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Outline

- Background * Aeration (Destratification/mixing)
* Oxygen Saturation Technology®
* Summary

* Back to Science
= Limnology
= RedOx Chemistry
= Biology
= Algae Control



Goals

* Understand Why Oxygenate
* Reality of Oxygen Management

* Benefits of Oxygen Saturation Technology®



Elevation (m)

The Water Column (Stratification)

-

Anoxia

220 240 260 280
Julian Day (2001)

TEMPERATURE DO

EPILIMNION

METALIMNION

HYPOLIMNION




Understanding (Additional) Water Lingo

* (RedOx) Chemistry

* Biology




Biology 101: Blye-GreenAlgae .

. A
Cyanobacteria
* Evolved ~3.5 billion years ago, ubiquitous
(e warm,
Favored< o well-lit,
By * eutrophic conditions, with
\_* strong thermal stratification
» Important physiological traits:
o dormant cells (akinetes), Cyanobacteria
O gas vesicles,
0 Outcompete other phytoplankton in warm waters .

0 secondary metabolites (toxins) I
» Important for nutrient cycling: nitrogen fixation and
phosphorus storage

Paerl and Otten 2013




(RedOx) Chemistry 101

I Nutrients I

O




Controlling Cyanobacteria(theoretical)

 Nutrient limitation: Proactive

R ———— A

* Internal nutrient control (sediment phosphorous cycling)

* FePO, +ie+3 Nutrients

. Fe*3 +e- = Fe'?




Fffectiveness of (Internal) Nutrient Control

Atmosphere

Sediment

Verburg et al., (2018). Nutrient Budgets in Lakes,
Lake Restoration Handbook



Getting Oxygen Into Water

* Mixing (Destratification)
* (atmosphere as the oxygen source)

* Enhancing (Enriching oxygen content)
* (pressurized gas (0,) as oxygen source)



MiXing

Aka: Destratification



Diffusing Air into Water

Porous Hose Line Diffuser Ceramic Discs EPDM Diffusers



Wind-Driven Surficial Oxygen Transfer

Jo2 = KL@ DO

(ke

—> Surface Area

Rule of Thumb:
~4 kg/acre/day
To maintain
~70 DO,

&Vind spe@- (5 -6 mg/'—)

— Wind

p,, = Water Density (kg/m)



Increased Gas Flow = Increased Oxygen Demand

Gantzer et al., (2009).



Bottom Aeration Case Study — Silver Lake— HAB control

System Design:
*148 cfm (779 CFM 1982 design)

* 41 diffusers fine pore EPDM
membranes.

Information/data courtesy of Patrick Goodwin



Desired Dissolved Oxygen Levels

Aquatic life - Habitat >8 mg/L (< 25) in the bulk
Stiff et al., (1992)
water

\
Phosphorus - Iron-P
« Harmful Algae Blooms (HABS)
Nitrogen — NH,* > NO;" Beutel (2001) > > 10 mg/L (<
Metals - Iron/Manganese Gantzer etal., (2009) 25) over the

sediments

Organic content in water/sediment

_/

Fecal Coliform



Destratification (Aeration) and
Fisheries Management

Circulation increases water temperature
close to that of the atmosphere

25.0

Circulation decreases bulk water
DO < optimal for fish



Destratification (Aeration)
Performance Record

—_— (20)

Wagner, (2015).
Oxygenation and Circulation to Aid Water Supply Reservoir Management



Destratification (Aeration) Take Aways

Atmosphere is oxygen source, not
bubbles.

DO limitations

o Throughout the water column

0 Over sediment

Increases overall water temperatures
Increased turbulence

o Causing increased DO demand

0 Potential for sediment resuspension



FNnhancea

aka: Hypolimnetic Aeration

e Saturation Technology




Saturation Technology
aka: Side-Stream Saturation (SSS)

Oxygen
Supply

02 Contact
Chamber

Intake
In Lake Distribution




Oxygen Saturation Technology ©

US Patent US3643403A
2023-07-18
Also Patented in Australia, Canada, and New Zealand

Key Design Characteristics

* Uses oxygen gas (90% nominal purity) ® Preserves thermal structure (ice

* No bubbles cover and/or summer stratification

* No mixing (induced turbulence) * Automated (DO feedback)
 Modular and Scalable



OST Installations

Rutabaga Sports (WI1)
Nawakwa (WI)

e * Foxwood (WI)

> *UIUC (OR)
* ’
e *Brooklime (CA) Sarah’s
* Lake Merritt (CA) . Pond (MA)
 Woodbridge Estates (CA) Empress Hill (VA)

» *Los Lagos (AZ)

* Willow Lake (FL)

» Not on Telemetry
* 15t Generation
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Dissolved Oxygen (mg/L)

ORP (mV)
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Results (Madison, WI)

6 days

Bottom

—_—

0.5 m above bottom

13 days —>



Dissolved Oxygen (mg/L)

<+<—1 day

Results (Geneva, WI)

Bottom 1 m above bottom

Programmed operation cycling On/Off



Oxic / Anoxic Boundary
(Why DO so high?)
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Bryan et al., (2010).



Akinetes and the Sediment-Water Interface
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summary
(Cyanobacteria Control)

Air/atmosphere as O, source

has limits to DO levels

Pure O, higher achievable DO

levels
Higher DO in bulk water

Oxic/anoxic boundary deeper

 Akinetes Not in Contact w/PO,3

NO bubbles

NO Induced turbulence or

sediment resuspension



Oxygen Saturation Technology ©
Key Takeaway(s)

* Nutrient limitation:

< Proactive >

Proactive strategy to prevent

* Internal nutrient control (sediment phosphorous cycling)

180 e 40— s
. Fe** +e- = Fe™

Cyanobacteria from growing,

Reactive

Maintaining Oxygen as the
terminal electron acceptor to

maintain Fe-PO, bond, and

Maintain adequate O2 levels

Oxic/anoxic boundary
Habitat

. Oxygen dependent processes




Thank You
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