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History

A brief review of BellaireTs history reveals the strong desire to 
maintain the high quality of Lake Bellaire. In 1971 a direct surface 
water discharge to Lake Bellaire was not permitted by the Michigan 
Department of Natural Resources. Nutrient inputs improperly discharged 
through a poorly designed wetland treatment system in 1976 and 1981 
caused growths of nuisance algae in Lake Bellaire and resulted in a 
considerable uproar from local citizens and the Three Lakes Association.
In 1982, both Inland Lakes Management and Water Quality Surveillance 
Section recommended denial of a direct surface water discharge to Lake 
Bellaire. In 1985, the recommendations from these units remained the 
same as in 1971 and 1982.

Background Data

Lakes receive nutrients from many sources. Some possible sources of 
total phosphorus to Lake Bellaire are listed in Table 1. The water shed 
contains land use types (Table 2) approximately 75% of which are very low 
in phosphorus and are considered background.11 The remaining 25% are 
range land (5%) urban (6%) and agricultural (18%) which have the potential 
of contributing phosphorus above background levels.

Measured total phosphorus concentrations in influent streams to Lake 
Bellaire (the Intermediate River and Grass Creek) averaged__ approximately 
7.4 ug/1 (Table 3). This loading was 66% of the phosphorus budget for 
Lake Bellaire. The immediate watershed of Lake Bellaire and precipitation 
and dry fallout contributed another 24%. Estimated septic tank contribution 
was 3.i%.

The Bellaire Wastewater Treatment Plant contributed approximately 6.5%
(200 lbs.) in 1977 through 1980 but in 1981 contributed approximately 15% 
(500 lbs.) after the original wetland became phosphorus saturated (Table 
4). Nuisance algae conditions existed in Lake Bellaire and the Intermediate 
River during 1981. These loadings are based on Robert Kadlec’s (U of M) 
yearly studies of the original and river forest wetland sites in 1976 
through 1984. (See Table 5 for original wetland loadings and Table 6 for 
river forest wetland loadings).

Bill McCracken, Chief, Permits Section

David Kenaga, Water Quality Surveillance Section

Lake Bellaire and the Bellaire Wastewater Treatment Plant
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Lake Modeling

Lake Bellaire was modeled using the Walker model. Predicted in-lake 
total phosphorus concentrations were 6.3 ug/1 without WWTP loadings, 6.7 
ug/1 with 200 lbs. WWTP loadings, 7.4 ug/1 with 500 lbs. WWTP loadings 
and 8.3 ug/1 with nearly 1,000 WWTP loadings (Table 7).

Statistical phosphorus load-lake response models have been a considerable 
step forward in lake management science. The development provides 
limnologists with an effective quantative tool for predicting and 
assessing the water quality impacts of phosphorus control programs for 
combating eutrophication (Rast, et al, 1983). It must, however, be 
realized that the environment is made up of physical, chemical and 
biological components that are altered and changed not only year by year 
but minute by minute. Additionally, phosphorus load lake response models 
inherently have a level of uncertainty which must be recognized (Reckhow 
and Chapra, 1983). Consequently, application of the models must be 
undertaken with care and a realization of their limitations. It is also 
important to keep in mind the sensitivity of the management decision to 
the model output and the detectability of the water quality response by 
the public.

Lake Bellairefs present state as a high quality (oligotrophic) lake is an 
important factor to consider. The relationship between water quality and 
changes in nutrients applied is not a linear relationship. A small 
change in total phosphorus concentration in a highly eutrophic lake will 
produce minimal changes in water quality. On the other hand, a small 
change in total phosphorus concentration in a high quality lake like Lake 
Bellaire can result in a substantial change in water quality (Figure 1). 
Consequently, minor changes in phosphorus supply are important at Lake 
Bellaire because they can result in significant water quality changes 
which are perceivable by the community of Bellaire and its citizens 
around the Lake.

Maintaining High Water Quality Conditions

The following goals are presented as desirable for maintaining the high 
(oligotrophic) water quality conditions in Lake Bellaire.

1. Dissolved oxygen should not drop to zero mg/1 in the bottom waters 
(hypolimnion). This will prevent the build up of phosphorus rich 
waters in these bottom waters and the potential transfer and use of 
phosphorus in the epilimnion (upper waters).

2. Average summer water quality as measured by Secchi disc should be 
approximately 10 feet or greater, thus maintaining good water 
quality.

3. The phvtoplankton community should be dominated by diatoms rather 
than the more nuisance prone green and blue-green algae species.
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4. Average summer chlorophyll a concentrations should be approximately 
two micrograms per liter or less in the deep basin sampling station. 
These concentrations should prevent nuisance problems,

5. The development of vascular hydrophyte population should be limited 
to protected shores and bays.

Based on data for over 600 lakes in Michigan, it is generally estimated 
that to achieve these goals, it is necessary to maintain in-lake phosphorus 
concentrations below 10 ug/1. However, lakes are very distinct resources 
and can exhibit serious water quality degradation at concentrations below 
10 ug/1. There may be many reasons this occurs, but one major, if not 
the major reason for this is a loss of oxygen in the bottom waters (the 
hypolimnion) and the initiation of internal phosphorus loadings (Figure 
2).

Lake Bellaire is at the point of nearly loosing its oxygen concentration 
in its bottom waters (Figure 3) which could result in severe nutrient 
recycling of total phosphorus from the sediments. If this begins to 
occur in Lake Bellaire, we would expect a distinct, relativly rapid, 
change in the Lake condition.

In summary, to protect the present condition of Lake Bellaire, we recommend 
that nutrient loadings to Lake Bellaire be minimized to the greatest 
extent possible. In keeping with this, we recommend that the municipal 
wastewater not be discharged to Lake Bellaire unless all other feasible 
options are exhausted.
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Nutrient Cycling in Lakes Which Lose Their Oxygen Below the Thermocline

Lakes which lose their oxygen promote release of phosphorus from bottom sediments.

Water below the thermocline becomes phosphorus rich.

Some phosphorus may migrate up through the thermocline if bottom waters become very rich, or if the 
thermocline is weak or winds are able to cause seiches (mixing).

Phosphorus rich water mixes with the rest of the lake when the spring and fall overturn occur - This 
enriches the entire lake.

The enriched lake then is more productive (fixes more carbon or makes more algae), creates an increase 
in the amount of biological and biochemical oxygen demanding substances (algae or rooted plants) 
which eventually are precipitated to the hypolimnion (bottom waters).

Increased oxygen demanding substances cause more rapid loss of dissolved oxygen in hypolmnetic (bottom) 
waters - cycle accelerates.

Changes in nutrient availability results in phytoplankton (algae) community Changes which are inturn 
reflected in changes in higher trophic levels (zooplankton, aquatic insects and fish).

Changes in phytoplankton community may result in algal blooms which may result in wide fluctuations in 
dissolved oxygen concentrations in the upper (epilimnetic) waters of the lake.

Algae blooms are aesthetically unpleasing and sometimes taste and odor producing*Certain stains can 
produce toxic effects on mammals.

Wide fluctuations in dissolved oxygen due to algal blooms may cause fish kills.



Table 1. Possible nutrient sources to Lake Bellaire

Intermedi ate Ri ver 
Grass Creek
Unnamed creeks -from the east -from Shanty Creek Hill
Msadowbr g o k Ex tended Car e Fac i1i t v
Golf courses
Septic tanks
Lawn -fertilizers
Airport site
The Shanty Creek development site and groundwater -From the 

Shanty Creek wastewater disposal sites.
Lamina Bronze Products?
Village of Bellaire Stormwater

V
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Forest 597.
Wet1 and 107.
Water ~ T mt/.

Rangel and
Urban 6%
Agriculture IS 7.

Table 2. Land Use Types in the Lake Bellaire Watershed.
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Table 3. Measured Concentrations of Total Phosphorus 1n the Intermediate River, Grass^ Creek, 

Lake Bellaire and the Grass River, 1981-1985. Results 1n ug/1.

Material gathered from reports by Kenaga, D. 1981. Kenaga, 1982, Kenaga, 1984, Unpublished Kenaga, 1985.

s = surface 
m = mid-depth 
dm = deep mid-depth 
b = bottom

Intermediate River 
Upstream Krause Rivelet Grass Creek

Lake Bellaire 
Northwest Basin

Grass River 
Central Basin (outlet fr Lake Bellaire)

9-22-81 8 - 15(s) 9(s) -

10-28-81 6 - - - -

4-28-82 3 8 2(s)3(b) 4(s)4(m)4(b) 3

5-19-82 11 7 - - 8

8-30-82 8 - 7(s)6(m)7(b) 9(s)6(m)5(dm)7 (b) 3

4-27-83 8 - 5(s)4(m)3(b), 5(s)5(m)4(dm)3(b) -  •

7-30-85 -  ■ - 9( s)4(m)1(b) 9(s)5(m)- 10(b) -

Mean Concentrations 7.3 7.5 7.6 4.7 3.4 7.2 5.0 4.7 6.8 4.7



Table  ̂ Total Phosphorus Inputs to Lake Bellaire

Pounds (lbs) Percent (%)

1. Watershed Runoff 2260 73.1

a. Intermediate River *•
mean flow x mean TP conc.
95.5 MGD x 0.007 mg/1
= 5.50 lb/day x 365 days = 2036 lbs/yr = &  /o

b. Immediate Watershed
Total Intermediate River watershed = 393.7 sq km 
Immediate L. Bellaire watershed = 44.33 sq km 

44.33 -I 3937 = .113%
1 % x Total watershed loading = immediate 
Lake Bellaire loading = 2&H lbs/yr^ c

7.3%
2036 

+ 23LH

2. Precipitation and dry fallout ? 526 17.0
7,183,425 sq meters of L. Bellaire x 33.3 mg/m /yr 
= 239208052.5 f 1,000,000 = 239 kg/yr 

mg/y'r
239 kg x 2.2 lb/kg = 526 lbs / o

I 1
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3. Septic tanks
170 homes on Lake Bellaire 
normally use 3.5/people per house 
but assumed seasonal homes in part and 
so used 2jj
25 per persons based on EPA's National Eutrophication Survey 
170 x 25 x 0.25 lbs = 106 lbs

4. Bellaire WWTP
average estimated loading 1977-1980 
average estimated loading 1981

Phosphorus Nutrient Budget Summary 1977-1980 1981

Nutrient Source Ibs/yr % Ibs/yr %

Watershed 2260 73.1 2260 66.6
Air input 526 17.0 526 15.5
Septic tanks 106 3.4 106 3.1
WWTP 200 6.4 500 14.7

Totals 3092 100 3392 100

)

Pounds (lbs)

106

209
500

Percent (%)

3.4

6.4 
14.7

I I



Table 5. Eight year summary of Phosphorus removal at original Bellaire Wetland* after Kadlec, 1984.

Year Dates

Percent of 
Phosphorus 1n 

effluent reaching 
Lake Bellaire

Est. Phosphorus load to 
Lake Bellaire through 

original wetlands (|bj)

Average
Wastewater

Concentration
(ug/1)

Average Concentration of 
Total Phosphorus reaching 

surface water 
.....  (ug/1)

1976 8-J1 9 33 2,400 90

1977 3-11 12 132 3,480 110

1978 4-11 28 178 2,450 160

1979 6-11 36 260 3,070 320

1980 6-10 35 242 2,940 300

1981 6-10 127 508 1,940 750

1982 7-10 - 47 2,040** 150

1983 5-11 - 34 1,320** 60

1984 5-10 — ? 1,210** 25

*This estimate is probably very low based on eyewitness reports prior 
to the beginning of Kadlec’s studies

♦♦Discharge moved to the River forest site in 1982
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Figure Estimated Pounds of Phosphorus Discharged to Lake Bellaire
Through the Original Wetland.
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Table 6 Total phosphorus concentrations and loadings In the River forest wastewater site at
Bellaire, 1982-1984. Results 1n ug/1 unless otherwise noted. Based on Kadlac 1982-1984 
and Kenaga, 1984.

Year
Wastewater

Concentration
Shallow Deep 
wells wells

Monltorlng 
wells

Est. Total Phosphorus 
Loading to 

Emergent Intermediate River 
at River (lbs/yr)

Percent of Phosphorus 
1n effluent reaching 
Intermediate River

1982 2,042 (n=7) 106 (n-5) 43(ns2) 51 (n=1) 101 (nsl) 26 1

1983a 1,320 (n-1) 40 (n=9) - - 36 (n=l) 11 1

1983b* - - - - 123 (n=2) 42 9

1984 1,210 (n=5)
3 9 ( n = 5 ) "

- 40 (n=l) 13 4

1 9 8 5 5 0  (n=?)

*b = based on samples taken by Kenaga, 1983 

n= number of samples

i



Table 7. Model Scenarios for Bellaire

Predicted
Total Inlake

Phosphorus Total Phosphorus
Pound Concentration

Loading (yq/D

Background 2933 6.3

Background + 200 from WWTP 3133 6.7

Background + 500 from WWTP 3433 ' 7.4

Background. + 948 from WWTP 3881 8.3



Figure 1  How difrerent lakes respond to changes in nutrient concentrations
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Oligotrophic Lake with no loss of oxygen in the b ottom waters ( h y p o l i m n i o n ) .
Figure^u.

Phosphorus concentrations are usually reduced under these conditions 

The lake acts as a phosphorus sink and precipitates to the sediments.



Figure3b Lake with loss of oxygen in the bottom waters (hypolimnion).

Phosphorus concentrations inc rease in the hypolimnion because of 

precipitation from the atmosphere, from the epilimnion through the 

thermocline, and release from the bottom sediments.
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Figure 3. Dissolved Oxygen concentrations in Lake Bellaire from July 27 to
October 27,1982. All samples taken at 88 feet deep in central Lake Bellaire. 
Results in mg/1.


