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ABSTRACT

This report details the performance of the Bellaire river
forest in removal of nutrients from stabilized wastewater.
Approximately 40 million gallons of effluent were discharged to the
river forest between April and November, 1984. Water
chemistry and environmental data were collected. Samples were
analyzed, recorded and interpreted at the University of Michigan.
Total phosphorus and dissolved ammonium nitrogen in the wastewater
averaged 1.2 mg—-P/1 and 8.3 mg—N/1 during the discharge period.
Shallow wells in the river forest site show increased levels of
chloride and nitrogen, and phosphorus. The old wetland discharge
site was also monitored. Concentrations in the water leaving the
wetland were 0.03 mg—TF/1 and 0.03 mgNHg—N/1. Thus, with the
possible exception of chloride, the old wetland discharge site has
returned to background water chemistry.
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INTRODUCTION

The Village of Bellaire, Michigan, owns and operates a sewage
treatment plant which collects wastewater and provides lagoon
storage and treatment. The sewage in 1984 was transported to an
8.5 acre double—pond (parallel) holding and treatment facility,
from which stored water was discharged to a forested river—margin
site. This site then releases water to the Intermediate River. In
previous years, the discharge was through a wetland to Lake
Bellaire. Stored water was discharged through a 45—acre, partially
diked, wetland to Wilson Creek. Wilson Creek discharges to Lake
Bellaire 450 feet from the wastewater addition point. Figures 1
and 2 show the location and geographical features of the Village,
the Lake and the treatment facility. The Village has an
approximate population of 1,000, and produces an annual volume of
approximately 40 million gallons of sewage.

This study details the water gquality parameters associated
with the summer and fall operation of the Bellaire sewage treatment
facility, including the wetland portion. This study was sponsored
by the Village of Bellaire in response to the request of the

Michigan Department of Natural Resources.
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RIVER_FOREST_SITE

The locations of the discharge sites are given in Figures 1
and 2. Early in the summer of 1982, wastewater was pumped from the
lagoons to the meadow site. The underlying soils did not permit
rapid infiltration, and a substantial pond developed. This site
was therefore abandoned in favor of the adjacent forest near the
Intermediate River, which was used for the remainder of 1982 and
all of 1983 and 1984.

Sampling wells 1-4 (See Figure 2) were established several
feet in depth to monitor the meadow discharge. They were not
sampled in 1984. Sampling wells A-E (See Figure 2) were established
very near the surface to monitor the river forest discharge. These
were sampled biweekly during the discharge. Deep monitoring wells
1A, 2B, 3C (See Figure 2) were not sampled.

Monthly lagoon discharge and precipitation records are given
in Appendix I, and water chemistry for these sampling wells is
given in Appendix II.

Water samples were frozen and stored at the garage in
Bellaire. Sampling was done on six dates, May till October.
Specific conductivity was determined with a (Orion) conductivity
meter. Ammonia—nitrogen was measured with a specific ion electrode
{(l.d.1. = 0.02 mg/1l) and chloride was determined with a specific
ion electrode (1.d.1. = 1.0 mg/1). Coarsely filtered samples were
digested with sulfuric acid, and total phosphorus was determined by

the molybdate reaction.
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The results of shallow well water analyses are summarized in

Figures 3-5. Figure 3 demonstrates that the high chloride

wastewater is indeed impacting these shallow wells: levels more

than doubled during discharge. Figure 4 shows variable total

phosphorus in these wells, indicating considerable concentration

reduction: from 1.2 mg/l1 average for the wastewater to less than
0.10 mg/1 for all well samples. Nitrogen levels are also reduced
(See Figure 3) from 8.3 mg/l in the wastewater to less than about
3.0 mg/1 for well samples. However, there were significant

increases in ammonium nitrogen during discharge, compare to 1983.
Waters leaving the river forest discharge area were sampled

at an up—welling near the river. Low levels of nitrogen and

phosphorus were found.

Some vegetation damage again occurred in the river forest

site.
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Figure 3. Chloride in Shallow River Forest Wells, 1984.
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Figure 4. Total Phosphorus in Shallow River Forest Wells,
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Figure 5. Ammonium Nitrogen in Shallow River Forest Wells,



WETLAND_SITE

In past years, the Bellaire wetland improved the quality of
the wastewater which passed through it. Nitrogen compounds were
effectively removed, and suspended sclids were considerably
reduced. Prior to 1981, phosphorus compounds were also removed. In
1981, phosphorus was precipitated in the lagoons with alum. The
wetland achieved no further phosphorus removal; in fact it released
a "spike" of phosphorus in July 1981. Thereafter, no significant
uptake or release occurred.

Figure &6 shows what reached Lake Bellaire, with respect to the
best estimates of what was discharged prior to the startup of the
sewage treatment operation. Fhosphorus is now down to the expected

natural level.

Methods

Water samples were taken at the following locations:

?. Railroad culvert (not in 1984);

10. Railroad culvert;

11. Wilson Creek where it enters Lake Bellaire;

14. Intermediate River near one—-lane bridge in towng

15. Lake Bellaire;

16. Small stream (Kruse Rivulet) from wetland where it
enters the Intermediate River (not in 1984);

= The River Mouth.

At sample locations 92, 10, 11, and 16 the time for a tracer to

travel one foot was recorded on each sampling date.
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Figure 6. Phosphorus Concentratibn in Wetland Effluent to Lake Bellaire.
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Water samples were frozen and stored at the garage in
Bellaire. Sampling was done on five dates, May till October.
Specific conductivity was determined with a (Orion) conductivity
meter. Ammonia-—nitrogen was measured with a specific ion electrode
(1.d.1. = 0.02 mg/1l) and chloride was determined with a specific
ion electrode (l.d.1. = 1.0 mg/l). Coarsely filtered samples were
digested with sulfuric acid, and total phosphorus was determined

by the molybdate reaction.

Data is summarized in Appendix III.
Chloride

This dissolved constituent is not bioclogically or physically
active, and hence is a good water tracer material. Figure 7 shows

the August 24 condition of the wetland.
Phosphorus

The TP in Wilson Creek ranged from 0.02 to 0.04 mg/l. The
average value was 0.03 mg/l. Figure 8 shows the August 24
condition of the wetland. Very low TP concen trations were
observed everywhere. 1f only the concentrations in the wetland
outflows are considered, the results are as shown in Figure 9. The
total phosphorus level in Wilson Creek 1s at the estimated

pre—irrigation level.
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Chloride Concentrations on
August 24, 1984, Bellaire

Wetland. (mg/1)
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Total Phosphorus Concentrations
on August 24, 1984, Bellaire
Wetland. (mg/1)
































































