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FACTORS FOR CONVERTING ENGLISH UNITS TO
INTERNATIONAL SYSTEM (SI) UNITS

Factors for converting English units to SI units are shown to four
significant figures.

English MultiElX by §£
acres k.ok7x10"1 ha (hectares)
acre-ft (acre-feet) 1.233x103 m3 (cubic meters)
ft3/s (cubic feet per m3/s (cubic meters per
second) 2.832x10-2 second)
ft (feet) 3.048x10-1 m (meters)
in (inches) 2.5hx101 mm (millimeters)
mi (miles) 1.609 km (kilometers)
mi? (square miles) 2.590 km2 (square kilometers)






Hydrologic Considerations Associated with Dredging

Spring Ponds in Wisconsin

W.). Rose

ABSTRACT

Spring ponds (small spring-fed bodies of water) are natural features
of some glaciated areas and have a continuous flow of ground water entering
through their bottoms and exiting through surface outlets.

Dredging has been used to restore ponds that have been filled in part
or totally by sediment. The purpose of the study was to determine the
hydrology of selected spring ponds and the effect that dredging has had on
the ponds. Three ponds, Maxwell, Sunshine, and Krause Ponds, in northeastern
Wisconsin were studied. Sediments were dredged from Sunshine and Krause
Ponds. Maxwell Pond, which was not dredged, was a hydrologic control to
aid in distinguishing changes produced by dredging from those that were
natural.

Ground water from glacial deposits is the source of most of the water
flowing in spring ponds and streams in the study area. Average annual
ground-water recharge in the study area is about 13 inches. Ground-water
discharge contributed 97 percent of the total flow in the Red River, a
typical stream in the study area, during the 1973 water year.

Ground water and surface water in the study area are of a calcium
magnesium bicarbonate type. Dissolved-solids concentration ranges from 170
to 250 milligrams per liter. Temperature of ground water discharging into
the spring ponds in the study ranged from 6° to TO Celsius.



Accumulation of silt, clay, marl, and organic material since glaciation
caused a reduction in both surface area and volume of spring ponds. Reduction
in surface area was two-fold in Sunshine Pond and four-fold in Krause Pond.
Reduction in volume was 9-fold in Sunshine Pond and 28-fold in Krause PonA.

Ground-water discharge supplied 99.0, 99.5, and 96.0 percent of the
total flow into Maxwell, Sunshine, and Krause Ponds, respectively. Average
flow in Maxwell Pond outlet from October 1968 to December 1973 was 1.86 cubic
feet per second with a maximum daily mean flow two times greater than the
average flow. Average flow in Sunshine Pond outlet during October 1968 to
June 1970 (before dredging) was 0.48 cubic feet per second; the maximum
daily mean flow was 1.6 times greater than the average flow. In Krause
Pond outlet during October 1968 to April 1971 (before dredging) the average
flow was 0.48 cubic foot per second; the maximum daily mean flow was 3.2
times greater than the average flow.

In 1970, 4.2 acre-feet of sediment was dredged from Sunshine Pond.
Dredging improved the hydraulic connection between the pond and the aquifer,
resulting in a 41 percent increase in ground-water inflow.

During 1971, L.0 acre-feét of sediment was dredged from Krause Pond.
Only a 2 percent increase in ground-water inflow was achieved because clay
and silt layers underlying most of the pond were not affected by dredging.

INTRODUCTION

Bodies of water in kettle depressions in some glaciated areas of
Wisconsin, locally called "spring ponds", are fed by ground water entering
through the bottom and shore, and are drained through a surface outlet.

They range in size from less than an acre to many acres. Because of popular
local usage, the term "spring pond" is used in this report.

Some spring ponds provide a suitable habitat for game fish. A steadr
flow of high-quality water enables some spring ponds and the streams into
which they flow to support trout.

Sedimentation since the time of glaciation has greatly reduced the
surface area and volume of water in spring ponds. In some ponds less than
a foot of water overlies several feet of sediment. In extreme cases ponds
become entirely filled with sediment. In addition to reducing pond volure,
sediment probably degrades fish habitat by reducing the rate of ground-
water inflow.

In recent years, attempts have been made to restore spring ponds in
advanced stages of sedimentation. The most common restoration technique
has been to remove a large volume of sediment by dredging. Basic knowledge
of spring-pond hydrology will help in planning and appraising the effectiveness
of restoration projects.



PURPOSE AND SCOPE

This report describes the hydrology of selected spring ponds and the
effect that dredging has had on the ponds and their surrounding areas. The
report emphasizes the water budgets for the ponds, discusses the hydrologic
system which contains the ponds, and briefly describes water quality in the
study area.

This study was conducted in cooperation with the Wisconsin Department
of Natural Resources (DNR). The study supplemented and coincided with a
DNR study of spring-pond ecology.

Three spring ponds, all within 10 mi of each other, were selected fcr
study. The study ponds are representative of many spring ponds in north-
eastern Wisconsin that have large accumulations of sediment. The limits of
the study area were set so as to include the ground-water system supplying
the spring flow, and the streams into which the three ponds flow. The
geology and hydrology of the study area are typical of many glaciated areas
in which spring ponds occur. Information gained in this study for evaluating
spring-pond hydrology and the effects of dredging should be useful for
evaluating spring ponds in similar areas.

METHOD OF STUDY

Hydrologic monitoring began in October 1968 and continued through
November 1973. Two of the three study ponds were dredged by the DNR using
a hydraulic dredge--Sunshine Pond in the summer of 1970 and Krause Pond in
the summer of 1971. Maxwell Pond, undredged, served as a hydrologic control
to help distinguish changes resulting from dredging from natural changes.

Data collection consisted of single, periodic, or continuous hydrologic
or geologic measurements. Continuous-recording stream gages monitored flow
in the pond outlet channels. Water levels in observation wells were
measured at 4- to 6-week intervals to define local ground-water fluctuation
and hydraulic gradients. Table 1 is a summary of principal wells used in
the study. Recorders monitored water temperature in the ponds and in their
outlets. Borings in and near the ponds were used to determine the extent
and character of sediments. Hydrographic mapping by the DNR of the ponds
before and after dredging were used to determine dredged volumes and changes
in bottom configurations. Chemical analyses of water from the ponds and
selected observation wells before and after dredging indicated the effect
of dredging on water quality.

In addition to the monitoring networks at each pond, data were obtained
to define the general hydrology of the study area. Water-level altitude in
wells, streams, and lakes were measured to construct a water-table map from
which the direction of ground-water movement was determined. Data from a
gaging station, which was operated on the Red River during the 1973 water
year, defined some of the flow characteristics of a typical stream in the
study area. The water-table map and Red River flow data provided a basis
for estimating average annual recharge.



Table 1.--Summary of principal wells used in study

Water quality

Well / General location Depth analyses Flowing

number— (ft) in table 2

La-338 0.2 mi north of 68 Yes No
Krause Pond

La-k29 6 mi southeast 100 No No
of Antigo

La-L30 10 ft south of 30 Yes Yes
Krause Pond

La-L6h 3 mi northwest 89 Yes No
of Polar

La-kLo2 70 ft south of 30 No No
Krause Pond

La-493 10 ft south of 10 No Yes
Krause Pond

La-kol 10 ft south of 20 No Yes
Krause Pond

La-495 20 ft north of 15 No Yes
Krause Pond

La-L96 20 ft north of 30 No Yes
Krause Pond

La-507 Northeast shore 13 No Yes
of Sunshine Pond

La-508 10 ft west of 30 Yes Yes
Sunshine Pond

La-509 TO ft southwest 27 No No
of Sunshine Pond

La-510 Northwest shore 10 No Yes
of Sunshine Pond

La-511 10 ft southwest 10 Yes Yes
of Maxwell Pond

La-512 4O ft west of 5 No Yes

Maxwell Pond

1/

= A two-part system of letters and numbers is used to designate
wells in this report. The first part, La, is the county abbreviation.
The second part is the serial number assigned in the order that the
well was recorded in the county.



THE STUDY AREA
LOCATION

The study area is in Langlade County in northeastern Wisconsin near
The eastern part of the area is in the Wolf

the city of Antigo (fig. 1).
River basin and the western part is in the Wisconsin River basin (p1. 1).

Locations of the three study ponds are shown on figure 1 and plate 1.
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Figure 1. Location of study area.
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GEOLOGY AND HYDROLOGY

The topographic and geologic characteristics of the study area form a
fixed "framework" upon which variable climatic factors act to cause ground-
water movement and flow in springs and streams. Figure 2 illustrates the
relationship between climatic factors, ground-water levels, spring-pond
outflow, and streamflow. The rising water level in well La-429 after
February 1973 reflects the ground-water recharge from snowmelt and rainfall.
Base flow in the Red River and in Maxwell Pond outlet reflect the rising
ground-water levels after February 1973. Snowmelt and rainfall in March
1973 caused greater than normal flow in the Red River.

Glacial deposits are the main aquifer. The western part of the study
area is a relatively flat glacial outwash plain with surface drainage
toward Spring Brook. The eastern part, an area of end moraines and pitted
outwash, is characterized by sharp local relief, many kettle depressions
and, in general, poorly developed surface drainage. Impermeable crystalline
bedrock of Precambrian age underlies the glacial deposits.

Approximately 13 in of the average annual precipitation in the study
area becomes ground-water recharge. Average annual precipitation at Antign,
based on National Weather Service records during 1931-60, is 30.82 in.
Average annual recharge was calculated on the basis of 12 base-flow discharge
measurements on the Red River during 1962-72. It was assumed that average
annual recharge is approximately equal to average annual ground-water
discharge above the gaging site. Recharge characteristics of the Red River
basin are probably typical of most of the study area.

The 13 in of annual recharge compares favorably with recharge in other
parts of Wisconsin having similar sand and gravel glacial deposits. Weeks
and Stangland (1971, p. 53) determined that average recharge for seven
stream basins in the central sand plain of Wisconsin ranged from 9.5 to
14.3 in during a 3-year period.

The ground-water basins of spring ponds and streams in the eastern
part of the study area are larger than their topographic basins. Large
sections of the ground-water basins are within the Spring Brook topographic
basin (pl. 1).

Because of the high annual recharge and the large size of ground-water
basins, ground-water discharge constitutes most of the streamflow in the
southeastern part of the study area. As a result, streamflow is stable.
During the 1973 water year, 97 percent of the total flow in the Red River
was ground-water discharge. The minimum daily flow was only about 25 percent
less than the mean flow.

Surface water and ground water in the study area are of a calcium
magnesium bicarbonate type. The hardness of water, based on about 40
analyses, ranged from 103 to 220 mg/L (milligrams per liter). Dissolved-
solids concentration ranged from 170 to 250 mg/L. The chemical composition
of water from selected wells and spring ponds are given in table 2.


























































































