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Introduction

All ecosystems receive energy inputs or subsidies from natural sources. Engineered ecosystems also receive substantial energy inputs from the embodied energy of knowledge systems and construction, and may also receive energy inputs from operating machinery.  A certain level of controversy and misunderstanding are associated with operating mechanical energy.  Some believe that passive operation is the sine qua non of ecological design.  Although ideologically attractive, it has practical limitations.  If the development of sustainable, renewable infrastructure is accepted as an outcome objective of ecological engineering, ecological designers will be forced to design systems in resource-limited environments.  All engineered ecosystems must receive the right quantity and quality of energy to support design goals.  If natural sources do not suffice, mechanical energy subsidies to system operation are necessary.  Through the use of intelligent combinations of ecological and mechanical inputs, these systems can provide substantial environmental benefits while using far less energy than conventional mechanical treatment works.

This poster will briefly survey mechanical systems in fundamental engineering terms as integral elements of ecological design.  Power requirements in terms of kilowatt hours will be included in theoretical and case study examples.  The following topics are proposed as space permits:

Oxidation Reduction Potential (ORP)

The fundamental set of ORP values (mean, min, max, period) organize ecosystem structure and mass transfer mechanisms in treatment ecosystems.   Operating energy inputs such as aeration and tidal water cycling provide dynamic control of the fundamental ORP value set.  For example, treatment wetland with ORP = (+100 mV, - 150 mV, +400 mV, 4 hr) would favor nitrification, aerobic denitrification, microaerophilic protozoa, and a benthic grazing at the water-air interface.  The ORP state condition of an engineered ecosystem can be set by aeration or hydraulic machinery.
Destratification

Lakes typically thermally stratify in temperate climates.  Subsequent formation of anoxic hypolimnia in mesotrophic and eutrophic lakes fundamentally structure lake ecosystems.  Destratification alone suffices to maintain positive dissolved oxygen concentrations in all but hypereutrophic water bodies. Pumping power requirements for destratification are small because of the low total pump head required.  Other design elements to aerate and regulate the thermal budget of pumped water are entailed within a destratification design. 

Nitrification

Nitrification is an obligate aerobic process.  Poor oxygen transfer in passive wetland treatment systems severely limits nitrification.  There is no alternative to mechanical energy subsidies to achieve advanced nitrification in treatment wetlands.  These subsidies entail aeration or hydraulic machinery.  Energy requirement for nitrification in wetland treatment system are substantially less than those required for suspended growth, conventional treatment systems.  

Nutrient Management

Nutrient management encompasses a broad area of mechanical systems.  In terms of ecological, design nutrients are managed by biological uptake and ion exchange in soil or plant systems.  Circulation of water containing nutrient solutes is essential to either process.  Where rate of nutrient transfer is limited by natural circulation, mechanical assistance is required.  This poster will explore mechanical systems suitable for nutrient management as an element of aquatic ecosystem restoration.  
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