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CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

Multiply By To obtain
acre 4,047 square meter
acre-foot (acre-ft) 1,233 cubic meter
cubic foot (ft3) 0.02832 cubic meter
foot (ft) 0.3048 meter

inch (in.) 254 millimeter
inch (in.) 0.0254 micrometer
mile (mi) 1.609 kilometer
pound (Ib) 453.6 gram

Water-quality units: Chemical concentrations and water temperature are given in metric
units. Chemical concentration is given in milligrams per liter (mg/L). Milligrams per liter is a unit
expressing the concentration of chemical constituents in solution as weight (milligrams) of solute per
unit volume (liter) of water. One thousand micrograms per liter (ug/L) is equivalent to one milligram
per liter. For concentrations less than 7,000 mg/L, the numerical value is the same as for

concentrations in parts per million.

Temperature can be converted to degrees Celsius (°C) or degrees Fahrenheit (°F) by the equations:
°C = 5/9 (°F - 32)
OF = 9/5 (°C) + 32

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929--

a geodetic datum derived from a general adjustment of the first-order level nets of the United States

and Canada, formerly called Sea Level Datum of 1929.
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WATER AND PHOSPHORUS BUDGETS AND TROPHIC STATE, BALSAM
LAKE, NORTHWESTERN WISCONSIN, 1987-1989

By William J. Rose

ABSTRACT

Water and total-phosphorus budgets were
determined for Balsam Lake in northwestern

Wisconsin.  All significant components of the
lake's water budget were determined
independently. The lake's trophic state was

evaluated in relation to total-phosphorus loading
from December 1, 1987 through November 30,
1989. The information obtained in the study can
be used by local and State agencies to develop
and assess lake- and watershed-management
alternatives for maintaining or improving the water
quality of the lake.

The three-basin, 1,900-acre drainage lake
receives flow from two main tributary streams,
Harder and Rice Creeks. Precipitation,
ground-water levels, and streamflow were below
normal during the study period and the year pre-
ceding the study. Precipitation was 6.09 inches
below normal the first year of the study and
8.71 inches the second year.

Precipitation, the dominant water-budget
inflow component, was followed in decreasing
order by inflows from Rice Creek, ground water,
Harder Creek, and near-lake drainage. Total
inflows in the first and second years of the study
were 11,040 and 11,650 acre-feet, respectively.
Surface inflow was 23 percent greater in the
second year of the study than in the first year.

The largest outflow from Balsam Lake was
outflow to Balsam Branch, and the second largest
outflow was evaporation. These outflows
accounted for 98 percent of outflow from the lake.
Recharge to ground water accounted for 2
percent.

Total-phosphorus input to the lake was 692
and 1,144 pounds in the first and second years of
the study. Rice Creek and near-lake drainage
accounted for 80 percent of phosphorus entering
the lake. Outflow to Balsam Branch removed 30
percent of the phosphorus that entered the lake.

The main basin of the lake was mesotrophic,
whereas the loading rates determined for the study
period would have expected to result in
oligotrophic conditions. Internal loading and
below-normal external loading during the study
are the likely explanation for this discrepancy. The
northwest basin of the lake (locally called “Little
Balsam Lake") received 66 percent of all external
phosphorus that entered Balsam Lake. The
trophic state of Little Balsam Lake ranged from
upper mesotrophic to lower eutrophic.
Phosphorus that entered Little Balsam Lake
during the study period would have been expected
to result in eutrophic conditions.

INTRODUCTION

The Polk, St. Croix, and Barron County area
in northwestern Wisconsin ‘was identified by
Lillie and Mason (1983) as encompassing a
disproportionately high percentage (44 percent)
of the State's phosphorus-enriched lakes. In
recent years, local residents and property
owners have perceived an increase in algal
blooms and a decrease in water clarity in
Balsam Lake, a lake near the village of Balsam
Lake in Polk County (fig. 1). These problems
seemed to be worst during 1981-86 in the
northwestern basin of the lake, locally called
Little Balsam Lake (fig. 2).

Reliable information on phosphorus loading
to Balsam Lake was not available. Rice Creek is
the largest stream that discharges into Little
Balsam Lake, and phosphorus from this creek
was believed by some local residents to be a
major cause of problems in Little Balsam Lake.
Rice Creek and Harder Creek are the largest
streams that discharge into Balsam Lake. On
the basis of 1 year of data collected in the late
1970's, the Wisconsin Department of Natural
Resources concluded that 64 percent of water
entering the lake was ground water and that it
contained 38 percent of phosphorus entering the
lake (Wisconsin Department of Natural
Resources, written commun., 1979).

INTRODUCTION 1
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Figure 1. Location of Balsam Lake, Polk County, Wisconsin.
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Figure 11. Trophic-state indices for the main basin of Balsam Lake, 1987-90.

model and estimated outflow from Balsam Lake.
Average flow at Hay River at Wheeler during
1960 through 1989 was 23 percent greater than
during the 2-year study period. Average surface
outflow from Balsam Lake was assumed also to
be 23 percent greater than during the study
period. As shown in table 6, estimated external
loading required to produce mesotrophic
conditions in an average-runoff year ranges
from 1,910 to 3,820 1b.

Northwest Basin
(Little Balsam Lake)

The trophic state of Little Balsam Lake was
higher than that of the main basin during the
study period. Most TSI values were classified as
upper mesotrophic and lower eutrophic, as
shown in figure 13. Phosphorus-loading rates
for the study years indicated eutrophic
conditions according to the Vollenweider model
(fig. 12). Average or above-normal loading rates
would probably raise the TSI further into the
eutrophic classification.

Effects of external loading probably are
greater in Little Balsam Lake than in the main
basin. Little Balsam Lake received 66 percent
of all phosphorus loading to Balsam Lake during
the study. Little Balsam Lake constitutes only
5 percent of the area and only 3 percent of the
volume of Balsam Lake.

SUMMARY AND CONCLUSIONS

During the early 1980's, the severity of algal
blooms had increased and water clarity had
decreased in Balsam Lake in Polk County,
northwestern Wisconsin. Water and total-
phosphorus budgets were determined for a
2-year period (December 1, 1987 through
November 30, 1989) of hydrologic monitoring.

Mean depth of the three-basin, 1,900-acre
drainage lake is 16.8 ft. Two main streams,
Harder and Rice Creeks, and near-lake drainage
provide surface inflow to the lake. Outflow from
the lake to Balsam Branch is regulated at a dam
and a hydroelectric plant. Much of the lake's

SUMMARY AND CONCLUSIONS 23
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(Vollenweider model).

watershed contains pitted glacial-outwash
deposits resulting in many closed depressions
containing wetlands and "pothole" lakes. Only
about 42 percent of Balsam Lake's
topographically defined watershed contributes
overland flow to Balsam Lake.

Precipitation, ground-water levels, and
streamflow were below normal during the study
period and year preceding the study.
Precipitation was 6.09 in. below normal during
the first year of the study and 8.71 in. during the
second year. Ground-water levels in the up-
stream part of the watershed dropped about 9 ft
from January 1987 through January 1989.
Streamflow at Hay River at Wheeler averaged
265 ft3/s during the study compared to the
long-term (1960-89) average of 323 ft¥s.

All significant components of the lake's
water budget were determined independently.

Monitoring and analysis were predominantly
focused on surface-water inflow and outflow
components because these components were
expected to have the greatest effect on the lake's
phosphorus budget.

Precipitation, the dominant water-budget
inflow component, was followed in decreasing
order by inflows from Rice Creek, ground water,
Harder Creek, and near-lake drainage. Total
inflow in the first and second years of the study
was 11,040 and 11,650 acre-ft, respectively.
Surface inflow was 23 percent greater in the
second than in the first year.

The largest lake-water outflow from Balsam
Lake was into Balsam Branch, and the second
largest outflow was evaporation. These out-
flows accounted for 98 percent of lake outflow.
Recharge to ground water accounted for 2 per-
cent. Water storage in the lake increased in

24 WATER AND PHOSPHORUS BUDGETS AND TROPHIC STATE, BALSAM LAKE, WISCONSIN, 1987-1989



Table 6. Vollenweider model variables for Balsam Lake and the northwestern basin of Balsam Lake .

[--, nonexistent]

Phosphorus loading
Average Range likely to
lake Hydraulic result in
depth residence Actual mesotrophic
Loading period (feet) time (years) (pounds) conditions (pounds)
Balsam Lake (whole lake):
Dec. 1, 1987- 18.2 6.08 692 1,850 - 3,700
Nov. 30, 1988
Dec. 1, 1988- 18.2 4.78 1,144 1,890 - 3,780
Nov. 30, 1989
Estimated 18.2 4.38 - 1,910 - 3,820
"average" year
during 1960-89
Northwestern basin of Balsam Lake (Little Balsam Lake):
Dec. 1, 1987- 124 .29 440 177 - 354
Nov. 30, 1988
Dec. 1, 1988- 124 .26 780 188 - 376
Nov. 30, 1989

both years of the study and caused outflow to be
less than inflow. The water-budget residual was
7 and 1 percent of total inflow in the first and
second years, respectively.

Total-phosphorus inputs to. the lake were
692 and 1,144 1b in the first and second years of
the study. Phosphorus loading was probably
below normal both years, reflecting below-
normal streamflow. Rice Creek and near-lake
drainage accounted for 80 percent of phosphorus
entering the lake. Outflow to Balsam Branch
removed 30 percent of the phosphorus that
entered the lake.

Carlson's TSI indicates that the main basin
of the lake was mesotrophic during the study.

Vollenweider's model indicates that the loading
rates during the study would result in
oligotrophic conditions. Internal loading and
below-normal external loading during the study
are the likely explanation for the discrepancy
between results derived by the two methods.

Little Balsam Basin received 66 percent of
all external phosphorus loading to Balsam Lake
during the study. The TSI of Little Balsam Lake
was in the lower eutrophic/upper mesotrophic
classification. Phosphorus-loading rates for the
study period indicated eutrophic levels
(according to Vollenweider's model). Normal or
above-normal external phosphorus loading
would probably raise the TSI further into the
eutrophic classification.

SUMMARY AND CONCLUSIONS 25



Table 7. Summary of in-lake dissolved oxygen and phosphorus data, April through November 1988

[These data were provided by the Wisconsin Department of Natural Resources. ft, feet;
mg/L, milligrams per liter; --, indicates value is unknown]

Main Basin Northwest basin
(Little Balsam Lake)
Dissolved Dissolved
Samp- reactive  Total Samp- reactive Total
ling Dissolved  phos- phos- ling Dissolved phos- phos-
depth oxygen phorus  phorus depth  oxygen phorus phorus
Date (ft) (mg/L) (mg/L)  (mg/L) (ft) (mg/L) (mg/L) (mg/L)
4-11-88 0 - - 0.013 -- - - -
5-10-88 0 9.6 0.003 .017 - - - -
33 7.5 .012 .032 -- - - -
5-24-88 0 9.5 .004 .013 - - - -
33 4.8 .010 .044 - -- -- -
6-06-88 0 8.3 .004 .010 - - - -
33 04 .020 .108 - -- - -
6-20-88 0 8.3 .005 .014 0 9.9 0.005 0.016
33 .6 .019 .087 20 55 .004 .063
7-05-88 0 8.2 .008 .018 0 9.8 .007 .024
33 3.0 .027 210 20 0 .007 072
7-18-88 0 8.5 .006 .017 0 8.6 .008 .023
33 0 .024 .268 20 1.2 .007 122
8-09-88 0 8.3 .005 .020 0 9.6 .007 .029
33 2 .026 304 20 0 .007 145
8-23-88 0 6.6 .005 .021 0 5.6 .007 .029
33 0 .016 490 20 0.1 .005 191
9-06-88 0 9.0 .005 .024 0 8.1 .004 .022
33 5.3 .005 .023 20 6.8 .006 .027
10-03-88 0 7.8 .007 .043 0 7.5 .005 .024
33 8.0 .009 .042 20 7.3 .005 .030
11-07-88 0 104 .008 .020 0 104 .004 .020
33 10.6 .008 .025 20 9.5 .005 .020

26 WATER AND PHOSPHORUS BUDGETS AND TROPHIC STATE, BALSAM LAKE, WISCONSIN, 1987-1989
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