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Presenter
Presentation Notes
Hello.  My name is John Milne and I work for Clark County Public Works.  I’ve worked for around 38 years now in civil and water resources engineering.  The last 23 with Clark County working on stormwater regulations, watershed plans and capital improvement programs.   

 I’m going to talk today about using “Entropy-based resource management”  as an organizing principle for developing sustainability strategies.






®
ENTROPY-BASED RESOURCE MANAGEMENT

An Organizing Principle for developing
sustainability strategies

1. Concept

2. Examples

3. The future............


Presenter
Presentation Notes
The concept grew out of Clark County’s stormwater regulation and watershed planning work in the 1990’s, which focused on trying to restore the natural watershed hydrology.  Covering the full hydrologic cycle and including surface water and groundwater.   Effective watershed management is very important to us on the west coast as we try to save our endangered Pacific salmon.

Most of the presentation will focus on watershed management work completed by Clark County. The last part of the discussion expands this concept to resource-management in general, and looks forward a bit to the future.





ENTROPY-BASED WATERSHED MANAGEMENT

“Instead of engineered facilities, why don’t you
use holistic, watershed-based methods that
“mimic natural processes?”

Agree.......but what exactly does that mean???
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“Instead of engineered facilities, why don’t you use holistic, watershed-based methods that “mimic natural processes?”  This is a common complaint made about engineers and their square detention ponds.  It was heard a lot during the development of the county’s Salmon Creek Watershed plan.  

Probably most stormwater engineers would actually agree with this.  But as engineers we have to move beyond this observation to make things happen.  We need to quantify everything, convince decision-makers and the public, and get on-the-ground results.  So here we are looking further into what  “mimicking a natural process” might mean in physical terms.  

A quick reminder before we move on.  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.   This presentation is basically about finding simple, effective ways to maintain or create order, that is to “create negative entropy”,  as a way to move us in the direction of sustainability.



“MIMIC NATURAL PROCESSES”

Natural processes always act to minimize energy loss at all
times and leave all resources in a state of minimum entropy
after each process has been completed

$

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

Y

“Entropy-based watershed management”

A holistic, watershed-based strateqgy that mimics
natural processes.



Presenter
Presentation Notes
The premise here is that “Natural processes always act to minimize energy loss at all times and 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 possible.   In nature, nothing is ever wasted.

This physical concept of maximizing order in all natural resources and systems seems to capture the way natural systems are able to work across physical, chemical and biological boundaries for the efficient storage and frugal use of energy and other natural resources.  The main contention of this presentation is that this is the fundamental physical process that we should try to mimic. 

So “entropy-based watershed management” is the holistic, watershed-based organizing principle that the county came up with,  and have developed several strategies from over the years.






“ ENTROPY-BASED WATERSHED MANAGEMENT
NATURAL EXAMPLES

SNOWPACK

Water in solid phase at the highest
potential energy possible.

....next best thing??

Contaminants
and sediment
are filtered

HIGH GROUNDWATER

Provides
critical wildlife
habitat

Water in liquid phase at the highest
potential energy possible.

“Pump up the groundwater as high
as possible (then plant everything)”
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We can check this out by looking at a natural resource, for example the annual rainfall on a watershed, and asking “What would be the most “ordered” state for water – the least entropy state?”  Is that state seen prominently in nature?  And would maintaining the annual rainfall supply in that state constitute effective “management” of the resource?

Following our premise leads us to suggest snowpack, which is water in solid phase with the highest possible potential energy.    We know that watershed managers and biologists would feel pretty good if they had a healthy snowpack at the end of winter.  So it does seem to  constitute effective “management” of the annual rainfall supply.

But physically creating snowpack from rainfall is difficult and expensive.  So what might the next best thing be?  With high groundwater, the annual rainfall on the watershed is stored as water in liquid phase at high potential energy.  Again,  we all know that high groundwater is good for wetlands, stream base flows, and so on.

So now we have something a watershed manager can work with.  A simple entropy-based strategy might be to always try to “pump up the groundwater as high as possible” and apply that thinking to every regulatory, planning and capital improvement activity that shows up on your desk.    

The second part of the “game plan”  noted here refers to maximizing the photosynthesis going on in the watershed at the same time. So the overall game plan for sustainability is to always try to  store as much water and energy as each watershed can handle.  So as many animals as possible can live there.  Very simple.

One more thing.  The high groundwater gives us a good, sustainable water supply for the watershed.  Now sink a well to supply a small city in this area.  With high groundwater, we also have high potential energy , so you can use a smaller pump.  So the most sustainable environmental solution is also the cheapest capital cost, lowest operational cost and most sustainable infrastructure alternative for the community.



Some considerations.....

“Top-down watershed management”

Why “Organizing Principle?”

How can we use this?
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There are many directions this finding could take us, but I’d like to make a point here about how I prefer to apply this knowledge.  So we’ll hang on here just a bit to look at some relevant considerations.


®

TOP-DOWN WATERSHED MANAGEMENT
“A TALE OF TWO WHISKIES....”

MACALLAN

INGHLAND SiNGLE ST
SCOTEH WHitsEy
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A tale of two whiskies.  This slide shows a natural example of what I refer to as “top down watershed management”.  

Most single-malt whisky drinkers will tell you it is the water in each whisky that gives it its individual flavor.  Have you ever wondered why single malt Scotch is usually called Glen-this or Glen-that?    The  reason is that the water in the stream in every glen is different, due to the different geology and different chemical and biological activities that take place over the water’s journey from mountain ridge lines to the distillery.  Every glen is different; every whisky is different.

The left photograph shows the east Highland area around the River Spey.  It’s quite lush, and Macallan is a nice smooth whisky.  The west coast island landscape on Islay is harsher, wetter and boggier.  The water in the burn looks like coca cola from all the peat in it, and Laphroig has a smoky flavor and has more bite to it as a result.   How much do you think we’d  like these two whiskies if we had instead captured all that “pure” highland rain water and piped it to the distillery?  Probably not very much.  So it looks like the glens seem to know better than we do how to make a wide variety of good whiskies, by infiltrating rainfall as soon as it hits the ground – top-down watershed management.  I’d add to that – maybe they also know what’s best for that glen’s salmon run.  




WHY “ORGANIZING PRINCIPLE?”

“Physical laws work the same today as they did yesterday”

“Physical laws work the same here as they do over there”

For these to be true:
e Physics is perfect

e Natural systems are very efficient, and perfectly reliable

A valuable piece of knowledge — let’s put it to use right away!



Presenter
Presentation Notes
This slide gets at the issue of why would we go back to using a simple organizing principle when we already have all that advanced scientific, engineering and modeling capability working on this sustainability issue. 

The woman in the background is Emmy Noether, a fine mathematician that deserves more recognition.  Her simple observations shown here might sound trite at first.  But they are really quite profound, and they lead to important conservation laws  -  the conservation of energy and the conservation of momentum.  Also all the complex engineering and biological equations and modeling that we know follow from those laws.  However, I’d like to point out one particular conclusion we can also draw from these observations:  They point to the perfection of physical laws, near-perfection of natural systems, and the fairly complete assurance that if we use or mimic them we will always get good results.  

So, essentially, we are treating sustainability as an applied physics problem.  We first make sure we start out developing our strategies using sound basic physics.  Then we can find a range of ways to effectively manage our resources.  This presentation focuses on finding the simplest, most direct, reliable ways possible to implement effective resource management strategies, while staying true to this basic organizing principle.  So here we will use simple methods, but not simplistic – they are grounded in physics.   




HOW CAN WE USE THIS?

Using natural processes and working in a “top-down”
sequence allows us to move forward quickly on
sustainability initiatives :

e Accuracy is sufficient to make reasonable policy decisions

 Only need “apples to apples” comparisons

* Go quickly to a reasonable solution to a known problem
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So, what have we just learned and how best can we use this information?

If we acknowledge the perfection of natural processes, use them as much as possible, and always work in a “top-down” sequence, that will free us up to move forward quickly on sustainability initiatives.    Because we have confidence in good outcomes, our engineering accuracy needs only to be sufficient to make a reasonable policy decision.  We only need “apples to apples” comparisons, between two known good outcomes, rather than highly precise, calibrated, incontrovertible models.  And we can go quickly to a reasonable solution to a known problem.  Again, we make everything as simple as possible (but no simpler).


HOW CAN WE USE THIS?

Also, the organizing principle:

e Brings separate sustainability initiatives together in a holistic
strategy

e Establishes “order”, not only on the molecular scale, but
also in all other management, planning and regulatory
operations

Can be thought of as a “back to basics” approach to
sustainability.
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The second thing is to remind us that focusing on entropy gives us a holistic strategy for sustainability initiatives. It forces you to establish “order” in everything – on a molecular level and also in all other management, planning and regulatory operations.  

One of the problems I’ve struggled with in watershed work is that very often engineers and biologists seem to be working against each other, though they ostensibly share a common purpose.  Also that individual regulations often seem to conflict rather than complement each other.  These are disorderly processes that we can bring more order to by re-emphasizing multi-disciplinary thinking and good inter-agency cooperation.  

By focusing on trying to improve these procedures, over the development of ever-more elaborate data collection and modeling, entropy-based resource management can be thought of as a “back to basics” approach to sustainability.  An analogy here might be a soccer team in mid season that is starting  to lose to other teams that they should easily be able to beat.   The team, full of good players, is under-performing.  Eventually, the coach gets fed up with all the dribbling, arguing and showing-off that is going on and forces the players to go “back-to-basics”.  One-touch passing drills, runs and shots on goal, and so on.    The next week, the team starts to work as a team again and the results improve. 

The team in the background here is the “Lisbon Lions” - Glasgow Celtic.   They were the first British team to win the European Cup, completely transforming the game of football in the process.  There were no Lionel Messis on that team – just a bunch of lads who all grew up within 10 miles of each other in Glasgow.  They decided that they wanted to win every game they played, every player knew exactly how to do their job, and superb teamwork made them the best sports TEAM that ever played.   We’ll need that same type of teamwork if we are to make good progress on sustainability.



- ENTROPY-BASED WATERSHED MANAGEMENT
EXAMPLES

e Sustainable Land Use Plan

e LID on a watershed scale

 Hydrologic Accounting and the 2008-2011 SCIP

e Sub-basin retrofit plans

e Offsite stormwater mitigation as watershed rehabilitation

 Groundwater Recharge and Discharge
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We’ll now step quickly through these Clark County examples of strategies developed using the organizing principle.


SUSTAINABLE LAND USE PLAN

1. Current Land Use Plan 2. Use GW model to determine the
optimal Iand use arrangement
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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 here is water – how to make the best use of the annual rainfall supply for a watershed.  

The first graphic is the current land use plan; mostly econometric and transportation-based.  The goal is to try to develop a new plan, with the same mix of land uses but distributed differently throughout the watershed in a way that will produce less impacts, cost less, and be more sustainable.   The second graphic does this by using a groundwater model to help place different land use types in the optimal locations to promote high groundwater.  This worked out to be putting the land uses with the most net-recharge in the highest parts of the watershed.  That land use arrangement gave graphic three – an envirometric land use plan.  Last, this is reconciled with the original land use plan to give a sustainable land use plan.
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“LID ON A WATERSHED SCALE”
WEST MILL CREEK HEADWATERS ENHANCEMENT PROJECT
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Washington and other states recently made a big shift towards mandating the use of Low Impact Development BMPs for stormwater management   We know it has multiple benefits – it just seems to make sense.  So - why not  apply it on a watershed scale also?  

This graphic shows a large headwater wetland restoration project, where we tried to reverse the ditching that had gone on, then restore the natural recharge using various infiltration/retention BMPs.  Essentially giant rain gardens – “paddy fields”, ploughed land surfaces, and so on.   After the site is all graded out we reforest the whole area.  

The project replaced our traditional stormwater flow control hydrologic modeling with a watershed water balance design.  Although that gave us a more complete picture of the hydrologic cycle, it still seemed insufficient to capture what we wanted to achieve.  So that modeling based design was expanded to “pump up the groundwater then plant everything”.  This was probably the first formulation of entropy-based resource management, and this is still the phrase I start with for all my stormwater and environmental work.  

The two graphics also show the good collaboration we had at that time between county biologists and engineers.  We’ve unfortunately lost that connection with the formation of a new Environmental Services Department geared exclusively towards regulation.  We’ve unfortunately, with the best of intentions, introduced impediments to what was a holistic, cooperative system.


JHYDROLOGIC ACCOUNTING AND THE 2008- 2011 SCIP

~_ “Hydrologic Accounting” was used to:

n e the cost-effectiveness of projects
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“Hydrologic Accounting is one of those simple “apples-to-apples” comparisons I mentioned earlier.  It compares any two stormwater mitigation alternatives based on the computed size of the hypothetical upstream watershed that they can provide “full mitigation” for.  The stormwater mitigation can be in terms of flow control and/or water quality treatment.

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.  The 2008-2011 SCIP was by far the county’s most successful watershed rehabilitation effort.  A big reason for that was that policy-makers were highly motivated to get on-the-ground results fast, and so were willing to expend funds based on reasonable evidence of the effectiveness and cost-effectiveness of competing projects.  



SUB-BASIN RETROFIT PLAN

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

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

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

Use Hydraulic Accounting to confirm and adjust the selected Plan
Alternative

Complete the final project design using standard hydrologic and
hydraulic models
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Next example is this sub-basin retrofit plan process.  First we use Watershed Sensitivity/Impact mapping to identify priority sub-basins.  Then we use “Top-down BMP selection” to identify the most cost-effective infiltration BMP at every possible retrofit location.  Next we use Hydrologic Accounting to select the most cost-effective combination of BMPs to make up a “Plan Alternative”.  Next we use Hydraulic Accounting to confirm and adjust the selected Plan Alternative.  Finally, we complete the final project design using standard hydrologic and hydraulic models  - just as much as is necessary to get approvals.

In the next couple of slides, we’ll briefly look at just a couple of the key steps.  
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STEP 2: IDENTIFY THE MOST COST-EFFECTIVE INFILTRATION
BMP AT EVERY POSSIBLE RETROFIT LOCATION

NE 10th Avenue; NE 149th Street to NE 164th Street
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Step 2  uses Infiltration zone mapping, basically a single map mix of soil types and groundwater elevations, along with a BMP cost-effectiveness matrix to pick the most cost-effective infiltration-based BMP at every potential retrofit location.  We work downstream from the watershed ridge lines – top-down watershed management.
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In Step 3, this “Maximum Improvement”  Plan Alternative  was developed by siting the most cost-effective infiltration BMPs in every possible retrofit location, as described on the last slide  The graphic includes a large rain garden, roadside rain gardens, parking lot runoff interceptor rain gardens, “Eco-roofs”, downspout rain barrel/planter boxes, a headwaters restoration area, and a reforestation area.  The last step is to adjust the flow controls on the existing downstream detention pond, to reflect the reduced volume of runoff arriving there and to refocus the flow control on the flow range causing the most stream erosion.   

One thing worth pointing out here is that the headwaters restoration area design diverts storm flows that currently drain directly to a detention facility back to the natural runoff path.  So it reinstates the natural surface and groundwater hydrology that was disturbed by the Clark County Fairgrounds grading and street layout.  This is the county’s old strategy of restoring the natural watershed hydrology, only now it is more systematic and quantified.  An entropy-based game plan forces you to take steps like this that you may not otherwise have considered.




SUB-BASIN RETROFIT PLANS: CONCLUSIONS

Fast, watershed-based project selection

|dentifies needed, effective and cost-effective projects

“Top-down” procedure addresses all watershed needs

Multi-benefits for environmental programs

Speedy and effective watershed restoration

*completed very quickly, without the need for a large-scale watershed plan.
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So here are some conclusions on the sub-basin retrofit plan process.  

It’s particularly worth noting here that this is a good watershed-based project selection method , where you don’t have to sit around and wait for a complex and contentious watershed plan to be developed, adopted, approved and funded.  


»
OFFSITE STORMWATER MITIGATION AND WATERSHED

REHABILITATION: “WHAT’S UP WITH DAT?”

DAT = a process where obligated funds from public road projects
can potentially be used to advance watershed rehabilitation:

1. Determine if you have a “qualifying project”

2. Develop a “watershed-based proposal” for using offsite stormwater
mitigation

The proposal is then reviewed by the Demonstrative Approach Team
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“What’s up with DAT?”.  

DAT is a process where public road projects can be linked up with watershed capital projects to solve difficult design problems for the road project while also helping watershed rehabilitation efforts.  The Demonstrative Approach Team, made up of state DOT and Ecology staff experts, evaluates all proposals.  First you have to demonstrate that you have a “qualifying project” – that’s a simple economic analysis.  Next you have to develop a “watershed-based” proposal for using offsite stormwater mitigation.  The Demonstrative Approach Team then evaluates your proposal and recommends acceptance or not.




WATERSHED-BASED PROPOSAL

STANDARD MITIGATION VS. “ONSITE-PLUS-OFFSITE” MITIGATION

"80/20" Rule

] : f
(cetain-to-Natural)
@k =
ar
Partial onsile migason

a6

. T
Offsite mitigabon

&
&@

—"Ensibe-plus-offsits™ mitagation

STANDARD MITIGATION “ONSITE-FLUS-OFFSITE”™ MITIGATION

¥ il st e < [Offshe magaton o

T

e 5 a1, cmtroes |
[raterired e serlatated |

Standard Mitigation vs "Onsite plus Offsite” Mitigation

——Sancwd Mitgstion
—&"Onge phue-0fsne”
—a— Exiting



Presenter
Presentation Notes
This slide shows the watershed–based proposal for our 10th Avenue road project in kind of cartoon form.  

The first graphic is just a “80/20 rule” or “pareto principle” graph showing that you can get two very effective  projects for the price of one highly efficient detention pond.  The second graphic shows the hydrologic model for that - the Standard Mitigation alternative has one very large detention pond; the  “Onsite-plus-Offsite Mitigation” alternative shows a smaller detention pond next to the road project along with a second, “extra” pond provided on another stream.   The third graphic shows the results of the hydrologic model – basically confirming that two smaller ponds on two streams are better than one large pond on a single stream.  The fourth graphic shows how six road projects over a 6 year CIP can generate 6 “extra” projects to help rehabilitate a highly-impacted watershed of six-sub-basins.

So the county’s watershed-based proposal is to provide an extra, needed and effective project somewhere else in the watershed,  in exchange for using a smaller stormwater facility at the road project location.


OFFSITE MITIGATION PROJECT TYPES

1. Detention pond retrofit

2. New detention pond

3. Headwater wetland restoration

4. Flood plain bench

5. Culvert replacement (for fish passage)

6. Stream stabilization project (channel-spanning log jam)
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The last slide made a case for providing an “extra” detention pond as the offsite project.  A “like-for-like” proposal.  However, there are many other valuable watershed projects that could be more needed and effective.  More effective really - since we always work in a top-down direction, detention ponds are the county’s last resort after all other infiltration/retention BMPs have been tried.  This is a list of the offsite stormwater mitigation project types that we considered for our 10th Avenue project. 

The next step in the DAT process is to build a case for selecting one of these projects as the offsite stormwater mitigation component of the “Onsite-plus-Offsite” alternative.  We were able to develop a hydrologic or hydraulic accounting comparison – an apples-to-apples comparison - for most of these desirable watershed project types.
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This slide shows an example of the Hydraulic Accounting procedure that was referred to earlier.  Another simple apples-to-apples comparison method.  This runs the “Standard Mitigation” and the “Onsite-plus-Offsite” mitigation alternative hydrographs through a  sediment transport analysis  - that’s a HECRAS run using an idealized stream reach - to see which one causes the least stream erosion in three affected stream reaches.  You can see that the Standard Mitigation alternative does reduce erosion a bit – the orange bars are shorter than the blue bars.  However, the Onsite-plus-Offsite alternative  - the purple bars - reduces it quite a bit more.  

(JM note for questions if any – in the blue reach, we had to select a particular short-duration storm sequence – that actually increased erosion in the blue reach a bit – but remember, we have met our flow control requirement to detain to Existing Conditions – we have reasonably well (possibly not perfectly)  mitigated impacts. )  


»
“DAT” AND OFFSITE STORMWATER MITIGATION

CONCLUSIONS AND RECOMMENDATIONS

Good watershed-based project-selection
Cost-effective watershed rehabilitation

Project types can be quantifiably linked to flow control

I N .

Need watershed-based review procedures

Recommend:
 Expand DAT to allow a wider range of project types

e Consider linking DAT to NPDES permit


Presenter
Presentation Notes
Last slide on this DAT example.  These are some conclusions and suggestions for using offsite stormwater mitigation and the DAT process to help watershed rehabilitation.  

A couple of recommendations.  First it would be good to expand the DAT process to allow a wider range of project types.  Second, it would be good to link the DAT process to the county’s NPDES permit terms.  For example, I can see a lot of good in the county having a two year permit term in which use of this procedure allowed us to remove the worst of our culvert barriers to migrating salmon.  


GROUNDWATER RECHARGE AND DISCHARGE

COMPARISON OF "ONSITE" AND "OFFSITE" RECHARGE NEAR 72ND AVENUE
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Stormwater management is generally moving more towards using LID and increasing groundwater recharge.  That’s all good, but this next example brings up an important question - “what good is all that recharge if you just discharge it all straight away?” 

This example came from answering a legal action saying that a county road-widening project would reduce recharge and so dry up the adjacent wetlands.  Thinking this through in terms of our organizing principle, we developed this sketch.  In it 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 groundwater in liquid phase at the highest elevation possible).  Regardless of how those high elevations come about.   The county road project would remove the existing ditches shown here and so eliminate those groundwater discharges.  We also added trench dams on stormwater and utility trenches to eliminate the French drain effect of the pipe trench backfill.  

The county got some good information out of this experience – basically to always think about both recharge and discharge when considering groundwater, wetlands and all activities in the watershed.  Protect headwater wetlands, minimize use of ditches in high groundwater areas, add trench dams to utility trenches, etc.


ENTROPY BASED RESOURCE MANAGEMENT
What is the most sustainable............... roadway grid?

Use entropy-based resource management to design a roadway
grid which uses the least energy for a given commute:

A. Maximize the PE of the resource (oil):

— minimize the entropy change from liquid with high PE to gas
with high KE

— cars travel at all times that the engine is running

B. Mimic a natural system:

— minimize entropy by designing intersections to achieve the
most orderly flow

Hypothesis = use roundabout intersections
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Presentation Notes
Now for an example of Entropy-base Resource Management.  In this case we are asking “what is the most sustainable…….roadway grid?”

The resource here is oil/energy and the problem is to design a more energy-efficient roadway grid. (We’ve been trying for many years to design cars that use less energy per mile.  Here we’re trying to design roads to do the same?)

We can use the entropy-based resource management principle to check this out in a couple of ways.  Method A simply tries to minimize the conversion of oil – a liquid with high Potential Energy - into high Kinetic Energy gas.   It does this simply by  trying to keep cars moving at all times their engines are running.   

The second method approaches this from the viewpoint of trying to mimic a natural process.  That’s the one we’ll focus on here. 

The suggested solution in both cases is that replacing regular traffic-signal intersections with roundabouts would minimize the entropy of the system and so use the least energy.



SUSTAINABLE ROADWAY GRID
B. Mimic a natural system

Roundabout

Smooth flow and no gaps

No gaps...orderly...continuous
- like a liquid

Regular Intersection

Platooning

Gaps...disorderly...random
- like a gas
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Here we try the second method – mimicking a natural system.  Think of the cars as being like molecules in a substance.  For the roundabout corridor the “molecules”  - the cars - are more ordered than the regular intersection “molecules” on the right side.  There are no gaps in flow with the roundabout corridor but there are gaps with the standard corridor.

For the roundabout corridor, traffic flows in an orderly way - like a liquid.  For the regular intersection, the flow is more disorderly, interrupted, and random – more like a gas.   Liquid is a higher-order physical state than a gas, so mimicking a liquid should be better resource management than mimicking a gas.  

A bit hokey, maybe, but we won’t care much about that if it works.  Will we?




SUSTAINABLE ROADWAY GRID

Roundabout corridor

* No stoppages/less energy use

e Minimize entropy change
from liquid/PE to gas/KE

* Less emissions

Green Street

ALTERNATIVE SUSTAINABLE ROADWAY CRID
(ROUNPABOUT CORRIDOR,"CREEN STREET")
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e Infiltration of stormwater runoff

* Increased groundwater recharge

* High groundwater table

e Reduced stream erosion

 Narrower road section

e Less impervious area and less
wetland impacts
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So we pick the roundabout corridor as the most energy-efficient roadway grid.  

Here we see the last step in trying to develop a sustainable roadway grid.  Can we also cover water resources to give us a truly holistic, sustainable roadway grid?  Can we walk and chew gum at the same time, just like nature does?  Here, the roadway grid includes the roundabout corridor coupled with a Green Street stormwater design. This combines the most sustainable energy use with the most sustainable water resources design.   





SUSTAINABLE ROADWAY GRID
ENERGY-WATER-AIR

TRANSPORTATION AND ENERGY USE

Capital cost™
Design Schedule/Permitting”
Annual Fuel Costs (travel through 1 mile corridor)
Travel Time
Intersection Fatalities
Intersection injuries
Left turns across oncoming traffic
Signal Maintenance/Operational costs/Failures

STORMWATER AND WATER CONSERVATION
Annual Runoff Volume (to stream)
Stream Erosion
Annual Groundwater Recharge Volume (from SWF)
Value of recharge (as water supply)

Stream Water Quality (Annual Pollutant Loadings)
Total Suspended Solids

Total Zinc

Dissalved Zinc

Total Copper

Dissolved Copper

Summer Stream Temperature

ENVIRONMENTAL AND ANNUAL AIR EMISSIONS

Project Impervious Area®
Wetland Impact®

Permitting*

Total Hydrocarbons

Carbon Monoxide

Nitrous Oxide

Carbon Dioxide

Methane, Mitrous Oxide, HEC
Wetland hydrology

* Capital Project consideration

CURRENT STANDARD

$10.4m/mile
3 years/2 years
$1,168,000

Yes

2238 acft.

45270 Ibs
2.82bs
2.01Ilbs
065 Ibs
0.35 Ibs

10.06 acres
1.89 acres
2 years

2102 tons
105 tons

"SUSTAINABLE ROADWAY GRID"

$8.6m/mile
2 years/1 year
$022 720

Mo
MNone

0.01 ac t.

2237 ac.-t.
$22370

0lbs
0lbs
0lbs
0lbs
0lbs

9.09 acres
0 acres
1 year

1660 tons
83 tons

DIFFERENCE % REDUCTION
$1.8m 17%
1 year 33%
$245,280 21%
21%
89%
76%
100%
100%
2237 ac ft. 100%
Reduced

$22.370

(See below)
45270 Ibs 100%
282Ibs 100%
201Ibs 100%
0.65Ibs 100%
0.351bs 100%
Reduced
0.97 acres 9%
1.89 acres 100%
1 year 50%
26%
19%
16%
442 tons 21%
22 tons 21%
Improved
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Here are the results of the combined roundabout corridor plus Green Street when compared with a standard roadway grid. Since any energy savings – that is savings in oil consumption – will also lead to a reduction in pollutants, air quality has also been included in the table.  So the table now “checks the box” for energy, water and air, to develop a truly holistic and sustainable roadway grid.  The results show that the Roundabout Corridor/Green Street performs better whichever way you look at it.  Including having the lowest capital cost.  An environmentally sustainable project isn’t necessarily the most expensive capital project, as sometimes seems to be the prevailing opinion.  And that cheaper capital project keeps paying dividends throughout the life of the project.

So a roundabout corridor/green street has the potential to act as an economically and environmentally sustainable roadway grid.  If so, rather than being an afterthought on road projects, or an innovative Value Engineering suggestion, maybe this “sustainable roadway grid” could just become the default roadway grid for the county.  A different type of basic infrastructure to meet the different needs of a modern, sustainable community. 

This table perhaps sums up this strategy and presentation best.  Use this Organizing Principle to develop simple but nonetheless comprehensive sustainability strategies to move us forward quickly on sustainability. 



ENTROPY-BASED RESOURCE
MANAGEMENT

THE FUTURE.......
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So that concludes our quick run-through of entropy-based resource management strategies developed by Clark County over the years. 

A quick recap.  We started with the question “ Instead of engineered facilities, why don’t you use holistic, watershed-based methods that “mimic natural processes?”.  We then tried to figure out what that meant in terms of the physics of it all.  The proposed answer was that we should “create negative entropy” through the use of “Entropy-based Resource Management”.   To move quickly to develop watershed rehabilitation and sustainability strategies, this was implemented in the form of an “Organizing Principle”.  Several Clark County examples were described. 

To conclude the presentation, we’re going to take a quick look at how using  this organizing principle could potentially play out in the future as we try to move more towards sustainable infrastructure and sustainable communities.


What I'd like to see....
.......5ustainable Land Use Plan

Purpose = minimize the entropy in an urban watershed
Need = sustainable economy and environment

Addresses Water,

Serviced by a sustainable roadway grid

Continued improvements in LID BMPs and regulations

Increased protection and restoration of headwater wetlands

Raise and stabilize incised stream channels

Close off ditches and field drains

Expand use of trench dams on pipe trenches

De-emphasize watershed plans; expand use of sub-basin retrofit plans

More holistic environmental regulations and reviews (compatible, flexibly-
applied, more ordered)

Expanded use of offsite stormwater mitigation to promote watershed
rehabilitation (DAT linked to NPDES permit terms)
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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.   Basically, I’d like to see movement towards developing sustainable land use plans (along with complementary and well-coordinated stormwater/environmental regulations and effective watershed restoration programs.  

The items in italics are ones that Clark County is generally doing right now.  More help from the state and other groups will be needed to be able to do the others.  But if we can pull this all off, we’ll have a good whisky distillery on every creek to help us celebrate!  As you can see in the background here.


Key items for me:

Watershed plans have not really worked on both ends – protecting watersheds/sustainability  or rehabilitating watersheds.  I think de-emphasizing that work and putting a new focus on sustainable land use plans and sub-basin retrofit plans might be more successful.
Protect and restore headwater wetlands
Reduce/eliminate ditches in high groundwater areas and install/retrofit trench dams


T o developed and implemented by a Public-
Public Partnership

o Multi-discipline team
» Headed up by an Applied Physicist

* Planner-Transportation Engineer-Water Resources
Engineer-Architect-Biologist

e Each discipline charged with:
— developing an entropy-based strategy
— reconciling it with other disciplines

— responsible for getting their own agency’s permit
approvals
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The second thing I’d like to see is much greater cooperation between individual disciplines and also between public agencies. So, development and implementation of the sustainable land use plan shown on the last slide would be the responsibility of a multi-discipline team from public agencies.  Every discipline would have a responsibility to make it happen – you don’t get a passing grade just by pointing out flaws in someone else’s efforts.  Everybody in that great Celtic team played their part and contributed their very best.  

As I noted earlier, over the years, I’ve come to see sustainability as really a problem in applied physics.  Engineering is physics, and I see chemistry and biology also as just specialized areas within physics.  We ultimately will need to be able to work effectively across physical, chemical and biological boundaries,  and across institutional and bureaucratic boundaries also. Maybe the sustainability team’s Jock Stein would be an applied physicist, who could handle the difficult conceptual thinking needed to formulate and compute system entropies, and also resolve arguments between – say – engineers and biologists.

If we can pull all that off, just look at all the silverware we’ll be picking up!  


Causes for optimism........

Increasing LID

WSDOE Stormwater Control Transfer Program

WSDOE Stormwater Financial Assistance Program (SFAP).
Turbines inside gravity water supply lines

Increasing solar energy

Wind energy linked to pumped storage or underground injection

of compressed air
Artificial photosynthesis for fuel

“Maximum Entropy Method” (Systems analysis)
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Last – here’s a quick list of some other initiatives along the same lines that I think give us reason for optimism as we move forward on sustainability.    

The ones in italics are promising recent initiatives in Washington State.  There is also some good renewable energy progress.  Though I’m presenting simple methods and a simple Organizing Principle today, improved quantification and modeling might also become available in the future using systems analysis techniques.

Also included here is an artificial  photosynthesis proposal, which might be the best 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”.  Nature does its alternative analysis instantly, covers everything, and always gets the perfect answer.  We engineers and biologists need to try to do the same, and entropy-based resource management is a good organizing principle to start with.
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I’ll leave you with this as some food for thought.  It’s the title of an earlier article I wrote for APWA in Washington state.  Sustainability for America!  

I’d also like to acknowledge some key contributors over the years.  

And with that, I’d like to thank you all for listening and open things up for some questions…….


LINKS

John Milne APWA articles (Linked-in address)

e https;//www.linkedin.com/pulse/20140905200504-301288726-
sustainability-life-liberty-and-the-pursuit-of-negative-entropy?trk=prof-post

Other articles of interest:

e http://seit.unsw.adfa.edu.au/research/details2.php?page id=573
e http://www.cms.bgu.tum.de/publications/2012 Christodoulou ICCCBE.pdf

e http://www.siwi.org/prizes/stockholmwaterprize/laureates/2015-
2/http://bangalorenotes.com/negative entropy.htm

e http://www.cnki.com.cn/Article/CIFDTOTAL-JAXG200110012.htm

e http://www.columbian.com/news/2013/feb/24/a-new-hope-in-energy-
storage-bonneville-ross-wind/

e http://www.scotsman.com/news/transport/glasgow-uni-discovery-set-to-
solve-energy-crisis-1-3664735

e http://www.opb.org/news/article/portland-now-generating-hydropower-
in-its-water-pipes/



http://bangalorenotes.com/negative_entropy.htm
http://www.cms.bgu.tum.de/publications/2012_Christodoulou_ICCCBE.pdf
http://bangalorenotes.com/negative_entropy.htm
http://www.cnki.com.cn/Article/CJFDTOTAL-JAXG200110012.htm
http://www.columbian.com/news/2013/feb/24/a-new-hope-in-energy-storage-bonneville-ross-wind/
http://www.scotsman.com/news/transport/glasgow-uni-discovery-set-to-solve-energy-crisis-1-3664735
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