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Mesotrophic

Temperature vs Depth



Trophic State

(Mona Lake, Total Phosphorus, East Deep Surface)
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Trophic State

(Mona Lake, Trophic State Index)
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Thermal Stratification

(textbook behavior)
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Oxygen Depletion

carbon dioxide + water+ — +
+ — carbon dioxide + water +

Plants photosynthesize. Everybody, including plants, respires.
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Oligotrophic Lake
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Thermal Stratification

(Textbook)




Thermal Stratification
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Oxygen Depletion

(textbook)

Hypolimnion

Anoxi .
(n”o°é'f) Because of the thermal boundary, oxygen is

not replaced from the surface waters and a
zone of anoxia develops. The anoxic
boundary anoxia moves upward as
sediment demand continues to exceed

. . , replacement.
Oxygen diffuses into the sediment

and is consumed by bacteria
feeding on settled algae.



Phosphorus Release

Hypolimnion

Anoxia

130 Under anoxic conditions, the
’ ferric (3*) iron that binds
phosphorus in the sediments is

Ferric Iron Ferrous Iron converted to ferrous iron (2*) and

phosphorus is released to the

hypolimnion and, ultimately, to
the whole lake.
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Hypolimnetic Processes

Entrainment

Hypolimnion

Anoxia
(no 0,)

Entrainment erodes the boundary
between surface and bottom waters,
bringing warm water to the bottom and
cool water and phosphorus to the surface
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Internal Loading

Lake Monitoring

Need: to obtain both SRP and TP samples
for laboratory analysis.

Action: collect and field filter 250

mL samples at each location for

SRP, collect 250 mL raw samples

for TP at each location.
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Internal Loading

Sediment Traps

Need: determine particulate phosphorus
settling velocities, a critical component of
the mass balance model.
Action: deploy sediment traps at East and West Deep
stations.
O

underwater deployment




Internal Loading

Continuous Light (PAR) Monitoring

Need: to provide data for derivation of the
vertical light extinction coefficient.

Action: deploy recording light

sensor at a rooftop location and

at the east deep station, 2-3m

below the water surface. O
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rooftop deployment underwater deployment



Internal Loading

Channel Intrusion

Need: determine frequency and magnitude
of intrusions from Lake Michigan in support
of model calibration and confirmation.

Action: deploy Acoustic Doppler Current Profiler
In channel.
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Thermal Stratification

(Mona Lake, ephemeral stratification)




Temperature Conductivity
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Stable (w/depletion)
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Temperature and Oxygen

Entrainment (BLUE represents previous sampling date)
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Temperature and

Stable
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Temperature and Oxygen

Entrainment (BLUE represents previous sampling date)
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East Bottom 2017
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East Surface 2017
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East Deep Surface 2017
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Looking Ahead

Internal Load

 Prepare for submission of an MDEQ planning proposal to
Install aeration as a means of controlling internal load

« Conduct a full year field program in support of model
development and preliminary design of an aeration system

T , THERMAL STRATIFICATION

Hypolimnium - Cool  #% %%
_ HeawWater







External Loading

Celery Flats

Need: to quantify P loads delivered to
Black Creek from the celery flats.

Action: deploy autosamplers
upstream of the celery flats and
at the north and south flow

control structures.




External Loading

Continuous Flow Monitoring

Need: to measure individual
tributary flow for loading
calculations and therefore
model validation.

Action: install water level data
loggers and staff gage’s at each
tributary, measure velocity on
tributary sampling days.




External Loading

Tributary Water Sampling

Need: to obtain both SRP and TP samples
for laboratory analysis.

Action: collect and field filter 250
mL samples at each location for

SRP, collect 250 mL raw samples
for TP at each location. &
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USGS Measured Flow - Bear Creek
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External Loading

Loading Calculation

W=Q- C

kg/d = m’/d - mg/m?-

Estimated Flow - Black Creek
C/Q Plot - Black Creek SRP
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SRP Loading - Black Creek
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SRP Loading - Little Black Creek
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SRP Loading - Cress Creek
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Management Insights

External Load p—

Black Creek makes the largest
contribution to the external load (76%)
over the summer period, but a
conclusion regarding their contribution
to the annual load is not possible due to
the absence of spring concentration
measurements;

Celery Flats loads appear small, but a conclusion is not
possible due to the absence of continuous flow data,;

Little Black Creek has the highest SRP concentration
due to an urban source;

Cress Creek and Ellis Drain serve well as representing
baseline concentration conditions.



Looking Ahead

External Load

Prepare for submission of an MDEQ planning proposal to that
would include annual external loading calculations and
management recommendations;

Conduct tributary monitoring in the spring high flow period
and event-based sampling in summer to validate the Bear
Creek hydrologic and Mona Lake tributary watershed ratio
and flow-concentration relationships;

Seek assistance with continuous flow monitoring at the
Celery Flats;

Examine tributary phosphorus levels and sources in the
upper watershed with respect to phosphorus levels and
sources.



Interim Conclusions

« The initial condition for annual trophic state dynamics is set by over-
winter redox conditions and early season loads driven by snowmelt
and spring rains;

« Mona Lake trophic state dynamics are critically influenced by
internal loads, accumulating in the bottom waters in summer and
transferred to the upper waters by wind mixing events;

« Options for managing internal loads are available and second-year
monitoring should lay the groundwork for their design and cost
estimates to be included in the planning document;

« Options for managing external loads are available as well,
particularly with respect to Little Black Creek and the celery flats.

« Modeling exercises, supported by watershed investigations, will
provide a means of predicting responses to internal and external
source management.



