DEPARTMENT OF THE INTERIOR

UNITED STATES GEOLOGICAL

SURVEY

UNIVERSITY EXTENSION—THE UNIVERSITY OF WISCONSIN
GEOLOGICAL AND NATURAL HISTORY SURVEY

HYDROLOGIC INVESTIGATIONS
ATLAS HA-479 (SHEET 3 OF 3)

Station No. 5-4080

Station No. 5-4100
Kickapoo River at Gays Mills

Station No. 5-4085
Knapp Creek near Bloomingdale

Station No. 5-4040

Wisconsin River near Wisconsin Dells

Drainage area: 7,830 square miles approximately
Period of record: 1934-71

Maximum discharge: 72,200 cfs
Average discharge, 35 years: 6,674 cfs
Minimum daily discharge: 1,060 cfs

Station No. 5-4050
Baraboo River near Baraboo
Drainage area: 600 square miles

Kickapoo River at La Farge Drainage area: 8.47 square miles
Drainage area: 266 square miles a8l ™ p engd of record: 1954-68
Period or record: 1938-71 {0 P £ e Maximum .dlscharge: 3,710 cfs
Maximum discharge: 9,910 cfs T |y =y Average discharge, 15 years: 4.96 cfs
Average discharge, 31 years: 167 cfs P I S Mlmmggflo(ci);scharge: 0.4 cfs
Minimum daily discharge: 36 cfs F ] ¥ & """42 TP Tale | S ee ,.f\
e‘.a A 3 R ktm | Valley g el ENA [zI ,! . '&.
ety Boaminddgd E.T.,»(‘)N:{\:;—,%—!- ’""in ] T Wicongn 00k -5
e A\, B A "_:"ﬂ? \Jh\ Lo" ton — a val ~ s‘('{) ' ! . f’»;,}fl;,: y
Station No. 5-4098.90 CA ey A;”\..\,___Ii_ﬁn.»n Sy ] e —
Nederlo Creek near Gays Mills . b 4 . £ iy o] | D) . ) ~ N,
Drainage area: 9.61 square miles a4 i _i.rmcm\ e =8 oy,
Period of record: 1967-71 217 I v S [ P W"T’H‘:&’f‘ jf#’?.‘,m:. o
Maximum .discharge: 2,650 cfs AJ'A"?— _T o \L 7 affreed B ) ol .m..L,.,k/ ‘0.1"“.'."7.,,,.%“4 ol &
Average discharge, 4 years:  4.22 cfs o 2o RICHL} - < — N {SALR > —ad
Minimum discharge: 2.3 cfs 7 STANDARD FA\ALLEL NoRTﬂd$7 iy A %] g i \ :
F ° = l i $O; E‘:l?lle.:'d\bllhn- l \/ \ ,Lol-rﬂiO "\M.' 7 >
/P\fz oo =2
eet

Period of record: 1913-22, 1942-71

Maximum discharge: 7,900 cfs
Average discharge, 34 years: 363 cfs
Minimum daily discharge: 26 cfs

Station No. 5-4065

Occasional flooding of the major streams in the basin causes some
local problems, but flow regulation by the many reservoirs on the
Wisconsin River and very little flood-plain development on the Baraboo
and Kickapoo Rivers have kept flood damages at a minimum. The
greatest loss is damage to crops and cropland. Large floods occurred on
the Wisconsin River in 1911, 1912, 1938, 1941, and 1965, and on the
Baraboo and Kickapoo Rivers in 1917, 1935, 1963, and 1966.

SURFACE WATER

Streams in the lower Wisconsin River basin contain abundant water
of good chemical quality. About 1,600 billion gallons of surface water
enter the basin each year, and about 2,200 billion gallons leave. The
present major uses made of this water are transportation of waste, fish
and wildlife habitat, recreation, and hydroelectric power generation.
Man’s use of the water, especially upstream from the basin, has altered

FLOODS

Black Earth Creek at Black Earth

the chemical quality of the Wisconsin River slightly; several tributary
streams are affected by reservoirs. At present surface water is not used
for municipal supplies because the cost of treatment is high and
ground-water supplies are adequate.

Because of the well drained land surface, there are only a few natural
lakes in the basin.

Most floods in the basin are of two types: (1) spring floods, which
result from rapid snowmelt and, occasionally, concurrent rainfall; and
(2) summer floods, which result from intense rainstorms. Most annual
peaks are due to spring snowmelt, but the highest peaks are due to
summer rains.

5-4080 Kickapoo River
at La Farge

SURFACE-WATER QUALITY

Surface water is generally of good quality, although most is very hard
(181 mg/l or greater). Water in the Wisconsin River is only moderately
hard (61—120 mg/l).

Most streams in the basin are relatively unpolluted, although the
quality in some streams has been degraded locally. Nutrients and
biological and chemical contaminants have caused much of this
degradation. Wisconsin has set standards of surface-water quality, and

the Department of Natural Resources is responsible for the detection
and abatement of pollution. Sportsmen have been warned by the
department to limit consumption of fish caught in the Wisconsin River
to one meal per week due to high concentrations of mercury in the fish.

Stream sediment yields are less than 40 tons per square mile per year
in the eastern part of the basin but are more than 400 tons per square
mile per year in the western part.
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storage.

All of the curves for streams that originate in the basin have the same
general shape, which reflects the relatively uniform hydrologic
character of the study area: rough topography, fair to poor soil
permeability (sheet 1), and flashy streamflow that is sustained at low
levels by ground-water runoff.

The overall flatness of the two curves representing stations on the
Wisconsin River indicates a high degree of regulation and does not
represent the hydrologic characteristics of the area. The Wisconsin
River, which has its headwaters outside this basin, has 21 storage
reservoirs and 26 power dams above Wisconsin Dells.

Knowledge of the low flow of a stream is necessary to determine
adequacy of streamflow for minimum supply needs, to design reser-
voirs, estimate ground-water discharge, estimate a stream’s capacity to
accommodate and transport waste, and plan allowable withdrawals
from streams.

Low flow commonly is expressed as the lowest average discharge
during 7 consecutive days in a year. The curves above give the probable
recurrence interval and the percent chance of occurrence of a 7-day
minimum average discharge of a given magnitude.

Low-flow discharge depends upon basin characteristics such as soil
types, aquifer characteristics, topography, and basin size (Distribution
of low-flow runoff, sheet 2). Within a small basin these characteristics
tend to be uniform, and their effects on low flow are more easily
identified than in a large basin. Low-flow discharge in large basins is
related most directly to basin size.

Because basin characteristics are relatively uniform throughout the
area, the shapes of all the curves are similar and the curves are arranged
in order of drainage area. The relatively flat lower end of the curve for
Black Earth Creek is due to the uniform release of ground water stored
in the thick sand and gravel aquifer, whereas the steepening of the
lower end of the curve for Knapp Creek is due to lack of ground-water
storage and release.
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FLOOD-STAGE FREQUENCY AND FLOOD PROFILE

Flood stage depends not only on the amount of water, but also on
the width and depth of the stream channel, velocity within the stream
channel and on the flood plain, and channel controls such as bridges,
dams, ice jams, or natural constrictions.

The river cross sections shown above illustrate the frequency of
different stages at long-term stream-gaging stations where flooding
would cause large amounts of property damage. Because controlling
factors are different at each site on the stream, these diagrams can be
used to estimate flood risks only near the gaging stations.

Large amounts of good-quality water are available in the lower
Wisconsin River basin. Of the 32.1 inches of average annual precipita-
tion that falls on the basin, 8.9 inches, an average of 2,200 billion
gallons leaves the basin as streamflow each year. This represents the
amount of water available for use, although man can also borrow from
a “‘bank™ of many times this much water in storage beneath the ground.

More surface water is used than ground water. Surface water is used
for hydroelectric power generation (3,620 mgd), industrial and
commercial (47.3 mgd), irrigation (0.1 mgd), waste transport, and
recreation. Ground water is used for all municipal supplies and most
rural supplies (13.9 mgd), many industrial purposes (8.7 mgd), and
irrigation (0.5 mgd).

SUMMARY

Ground water is available from three aquifers in the study area: the
sandstone, the sand and gravel, and the Galena-Platteville aquifers. Any
of these is capable of yielding domestic and stock supplies. The sand-
stone aquifer yields more than 500 gpm to wells almost everywhere in
the basin, as does the sand and gravel aquifer in the Wisconsin River
valley. All municipalities have adequate supplies of ground water
available for future growth and development. Although not generally
classified as an aquifer, some water is obtained from Precambrian
crystalline rock where the three major aquifers are thin or absent.

The principal water problems in the study area are related to water
quality, sediment, and flooding. All water has high natural hardness;
high iron and nitrate concentrations are local problems in ground water.
Shallow aquifers, whether dolomite, sandstone, or glacial drift, are most
subject to local contamination from surface sources. Some stream
reaches are polluted by domestic, municipal, and industrial wastes,
rendering them less useful as fish and wildlife habitat and for
recreation. High sediment yields are a problem in the western one-third
of the basin. Although flooding is common, the average annual
monetary loss from floods is small because of the small value of
developments on the flood plains.

Source

Use and criteria

Surface Water

Ground water

Wisconsin River

Kickapoo River

Baraboo River

Sand and gravel aquifer

Galena-Platteville aquifer

Sandstone aquifer

Precambrian crystalline
rocks

Municipal and industrial supplies:
Quantity -100,000 gallons per
day for a population of about
1,000 or a small industry
Quality -cost of treatment of
surface water for domestic use

Adequate discharge
Moderately hard

Fair chemical quality
Treatment necessary for domestic
and most industrial uses

Adequate discharge
Good chemical quality
Very little pollution

Adequate discharge
Good chemical quality

Large well yields
Good chemical quality

Very hard water

Treatment necessary for domestic

use
Some local pollution

Treatment necessary for domestic

Easily polluted
May be high in nitrate
Limited to flood plain of major

Good chemical quality

Small well yields inade-
quate for municipal
and industrial use

Large well yields

Good chemical quality

Not generally subject to
pollution

Underlies most of basin

Good chemical quality

Inadequate well yields
Easily polluted
Hard water

Limited areal extent

A

Quantity -5 gallons per minute

ment of surface water for
domestic use

Quality -prohibitive cost of treat-

Moderately hard

Limited to riparian land

Some minor pollution

Treatment necessary for domestic
use

Fair chemical quality

Highly colored A

Good chemical quality
Very little pollution

Good chemical quality

Good chemical quality

Limited to riparian land

Very hard water

Treatment necessary for domestic

use

Limited to riparian land
Very hard water
Some local pollution

use

M

Treatment necessary for domestic

Generally shallow water table

Easily polluted

Limited to flood plain of major
streams and glacial area

Very hard water

A

Good chemical quality

Limited areal extent
Easily polluted

Some minor pollution use Very hard water streams Easily polluted Deep wells necessary for large
Highly colored Very hard water Hard water supplies
A ‘ Very hard water ‘
Rural, domestic, and stock supply: | Adequate discharge Adequate discharge Adequate discharge Adequate well yields Adequate well yields Adequate well yields Good chemical quality

Good chemical quality

Not generally subject to
pollution

Underlies most of basin

Adequate well yields

Easily polluted
Hard water

Hard water

ridges

A Very hard water

Very deep water table under

A

Irrigation supply:
Quantity -1 cubic foot per
second or about 450 gallons per
minute per 40 to 60 acres

Adequate discharge

Adequate discharge

Adequate discharge

Adequate well yields

Limited to riparian land

Limited to riparian land

Limited to riparian land

Generally shallow water table

Limited to flood plain of major

Adequate well yields
Underlies most of basin

5

Inadequate well yields

Deep well necessary for large

Inadequate well yields

Low sediment load
Adequate public access
Adequate depth

Lack of flooding

Some minor pollution
High mercury content in some fish

4

Very little pollution

Some depths very shallow

High sediment loads
Occasional floods

Shallow in places
Some local pollution
Occasional floods

‘ ‘ streams supplies 4
Recreation: Suitable for fishing, hunting, Suitable for fishing, hunting, and | Suitable for fishing, hunting, and
Attractive physical setting boating, and swimming canoeing conoeing EXPLANATION General suitabilit
Lack of pollution Public access at many sites Wisconsin water trail Wisconsin water trail N y
Odor free Low sediment load Public access at many sites Public access at many sites

criteria

‘ Good

DISCHARGE, IN CUBIC FEET PER SECOND

A regional flood analysis (Wisconsin Department of Natural
Resources, 1968c) estimates the approximate regional (100-year) flood
and establishes a uniform flood-protection level along the Wisconsin
River. The flood profile segments shown are for those places where
major damage would result from a 100-year flood. The regional flood
was estimated to be 115,000 cfs at the Wisconsin Dells gage and
116,000 cfs at the Muscoda gage.
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RECURRENCE INTERVAL, IN YEARS

FLOOD-FLOW RECURRENCE

Floods that result from rapid runoff of precipitation or snowmelt

generally are related directly to the size of the drainage area. However,
intensity of precipitation, channel slope, land slope, surface and sub-
surface storage, soil permeability, land use, rock type, and shape of the
drainage area also influence flood frequencies.

Flood-frequency curves show the probable recurrence interval of a

discharge of given magnitude and the percent chance that discharge has
of occurring in any given year. The steep slope of the curve for Knapp
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The conductivity map indicates the chemical quality of streamflow The highest conductances, 500—750 micromhos, are in areas underlain g = . / W
during a base-flow period (August 17—19, 1970). The quality of water by thick, saturated dolomite. Medium conductances, 300—500 § e e
in streams during base flow generally is similar to that of ground water. micromhos, are in areas of thin soil cover and alluvium where the major 40
Throughout most of the basin the quality was uniform; conductance bedrock aquifer is Cambrian sandstone. The lowest conductances,
mostly ranged between 300 and 500 micromhos. 150—300 micromhos, in the Wisconsin River valley, result from low- " G P SR LR A
Specific conductance of water is related to the amount and kind of conductance surface water entering the basin at Wisconsin Dells and Eé’ 20 - 7
minerals dissolved in the water. In this basin the relationship is aproxi- from ground water discharging from thick alluvium in the valley. @ 2 1w0f
mately: ' Analyses of water from streams at five gaging stations are shown on L 900

Dissolved solids=specific conductance x 0.55
This formula represents average conditons, and the numerical relation-
ship varies seasonally and with flow.
Three distinct patterns of specific conductance occur in the basin.
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bar diagrams around the map. The dominant ions are calcium,
magnesium, and bicarbonate. The concentrations of ions are higher
during below-average flow, which is mainly ground-water runoff, than
during above-average flow, which is mainly surface runoff.

EXPLANATION

Estimated average sediment yield, in tons

per square mile per year

Less than 40

43° 30’

From Hindall and Flint (1970)

More than 400

Surface-water divide

AVERAGE ANNUAL SEDIMENT YIELD

Sediment yields in the basin range from among the lowest to the
highest in Wisconsin. Average annual yields are estimated to range from
less than 40 to more than 400 tons per square miles (Hindall and Flint,
1970). Low sediment yields are from the glaciated, eastern part of the
basin, which has low relief, moderately permeable soils, and moderate
forest cover. High yields are from the western part of the basin, which

has steep slopes, uplands cleared for agriculture, and silty soils and loess
deposits that erode easily.

Sediment in streams is considered a pollutant and should be treated
as such with respect to elimination of the source through erosion
control. High sediment yields destroy fish and wildlife habitat, make
the water unfit for many uses, destroy the beauty of streams, and
indicate serious erosion of soils from agricultural areas.
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SEASONAL VARIATION OF WATER QUALITY

Chemical quality of water in the Wisconsin River changes seasonally,
primarily in relation to discharge. Dissolved solids, alkalinity, and
hardness generally vary inversely with discharge because they have a
relatively constant input from ground water and are diluted by overland
flow. These parameters are highest during low-flow conditions and are
lowest during spring high-flow conditions. However, during the fall
these parameters vary directly with discharge, probably due to
upstream reservoir storage.

~ Color of the water is due mainly to organic matter from decomposed
vegetation. The color number is higher during the winter dormant
period than during the growing season because after the first killing
frost there is more decaying matter available.

Biochemical oxygen demand (BOD) generally is low, less than 4
mg/l, and dissolved oxygen (DO) generally is above the minimum 5
mg/l required to support warm-water gamefish ([U.S.] Federal Water
Pollution Control Administration, 1968, p. 33).

Water in the Wisconsin River above Wisconsin Dells is less mineral-
ized than water at and below Muscoda. This increase in mineralization
is caused by the differences in aquifers above and below Wisconsin
Dells. Above Wisconsin Dells the ground water comes primarily from
thick alluvial deposits, and below Wisconsin Dells the ground water
comes from bedrock aquifers.

AGENCIES HAVING ADDIT

ONAL

NFORMATION

.
L v
Q
K - | €8
< % ‘5‘(/:
Sy > 9 2 = > 5
go « —c-g = 3 - =
Agenc = = 2e| o o S &
g y Q Q . e ot < —
3 © &b S = 3} . ©
oo = o
A EAEE
2
= g;

Surface water

Surface-water quality
Pollution
Ground water
Ground-water quality
Water use
Recreation and fish
and wildlife

The Geological and Natural History Survey, University of Wisconsin— Extension

1815 University Avenue, Madison, Wis. 53706

U.S. Department of the Interior, Geological Survey
1815 University Avenue, Madison, Wis. 53706

U.S. Department of Agriculture, Soil Conservation Service
4601 Hammersley Road, P.O. Box 4248, Madison, Wis. 53711

Wisconsin Department of Natural Resources
4610 University Avenue, P.O. Box 450, Madison, Wis. 53701

U.S. Department of the Army, Corps of Engineers, St. Paul District
1217 U.S. Post Office and Custom House, St. Paul, Minn. 55101

U.S. Environmental Protection Agency, Water Quality Office, (formerly Federal
Water Quality Administration)
7401 Lyndale Avenue South, Minneapolis, Minn. 55423

Public Service Commission of Wisconsin
432 Hill Farms State Office Building, Madison, Wis. 53702

U.S. Department of the Interior, Bureau of Outdoor Recreation, Lake Central
Region
3853 Research Park Drive, Ann Arbor, Mich. 48104

U.S. Department of the Interior, Bureau of Sport Fisheries and Wildlife

Room 630 Federal Building, Fort Snelling, Minn. 55111

Adequate discharge

y

Fish and wildlife habitat:

Adequate depth

Perennial flow

Less than 2,000 milligrams per
liter dissolved solids

Lack of pollution

Low sediment loads

Lack of flooding

Excellent wildlife habitat in
marshes and sloughs

Large varieties of fish and animals

Low sediment load

Excellent wildlife habitat in

marshes
Very little pollution
Trout in headwaters

‘ Moderate sediment loads

Good wildlife habitat
Trout in headwaters

Limited to riparian land

Some minor pollution
Mercury in some fish

‘ Occasional floods

Shallow in places
High sediment loads

Depths variable

Some local pollution

Shallow in places
Moderate sediment loads

—+— Advantages for use
2— Limitations for use

This table list advantages and limitations of various
sources without regard for legal limitations. Water
withdrawals from streams, lakes, and high capacity (over
100,000 gpd) wells require premission from the Wisconsin
Department of Natural Resources.

Fair

oor

Creek is caused by the very rapid runoff rates typical of the “Driftless
area”. Land and channel slopes are steep, and there is little temporary
storage space in the stream channel or valley alluvium. Lack of storage
in the channel and valley alluvium also causes the floods with less than a
3-year recurrence interval on the Kickapoo River at La Farge to be
greater than floods of corresponding frequency downstream at Steuben.
Flood magnitudes for the La Farge station are greater at all recurrence
intervals than for the Baraboo River near Baraboo, although the latter
has more than twice the drainage area. The flatter slopes of the
Wisconsin River curves are due to upstream reservoir storage.
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