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ABSTRACT

A detailed 3-ycar study was performed to delineate
the water quality aspects of the newly created Lake
Lvergreen. Some physical and chemical characteristics
of the impoundment and its major tributary, Six-Mile
Creek, are examined. An effort to detect significant
relationships between the waters of a free-flowing
stream and the impoundment of the waters was not pro-
ductive. Dissolved oxygen stratification suggests
that man-made impoundments may be 'old,' limnologi-
cally speaking, from the day of their creation.

INTRODUCTION

Impoundment as a water resources management tool is an age old
process. With an increasing awareness of the importance of water
quality aspects, quality and quantity considerations have become an
integral part of water resources planning and management. Conse-
quently, a knowledge of the physical, chemical, and hiological
changes which accompany an impoundment is invaluable. Limnological
studics in large natural and man-made lakes and reservoirs have
been extensive., However, systematic studies on small impoundments,
particularly in their very early periods of existence have becen
very few. Lake Fvergreen, situated in central Illinois, provided
an opportunity to perform such an investigation.

LAKLE LVLRGREEN

The lake is located 10 miles north of Bloomington, Illineis. It
was created by damming Six-Mile Creck where it flows northward into
the Mackinaw River. The dam was closed in January 1971 and the impound-
ment reached the spillway level during the first week of January 1972,
Trees and shrubs were cleared from the lake bottom but 311 of the hoerh-
accous growth were disked under during the fall season nreceding the
closure of the dam.

The topography of the watershed is characterized by gently rolling
uplands with slopes leading to the shoreline unlike the flat open farm
land of the surrounding region. There are no industries in the water-
shed and the villtage of lludson with a population of about 802 js the
only community within the watershed. Illousehold septic tanks arc used
for liquid waste dispesal in this community.
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Figure &. Temperature and DO variations in Sixz-Mile Creek and at
the surface, mid-depth, and deep locations of Lake Statiom.
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TABLE 2. Comparison of the Results of Ilurmonic Analysis
of Tempurature Data
(iemperature in degress )

FPercent
variance
aceounted

Standard for hy
Annual mean error of Cocfficient of first
temperature Amplitude cstimate mgorrelﬂtion harmonic

Laks Siaiion

1972
Surface 15.1 s 2.7 0.93 RIS
Mid-depth 12.5 1.0 2.6 0.95 o3
Lieep 11.0 8.7 1.4 .96 42.2
19473
Surface 15.3 12 1.7 0.98 0G0
Mid-depth 14.3 11.7 1.7 a.98 86.0
leep 12.7 9.4 2.1 .96 uz.?
1571 13,1 15.1 2.3 .96 2.2
1972 15.9 12.7 3.0 .85 Q0.3
1873 14,1 12.53 3.1 0,94 BR.4
13,2 12.3 1.8 0,98 94,6

The observed temperature data for Lake Bloomington gave a hetter fit
with the teoretical sinusoldal curve compared with the surface and
mid-depth data for Lake Lvergreen as shown by the standard crror of
estimate. In the case of Lake Bloomington, even though each data
point in the analysis represents a single ohservation for the day,
there wore twice as many observations ip a year than for Lake Lver-
green. This again confirms the general statistical axiom that the
larger the samplc size the better the results. For the same reason,
the coefficient of correlation and percent of total variance in the
temperature reeord accounted for by the annual harmonic cycle are
higher for Lake Bloomington.

The annual mean temperatures in °C for the Lake Station st the
surface, mid-depth, and deep locations for the year 1972 were 13.1,
12.5, and 11,0, respectively. Thosc for the vear 18973 were 15.3,
14.3, and 12.7, resnectively, showing a progressive decrease with )
inereasing depth. A similar trend was observed for Lake Bloomingten. ?

Figure 3 shows the isotherms at the deep station lor the rears
1972 and 1973. The lake began to thermally stratify during the first
week of May and became completely destratified By the middle of Octo-
ber. The stratification of the Jake extendad For a period of about
5 1/2 months. Isotherms at Station 1 of Lake Bloomington for the
vear 1966 had similar patterns that existed only for a period of 4
months, from early Junce until late September.
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Figure 3. Lake Station (desp) fsctherms for (a) 1572

and (B) 19273, ond 00 fgopleths {2).
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TAGLE 3. Results of Correlatien Analysis
between Turbidity and Total Tron

Ordinate Cocfficient of
intercept Slope _corrclation
Six-Mile ¢reak 1,425 1.0244 0,86
Lake Station
Suriasce 0.134 (. 01305 0.61
Mid-depth 0.428 a.0030 n.o07
Deep 0,118 0,0420 .92
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compared to chloride. Two unusually high peaks were observed for chlor-
ide in the year 1971, Two similar peaks, though not of same magnitude,
were again obscrved for chloride in the years 1972 and 1973. The flow
in the creek when these peaks occurred was cssentially a baseflow with

a rate of about 0.5 cfs in 1971 and about 1.5 cfs in 1972. Thesc high
chioride concentrations were drastically reduced immediately after
rvainfall when the streamflow increased.  The high chloride concentra-
tions are reflective of either the soil characteristics of the drainage
basin ar of some factor caused by agricultural activities, particularly
in cattle raising where salt blacks are used extensively. Road salting
operations cannot be the source for these clevated chloride concentra-
tions in the creck. A comparison of the chloride and hardness determin-
ations indicatod an association did net exist thus suggesting the chlor-
ide source was sodium chloride,

The vearly mean and the range of values in each year for hardness,

chleride, sulfate, and tetal dissolved solids (TuS) for Six-Mile Creek
are shown in lable 4. the sulfate to chloride ratio failed to indicate
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TABLE 4. Water Quality Data for Six-Mile Creek
and the Three Lake Evergreen Station Locations

Tempera-
ture DO Hardness Chloride Sulfate TDS
(%) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)
Six-Mile Creek
1970%*
Mean 17.7 9.1 351 29.7 84.9 481
Range 2.6-28.7 5.0-13.5 274-410 21.8-490 74.0-109 378-526
1971
Mean 14.4 10.5 377 84.1 76.8 548
Range 0.2-28.5 6.3-14.3 295-448 16.0-223 55.7-177 422-825
1972
Mean 11.4 10.8 342 27.4 70.4 429
Range 0.3-29.5 4.1-15.4 212-460 13.0-60. 45.5-83.5 260-500
1973
Mean 14.9 9.5 322 19.8 63.6 418
Range 1.4-30.7 5.9-15.4 212-393 12.0-75.5 45.5-77. 260-532
Flow weighted average
for entire record 343 26.5 71.4 458
Lake Station, surface
1971%*
Mean 15.7 8.8 264 21.8 57.9 336
Range 3.4-26.9 6.5-13.9 244-296 20.1-23.0 53.1-68. 293-383
1972
Mean 13.0 9.8 265 21.4 60.2 328
Range 1.5-28.0 6.2-15.3 236-328 19.7-23.2 52.2-64. 268-380
1973
Mean 14.9 9.7 245 14.6 49.7 288
Range 1.2-28.2 5.5-13.7 138-298 9.8-19.6 30.8-60. 183-360
Lake Station, mid-depth
1971**
Mean 17.1 8.2 264 21.6 57.8 341
Range 3.1-26.3 5.1-12.7 252-295 20.1-24.0 39.1-66. 306-397
1972
Mean 11.9 8.2 268 21.0 59.7 329
Range 1.5-26.0 1.6-13.7 240-304 16.8-23.2 52.2-64. 275-369
1973
Mean 15.7 7.4 252 14.8 50.3 295
Range 1.9-26.2 1.3-13.7 216-304 11.2-19.6 43.5-63. 239-360
Lake Station, deep
1971%*
Mean 15.1 6.3 265 21.5 54.5 322
Range 3.1-22.4 0.5-17.4 251-291 19.0-24.0 49.6-65. 293-391
1972
Mean 10.6 5.8 277 21.1 58.2 338
Range 1.5-19.8 0.4-12.9 250-314 19.7-22.6 53.5-62. 289-386
1973
Mean 14.1 6.1 253 14.2 49.2 297
Range 2.0-23.2 0.6-13.8 227-300 10.2-20.0 37.8-60.3 262-363

*Data collection commenced on 6/30/70
** Impoundment closed January 1971; reached spillway level January 1972

300



301



any trend in the mineral quality variations. ‘The flow weighted average
for hardness, sulfate, and total dissolved sclids compare well with the
yearly arithmetic mean values of thc observed concentrations. That 1is
not the case for chloride. Simple correlation analyses were run with
streamflow rates in cubic feet per sccond (cfs] as the independent
variable (¥} and chloride, sulfate, hardness, and total dissolved
solids as dependent variables (¥). Yo functional relationship was
discernahle between flow rates and either sulfate, hardness, or total
dissolved solids. The relationship between streamflow and chloride

(in mg/1) was found to be inverse of the form ¥ = ar® with a correla-
tion cocfficient of -0.75. The values of the cocfficients were, o =
70.66 and & = -0.31.

A simple linear correlation analysis was also carried out among
the four variables chloride, sulfate, hardness, and total dissolved
solids. The only significant correlations noted were between total
dissolved solids and hardness, and between total dissolved solids
and chloride. The correlation coefficients in these cases were 0.71
and .85, respectively.

The temporal variations in chloride and sulfatc at the three Lake
Station locations were similar. Observations for the surface of the
Lake Station (Figure 57 is typical of the other locations. Except for
one ohservation for sulfate, in all of these locations at the very early
stapes of the filling of the impoundment, the chloride and sulfate con-
centrations did not fluctuate much., The moderating cffect of the im-
poundment on wide fluctuations in chloride and sulfate concentrations
in the creek is readily apparent by examination of Figure 5.

Mineral quality characteristics, dissolved oxygen, and temperature
data for the three Lake Station sampling locations arc presented in
Table 4. he mean values from ycar to vear at each location and among
the three locations themselves are verv nearly the same., The range of
values of these parameters is also moderate compared to the corres-
ponding vaiues for the free-flowing waters in the Six-Mile (reek.

An attempt was made to corrclate the mineral quality parameters
in Six-Mjle Creek with the corresponding mineral quality parameters
oi the Lake Stationm surface. Linear, cxponential, and geometric forms
of relationship were tried treating the Six-Mile Creek values as inde-
pendent variables. There was practically no correlation between the
Six-Mile Creek values and the lake surface obscrvations. The concept
of predicting the likelihood of the water quality of impounded waters
from knowledge of water quality data of a free-flowing stream is not
supported here.

An anomalous situation in Lake Uvergreen should be pointed out
here. The mean values of chloride, sulfate, hardness, and total
dissolved solids for the Lake Station are all less than the corre-
sponding mean values and the flow weighted average values for Six-Mile
Creek. Direct rain and snhow precipltation on the lake surface is not
considered significant. The effect of snowmelt should have equal
bearing on streamflow as on the impounded waters. No rational expla-
nation for this phenomenon is apparent at this time.
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SUMMARY

Some watcr gquality aspects of Lake Evergreen, which is in the early
phase of its cxistence, werc cxamined and reported here. Dissolved
oxygen and temperature variations have annual cyclic trends. The annual
temperature variations of Lake Evergreen surface waters are similar to
those for Lake Bleomingtom, located about 6 miles east of Lake Lvergreen.
Concentrations of several of the chemical quality parameters like chlo-
ride, sulfate, iron, hardness, total dissolved minerals, ctc., were
found to be less im the lake than the average values of the same par-
ameters under free-flowing conditions. For Six-Mile Creck, flow was
found to be reasonably well correlated with chloride and turbidity in
the creek and lake samples weore highly correlated with total iron.

The development of dissolved oxygen stratification to the point
where an anoxic hypelimnion is created is a classic demomnstration of
an agzing, eutrophic lake system. Such a development during the first
year of Lake Lvergreen's existence sugpests that the limnological
principles applied to natural systems may not be applicable to man-made
impoundments .
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