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Executive Summary

Bozeman City Commission is in the process of adopting enhanced regulatory measures
for wetlandand streanprotection and mitigatioto improvewater quality, climatedaptation
and habitat resiliency. Prioritization of mitigation solutions will be given such that future wetland
and streanimpacts will be mitigated through a series of optifotaisingon improvements
within the watershed where the impact occurs. To that end, one mitigation option ugihga
local (watershed) wetland bamisteadof the existing regional bank. The Sacajaweaubon
Society isworking to establish the first bank within the East Gallatin watershed, with a projected
credit capacity of four years, given the recent impact fidies timeline requires the city and
partners to quickly move towaréstablishingadditional localwetlandand stream bank capacity
so that the local bank option remains viable once the bamisntly underdeveloped full.

In theSpring of 2024, tie City of Bozemarrequestdassistance in the form of hidgével
planning of future local wetland bank optioR®llowing this requesthe SP24 Capstoa Class
chose tadentify undeveloped land withithe lower Gallatirthat may be suitable for use as a
wetlandand streanbank.The Compensatory Mitigation Rule requires that wetland mitigation
use a watershed approach when locating a potential wetland mitigatiorhsitecope of the
watershed defines the service area ofpthientialwetlandbank. The City of Bozeman is
interested in having a service area that 1idea
boundarySecondarilyin the lower Gallatin Valley

The class developed a GHased prioritization tool combining surface water, hydric soil,
land use, and land cover layers to accomplish this Tdskelayers wereconverted toaster
layersmade up of gridded cells. Thesells were sa@dfrom 1-10 based othe contributon of
the landscape to aximizethe lift of ecologicalfunctionsthroughrestorationThevalues of the
cells in theoverlaying layers werthen aeragedand the cell scores of the resulting map
indicatedthe best locations to site a wetland bésge Fyure 13 below)Areas with the highest
scoreimply the sitethatwould have the highest potential 1dt of ecologicalfunctionsthrough
restorationThe difference between before and after restoration, thiehfis tahe potental
mitigation creditsavailableon abank'ssite.

This productcan helpBozemarandGallatin Gounty decison-makers prioritizeefforts in
developng public-privatepartnershipsfull public ownership, or private managemehtuture
bank sies. As a resulthe document below is the first in several stepsded tsite, permit, and
developwetlandand stream banks for our rapidly groghome.
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Introduction

The City of Bozeman hagown rapidlyin the lastenyears. In 2010, the population of
Bozeman was approximately 36,000 people, and in 2022, the population was approximately
53,000(US Census Bureau, 202Bozeman has nearly doubled in population, with a more than
40% growth rate in the lagtnyears(US Census Bureau, 2020Vith this influx to the city, the
development to accommodate individuals transforms undisturbed natural areas into housing
developments. The 2020 Bozeman Community Plan addresses concerns about the growth and
accommodation of new city residents. Onelokt mai n t hemes within the (
City Influenced by Our Natural Environment, Parks, and Open logi@iy of Bozeman, 2022)
details the goals of ensuring the development of Bozems&n ir esponsi ve t o natu
(City of Bozeman, Montana, 2022) According to the cityods pl an,
acquisition of parks to provideriousrecreational opportunities throughout the city and
promoting the uses of the natural environment that maintain and improve habitat, water quantity,
and water quality.

Developmerl projects in Bozeman have and will continue to impact wetlands and
streams. Within the desighated Bozeman growth boundary are an estimated 1,628 acres of
wetlands and 254 miles of waterwakiat may beaffectedby urban developmeifKleindl,
2024) To mitigate these potential impacts, developers must adhere to regulations such as Section
404 of the Clean Water Act. Section 404 of the Clean Water Act requires authorization from the
US Army Corps of Engineers (USACE) to discharge dredged or fill rmhteto all waters of
the United States, including wetlan@@ean Water Act, 1972%5tipulations of these permits
typically require a permittee to compensate for all unavoidable impacts by producing wetlands of
equal or greater value (compensatory mitigat{ets Army Corps of Engineers et al., 201L5)
Wetland mitigation banks orleu-fee programs are the preferred venues for compensatory
mitigation. Wetland and stream impacts can be quantifiedhankis may purchase mitigation
creditsto compensate for their losSBhenearest wetland and stream mitigation bank to Bozeman
is in Twin Bridges, Montanar his bank i$64 miles west of Bozeman. Credits from the Twin
Bridges bank can be purchased to mitigate the effects of impacts in Bozeman. While the Twin
Bridges mitigation bank meets the requirements of a watershed approach under the Clean Water
Act, itdoesnoteffeci vel y contri bute to the Ano net | oss
within the impacted area of Bozeman and the lower Gallatin Valley.

The Sacajawea Audubon Society recently purchaseesar@3parcel of land. It
established the Indreland Audubon Wetland Preserve (I1A@/&3e this area as a wetland
mitigation bank to serve the City of Bozeman and nearby §&sasjawea Audubon Society,
2021) Although this wetland mitigation bank will provide a local approach to mitigation,
Sacajawe@udubonSociety estimates that about four years' worth of creditde available in
the | AWP at Bozemandés current rate of growth
methods and techniques to select sites for additional wetland mitigation bank sites in the lower



Gallatin Valley to aid in preserving the natural environment and ecosystem function and services
in the wake of further development. Maintaining larger protected areas in mitigation banks or in
lieu fee sites can be more attractikan many small, unconnected projects.

As with any project, there are challenges associated with compensatory mitigation. The
goal of compensatory mitigation is to have fin
(GPO, 2008)which means completing restoration equal or greater in ecosystem service and
function when impacting an ecosystem. A memorandum from the director of the United States
Fish and Wildlife Service states, fAConservat.i
conservation efforts that can result from individual projects by establishing larger reserves and
enhanci ng hab {(Leibmwitz, 2003) However,iestablishing newly constructed
wetlands or restoring degraded wetlands does not result in the same function and services as an
ancient established wetland. This leads to the question: How should an ideal site be selected for
wetland establishmeior restoration, and how is it ensured that the project remains successful
over time?

The compensatory mitigation rule was established in 2008 and was designed to improve
our ability to create no net loss of wetlands and aquatic resdi@B¢3, 2008) To offset the
wetlanddost due to the creation of new infrastructure in Bozeman, the compensatory mitigation
rule must be followed, and strategies from the nolest beémplemented. The compensatory
mitigation rule provides guidance to offset impacts, be practicable with resource management,
and be environmentally preferalffePO, 2008)These ideas are accomplish®dprioritizing
preservation, enhancement, restoration, and establisli@eat, 2008)

The three main mechanisms that can accomplish the stated outcomes from the
compensatory mitigation rule amatigationbanks, inlieu fee and permittegesponsible
mitigation (US Army Corps of Engineers, 2004istorically, the most common type of
mitigation was onsite mitigation, permitteesponsible mitigation. Permitt@esponsible
mitigation occurs when the party responsible for the negative impacts on a wetland must create a
mitigation plan to offset thassociated damage to the original location. This strategy includes a
largely private process and is usually not monitored by a third party to check if the required
amount of mitigation offset is created. Additionally, this type of compensatory mitigation c
occur on or offsite(US Army Corps of Engineers, 2008ue to a historic lack of reliability,
permitteeresponsible mitigation is less preferred.

Mitigation banks and in lieu fee sites tend to be better alternatiyesatteedriven
mitigation projects because the required restoration is overseen by qualified individuals with
experience creating or restoring successful wetland sites. This also allows the permittee to
purchase credits and pass the burden of mainteaxcsuccess to a third party.

Wetland banking takes a maridriven approach and has emerged as a viable solution
for compensating losses in wetland functionality. This approach operates similarly to currency,
creating a O0debitso6 and Ocr edi teco$ystsnysarticesas t o r
commoditiegLave & Doyle, 2020)The value of a credit is represented by Functional Capacity
Units (FCUs), which quantify the capacity of a wetland to perform core ecological functions,



such as flood control, maintaining water quality, and providing habitat atiasea. These
metricsensurethat wetland compensation requirements accurately reflect the loss of ecological
functions to anthropogenic growth. When a wetland is modified in some way, the estimated loss

of functions creates debigslruby et al., 2012)When a degraded wetland site is improved

through mitigation, the gain in functions generates créditsby et al., 2012)Theway the

debits within a site are quantified is the same method used to determine the number of

marketable credits within a mitigation bank gitave & Doyle, 2020)This ensurethata

standardized and equitable approach is taken toward wetland mitigation. In adherence to current
regul ations, which mandate fAno net | osso of w
necessitate mitigation measures to offset the incurred debtsnifeensate for these deficits, an
equivalent number of O6creditsé must be purcha
of debit and credits satisfies the no net loss of wetlands. The tHiadiifee type of

compensatory mitigation, ilieu fee is similar to mitigation bankindut payment is required

beforeany mitigation.

The compensatory mitigation rule directly promotes mitigation banking over the other
two strategies because it is easily verifiable and perforraasedso there will likely be better
uplift of wetlands to offset impacts tharlieu fee(US Army Corps of Engineers, 2004)

Mitigation banks also utilize multiple agencies to create the best outcome for the wetland that
they are restoringJS Army Corps of Engineers, 2004)

Compensatory mitigation also includes the watershed plan/approach. The watershed
plan/approach is created to ensure that the mitigation site is chosen to be suitable for a wetland
mitigation projec{US Army Corps of Engineers, 2004Jore specifically, the watershed
approach is necessary to ensure the wetland bank and various mechanisms for mitigation are kept
within a logical and feasible location. When creating a watershed appnoaici factorshould
be considereduch as hydrology, land use, sediment source for streams, and whether or not the
mitigation site is in the same watershed as the impacte(K&iad!, 2024) These factors are
incorporated into the watershed plan when thinking about site selection. The mitigation site
should be as close to the impacted site as possible, boftiemhard to do with a limited
wetland area. For example, the distance between Bozeman and Twin Bridges mitigation bank is
not ideal when considering the amount of mitigation necessmguse oB o z e ma n 0 s
infrastructure growth.

Consider a situation where a corporation plans to develop a new apartment complex,
requiringfilling a wetland and resulting in the loss of five FCU credits. To offset this loss and
proceed with the project, the developer mustthase five equivalent FCU credits from the local
wetland mitigation bank. Using these funds, the loss of function within the developed wetland
will then be recreated in a nearby wetland. These credits represent an investnesenang,
restoring, or creatingietlands elsewhere, maintaining the overall integrity of wetland
ecosystems within the watershed.

Marketed credits must also be duralpietecting thenirom future activities that could
negate their ecological benefitsave & Doyle, 2020)For example, precautions must be taken



to prevent contamination via runoff from nearby construction projects. Safeguards must also be
put into place to ensure the banking @itk never face filling or other forms of development.

This can be accomplished througgrmanent regulations, such as establishingnservation
easement. In addition to ensuring credit durability, understanding the intricacies of calculating
Functional Capacity Units is essential for understanding the complexities of wetland mitigation
banking and its role in maintaining ecologiggkgrity. The amount of credits designated to a
wetland mitigation bank is determined by the positive change in ecosystem function, or
functional lift, from the degraded site to the restored wetland @aalker et al., 2002)

Ecosystem functions are an environment's biological and physical processes, including energy
flow, nutrient cycling, and biogeochemical cyclifde Groot et al., 2002)

Calculating Debits and Credits

Functional lift can be quantified by measuring different parameters of a wetland. Two
main assessment methods used in Montana to determine functional lift in wetlands are the
Montana Wetland Assessment Method (MWANI. Berglund and R. McEldowney, 20p&nd
the Hydrogeomorphic method (HGM). The HGM, which the U.S. Army Corps of Engineers is
moving towards standardizing for determining wetland credits in Montana, utilizes eight
different wetland functions. These include surfgceundwater storage and flowutrient
cycling, retention of organic and inorganic particles, generation and export of organic carbon,
characteristic plant community, characteristic aquatic invertebrate food webs, characteristic
vertebrate habitats, and floodplain interspersion amtectivity(Hauer et al., 2002)The
wetland functions used for the HGM assessment often comprise several smaller, quantifiable
parameters.

Using the HGMapproach as an example, surfageundwater storage and flow are
found by first finding the frequency of surface floodings(&req, frequency of subsurface
flooding (VsusrreqQ, macrotopographic complexity (Mcro), and geomorphic modification
(Vceeomon). All these variables are measured from 0 to 1, with O being no function present and 1
being the reference standard. The functional capacity index (#kith is an index of a
wetl andds capacity to perform a function rela
for surfacegroundwater storage and flow(idauer et al., 2002)

"06 O ) % (Equation 1)

Functional capacity index scores can be converted to functional capacity units, or FCUSs,
which are then used to inform how many credits are designated to a mitigation bank. To change
an FCI to an FCU, first, the FCI lift must be found by taking the FQlesitom before the
restoration of the wetland and subtracting it from the FCI score from after the restoration:

FClitt = FClostrestoration- FClprerestoration (Equation 2)



Next, the FCI lift is multiplied by the acreage of the mitigation bank, which gives the
FCUs of the bank:

FCU =FCli acreage (Equation 3)

Below, Table 1 and Table 2 depict an example of how credits are determined for the
HGM function of surfacgroundwater storage and flaleindl, 2024)

Table 1:Calculation of FCI preand postrestoration of a nofexisting site using Equation 1.
Wetland Site

Conditions Vsurfreq Vsubfreq Vmacro Vgeomod FCI Score
Pre

. 0.20 0.20 0.10 0.25 0.20
Restoration
post 0.80 0.90 1.00 0.80 0.85
Restoration

Using Equation 2, the FCI lift for this function is 0.65, found by subtractingf@oa®
0.85. Below, Table 2 shows how FCI lift is converted to FCUs, which are directly related to a
mitigation bankés number of <credits.

Table 2: Calculation of FCU- The total credits available at the bankt a nonexisting site
using Equation 3.

Wetland FCI Area (acres) FCU Total Bank Credits

Final Bank 0.65 75 48.75 48.75

The HGM assessment method does not specify how to find one credit number derived
from the eight functions listed in the HGM rather than eight individual credit vdiosgever,
this could be done by taking the average FCI values from all eight HGM fun(kilmnsdl,
2024) Wetland credits can also be determined using the MWAM. In this case, functional lift
from a wetland restoration is quantified by summing the functional points and expressing this as
a percentage of the tof@l. Berglund and R. McEldowney, 200BCU and wetland credits can
then be derived from these.



Methods

Study Area

The Compensatory Mitigation Rule requires that wetland mitigation use a watershed
approach when locating a potential wetland mitigation(iteby et al., 2012)The scope of the
watershed defines the service area of the Wetland Bank. The City of Bozeman is interested in

having a service area that i

Secondarilyin the lower Gallatin Valley.
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For this study, we created three priority zones (Zone 1, Zone 2, and Zone 3) for site
selection based on proximity to Bozeman (Figure 1). Zone 1 focused on the projected Bozeman
growth boundary from the City of Bozem@oity of Bozeman, Montana 202ZJone 2
encompasses Zone 1 with the addition of the land between the East Gallatin and Gallatin River
riparian areas extending to the base of the Gallatin Mountain Range. Zone 3 includes Zone 2,
with the addition of the Bridger Foothills and land owned'byner Enterprises. All zones were

created by wusing the fACreate

Pol

ygon

t ool

zones, geologic features were incorporated using the topography basemap and the projected
growth boundary. From our investigat, Zone 1 was given the highest priority. This is because
the most ideal location for a proposed wetland mitigation site is within the growth boundary
outlined by the City of Bozeman, which is where the most function is projected to bEhest.

priority zones can be seen in Figure 1.
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Figure 1: Reference map of Gallatin Coupigcluding priority zones.
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Prioritizing sites within a watershed can be complicated. Most commonly, this is
achievedusinga Geographic Information System (GIS). Prioritization tools, such as suitability
modelers, can assist with this eff@dunter et al., 2012; Lee et al., 2015; Van Lonkhuyzen et al.,
2004)

Figure 2shows our workflow using the suitability modeler tool in ArcGIS Pro. Our goal
was to locate multiple sites for a wetland mitigation bank in Bozeman. Our base criteria, as
referenced later in the paper, were water, soil, and land. The data layers thainperated into
the modeler for water were waterways, wetlands (acreage), and depth to groundwater (feet). The
only data layer that we used for soil was hydric soils. Finally, the data layers that we
incorporated into the modeler for land were land covegétation class), land use, and riparian
areas (acreagelll these data layers were converted to raster layers before they were run
through the modeler.

Each data layer was then transformed in the suitability modeler to have the same scale so
that they could be overlain in the modeigure2). These transformed data layers were then
weighted and combined into a single raster layer, showing the most suitable areas for a wetland
bank based on all criteria. Weighting and combining raster layer values and overlaying them
allowed site locations tbe chosen. Pixels with the highest mean of overlain values were the
most suitable sites for a wetland mitigation bank.

In our study, all data and layer analysisrecompleted using ArcGIS Pro 3.2Bsri,
2024b)
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Figure 2: Suitability modeler workflow chart.




The data layers shown Kigure 2included water data, soil data, and land data. These
data types were ranké¢ffom 1-10where 1 was the worst and 10 was the based on how well
they would contribute to the success of a wetland mitigation bank (Zable

Gallatin Valley Groundwater

Groundwater resources are crucial to the success of a newly constructed wetland project.
Shallow groundwater acts to maintain hydric soil conditions and standing water availability for
wetlandsyearround First, establishing a basic understanding of Gallatin Valley's
hydrogeomorphic conditions will help to narrow the search criteria for potential wetland
mitigation sites. Hydrogeomorphological survéisckett et al., 1960ay the foundations of
water flow paths within the vallefHunter et al., 2012; Lee et al., 2015; Van Lonkhuyzen et al.,
2004) Groundwater and surface water enter from the Gallatin range primarily via surface flow
and then recharge groundwater in an unconsolidated tertiary aquifer, which is an aquifer made up
of alluvial material like gravel and rocks from the tertiary periochu@dwater in the aquifer
then comes back to the surface on the south side of the East Gallatin River due to the Central
Park fault near Manhattan (Figure 3).
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Figure 3: . Sideview drawing of the Gallatin Valley basfrlackett et al., 1960)



Combined with the gradient of the valley floor flattenindpich produces areas with
shallow depth to groundwater. This informs which areas are most likely sufficient for siting a
new wetland mitigation bank. We know that mos
exist in the northeastern portion of the Gatiafialley.

To confirm this, a deptto-groundwater layer was created to provide information on the
availability of water for the suitability moddbata regarding depth to groundwater was collected
from Montanads Gr oun dMowana BureauohMinesandaGeologyh Cent e
2024) The depth to groundwater data was made up of point data from wells within Gallatin
County. Well and borehole data was filtered to only include static groundwater values. A spatial
interpolation method called kriging was used to extrapolate the valueptbftdegroundwater
across the valley. The depth to groundwater data in feet was then classified into five classes
ranging from 3.5 feet to 240.7 feet. Depth to groundwater was weighed heavily in the final
suitability model.

Figure 4 shows the interpolated groundwater layer. Red values were the least suitable and
showed the deepest groundwater levels246 feet. Yellow values were indicative of middle
depth, 1219 feet deep. Blue/green values were the most suitatil@ f& deep. Shallower
groundwatemwasthe most suitable based on the information presented ababie. 3 shows the
ranking parameters for this GIS layer.
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Figure 4: Interpolated &rankeddepth togroundwatervalues



Table 3: Ranking parameters for groundwater layer.

Ranking 1 2 3 \ 4 [ 5 [ 6 [ 7 8 9 10
|GWD (feet)y | 5592407 | | 1945590 | \ | 122194 | | 107122 | 35107 |

Gallatin ValleyWaterways

Surface water interacts with soil composition by influencing its characteristics and
nutrient content. In wetland environments, the presence of surface water creates distinct
hydrological regimes, promoting unique soil conditions such as hydri¢wbilsh are
characterized by prolonged saturation or inundation. These soil types are vital for supporting
wetland vegetation and facilitating various ecological processes such as nutrient cycling and
carbon sequestration. Additionally, surface water imft@s soil erosion and sedimentation
patternswhich shapdandscape features aaffecthabitat suitability for a wide array of
organisms.

Integrating surface water resources into GIS analyses can provide valuable insights and
enhance decisiemaking processes. In our GIS analysie are incorporating existing wetlands,
perenniaktreamsand irrigation ditch data for the county to identify ardathave hydrological
functionswhich is complementary to wetlands. This information will provide areas where
surface water resources may exist for new wetlands, which are crucial for sustaning
wetl andds ecological functions, services, and

For our GIS analysis, we classify surface water resources based on their general function.
The data used for waterways was collected from the Gallatin Countlp&i&tmentvebsite
(Gallatin County Montana, 2024)he waterway data included line data of eight different classes
of waterway: Aqueduct, Ditch, Intermittent, N/A, No Waterway, Perennial, TBD, and Unclear.
The data was filtered to only include streams classified as ditch, perennial, intermittent, and no
waterway Areasthathave no surface water receive a 1, intermittent streams receive a low
medium score, perennial streams recaiveediumhigh score, and ditches receive a maximum
of 10, as seen in Table 4. Ditches scoring the higirestue to ditches having water available
andthe possibility of functional lift due to their channelized, somewhat degraded nature. This
provides the greatest value for functional lift by reintroducing sinuosity and natural streambed
characteristics. Figure 5 shows this layerdTable 4the related scoring metric.
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Table 4: Ranking parameters for existing wetlands layer.

Ranking 1 2 3 \ 4 [ 5 \ 6 \ 7 8 9 10
‘FlowmgWaler ‘ Neo water ‘ ‘ ‘ Intermittent | ‘ ‘ Perennial | | Ditch ‘

Gallatin Valley Wetlands

Wetlands and streams are fundamental components of freshwater ecosystems and serve
as essential criteria for selecting mitigation bank sites. The National Wetlands Inventory (NWI)
provides valuable data on existing wetlands across the studfiS8E&VS, 2023)Wetlands
identified are ranked one through ten based on their ecological significance. Higher rankings are
assigned to pristine or minimally impacted wetlands (ranked as 10) and lower raarkings
assigned to wetlands with significant human impacts (ranked kargjer wetlands were ranked
lower than smaller wetlands duetkeir being limited functional liftAdditionally, data on
impacted wetlands, such as those affected by urbanization or agricultunecaperated into
the analysiswhich can be seen in FigureThese wetlands are also ranked based on the extent
of their impact, with heavily impacted wetlands receiving lower rankings.
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Figure 6: Pre-existing wetlands in BozemaviT signified by the light green patches. Riparian areas are represented by the pink
patches. Satellite imagery updated in 2021.

Based on the NWprovided information on the classification codes, most of the pre
existing wetlands in the study area fall under the classification code PEM1C or PEM1A. These
wetlands are freshwater palustrine systems (P) composed of emergent (EM) plant communities
that ae persistent (1) and are seasonally (C) or temporarily (A) flooded. These wetlands are
valuable for their ecological functions, including flood control, water filtration, and habitat
provision.

These wetlands may exhibit static, neutral, or dynamic beh@adhav & Buchberger,
1995) Wetlands exhibit static behavior when they behave like stagnant bodies of water with
minimal flow dynamics. This often occurs in wetlands with limited surface water inputs and
outputs, such as isolated depressional wetlands. In such cases, water mordmatrient
cycling within the wetland is relatively slow, leading to less efficient pollutant removal and
nutrient cycling processes. Neutral behavior is exhibited when there is a balance between inputs
and outputs of water and nutrients. In these wedlaredjetation moderatéow dynamics,
promoting nutrient cycling and pollutant removal. The water retention time within the wetland is
neither significantly increasatbr decreased, resulting in relatively stable hydrological
conditions. Lastly, dynamic behavior is exhibited when wetlands experience large changes in
water flow and nutrient cycling processes. This often occurs in wetlands with high vegetation
density and aatinuous surface water inputs, such as riverine or floodplain wetlands. In dynamic
wetlands, the presence of dense vegetation can induce stem drag, slowing water flow and
increasing retention timéhis classification underscores the variability in how vegetation
influences surface water flow and retention time across different wetland settings. When
evaluating potential sites for wetland mitigation banks, understanding the interplay between
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surface water dynamics, soil, and vegetation characteristics is important for assessing credit
capacity and longerm viability.

We prioritized wetlands within the Gallatin Valley based on their ability to provide
functional lift on a property. Thus, we recommend looking at sites that have been
anthropogenically impacted and degraded. Typically, there are two types of impacted histo
wetlands: those that have been developed upon or around, and those that are within or near
agricultural systems. The former is unfeasible when considering restoration practices and
functional lift, so we are only interested in historic wetlands implayeagriculture.

Identifying and prioritizing these wetlands for preservation and restoration can enhance
the effectiveness of wetland mitigation efforts. Incorporating information on wetland
classification codes into land use planning processes allows the city to covetided
conservation and restoration goals in development decisions. By recognizing areas with high
quality wetlands and prioritizing their protection, the city can promote sustainable land use
practices that balance environmental conservation with edordewelopment.

Gallatin Valley Hydric Soils

Identifying specifically hydric soils in the context of wetland mitigation is crucial to
execute and understand because it illustrates the interface of plant communities and aquatic
heal t h. Evidence of this in a stbtestoeaselfon bank

sustaining ecosystem i s seen with soil aspect
texture and color) vital to the plant community's surv(t#drris & Van Bavel, 1957)
According to Berkowitzetalhy dr i ¢ soil s are defined as s

of saturation, flooding, or ponding long enough during the growing season to develop anaerobic
condi ti ons i(Berkawitzeet al, RG2BThe ppriadicttoccontinuous saturation of
these soils drives several aerobic and anaerobic microbial processes that provide critical
ecosystem functions and services. When working with wetlands;dapth understanding of

these soils is required to fatdte a healthy and balanced ecosystem. Hydric soils are identified
in the field by examining morphological characteristics, including organic matter accumulation
and redoximorphic features that form in response to prolonged periods of saturation and
anaeobic conditions. Included in these characteristics is the presence of hydrogen sulfide odor
(smell of rotten eggs), layers resulting from repeated sediment deposition events induced by
flooding, accumulation of organic material near the soil surface, sadety of morphological
features related to dissolution, translocation, afgreeipitation of iron/manganese oxides
(Berkowitz et al., 2021)

The National List of Hydric Soils utilizes four specific criteria to evaluate soil map unit
components for classification in the NRCS database. These criteria encompass a range of soil
types and environmental conditions, ensuring a comprehensive appadehtifying hydric
soils. These components must either exhibit a range of characteristics for the soil series that
partly satisfy one or more Field Indicators of Hydric Soils in the United States or demonstrate
evidence aligning with the definition of tisic soils (Vasilas et al. 2016jurthermore,
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components of map uniexperiencing frequent and prolonged ponding during the growing
season are evaluated based on their characteristics or evidence indicating conformity with the
definition of hydric soils. Similarly, components of map units frequently subjected to prolonged
flooding during the growing season are assessed based on their characteristics or evidence
meeting the definition of hydric soils. By employing these criteria, the National List of Hydric
Soils ensures a standardized and thorough assessment procesgy ecablisie classification of
soil map unit components as hydric soils and facilitating effective wetland management and
conservation efforts.

The process of delineating potential sites using hydric soils can be conducted before
visiting the site physically and involves utilizing various resources and tools provided by the
Natural Resources Conservation Service (NRCS), particularly the WebudatlySWSS). The
WSS platform contains detailed information on soil characteristics, including the likelihood of
the presence of hydric soils. Utilizing soil property data from the NRCS database, WSS
generates lists of hydric soils and interpretive majsstwhelp pinpoint areas likely to contain
hydric solls.

To use the Web Soil Survey (WSS) to obtain a map of hydric rating by map unit, first
access the WSS website and navigate to the "Area of Interest" (AOI) tab. Here, an AOI can be
selected using various options such as address, coordinates, or drawingnap.t@nce an area
is defined, click on the "Soil Map" tab to view the soil map of the chosen area. Next, select the

"Soi l Data Explorer”™ tab and click on the "La

Rating by Map Unito drewdRani mgna &mids cwi lclk
map units for the designated AOI. Within the soil data, you should find the hydric rating for that

mapunit, which indicates the soil's presence and degree of wetness or hydrologic characteristics.

The "Print" or "Download" options can also export the map and data for your reference or use in
spatial analysis.

The Hydric Rating by Map Unit feature within WSS categorizes map units based on the
percentage of the unit considered hydric, providing valuable insights into the distribution of
hydric soils across the landscape. This rating quantifies the proporticepafimits meeting the
criteria for hydric soils, which are essential for wetland delineation. Map units comprise various
components or soil types, each assessed as hydric<wyddo. Map units primarily composed
of hydric soils may contain minor ndrydric components in elevated areas. In contrast, those
dominated by notlydric soils may have minor hydric components in lower elevations. Ratings
are determined based on the composition of each map unit's components and their respective
percentages. The theic map utilizes a colecoded scheme reflecting the composition of
hydric components. These color classes range from 100 percent hydric components to less than
one percent hydric components, aiding in visualizing the soil composition of the landscape.
Within the Web Soil Survey, the Summary by Map Unit table presents a 'Rating’ column,
displaying the percentage of each map diaissified as hydricas seen in Figure By
leveraging these resources and tools, areas containing hydric soils can be effectively identified
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and prioritized, facilitating wetland establishment and restoration efforts per regulatory standards
and guidelines.

Another way to delineate hydric soils is by simplifying the criteria to only consider the
percent hydric soil. For this report, a data layer from the NRCS separates the hydric soil
categories into SectionsSpecifically,soils were ranked-10 scale based on how hydric the soil
is. A rating of 1 would be nohydric soils, 22.9 being slightly hydric (25%), 44.9 being
partially hydric (2550%), 66.9 being moderately hydric (525%), 88.9 being mostly hydric
(76-95%), 10 being hydric (9€00%)(Table 5).

Montana Highway
Designations

Montana Administrative

Boundaries

Bozeman City Boundary
Bozeman

USA SSURGO - Soil
Hydric Class

D Not Hydric

D Partially Hydric (1 -
25%)

|:I Partially Hydric (26 -
50%)

. Mostly Hydric (51 -
75%)

. Mostly Hydric (76 -
95%)

B A Hydric

Esri, NASA, NGA, USGS | Bozeman GIS, Montana State Library, Esri, TomTom, Garmin, SafeGraph, GeoTechnologies, Inc, METI/NASA, USGS, Bureau of
Land Management, EPA, NPS, USDA, USFWS | Source: USDA NRCS, Esri | Montana State Library

Figure 7: A map of the hydric soils in Bozeman, MT as of 2022.

Table 5: Ranking information for soils layer

[Ranking 1 2 3 4 5 6 7 8 9 10
Hydric Soils 0% 1-25% 26-50% 51-75% 76-95% 96-100%

Soil Hydric Class data from the Natural Resources Conservation Service served as the
primary data source for the soil analyBisri, 2024a; Soil Survey Staff et al., 202%ihis data
has 6 classes that are identified as-hpdric (0%), slightly hydric (225%), partially hydric (25
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50%), moderately hydric (515%), mostly hydric (7®5%), and fully hydric (96.00%). These
classes were used to determine how suitable the soil is for a vietlamdore hydric the soil, the
better that location is suited for a wetland mitigation sitedridysoils were weighted heavily in
the depth to groundwater suitability model.

Gallatin ValleyLand Use and Land Cover

Figure 8: Land use and@over suitability map.

Land use and land cover data from the Montana Land Cover Fram@Mitckell, 2023)
was used to create a data layer for the suitability index regarding vegedatssen in Figure 8
Using the vegetation data, a raster layer was created that contained t&tdand cover that
outlined areas of high suitability for a mitigation bank (i.e. areas that require functional lift). In
doing so, we were able to highlight areas that have suitable vegetation compared to those
without. The land cover data was weighbezhvily in the land cover suitability model.

Along with vegetation, categories of land use were included for analysis. This data was
retrieved from the MultResolution Land Characteristics Consorti(MRLC (Multi-Resolution
Land Characteristics Consortium), 20208)e narrowed the land use types down to development
levels (high, medium, low, and open), open wakatlands, an@griculture From there, we
ranked land use types from developed (high, 1) to agricultural (hay/pasture, 10). In the interest of
finding a location where a wetland mitigation bank would provide functional lift, we decided to
rank more highly developed and disturbeelas higher than ecosystems that already provide
wetland functions. Land use data was weighted heavily in the land cover suitability model.
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