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CONVERSION FACTORS AND ABBREVIATIONS

For the use of readers who prefer metric (International Systems) units, rather than the 
inch-pound units in this report, the following conversion factors may be used:

Multiply inch-pound unit By To obtain metric unit

inch (in.) 25.4 millimeter (mm)

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

square mile (mi2) 2.590 square kilometer (km2)

cubic foot per second 0.0283 cubic meter per second
(ft3/s) (m3/s)

gallon (gal) 3.785 liter (L)

foot per second (ft/s) 0.3048 meter per second (m/s)

acre 4,047 square meter (m2)

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)  
a geodetic datum derived from a general adjustment of the first-order level nets of both the United States 
and Canada, formerly called "Sea Level Datum of 1929."



Shading added to text indicates discussions that might be affected by the corrected elevations of four 
wells (8503, 8504, 8505, and 8506) and changes in contours near the wells (fig.s. 4, 5). See the 
“Errata” section at the end of the report.
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Figure 1. Location of the study area and data-collection sites used for regional analysis.



Surface-water impoundments within the wildlife 
area were suspected of being responsible for the 
flooding. A committee of landowners and officials of 
the Wisconsin Department of Natural Resources 
(WDNR) recommended a study to determine the 
causes of the above-normal ground-water levels and 
flooding. In October 1984, the U.S. Geological Sur­ 
vey and the WDNR began a cooperative study to 
investigate the ground-water conditions in and 
around the Crex Meadows Wildlife Area.

During the last advance of the Wisconsin glacia- 
tion, the St. Croix River was blocked by an ice dam. 
When the glacier receded the ice dam melted, leaving 
a series of shallow lakes that eventually formed 
marshland over much of the area. Attempts to drain 
the area for agricultural purposes were unsuccessful 
and, in 1945, the WDNR began managing the area to 
provide wildlife habitat. Since 1945, the WDNR has 
constructed more than 18 miles of dikes to form more 
than 15,000 acres of wetland wildlife habitat and 
about 5,000 acres of deep-water marshes.

PURPOSE AND SCOPE

This report describes the shallow ground-water 
system in the vicinity of the Crex Meadows Wildlife 
Area and discusses the relation between the ground- 
water levels in the Crex Meadows Wildlife Area and 
regional ground-water-level trends. Specifically, this 
report includes (1) descriptions and comparisons of 
ground-water levels and movement during the late 
1930's and mid-1980's, (2) a discussion of precipita­ 
tion and its relation to ground-water levels, (3) a 
discussion of regional surface-water discharge data 
and ground-water-level trends, and (4) a summary of 
ground-water-quality data in the vicinity of the 
wildlife area.

GENERAL PRINCIPLES OF GROUND-WATER 
OCCURRENCE AND FLOW

The source of all ground water is precipitation. 
Precipitation that does not evaporate, nourish plants, 
or fall directly upon or flow into surface-water bodies 
flows downward through the pores and fissures in 
soil and rocks to the ground-water reservoir. Ground 
water flows vertically and laterally through the soil 
and rock openings toward wetlands, streams, and 
lakes. Ground water tends to flow laterally toward 
such low-lying areas because it is driven by gravity 
and the differences in hydraulic head.

The water table (the upper surface of the ground- 
water reservoir) is at or near the land surface in 
wetlands and valleys, and deeper beneath hills and 
ridges. The proximity of the water table to the land 
surface fluctuates constantly, rising with replacement

of water in the ground-water reservoir by recharge 
from precipitation and snowmelt, and falling as 
ground water discharges to wetlands, springs, lakes, 
or wells.

The amount and rate of recharge to the ground- 
water reservoir varies seasonally. Water levels rise 
rapidly during spring when snow melts and precipi­ 
tation increases. Water levels decline during the 
summer when precipitation decreases, evaporation 
increases, and transpiration by plants increases dur­ 
ing the growing season. Small amounts of precipi­ 
tation during summer often provide little 
ground-water recharge until plant and soil needs are 
met. Water levels rise again during fall when plant 
transpiration decreases and precipitation increases. 
Ground-water levels decline during the winter because 
precipitation is in the form of snow and frozen 
ground inhibits infiltration.

Consecutive years of above- or below-normal 
precipitation cause longer cycles of ground-water- 
level changes, within which seasonal or shorter-term 
variations occur.

HYDROGEOLOGIC SETTING 

Surface-Water Hydrology

The major streams draining the area are shown in 
figure 2. They are (1) the St. Croix River, which flows 
within a few miles of the northern and western 
boundaries of the wildlife area; (2) the Wood River 
and the North Fork Wood River, which flow along 
the southern edge of the wildlife area and eventually 
discharge into the St. Croix River to the southwest; 
and (3) the Clam River, which flows northerly, east of 
the wildlife area, and discharges into the St. Croix 
River to the northeast.

Dikes within the wildlife area channel water into 
several flowages and impoundments. Several creeks 
and flowages, tributary to the major streams, ema­ 
nate from the wildlife area. Hay Creek in the south­ 
western corner of the wildlife area, flows from Hay 
Creek Flowage and discharges into the Wood River. 
Whiskey Creek, in the southwestern part of the 
wildlife area, flows from the Phantom Flowage and 
also discharges into the Wood River. The Upper 
North Fork and North Fork Flowages, in the eastern 
part of the wildlife area, are within the drainage basin 
of the North Fork Wood River. There are also several 
smaller flowages and lakes scattered throughout the 
wildlife area.

Geologic Setting

The wildlife area is underlain by clean, cross- 
bedded, sandstone. Overlying the sandstone are 20
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Figure 3. Ground-water levels in the Crex Meadows area, 1935-1937.



See annotated copy of figure 4 in the "Errata" section at the end of the report.



See annotated copy of figure 5 in the "Errata" section at the end of the report.



See updated copy of figure 6 
in the "Errata" section at the 

end of the report.



See updated copy of figure 7 in the "Errata" section at the end of the report.
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Figure 8. Water levels at Phantom Flowage from May 1985 through September 1987.

comparing cumulative departure from mean annual 
precipitation at Danbury (fig. 9) and at St. Croix Falls 
(fig. 10) with respective ground-water levels. Cumu­ 
lative departure is the accumulated difference be­ 
tween the measured annual precipitation for a given 
year and the mean annual precipitation for the period 
of record. In figures 9 and 10 the mean annual 
precipitation is represented by a straight line across 
the plot located at 0 inches on the right hand axis. 
The dashed line represents the cumulative departure 
from the mean. Consecutive years of above- or 
below-average precipitation will move the cumulative 
departure farther from the mean.

Figure 9 shows that the above-normal ground- 
water level that occurred in well Bt-2 in 1986 was 
preceded by 5 consecutive years of above-average 
precipitation at Danbury. Figure 10 shows that the 
above-normal ground-water level at well Pk-40 in 
1986 was preceded by 10 consecutive years of above- 
average precipitation.

Annual precipitation at Grantsburg, Wisconsin, 
from 1981 through 1987 is shown in figure 11. 
Precipitation increased from 33 in. in 1981 to 39 in. 
in 1986. Figure 11 also shows that precipitation 
decreased to 28 in. in 1987.

Comparing the regional and local precipitation 
data with the regional and local ground-water alti­ 
tudes suggests that the above-normal ground-water

levels that occurred during 1984,1985, and 1986 were 
primarily due to several consecutive years of above- 
normal precipitation. This conclusion also is sup­ 
ported by the fact that ground-water levels 
declinedwhen precipitation was below normal in 
1987.

RELATION OF GROUND-WATER LEVELS TO 
SURFACE-WATER DISCHARGE

Stream discharge is generally composed of three 
components, overland flow that enters streams dur­ 
ing rainfall events, snowmelt runoff, and discharge 
from the ground-water reservoir. In the absence of 
overland flow in the basin, essentially all of the water 
flowing in a stream is from ground-water discharge. 
When ground-water levels are high, surface-water 
discharge generally is also high, and when ground- 
water levels are low surface-water discharge generally 
is also low. The only exception to this relation is 
during rainfall when there is a large component of 
overland flow into streams.

Monthly discharge at two stations on the North 
Fork Wood River (1) upstream and (2) downstream 
from study area from August 1985 through Octo­ 
ber 1987 is shown on figure 12. These hydrographs 
show the similarity between the flow rates at each 
station. Discharge during 1987 is much lower at each 
station than during 1986 or the fall of 1985. At the
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upstream station, annual mean discharge per square 
mile during water year (WY) 1986 (October 1, 1985, 
to September 30,1986) was 1.24 (ft3/s)/mi2 (cubic feet 
per second per square mile) and during WY 1987 
(October 1, 1986, to September 30, 1987) was 0.43 
(ft3/s)/mi2. At the downstream station, the annual 
mean discharge per square mile during WY 1986 was

1.17 (ft3/s)/mi2 and during WY 1987 was 0.31 (ft3/s)/ 
mi2 .

Much of the Crex Meadows site is included in the 
drainage area for the lower station. If the Crex 
Meadows site impoundments were primarily respon­ 
sible for the above-normal ground-water levels in 
1985 and 1986, the discharge per square mile would

50
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Figure 9. Ground-water levels at well Bt-2 and cumulative departure from mean annual
precipitation at Danbury, Wisconsin.

1945 1950 1955 1960 1965 1970 1975 1980 1985 1990

Figure 10. Ground-water levels at well PK-40 and cumulative departure from mean annual
precipitation at St. Croix Falls, Wisconsin.
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be greater at the downstream station than the up­ 
stream station, which does not include the flowage 
area. The annual mean discharge per square mile 
actually decreases slightly between the two stations.

45

CO

o

40 -

35 -

30 -

25
1981 1982 1983 1984 1985 1986 1987

Figure 11. Annual precipitation at 
Grantsburg, Wisconsin, 1981-87.

Because above-normal ground-water levels gener­ 
ally result in increased ground-water discharge to 
rivers and streams, long-term discharge monitoring of 
the St. Croix River at Danbury (about 20 mi northeast 
of the site) and St. Croix Falls (about 26 mi south of the 
site)(fig. 1) also provide valuable information pertain­ 
ing to regional ground-water levels. The hydrographs 
in figure 13, show that the St. Croix River at both 
stations reached their highest discharge of record 
during 1986, which was followed by a sharp decline in 
1987. This relates directly to above-normal precipita­ 
tion and ground-water levels throughout their drain­ 
age areas. The station at Danbury represents a drainage 
area of 1,580 mi2 (square miles) and the station at St. 
Croix Falls represents an area of 6,240 mi2.

GROUND-WATER QUALITY
Because it was thought that the Crex Meadows 

impoundments might be responsible for the increased 
water levels in the area, there was additional concern 
that they may also have an adverse effect on the 
ground-water quality. To address this concern, 20 
ground-water samples were collected in August 1985 
from observation wells selected to provide a uniform 
areal distribution. These samples were analyzed for

12
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Figure 12. Discharge from two streamflow-gaging stations on the North Fork Wood River.





ions in ground water in the Crex Meadows area. TrorT 
concentrations range from 45 to 45,000 (ig/L and 
exceeded the State recommended maximum level of 
300 (ig/L for drinking water in 17 of the 20 samples.

REFERENCES
Hem, J. D., 1985, Study and interpretation of the 

chemical characteristics of natural water (3d ed.): 
U.S. Geological Survey Water-Supply Paper 2254, 
263 p.
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Wisconsin: Madison,University of Wisconsin 
Press, 608 p.

Wisconsin Conservation Department, 1938, Ground 
water survey, Burnett County: Wisconsin Con­ 
servation Department, Reports No. 1-4.

Wisconsin Department of Natural Resources, 1978, 
Wisconsin administrative code, Chapter NR109, 
Safe drinking water: Register, February 1978, No. 
266, Environmental Protection.

   no date, Crex Meadows Wildlife Area: Wiscon­ 
sin Department of Natural Resources Pub. 9- 
2300(81), 1 p.
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Table 1. Well-construction data and brief description of 
geologic materials at observation wells

[All wells have 3-foot screens; ft, feet]

Well 
no.

8401

8402

8403

8404

8405

8406

8407

8408

8409

8410

8411

8412

8413

8414

8501

8502

8503

8504

8505

8506

8507

8508

8509

8510

8511

Depth of observation 
well (feet)

20

12

20

11

20

20

11

23

15

19

11

15

12

12

27

12

12

17

12

64

12

14

18

Lithology from 
test boring

0-20 ft

0-13 ft

0-20 ft

Lithology

0-5 ft

5-11 ft

11-20 ft

0-3 ft

3-6 ft

6-12 ft

12-20 ft

Lithology

0-4 ft

4-23 ft

0-4 ft

4-12 ft

12-15 ft

0-6 ft

6-19 ft

Lithology

0-15 ft

Unknown

Unknown

0-12 ft

0-2 ft

2-10 ft

10-11 ft

11-12 ft

0-17 ft

17-27 ft

Lithology

0-12 ft

0-17 ft

Lithology

0-47 ft

47-52 ft

52-67 ft

67-72 ft

0-12 ft

0-17 ft

0-18 ft

medium sand

medium sand

medium sand

same as well 8405

medium sand

silty sand

medium sand

silty sand

medium sand

silty sand

medium sand

same as well 8406

silty sand

medium sand

sandy silt

medium sand

sandy silt

silty sand

medium sand

same as well 8410

medium sand

coarse sand

coarse sand

organic silt and clay

organic sandy silt

coarse sand

coarse sand

fine sand

same as well 8503

medium sand

coarse sand

same as well 8508

coarse sand

fine sand

coarse sand

varved lake clay

medium sand

medium sand

fine sand
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Table 1. Well-construction data and brief description of 
geologic materials at observation wells Continued

[All wells have 3-foot screens; ft, feet]

Well 
no.

8512

8513

8514

8515

8516

8517

8518

8519

8520

8521

8522

8523

8524

8525

8526

8527

8528

8529

8530

8531

Depth of observation 
well (feet)

18

18

54

30

12

12

16

13

17

18

35

10

18

23

20

7

23

15

15

57

Lithology from 
test boring

0-18 ft

0-18 ft

0-7 ft

7-22 ft

22-42 ft

42-57 ft

57-62 ft

62-72 ft

Lithology

Lithology

0-12 ft

0-12 ft

12-17 ft

0-12 ft

0-17 ft

0-17 ft

0-37 ft

37-40 ft

Lithology

0-9 ft

9-12 ft

12-18 ft

0-10 ft

11-12 ft

12-22 ft

0-20 ft

Lithology

0-10 ft

10-22 ft

0-8 ft

8-15 ft

0-15 ft

0-5 ft

5-10 ft

10-22 ft

22-37 ft

37-47 ft

47-67 ft

67-72 ft

72-77 ft

medium sand

fine sand

fine sand

medium sand

coarse sand

medium sand

fine sand

varved lake clay

same as well 8514

same as well 8514

medium sand

fine sand

coarse sand

medium sand

medium sand

coarse sand

medium sand

lake clay

same as well 8522

clayey till

silty sand

medium sand

clayey till

silty sand

medium sand

medium sand

same as well 8526

silty sand

medium sand

clayey till

medium sand

medium sand

silty sand

clayey till

medium sand

fine sand

medium sand

coarse sand

medium sand

fine sand

8532 21 Lithology same as well 8531
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Table 1. Well-construction data and brief description of 
geologic materials at observation wells Continued

[All wells have 3-foot screens; ft, feet]

Well 
no.

8533

8534

8535

8536

8537

8538

8539

8540

Depth of observation 
well (feet)

14

12

23

13

12

22

13

13

Lithology from 
test boring

0-22 ft

0-12 ft

0-17 ft

17-22 ft

Lithology

0-12 ft

0-12 ft

12-22 ft

Lithology

0-6 ft

6-8 ft

8-12 ft

medium sand

medium sand

medium sand

coarse sand

same as well 8535

medium sand

medium sand

coarse sand

same as well 8538

clayey till

silty sand

medium sand
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Table 2. Common inorganic constituents and properties of ground water at Crex Meadows Wildlife Area

[M-D-Y,month-day-year; mg/L, milligrams per liter; /iS/cm, microsiemens per centimeter at 25 "Celsius;
/ig/L, micrograms per liter; <, less than]

Well

no.

8403

8404

8406

8412

8502

8505

8507

8509

8512

8513

8515

8517

8518

8522

8524

8526

8532

8534

8535

8537

Maximum

Minimum

Median

Date

of

sample
(M-D-Y)

08-06-85

08-06-85

08-07-85

08-07-85

08-07-85

08-07-85

08-06-85

08-06-85

08-06-85

08-06-85

08-06-85

08-06-85

08-06-85

08-07-85

08-07-85

08-07-85

08-07-85

08-07-85

08-07-85

08-07-85

Spe­

cific
con­

duc­

tance

(/iS/cm)

137

57

152

151

237

22

41

29

56

61

84

124

132

116

520

450

94

288

44

37

520

22

105

PH
(stand­

ard

units)

6.7

5.9

6.6

7.0

6.5

6.9

6.0

5.9

6.1

6.2

6.4

6.3

6.2

6.7

7.4

6.8

6.4

6.0

6.1

6.1

7.4

5.9

6.4

Hard­

ness

(mg/L

as

CaCO3 )

48

17

70

59

40

7

11

9

20

13

20

30

20

27

250

160

36

53

12

11

250

7

23.5

Calcium
dis­

solved

(mg/L

as Ca)

12

4.4

23

16

11

1.8

2.7

2.4

5.4

3.4

5.2

6.5

5.5

7.1

67

41

8.7

13

3.3

3.0

67

18

6

Magne­

sium,
dis­

solved

(mg/L

as Mg)

4.3

1.4

3.1

4.6

3.1

.54

.94

.80

1.6

1.1

1.7

3.3

1.4

2.2

19

14

3.5

5.1

.98

.96

19

.54

1.95

Sodium,
dis­

solved

(mg/L

as Na)

1.8

1.7

1.3

1.1

1.6

.50

.70

.50

1.6

.80

.90

1.1

1.5

2.7

5.0

5.8

3.0

25

.80

.60

25

.5

1.4

Potas­

sium,
dis­

solved

(mg/L

as K)

2.2

.80

<.10

13

.60

.40

.70

.40

1.5

1.0

1.1

1.4

2.7

.70

.50

.60

.40

1.8

2.3

.90

13

.4

.9

Alk-

alin-

ity

(mg/L

as

CaCO3 )

58

12

65

67

50

5

7

7

6

11

22

35

22

25

252

166

36

30

11

9

252

5

23.5

Sulfate
dis­

solved

(mg/L

as SO4 )

1.8

7.2

7.9

6.7

20

3.9

4.2

4.4

16

6.0

1.9

2.2

4.5

13

14

16

7.7

16

6.5

5.9

20

1.8

6.6

Chlo- Fluo-
ride, ride,

dis- dis­

solved solved

(mg/L (mg/L

as Cl) as F)

0.7 0.2
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1.0 .10
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40

19
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9.9
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<.10
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.18
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Ground-water levels and quality at Crex Meadows Wildlife Area, Burnett County, Wisconsin
-----------------------------------------------------
Posted online in 1990
-----------------------------------------------------
Revised and reposted online July 2022, version 2.0
Wells 8503, 8504, 8505, and 8506 were found to be tied to a reference point with a surveyed elevation that was inaccurately 
high. As a result, the land surface datum at the well used to convert groundwater levels to elevations in 1986 and 1987 was also 
too high for these four wells. The land surface datums at the four wells were recomputed with the corrected reference point 
elevations.

The elevation corrections for the four wells are as follows: 
Well 8503: −9.13 ft
Well 8504: −9.14 ft
Well 8505: −9.11 ft 
Well 8506: −9.11 ft

The locations of these four wells are shown in figure 2 of the subject report.

An “Errata” section has been added at the back of the report. It includes annotated copies of figures 4–7, which describe the 
effects of the elevation corrections for the four wells. For figures 4 and 5, the well elevation changes would only affect the por-
tion of the contours generated from data at these four locations. In 2021, the entire contour map cannot be redrawn without the 
full set of original data used to generate the contours.

The original contour maps are shown in figures 4 and 5 on pages 7 and 8. The affected areas make up about 25 percent of the 
mapped area. Copies of figures 4 and 5 are provided in the “Errata” section, and the four wells have been plotted therein.  
The groundwater-level elevations depicted by contours at these four wells shown in figures 4 and 5 would have been affected by 
the same corrections as above. The shading on the maps indicates the area affected by the recomputed elevations. The parts of 
these contour maps outside the shading are assumed to be accurate.

Shading added to text in the original report indicates discussions that might be affected by the recomputed elevations and 
changes in contours. The following four discussions could be affected:

(1) comparisons in the “Water-Levels during 1986 and 1987” section on page 5,
(2) part of the “Water-Level Fluctuations” section discussing the relative levels in the 1930s and the 1980s on page 10,
(3) the conclusions about the comparisons between the contour maps in the “Summary and Conclusions” 
section on page 14, and 
(4) the summary of this information in the “Abstract” on page 1.

Because revised contours could not be drawn in 2021, it is unknown the degree to which these updates affect the statements in 
the sections listed above, but the effects are likely limited because the updated well datum elevations affect about 25 percent of 
the mapped area. The remainder of each map outside the shaded area and conclusions drawn from the maps (figs. 4 and 5) are 
considered accurate, and the overall conclusions in the report are likely unaltered by this update.

Data from well 8504 were graphed in figures 6 and 7 on pages 9 and 10. The tick labels on the vertical scales for these two 
graphs have been revised to account for the well datum change.

Suggested citation of U.S. Geological Survey Water-Resources Investigations Report 89–4129, Version 2.0
Patterson, G.L., 1990, Ground-water levels and quality at Crex Meadows Wildlife Area, Burnett County, Wisconsin (ver. 2.0, 
July 2022): U.S. Geological Survey Water-Resources Investigations Report 89–4129, 25 p., https://doi.org/10.3133/wri894129.

Revision contributor: Megan J. Haserodt



Figure 4. Ground-water-levels in the Crex Meadows area May 1986.
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Figure 5. Ground-water-levels in the Crex Meadows area June 1987. 
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