
Mona Lake Modeling: 
Model Parameters and Sampling Strategy 

 
 



Watershed: 200 km2 

Mona Lake: 2.65 km2 

- 

Black Creek: 0.482-2.69 m3/s 

Little Black Creek: 0.040-0.442 m3/s 

Cress Creek: 0.050-0.163 m3/s 

(Steinman, 2006) 

About 



Project Objectives 

• Collect field data to calibrate and confirm model 

• Apply model for guidance of management actions 

• Quantify internal and external phosphorus loads 
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• Develop a mass balance model for phosphorus and 
manifestations of eutrophication 

 



Lake Monitoring 
Need: collect field measurements in support of model calibration and confirmation. 

Action: establish 3 shallow sites (surface only) and 2 deep sites (profiles).  



Station T C DO P Ser** NO3 Chl SD Phyto 

East Lake P P P S 

Mid Lake P P P S 

Deep East P P P S/B* S S X S 

Deep West P P P S/B* 

West Lake P P P S 

Lake Monitoring 
Need: collect field measurements in support of 
model calibration and confirmation. 

Action: sample weekly, Jun-Sep for temperature, 
conductivity, dissolved oxygen, Secchi disk, P-
series, nitrate, chlorophyll and phytoplankton. 

For, east, 
mid-lake and 
west stations, 
consider 
adding 
bottom 
sample as 
dictated by 
T/DO profiles. 



Sampling/Processing 

Lake Sampling 
• weekly 
• all stations, profiles (T, C, DO) 
• East Deep (Secchi disk, 10 m vertical haul,  1-L samples: 1m p surf and 1m n bot, service traps) 
• West Deep (2-L samples: 1m p surface and 1m n bottom ) 
• remaining 3 stations (1-L sample 1m p surface) 

Lake Sample Processing 
• vertical haul: place 250 mL of net collection in plastic bottle with xxx mL Lugol’s solution 
• 1-L water samples 

• place 500-mL in plastic bottle 
• filter 500-mL (0.45 Pm); place filtrate in plastic bottle; fold filter on itself and wrap in foil  

• sediment trap collections: place contents individually in plastic bottles 
• ship, on ice to MTU; 48 hour holding time 



Tributary Monitoring  
Need: measure P load, a critical model input, for major tributaries. 

Action: sample flow and P concentration at 3 sites; develop rating curves and C/Q plots. 
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rating curve 

C/Q plot 



Tributary Sampling/Processing 

Tributary Sampling 
• Irregularly, seeking to distribute sampling over broad range in flows, filling in blanks 
• que Mona Lake trib sampling from USGS Bear Creek flow and evolving relationships 
• record staff gauge height and measure velocity of discharge    
• collect 1-L water sample 

Tributary Sample Processing 
• process 1-L tributary water samples as for lake monitoring 
• ship celery flats samples as removed from autosampler 
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CRESS



Special Studies 

Sediment Traps 

Objective: determine settling velocity 

Tributaries/Outlet 
Channel Flow Velocity 

• document magnitude and recurrence 
      of intrusions 

Black Creek Survey 
• explore position of load inputs 

Celery Flats Outflow Monitoring 
• quantify celery flats load contribution 

Lake 
Bathymetry 

• quantify depth distribution required for 
development of model physical framework 

Temperature Monitoring 
• provide a continuous depth record of temperature 

Light Monitoring 
• support calculation of extinction coefficients 

Sediment Traps 
• support calculation of settling velocities 



Bathymetry 

Bathymetry Scan  

1. Objective: obtain detailed bathymetry of lake bottom to study potential sediment release and/or mixing regimes 

Need: provide depth (bathymetic) data to lay out sizes of model cells. 

Action: pre-existing data, survey (ML Watershed Council), survey (MTU) 



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. 



Sediment Traps 

Deploy Sediment Traps 
Objective: determine settling velocity or 
particles in water column 

 

Need: determine particulate phosphorus 
settling velocities, a critical component of 
the mass balance model. 

Action: deploy sediment traps at East and West Deep stations. 

underwater deployment 

At East Deep station, moor sediment trap 
Separately from light/temperature mooring. 



Continuous Temperature Monitoring 

underwater deployment 

Need: to provide a continuous record of 
temperature in support of model calibration 
and confirmation. 

Action: deploy temperature monitors at 1 m below 
surface, mid-depth and 1 m above bottom. 



Continuous Light (PAR) Monitoring 

rooftop deployment 

underwater deployment 

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, 2-3 m 
below the water surface.  



Celery Flats 

Steinman and Ogdahl 2011  

There used to be open cuts between both ponds and Black Creek. All excess flow from the two ponds would go into Black 
Creek and Mona Lake.  In particular, the North pond is in a relatively large catch basin with pretty much continuous flow to the 
pond/creek/lake.  We (City of Norton Shores & MDEQ) placed flow restrictors into the cuts.  I can am attaching a drawing of 
the restrictor but they have boards set at 579 ft. IGLD.  Above that level, flow goes out of the ponds freely.  Since they have 
been installed there has been a nearly continuous outflow.  However, the in and outflow from lake seiches has been 
eliminated or cut down.  Also, the migration of carp has been reduced.  
       Tom Hillstrom 

Background: outflow control measures. 



south north 

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

Action: deploy autosamples 
upstream of the celery flats and 
at the north and south flow 
control structures.   

Celery Flats 

Hayden – how to 
measure flow in 
the flow control 
devices? 

daily samples, collected 
every 2 weeks 



Black Creek Streamcourse Profile 
Need: to confirm incremental downstream 
increases in P inferred from loading data. 

Action: conduct a 1-day stream 
survey, measuring flow and 
concentration from upstream of 
the WWTP discharge to the 
mouth of Black Creek. 



Comparison of Monitoring Programs 

Stations 

Site Retained Added Eliminated 
Black Creek Entry to M.L. Celery Flats Above WWTP 

At US 31 
Little Black Creek Mona Lake Park 

Johnny O. Park 
 Port City Ind. Park 

 
Cress Creek 
 

 Grand Haven Rd.  

Mona Lake 
 
 
 
 

 East Lake 
Mid Lake 
East Deep  
West Deep 
West Lake 

LBC Bay 
Black Creek Bay 
Deep Hole 

Summary: 6 tributary stations, reduced to 5 
                     3 lake stations increased to 5 

 

Lake Stations 

LBC
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CRESS

Tributary Stations 

also, autosamplers at celery 
flats (N&S) and upstream 



Comparison of Monitoring Programs 

Frequency/Depth 

Tributaries - Original Tributaries – Revised 
Monthly, April through September 
Storm events, 4 per year 
Total: 10 visits 
 

Irregular to bracket flow regime 
Celery Flats every 2 weeks 
Total: ~12-15 visits 

Lake - Original Lake - Revised 
Interval not specified 
April through October 
3 stations, surface and bottom 
 
 
 

Weekly 
June through September 
5 stations 
   3, surface only 
   2, surface and bottom 

 

Lake 

• East  
          sonde 
          surface sample 

• Mid 
          sonde 
          surface sample 

• East Deep 
          Secchi disk           
          sonde 
          surface and bottom sample 
          de-foul PAR meter 
          harvest sediment trap 
          plankton net 

• West Deep  
          profile 
          surface and bottom sample 
          sediment trap 

• West 
           sonde 
           surface sample           

Tributaries (Irregular) 

• Record staff gauge level  
• Measure flow 
• Collect sample 

Tributaries (Autosamplers) 

• Record staff gauge level  
• Measure flow 
• Collect samples 

LBC
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CRESS



Comparison of Monitoring Programs 

Retained Added 
Total phosphorus 
Soluble reactive phosphorus 
Total suspended solids 
Nitrate 
Chlorophyll a 
Field Secchi disk 

Field sonde (T, Cond, DO) 
Phytoplankton 
Sediment trap analysis 

Note: MTU will be responsible for all in-lab analyses (italics) 

 

Parameters 

Lake 

• GPS 
• Secchi disk 
• Sonde (T, Cond, DO) 
• Niskin bottle w/line and messenger 
• Plankton net 

Tributaries 

• Current meter 

Sample bottles (provided by MTU) 

 

Equipment Needs 
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