McKenzie Lake near Spooner, WI
Water-Quality Data Summary

This summary primarily covers the period May 1937 to September 1998, which is the period of water-gquality
manitoring of McKenzie Lake by the U.S Geclagical Survey (USGS}. However, additional data for one of the
sampling sites was provided by the Wisconsin Department of Natural Resources. These data covering the

period of 1935-97 are included ir graphs to illustrate changes or trends.

In reviewing the data, it may be helpful to refer to the metheds and explanations of physical and chemical
characteristics sections in the USGS annual lake report, "Water-Quality and Lake-Stage Data for Wisconsin
Lakes, Water Year 1998," and to Shaw and cthers (1994) ™ Understanding Lakes Data.”

Lake description and sampling locations:

McKenzie Lake is classified as a drainage lake, with one infet and two outlets. The average depth of the lake
15 5.8 meters, the surface area is 1185 acres (1.85 square miles), the lake's topographically defined
watershed are is 32.2 square miles, The watershed area contributing overland runoff to the lake is
considerably smaller that 32.2 square miles. Much of the overland runoff within the topegraphically defined
watershed is into closed depressions, many of which contain lakes of wetlands. The water-qualty sampling
site is located at the deepest point in the lake at a depth of about 18 meters. Lake stage was monitored at
the outlet, which is located on the north side of the lake, The locations of the monitoring sites are shawn in

Figure 1.
Hydrologic conditions during water year 1997 and 98:

Annual variability in lake condition often reflects variability in climatic and hydrelogic conditions. Air
temperature in northwestern Wisconsin was, on average, 0.4° F cgoler than normal for the period December
1996 through March 1997; Aprit and May was 3.9° F coaler than normal; the period June through August
was 0.5% F cooler than normal {National Oceanic and Atmospheric Administration “Climatological Data -
Wisconsin®). Precipitation during water year 1997 was 100 percent of the normal precipitation for
northwestern Wisconsin (Pamela Naber-Knax, UW-Extension, Geological and Natural History Survey, written
commun., 1997). Watershed runoff in the region of McKenzie Lake was between 120 and 140 percent of

long-term average runoff (Holmstrom and others, 1998, “Water Resources Data — Wisconsin®)

Air temperature in northwestern Wisconsin was, on average 8.7° F warmer than normal for the period
December 1997 through March 1998; April and May was 5.0° F warmer than normal; and the period June
through August was 0.4° F warmer than normal {(National Oceanic and Atmospheric Admunistration

“Climatoiogical Date — Wisconsin®). Precipitation during water year 1998 was 87 percent of the normal




precipitation for northwestern Wisconsin (Pamela Naber-Knox, UW-Extension, Geological and Natural History
Survey, written commun., 1998). Watershed runoff in the region of McKenzie Lake was between 80 and
100 percent of the long-term average runoff (Holmstrom and athers, 1998, “Water Resources Data —
Wisconsin™.

Lake Data for 1998:

The fallowing summarizes some of the highlights of data given in the tables and shown on the figures.

Lake-stage fluctuations:;

Lake stages were measured by the USGS on sampiing dates. Observed stages ranged from 0.6 feet on June
24, 1997 to 0.83 on August 15, 1998. Due to the irfrequency of measurements, actual stage ranges during
the monitaring period may have been greater than observed. Stage values are shown in the table on the
top half of Figures 2a, 2b, and 2c.

Lake-depth profiles:

Vertical profiles of water temperature, dissolved oxygen, pH and specific conductance were measured at all
three sites in the Iake, and are listed in Tables la, 1b, Lc and shown in Figures 2a, 2b, 2¢. The profiles
exhibit a pattern that is typical for thermally stratified lakes. During the sampling pericd, almost complete
water column mixing was cbserved at the deep hole on May 14, 1997 and March 3, 1998. The lake became
thermally stratified through the summer. In July of both years the lower 11 meters of the water were anoxic
{devoid of oxygen). The anoxic zone is unable to support fish. The pH, which ranged between 6.8 and 8.5 is
commen for northwestern Wisconsin lakes and poses no problems far aquatic life. Profiles for the north and
south auxiliary sampling sites were very similar to those for the deep-hole as far as was penetrated from the

water surface. This indicates that they share a common well-mixed epilimnion with the deep-hole site.

Chemical Constituents:

Analysis of water sampies collected on May 14,1997 at the deep-hole far the selecred chemical constituents
for the chemical characterization of the lake are shown in Figure 2a. Samptles collected at 0.5 and 20.0-
meter depths show similar constituent concentrations, as would be expected under mixed water column
conditions. The constituent values for color, chlorophylt a, chloride, calcium, magnesium, pH, alkalinity, total
nitregen, and total phosphorus are within regional value for this area as described by Lillie and Masaon in,
“Limnological Characteristics of Wisconsin Lakes,” 1983, Technical Bulletin No. 138, Department of Natural

Resources.

The ratio of dissolved nitrogen to dissolve phosphorus was 12.5:1, based on the surface concentrations on
May 14, 1997. This ratic suggests the lake is transitional having algal growth being limited by the amount of
available nitrogen or phosphorus. Lakes with ratios less than 10:1 are regarded as “nitregen limited,” and

lakes with a ratic greater than 15:1 are regarded as “phosphorus limited.”




Three common measures of water quality used as indices are concentrations of near-surface total
phosphorus and chlorophyll @ and Secchi depth, Af the deep-hole sampling site in 1997, total phosphorus
concentrations ranged form 0.009 mg/L on March 19 to 0.067 mg/L on May 14, chlorophyll a ranged form
2.7 ugfL on May 14 and 9.1 ug/L on March 19, and Secchi depths ranged form 3.4 m on June 24 to 4.5 m
ont May 14. At the north site, total phosphorus concentrations ranged form 0.026 mg/L on June 24 and July
21 to 0.042 mg/L on August 19, chlerophyll a ranged form 3.1 ug/L on June 24 and July 21 and 5.2 ug/L on
August 19, and Secchi depths ranged form 2.8 m on August 19 to 4.4 m on July 21, At the south site in
1957, totai phosphorus concentrations ranged form 0.030 mg/L on June 24 and July 21 to 0.041 mg/L on
August 19, chlorophyll a ranged form 3.8 pg/L on June and 6.1 ug/L on August 19, and Secchi depths
ranged form 2.3 m on August 19 to 4.0 m on July 21,

In 1998 at the deep-hole, total phosphorus concentrations ranged form 0.017 mg/L on July 10 to 0.020
mg/L on March 3 and August 21, chlorophyll a ranged form 3.36 pg/L on August 21 to 4.93 ug/L on July
10, and Secchi depths ranged form 2.5 m on August 21 to 4.5 m on March 3. At the north site, total
phosphorus concentrations ranged form 0.017 mg/L on June 10 to 0.684 mg/L on March 3, chlorophyll 3
ranged form 2.56 ng/L on July 10to 7.1 ug/L on August 21, and Secchi depths ranged form 2.6 m on August
21 to 5.3 m on July 10. At the south site in 1997, total phosphorus concentrations ranged form 0.016 mg/L
on June 10 to 0.032 mg/L on Maich 3, chlorophyll @ ranged form 4.05 pg/L on July 10 and 6.79 pg/L on
August 21, and Secchi depths ranged ferm 2.6 m on August 21 to 4.4 m on July 10. [The deep-hole site was
ooly sampled three times during the 1998 water year as, as the sampling of this site was discontinued by
the WDNR.

Surface total phosphorus, chiorophyll a and Secchi depths for the 1986-98 period at the deep-hoie site are
shown n Figure 3a. From 1991-98 there was little year to year variation in phosphorus concentration except
for 1997, where concentrations were 2-3 times greater than normal. Similar, higher-than-normat
phosphorus concentrations were observed in Balsam, Hemlock and Red Cedar Lakes (all drainage lakes) in
nearby Washburn County during 1997. The increased concentration in 1997 may reflect the 20-40 percent
greater-than-normal watershed runoff in northwestern Wisconsin that year. Phosphorus concentrations in
1998 returned to a "normal” range for the lake. Concentrations of chlorophyll 2 and Secchi depths did not
show change in 1997 in response to the increase phosphorus concentration. This suggests that the lake

was nitrogen limited as was indicated in the nitrogen:phosphorus ratio discussed earlier.

Since 1986, there appears to be a general decline in chlorophyll a concentration and increase in water
clarity as indicated by Secchi depth,

Phosphorus, chlorophyll a and Secchi depths at the north and south auxiliary sites were very simitar to those
of the deep-hole site (See Figures 3b + 3c). This suggests that the deep-hole site adequately represents

water guality for the entire ke,




Total phosphorus concentration .5 meters above the lake bottom at the deep-hole ranged form 1.051 mg/L
on March 3, 1998 to 0.390 mg/L on August 21, 1998. These concentrations chserved during anoxic periods
are indicative of moderate phosphorus release from bottom sediments.

Lake condition:

Water-quality index

Lilllie and Masan (1983) classified al! Wisconsin lakes using a random data set collected in the summer (July
and August). The index, shown on page 14 of “Water-Quality and Lake-Stage Data for Wisconsin Lakes,
Water Year 1998,” is based on surface-total phosphorus and chlorophyll a cencentrations and Secehi depths.
According to the index, surface-total phosphorus concentrations in McKenzie Lake generaily indicate “good”
water quality, while chlorophyll a cancentrations and Secchi depths indicate “very good” water guality.

Litlie and Mason (1983) also provided a means of comparing the condition of McKenzie Lake with other [akes
in northwestern Wisconsin. The comparison in Table 3 shows the percentage distribution of northwestern

Wisconsin lakes within each candition group and the relative position of McKenzie Lake,

Trophic status:

Ancther means of assessing the nutrient or trophic status of a lake is to Carlson's Trophic State Index (TSE).
The 1997 and 1998 TSI data are listed in Tables 2a, 2b, and 2¢. The last plot on Figures 3a, 3b and 3¢ are
graphical itlustrations of the variaticn in Trophic State Indices for McKenzie Lake during the two-year study
period. The phosphorus ndex shows the lake to be in the fower eutrophic range, whereas the chlorophyll a

and Secchi indices show the lake to be mesotrophic.
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Table 1a. Lake-depth profiles for McKenzie Lake, Deep Hole, near Spooner, Wisconsin, 1997 water vear.

WATER QUALITY DATA

PH
WATER
WHOLE
SAD- TEMPER . FIELD OXYGEN,
PLING ATURE {STAND- DIs-
12ATE DEFTH WATER ARD SOLVED
(M) (DEGC) UNITS) (MG/L)
(000033 (0G0} {0DNORY (00300)
MAR
19... 0.5 00 77 1.4
19.. i0 0.5 - 1.3
14... 2.0 2.0 -- 9.6
19.. 3.0 3.0 - 7.5
19.. 4.0 3.0 - 6.0
18... 5.0 35 -- 83
19.. 80 g - 55
ig8.. 7.0 4.0 54 54
9. 80 35 - 50
18... 9.0 3.5 - 4.2
18, 10.0 4.0 -- 2.0
19.. 1.0 4.0 -- 2.5
19 12.0 4.0 -- 27
18.. 13.0 4.0 - 0.5
19... 14.0 4.0 - 0.6
18. 15.0 4.0 - 0.2
19. 18.0 4.0 - 0.2
19... 17.0 4.5 - 0.2
9. 18.0 45 -- 02
18, 19.0 4.5 - Q2
19.. 200 4.5 7.4 0.2
19... 20.5 - - -
MAY
14.. 0.5 10.5 7.4 2.5
14, 1.0 10.5 - 9.5
14 . 2.0 10.5 -~ 9.5
14, 30 10.5 -- 85
14 4.0 10.5 - 2.5
14... 5.0 10.8 - 8.5
id . 6.0 10.5 -- 9.5
14... 7.0 105 - 9.5
14, &0 105 - 94
14, 9.0 10.0 - 9.5
14.. 10.0 10.0 -- 9.5
jE - 110 10.0 - 9.4
14... 12.0 10.0 - 94
14, 13.0 10.0 - 9.4
14 . 14.0 109 - 94
14, i50 100 - 9.1
14, 18.0 10.0 - g1
14... 17.0 160 - 88
14... 18.0 10.0 - 85
14, 18.0 10.0 - 8.0
14 200 6.0 7.4 7.

14, 20.4 - - -




Table 1a. Lake-depth profifes for McKenzie Lake, Deep Hole, near Spooner, Wisconsin, 1997 water year - continued.

WATER QUALITY DATA

PH
WATER
WHOLE

SAM-  TEMPER- FIELD OXYGEN,
PLING ATURE  (STAND- DIS-
DATE DEPTH WATER ARD SOLVED
M) (DEG C) UNITS) (MGIL)
(DONK)3) (00010 (10095) (00300

JUN
24, 0.5 23.0 78 9.0
24, 10 23.0 - 9.0
24... 2.0 23.0 - 9.1
24 3.0 23.0 - 9.1
24... 4n 20.5 - 9.4
24, 5.0 150 - 9.0
24 6.0 18.0 - 8.3
24, 7.0 16.0 - 8.2
24... 8.0 15.0 - 7.7
24... 9.0 14.0 7.5 39
24... 10.0 13.0 - 3.1
24... 11.0 13.0 - 2.7
24 12.0 12.0 - 1.5
24.. 13.0 120 - 1.1
24... 140 15 - 09
24, 15.0 1.0 - 0.7
24 16.0 11.0 - 0.7
od... 17.0 11.0 - 05
o4, 180 11.0 - 0.4
24... 130 1.0 - 0.4
24... 20.0 1.0 . 03
24 . 21.0 11.0 7.4 0.3
24 . 215 - - -

JuL
21, 0.5 240 8.1 9.0
21 1.0 240 - 9.0
21... 20 24 0 - 9.3
21... 3.0 23.5 - 8.3
21... 40 23.0 - 68
21... 50 226 - 5.4
21 6.0 200 - 8.2
21 7.0 19.0 - 42
21... 8.0 18.0 - 1.1
21... 2.0 15.0 - 0.5
21... 100 14.0 7.8 04
21... 1.0 13.0 - 0.4
21.. 12.0 12.5 - 0.4
21.. 13.0 120 - 0.4
21.., 14,0 115 - 0.4
21... 15.0 115 - 0.4
21... 16.0 115 - 0.4
21... 170 115 - 0.4
21... 18.0 11.5 - 0.4
21... 19.0 1.5 - 0.3
21.. 20.0 11.0 7.4 0.3
21.., 20.8 - - -




Table 1a. Lake-depth profiles for McKenzie Lake, Deep Hole, near Spooner, Wisconsin, 1997 water vear - continued.

WATER QUALITY DATA

PH
WATER
WHOLE

SAM-  TEMPER- FIELD OXYGEN,
PLING ATURE  (STAND- DIS-
DATE DEPTH WATER ARD SOLVED
(M) (DEG C) UNITS) (MG/L)
(00003} (000107 (00095) (00300

AUG
16... 0.5 20.5 75 77
18... 10 20.5 - 7.7
18... 2.0 20.5 7.7
18... 3.0 20.5 - 7.7
18... 4.0 20.5 - 7.7
18... 5.0 20.5 - 7.5
18... 5.0 20.0 - 75
18... 7.0 20.0 76
18... B.O 1B.0 - 3.3
18... 9.0 16.0 - 0.3
18... 10.0 15.0 - 0.3
18... 11.0 12.5 7.3 Q.1
18... 12.0 13.0 0.3
18... 13.0 12.0 - 03
18... 14.0 12.0 - Q.3
18... 15.0 12.0 - 0.3
18... 18.0 11.5 a.2
18... 17.0 115 Q.2
18... 18.0 115 - 0.2
18... 200 115 0.2
18... 18.0 11.5 0.2
18... 210 1.0 7.3 0.2

18 . 215 --




Table 1a. Lake-depth pratiles for McKenzie Lake, Deep Hale, near Spocner, Wisconsin,
1998 water year

WATER-QUALITY DATA

PH
SPE- WATER
CIFIC WHOLE
SAM- TEMPER-  CON-  FIELD OXYGEN,
PLING ATURE  DUCT- {STAND- DIS-
DATE DEPTH WATER  ANCE ARD SOLVED
(M} (DEGC) (US/CM) UNITS)  (MGIL)
(00098) (00010}  (COQ9S)  (00400)  (00300)

MAR

03... 0.5 4.2 140 6.8 1.3
03... 1.0 4.6 160 7.1 11.0
03... 2.0 4.7 160 V.2 10.9
03... 3.0 4.7 162 7.2 10.3
03. . 4.0 4.7 162 7.2 9.5
03.. 5.0 47 162 7.2 9.5
03.. 6.0 4.8 165 7.2 8.0
03.. 7.0 4.5 165 7.2 8.6
03... 8.0 4.5 162 7.2 8.5
03... 9.0 4.5 187 7.2 7.2
03... 10.0 4.6 170 71 7.1
03.. 11.0 4.6 170 71 6.3
03.. 12.0 47 174 7.1 54
03.. 13.0 4.7 175 7.0 4.0
03.. 14.0 4.8 180 7.0 2.4
03... 14.8 -- -- - --
JUL

10 0.5 254 158 8.2 89
10... 1.0 253 156 82 8.9
10... 2.0 247 155 8.2 9.0
10... 3.0 241 154 8.3 9.3
10... 4.0 239 156 8.3 9.4
10... 5.0 235 157 82 8.5
10... 6.0 212 158 7.4 4.4
10... 7.0 198 180 71 3.1
10... 8.0 18.8 162 7.0 1.7
10... 9.0 17 8 163 6.9 0.2
10.. 10.0 17.3 180 6.8 0.1
10.. 11.0 16.8 185 6.8 0.0
10 12.0 159 168 6.9 0.0
10... 13.0 15.0 172 6.9 0.0
10... 14.0 14.0 174 7.0 0.0
10... 15.0 12.8 176 7.1 0.0
10... 16.0 12.0 184 7.1 0.0
10... 17.0 11.5 186 71 0.0
10... 18.0 11.3 185 7.2 0.0
10.. 19.0 11.1 187 7.2 0.0
10.. 19.5 10.9 188 72 0.0

10... 20.0 -- -- -- --




Table 1a. Lake-depth profiles for McKenzie Lake, Deep Hole, near Spoaoner, Wisconsin,
1998 water year - continued

WATER-QUALITY DATA

PH
SPE- WATER
CIFIC  WHOLE
SAM- TEMPER- GON- FIELD OXYGEN,
PLING ATURE DUCT- (STAND- LIs-
DATE DEPTH WATER ANCE ARD SOLVED

(M) (DEGC) (US/CM) UNITS)  (MG/L)
(00098} (00010}  (Q0095)  (00400)  (00300)

AUG
21.. 0.5 24.0 169 8.5 9.8
21... 1.0 23.8 161 8.6 8.7
21.. 20 236 161 8.5 9.5
21... 30 232 161 8.5 8.5
21... 4.0 226 161 8.4 7.7
21... 50 22.9 161 84 7.5
1. 6.0 22.7 1652 8.3 7.0
21... 7.0 22.4 163 B.2 6.0
2% 8.0 22.0 163 80 3.8
21.., 9.0 209 172 7.8 0.7
21... 100 17.8 196 7.6 0.5
21.. 11.0 6.7 201 7.6 0.5
21... 12.0 156 203 7.6 0.5
2t... 13.0 14.6 201 76 0.5
21 14.0 13.7 201 7.6 0.5
21.. 15.0 12.8 203 7.5 0.5
21 . 6.0 i2.4 204 7.5 0.5
21.. 17.0 121 208 7.5 0.4

21... 18.0 -- -- -- --




Table 1b. Lake-depth profiles do McKenzie Lake (North Site), near Spooner, Wisconsin, 1997 water vear.

WATER QUALITY DATA

PH
WATER SPE-
WHOLE CIFIC
SAM- TEMPER- FIELD CON- OXYGEN,
FLING ATURE (STAND- DUCT- DIS- T

DATE DEPTH WATER ARD ANCE SOLVED
(M} {DEGC) UNITS) {US/CM) (MGJ/L)
(DOOO3) {00010} {00095) (00400) {00300)

JUN
24, a5 235 35 140 0.2
24, 1.0 235 86 140 5.9
24 1.5 23.5 886 140 8.5
24.. 2.0 235 85 140 9.4
24.. 2.5 235 8.6 140 9.4
24, 3.0 235 85 140 9.4
24.. 35 23.5 8.6 140 9.4
24... 4.0 23.5 8.8 140 54
24.. 45 23.5 8.6 141 59
24, 50 21.0 8.5 139 8.7
24 5.5 20.5 84 141 9.7
24.. 6.0 18.0 a1 138 9.3
24.. 7.0 - - - -

JUL
21.. 0.5 240 87 151 9.0
21... 1.0 24.0 8.7 151 8.8
21... 1.4 24.0 8.7 151 B8
21.. 20 24.0 8.7 151 8.6
21.. 25 240 a7 151 8.5
21.. 30 240 8.7 151 a5
2., 3.5 24.0 a.7 151 8.5
21... 4.0 235 8.6 151 8.4
21.. 4.5 22.0 B4 153 8.0
21.. 5.0 215 8.3 153 7.8
21.. 5.5 210 81 154 7.0
21.. 6.0 205 74 155 6.3
21.. 6.5 paski] 76 156 5.1
2. 70 19.5 7.5 156 az
21.. 7.5 18.5 73 157 1.5
21... 8.0 17.0 7.2 182 0.2
21.., 8.5 18.5 7.2 164 0.2
21... 9.0 16.0 7.2 169 aa
21 95 16.0 7.2 173 o1
21, 10.0 L - - -

AUG
15... 0.5 21.0 8.4 140 2.1
19... 1.0 21.0 8.4 140 8.0
19... 20 21.0 8.5 141 7.9
5. a0 21.0 84 141 7.9
19... 4.0 21.0 8.4 140 7.7
9. 50 21.0 B3 140 71
19 8.0 205 83 140 7
19.. 7.0 205 B.1 140 64
19... 8.0 200 7. 143 4.1
19.. 8.0 17.0 7.3 163 0.3

e amee




Table 1b. Lake-depth profiles for McKenzie Lake, North Site, near Spooner, Wisconsin,

1998 water year

WATER-QUALITY DATA

PH
SPE-  WATER
CIFIC  WHOLE
SAM- TEMPER-  CON-  FIELD
PLING ATURE  DUCT- (STAND-
DATE DEPTH WATER  ANCE ARD
(M) (DEGC) (US/CM)  UNITS)
(00098)  (00010)  (00095)  (00400)

MAR
03.. 0.5 3.7 144 8.0
03... 1.0 4.2 158 7.9
03... 1.5 4.4 159 7.9
03... 2.0 A5 159 7.8
03... 2.5 4.5 160 7.8
03... 3.0 46 161 7.8
03... 3.5 4.6 158 7.8
03... 4.0 4.5 160 7.8
03... 45 46 159 7.7
03... 5.0 4.6 158 7.7
03... 5.5 4.8 180 7.7
03... 5.0 4.6 165 76
03... 6.5 4.6 165 7.6
03... 7.0 46 161 7.6
03... 75 4.7 160 7.5
03... 8.0 47 169 7.5
03... 8.5 4.8 171 7.4
03... 9.0 4.9 170 7.4
03... 9.5 - - -

APR
15... 0.5 9.0 148 7.5
15... 1.0 8.9 146 7.5
15... 15 8.9 146 7.5
15... 2.0 8.9 146 7.5
15... 25 8.9 146 75
15... 3.0 8.8 146 7.5
15... 3.5 8.8 145 75
15... 4.0 8.8 145 7.5
15... 4.5 8.8 145 75
15... 5.0 8.8 145 7.5
15... 6.0 8.8 144 7.6
15... 7.0 8.8 144 7.6
15... 8.0 8.8 144 7.6
15... 9.0 8.7 145 76
15... 9.5 - - -

OXYGEN,
DIS-
SOLVED
(MG/L)
{00300)

11.0
109
10.7
10.6
10.6
10.5
10.3
101
9.8
9.3
89
8.6
8.2
8.1
7.8
58
5.1
50

12.0
11.8
11.8
1.7
1.7
11.7
R
1.7
11.6
1.7
1.7
11.6
11.6
1.5



Table 1b. Lake-depth profiles for McKenzie Lake, North Site, near Spooner, Wisconsin,
1998 water year - continued

WATER-QUALITY DATA

PH
SPE-  WATER
CIFIC WHOLE

SAM- TEMPER-  CON-  FIELD OXYGEN,

PLING ATURE  DUCT- (STAND- DIS-

DATE DEPTH WATER  ANCE ARD SOLVED

(M) (DEGC) (US/CM) UNITS)  (MG/L)

(00098)  (00010)  (00095)  (00400)  (00300)

JUN

10... 0.5 17.5 199 8.4 9.6
10... 1.0 17.5 159 8.3 9.6
10... 2.0 17.5 159 8.2 9.6
10... 3.0 17.5 159 82 9.5
10... 4.0 17.4 159 8.1 8.3
t0... 5.0 17.4 159 8.1 8.9
10... 6.0 17.3 159 8.0 8.6
10... 7.0 17.2 160 7.9 8.1
10... 8.0 17.1 161 7.9 7.3
10... 9.0 17.0 161 7.8 7.2
10... 2.5 - - - --
JUL

10... a.5 235 156 8.1 9.0
10... 1.0 23.5 153 8.2 9.0
10... 2.0 235 154 8.1 8.9
10.., 3.0 23.4 153 8.1 8.9
10... 4.0 23.4 155 8.1 885
10... 50 23.3 152 8.1 8.4
10... 6.0 22.8 158 7.7 7.1
10.. 7.0 209 160 7.3 3.5
10... 8.0 18.3 158 7.0 1.5
10... 8.5 - -- -- -
AUG

21... 0.5 23.5 160 8.4 8.9
21... 1.0 235 160 8.4 8.9
21.. 2.0 23.3 1860 8.5 8.1
21.. 3.0 23.3 160 8.5 9.5
21... 4.0 23.0 162 8.4 7.6
21.. 4.5 229 162 8.3 7.6
21.. 5.0 229 162 8.3 7.6
21.. 55 229 162 8.2 7.0
21.. 6.0 228 162 8.2 7.0
21.. 6.5 22.7 163 8.1 6.5
21. 7.0 22,5 164 8.0 4.7
21.. 7.5 222 165 7.9 4.2
21.., 8.0 21.8 165 7.8 3.2
21.. 85 2158 168 7.7 1.0
21.. 9.0 18.9 186 7.8 0.5

21... 9.5 - - - -



Table 1¢. Lake-depth profiles do 0cKenzie Lake {South Site), near Spoaner, Wisconsin, 1997 water vear.

WATER QUALITY DATA

FH
WATER SPE-
WHOLE CIFIC
SAM- TEMPER- FIELD CON- QXYGEN,
PLING ATURE (STANC- PUCT- DIS- -

DATS DEFTH WATER ARD ANCE SOLYED
Y OEG C) UNTTS) {(USKCM) (MG}
(00002 {010) ({D0095) (0040U) {00300

JUKN
24 ¢s 225 g6 141 1wt
24, 1.0 225 8y 141 19.0
24.. 1.5 225 8.6 141 9.7
24, 2.0 22.5 86 140 9.7
24, 24 225 8.6 149 95
24, 30 220 8.5 14Q 3.6
26 a5 21.0 Ba 141 g5
29 . 4.0 21.0 83 140 9.3
24 4.5 0.5 a2 14 8.2
24.. 5.0 20.5 a2 141 g1
24 .. 55 20.0 B 141 K]

3 6.4 175 73 149 7.

24, 6.5 170 76 142 6.2
24 7.0 - - - -

UL
21... 0.8 240 a7 150 3.2
21.. 10 24,0 a7 153 3.0
21 ., 1.5 24.0 8r 151 48
21 20 4.0 B7 150 38
21... 2.9 240 a7 189 68
21.. 3.0 24.0 8.7 150 2.8
23, 3.5 o4.0 8.7 151 28
21 4.0 6.0 8.7 154 8.8
21, 4.5 24.0 8.7 150 B8
2% 50 238 85 152 -
21, 55 23.0 B2 153 65
21 5.0 22.0 78 155 48
21. 6.5 0.5 7.4 1A1 22
21. 7.0 20.5 T4 162 1.9
21.. 7.5 - - - -

AUG
18... o5 210 85 132 8.2
19 10 20 Bh 139 A1
19 1.5 210 8.5 139 81
14... 20 210 55 139 8.0
19... 2.5 210 BS 138 8.0
19.. in 210 as 138 8.0
19, a.5 210 45 133 89
19... 4.0 210 Bh 133 an
13 4.5 21.0 B.S 139 :%e}
13, 50 21.0 a5 138 7.9
19, 55 210 85 139 Ta
13... [] 21.0 B4 139 7.2
13 6.5 zio 8.3 140 74
19, 70 205 83 139 87
19... 7.5 20.5 B.1 140 5%




Table 1c. Lake-depth profiles for McKenzie Lake, Sauth Site, hear Spooner, Wisconsin,
1998 water year

WATER-QUALITY DATA

PH
SPE- WATER
CIFIC  WHOLE

SAM- TEMPER-  CON-  FIELD OXYGEN,

PLING ATURE  DUCT- (STAND- DIS-

DATE DEPTH WATER  ANCE ARD SOLVED

(M) (DEGC) (US/CM)} UNITS) (MG

(00098)  (00010)  (00095)  (00400)  (00300)

MAR

03... 0.5 3.3 154 8.8 12.0
a3... 1.0 4.2 161 8.4 11.8
03... 1.5 4.3 158 8.3 11.5
03.. 2.0 4.4 160 8.2 11.5
03... 2.5 4.4 160 8.2 115
03... 3.0 4.4 160 8.1 11.4
03.. 3.5 4.4 160 8.1 1.5
03... 4.0 4.4 160 8.1 1.4
03... 45 4.4 159 8.1 1.4
03... 5.0 4.4 160 8.1 1.4
03... 5.5 - - -- --
APR

15... 0.5 8.6 144 7.8 13.7
15... 1.0 8.6 144 7.8 12.3
15... 1.5 8.6 144 7.8 12.2
15... 2.0 8.6 144 7.8 12.1
15... 3.0 8.6 145 7.8 12.0
15.. 4.0 8.6 145 7.8 12.0
15... 5.0 8.6 144 7.8 12.0
15... 6.0 8.6 144 7.8 12.0
15.. 7.0 8.5 143 7.8 11.9
15... 7.5 -- - -~ --
JUN

10... 0.5 17.3 159 8.1 10.0
10... 1.0 17.3 159 8.1 9.9
10... 1.5 17.3 159 8.2 9.8
10... 2.0 17.3 158 8.2 9.7
10... 2.5 17.3 159 8.2 8.7
10... 3.0 17.3 159 8.2 8.7
10... 3.5 17.3 159 8.2 9.6
10... 4.0 17.3 159 8.2 9.6
10... 4.5 17.2 159 8.1 8.1
10... 5.0 17.1 159 8.1 9.0
10... 5.5 17.1 159 8.1 9.0
10... 6.0 17.0 160 8.1 8.7

10... 8.5 - - - -

LR T




Table 1c. Lake-depth profiles for McKenzie Lake, South Site, near Spooner, Wisconsin,
1998 water year - continued

WATER-QUALITY DATA

PH
SPE- WATER
CIFIC WHOLE
SAM- TEMPER-  CON-  FIELD OXYGEN,
PLING ATURE DUCT- (STAND- DIS-
DATE DEPTH WATER  ANCE ARD SQOLVED
(M} (DEGC) (US/CM) UNITS}  (MG/L)
(0G098)  (0OD10)  (00095)  (00400)  (00300)

JUL

10... 0.5 252 156 8.2 8.9
10... 1.0 25.2 159 8.2 5.0
10... 1.5 25.1 156 8.2 89§
10... 2.0 250 154 8.2 8.9
10... 2.5 250 156 8.2 8.8
10... 3.0 24.9 154 8.2 8.8
10... 3.5 24.5 155 8.2 8.2
10... 44 23.9 156 82 8.9
10... 4.5 235 154 8.1 8.1
10... 5.0 233 157 8.0 7.8
10... 55 22.2 160 7.5 4.7
10... 6.0 21.4 159 7.2 37
10... 6.5 -- - - -
AUG

21... 0.5 24.1 160 8.4 9.5
21... 1.0 24.1 160 8.5 9.4
21... 1.5 23.7 158 8.6 9.3
21... 2.0 23.6 160 8.8 9.3
2. 2.5 23.6 160 8.6 9.4
21... 3.0 23.5 159 8.7 9.4
21... 3.5 23.4 160 8.6 8.6
21... 4.0 231 160 8.6 8.6
21... 4.5 229 160 8.5 7.9
21... 5.0 227 160 8.4 9.0

21... 5.5 22.8 161 8.3 6.2
21... 6.0 - - - -




-- - -- - ale 0L2 0 o2 - - -
- Ly [ 29 18 L1800 S0 1A 20l L'g L5/81/80
-- - - - 12 ¥S0'C 02 - - -
-- gt 6'€ €9 g4 880°0 G0 ot S'El Ly L6/12/L0
.- - - - ov 0v0'0 ie - - -
- St [ 4 84g L& LEQ'D g0 ety g i ¥'e L6/92/80
€00 > . - - gL G.0°0 rd - N -
200 > gt L2 19 L9 £90°0 S0 8¢ 8'tl S'v LB/P LI5S0
(/6w) ~ouog {(7/67) (1761) | (q/6w) | (1eay) (1eey) | (s1epBul}
snJoydsoyd ayeydsoyd 1S L "DUOY) 'Sl ouen ‘oL yideg 1Sl yideq yideq aleq
-QUUO paajossid e ||Aydoiojysn snioydsoyd [e1ol Bujduwreg YSI0 142998

8]gE|IBAR BIED OU $8]1B0IDUI -- (B8)|qed)dde ou S8)E2IpUI-]
leah Jsiem 2661
(a0 daaq]) oyeT a1zuayoW Jo) (1S1) saoipul 8ieis aiydol) pareioosse Ji1sy) pue sisAfeue Aljenb Jaiem pue Ae|o I81ep — ‘B2 8iqe




Table 2a. Water clarity and water-quality analyses and their associated Trophic State Indices (TSI) for McKenzie Lake, South Site,

[ - indicates not applicable; -- indicates no data available]

1998 waler year

Secchi Disk __| Sampling Total Phosphorus Chlorophyll a Dissclved Qrtho-
Date Depth Depth TSI Depth Conc. Cone. TSI Conc. TSI phosphate Phosphorus
{meters) {feet) {meters} | (mg/L) {ug/t) {ug/L) Cone. (mg/L)
7/10/98 4.5 14.8 38 0.5 0.017 17 50 4.98 47 --
8/21/98 2.5 8.2 47 0.5 0.218 218 70 3.36 44 --
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Table 2c. — Water clarity and water quality analysis and their associated Trophic State Indices (TSI) for McKenzie Lake {South Site)

1997 water year

[<indicates no applicable; -- indicates no data available

Secchi Disk Sampling Total Phosphorus Chlorophyll a Dissolved Ortho-
Date Depth Depth TS| Depth Cone. Cone. TSl Conc. T.S.1. phosphate Phosphorus
(meters) [ (feet) (feet) (mg/L) {lLg/L) (ng/L) Conc. {mg/L)
06/24/97 3.0 9.8 44 0.5 0.030 30 55 3.79 45 --
- - - 8.5 0.059 59 - - - --
07/24/87 4.0 13.9 40 0.5 0.030 30 55 4.25 46 -
- - - 7 0.039 39 - . . .-
08/19/97 2.3 7.5 48 0.5 0.041 41 57 6.07 48
- -- -- -- 7.5 0.045 45 - - - --




Table 2c. Water clarity and water-quaiity analyses and their associated Trophic State Indices {TSI) for McKenzie Lake, South Site,
1998 water year
[ - indicates not applicable; -- indicates no data available]

Secchi Disk Sampling Total Phosphorus Chlorophyll a Dissolved Ortho-
Date DCepth Depth TSI Depth Canc. Conc. TS| Cone, T8I phosphate Phosphorus
(meters) {(feet) {meters) | (mg/l) {ug/L) {ug/L) Conc. {mg/L)
04/15/98 2.8 8.2 45 0.5 0.026 26 53 5.08 47 --
08/10/98 3 9.3 44 0.5 0.016 16 50 5.05 47 --
07/10/98 4.4 14.4 39 0.5 0.018 18 51 4.05 45 --
- - - 6.0 0.021 21 - - - -
08/21/98 2.6 85 46 0.5 0.021 21 52 6.79 49 --
- - - 9.0 0.032 32 - - - --




Table 3. Conditian of McKenzie Lake relative to other northwestern Wisconsin Lakes

Percentage distribution of
lakes in southeast

Parameter Wisconsin within parameter
ranges
Total Phosphorus (mg/L)

<0.010 _ best condition 12

McKenzie Lake: . 00100020 35
. 0.020-0.030 23

0.030-0.050 18

0.050-0.100 8

0.100-0.150 v 3

>0.150 worst condition 1

Chlorophyll a (ug/L) .

McKenzie Lake o5 " best condition 29
5-10 36

10-15 14
15-30 14

>30 worst condition S

_ Secchi depth (meters)

McKenzie Lake 3060 © bestcondition - 22
2.0-3.0 l 29
1.0-2.0 30
<1.0 worst condition 15
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Figure 1. Locations of water-quality and lake-stage monitoring sites on Big McKenzie Lake
near Spoonet, Wisconsin.




LOCATICN.--Lat 45°55'07", long 92°01°357, in NW 1/4 SW 144 sec.30, T.40 N, R.13 W, Washburn County, Hydrologic Unit 07030002, 9.4
m1 rarthwest of Spooner.

PERIOD OF RECORD --February 1987 te current year. (Data collected before 1997 available, but not published in this report sertes.)

REMARKS.--Lake sampled at deepest point in the luke. Water sampling done hy Wisconsin Department of Natura) Resources. Water-quality
analyses done by Wisconsin State Laboratory of Hygiene.

WATER-QUALITY DATA, MARCH 19 TO AUGUST L8, 1997
{Milligrams per Liter unless otherwise mdicaied)

Map 1% Hay -4 June 24 July 21
secch-depLn wetersi --- 4.8 1.4 4.1
Chleropoyl. a, physoplankton {ugeL) 9.1 2.7 4.1 39
ooprbh of sample (m) 0.5 20,4 0.5 29,1 s aq 210 o3 10.0 2.0
Witer temperature i C) G0 4.5 e, 3 10.0 230 140 1.0 233 14.z 0 1t.2
od junits}) 7.7 7.1 7.4 74 7.4 7.5 74 3. 7.2 7.4
Drenslv=d axygen 11.4 5.2 3.5 7.0 3.4 l.¢ a.3 90 0.4 0.3
Phesphorus, toral jas 0.00% 0.0l n.0€37  0.075 no03L d.04n J.GBS o054 0 231 0.2%
Phosphees. orihz, dissalved tas 71 --- -—= <0 092 «n.qol -- - -- -- .
KG. o« NOZ, diss. {as N S - [ERA N oAty - [ - . [
ammontd, dissclved t(as N) o -—-- - <G.013 <0 OL% - - - - - - -
Notrogon., osumn. + nrg.. tartal fas N - --- G 3 VI P - - . R
Niirzgen, tobal {as N [ - N3 B R - - - - -
Colar (PT-Co scale) - . g 5 [— - - . - .- -
Terbidiry (NI . - nE 0.5 - . R S -
Vardress, as Qadid — R T4 T3 R - __ —_——
Caluaam, digsslved tla) . - on A R _— - - R _—
Magnesyom, dizsalved (Mgl --- .- 5.8 L] [ R - o
Sodium, disyclved (Nal --- -- K 2.3 ..o - - [ - -
Potassium, Giszoalved (K - —-—- 0.7 .5 - - . R [
Alxzalimitbty, as CZalul - - 72 i _— I . .- -
Sulfate, dissolved (554} - <2 <z N - . R .
Chleride, dissovlwved (C1) - - —_ ER 1.1 - —_— - .
Silica, dissolved {51021 .- -- —— _- - - - - ___
Solids, dissclved, at 1307¢ — - 114 108 -- .- R - -
Izen  diaszolved (Fel pgilL - - 4 a0 - - ae o I -
Mangancsa, dissolved (Mo pag/l --- -—- ] Az - - - —— - -
iug 1%
Secchl depth (metecs) 3.1
Culrrophyll a, phvtoplankbon {pg/i) 5.1
Depch of sample (m) [H 1.0 2L C
Hiter temperatures |0} 20 3 13.5 1.1
rLH ‘units} TE ¥.3 7.l
solvad axygen T.7 d.3 a0z
Fhrosphorus, taral {as P) 0,344 0.13% 1.54%
3-19-97 5-14-97 6-24-97 7-21-97 81897

DISSOLVED OXYGEN (D.Q.), IN MILLIGRAMS PER LITER
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Figure 2a. Water-quality data and depth profiles for McKenzie Lake, Deep Hole, near Spooner, Wis-
consin, 1997 water vear




LOCATION --L.at 4575507, long 9270035, i NW 1/4 SW 1/4 5¢¢.30. TA4O N, R 13 W, Washbum County, Hydrolagic Uit 67030002, 9 4
mh notthwest of Spooner.

PERIGD GF RECORD.--February 1987 to current year. {Data collected by Wisconsin Department of Natwral Resources before 1197 available,
but not published in this report series.}

REMARKS --Lake sampled at deepest point in the fake  Water-quality analyses done by Wisconsin State Laboratory of Hygiene

WATER-QUALTTY DATA, MARCH 03 TO AUGUST 21, 1998
(Mulligrims per liter unless ntherwise indicated)

Mar G3 July 17 rugz. 21
Lare stage |EL} --- 0.3 T 17
Secihi-deprh (meterst - 4.5 2.3
Chlarvcekyll a, phytaplankton {pgfll - 4.9« R
Deprkh oS sample (m) 9 14.3 o5 1.5 9.5 3.9 17.0
Warer temperature [ 1.1 - 25 3 10.% 240G RO iz 1
Specliic condurtance (WS o) lad -- 1z2 14y 152 Lz z08
EH umibs. L 5. T2 [ T 7.5
Dissolved owyoon 113 -—- 49 20 9.8 T [
Phospnnuas. Lobtal (as P 0040 LV 2.917 2.8 Toagn d,97% 395

3-03-98 7-10-28 B-21-08

DISSOLVED OXYGEN (D.O), IN MILLIGRAMS PER LITER
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Figure 2a. Water-quality data and depth profiles for McKenzie Lake, Deep tlole, near Spooner, Wis-
consin, 1998 water vear
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[.OCATICGN --Lat 45°55'40", long 92°02'26", in NW 174 NE 14 sec 25, T40 N, R. 14 W, Burnett County, Hydrologic Unit 07030002, 10.3 mi
nartiwest of Spooner.

PERIOD OF RECORD --june 1o August 1997

REMAREKS --Lake sunpled at about 8-meter depth i northern region of tuke. Water-quality analyses doae by Wiscansin State Laboratory of
Bygene.

WATER-QUALITY DATA, JUNE 24 TO AUVGUST {9, 1997
(Malhvgrams per liter unless otherwise indicated)

June L4 Juivy 21 Aug. 17
Laxe stage {(ft) 0.06 0,12 G112
Zarchl -depth (moters) 1.8 4.4 z. 8
Calarophyll 4, phytoplankbon (pg/0) a.r il 5.2
Cepth mf gampie (m) [N 7.5 (AR 9.5 [ ]
Water Cempzzskuye e PR 15.5 2400 [ PR 17.43
Specitoe readuitance (US/om) 140 129 151 173 144 1RZ
pH enicst 406 7oA 5.7 T2 3.4 7.3
Cissolved wiygen 10.2 ] 5.0 0.1 a.l 03
thospheris, tewbal (asz ™) 0028 J.% i 0.028 0.04% L.042 0 04%

6-24-57 7-21-97 8-15-57

DISSOLVED OXYGEN {D.Q ), IN MILLIGRAMS PER LITER
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Figure 2b. Water-quality data and depth profiles for McKenzie Lake, North Site, near Spooner, Wis-
consin, 1997 water year




LOCATION.-Lat 45°3540", long 92°0226", in NW 1/4 NE 1/4 5ec 25, T40 N, R.14 W, Bumett County, Hydrologic Un:t 07030002, 10.3 u
notthwest of Spooner.

PERIOD GF RECORD.--June 1997 to current year,

REMARKS --Lake sampled at about 8-meter denth in northert region of lake. Water-quality analyses done by Wisconsim State Laboratory of
Hygierne.

WATER-QUALITY NATA, MARCH O3 TQ AUGIUST 21, 1998
(Miihgrams per liter unless otherwise indicated)

Mar. [13 apr. 15 June 19 July 13 fAug 21
Lake staze (D) -—- C 53 a.17 0.31 0.7
SerchLl-denTn imeters) - - 32 1.2 ] 2.0
Shiwesghyll il phytoplankton (a/L) 5 0E £5.52 LT 71
Sagra i sample m) 0.5 0.5 .5 nog g.0 o= g 3
WaraT Terporatuce ey 3.7 90 17.5 23.5 la . 2 »3.5 13.9
Speit conductance (WSScm) 144 143 159 156 153 1532 186
FE anlhs 2.0 ] 8.4 T Ton 4.4 T
Cuomelred cuygan 1i.0 12.1 5.6 200 1 = A G 05
thowpleares, toal (as 20 1.584 B.0zZ4 ooy oA S0t a.azz PRI

3-03-98 4-15-97 5-10-98 7-10-98 8-21-28

DISSOLVED OXYGEN (D.C.}, IN MILLIGRAMS PER LITER
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Figure 2b. Water-quality data and depth profiles for McKenzie Lake, North Site, near Spooner, Wis-
consin, 1998 water year




LOCATION.—-Lat 45°54'37", long 92°02'23", in SW 174 NE 144 sec. 36, T40 N, R[4 W.. Burnett County, Hydrologic Unit 07030002, 9.2 mi

northwest of Spooner.

PERIOD Of RECORD .--June to August 1997
REMARKS --Lake sampled at about 8-meter depth in suuthern region of luke  Wuter-quality analyses done by Wisconsin State Laboratory of

Hyziene.
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WATER-QUALITY DATA, JUNE 24 TO ALGUST 19, 1997

{(Milligrams per hiter unless otherwise incicaced)

Jure 24 July Bl
0 Db 0.12
1.0 4 9
i/ L) 33 4.2
C.3 6.5 0.5 T
2.5 17.6 240 20 5 z
141 142 150 162 1:
2.5 T8 a4 7 T
ERVE 5.2 9 2 1.3
a.4040 0.u5% 0.0Za 0.93%9
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DISSOLVED OXYGEN (D.O), IN MILLIGRAMS PER LITER
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Figure 2¢. Water-quality data and depth profiles for McKenzie Lake, South Site, near Spooner, Wis-

consin, 1997 water year
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Figure 3a. Surface total phosphorus, chiorophyli a concentrations, Secchi depths,
and TSI data for Big McKenzie Lake at Deep Hole near Spooner, Wisconsin.




LIOCATION --Lat 43°54'37" long 92°02"23", in SW 1/4 NE 1/4 sec.36, T40 N, R.14 W, Burnett County, Hydmlogic Unit 07030002, 9.2 1m
acrhwest of Spooner.

PERLOD OF RECORD.--June 1997 to curtent year.

REMARKS --Lake sampled at about 8-meter depth in southern region of lake. Water-guality analyses done by Wisconsin State Laboratory of

Hygiene,
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Figure Ze. Water-quality data and depth profiles for McKenzie Lake, South Site, near Spooner, Wis-
consin, 1998 water year
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Figure 3b. Surface total phosphorus, chlorophyll a concentrations, Secchi depths, and TSI
data for McKenzie Lake, North Site, near Spooner, Wisconsin.
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Figure 3¢. Surface total phosphorus, chlorophyll a concentrations, Secchi depths, and TSI

data for McKenzie Lake, South Site, near Spooner, Wisconsin.




