level fluctuations. Knowing the history of these fluctuations can be of assistance in coping
with problems such as flooding, drought-related access, vegetation growth or lakeshore
erosion. Other uses for lake level data would include calibration of simulation models, flood
estimates, structure elevations, zoning programs and local water planning.

The Division of Waters provides the gage
and any required survey work. Observers
typically read the gages on a weekly basis
throughout the open water season and report
their readings to the Division. The success of
the low cost program is largely dependent on

Lake levels are
actively monitored at
662 sites in Minnesota
(Figure 1). Of these, 442
are monitored by citizen
volunteers and 220 are

monitored cooperatively with other
organizations including;

« Anoka County Conservation District

« Becker County Coalition of Lake
Associations

« Cambridge Area DNR Wildlife

+ Chisago County

= City of Maple Grove

* Freshwater Foundation

» Kandiyohi County

+ Minnesota Zoo

» Polk County SWCD

+ Ramsey County

» Sauk River Watershed District

« Thirty Lakes Watershed District

these volunteers and cooperating organiza-
tions.

The data that is collected is stored in a
database (Lakes db®©), which enables easy
access to the information (see pages 34-35
for 10 selected lakes). Lakes db®© software
has been installed on many cooperators'
computers, with staff instructed on basic
storage and retrieval. In five years of
operation, approximately 585,000 individual
lake readings have been entered. During
Water Years 1993 and 1994, over 40,000
water level readings were collected and
entered.
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WATER YEAR DATA SUMMARY, 1993 and 1994

. May 1995

Lake level fluctuations from spring and
summer rains resulted in many lakes
experiencing highest recorded levels in 1993.
Throughout the state, 28% of monitored
lakes experienced highest recorded levels
during 1993. The timing and distribution, as
expected, generally followed that of rainfall
patterns. The occurrence of highest levels
began during spring in the south and, as
summer progressed, shifted northward.
These occurrences of highest recorded levels
were principally located in the south and
northwest, although many were recorded
statewide. Level hydrographs for
representative lakes are shown on pages 36
and 37, with peak levels and dates
highlighted.

Lake levels during 1994 showed con-
siderable stability, especially when compared

to 1993. 1994 fluctuations were generally
less than 10-year averages as can be seen in
the table on pages 38-40. These relatively
stable levels during 1994 are consistent with
1994 precipitation patterns and amounts.

Landlocked lakes have generally reached
or exceeded normal levels after experiencing
extreme lows during the drought of the late
1980's. In selected cases, levels are very
high, with some flood damage occurring.
Multiple years of normal to above normal
precipitation since the drought have
contributed to generally wetter soil
conditions, increased runoff rates and
increased ground water levels. All of these
tend to increase volume to lakes. These
increases are especially noticeable on
landlocked lakes.
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WATER YEAR DATA SUMMARY, 1993 and 1994 May 1995
10 -YR. 10 -YR.
LAKE NAME (LAKE ID) 1993 1994 AVE. LAKE NAME (LAKE ID) 1993 1994 AVE.
AITKIN COUNTY CASS COUNTY
Little Pine (1-176) 1.57 1.02 0.99  Lower Trelipe (11-129) 130 1.15 1.13
Minnewawa (1-33) 0.78 062 0.82 Girl (11-174) 1.61 090 0.91
Cedar (1-209) 1.48 126 1.65 Hand (11-242) 0.49 1.08 0.81
Farm Isdland 1.88 1.05 1.02  Big Portage (11-308) 0.48 0.27 0.65
Ten Mile (11-413) 0.68 034 0.72
ANOKA COUNTY
Otter (2-3) 0.76 1.09 1.67 CHISAGO COUNTY
Baldwin (2-13) 4.57 442 3.07 SouthLindstrom (13-28) 2.15 3.23 1.62
Linwood (2-26) 085 0.70 0.68 Green (13-41) 098 143 1.14
Martin (2-34) 1.85 1.23 1.08 Rush (13-69) 1.22 1.36 1.43
Coon (2-42) 0.74 0.80 1.10 North Center {13-32) 2.08 0.62 1.57
Ham (2-53) 076 0.76 1.08 North Lindstrom (13-35) 1.94 0.69 157
Spring (2-71) 2.05 168 181 Comfort (13-53) 2.02 151 1.45
George (2-91) 0.77 0.46 1.22
CLEARWATER COUNTY
BECKER COUNTY Itasca (15-16) 094 026 081
Two Inlets (3-17) 2.94 0.72 1.34
Round (3-155) 1.60 0.46 1.18 COOK COUNTY .
Height of Land (3-195) 268 1.04 161 Flour (16-147) 0.46 0.73 0.60
Cotton (3-286) 146 0.66 1.03 Poplar (16-239) 0.65 0.95 1.04
White Earth (3-328) 1.80 0.70 1.10
Buffalo (3-350) 2.66 0.76 1.35 COTTONWOOD COUNTY
Sallie (3-359) 2.19 0.86 1.36 Cottonwood (17-22) 1.68 0.47 2.07
Muskrat (3-360) 1.26 0.62 0.88
Big Cormorant (3-576) 1.10 0.66 0.93 CROW WING COUNTY
Ida (3-582 074 060 0.98 Olander (18-91) 1.04 107 124
Upper Cormorant (3-588) 1.18 0.75 0.92  Rabbit (18-93) 0.95 1.32 0.90
South Long (18-136) 1.60 1.56 1.12
BELTRAMI COUNTY Ross (18-165) 3.05 1.10 1.41
Gallagher (4-92) 0.32 036 0.65 Edward (18-305) 0.66 077 0.71
Turtle River (4-111) 136 1.59 159  Pelican (18-308) 0.62 0.62 0.86
Bemidji (4-130) 1.82 1.14 1.78 North Long (18-372) 0.69 0.73 0.82
Hubert (18-375) 0.87 0.42 0.81
BIG STONE COUNTY
Big Stone (6-152) 258 151 243 DAKOTA COUNTY
Marion (19-26) 2.02 1.26 1.96
BLUE EARTH COUNTY .
Madison (7-44) 1.9 1.12 1.68 DOUGLAS COUNTY
Victoria (21-54) 1.32 090 1.16
CARLTON COUNTY Carlos (21-57) 0.65 1.04 1.00
Chub (9-8) 0.66 070 0.84 Miltona (21-83) 0.80 0.92 1.00
Moses (21-245) 2.77 1.02 1.25
CARVER COUNTY Lobster (21-144) 1.40 1.60 1.02
Lotus (10-6) 1.52 1.08 1.52
Waconia (10-59) 1.29 0.66 1.24
SURFACE WATER
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May 1995 WATER YEAR DATA SUMMARY, 1993 and 1994
10 -YR. 10 -YR.
LAKE NAME (LAKE ID) 1993 1994 AVE. LAKE NAME (LAKE ID) 1993 1994 AVE.
HENNEPIN COUNTY MILLE LACS COUNTY
Eagle/Pike (27-111) 0.78 0.96 0.98 Mille Lacs (48-2) 159 1.17 134
Rice (27-116) 1.00 1.28 1.08 Shakopee (48-12) 1.96 0.85 1.23
Fish (27-118) 1.10 1.09 1.11
Cedar Island (27-119) 054 092 1.03 MORRISON COUNTY
Schmidt (27-121) 045 0.62 0.91 Sullivan (49-16) 2.12 086 1.31
Minnetonka (27-133) 1.62 1.28 1.49 Alexander (49-79) 1.33 0.62 0.89
Independence (27-176) 1.82 227 1.71
MURRAY COUNTY
HUBBARD COUNTY Shetek (51-46) 2.10 1.05 1.86
Belle Taine (29-146) 1.20 0.48 1.24
Plantagenet (29-156) 1.70 090 141 NOBLES COUNTY
Long (29-161) 0.40 0.42 047 Ocheda (53-24) 208 136 1.67
Potato (29-243) 0.50 0.38 0.63
OTTER TAIL COUNTY
ISANTI COUNTY Big Pine (56-130) 293 176 1.65
Skogman (30-22) 1.36 0.86 1.21 Rush (56-141) 250 1.20 1.58
Little Pine (56-142) 1.78 0.90 1.03
ITASCA COUNTY West Leaf (56-114) 0.86 0.81 0.92
Split Hand (31-353) 1.94 1.10 1.61  Otter Tail (56-242) 1.80 1.00 1.48
Siseebakwet (31-554) 0.58 050 0.73 Star (56-385) 1.11 132 0.87
Long (31-570) 1.22 1.19 1.03 Long (56-388) 1.06 090 0.82
Loon (31-571) 0.78 1.10 1.20 Pickerel (56-475) 0.88 050 0.64
Bowstring (31-813) 1.94 174 1.56 Lizzie (56-760) 1.66 0.90 1.16
Dora (31-882) 2.38 2,52 1.87 Pelican (56-786) 140 092 1.35
Prairie (56-915) 0.45 0.44 0.85
JACKSON COUNTY
Loon (32-20) 1.54 1.86 1.36 PINE COUNTY
Heron N Marsh (32-57-1) 8.74 4.02 3.94 Island (58-62) 1.84 131 1.47
Heron N Heron (32-57-5) 5.81 4.88 3.31 Sturgeon (58-67) 066 048 0.81
Heron S Heron (32-57-7) 6.80 4.85 3.60 Grindstone (58-123) 1.05 1.16 1.14
Pokegema (58-142) 208 298 3.25
KANDIYOHI COUNTY
Calhoun (34-62) 1.24 1.47 1.32 POLK COUNTY
Green (34-79) 1.36 1.62 1.40 Sandhill (60-69) 0.57 0.52 0.95
Big Kandiyohi (34-86) 3.15 1.45 1.67 Union (60-217) 1.11 0.75 1.05
Mud (34-158) 1.14 0.80 131 Maple (60-305) 039 045 0.95
Eagle (34-171) 1.38 1.04 1.58
Skataas (34-196) 0.60 0.86 135 POPE COUNTY
Andrew (34-206) 1.61 146 1.50 Minnewaska (61-130) 1.34 140 1.15
Emily (61-180) 250 2.00 1.79
LE SUEUR COUNTY
West Jefferson (40-92-2) 1.61 0.70 1.45 RAMSEY COUNTY
Washington (40-117) 224 060 149  East Silver (62-1) 0.87 1.19 1.68
Bald Eagle (62-2) 0.74 095 1.26
LINCOLN COUNTY Gervais (62-7) 1.70  1.47 2.24
Benton (41-43) 1.90 130 141 Round (62-9) 1.04 1.03 2.19
Hendricks (41-110) 3.05 2.80 153 wWakefield (62-11) 0.84 139 2.56
Phalen (62-13) 272 238 3.79
MARTIN COUNTY Beaver (62-16) , 1.16 1.14 2.02
Okamanpeedan (46-51) 3.7 1.70 1.97  Birch (62-24) 1.20 1.21 1.37
McCarron's (62-54) 0.87 052 1.17
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May 1995

10 -YR. 10 -YR.
LAKE NAME (LAKE ID) 1993 1994 AVE. LAKE NAME (LAKEID) 1993 1994 AVE.
RAMSEY COUNTY (cont.) TODD COUNTY
Como (62-55) 1.37 130 1.75  Big Birch (77-84) 098 0.78 1.04
Owasso (62-56) 0.72 120 1.22  Little Birch (77-89) 0.70 0.76 1.13
Josephine (62-57) 0.79 0.83 1.27  Sauk (77-150) 140 150 1.56
Turtle (62-61) 1.29 093 1.04 Osakis (77-215) 1.79  2.17 1.44
Long (62-67) 2.74 181 1.70
Pike (62-69) 146 0.60 1.32 WASHINGTON COUNTY
Valentine (62-71) 2.09 129 179  Square (82-46) 0.54 020 0.55
Snail (62-73) 256 1.67 1.66 Horseshoe (82-74) 0.55 3.16 1.96
Island (62-75) 1.17 1.34 1.43  Demontreville {82-101) 101 094 170
Johanna (62-78) 1.13 0.90 2.10 Jane (82-104) 0.63 0.62 1.76
Wabasso (62-82) 1.02 1.36 1.51 Elmo (82-106) 121 055 1.32
West Silver (62-83) 1.36 0.82 1.72 Sunfish (82-107) 246 120 2.00
Eagle Point (82-109) 2.85 1.28 230
ST. LOUIS COUNTY , Downs (82-110) 3.36 1.55 2.67
Pequaywan (69-11) 1.60 052 0.73 Long(82-118) 420 2.78 3.50
Vermillion (69-378) 1.30 1.15 1.62 Forest (82-159) 1.08 096 0.79
Embarass (69-496) 230 450 231 Clear (82-163) 198 1.11 125
Esquagama (69-565) 2.30 4.70 2.55  White Bear (82-167) 1.78 0.78 1.20
St. Mary's (69-651) 1.34 1.05 1.25
Ely (69-660) 0.57 0.72 0.87 WATONWAN COUNTY
Dark (69-790) 1.80 1.74 1.66  St.James (83-43) 3.48 0.62 1.80
Pelican (69-841) 0.46 0.62 1.18
Sturgeon (69-939) 2.53 185 1.33 WRIGHT COUNTY
Charlotte (86-11) 1.86 1.24 1.36
SCOTT COUNTY Pulaski (86-53) 2.15 1.37 1.60
Upper Prior (70-72) 2.60 121 2.70 Maple (86-134) 054 0.86 1.37
Indian (86-223) 120 102 1.53
STEARNS COUNTY Sylvia (86-289) 0.47 050 0.82
Grand (73-55) 039 0.82 1.01
Big Fish (73-106) 0.79 066 084 YELLOW MEDICINE
Two Rivers (73-138) 429 1.85 254 COUNTY
Rice (73-196) 3.11 284 2.84 Tyson(87-19) 1.72 0.68 0.96
Koronis (73-200) 1.2 168 1.76
AVERAGES: 1.61 1.22 1.44
p40 SURFACE WATER
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May 1995 WATER YEAR DATA SUMMARY, 1993 and 1994

Monitoring of ground water levels in Minnesota began in 1942 and, starting in 1947,
was expanded by a cooperative program between the DNR and the United States Geological
survey (USGS). By the end of Water Year 1994, approximately 660 water level observation
wells (obwells) had been established statewide. Soil and Water Conservation Districts (SWCD)
and the USGS monitor these wells for the DNR. The DNR obwell network was developed to
record background water levels in areas of present or expected ground water use. The data
are used to assess ground water resources, interpret impacts of pumping and climate, plan
for water conservation, evaluate local water complaints and otherwise support resource
management programs.
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WATER YEAR DATA SUMMARY, 1993 and 1994

An aquifer is a water-saturated geologic
formation which is sufficiently permeable to
transmit economic quantities of water to
wells and springs. Aquifers may exist under
unconfined or confined conditions (Figure 1).

- In an unconfined
aquifer, the ground water surface that
separates the unsaturated and saturated
zones is called the water table. The water
table is exposed to the atmosphere through
openings in the overlying unsaturated
geologic materials. The water level inside the
casing of a well placed in an unconfined
aquifer will be at the same level as the water
table. Unconfined aquifers may also be
called water table or surficial aquifers.

For most of Minnesota, these aquifers are
composed of glacial sand and gravel. Their
areal extent is not always well defined nor is
their hydraulic connection. They are often
locally isolated pockets of glacial outwash
deposited over an area of acres to square
miles. Recharge to these units may be
limited to rainfall over the area of the aquifer
or augmented by ground water inflow.
Consequently, care must be taken in
extrapolating water table conditions based
upon the measurements of a single water
table well.

e - When an aquifer is
separated from the ground surface and
atmosphere by a material of low permeability,
the aquifer is confined. The water in a
confined aquifer is under pressure, and
therefore, when a well is installed in a
confined aquifer, the water level in the well
casing rises above the top of the aquifer.

This aquifer type includes buried artesian
aquifers and bedrock aquifers.

Buried artesian aquifers are composed of
glacially deposited sands and gravels, over
which a confining layer of clay or clay till was
deposited. Their areal extent and hydraulic
connections beneath the ground surface are
often unknown; therefore, an obwell placed in
one of these units may be representing an
isolated system. Ground water investigations
involving buried artesian aquifers require
considerable effort to evaluate the local
interconnection between these aquifer units.

Bedrock aquifers are, as the name implies,
geologic bedrock units which have porosity
and permeability such that they meet the
definition of an aquifer. Water in these units
is either located in the spaces between the
rock grains (such as sand grains) or in
fractures within the more solid rock. While
these aquifers can be unconfined, the ones
measured in the obwell network are generally
bounded above and below by low-permeability
confining units. Unlike buried artesian
aquifers, bedrock aquifers are fairly well
defined in terms of their areal extent and the
units are considered to be connected
hydrologically throughout their occurrence.

Seasonal climatic changes affect the water
levels in aquifer systems. Recharge, which is
characterized by rising water levels, results as
snow melt and precipitation infiltrate the soil
and percolate to the saturated zone.
Drawdown, characterized by the lowering of
water levels, results as plants transpire soil
water, ground water discharges into lakes,
springs and streams, and/or well pumping
withdraws water from the aquifer. An
unconfined aquifer generally responds more
quickly to these changes than a confined
aquifer since the water table is in more direct
contact with the surface. However, the
magnitude of change in water levels will
usually be more pronounced in a confined
aquifer.

GROUND WATER
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WATER YEAR DATA SUMMARY, 1993 and 1994

lewide Summary

The remainder of this chapter discusses
the ground water levels in unconfined and
confined aquifers during Water Years 1993
(WY93) and 1994 (WY94). This discussion
focuses on two aspects: water levels for
these two years and their comparison to
long-term averages, and water level trends
over several years for two major bedrock
aquifer systems in the metropolitan area.
To achieve meaningful comparisons and
trend analysis, representative obwells were
chosen from the network based on their
length of record and their geographical
location.

During WY94, the DNR monitored
water levels in approximately 660 wells
throughout the state. Figures 2, 3 and 4
show the locations of these wells,
identifying those that were placed in
unconfined aquifers, in buried artesian
aquifers and in bedrock aquifers.

Figure 3.
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WYS3 and WY94 Comparisons

For the selected representative obwells,
water levels within each water year are
compared. These levels are also compared
to the historical average. Where data was
available, water levels were analyzed twice
per water year, usually in March and July.
These months were chosen because they
most likely show the aquifer’s condition
following the winter before the heavy
summer use period begins and again in the
middle of the summer season before the
onset of fall rains. Where data was not
available for one or both of these months,
comparisons for other months were made.
These exceptions are noted in the x-axis
labels of the following graphs.

GROUND WATER
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WATER YEAR DATA SUMMARY, 1993 and 1994

May 1995

Historical averages used in these
comparisons are computed for the
appropriate month using data over the
period of record for each well. Such
periods are generally from 15 to 30 years,
with the shortest being 11 years and a
couple being more than 40 years.

Figure 5 shows water levels during the
months of March and July for WY93 and
WY94, as well as the long-term monthly
average, for selected water table wells
throughout Minnesota. In all instances,
the average March reading is less than that
for July. While drainage from the aquifer
continues throughout the winter, recharge
is restricted. In general, wit. r
precipitation is stored as snowpack and
frozen soil prevents or slows the infiltration
and percolation of spring snow melt. By
the end of winter, the aquifers are at a low
point. As the soil thaws and spring rains
occur, the aquifers are recharged resulting
in the higher July water levels. As noted
earlier, these unconfined aquifers respond
rapidly to climatic events.

For the month of March, water levels in
WY94 were higher than in WY93. It is noted
in the Climatology chapter of this publication
that spring of 1993 was marked by cold
temperatures and late melting of a normal
snowpack. Spring of 1994 came early with
the melting of a heavy snowpack over soil
with very little frost. These 1994 conditions
allowed for an early recharge of unconfined
ground water.

For July, however, WY94 levels were
below those for the previous year. The
Climatology chapter indicates that May to
August, 1993, was among the wettest periods
on record, accounting for the higher water
table.

Figure 4.  Hedi
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Comparison of water year readings with
long-term averages shows varying patterns:
for some wells the readings are above the
average, in others they are below. Grouping
the wells by large geographic regions does
not indicate any trends. Lack of a regional
pattern may result from the individual
characteristics of isolated unconfined
aquifers.
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Figure 5.
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WATER YEAR DATA SUMMARY, 1993 and 1994 i May 1995

Confined Aquifers - Buried Artesian

Seasonal water levels in confined buried  in the City of Sleepy Eye, lower water levels
artesian aquifers are compared to historic in July may result from increased summer
averages in Figure 6. Under confined pumpage for both municipal and industrial
conditions, these aquifers generally respond  purposes.
less quickly to seasonal inputs from snow
melt and precipitation. However, buried In general, water levels in March were
artesian aquifers are often near the surface higher in WY94 than WY93. This same
with their extent poorly defined and they may pattern was evident in July, but the
be connected with adjacent unconfined differences between 1993 and 1994 are
aquifers. As a result, individual responses of smaller and, in many cases, unimportant.
buried artesian aquifers to recharge may be
difficult to predict. The observed water levels in WY93 and

WY94 were higher than the average in some

Average water levels for most wells do not  wells and lower than average in others. It is

show a seasonal trend. Two wells, however,  difficult to identify a trend, but the levels in

(69009 in St. Louis County and 48000 in the northwest were below average; levels
Mille Lacs County) do show a rise in water across a central band of Minnesota and
level following winter. Levels in well 27035 in  including the northeast were above average;
Hennepin County fall during the summer, and, around the metropolitan area, no
possibly an effect of increased water use in pattern was evident. The one south-central

the Minneapolis/St. Paul metropolitan area well had higher than average levels.
during that season. Similarly, for well 8001
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May 1995 WATER YEAR DATA SUMMARY, 1993 and 1994
Figure 6.
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Confined Bedrock - Mt. Simon Aquifer

As illustrated in Figure 7, two of the

measured Mt. Simon wells show no seasonal

differences in average water level between
October and April. Of the remaining three

Mt. Simon wells, two {86001 and 2015) show

Water levels in the Mt. Simon aquifer
were generally higher in WY94 than in WY93.
In the two sets of measurements where this
was not the case, the levels were similar.

Water levels in WY93 and WY94 were
above average except for one well (70002) in

a slight rise in level following winter while the Scott County. Municipal pumping since the
third (70002) indicates a drop in summer.
This last well may be influenced by increased affect this aquifer and consequently has
summer pumping from nearby municipal

mid-eighties from another aquifer seems to

skewed the average reading.

wells.
Figure 7.
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WATER YEAR DATA SUMMARY, 1993 and 1994

Water level comparisons for the Prairie
du Chien-Jordan aquifer system (hereafter
referred to as Jordan) are shown in Figure 8.
Average water levels indicate a seasonal
difference with the July level lower than in
March. This is a result of seasonal pumping
and is discussed in the Water Level Trend
section which follows.

Water levels in March tended to be
higher in WY94 than in WY93. The situation
is reversed in July, however. This may be
the result of WY93 being much wetter,
particularly in the spring and early summer,
creating less demand for private and munici-
pal pumping.

For the most part, water levels in WY93
and WY94 were above the historical average.
In wells 27001 and 62001, where this is not

the case, water level averages incorporate an
earlier period of time when water levels were
higher. In more recent years these levels have
steadily maintained a lower level, presumably
as the result of increased municipal
pumping. Therefore, WY93 and WY94
readings are shown compared to an average
which is skewed toward a higher water level;
when compared to averages reflecting the
more current trend, WY93 and WY94 water
levels were about average for 27001 and
above average for 62001. Well 55000 has just
reentered the Obwell Network and
consequently has very little data to report for
the water years in discussion. Long-term
records for this well also indicate a skewed
average water level similar to that for 27001
and 62001.

Figure 8.
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For nearly fifteen years the
Minnesota Geological Survey (MGS)

regional-scale basic geologic and
hydrogeologic data gathering and

the Division of Waters (DOW) joined
the MGS in this effort, concentrating
on the hydrogeology of the study
areas. The results of this work are
the County Geologic Atlases and
Regional Hydrogeologic Assessments.
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In addition to the well and
geologic data collected by the MGS,
project staff utilize DOW databases,
particularly data available from the
Observation Well Program. Other
DOW data sources are also used,
including climatology, water use

ond

has been conducting county and M

interpretation. Beginning in 1991, ‘3 I
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Completed

Underway

REGIONAL
ASSESSMENT

@ Completed
Underway
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permits, and geophysical study

reports. Project staff also measure
water levels in wells and collect water
samples for chemical and isotopic

analysis.

Well Location

Surficial Geology
Water Table Elevation

Pollution Sensitivity

Layers show the !
extreme NE corner of Chisago County,
from Anoka Sand Plain Regional Hydrogeologic Assessment, 1993

The information collected
is organized, displayed and
analysed using Geographic
Information System (GIS)
technology, a computer-
based tool for manipulating
spatial information.
Beginning in 1993, all atlas
and regional assessment
reports were developed using
GIS.

p 52

GROUND WATER




May 1995
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In and around the seven-county
metropolitan area, pumping and development
pressure continues to grow for two major
aquifer systems: the Jordan and the Mt.
Simon. At present, the Jordan supplies
water for nearly all of the municipal and
private high capacity water users in the
metro area. The Mt. Simon lies deeper than
the Jordan, and is more protected from
contamination sources. While this aquifer
was used in the past for purposes such as air

conditioning, its use is now restricted to
situations where no other potable water
source is available. However, interest and
speculation continue about the possibility of
using water from this aquifer.

With the heavy demand upon the Jordan
and the possibility of using the Mt. Simon,
questions are raised regarding the condition
of these aquifers and whether or not they are
in danger of depletion. The following brief
analysis addresses these questions.

Well 86001, CMTSCMSH, Wright Co.

70 75 80 85 90 95

210 Well 70016, CMTSCMTS, Scott Co.

-215
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80 85 %0 95
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* Aquifer Code: first 4 letters indicate the aquifer at the top of the well screen; second 4, the aquifer at the bottom of the

vel Depths (feet) Over Past Years
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Hydrographs illustrating water levels for
the period of record in several Mt. Simon
wells are shown in Figure 9. These wells
were selected for their long measurement
record and because they represent the major
area of use for this aquifer system in
Minnesota (Figure 10).

While there is some cyclical variation, all
of the wells except one exhibit a steady water
level. The exception is well 70002 in Scott

County. This well appears to be impacted by
municipal pumping from another aquifer
system which began in the mid-eighties. As a
result, the water level dropped approximately
40 feet in the Mt. Simon but, since 1989, has
remained fairly steady.

The cyclical variations reflect decreased
recharge during the dry period between 1986
and 1988 followed by a steady recovery in the
years since.

Figure 10.
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70016
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Figure 11 shows the locations of Jordan
aquifer wells selected for this analysis. As
with the Mt. Simon wells, these were selected
for their long measurement record and
because they are distributed throughout the
area underlain by this aquifer system.

Historic water levels for the selected wells
in the Jordan aquifer system are shown in
Figures 12a and 12b. In general, water levels
in the Jordan aquifer do not appear to be
declining throughout the Minneapolis/St.
Paul metropolitan area. There are, however, a
few locations where water level declines are
observed. Wells 27010 and 27001 in
Hennepin County and 19030 in Dakota
County have experienced declining water
levels. The fact that these wells are showing
decline is interesting for the fact that they are
all in the same vicinity of, and lie in a line on
both sides of, several major water users.

The trend for water levels in well 62009,
Ramsey County, is not clear. Very little data
exists prior to 1980, but what does exist,
suggests that water level decline may also be
occurring there.

A cyclical pattern, similar to that of the
Mt. Simon aquifer, is also evident in many of
the Jordan wells, especially 27011, 62030,
66015 and 82029. Another characteristic
often observed in pumped aquifers is
seasonal drawdown as summer pumping
increases to meet increased seasonal
demands. This pattern can be seen in many
of the Jordan well hydrographs and is
highlighted in several hydrographs by
including vertical dashed lines to delineate
individual years. For example, hydrographs
for wells 27039 and 19005 show downward
spikes in the middle of each year, the result
of summer drawdown.

Figure 11. L
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Figure 12a.
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Figure 12b. Jordan
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The Obwell Network continues to be
expanded to gain more widespread coverage
of ground water resources throughout
Minnesota. In Water Year 1995, an addition-
al 13 county Soil and Water Conservation
Districts have been added as observers. The
number of obwells being monitored has
increased to approximately 740. Cook
County, representing an area of the state
with few observation wells, is investigating
potential observation wells for the purpose of
joining the network. Wells in the Mt. Simon
aquifer which are scheduled to be sealed are
being evaluated for inclusion in the network.

Early spring water levels for WY94 were
generally higher than those for WY93. By
summer the situation had reversed, possibly
due to the greater than average rainfall in
WY93. Depending on the well, water levels in
both years were either above or below the
historic average, with no regional or state-
wide pattern observed.

Long-term water level trends in the Mt.
Simon aquifer system generally do not show
any decline. The one instance of decline is
probably associated with nearby high
capacity pumping. For the Prairie du Chien-
Jordan aquifer system, historic water levels
generally show no decline. However, a
localized area within the metropolitan region
does show declining water levels, presumably
the result of high pumping rates.
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May 1995 WATER YEAR DATA SUMMARY, 1993 and 1994

DNR water appropriations permits are previous year to within 10% accuracy. The
required for all users withdrawing more than data collected is used for many purposes,
ten thousand gallons of water per day or one such as documenting water rights, under-
million gallons per year. Uses less than this, standing the hydrology of aquifers from
such as rural domestic use, do not require a  which water is withdrawn, and evaluating
permit from the DNR and therefore are not existing water supplies by monitoring use
included in this chapter. and the impact of that use. The data is

reported on a calendar year basis. This

As a condition of each permit, the holder chapter summarizes the reported water use
must report the volume withdrawn for the data for calendar years 1992 and 1993.

Major Water Use Categories

THERMOELECTRIC POWER GENERATION - water used to cool power generating plants. This
is historically the largest volume use and relies almost entirely on surface water sources.
Thermoelectric power generation is primarily a nonconsumptive* use in that most of the water
withdrawn is returned to its source.

PUBLIC WATER SUPPLY - water distributed by community suppliers for domestic,
commercial, industrial and public users. This category relies on both surface water and
ground water sources.

INDUSTRIAL PROCESSING - water used in mining activities, paper mill operations, food
processing, etc. Three-fourths or more of withdrawals are from surface water sources.
Consumptive use varies depending on the type of industrial process.

IRRIGATION - water withdrawn from both surface water and ground water sources for major
crop and noncrop uses. Nearly all irrigation is considered to be consumptive use.

OTHER - large volumes of wtaer withdrawn for activities including air conditioning,
construction dewatering, water level maintenance and pollution confinement.

*Consumptive use is defined as water that is withdrawn from its source and is not directly
returned to the source (M.S. 103G.005, Subd.8). Under this definition, all ground water
withdrawals are consumptive unless the water is returned to the same aquifer. Surface water
withdrawals are considered consumptive if the water is not directly returned to the source so
that it is available for immediate further use.
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May 1995

Total water use for calendar years 1992
and 1993 remained relatively stable,
however, some categories changed
significantly. The reported use in 1993 was
1106 billion gallons (BG), down slightly from
1133 BG in 1992. There were other changes
in use patterns as well, which will be
discussed further in the text. Figure 1is a
comparison of the two years showing use by
major category and the percent change from
the previous year.

A comparison of surface water versus
ground water use for 1992 shows that the
majority of appropriations are for surface
water (Figure 2). 82% of withdrawals in

Minnesota are from surface water sources,
compared to 80% nationally (USGS data).
However, if the non-consumptive use for
most power generation is removed, use of
ground water and surface water are more
even (non-consumptive use means water that
is immediately returned to its source after
use). Over 99% of withdrawals in Minnesota
(and nationally) are used for power
generation and power plant cooling. This
relationship remains substantially constant
from year to year.

Surface water use increased slightly from
1992 to 1993, primarily for power generation.
The large decrease in ground water use was
largely due to the extremely wet, cool
conditions in 1993 and subsequent reduced
crop and lawn irrigation.

Figure 1.
1992 1993
Major Use % of % of Use %
Category BG Total BG Total  Change (BG) Change
Power
Generation 679 60 722 65 +43 + 6%
Public Supply 175 15 164 15 - 11 -6%
Industrial
Processing 158 14 127 11 - 31 - 20%
Irrigation 63 6 30 3 -33 - 52%
Other 58 5 63 6 +5 + 9%
1133 100 1106 100 -27
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Figure 2. .
Major % from % from
Use Surface Water Use (BG) Ground Water Use (BG) Suriace Ground
Power
Generation ‘ 678 §1 »99% «1%
Public o o
Supply 111 37% 63%
Industrial o
Processing 131 83% 17%
Irrigation 27% 73%
Other 41 17 71% 29%

931 BG SW Use 202 BG GW Use
82% of Annual Use 18% 0f Annual Use

Growth in public water supply from
ground water sources has remained approx-
imately the same for the past five years.
Ground water tends to be more reliable than
many surface water sources and can be more
cost effective in areas of population growth.
In 1950 ground water accounted for only
34% of public water supply use. By 1970 it
had climbed to nearly 50%. Today 65% of
public water supply use comes from ground
water, compared to 39% nationally (USGS
data, 1986-1990). That change may be
stabilizing, however.

Overall public supply use should begin to
level out more as well. A 1993 law requires
all public water suppliers serving more than
1000 people to submit water emergency and
conservation plans to the DNR for approval
by January 1996. In addition, before
increased appropriations or new wells are
granted, public water suppliers must now

submit demand reduction measures to the
DNR for approval. These must include
conservation rate structures and public
education, e.g., retrofitting of showers and
toilets with water-saving devices. We will be
following these changes through increased
data tracking and analysis.

Water use for irrigation has dropped
considerably since the drought of the late
1980's. 1992 irrigation use totalled 63BG,
down 40% from the 1988 high of 103 BG. As
noted, 1993 use dropped even farther due to
heavy rains and cool temperatures, to only
30 BG.

Irrigation accounts for only a small
percentage of total water use in Minnesota.
However, it is significant in that it is almost
entirely consumptive use, the majority from

WATER USE
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ground water sources. In a wet year such as
1993, irrigation accounted for 11.3% of total
ground water withdrawals. In a dry year, it
can exceed 30% of all ground water use.
Ground water is the source of 73% of
irrigation withdrawals in Minnesota (1992),
compared to only 38% nationally (USGS
data).

Sherburne and Otter Tail Counties
reported the most water use for irrigation in
1992, using 69 BG and 68 BG respectively.
Mahnomen and Norman Counties, in the
northwest part of the state, use very little
water for irrigation. Neither county reported
any irrigation use in 1992. Use in counties
which irrigate primarily wild rice, such as
Clearwater and Aitkin, is more constant from
year to year due to their special needs and
use of impoundments or paddy systems. As a
result, surface water use for irrigation does

not change significantly as most wild rice
irrigation utilizes surface water sources
during spring runoff when water levels are

typically high.

Power generation was the primary use for

7 of the 10 counties with the greatest total
use in 1992 (Figure 3). Power generation in
those counties accounted for 57% of all use
in Minnesota for the year. Power generation
in Goodhue and Wright Counties alone
accounted for 29% of all reported use in that
year, largely due to nuclear power plant
cooling. Most of this is surface water (with-
drawn from rivers) and is almost entirely
returned to its source after use.

Figure 3.
Surface Ground
County Water Water Total Primary Use
1) Goodhue 180 3 183
2) Wright 144 2 146
3) Washington 102 9 111
4) Hennepin 51 35 86 Power
5) St. Louis 78 1 79 [ Generation
6) Dakota 51 20 71
7) ltasca 56 1 57
8) Ramsey 32 17 49
9) Anoka 40 49 Waterworks
10) Cook 41 <1 41 Mining
775 BG 97 BG 872 BG
83% of SW Use 48% of GW Use 77% of total use
* CY 1992 is shown as it is more representative of a typical year
/
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Counties whose primary water use in Total use from 1992 to 1993 remained
1993 was for industrial processing include relatively constant, although ground water
Cook (54.1 BG, mine processing), use dropped by 19%, due primarily to a
Koochiching (16.7 BG, paper and pulp reduction in irrigation that year. Power
processing), Carlton (3.7 BG, paper and pulp generation continues to account for the
processing), Benton (3.4 BG, general majority of use, totalling 722 BG of the 1106
industrial), and Lake (3 BG, mine process- BG for 1993 (>65%). Surface water still
ing). These figures were similar for 1992, accounts for over 80% of all appropriations.
with the exception of Lake County, which
experienced a dramatic decrease in mine Several efforts are underway which
processing. should result in changes in water use trends.
These include a redefined priority system to
help reduce lower priority uses, the gradual
Other Uses elimination of once-through systems,
elimination of ground water use to augment
Other uses include such things as air lake levels and the public supply system
conditioning, water level maintenance, requirements for emergency and conserva-

fisheries use and temporary dewatering for ~ tion planning described previously (page 63).
construction. These uses represent only a

small piece of Minnesota water use,

accounting for approximately 5% per year.

« 35th in total water use * 20th in ground water use

* 30th in surface water use 5th in water use for mining

Power Generation 47 63
Public Supply -9 15
Industrial 6 12
Irrigation 34 5
Other 4 5

* These numbers compare the latest 5-year data (1986-90) from the USGS with Minnesota 1990 data
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NUCLEAR POWER
surface 287614.842 290680.605
ground 0.000 0.000
OTHER POWER
surface 390331.684 430228.852
ground 1054.837 1077.953
679001.363 721987.410
677946.526 720909.457
1054.837 1077.953
MUNICIPAL WATER WORKS ,
surface 63751.064 58955.542
ground 107699.845 101342.940
PRIVATE WATER WORKS
surface 1.967 2.649
ground 923.793 836.237
COMMERCIAL & INSTITUTIONAL
surface 0.000 0.000
ground 2438.416 2108.659
COOPERATIVE WATERWORKS B
surface 0.000 0.000
ground 130.143 143.050
FIRE PROTECTION
surface 0.000 0.000
ground 30.951 568.356
STATEPARKS, WAYSIDES, REST AREAS
surface 0.000 0.000
ground 23.984 25.099
175000.163 163982.532
surface 63753.031 58958.191
ground 111247.132 105024.341
WATER USE
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GOLF COURSE IRRIGATION

surface 716.857
ground 3300.231
CEMETERY IRRIGATION

surface 0.000
ground 39.966

LANDSCAPING IRRIGATION

surface 37.368
ground 271.155
SOD IRRIGATION

surface 8.787
ground 57.219
NURSERY IRRIGATION

surface 22.044
ground 275.147
ORCHARD IRRIGATION

surface 5.428
ground 25652
NON CROP IRRIGATION
surface 27.533
ground 31.375
MAJOR CROP IRRIGATION
surface 4991.262
ground 42073.480
WILD RICE |IRRIGATION

surfac 11357.958
ground 0.000

63218.362
17167.237
ground 46051.125

415.101
2383.936

0.000
18.234

30.165
209.033

4.331
18.238

25.962
198.448

0.083
0.000

11.541
1.435

797.871
15751.973

10310.261
0.000

30176.612
11595.315
18581.297
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AGRICULTURAL PROCESSING
surface 443.532 645.085
ground 11656.014 10481.511
PULP & PAPER PROCESSING
surface 44405.133 26411.433
ground 892.705 812.114
MINE PROCESSING
surface 68525.405 68020.603
ground 33.508 31.759
SAND & GRAVEL WASHING
surface 2224.375 2523.086
ground 715.451 786.730
SEWAGE TREATMENT
surface 1.526 1.139
ground 1073.889 1202.833
PETROLEUM OR CHEMICAL PROCESSING
surface 0.000 489.716
ground 3082.505 3009.322
METAL PROCESSING
surface 0.000 0.000
ground 847.777 843.727
NON-METAL PROCESSING
surface 1.910 0.737
ground 929.277 843.902
OTHER INDUSTRIAL PROCESSING
surface 15497.914 5078.200
ground 8113.256 5450.801
Subioials 158444.177 149  126632.698 11%
surface 131099.795 aftota] 103169.999 EPro
ground 27344.382 of tota 23462.699 of total
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COMMERCIAL BUILDING AIR COND. (A/C)
surface 0.000 0.000
ground 293.800 171.123
INSTITUTIONS; SCHOOLS, HOSPITALS (A/C)
surface 0.000 0.000
ground 3.760 2.921
HEAT PUMPS
surface 7.397 7.304
ground 0.000 0.000
COOLANT PUMPS
surface 808.976 628.597
ground 95.897 116.047
DISTRICT HEAT
surface 0.000 0.000
ground 59.023 60.579
ONCE THROUGH HEATING OR A/C
surface 0.000 0.000
ground 5559.211 5384.331
OTHER A/C
surface 89.700 165.500
ground 1.900 1.200
TEMPORARY CONSTRUCTION NON-DEWATERING
surface 1616.813 11.575
ground 3.000 8.555
TEMPORARY CONSTRUCTION DEWATERING
surface 412.921 354.670
ground 1541.970 994.096
TEMPORARY PIPELINE AND TANK TESTING
surface 21.529 8.155
ground 13.060 20.360
OTHER TEMPORARY
surface 0.000 0.000
ground 0.000 30.432
BASIN (LAKE) LEVEL MAINTENANCE
surface 1485.737 2397.185
ground 263.672 143.470

WATER USE
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MINE DEWATERING

surface 16747.030 21210.740
ground 0.000 0.000
QUARRY DEWATERING

surface 10762.126 11497.442
ground 0.000 0.000
SAND/GRAVEL PIT DEWATERING

surface 279.881 181.998
ground 0.000 0.000
TILE DRAINAGE & PUMPED SUMPS A
surface 153.554 179.343
ground 0.000 0.000
OTHER WATER LEVEL MAINTENANCE

surface 2010.494 2964.900
ground 1454.200 313.300
POLLUTION CONFINEMENT

surface 0.144 0.000
ground 6183.246 7076.619
HATCHERIES & FISHERIES

surface 5704.227 6964.836
ground 904.784 996.589
SNOW MAKING

surface 86.213 95.293
ground 201.000 285.165
PEAT FIRE CONTROL

surface 0.000 0.000
ground 1.201 0.823
OTHER SPECIAL CATAGORIES

surface 490.869 496.000
ground 22.900 50.100

: 57508.635 62972.548
surface 40747.911 47158.038
ground 16760.724 15814.510

1133172.700 1105751.800
930714.500 941791.000
ground 202458.200 163960.800
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A% P
% of
County Surface Ground Total Surface Ground Total Primary Use(s) 1993Total
1 AITKIN 1682.059 123.898 i805.957 1539.621 155.002 1694.623 Wild Rice Irrigation 89
2 ANOEKA 39500.201 9432.787 48932.988 33961.739 8375.329 42337.068 Municipal Waterworks 06
3 BECKER 15.577 1591.¢801 1635.478 5.247 947.202 952.449 Municipal Waterworks 54
Major Crop Irrigation 34
Wild Rice Irrigation 66
4 BELTRAMI 1589.191 663.971 2253.162 1554.449 683.975 2238.424 Municipal Waterworks 23
Industrial Processing 65
5 BENTON 3513.545 2669.623 6183.168 3410.440 1785.117 5195.557 Major Crop Irrigation 22
Municipal Waterworks 65
6 BIG STONE 24.101 404.502 428.603 7.693 254.943 262.636 Major Crop Irrigation 27
Steam Power Once Through 59
7 BLUE EARTH 6403.352 4044.170 10447.522 5323.685 4092.943 9416.628 Municipal Waterworks 20
8 BROWN 147.683 517.628 665.311 128.726 357.230 485.956 Municipal Waterworks 57
Mine Dewatering 19
9 CARLTON 3082.633 518.654  3601.287 3923.974 656.065 4580.039 Pulp & Paper Processing 81
10 CARVER 8.608 1910.101 1918.709 25.193 1832.699 1857.892 Municipal Waterworks 81
Hatcheries & Fisheries 32
11 CASS 145.114 910.018 1055.132 61.996 687.128 749.124 Municipal Waterworks 29
12 CHIPPEWA 2121.894 838.703  2460.597 3525.229 338.703 3859.302 Steam Power Cooling 20
13 CHISAGO 78.564 740.321 818.885 58.261 656.919 715.180 Municipal Waterworks 71
14 CLAY 1038.520 1193.904  2232.424 921.295 1069.212  1990.507 Municipal Waterworks 82
15 CLEARWATER 4680.640 131.360 4822.000 3859.836 113.234 3973.070 Wild Rice Irrigation 96
16 COOK 41295.082 3.991 41289.073 54231.033 4.337 54235.370 Mine Processing =100
17 COTTONWOOD  69.615 722.860 792.475 88.127 728.788 816.915 Municipal Waterworks 60
Pulp & Paper Processing 47
18 CROWWING 1372.213 1453.867 2826.080 1239.336 1219.836 2459.172 Municipal Waterworks 36
19 DAKOTA 50870.133 20276.098 71146.231 64133.779 14079.926 78213.705 Steam Power Cooling 78
20 DODGE 17.546 332.591 350.137 9.150 316.555 325.705 Municipal Waterworks 97
21 DOUGLAS 107.754 1070.700 1178.454 182.429 931.573 1114.002 Municipal Waterworks 51
Hatcheries & Fisheries 21
22 FARIBAULT 0.000 743.381 743.381 0.600 617.240 617.240 Municipal Waterworks 76
23 FILLMORE 3470.898 518.687  3989.585 4552.087 561.442 5113.529 Hatcheries & Fisheries 89
Municipal Waterworks 63
24 FREEBORN 36.963  2735.391 2772.354 1.578 2389.050 2390.628 Agricultural Processing 37
25 GOODHUE 180366.374 2675.493 183041.867 186809.563 2191.024 189000.587 Nuclear Power Plant 91
26 GRANT 0.000 518.595 518.595 0.000 247.220 247.220 Municipal Waterworks 67
Major Crop Irrigation 28
27 HENNEPIN 51479.798 34856.843 86336.641 59446.971 31511.231 90958.202 Steam Power Cooling 63
Municipal Waterworks 25
28 HOUSTON 278.200 525.208 803.408 329.621 538.896 868.517 Hatcheries & Fisheries 44
Municipal Waterworks 42
29 HUBBARD 14.825 2596.306 2611.131 10.122 1500.176 1510.298 Major Crop Irrigation 56
Agricultural Processing 20
30 ISANTI 1.260 608.305 609.565 1.525 517.181 518.706 Municipal Waterworks 54
31 ITASCA 56416.237 807.855 57224.092 70509.717 786.811 71296.528 Agricultural Processing 27
Steam Power Cooling 85
32 JACKSON 157.445 249.039 406.484 24.483 246.213 270.696
33 KANABEC 4.723 174.603 179.326 14.865 135.469 150.334 Municipal Waterworks 87
34 KANDIYOHI 482.765 1215.957 2398.722 493.652 1452.992 1946.644 Municipal Waterworks 82
Municipal Waterworks 67
35 KITTSON 141.193 254.562 395.755 299.039 185.488 484.527 Hatcheries & Fisheries 24
Agricultural Processing 62
36 KOOCHICHING21110.779 40.514 21151.293 17161.149 42.175 17203.324 Cooperative Waterworks 29
37 LAC QUIPARLE 26.552 1073.531 1100.083 2.167 964.915 967.082
' Pulp & Paper Processing 97
38 LAKE 42161.086 0.107 42161.193 3713.790 0.110 3713.900 Agricultural Processing 64
Municipal Waterworks 29
39 LAKE of Mine Processing 82
the WOODS 279.057 84.797 363.854 267.709 88.822 356.531 Wild Rice Irrigation 75
40 LE SUEUR 2825.871 1077.259  3903.130 2684.942 829.336 3514.278 Municipal Waterworks 25
Mine Dewatering 44
Sand & Gravel Washing 26
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% of
County Surface  Ground Total Surface Ground Total Primary Use(s) 1993 Total
41 LINCOLN 5.118 450.069 455,187 2.585 402.688  405.273 Municipal Waterworks 929
42 LYON 2.585  1347.875 1431.726 79.169 1379.480 1458.649 Municipal Waterworks 92
43 McLEOD 144.052  2123.759 2267.811 135.319 1723.051 1858.370 Municipal Waterworks 54
Agricultural Processing 34
44 MAHNOMEN 84.677 84.677 0 93.996 93.996 Municipal Waterworks 100
45 MARSHALL 54.542 179.500 234.042 38.812 203.134 241.946 Municipal Waterworks 94
46 MARTIN 10152.090 425.131 10577.221 8936.630 195.842 9132472 Steam Power Cooling 92
47 MEEKER 119.416 990.994  1110.410 76.306 675.765  752.071 Municipal Waterworks 64
48 MILLE LACS 14.216 489.024 503.240 36.479 454200 490.679 Municipal Waterworks 78
Major Crop Irrigation 63
49 MORRISON 126.857  3226.351  3353.208 52.603 2045.511 2098.114 Municipal Waterworks 28
50 MOWER 24.837  2167.928 2192.765 1.111 2113.426 2114.537 Municipal Waterworks 58
Agricultural Processing 40
51 MURRAY 12.532 195.852 208.384 21.809 200.541 222.350 Mun?cipal Waterworks 90
52 NICOLLET 115.088  1843.772  1958.860 51.315 1868.088 1920.303 Municipal Waterworks 90
53 NOBLES 58.604  1014.610 1073.214 102.566 1061.116 1163.682 Municipal Waterworks 91
54 NORMAN 10.440 141.603 152.043 0.000 142.889 142.889 Mungc!pa] Waterworks 99
55 OLMSTED 67.452  5484.831 5552.283 112.666 5182.163 5294.829 Municipal Waterworks 82
56 OTTER TAIL 7509.062 7555.309 15064.371 15399.141 3119.211 18518.352 Steam Power Cooling 78
Wild Rice Irrigation 81
57 PENNINGTON 778.286 23.945 802.231 818.422 24.643 843.065 Municipal Waterworks 48
58 PINE 7.002 443.899 450.901 2.604 412.862 415.466 Municipal Waterworks 89
59 PIPESTONE 1.957 404.905 406.862 1.996 406.595 408.591 Municipal Waterworks 96
'Wild Rice Irrigation 47
60 POLK 4155.622 636.813  4792.435 4412.456 583.106 4995.562 Municipal Waterworks 45
61 POPE 58.641 3940.555  3999.196 46.035 2150.041 2196.076 Major Crop Irrigation 90
: Steam Power Cool 56
62 RAMSEY 31828.927 17582.177 49411.104 31910.679  17422.574 49333.253 Municipal Waterwor 23
63 RED LAKE 47.557 196.886 244.443 14.193 172.208  186.401 Municipal Waterworks 90
64 REDWOOD 71.412 463.986 535.398 201.204 420.843  631.047 Municipal Waterworks 65
Mine Dewatering 24
65 RENVILLE 26.501 464.328 490.829 16.413 451.484  467.897 Municipal Waterworks 88
66 RICE 103.214  2147.334  2250.548 103.886 2082.538 2186.424 Municipal Waterworks 85
67 ROCK 20.715 785.270 805.985 18.720 810.621 829.341 Municipal Waterworks 95
68 ROSEAU 320.139 320.139 319.659 319.659 Municipal Waterwprks 100
69 ST.LOUIS 77681.165  1660.037 79341.202 96209.293 1557.520 97766.813 Steam Power Cooling 54
Mine Dewatering 19
Quarry Dewatering 52
70 SCOTT 1917.346 2929.451 4846.797 3074.544 9776.203 5850.747 Municipal Waterworks 32
71 SHERBURNE 26072.458 7628.960 33701.418 28116.418 3828.575 31944.993 Steam Power Cooling 79
72 SIBLEY 17.625 489.934 507.559 13.504 479.329  492.833 Mungc?pal Waterworks 85
73 STEARNS 3238.052 6664.637  9902.689 2836.498 3860.206 6696.704 Municipal Waterworks 57
Major Crop Irrigation 20
74 STEELE 331.783 1647.530 1979.313 390.142 1647.530 1918.321 Municipal Waterworks 74
75 STEVENS 79.026  1323.269  1402.295 89.071 595.047 685.018 Municipal Waterworks 46
76 SWIFT 14.220 2781.395 2795.615 0.000 641.258 641.258 Major Crop Irrigation 59
Municipal Waterworks 40
77 TODD 180.081  2089.861  2269.942 45.138 1143.074 1188212 Major Crop Irrigation 57
Municipal Waterworks 35
78 TRAVERSE 2.045 153.860 155.905 1.588 146.809 148.397 Municipal Waterworks 99
79 WABASHA 8.543 968.864 977.407 8.337 866.420 874.757 Mumicipal Waterworks 78
Major Crop Irrigation 68
80 WADENA 363.726  1563.930  1927.656 126.212 894.691 1020.903 Municipal Waterworks 31
81 WASECA 29.377 827.386 856.763 29.100 742.717 771.817 Municipal Waterworks a5
32 WASHINGTON 101621.975 10035.063 111657.038 | 103577.205 9477.654 113054.859 Steam Power Cooling 87
83 WATONWAN 6.601 809.247 815.848 2.502 739.939  742.441 Municipal Waterworks 98
84 WILKIN 101.391 243.176 344.567 34.940 187.364 222.304 Municipal Waterworks 77
Major Crop Irrigation 22
85 WINONA 1072.984 2594.209  3667.193 1137.661 2457.777 3595.438 Municipal Waterworks 46
Hatcheries & Fisheries 33
86 WRIGHT 144054.256 1783.077 145837.333 | 119268.461 1438.920 120707.381  Nuclear Power Plant 98
87 YELLOW 55.292 208.537 263.829 43.311 193.000 236.311 Municipal Waterworks 76
MEDICINE
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