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INTRODUCTION

This is the second part of a typart demonstration of\watershed approach to wetland

restoratioror mitigation planning to reduce pollutant load reductions to downstream receiving
waterbodies while improving the overalbundance, distribution, and diversity of wetlands in the
watershed. The demonstration focuses on the Laguna de Santa Rosa (Laguna) and the lower
portion of its watershed, the Santa Rosa Creek watershed, on the Santa Rosa Plain, near Santa
Rosa, CalifornigFigure x1). The focus area is termed the Project EvaluaticmafPEA)to be
consistent with emerging California state procedures that planning and assessing compensatory
mitigation in the watershed context.

ThelLaguna is muclappreciateddr its beaty and wildlife. Historical wetlands on the Santa

Rosa Plain upstream of the Laguna helped protect the Laguna from excessive sedimentation by
storing and filtering floodwaters. Groundwater maintained by infiltration of runoff in the

wetlands fed springs@hg the Laguna and kept it cool enough to support salmon. More recently,
the wetlands filtered nutrients and other pollutants from runoff generated by ranching, dairying,
farming and early urbanization. The wholesale conversion of these wetlands to faadarses

has had multiple negative effects:

9 Disruptions of stream flow (i.e., hydromodification) causing channel erosion;
1 Discharges of excessive amounts of fine sediment and other pollutants into the Laguna,;

1 Ecological fragmentation of the Plain including isolation of remaining wetlands.

In consequence, the Laguna has been declared am impaired waterbody due to excessive inputs of
nitrogen phosphorus, and fine sediment.

This demonstration projebtstwo phasesPhasel applied the Hydrological Simulation
ProgramFORTRAN (HSPF) Model to evaluate flow and nutrient load reductions based on
hypothetical increases in tlaeresof depressional wetlands in tREA. Phase 2 of the project
usedGreenPladT to prioritize wetland restoration opportunities to optimally reduce flow and
nutrients loads from the PEA to the Laguna.


http://greenplanit.sfei.org/books/greenplan-it-toolkit-documentation

In Phase 1, the HSRRodelwasfirst calibrated taavailable fow and nutrient monitoring data
and therused tarun three wetlandestoratiorscenario®f increasingvetland areaminimum
(existing) moderate, anchaximum amounts of restoratiofhe existingamount ofwetlandwas
determined usin@alifornia Aquatic Resources Inventoi@ARI v0.2). The threavetland
restoratiorscenarios were developed in a Geographic Information System (GIS) using aerial
imagery and best professional judgement to identify potentially viable wettaation and
restomtion sites within the PEA.Hase ldemonstrated) increasing the amount of depressional
wetlands in the PEA can reduce stormwater runoff and nutrient lo#luls kaguna and b) larger
downstream wetlands appear more effective than smaller upstream wédgadisJuly 201Y.

In Phase 2theGreenPladT tools wasusedto optimize the relationship between wetland
creation or restoration costs and nutrient load reduction for the maximum restoration scenario
generated in Phase 1. This is a report of the Phase 2 demonstration project.

OVERVIEW OF GREENPLAN-IT

GreenPladAT is a planning level tool that was originally designed to support theeffestive
selection and placement afegn infrastructure (Gl) in urban watersheds through a combination
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of GIS analysis, watershed modeljlagd optimization techniques. GreenRl&ns comprised of
four standalone tools (Figureld: (a) a GlSbased Site Locator Tool to identify and rank
potential Gl sites; (b) a Modeling Tool that quantifies anticipated waterstedd runoff and
pollutant load reduction from Gl sites; (c) an Optimization Tool that uses-beosfit analysis

to identify the best combinations of Gl types and number of\witegh a watershed for

achieving flow and/or load reduction goals; and (d) a Tracker tool that records and displays
information about GI implementation for individual sites, and assesses and reports their
effectiveness in relation to regulatory compliaace other communication needs. This project
utilized only the Site Locator Tool and the Optimization Tool, described in more detail below.
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2.1 Site Locator Tool

The GISbased Site Locator Tool is a screening tool that can be used to identify potential Gl
locations and rank them through GIS analysis. The Tool incorporates regional and publicly
available GIS data layers and runs five intersecting analyses thaerager input tproduce
maps of ranked possible Gl locations.

Userdefined site location priorities are identified, weighted and used to rank Gl locations. Site
ranking priorities can be broadly or narrowly defined, and can include all kinds of
consicerations such agcological, physical, regulatory, or sodiattors.The Site Locator Tool
allows the user to add data layers to further identify and rank Gl locations, which produces
outputs with different levels of refinement or permits analyses waithing levels of available



data. Although the Site Locator Tool is a stahohe tool, some outputs are required inputs to
the Optimization Tool.

2.2 Optimization Tool

The GreenPlaihT Optimization Tool uses an optimization teaiue adopted from evolohary

biology (Nondominated Sorting Genetic Algorithm Il , Deb, et al 2002) to evaluate the benefits
(runoff and pollutant load reductions) and costs associated with various Gl implementation
scenarios (type, location, number) and identify the mosteffesitive options that satisfy user

defined management goals. The Optimization Tool requires both site information generated from
the GIS Site Locator tootd form its search spagegnd timeseries results of flow and pollutant

loads from a hydrologic mating tool @s the baseline conditions) evaluate the Gl

performance. Therefore, using the Optimization Tool will require the running of both the Site
Locator Tool and a hydrologic model.

3.0SITE LOCATOR TOOL - RANKING POTENTIAL WETLAND RESTORATION
PROJECT AREAS

Themaximum wetland restoration scenario from Phaseitifies all potential depressional

wetland restoration projeareaswithin the PEA Figure 31). It includes existing wetlandbat

could beenhancedr restoredas well aotherareasvhere wetlandsould becreatedThe areas

for wetland creatioinclude open space areas, undeveloped land, pastures, and agricultural fields
(including orchards and vineyard3he GIS data layer was hadditized using aerial imagery

at a scale of 1:3,000 or greater, and served as teenbagor the Site Locator Toptiority

ranking analysis.

TheGreenPladAT Site Locator Tol ranking analysis employdte followinguserdefined

factors:1) ecological and physical factors that evaluated the potential for a wetland location to
support depressional wetland functions, and 2)-laseland ownership factors that might
influence the ability to purchase the land for restoration.

3.1 Wetland Restoration Priorities Used to Rank Potential Wetland Project 8es

Four main wetind restoration priorities (ora€tors) were identifietbr prioritizing potential
depressional wetland projesteasdentified in the Extreme Wetland Placem&oéenario
basemap These factors helpead developand group specifisite suitabilityrankingquestions
anddesignateheir relative importanceaélative influence on the final ranks

1 Feasibility T Wetland projects should be located where they will naturally thrive.
Wetlands should have an appropriate water source to support their hydrology, should
be placed in an appropriate location on the landscape, and have minimal constraints
due to adjacent lahuses.



1 Condition T Specific physical and hydrologic settings support wetland functions and
conditions (e.g. site is near streams, channels or ditches, or other wetlands). Wetlands
adjacent to other aquatic areas, or larger, more complex wetlangsowvitie greater
habitat value and function.

1 Incentives- Different land ownership (working with one landowner is easier than
many owners in a land sale) will make wetland creation or enhancement easier. For
example wetland projects may be easier (les$yydstdevelop in areas that are
publically owned or subject to conservation easements, especially if private lands or
easements must be purchased. Also, priority conservation areas may have incentives
for restoration.

1 Settingi Certain adjacent land usedl provide better buffer function to support
wetland hydrology and provide wildlife corridors and filtration functions.

Three to fiverestoration site suitabilityuestions were identifiefdr eachpriority factor andheir
relative influencgweight)on the final ranidetermined by consulting witbcal and regional
wetland specialistéTable 31). The custonrestoration site suitabilityankingwasdetermined
by a nested weighted overlay of GIS layexgresenting the prioritized questions tioe four
factors identified as important to local prioritid$ie following publicly available GF8latasets
were utilized to geospatially analyze and rank the wetland restoration planningoassason
the ranking questions.

1 California Aquatic Resource lentory (CARI v0.2)

Slope from National Elevation Dataset (NED 10m DEM)
California Protected Areas Database (CPAD 2016)
California Conservation Easement Database (CCED 2016)
Sonoma County Public Lands

National Land Cover Database (NLCD 2011)

=4 =4 -4 A -

Each ofthe four Factors was assigned an equal weight, and each data layer within them (each site
suitability question) was assigned a proportional weight that summed up to 25% (Iablhd

data layers that present a favorable situation for wetland restooativeation (gentle slope,

close to stream, suitable land uses, publicly owned land, etc) were assigned a positive one (1),
while the data layers that represent a restriction or unfavorable situation (adjacent to urban area,

L http://www.sfei.org/data/californiaaquaticresourceinventory-cariversion02-gisdata
https://nationalmap.gov/elevation.html
http://www.calands.org/data
http://www.calands.org/cced
http://sonomacounty.ca.gov/ISD/Infonation-Management/GIS/Dat®Downloads/
https://www.mrlc.gov/nlcd2011.php
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steep slope, etc) were assigreenegative oneX). Higher proportional weights were given to the

data layers that were deemed more important within each Factor. Each Factor contributes

(assumed equally in this run) to the valuation of wetland restoration goals. These weights are
cusbmizable and can be easily adjusted to reflect local priorities and evolving management goals.
These O6opportunities and constraintsd are trar
Tool analyses in order to rank wetland restoration areassatr@study area.

The Site Locator Tool output is a GIS shape file of ranked wetland areas within the Lower Santa

Rosa Creek watershed.

Table 3-1. Restoration project site suitability priority questi@mployed by the Site Locator
Tool for the Lower Santa Rosa Creek watershed

Positive or | Percent
Ranking Question i
gQ Rationale Negative | Influence
Rank on Final
Impact Rank
Feasibility
, Locations adjacent to streams/ditches
Is the potential wetland area
e have a water source that can be routed
within 50 meters of a . . 1 8%
into the wetland, and support its
stream?
hydrology.
Is the landscape relatively fl§ Topographic basins or gentle slopes arg 1 8%
0XH: Af 2LIS0 more feasible for depressional wetlands
Expanding the area of an existing wetla
Is the site within 50 meters | will likely create a successful wetland,
g . 1 5%
of an existing wetland? because it already has the hydrology to
support it.
Wetlands constructed in urban or
Is the adjacent arewithin 50 mdustr_lal areas may have greater
: : ecological feasibility concerns and
meters ofurban orindustrial et I -1 5%
land use® permitting restrictionsbecause they
could contribute to flood risk or
unforeseen building structural issues.
Condition
Wetlands adjacent to streams benefit
Which areas are within 500 | ecologically from the stream including 1 6%
meters of a stream? access to surface water (flooding),
ground water, nutrients, seeds, critters.
Is the pixel within 500m of af Wetlands near ot.her wetlands have
- greater ability to interact (surface water, 1 6%
existing wetland? . .
ground water, nutrients, seeds, critters)




Is this a large wetland? Let's Larger wetlands are more structurally
define large as 10 acres or | complex, and have greateapacity for 1 6%
larger. higher condition
Is this a medium or larger Larger wetlands are more structurally
wetland? Let's define complex, and have greater capacity for 1 4%
medium as 5 acres or larger| higher condition
fg;?iur:\i\ljvselggngpeol N ons Existing wetlands that are enhanced wil
: polygons. likely have greater condition than 1 3%
Is this a wetland
wetlands that are created.
enhancement?
Incentives
Is the polygon na .| Wetlands in conservatioareas will be
conservation area Shown in | o ier to build and likely higher conditio] 9%
CPAD? yhig
Is the polygon na .| Wetlands in easement areas will be
conservation area shown in easier to build and likely higher conditio ! 9%
CPAD? yhig
Is the polygon on a publicly Wetlands in public lands will be easier t
owned parcel? Do we have . 1 6%
. build
an ownership layer?
Setting
Is the pixel within 250m of Wetlands with adj_acent high density
: . J urban land use will have poor buffer ang -1 6%
high density urban land use? .
high stress
Is the pixelwithin 250m of an Wetlands with adjacent agrlculture_wnl
. have poor buffer and moderately high -1 4%
agricultural land use?
stress
Is the pixel within 250m of Wetland_s with adjacent low density
. urban will have moderate buffeand low -1 2%
low density urban land use?
stress
Is the pixel within 250m of | Wetlands with adjacent open space will
) 1 13%
designated operspace? have good buffer and no/low stress

3.2 GIS Analysis Results

Running the Site Locator Tool is typically an iterative and interactive process. Through the
process, GIS data layers can be added and removed, rankings and data layer weights can be
changed, and the Tool can be rerun by including or excluding any layes associated with

the ranking questiond his iterative process normally proceeds with stakehoé&leew and

inputas questions and goals change or more accurate locéledameavailable.



Figure 31 presents thénal ranked aitputfrom the Site Locator Tool. [irovides a starting

point for prioritizing wetland restoratian a watershed context. Thisitput becomes the initial
wetland placemerdonstraintdor the Optimization Tool as described in next section.
Furthermore,His autputcan be used in conjunction with outputs from the Optimization Tool for
a more refined analysis and decision making pro¢essexamplethe ranked wetland ar@ad

the Optimization outpu(type and size per stiilmsin)can be used in the fietd identify the best
potentiallocations for implementing the optimal restoration scenario.

Potential Locations Ranked
I 05-06 Higher Rank

P os-05

0.3-04
0.2-03
0.1-0.2
-0.05-0.1 Lower Rank

A :] Modeled Watersheds
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Figure 3-1. Site Locator Tool output. Ranked potential wetland restoration project area
the Lower Santa Rosa Creek watershed and itbasins.

4.COSTBENEFIT ANALYSIS

The costbenefit analysis component of this project focusedlentifying the best combinations
of depressional wetland restoration projeeithin the study area to achieve various flow and
load reduction goals. The GreenRIanOptimization Tool was used to carry out the analysis.
The information and key steps that are required for the tool application are described below.



4.1 Optimization Tool Input

Four components are required as inputs to run the optimization tool. They acsv(ahé
nutrient loads at subwatershed level; (2) wetland physical attributes; (3) wetland costs; and (4)
constraints on wetland locations.

4.1.1 Baseline flow and nutrient loads

The HSPF model completed in the phase 1 of the demonstration prgjeickes estimated
baseline (6existingdé) flow and nutrient | oad
watershed. The time series of flow and nutrient loads5@uBbasirs were generated #se

initial reference point from which the effectivenesshafwetlandrestoratiorscenarios were
estimatedFigure 41).

:I Modeled Watersheds
S# Subbasin ID

Miles

Figure 4-1. Map of the 35 sufbasins within the PEA.

In the phasd, HSPF was run on a\gar continuous simulation from 2008 to 2010. Since HSPF
outputs are aanhourly time step, naning the optimization process withy@ar datavas
computationally prohibitive. Therefore, it was decided that the optimization would only run a



oneyear continuous siulation with 2010 data, which waleemed sufficient for this
demonstration project.

4.1.2 Wetland Representation

The primary purpose of this project was to demonstrate use of the tools and methodology. The
goal was to keep the wetland representation simple, with the idea that wetland types, sizes or
configurations could be adjusted in fiiéure. In order to simplify the optimization process, only

two wetland types (creation and enhancement), and three wetland sizes (small, medium, large),
resulting in six unique types, were included in the study. In addition, each wetland was assumed
to have a simple square shape. Key configuration parameters for each wetland type are specified
(Table 41) based on best professional judgment, observation of existing wetlands in the Santa
Rosa area, and previous experience. These design configurationseeorathanged

throughout the optimization process. Thus, the decision variables were defined as the number of
each wetland type. As such, the configuration of each wetland type will affect its performance
and how they are utilized during the optimizationgass.

Table 4-1. Wetland restoration project types, size, and design

Wetland type Size (acre) | Width (ft) Length (ft) Depth (ft)
Creation Small 0.2 29 29 1
Creation Medium 1.0 209 209 2
Creation Large 10 660 660 3
Enhance Small 0.2 29 29 1
EnhanceMedium 1.0 209 209 2
Enhance Large 10.0 660 660 3

4.1.3 Wetland Cost

Wetland cost information was collated from published peer reviewed studies (King and Bohlen
1994, Baca et al. 1994, Zentner et al. 2003, S&@04). In general, only limited cost

information is published in the literature. Furthermore, the available information indicates a wide
variation for wetland creation and restoration, in relation to site specific characteristics, design
configurations, ad other local conditions and constraints such as socioeconomics. The cost for
wetland projects ranges from $10,000/acre to $170,000/acre, with an average cost of about
$40,000/acre. Enhancement of an existing wetland is much cheaper (by a factor ¢iidmree)
creation of a new wetland. Based on this information, the project team assumed a cost for
wetland creation of $40,000/acre, and a cost of wetland enhancement of $14,000/acre for this
study. The literature also described a nonlinear relationship éetihie cost and size of wetland
projects (King and Bohlen, 1994), which indicates that increasing a project by 10% in size will
result in a 3.4% decrease in cost per acre. This relationship was used to derive the cost for
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different sizes of wetlands (Table2). Thus, for any wetland scenario generated during the
optimization process, the total cost was calculated as the sum of the number of each wetland type
multiplying the cost of that wetland type.

Table 4-2. Wetland restoration project costs

Wetland Type Size (acres) Cost ($)
Creation Small 0.2 12,000
Creation Medium 1.0 40,000
Creation Large 10 264,000
Enhance Small 0.2 4,200

Enhance Medium 1.0 14,000
Enhance Large 10 140,000

4.1.4 Constraints on wetland locations

For each wetland type, the number of possible sites was constrained by the maximum number of
feasible sites identified on the basis of suitability criteria through the Site LocatorTEdi¢ @

3). This constraint will confine the possible selection oflarel types and numbers within each
subbasinin the optimization process. Within easiibasin the number of possible sites for

different wetland types listed in Table34are mutually exclusive, and the optimization process

will determine which ones tpick based on their performance and cost.

Depending on the ratio of wetland surface area to its contributing drainage area, the total area
that can be treatdaly wetland projects within each sbhsin also imposed implicit constraints

on how many wetland projects are possible for any giverbasin. Literature review shows a

range of suggested values from 1% to all the way up to 15% (Mitsch and Gosselinka@9o0,

and Fennessey 2005, Scholz 20Oijferent states also have different guidance, with both
Maryland and Virginia suggesting a ratio of 3%, Washington 2%, and Tekd%3Virginia

DCR 2011 Texas A&M Agrilife Extension 2017 Based on these informati, a relatively
conservative ratio of 5% was used for this study. During the optimization process, the combined
numbers of wetland projects are forced to be less or equal to the maximum numbers that are
calculated by applying this 5% ratio.

4. 20ptimization Problem Formulation

For this study, the objectives of the optimization problem were to: 1) minimize the total cost of
wetland projects; and 2) maximize the total flow reduction at the outlet of the Lower Santa Rosa
Creek watershed. The tot&bv was chosen as the optimization object because nutrient loads are
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primarily reduced through retaining and infiltrating stormwater runoff. However, nitrogen or
phosphate loads could be used as the optimization objective if so desired.

In the optimization, because wetland design (size, shape, depth) remains intact, the decision
variable was simply the nuwer of wetlands of each type. For each applicable wetland type, the
decision variables ranged from zero (meaning no wetlands would be created or enhanced) to a
maximum number of potential sites as shown in Taie 4

Table 4-3. Maximum number of possible depressional wetland restoration projects that f
into each sulbasin (Basin#) for each type/size of project.

Basin# [Creation Small|Creation Med | Creation Large|Ehancement Small| Ehancement Med |Ehancement Large
51 43 ] 1] 0 0 0
52 331 5 1] 0 0 0
53 138 2 1] 0 0 0
s4 22 1] 1] 0 0 0
55 1927 33 1] 0 0 0
56 3594 5] 1] 0 0 0
57 155 0 0 ] ] ]
58 232 1] 0 0 0
59 417 0 ] ] ]
510 4475 82 3 0 0 0
511 433 5 1] 40 0 0
512 9640 174 8 63 1 0
513 9066 151 5] 0 0 0
514 168 1 1] 0 0 0
515 1109 14 1] 280 5 0
516 612 10 0 584 11 1
517 332 ] 1] 0 0 0
518 176 2 o 0 0 0
519 31 ] 1] 0 0 0
520 62 1] 1] 0 0 0
521 48 ] 1] 0 0 0
523 0 1] 1] 0 0 0
524 172 3 1] 0 0 0
525 740 11 1] 0 0 0
526 15 0 o 0 0 0
527 174 3 1] 0 0 0
528 730 14 1] 0 0 0
529 121 1 1] 0 0 0
530 376 7 1] a1 0 0
531 562 10 1] 228 4 0
533 4516 36 7 165 3 0
534 6212 107 5 297 5 0
535 8233 152 11 1660 31 3
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The optimization operational paramesteincluding population size, number of generations,
crossover and mutation rates, define the search algorithm and have great impact on optimization
results. The final decision on these parameters were made on the basis of literature values (Deb
et al., 202) and consideration for the optimization problem complexity and model run time.
Several combinations of different population size and number of generations were also tested to
identify the optimal parameter values. In the end, the parameters weréhsetimuber of

generation = 200, population size =100, crossover probability=0.9 and mutation probability =0.1.

4.3 Optimization Results and Discussion
4.3.1Cost-effectiveness Qrve

The optimization process outputs a range of optimaéershed planningplutions along a cost
effectiveness curve. The curve relates the levels of flow or pollutant reductiaridas
combinations of wetland restoration projettal number and type) throughout tatershed

and their associated, combineast.Figure 42 illustrates the optimal trageff between project
cost and stormwater volume reduction. All individuatershedolutions are plotted together
(each solution shown as an individual dot), withapgmum solutionforming the left and
uppermost boundary of the search domain (the upper edge of the curve). Each point along the
costeffectiveness curve represents a unique combination of we#atatatiorprojects

(creation orenhancemensmall, medium, and laryjacross the study area. Although the gwal
this optimization rurwasto optimizefor flow reduction versus wetland restoration project costs,
nutrient loads are also reduced as a result of the #dwation. 8parate costffectiveness

curves were ploed as ancillary results of the optimizatidiigure 43, Figure 44).

% flow redwuction

10 20 20 A0
Cost (million 5)

Figure 4-2. Flow costeffectiveness curve
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Figure 4-4. Phosphorus load cesffectiveness curve.

The costeffectiveness curve for flow suggests a relatively linear relationship between level of
implementation (represented as total cost) and runoff volume redaétiorabout $5nillion in
cost(Figure 42). The maximum achievable runoff volume reduction at the outlet of the
watershed, given the objectives and constraints associated waudyes approximately 90%

(at a cost of about $37illion). The range of solutions is also tighte to the comparatively
homogeneous nature of runoff production in the study area. These solutions, however, become
more widely spread when plotted for nitrogen and phosphorus load reductionsqEiguses),
because of a relatively large variationnutrient load generation across the watershed.

At the same level of cogsay $10 million) the percentage removal could vary as much as 20%

for flow, 30% for nitrogenand 40% for phosphorus. Similarly, for the same level of reduittion
flow (say 40%, the difference in total cost could be well over $10 million between an optimal
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solution and a neoptimal solution. This highlights the need and benefit of using an
optimization approach to help identify the most esfé¢ctivewatershed based wetland
restoration planningolutions for achieving flow and wateguality improvement

The slope of the optimal frontier in kiges4-2 to 4-4 represents the marginal value of wetland
projects, and theettreasing slope of the frontiedfter the first $5 millim, indicates diminishing
marginal returns associated with increadimg number of wetland projectss reflected in the
increasing cost. For example, a 40% fl@ductionefficiency can be achieved with about $10
million dollars, but only 20% additionfibw reductioncan be expected for the next $10 million
dollar investment. This makes sense given the fact that runoff is not uniform across the

|l andscape. After treating the Ohotspotd areas
become lessfcient, resulting inhighercost per unit water volume treated. With the help of this
information, decision makers can set realistic goals on how much flow or load reduigidn

be achieved and the level of investment required, as well as determinatatoint further
investment will become less desirable as the marginal benefit decreases.

4.3.2 Example scenari® 40% flow reduction

The optimal canbinationof wetlandrestoration projedtypes and numbers for any uskfined
reduction goals can beamined to gain insight into the reasoning and ofaleseleding

individual projects. In thiexample one optimal scenario with a goal4i% flow reductiorwas
selected one dot in Figure-2). The optimal solution consists of a total of 1,006 wetlan

projects, including 519 enhancement wetlands and 487 creation wellargdsombination of
depressional wetland projects should reduce nitrogen loads by 43% and phosphorus loads by
60%, as a result of the 40% flow reduction (Figur&s 43, and 44, respectively).

The percent utilization of eaatetlandtype is quantified (Figre 45). Forthis solution,
enhanced small wetlarmptoject areaarethe dominantvetland typeand account foabout50%
of totalwetlands identified followed by creatiosmall that account for 409% his result is
somewhat surprisings the large, downstream wetlands are expected to be more effective based
ontheHSPF simulation. Howevethe selection of each wetland typealeterminedoy the
combined factors of wetlangpresentationunit cost and constrais. For this study, it appears
that the number of feasible locations (constsiplayed a big role in the wetland selection.
While large wetland (both enhancement and creatiomy be more cost effective in retaining
stormwater runoff,ie number of feasible locations is very small (Tab8,4andso arethe
area available for treatment within the siasirs where large wetlands are feasifileese two
factors severely limitetheir chance of being selected, especiathen the required drainage
area for large wetlands are rasailable On the other hand, there are large numbepoténtial
small wetlancareasavailable which treat small drainage araad have a low costaking it
easy for them to be selected withowdnyconstraiis.
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Figure 4-5. Percentage of eaatetlandtype selected fof0% reduction
solution

The percent utilization of eaatetlandtype can also bevaluatedn terms of area treated
(Figure 46). Whileenhancement smadccounts for 50% of alletlandselected fothe 40%

flow reductionsolution, it treaedless tharB0% of total available areaSreation large, which
accounts for only % of selectedvetlands, treated 28 of the availablearea Creation small
treated 23% othetotal available area even though it accounts for 40% of selected wetlands.

% area treated
35
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20
15
10
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0 |
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Figure 4-6. Percentage of area treated by each wetland type for 40% reduc
solution
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Wetlandutilization results can be mapped by sdsinto gain insight into the optimal spatial
placement of these practices derived under the defined objective and constrains4ig
shows the number ofetland identifiedin each sudbasinfor the40% flow reduction scenario.
Note that the total number wfetland identified are dependent on the unit size used for each
wetlandtype and the optimal solutions will be differentwetlandnumbers and compositions if
a different design for anyetland typds used.

Subbasin
12

Figure 4-7. Map of the example optimal scenario for 40% flow reduction costing $12 mill
The colored numbers represent the number of restoration projects (by type and size) required
in each sulbasin to achieve the 40% flow rextion goal.

It is important to emphasize that the optimization results must be interpreted in the context of
specific problem formulation, assumptions, constraints, and optimization goals unique to this
case studyWithin the optimization process, the selection of wetlands is determinia by
combined factors of cost, performance (configuration), and constraints. Changing any of these
will change how each wetland type is utilized for any given solutiaorse¥ampleif the
optimization target was designed as reduciitigpgen loads instead tdtal runoff volume, the
optimization might have resulted in a completely different set of solutions in tenwvetlahd
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