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History of Grand Lake St. Marys 

Man-made reservoir (early 1800’s) - 

feeder reservoir for the Miami-Erie canal 
 

  Largest inland lake in Ohio (~13,500 ac) 
 

  Shallow lake (5-7 feet mean depth) 
   

  Watershed (~112 sq mi): 

  Primarily agriculture 

  Septic tanks, package plants 
 

 



History of Grand Lake St. Marys 

Hyper-eutrophic 
 

  High phosphorus levels 
 

  Cyanobacteria blooms 

 
 

  Drinking water source for Celina WTP 
 

  Economic asset for Ohio (>$150M) 



Grand Lake St. Marys Watershed 

Watershed map courtesy of Tetra Tech 



  Harmful Algal Blooms (HABs) (since 1990s): 

  abundant or excessive growth of algae 

  planktonic bacteria (blue-green algae) 

  primarily Planktothrix in GLSM 

  depletes oxygen (fish kills) 

  produce toxins: 

  neurotoxins (nerve) 

  hepatotoxins (liver) 

  dermatoxins (skin)* 

The Problem 



The Problem 

Source:  www.epa.gov - Nutrient Policy  

http://www.epa.gov/


The Problem 

Source:  AWWA Opflow, January 2012 

Construction Cost:  ~$6M 
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Photos:  Donahue IDEAS 
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Photo:  Donahue IDEAS 



The HAB Photo Parade 

Photo:  Russ Gibson, Ohio EPA 

Photo:  Sam Hendren, WOSU 
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The HAB Photo Parade 

Photo:  Lake Champlain International 



The HAB Photo Parade 

Photos from www.DarkeJournal.com  

http://www.darkejournal.com/


The HAB Press Parade 



The HAB Press Parade 



The HAB Press Parade 



The HAB Press Parade 



The HAB Press Parade 



The HAB Press Parade 



The HAB Press Parade 



Grand Lake St. Marys Restoration 

Commission – Strategic Plan (01/31/11) 

Battelle – GLSM 2011Aeration Testing 

(02/07/11) 

Tetra Tech – GLSM Feasibility and 

Restoration (2010-2012) – 2011 Alum 

Application 

 

Previous Studies and Work 



Sequestration of Soluble Reactive Phosphorus 

(Chemical Treatment) 

  Dredge Sediment Depositions 

  Beneficial Use of Organic Waste 

  Treatment Train Establishment 

  Rough Fish Removal 

  HAB Prevention Through Micro Nutrient Modification 

  Aeration and Circulation 

  Water Level Management 

 

 

GLSMRC Strategic Plan 01/30/2011 



Study performed for GLSMRC 

  Evaluated effectiveness of artificial circulation 

  DO, Chl, Secchi, Turbidity 

  Nutrient levels 

  Sediment Redox Potential Discontinuity (RPD) 

  Improved DO levels at Airy-Gator site 

  Allowed formation of RPD layer 

Recommended installation of aeration devices at 

strategic locations around S and E margins of lake 

  Biomanipulation of fish stocks 

 

 

Battelle Aeration Testing 02/07/2011 



Aluminum sulfate (alum) application 

Treated ~40% of the lake area (~1,960 ha) 

  Two barges to apply alum 

  Over a period of 30 days 

  Application began in June 

  Algal bloom already underway 

  Impacted effectiveness of 2011 application 

 

Tetra Tech 2011 Alum Application 



Tetra Tech 2011 Alum Application 

Photos from Tetra Tech 



Team: 

Donahue IDEAS 

Tetra Tech 

HAB Aquatic Solutions 

Turnkey project 

Scheduled for April and May 2012 

$5M project including post-treatment 

evaluation 

2012 GLSM Alum Application 



Chemicals: 

Aluminum sulfate (alum) 

Liquid sodium aluminate (LSA) 

2:1 ratio (alum:LSA) 

Application area:  same 40% as in 2011 

Two barges 

Two staging sites: 

West (near the ODNR boathouse) 

Public boat launch area 

 

2012 GLSM Alum Application 



2012 GLSM Alum Application 

1 

2 



Schedule: 

Contract was fast-tracked by ODNR 

Awarded - 03/06/2012 

Contract – 03/29/2012 (WOW) 

Begin in early April; end by late May 

Continuous operation through weekends 

during daylight hours 

Beat the spring/early summer algal bloom 

2012 GLSM Alum Application 



Permits: 

Notice of Intent (NOI) Pesticide application 

Submitted – 03/26/2012 

Received – 03/27/2012 (OMG) 

Application period:  04/01/12 - 05/16/12  

Work to be suspended if: 

DO<2.5 mg/L 

pH<6.0 

SPCC Plan 

Dilution really is the solution 

2012 GLSM Alum Application 



Schedule: 

Plan of Work submitted 03/23/2012 

Began mobilizing 03/28/2012 

Began application 04/02/2012 

Worked extended days (many over 14 hours) 

Longest days (16.8 and 16.5 hours) 

Worked all weekends except Easter Sunday 

Limited by weather conditions (high winds) 

Complete by 04/30/2012 

2012 GLSM Alum Application 



Schedule: 

2012 GLSM Alum Application 



Field staff – tracking parameters: 

pH 

Temperature 

Conductivity 

Transparency (Secchi disk) 

Number of barges (field check for daily reports 

from contractor) 

Field conditions (fish kills, etc.) 

Media (refer to ODNR) 

2012 GLSM Alum Application 



2012 GLSM Alum Application 

West End Staging Site  



2012 GLSM Alum Application 

East End Staging Site  



2012 GLSM Alum Application 

HAB Chemical Application Barge 



2012 GLSM Alum Application 

HAB Chemical Application Barge in Operation 



Results: 

2012 dose to the middle 40% of the lake: 

Higher than in 2011 (23.6 mg Al/L in 2012; 

21.5 mg Al/L in 2011) 

Still less than recommended dose due to 

funding constraints (86 mg Al/L)  

Over 232 barges of chemicals applied 

Total of 1,808,888 gallons of alum and 

904,344 gallons of LSA applied 

2012 GLSM Alum Application 



Water Quality Results: 

During and post-application monitoring: 

Three water column monitoring sites (same as OEPA) 

Two OEPA YSI sonde buoys 

One USGS YSI sonde buoy (not useable) 

Six aluminum sample sites (OEPA) 

Post-application sampling: 

Five lake sites at 0.5 m below and 1.0 m above 

TP, SRP 

Alkalinity 

Chl and phytoplankton 

 

2012 GLSM Alum Application 
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Water Quality Results: 

Phosphorus increased and remained high 

possibly due to wind mixing, lower lake levels, 

and early algal bloom 

 

2012 GLSM Alum Application 

Mean (± SD) 2012 TP and Chl Concentrations 

 

 TP  

(µg/L) 

Chl 

 (µg/L) 

Chl/ TP 

Before (3/6) 83 ± 8 43 ± 1.2 0.52 

During (4/4 -4/25) 148 ± 20 107 ± 5.5 0.82 

After (5/8-8/23) 216 ± 12 109 ± 5.1 0.54 

 

*Before treatment, data were available from the three main lake sites (L-1, L-2, L-3) only.   

  Chl results from OEPA were corrected downward; OEPA chl x 0.47  



2012 GLSM Alum Application 

Total Phosphorus Concentrations, Before, During and After Alum Treatment 



Water Quality Results: 

Low residual aluminum in water column 

 

2012 GLSM Alum Application 

Mean and Range of Total and Dissolved Aluminum Concentrations during 

2012 Alum Treatment 

 

Location Mean Total Al 

(mg/L) 

Min Total Al  

(mg/L) 

Max Total Al  

(mg/L) 

Whole Lake 1.83 1.00 2.95 

Inside Treatment Area 2.08 1.00 2.95 

Outside Treatment 

Area 1.69 1.18 2.60 

    

Location Mean Dissolved 

Al  

(mg/L) 

Min Dissolved Al  

(mg/L) 

Max Dissolved Al  

(mg/L) 

Whole Lake 1.29 0.20 2.71 

Inside Treatment Area 1.68 0.74 2.71 

Outside Treatment 

Area 1.07 0.20 2.45 

 



Water Quality Results: 

Chlorophyll (algal biomass): 

Increased in early April 

Declined dramatically in late April to early June 

Appear to be associated with the TP decline 

Decline observed at all sites 

 

2012 GLSM Alum Application 



2012 GLSM Alum Application 

Chlorophyll a Concentrations, Before, During and After Alum Treatment 
(Data collected by Ohio EPA (before and during treatment) has been corrected by a factor of 0.47.) 

 



2012 GLSM Alum Application 

Continuous Surface DO and pH at YSI WEST in GLSM 
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2012 GLSM Alum Application 

Diatom and Cyanobacteria Biovolume at Station L-1 in GLSM 
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The HAB Press Parade 



Water Quality Results Summary: 

Algal bloom began early 

Impact of treatment hard to visually observe 

Sampling and monitoring results show in-lake TP 

concentrations decreased but only temporarily 

likely due to the lower lake volume (23% less) 

Tetra Tech continued evaluation of results 

through contract with USEPA 

Sediment Al and Al-P concentrations showed the 
alum treatments inactivated P 

Lake TP was less in 2012 than in 2011 

2012 GLSM Alum Application 



Conclusions/Recommendations: 

2012 GLSM Alum Application is estimated to 

have removed over approximately 40,300 lb P 

(to as much as 183,100 lb) from bioavailability 

Continued holistic approach to lake 

management: 

Reduction in external (watershed) P loading 

Reduction in internal (in-lake) P loading 

Removal of lake sediment 

Management to avoid re-suspension 

 

2012 GLSM Alum Application 



Dredging 

Rough fish removal 

Constructed wetlands 

Watershed management 

 

 

Other Recent Work 



Through ODNR: 

Now have 4 dredges 

Sediment removal is significant: 

2011 - 272,000 cubic yards 

2012 – 289,000 cubic yards 

2013 – 302,226 cubic yards!  

Disposal of spoils – biggest challenge 

Phosphorus harvesting? 

 

 

GLSM Dredging 



Annual competition (Get the Carp Outta Here): 

Fish removal is significant: 

2011 – 8,142 lbs 

2012 – 12,831 lbs 

2013 – 15,541 lbs in 44 hours! 

2013 winner: 

Doug Moran (20.5 + 15.7)  

 

Rough Fish Removal (aka Carp Derby) 

Photos:  Grand Lake St. Marys Lake Improvement Association 



Constructed Wetlands 

  Prairie Creek artificial wetland 

  Managed through GLRC 

  Design by KCI Engineering   

  200-acre wetland; $1.9M 

  Construction began spring 2012 

  Operation began June 2013 

  ~1.3 MGD 

  Includes: 

  alum dosing station 
  settlement ponds 

  treatment wetlands 



Constructed Wetlands 

  Prairie Creek artificial wetland 

  Performance in 2013:   

 ~41% nitrogen reduction 

  ~75% Total P reduction 

  ~65% DRP reduction 

  Alum needed seasonally  

 Additional wetlands: 
40-acre wetland adjacent to Prairie 

Creek; construction almost complete 

$2.1M funding for Coldwater Creek 

319 Grant for Beaver Creek  

 

 

Photo:  Milt Miller, GLSMRC 



Watershed Management 

  Lake Facilities Authority 
  Authorized June 30, 2013  

  Provide funding source for improvements 

  Property tax 

  Excise/lodging tax 

  Authority to apply for grants and loans 

  Authority to sell bonds 

  Own and operate facilities for algae mitigation 

Developed by State Senator Keith Faber and 

Representative Jim Buchy 
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Thanks to: 

  Tetra Tech 

  Harry Gibbons, PhD 

   Shannon Brattebo 

   Kevin Kratt 

  HAB Aquatic Solutions 

  John Holz, PhD 

   Tadd Barrow 

  All Donahue IDEAS staff 



Thanks to: 

  Ohio Department of Natural Resources 

 Scott Fletcher 

  Brian Miller 

  Dave Mohr 

  Ohio Environmental Protection Agency   

  Russ Gibson 

  Grand Lake St. Marys Restoration Commission 

  Milton Miller 

  The Ohio State University 

  Dave Culver, PhD (Limnology professor) 



Questions? 


