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Presenter
Presentation Notes
Hello.  My name is John Milne, and I work as a Design Engineer with Clark County in Washington State.   I’m going to talk to you today about using “entropy-based resource management” as an organizing principle for developing sustainability strategies. 
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Entropy-based Resource Management:

“A simple Organizing Principle for developing 
sustainability strategies”

• Concept

• Examples

• Looking forward

Presenter
Presentation Notes
Briefly, entropy-based resource management as an “organizing principle” for developing watershed management and sustainability strategies.I’ll introduce the concept, run through a couple of quick examples, then take a look at how things might play out in the future.



Concept 



1996-98 Salmon Creek Watershed Plan

“Instead of engineered facilities, why don’t you 
use holistic, watershed-based methods that 

“mimic natural processes?”

Agree…….but what exactly does that mean???

Presenter
Presentation Notes
This complaint was heard a lot from the environmental community when the county was developing our watershed plans in the mid 90’s.  Probably most stormwater engineers would actually agree with it.  But as engineers we have to be think beyond this to quantify everything and convince decision-makers and a skeptical public before we can get results on-the-ground. So here we’re trying to see what “mimic natural processes” might mean in physical terms.



“Mimic natural processes?”

• Natural processes always minimize energy loss and leave all 
resources in a state of minimum entropy afterwards

• The resource is always maintained in its highest, most ordered 
state, at the highest energy level possible

Try to create and maintain order, to “create negative entropy”, in 
all things, in all places, at all times

“Entropy-based watershed management; A holistic, 
watershed-based strategy that mimics natural processes”

Presenter
Presentation Notes
A quick reminder before we move forward.  Entropy is basically a measure of the degree of disorder in an element or compound.  For example, steam is a highly disordered, high-entropy form of water whereas ice is a highly ordered, low-entropy form of water.   The premise here is that natural processes always act to minimize energy loss at all times and so always leave all resources in a state of minimum entropy after each process has been completed.  By doing that, the resource is always maintained in its highest, most ordered state, at the highest energy level possibleSo entropy-based watershed management is basically about finding simple, effective ways to maintain or create order, that is to “create negative entropy”, in all our resource management activities.  



Natural Examples

1. SNOWPACK

Water in solid phase at the 
highest potential energy 

possible.

….next best thing??

2. HIGH GROUNDWATER

Water in liquid phase at the highest 
potential energy possible.

“Pump up the groundwater as high 
as possible (then plant everything)”

Presenter
Presentation Notes
So if the premise is correct, you would expect to see examples of this everywhere in nature.  Are there?Well – what would water in solid phase at the highest potential energy possible look like?  That would be snowpack.   And we know that a good snowpack means a good year for the watershed and everything in it. But creating snowpack is a difficult, expensive task for a watershed manager.  So what might the next best thing be? Let’s step down to the liquid phase.  High Groundwater is water in liquid phase with high potential energy.  High groundwater is also very useful to have and is something a watershed manager can actually have an influence on. When applying this organizing principle to watershed management, it can be simplified to “pump up the groundwater as high as possible then plant everything”.   This might be a very simple, but still highly effective, way for a watershed manager to apply the entropy-based watershed management organizing principle.  This is also my preferred thought process to use in all my day-to-day watershed related work.



The entropy-based resource 
management “organizing principle”…...

Brings separate initiatives, covering  multiple 
resources, together in a holistic sustainability 

strategy

Establishes order, not only on the molecular 
scale, but also in all other management, 

planning and regulatory operations. 

.........and does it quickly and cost effectively

Presenter
Presentation Notes
So what this organizing principle does is help us bring individual sustainability initiatives covering multiple resources together to develop holistic sustainability strategies.  We do that by imposing order – by trying to  “create negative entropy” - both at the molecular scale and also in all our other management, planning and regulatory operations.  



“Top-down watershed management”
A tale of two whiskies….

Presenter
Presentation Notes
“A tale of two whiskies”.  This always goes over well at engineers conferences for some reason.“Top down watershed management” essentially leaves rainwater to travel along in its natural path as long as possible, before we, reluctantly, must intervene for our own purposes.  When we do that, we get many benefits that we hadn’t necessarily planned for when we first set out.  When we use top-down watershed management in our watershed work, we’re mostly trying to restore the natural processes that once happened near the top of the watershed.This slide shows a natural example.  Most whisky aficionados will tell you It is the water in each whisky that gives it its individual flavor more than any particular part of the distilling process. The water in the stream in every glen is different, due to the chemical and biological activities that take place over its journey from the mountain ridge line down to the distillery.  The water gets a lot of spin-off benefits from that journey, that we wouldn’t get if we just piped it all the way to the distillery.You can see in the example that the two very different types of watersheds produce very different whiskies.  But they’re both good.  If you use top down watershed management you’ll always get good results including some you might not have thought of to start with.So, we can have our good whisky – and the fish can have their good habitat – both.  We can co-exist.



Examples 



Hydrologic Accounting and the
2008-2011 Stormwater CIP (SCIP)

“Hydrologic Accounting” was used to:

• Determine the cost-effectiveness of  projects
• Select and prioritize capital projects
• Evaluate alternative designs

…….and quickly move projects forward into 
construction.

Presenter
Presentation Notes
If you have confidence in a strategy that will always produce good outcomes, that frees you up to make good decisions based on sound qualitative thinking and a reasonable level of quantification.Hydrologic Accounting is an example of a quick, simple quantitative method the county has used to identify good stormwater mitigation projects.  It’s a simple “apples-to-apples” quantitative comparison of two or more stormwater management project alternatives.  It uses a continuous hydrology model to compare those alternatives based on the computed size of the hypothetical upstream watershed that they “can provide full mitigation for”.   The project that can mitigate the largest hypothetical upstream basin moves forward. It was used extensively in the county’s fast-paced 2008-2011 Stormwater Capital Improvement Program to determine the effectiveness of  projects, select and prioritize projects, and evaluate alternative designs so that we could quickly move projects forward into construction. 



Hydrologic Accounting:
Project Effectiveness

Presenter
Presentation Notes
This slide just shows our system of graphically assessing project benefits; one offshoot use of the hydrologic accounting process.  The green shading depicts the flow control benefit provided for this sub-basin by the construction of a new detention pond.  The greener the basin is, the more “fully-mitigated” the catchment will be, and the better that project or plan alternative is.



Sub-basin Retrofit Plan

1. Use Watershed Sensitivity/Impact mapping to identify priority 
sub-basins

2. Use “Top-down BMP selection” to identify the most cost-
effective infiltration BMP at every possible retrofit location

3. Use Hydrologic Accounting to select the most cost-effective 
combination of BMPs to form a “Plan Alternative”  

4. Use Hydraulic Accounting to confirm and adjust the selected 
Plan Alternative

5. Complete the final project design using standard hydrologic 
and hydraulic models 

Presenter
Presentation Notes
This next example is a sub-basin retrofit plan, a much quicker way to identify and restore degraded basins than a watershed plan.  It’s completed using the simple step procedure shown here.  We’ve talked already about using a top-down watershed strategy.  Here we’re trying to pick retrofit projects that will move this basin back as much as possible to it’s natural functions.  You always have to start right at the ridge line at the top of the sub-basin and work downstream to the basin outlet.We’ve also already talked about hydrologic accounting.  Hydraulic accounting is a similar apples to apples comparison, this time for comparing two systems of several BMPs, using a sediment transport analysis.   



Sub-basin Retrofit Plan
Infiltration Zone Map and Matrix

Presenter
Presentation Notes
This graphic shows what is maybe the key step in the Sub-basin retrofit plan process.We use Infiltration Zone mapping (left map) -  basically a single map mix of soil types and groundwater elevations – along with a BMP cost-effectiveness matrix (bottom right) to pick the most cost-effective infiltration-based BMP at every potential retrofit location in the disturbed sub-basin.  



Sub-basin Retrofit Plan
Alternative #1: “Maximum Improvement”

Presenter
Presentation Notes
This graphic shows the outcomes from using the top-down strategy along with the Infiltration Zone map and matrix.  The graphic shows a portion of the Plan.  It includes a large rain garden, roadside rain gardens with overflows to a wetland/retention area, parking lot runoff interception rain gardens, “Eco-roofs”, downspout rain barrel/planter boxes, a headwaters restoration area, an existing detention pond with modified outlet controls, and reforestation areas.  Note the headwaters restoration area.  Using top-down watershed management has forced us to try to re-establish the natural drainage paths and restore the natural headwater wetland (cf the “whisky” example from a couple of slides back).  We want not only the recharge from new rain gardens, but to reverse any previous diversions and groundwater discharges.  We not only want recharge quantities, we also want the potential energy.   Don’t quite know exactly what for, but we want it anyway.  So, entropy-based resource management lets you confidently complete fast, effective sub-basin plans rather than long, drawn-out watershed plans.



Groundwater Recharge and Discharge

Presenter
Presentation Notes
This slightly different example shows how thinking in terms of entropy-based resource management can also help you assess  issues, other than watershed planning and capital improvements.This example came from answering a legal action that stated that a county road-widening project would reduce recharge and so dry up the adjacent wetlands.  In the sketch we are pointing out that recharge is really only a secondary issue; the only thing that truly matters in the end to wetlands is having high groundwater elevations,  that’s water in liquid phase at the highest potential energy possible, regardless of how those high groundwater elevations come about.   The county road project would remove the existing ditches and so eliminate those groundwater discharges.  This simple sketch was key to refuting the plaintiff’s claim, winning the law suit and freeing up four priority road projects.  So, using entropy-based resource management can help you analyze and solve other complex environmental problems as they come up.



Looking forward 



What is the most sustainable.....land use plan?
Current Land Use Plan Use GW model to determine the optimal 

land use arrangement 

Sustainable Land Use Plan Envirometric Land Use Plan

Presenter
Presentation Notes
A basic question to ask these days is “what is the most sustainable……(you fill in the blank)??   Here we’re asking - what is the most sustainable…land use plan? This slide shows one possible way to develop one. The resource selected was water; how do we develop in a way that will make the best use of the annual rainfall supply for a watershed?  Here, a groundwater flow model (Modflow) was used to identify the optimal arrangement of land uses i.e. the arrangement that maintained the highest groundwater elevations throughout the year), again using a simple series of steps.     So, using entropy-based resource management to come up with a sustainable land use plan would lead you to put residential development on top of the hill in the upper watershed, Industrial development in the lower watershed, and Parks and Recreation in the valleys and mid-watershed.  (Note: Thinking back to our strategy, you could really have just placed them in those locations without any modeling).



Roundabout Corridor Green Street

• No stoppages/less energy use
• Minimize entropy change 

from liquid/PE to gas/KE
Also:
• Less emissions

• Infiltration of stormwater runoff
• Increased groundwater recharge 
• Higher groundwater table
• Reduced stream erosion
• Less impervious area
• Less wetland impact

What is the most sustainable....roadway grid?

Presenter
Presentation Notes
Here we’re asking what is the most sustainable .... roadway grid?  The suggestion here is to use a roundabout corridor combined with a Green Street roadway cross-section. The roundabout corridor part eliminates forced car stoppages and engine idling that would occur at a signalized intersection.  It addresses energy (what we started out looking at) as well as air (air quality – a spin off benefit).Add to that corridor a Green Street roadway cross section and you’re now also addressing water.With this combination, we’re checking the boxes for energy, water and air to provide a truly holistic and comprehensive solution to a sustainability question.So, using entropy-based resource management to come up with a sustainable roadway grid would give you a roundabout corridor coupled with a green street cross section as your default, sustainable roadway grid.This example perhaps sums up this strategy best.  That is to use this organizing principle to develop simple but nonetheless comprehensive sustainability strategies that will help move us forward quickly towards sustainability.   And to be sure to cover energy, water and air in every sustainability proposal.  



Watershed Management: New Focus

TRADITIONAL PROCESS

Comprehensive Plan

Watershed Plan

Capital improvement 
Projects

SUGGESTED PROCESS

Sustainable Land Use 
Plan

Sub-basin Retrofit Plan

Capital Improvement 
Projects

Presenter
Presentation Notes
After having worked on watershed planning and capital improvements for some time, these are the things I would like to see happen in the future. This graphic shows us re-configuring the traditional watershed management process to put a new focus on developing sustainable land use plans (for protection) and sub-basin retrofit plans (for rehabilitation). 



Causes for Optimism

• Increasing use of LID

• Stormwater capture and aquifer replenishment

• Increasing use of solar energy

• Wind energy linked to pumped storage

• Turbines inside gravity water supply lines 

• Artificial photosynthesis for fuel

Presenter
Presentation Notes
These promising sustainability initiatives were developed individually and independently, without the use of the entropy-based resource management organizing principle.  However, they are all compatible with it, and so we can say that entropy-based resource management is already, inadvertently, in widespread use. If we acknowledge this, and instead shift our sustainability focus to developing a collection of strategies that will address all resources, we’ll be able to do so much more.  Remembering that entropy-based resource management is supposed to bring all resources and processes together in a holistic sustainability strategy, we would include all of the above, and more, in a comprehensive sustainability plan for a community.The last example Included here is an artificial  photosynthesis proposal, which is a good way to think of entropy-based resource management.  The photosynthesis process reminds us that nature handles every bit of energy from the sun arriving on every square inch of the earth perfectly, by “creating negative entropy”.   We need to try to do the same.



Create negative entropy!

“The ultimate purpose of life, mind, and 
human striving: to deploy energy and 

information to fight back the tide of entropy 
and carve out refuges of beneficial order” 

- Steven Pinker

Presenter
Presentation Notes
I liked this guy’s thinking - it seemed to fit well with what I’m talking about today.



Sustainability???

“Just create a bit of negative entropy 
mate........she’ll be alright.”

John Milne, P.E.

John.Milne@clark.wa.gov

Presenter
Presentation Notes
But I like just plain language better still.  So here you have it – sustainability for Australia! And as the 1984 Wallabies remind us, good strategy and great teamwork will get the job done.
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