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Lake Erie 

3 
NOAA processed satellite imagery showing concentrations of 
cyanobacteria in Western Basin Lake Erie 7/27/2010 



Focus: Ohio River Basin 

4 

LRD Water Management 
78 Multi-Purpose Reservoir Projects 



What is being done elsewhere? 

• State Agencies 
– Some are developing HAB programs 

• Ohio EPA 
• IDEM 
• KY 

• National Interagency HAB Team 
– Multiple federal agencies 
– Plans to begin including state agencies 
– Improving communication and coordination 
– No EPA ‘criteria’ at this time. 
– EPA web site does reference WHO guidelines. 
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How to move out? 

• Understanding our responsibilities 
• Consistency among districts 
• Coordinating with state agencies 
• Complicating Factors 

– Real-Estate 
– Legal 
– Logistical 
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HAB EVOLUTION 
2012 
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Harsha Lake 
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Cecil M. Harden 

Salamonie 

Brookville 

W.H. Harsha 

Paint Creek 

Deer Creek 

Dillon 
C.J. Brown  

HAB Status 
      No Bloom 
      Bloom ‘Watch’ 
      HAB (>20,000 cells/mL) 
      HAB (>100,000 cells/mL) 
      HAB (State taking action) 
      Toxins Present 

19-July-2012 

Pet deaths 
reported 



Salamonie 
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Cecil M. Harden 

Salamonie 

Brookville 

W.H. Harsha 

Paint Creek 

Deer Creek 

Dillon 
C.J. Brown  

HAB Status 
      No Bloom 
      Bloom ‘Watch’ 
      HAB (>20,000 cells/mL) 
      HAB (>100,000 cells/mL) 
      HAB (State taking action) 
      Toxins Present 

25-July-2012 

Euglena Bloom; Not 
a HAB; little risk to 

humans; can 
produce toxins 

leading to fish kill 

‘Reddish’ bloom 
reported; unknown if 

HAB 

LRD has adopted World Health Organization (WHO) guidelines which recommend 1) ADVISING the public when cell counts exceed 20,000 
cells/mL;  2) DISCOURAGING swimming when counts exceed 100,000 cells/mL 



Cecil M. Harden 

Salamonie 

Brookville 

W.H. Harsha 

Paint Creek 

Deer Creek 

Dillon 
C.J. Brown  

HAB Status 
      No Bloom 
      Bloom ‘Watch’ 
      HAB (>20,000 cells/mL) 
      HAB (>100,000 cells/mL) 
      HAB (State taking action) 
      Toxins Present 

8-AUG-2012 

LRD has adopted World Health Organization (WHO) guidelines which recommend 1) ADVISING the public when cell counts exceed 20,000 
cells/mL;  2) DISCOURAGING swimming when counts exceed 100,000 cells/mL 

Mosquito 



Cecil M. Harden 

Salamonie 

Brookville 

W.H. Harsha 

Paint Creek 

Deer Creek 

Dillon 
C.J. Brown  

HAB Status 
      No Bloom 
      Bloom ‘Watch’ 
      HAB (>20,000 cells/mL) 
      HAB (>100,000 cells/mL) 
      HAB (State taking action) 
      Toxins Present 

15-AUG-2012 

LRD has adopted World Health Organization (WHO) guidelines which recommend 1) ADVISING the public when cell counts exceed 20,000 
cells/mL;  2) DISCOURAGING swimming when counts exceed 100,000 cells/mL 

Berlin 

Mississinewa 



Cecil M. Harden 

Salamonie 

Brookville 

W.H. Harsha 

Deer Creek 

Dillon 
C.J. Brown  

HAB Status 
      No Bloom 
      Bloom ‘Watch’ 
      HAB (>20,000 cells/mL) 
      HAB (>100,000 cells/mL) 
      HAB (State taking action) 
      Toxins Present 

7-SEP-2012 

LRD has adopted World Health Organization (WHO) guidelines which recommend 1) ADVISING the public when cell counts exceed 20,000 
cells/mL;  2) DISCOURAGING swimming when counts exceed 100,000 cells/mL 

Allegheny 

Mississinewa 

Monroe 

Taylorsville 



Dillon 
• Euglena bloom (not a HAB species) 
• Not associated with human toxins 
• Can produce fish toxins and cause fish kills 
• Hold the presses…. a new algal toxin related to Euglena blooms has been 

discovered….related to mortality in livestock and has shown toxicity to 
mammals! 
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Burr Oak Lake 

16 Photo By Linda Merchant- Masonbrink - - Anabaena-Burr Oak, 2010 



Harsha Lake 

17 

















POLICY EVOLUTION 
Taking the Lead 

25 



LRD HAB Response Plan 

• CG Memo dated 29-June-2012 
– District HAB Plans 

• World Health Organization (WHO) Guidelines 
• Promote internal and external communication 
• Consistency across districts sharing jurisdiction in a 

state 

– Each District has developed an HAB plan 
• Coordinated through Water Quality POC 
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LRD HAB Plan Overview 

• WHO Guidelines 
– @ 20,000 cells/mL  

• ADVISE the public of increased risk 
• Post ADVISORY signs at appropriate 

locations – TDB by district HAB 
plan. 

• Begin sampling on a weekly basis. 
• 2 consecutive weeks of sampling 

results below the threshold level 
needed to remove signs. 
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LRD HAB Plan Overview 

• WHO Guidelines 
– @ 100,000 cells/mL 

• DISCOURAGE contact 
• Post CAUTION signs at appropriate 

locations – TDB by district HAB 
plan. 

• Continue sampling on a weekly 
basis. 

• 2 consecutive weeks of sampling 
results below the threshold level 
needed to remove signs. 
 

28 



LRD HAB Plan Overview 

• District plans vary only slightly from one 
another. 

• Some districts distributing sampling 
instructions, sampling kits and shipping 
envelopes etc to project offices. 
– District WQ POCs may also be developing and 

distributing training materials which will aide in 
the identification of blooms. 
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Communication is Key 

• USACE Internal 
– Vertical – Lateral 

• Interagency 
• Public 

– Posters 
– Pamphlets 
– Facebook 
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HAB 2013 
Status 
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C.J. Brown  

HAB Status 
      No Bloom 
      Bloom ‘Watch’ 
      HAB (>20,000 cells/mL) 
      HAB (>100,000 cells/mL) 

2-FEB-2013 



W.H. Harsha 

C.J. Brown  

HAB Status 
      No Bloom 
      Bloom ‘Watch’ 
      HAB (>20,000 cells/mL) 
      HAB (>100,000 cells/mL) 

22-May-2013 



Roush 

W.H. Harsha 

C.J. Brown  

HAB Status 
      No Bloom 
      Bloom ‘Watch’ 
      HAB (>20,000 cells/mL) 
      HAB (>100,000 cells/mL) 

25-June-2013 

Taylorsville 



Roush 

W.H. Harsha 

C.J. Brown  

HAB Status 
      No Bloom 
      Bloom ‘Watch’ 
      HAB (>20,000 cells/mL) 
      HAB (>100,000 cells/mL) 

2-July-2013 

Taylorsville 

Rough R. 

Mississinewa 

Human 
Illnesses 
reported 



Roush 

W.H. Harsha 

C.J. Brown  

HAB Status 
      No Bloom 
      Bloom ‘Watch’ 
      HAB (>20,000 cells/mL) 
      HAB (>100,000 cells/mL) 

16-July-2013 

Taylorsville 

Barren R. 

Rough R. 

Mississinewa 



Roush 

Salamonie 

W.H. Harsha 

C.J. Brown  

HAB Status 
      No Bloom 
      Bloom ‘Watch’ 
      HAB (>20,000 cells/mL) 
      HAB (>100,000 cells/mL) 

31-July-2013 

Taylorsville 

Barren R. 

Rough R. 

Patoka 

Mississinewa 

C.M. Harden 

Allegheny Res. 



Roush 

Salamonie 

Brookville 

W.H. Harsha 

C.J. Brown  

HAB Status 
      No Bloom 
      Bloom ‘Watch’ 
      HAB (>20,000 cells/mL) 
      HAB (>100,000 cells/mL) 

14-AUG-2013 

Taylorsville 

Green R. 

Barren R. 

Rough R. 

Patoka 

Mississinewa 

C.M. Harden 

Allegheny Res. 



Roush 

Salamonie 

Brookville 

W.H. Harsha 

C.J. Brown  

HAB Status 
      No Bloom 
      Bloom ‘Watch’ 
      HAB (>20,000 cells/mL) 
      HAB (>100,000 cells/mL) 

29-AUG-2013 

Taylorsville 

Green R. 

Barren R. 

Nolin  
Rough R. 

Patoka 

Monroe 

Mississinewa 

C.M. Harden 

Allegheny Res. 



Roush 

Salamonie 

Brookville 

W.H. Harsha 

C.J. Brown  

HAB Status 
      No Bloom 
      Bloom ‘Watch’ 
      HAB (>20,000 cells/mL) 
      HAB (>100,000 cells/mL) 

3-Oct-2013 

Taylorsville 

Green R. 

Barren R. 

Nolin  
Rough R. 

Patoka 

Monroe 

Mississinewa 

C.M. Harden 

Allegheny Res. 



Roush 

Salamonie 

Brookville 

W.H. Harsha 

C.J. Brown  

HAB Status 
      No Bloom 
      Bloom ‘Watch’ 
      HAB (>20,000 cells/mL) 
      HAB (>100,000 cells/mL) 

17-Nov-2013 

Taylorsville 

Green R. 

Barren R. 

Nolin  
Rough R. 

Patoka 

Monroe 

Mississinewa 

C.M. Harden 

Allegheny Res. 



Roush 

Salamonie 

W.H. Harsha 

C.J. Brown  

HAB Status 
      No Bloom 
      Bloom ‘Watch’ 
      HAB (>20,000 cells/mL) 
      HAB (>100,000 cells/mL) 

26-DEC-2013 

Taylorsville 

Green R. 

Barren R. 

Nolin  
Rough R. 

Monroe 

Mississinewa 



Roush 

W.H. Harsha 

C.J. Brown  

HAB Status 
      No Bloom 
      Bloom ‘Watch’ 
      HAB (>20,000 cells/mL) 
      HAB (>100,000 cells/mL) 

14-MAY-2014 

Taylorsville 

Green R. 

Barren R. 

Nolin  
Rough R. 

Mississinewa 



STATE AGENCY COLLABORATION 
A SHIFT in responsibility, liability and a way to lighten the load…. 

44 



Indiana 

• Pushed by 2012 dog deaths to finalize 
 

• Already sharing data! 
 

• Concerned with conflicting thresholds (messages 
to public) 
 

• Approached by IDEM & IDNR to get around the 
table 
 

45 



46 

• Posted at beaches 
and some park 
entrances 
 

• Diamond color 
indicative of “alert 
levels” 
 

• Provides general 
information 

IN “Beach Sign” 



IN “Boat Ramp Sign” 

• Posted at boat ramps 
and common access 
areas 
 

• Offers precautions 
 

• Direction on how to 
investigate further 

47 



Indiana 

48 



49 



Indiana 

50 



IDEM/IDNR HAB SOP Thresholds 

Alert Level Cell count/mL Toxin Level Color Precautions 

LOW RISK < 100,000 < 6 ppb Blue Don’t drink water; shower after 
swimming 

ADVISORY ≥ 100,000 < 6 ppb Yellow Swimming/boating permitted; Avoid 
contact with algae.  Keep pets out of 
water or bathe after swimming and 
prevent licking fur. 

CAUTION ≥ 100,000 
 

6 – 20 ppb Orange Children and immune compromised 
individuals should avoid water. 

CLOSED ≥ 100,000 
 

≥ 20 ppb Red Unsafe to swim for humans or pets. 
51 

Table 1: Cell count and toxin thresholds with corresponding warning color and 
associated precautions. If either the cell count or toxin threshold is met, the associated 
alert level will be activated. (Both thresholds DO NOT have to be met before activation 
of a particular alert level.) 
 



52 



Indiana Next Steps 

• Pursuing HAB response 
“season” 

 

• Collecting input from 
lake managers 

 

• Revising sampling plans 
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Ohio (previous plan) 

• OH focused on beaches for public 
advisories 
– Basing advisories on toxin data 

 

• Corps sampling from body of lake 
– Corps contracting cell count analysis 

 
• Results in conflicting messages to the public 

54 



Ohio/ Corps Cooperative Agreement 

• State continues to sample beaches 
 

• Corps continues to sample rest of 
lake 
 

• All samples analyzed for toxins at 
state lab with state funding 

55 

 



56 



Ohio Thresholds 

• All advisory thresholds set by the state 
– Corps recognizes state as water quality authority 
– Corps works as a cooperating partner in collecting data 

Threshold (ppb) Microcystin* Anatoxin-a Cylindrospermopsin Saxitoxin* 

Recreational 
Health Advisory 

6 80 5 0.8 

Recreational No 
Contact Advisory 

20** 300** 20** 3** 

57 

*Microcystin and saxitoxin thresholds are intended to be applied to total concentrations of 
all reported congeners of those toxins. 
 

**In combination with a confirmed human illness or pet death. 



Advisory Diamonds 
• Recreational Health 

Advisory 
– ORANGE 
– “WARNING”  
– “High levels of algal toxins 

have been detected.  
Swimming and wading are 
not recommended for the 
very old, the very young or 
those with compromised 
immune systems.” 

 
• Recreational No Contact 

Advisory 
– RED 
– “DANGER” 
– “Algal toxins at UNSAFE levels 

have been detected.  Avoid all 
contact with the water.” 

58 



OH “General Awareness” 
• Description of HABs 

– Verbal description 
– Photographs 

 
• Don’t drink the 

water 
 

• Direction for more 
information 
 

• Revision in the works 

59 



Ohio/ Corps Cooperative Agreement 

• Each lake has unique sign posting and 
communication plan 
– Establishes WHO is responsible for posting WHAT 

message, WHERE on the property 
 

• Builds on locally established Corps/State park 
relationships 

60 



• State HAB Advisory 
Board concerns 
 

• Advisory sign posting 
around entire lake 
 

• “Prolonged full body 
exposure”  (swimming 
beaches) 

 
• Awaiting guidance 
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Ohio/ Corps Cooperative Agreement 

Photo courtesy of Erich Emery – Harsha Lake 2012 “explosion” 



Kentucky 2013 

• No formalized plan 
 

• Public affairs 
 

• Communication issue 

62 



Kentucky 2014 

• Limitations 
– Staff 

• Over 600 lakes and one 
assigned staff 

– High costs 
– HAB identification 

• Objectives 
– Identify locations with 

highest HAB probability 
– Produce graphics to 

communicate water 
quality conditions to the 
public 

– Use remote sensing and 
Landsat 8 data to model 
these conditions 

63 



• More ground truthing 
– Monthly  

 
• Collecting data on flyover 

dates 
– Secchi disk 
– Chlorophyll a 
– Phycocyanin 

 
• Corps data collection 

– cell count 
– Secchi disk 

 
• Cooperative remote 

sensing study 

64 

Courtesy of Mark Martin/Garrett Stillings presentation 

Kentucky / Corps 2014 



• Working together to 
develop model 
 

• Advisories based on 
Corps cell count data 
at Corps lakes 
 

• Corps lakes posted 
with previously 
agreed upon signage 

65 

Kentucky / Corps 2014 
(for the time being…) 



WV – PA - NY 

• ??? 
• Continue to apply the LRD HAB Strategy 

66 



State Strategies 

• The Corps doesn’t do Water Quality (just kidding) 

• The state agencies have the primary 
responsibility for setting water quality 
standards/criteria. 

• This may lead us back to doing things 
differently in each state, but that’s OK. 

• The state agencies become the voice to the 
public, the Corps works in support. 

67 



NEW TECHNOLOGIES 
New TOYS and… 

68 



FlowCam 
• Flow Cytometer And Microscope 

manufactured by Fluid Imaging 
Technologies, Inc. 

• A proprietary software that analyzes the 
images taken by the camera to provide 
particle counts and other information 

• Can set up statistical filters to sort 
particles based on size/shape 
 
 

69 



Limitations of the FlowCAM® 
• It images EVERY particle that passes by the camera lens and 

includes it in the final particle count 
• Measures and sorts particles based on shape, so it can only 

differentiate between rod-shaped algae and colonies 
• Can’t focus on one particular particle so some images are 

blurry, some are in focus 
• Only imaging a small portion of flow cell, unless you buy Field-

Of-View cell 



Conclusions / Recommendations 
• The FlowCAM is not going to replace traditional identifications 
• Particle counts not effective 
• May be able to fine tune biovolumes 

– Reduced hold time 
– Use of laser 

• Group by dominant taxa and determine correlations with specific filters 
(i.e. rods and spheres) 

• Fluid Imaging developing biovolume capability 
• Run samples at different times to determine cell degradation 
• Shorten sample run time so that we can perform multiple runs with each 

sample 
• Possibly dilute samples to get more accurate particle data (lower PPUI) 
• Build better filters to sort out small debris 
• Purchase a Field-of-View flow cell to increase efficiency 

 

 
 



Remote Sensing 

• 2014 Collaborative Pilot Project 

72 

Itres CASI-1500  Hyperspectral Imager 



Technical Report: Remote Sensing for Inland Water Quality 
Monitoring: A U.S. Army Corps of Engineers Perspective 

• Water Operations Technical Support Program (WOTS): supports technology transfer 
efforts for environmental and water quality operation studies 

• Provides rapid direct technical assistance to the USACE field offices in implementing 
technology to solve water quality environmental problems 

 
• TR is the result of a WOTS request for a review 

of current remote sensing capabilities and 
limitations to assess water quality in inland 
lakes and reservoirs 

 



2014 Pilot Project 

• Collaborators 
– USACE LRD, LRL and LRH 
– USEPA ORD, RTP 
– NOAA 
– University of Cincinnati 
– Kentucky Division of Water 
– USGS 

• Flight window 
– June 15-30 2014 

 

74 
Chl concentration in Fremont Lakes, NE (Chipman et al., 2009) 

Chl concentration:  α [R-1(λ1) - R-1(λ2)] × R(λ3) 

AISA hyperspectral image 
(false-color) over Fremont, NE  

where λ1 = 665–675 nm, λ2 
= 700–710 nm, λ3 = 730–
740 nm, λ4 = 540–560 nm 



2014 Pilot Project 

• Comparing 
– Satellite derived multi- and hyperspectral data (Landsat-8, 

MODIS, HICO, WorldView and Sentinel-2) 
– Airborne derived hyperspectral data 
– Field measured reflectance 
– Field WQ parameters 
– Grab samples 
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Questions? 

Photo Courtesy of Rose Reilly Aphanizomenon flos-aquae bloom at Allegheny Reservoir  
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